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INTRODUCTION 

OVERVIEW 

Peabody· Coal Company has undertaken three soils resource studies on the Black Mesa 

lease area. The ftrSt of these was conducted in 1979 by Espey, Huston.& Associates, Inc. 

(EH&A). EH&A surveyed 1,127 acres designated by Peabody as areas which: were to be 

disturbed by. mining. These areas. were surveyed at an Order 1 level of intensity. An Order 

3 survey was conducted for the remaining 75,358 acres parts of the Black Mesa lease area, 

including Tracts 1 and 2 of the Joint Mineral Use Area leases. An Order 4 survey was 

conducted for a 78;443 acre buffer area surrounding the lease area. A report (EH&A 1980) 

of this.work was included in Peabody's permit application for the Black Mesa and Kayenta 

mine submitted in 1981 to the Office of Surface Mining (OSM). In 1984, Peabody 

contracted with Mariah Associates, Inc. (Mariah) for an Order 2 survey ofthe soils,in the 

valleys .and of the deeper inclusions in the pinyon~ juniper woodland within the Mine Plan 
., 

Modification Area (MPMA). Approximately 4,400 acres were surveyed~ A report of 

Mariah's work was submitted to OSM in 1984 as part ofPeabody'spermit applicati<?n for 
/ 

the l\1PMA. In 1985, Intermountain Soils, Inc. (IM:S) was contracted tomap all.remaining· 

unmapped areas to be disturbed during the life-of-mine. Soils under pinyon~juniper 

vegetation were mapped at an Order 2 level Qf intensity. The remainder were surveyed a~ 

an Order !level of intensity. 

The objectives of the three soils studies have been: 

• To determine the types of soils occurring within the Black 
Mesa lease area. 

• To assign the soils. to mapping. units and delineate the unit, 
boundaries on a map. 

• To assess the physical and chemical characteristics of the 
soils to be disturbed by mining a~ to their suitability as 
plant growth media. 

• To determine the volumes of topsoil to be salvaged for 
reclamation. 

• To identify soils related constraints to achieving the 
proposed post-mining land use. 

• To comply with the regulatory requirements of the Office 
of Surface Mining for soils resource information. 

This report consolidates the results of the three soils studies conducted for Peabody on the 

Black Mesa lease area. It is·a comprehensive description of the soil resources of the Black 
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Mesa lease area. The report is divided into three main sections, Soil Survey, Soil 

Characterization, and Geobotanical Study. Soil Survey describes the methods and results 

of the various surveys which have been conducted at Black Mesa. The bulk of the results 

of the soil survey work is shown 'On the maps which accompany this report and in .the map 

unit descriptions included in a separate attachment at the end of the report. Soil 

Characterization details studies conducted to evaluate the suitability of soils as plant growth 

media. 1}1~ Geobotanical· Study section presents the results of two years of related soils 

and vegetation· investigations assessing potential selenium toxicity in the soils at Black 

Mes~ 
·'4ll 

The following brief section provides a description of Black Mesa and the mining areas 

within the Black Mesalease area which have been the main subject of these investigations. 

Refer to Exhibit lfor an index map showing the mining areas within the Black Mesalease 

area. 

THE BLACK MESA LEASE AREA 

The Black Mesa lease area encompasses the Black Mesa and Kayenta surface mine. located 

about 25 miles southwest of Kayenta, Arizona. . The area is drained toward the southwest 

by two major washes, Dinnebito and Moenkopi, both of which are tributaries of the Little 

Colorado River. Elevation of the lease area ranges from about 6,200 feet ( 1,890 m) to 

about 7,300 feet (2,225 m) above sea leveL Mean annual precipitation ranges from 9 to 13 

inches. Vegetation is comprised predominantly of pinyon-juniper and sagebrush types. 

Ten mining. areas'"are·.p:lanned·:·fer.•di~:tllt.baoce;;<liurin:g:;the··life·e~~mine.'''''Eaeb;is,·brietl~ 
~d¢~~nbea~b~lo,w:" 

J/19, J/20, J/21 and J/23 Mining . Areas. Totalling more than 11,000 acres, these 

areas were mapped in 1984 and 1985. The soils are typical of the entire lease area~. 
shallow soils on ridges under pinyon-juniper and deeper soii,~ ~A the valleys und. 

sagebrus\. Not typical, however, are the deeper, reddish solls~de·~urrin~g.· i~ .some arCis, 

under the pinyon-juniper woodlarti. In the southern and especially ln .. the w~stem parts 9t 
these areas are porcellanite-derived soils on hilltops and upper sideslopj!s. The~·eastenf$ 

parts<of these are~s appear to receive more precipitation than other areas of the lease.l 1 

J/1-N/6 and J/16 Mining Areas. Tb.e up1and"ridges ofthese ate~$;;,;have soiiS.that ar' 

very shallow due to erosion. The degree of erosion is severe, .with bedrock frequently[ 

occurring at less than 6 inchet Similar to the J/19, J/20, J/21 andJ/23 areas, these areas 
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have moderately deep to deep eolian soils on the valley sideslopes and deep alluvial soils in 

the valley bottoms. 

N/14 Mining Area. This area is the northernmost area to be disturbed by mining. It 

appears that this area receives more precipitation than -oilier areas of theJ lease. -M-ost of th«r 
soils in the area are very shallow~ · ~:1' 

N/10 and N/11 Mining Areas.· ·Located northeast of J/1-N/6, these areas are ,:> 

characterized byvery·steep,eroded ridges, on the crests ofwhich porcellanitefrequentlYf 

occux:s.~ Located on the lower sideslopes ·are shallow residual soils with deeper soils along 

the. drainages. 

J/7 Mining Area. This area·is.thesouthemmostarea to be: mined on the Black Mesa 

lease area. tsince the shallow residual soils. do not support trees, the area is probably drier 

than most of the other portions of the leas& Also foundin J/7 are soils underlain by hard 

bedrock instead of soft bedrock found elsewhere on the lease. The deeper reddish soils are 

coarser textured and less developed than similar soils found in other mining areas. 
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SOIL SURVEY 

Prior to the start of the 1985 soil studies, a meeting was held on April 30, 1985 at the Office 

of Surface Mining (OSM) Western Technical Center to present the methods proposed for 

the forthcoming studies. In attendance were representatives from Peabody, Il\IIS and OSM. 

Methods of each proposed study were explained, including the levels of soil surveys, the 

intensity of soil and vegetation sampling, and the kinds of soil analyses. The scope and 

methods of the proposed studies were agreed upon, and the substantive points of this 

agreement were_subsequently documented in a letter by IM:S dated May 10, 1985 to Mr.· 

Jerry Gavette of OSM. 

Immediately following the meeting with OSM, a meeting was held with·. Leonard Robbins, 

·Navajo Tribe representative, Caroline O'Brien, Hopi Tribe representative and John Lovell 

of OSM. The studies proposed for 1985 were again explained and clarified. 

METHODS 

Soils mapping. The soil surveys of the proposed permit area followed standards 

established by the Soil Conservation Service (SCS) for use in the National Cooperative 

Soil Survey. These standards are described in the Soil Survey Manual (Soil Survey Staff 

1951) and the National Soils Handbook (Soil Survey Staff 1983). Revisions to the Soil 

Survey Manual, including revised horizon concepts and nomenclature, were integrated into 

the study (Soil Survey Staff1980 and 1981). 

Blueline prints of aerial photographs at a scale of approximately 1" = 400' were used as 

base maps for mapping soils. Color aerial photographs. at a scale of 1" = 1 ,000' were used 

to assist in photo interpretation and soil mapping. Survey areas were traversed and 

numerous soil pedons were examined. Soil texture, consistence, depth, presence of rock 

fragments, and other soil characteristics affecting the quality and quantity for topsoil were 

noted. On the basis of these field observations, map units were established and their 

boundaries delineated on the aerial photo base maps. Map units are soil consociation' 

except where the variability of the soils necessitated the establishment of soil complexes ~ 

map units. :& 

Soil Classification and Correlation. Each soil has been classified to the family level 

according to the criteria in Soil Taxonomy (Soil Survey Staff 1975). Each soil was then 

further classified to the series level by correlation to established soil series. Any soils of 
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the Black Mesa lease area which could not be correlated to established soil series were 

classified either to·the family level or as taxadjuncts to established soil series. 

Over the years that soils investigations have been conducted on Black Mesa for Peabody, 

questions have arisen concerning the moisture regime of the soils of the Black Mesa lease 

area. In their original study, Espey, Huston and Associates classified the soils of the 

survey area in the mesic temperature regime and, with one exception, the Cahona series, in 

the typic aridic moisture regime. Cahona soils were classified in the ustic intergrade of the 

aridic moisture regime (EH&A 1980). The soils legend as developed by EH&A 

incorporated these temperature and moisture regimes in accordance with the then prevailing 

opinion of the SCS State Soil Scientist for the state of Arizona (EH&A 1980). In 

developing the legend for the 1984 Mariah study, soil scientists felt that the typic acidic 

moisture regime was not appropriate for the soils of Black Mesa, and thatthe ustic 

intergrade of the aridic. was the more correct moisture· regime .. ·After the 1984 soil studies 

were completed, a Peabody soil scientist discussed soil classification with. SCS personnel' 

in Arizona. By then, it had become· the opinion. of the SCS in. Arizona that soils· occurring 

where pinyon .. juniper is the dominant vegetation belong in thearidicintergrade oftheustic 

moisture regime, or wetter. 

The SCS in Arizona and New Mexico presently classifies soils occurring in areas 

dominated by pinyon-juniper vegetation, with an inferred mean annual precipitation of 

greater than 12 inches, in the aridic intergrade of the ustic moisture regime. The SCS in 

Utah, Wyoming and Colorado classifies such soils with a mean annual precipitation up to 

16 inches in the ustic intergrade of the aridic moisture regime. Early in 1985, Peabody and 

IMS representatives met with with Mr. Carl Gloker, State Soil Correlator (Arizona) for the 

SCS,. to discuss. soil classification and correlation. Mr. Gloker reconfirmed the Arizona 

SCS view that the soils should be classified in the.aridic intergrade of the ustic moisture 

regime. Subsequently, IMS raised the issue of soil moisture regimes in a letter (Exhibit 2) 

to the SCS Regional Soil Correlator in Portland, Oregon. The Regional Soil Correlator has 

not responded to date. 

In this report, all soils have been classified in the ustic intergrade of the aridic moisture 

regime. There are a number of reasons to justify this classification. First, meteorologic 

data collected on Black Mesa by Peabody over the past six years show a range in annual -

precipitation of 9 to 13 inches. Much of the lease area receives 12 inches or less mean 

annual precipitation (see Meteorological Data Reports, 1980-1985, prepared for the Office 

of Surface Mining, Denver, Colorado by Peabody Coal Company, Arizona Division for a 
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complete discussion of the climatic conditions at the mine). In addition, many of the soils 

have carbonates in the upper 12 inches of the soil profile, indicative of relatively dry 

conditions. Finally, many of the soils found on Black Mesa are similar to series 

established for soils in southwest Colorado, series which are classified in the . us tic 

intergrade·of the aridic moisture regime. 
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Richard w. Kover 
Head, Soils Staff 
Soil Conservation Service 
West National Technical Center 
Portland, Oregon 

Dear Mr. Kover: 

intr~mounain~OiL>,ii!S: 

April 22, 1 985 

I am_·writing to request.your assistance in· answering·several·questions I have 
about soils correlation which pertain to an upcoming soil survey project that 
Intermountain Soils will be conducting this summer for the Peabody Coal 
Company in Arizona. The project involves Order 1 and Order 2 soil surveys on 
nearly s,ooo.·acres. ·The· landscape consists of_dissected-.-mesas·which are 
composed of interbedded sedimentary rock. The dominant soils of the area are 
shallow to moderately deep and are mostly covered with pinyon..;juniper 
vegetation. In the valleys, deeper soils, which formed from eolian material 
mixed with l()cal alluvium, occur under a cover of sagebrush/saltbush and 
grass. 

Although not required by either law or regulation, Peabody Coal Company is 
interested in having these surveys be consistent with an s.c.s. Order 3 soils 
survey which is expected to be completed on the Navajo Indian Reservation 
within the next ten years. To that end, Brian Dunfee of Peabody and I. met 
with Carl Gloker, Arizona State Soil· Correia tor, on Monday, April 8, 198.5 to 
discuss the classification and correlation of the soils in the area of Peabody's 
Black Mesa Mine .. At the meeting, Mr.o Gloker stated that he would expect the 
soil moisture regime to be the aridic intergrade to ustic, an interpretation 
based on several criteria, including a mean annual precipitation of 12 inches or 
more and a site index for the pinyon-juniper woodland of 30 to 3.5. 

Using the recent final survey correlations of the La Plata County Area, 
Colorado and the Hopi Area, Arizona as examples, there appears to be a 
considerable difference in the s.c.s.•s interpretation of extant vegetation and 
mean annual precipitation (MAP) in determining soil moisture regimes. In the 
Hopi Area survey, soils with an MAP of 12 to 16 inches and upland vegetation 
dominated by pinyon-juniper were considered to have an aridic ustic moisture 
regime. In the La Plata survey area, less than 300 miles to the northwest with 
similar rainfall distribution patterns, soils were established with a MAP up to 
17 inches in the ustlc aridic moisture regime. In the latter survey, these soils, 
such as Zyme and Dulce, and, to a lesser extent, Pulpit, Sharps and Cahona, 
support pinyon-juniper vegetation. Based on experience mapping soils in 
southwest Colorado, in regions east of the Continental Divide, and for Peabody 
Coal Company in Arizona last year, it is my opinion that the ustic intergrade 

1873 South Bellaire Street~ Suite 330 Denver, CO 80222 (303) 692°8188 
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Richard W. Kower 
Soil Conservation Service 
April 22, 1985 

to aridic would be the correct moisture regime for the soils under ·the pinyon
juniper in the Black Mesa area~ Furthermore, many of the ustic aridic soils· 
series established in La Plata County could be accurately correlated to the 
soils at Black Mesa. 

I am interested in. your views on the· cur.rent concepts of soil moisture ·and, in 
particular, its relationship to vegetation and mean annual precipitation. More 
specifically,. I would appreciate your consideration of·the following questions: 

-Which soil moisture regime(s) support pinyon-juniper w'oodland 
in the· four corners area? 

--Is the ability to grow dryland corn without fallowing always 
implicit in aridic ustic and· ustic. soils? 

-What correlation, if any, is there between soil characteristics, 
such as surface and subsoil pH levels and carbonate 
distribution, and the two moisture regimes in question? 

Thank you for your consideration. I look forward to hearing from you. 

Sincerely, 

Richard Trenholme 
President 

RT/lk 

cc: Brian Dunfee 
Peabody Coal Company 
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RESULTS 

Four major soils groups, distinguished on the basis of the parent materials from which they 

developed, are found within the lease area. These groups are residual soils, porcellanite

derived soils, alluvial soils, and eolian soils. Resid~ils, primarily shallow 

Torriorthents, are found mainly on ridges throughout the lease area. They formed in 

residual material derived from the Mesa Verde formation, which consists of interbedded 

sandstones and shales. Dominant vegetation on.the ridges is Colorado pinyon (Pinus 

edulis) and Utah juniper (Juniperus osteosperma), 'With a usually sparse understory of 

shrubs and grasses. Porcellanite is scattered throughout the ·lease area, but occurs on hill 

tops primarily in the southern and western parts. This material, locally called clin!cer or 

scoria, was formed by sandstone or shale. being baked by burning coal. The soils which 

formed in this material are deep Torriorthents and Calciorthids high inrock fragments. 

These soils. have a sparse vegetation cover of pinyon pine and Utah juniper, with little 

understory. On the valley sideslopes are soils derived from reddish eolian mat~rial. 

Studies by Price et al. (1984) on similar soils in southwestern Colorado show thiS material 

to be about 16,000 years old, an age determined by radiocarbon dating of the remains of a 

prehistoric muskox found buried in a soil of similar origin. These eolian soils are 

moderately deep or deep Haplargids. Soils found on the valley bottoms and drainage 

terraces are younger soils forming in recent alluvium. Dominant vegetation on the latter 

two soil groups is shrubs and grasses. A more thorough discussion of the regional 

geology can be found in Peabody Coal Company's permit application. 

Fol1rteen soils have been identified and mapped on the Black Mesa lease areal The 

taxonomic classification of each soil is· given in Table 1. The Dulce soil. is considered a 

series taxadjunct because the colors of these soils as they ~cur in the Black Mesa lease area 

do not fall within the range of characteristics defined in the SCS series description. Two 

other soils, Soil A and Soil B, were not named because no soil series have been established 

by the· SCS in their respective· soil families. Both of these soils are derived from 

porcellanite. 

A final correlation of the soils of the Black Mesa lease area is shown in Table 2. This final 

correlation is the culmination of survey and classification efforts by Peabody for the Black 

Mesa lease area. The correlation is consistent with taxonomic decisions regarding the soil 

moisture regime discussed earlier in this report. 
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Table 1. Taxonomic classification or soil series of the Black Mesa lease area. 

Series 

Begay 

Bond 
Cabana 
Chilton 
Dulcel 

Las Lucas 
Oelop 
Pulpit 

Family 

Coarse-loamy, mixed, mesic Ustollic Camborthids 

Loamy, mixed, mesic Lithic Ustollic Haplargids 
Fine-silty, mixed, mesic U stollic Haplargids 
Loamy-skeletal, mixed (calcareous), mesic Ustic Torriorthents 

Loamy, mixed (calcareous), mesic, shallow Ustic Torriorthents 
Fine-silty, mixed, mesic Ustollic Camborthids 
Fine-loamy, mixed, mesic Ustollic Haplargids 
Fine-silty, mixed, mesic U stollic Haplargids 
Fine-loamy, mixed (calcareous), mesic Ustic Torrifluvents 
Fine-silty, mixed, . mesic U stollic Haplargids 
Loamy, mixed (calcareous), mesic Lithic Ustic Torriorthents 

10 

San Mateo 
Sharps 
Travessilla 
Zyme Clayey, montmorillonitic (calcareous), mesic, shallow Ustic Torriorthents •· 
Soil A 

Soil B 

Loamy-skeletal over fragmental, mixed (calcareous), mesic Ustic Torriorthents 

Loamy-skeletal over fragmental, mixed, mesic Ustollic Calciorthids 

1This soil is a taxadjunct to the series. 

Table 2. Final correlation of soil series of the Black Mesa lease area. 

Final IMS 
correlation 1979 EH&A 1984 Mariah 

Begay Fruitland Begay 
Bond Not mapped Not mapped 
Cahona Clovis Cahona 
Chilton Not mapped Not mapped 
Dulce Moenkopi Dulce 
Las Lucas Ives Mikim 
Oelop ·Not mapped Not mapped 
Pulpit Not mapped Pulpit 
San Mateo Youngston San Mateo 
Sharps Not mapped Sharps 
Travessilla Moenkopi Not mapped 
Zyme Claysprings Not mapped 
Soil A Not mapped Not mapped 

Soil B Not mapped Not mapped 

\ 
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~~ifty-four map units, comprised of 14 soil series or taxadjunctsand five miscellanecius 

areas, were identified during the 1984and 1985 Order 1 and~Order 2 surveys (Table 3,. 

The map unit boundaries and symbols are shown on the Order 1 and 2. soils· maps 

(Drawing 85305A). The map unit descriptions for map units established for the Order 1 

and 2 soil surveys conducted 1984 and 1985 on all the areas planned for disturbance are 

given in Attachment 1 of this report. Percent map unit composition and 'Other salient points 

about the map units are shown in Table 4. Each map unit description provides basic 

information about ·the map unit, such as. its location on the landscape, predominant soil or 

soils of the unit, and contrasting and similar soils which may occur within any delineation. 

For the purposes of the descriptions, contrasting soils include only those· which differ in 

quality or quantity of potentially suitable, salvageable •· topsoil, without consideration· of 

differentia normally used to separate soil· series. 

Order 3 and 4 map unit descriptions are also presented in Attachment l, following the 

Order 1 and 2 descriptions. Seventeen map units, comprised of six soil series and two 

miscellaneous land types were identified in the Order 3 soil survey. The Order 4 soil 

survey identified four map units. Map unit boundaries for these two surveys are shown on 

the Order 3-and 4soils maps (Drawing 85300). The legend for both surveys are shown in 

Table 5. Each description provides basic information about the map unit, such as its 

location on the landscape, type or soil( s) dominating the unit, and contrasting. and similar 

soils which may occur within any delineation. The Order 3 and 4 map unit descriptions 

were prepared by EH&A and have been modified only to achieve agreementwith the most 

recent soil correlation. 
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Table 3. Order 1 and 2 soil survey map legend. 

Symbol 

"'lA 
v l,lB 
a/lC 
c-10 

Name 

Dulce very channery fine sandy loam, 1 to 4 percent slopes ~ 

Dulce· very channery. . fine san. dy .loam, 4 to 8 p. e. rcent ·slopes . . s T ya '- ... _.,N e;. 1) lf"~T~ =- o 
Dulce very channery fme sandy loam, 8 to 1S percent slopes 
Dulce very channery fine . sand 'y ,loam, 1S . to 30 percent slopes 

V2B Bond very fine sandyloam, 1 to 8 percent slopes .,..... -sr.te\t"f''""'e;. u~:r~TH = 
V3A 
"'3BC 
v3C 
v3D 
"3DE 
e--3E 

Zyme - Dulce complex, 2 to 8 percent slopes 
Zyme - Dulce complex, 2 to IS percent slopes 
Zyme - Dulce complex, 6 to IS percent slopes 
ZyiJ1e - Dulce complex, 15 to 30 percent slopes 
Zyme - Dulce complex, 15 to 50 percent slopes 
.Zyme - Dulce complex, 30 to 50 percent slopes 

"JF Ustic Torriorthents -Rock outcrop complex, 50 to 80 percent slopes 

V4A 
V4B 
V4C 

L-AD 

vS 

t.--6 
""6A 
"'6B 
'-'6C 

V"7B 
"7C 
V7D 
v7E 

··""to 
""'lOA 
-"lOB 
40C 

Vll 
'"llA 
~~'llB 

vue 
vGllB 

vXIl 
vXllA 
vXllB 

"'XllC 

Zyme very channery loam, 1 to 4 percent slopes ] 
Zyme very . channery loam, 4 to 8 . percent slopes 
Zyme very channery loam, 8 to IS percent slopes S i~\~Pt~G. VIF'f"T\'t = 0 

Zyme very channery loam, lS to 30 percent slopes· 

Pulpit very fine sandy loam. 2 to 8 percent slopes '= ).'b 
1 

Sharps very fine sandy loam, 2 to 8 percent slopes } 

Sharp.s very.fine sandy .. loam, J to 4 percent slop. es . · ST"RIPI'I~~ 11)...,-pr-H: ,:J.S'' 
Sharps very fine sandy loam, 4 to 8 percent slopes 
Sharps very fine sandy loam. 8 to 15 percent slopes 

Travessilla - Zyme - Dulce complex, 2 to 6 percent slopes ~ 
Zyme- Travessilla- Rock outcropco.mplex, 6.to. 15 .. p.ercent .. slopes · ... · .... Sr£\PPt.l-4<:> bflt"'tt.- ::-0 
Zyme - Travessilla - Rock outcrop complex, IS to 30 percent slopes 
Zyme - Travessilla - Rock outcrop complex9 30 to SO percent slopes 

Cahona very fine sandy loam, bedrock substratum, 2 to 8 percent slopes] 
Cahona very fine sandy loam. bedrock substratum, I to 4 percent slopes 

Cahona very fi.ne sandy loam, bedrock substratum, 4. to 8 .percent slopes .·.· . 
Cahona very· fine sandy loam, bedrock substratum, 8 to IS percent slopes 

Cahona very • fine sandy loam, I to 6 · percent slopes } 
Cahona very fine sandy loam, 1 to 4 percent slopes ~ 'l'oo... lO 0 

• . . . . . . ., T~ l 'Pt>l"'' Ut!"P'I"H '= • 
Cahona very fme sandy loam, 4 to 8 percent slopes · .. 
Cahona very fine sandy loam, 8 to 15 percent slopes 

. I 
Cahona very fine sandy loam, gravelly substratum, 2 to 8 percent slopes :; ~. S' 

Cahona - Cahona, bedrock substratum, very fine sandy loams, 2 to 10 percent slopes~ 

Cahona - Cahona, bedrock su. bstratum, very .fine sandy.·lo. ams,. 1 to 4 pe.rcent. slopes .. · • ~\f'ftN~ ~~-
Cahona - Cahan a, bedrock substratum, very fine sandy loams, · 4 to 8 · percent slopes · 7..' 1 

Cahona - Cahona, bedrock substratum, very fine sandy loams, 8 to 15 percent slopes 
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Table 3. Order 1 and 2 soil survey map legend (continued). 

Symbol 

vl2 
.... 12A 

v 12B 
vl2C 

fill' 13,13A 

""14A 
t-148 

Name 

Begay loam, 2 to 10 percent slopes§ 
Begay loam, 1 to 4 percent slopes 
Begay·loam, 4 to 8 p.ercent.s.lopes . STQ.'P''"'(.,. 
Begay loam, 8 to IS percent slopes 

I 
San Mateo loam, 0 to 3 percent slopes··.": Jl{. 7 

, 
'i) ePTlf' q.7 

Oelop very fine sandy loam, 1 to 4 percent slopes] ' 
fTrLtPPtl\1(; 'i>II('TM <:. Cf • 7 Oelop very fine sandy loam, 4 to 8 percent slopes 

.,- 15,15A Las Lucas sandy clay loam, 2 to 6 percent slopes := IJ.G. / 

13 

""16C 
,/16E 
v16F 

Soil A - Soil B extremely channery very fine sandy loams, 4 to 15 percent slopes J 
Soil A_- Soil. B extremel-y chan_ nery. very fine sandy loams, 15. to 50 pe. rcent slopes Sttat~PLN e> f>s:r'tH~o 
Soil A- Soil B extremely channery very fine sandy loams, SO to 70 percent slopes 

'"'17C 
I 

Chilton gravelly fine sandy loam, 6 to 15 percent slopes :.· (). S 

DL Disturbed land 

RL Reclaimed land 

TS Topsoil stockpile 

t/ RW Riverwash '='" 0 
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'l'iable 4. Summary ur Order J and 2. map unU descriptions. -· ::t MU # & Name: 1-Dulcc vch FSL 2-Bond VPSL 3- Zyme - Dulce Complex 3F 

~ Slope Phase A I; IB c D B A DC c D DE E F 
Major·soil Dulce Dulce Dulce Dulce Bond Zyme Zyme Zyme Zyme Zyme Zyme Ustic Toniorthents a 

%Slope 1-4 4-11 8-1.5 15-30 1-8 2-ll 2-IS 6-IS u~1o 1.5-50 30-50 50-80 0 Surface !ext. vch FSL Vl'h FSL vch FSL vch fSL VFSL vch L vch L vch L vcb L vch L vch L variable c K fotcllllydro Gp .131[) .13/D .13/D .13/D .43/D .2210 .2210 .22/D .2210 .2210 .2210 variable :1 Vegetation PJ PJ PJ PJ variable PJ PJ PJ PJ PJ PJ variable g P~.:rccntage 90 90 85 85 90 50 55 ss 62 60 60 7S 

Minor Soil Dulce Dulce Dulce Dulce Dulce Dulce rock outcrop ::1 

" %Slope 2-8 4-15 6-IS 15-30 15-30 30-50 S0-100 0 Surface text. vch FSL vch FSL vch FSL vch fSL vch FSL vch FSL variable -· K facl/llydro Gp .131[) .13/D .13/D .13/D ;13/D .13/D - ~ 
Vegetation PJ PJ PJ PJ PJ PJ variable 
Percentage 4.5 39 39 30 30 30 25 

Inclusions 
Soil Zyme Zyme Zyme Zyme Duke soils ::.20" deep soils >20" deep soils >20" deep 
Surface text. vch L vch L vch L vch L vch FSL variable variable variable 
K fiicllllydro Gp .2210 .2210 .2210 .2210 .13/D variotble variotble variitble 
Vegetation I'J PJ PJ PJ PJ PJ PJ PJ 
Percentage s 7 10 8 7 3 3 3 

Soil Bond Bond Shups Bond Soils A, 8 Soils A, B 
Surface text. vch FSL vch FSL VFSL VPSL cxch VFSL exch VFS~ 
K fotcllllydro Gp .4310 .43/1) .49/B .43/0 .04/B .04/B 
Veget.ttion V<triable vari<tble sage variable PJ PJ 
Percentage 3 I 3 2 I I 

Soil Soils >20" deep 
Surface text vari<tble 
K facllllydro Gp variable 
Vegetation PJ 
Percenlotge I 

Rock outcrop I 2 s 7 0 2 2 8 10 10 
percentage 

Simil<tr soils Soils wilh >35% rock fragments; Soils w/ less Soils with >35% rock fragments; non-calcareous soils; 
non-calcareous soils; Tr..vessilla soils clay Travessilla soils 

.......... 
~ 
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'l'llble 4. Summary of Order I and 2 map unit descriptions. (continued) 

MU II & Niillk!: 4--Zyllk! vch L 

Slope Phase A 
Major Soil Zyme 

%Slope 1-4 
Surface !ext. vch L 
K bet/ Hydro Gp .2210 

Vegetation 
Percentage 

Minor Soil 
%Slope 
Surface text. 
K facll llydro Gp 
V.:getiition 
Percentage 

Minor Soil 
%Slope 
Surface text. 
K filcll llydro Gp 
Vegetation 
Percentage 

Inclusions 
Soil 
Surface text. 
K facll llydro Gp 
Vegetation 
Percentage 

PJ 
85 

Dulce 
vch FSL 
.13/D 
PJ 
10 

B 
Zyme 
4-8 
vch L 
.221D 
PJ 
87 

Dulce 
vch FSL 
.13/D 
PJ 
10 

c 
Zyme 
8-15 
vch L 
.22/D 
PJ 
90 

Dulce 
vch FSL 
.13/D 
PJ 
8 

Soil soils >20'' deep soils >20" deep 
Surface text. variable variable 
K filet/ llydro Op 
Vegetation 
Percentage 

Vttriable variable 
PJ PJ 
1 1 

Soil Bond 
Surface text VFSL 
K facll Hydro Gp .43/D 
Vegetation variable 
Pcrccntilge 2 

Rock outcrop 
percenlage 

2 2 2 

Similar soils Non-calcareous soils; soils w/ <35% cltty 

0 
~yme 
IS-30 
vch L 
.2210 
PJ 
90 

Dulce 
vch FSL 
.13/D 
PJ 
8 

2 

5--Pulpil VFSL 

5 
Pulpil 
2-8 
VFSL 
.49/B 
sage 
90 

Cabona, b.s. 
VFSL 
.49/B 
sage 
6 

Cahona 
VFSL 
.49/B 
sage 
2 

Bond 
VFSL 
.43/0 
variable 
2 

Soils w/ < 18% 
clay or 
>15% FSt; 
Shttrps ·soils 

~~----~----------,..--..,..----..,..---------------~---------~--~-------

!i*-···"""' ~ ...... ,.,_ ...... 4 

6-Sharps VFSL 7--Zyme-Travessilla c:omplexes 

6 A B c B c D E 
Sharps Sharps Sharps Sharps 
2-8 1-4 4-8 8-JS 

Travessilla Zyme Zyme Zyme 
2-6 6-U IS-30 30-50 

VFSL VfSL VFSL VFSL vch FSL vch L vch L vch L 
.49/B .4918 .49/8 .49/B .1210 .2210 .22/D .2210 
sage sage sage sage 
90 90 90 93 

grass grass grass grass 
40 so ss '65 

Zyme Travessilla Travessilla Travessilla 
2-6 6-15 JS-30 30-50 
vch L vch FSL vch FSL vch FSL 
.2210 .1210 .1210 .1210 
grass grau grass grass 
35 35 30 20 

Dulce rock outcrop rock outcrop rock outcrop 
2-6 6-15 lS-30 30-50 
vch FSL 
.13/D 
grass 
20 12 14 15 

C;thona,bs Cahona,bs C~&hona,bs Cahona,bs Soils >20" deep---,-------------------> 
VFSL VFSL VFSL VFSL variable variable variable 
.49/B .49/B .49/8 .49/B variable variable variable 
sage a age sage sage grass gfllSS grass 
6 6 6 s 3 3 1 

C01hona Cahona Cahona Cahona Bond 
VFSL VFSL VFSL VFSL VFSL 
.49/0 .49/B .49/B .49/B .43/0 
sage sage use sttge grass 
2 2 2 1 2 

Bond Bond Bond Bond 
VFSL VFSL VFSL vf.sL 
.43/D .43/D .43/D .43/D 
nriable variable variable variable 
2 2 2 1 

Soils w/ < 18% clay Dulce Dulce Dulce 
or >15% FS+; Pulpil soils 

l\t1 
-· ::1 

~ 
5J 
0 c 
::1 

~ 
::1 

" 0 -· ~ 

....... 
lA 

.. 
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Table 4. Summary ol' Order I and 2 map unit descriptions. (continued) 

MU #&Name: 10-Cahona VFSL, bedrock subslriilum 0 118-Cahona, X 1 • --Cithona-Cahona, ba VFSL~ 
aravelly . substril&Um 

Slope Phase 10 A 8 c 8 Xll A B c 
Major Soil Cahona, bs Cahona, bs Cahon;a, bs Cahona, bs Cahona, g.s. Cahon;a Cahona Ciihona Cahona 

'1. Slope 2-H 1-4 4-8 8-15 2-8 2-10 1-4 4-8 8-15 
Surfilce text. VFSL VFSL VFSL VFSL VFSL VFSL VFSL VFSL VFSL 
K bcllllydro Gp .49/8 .49/8 .49/8 .49/8 .49/B .49/8 .49/8 .49/8 .49/8 
Vegetation sage sage uge sage Silge uge sage sage Sl£e 
Pcrcenlage 90 90 90 90 90 55 55 55 so 

Minor Soil 
%Slope 
Surface lexl. 

Cahona, bs Cahona, bs Cahona. ba· Cahona, ba 

K facllllydro Gp 
Vegetation 
Percentage 

Inclusions 
Soil 
Surface text. 
K facllllydro Gp 
Vegetaliori 
Percentage 

Soil 
Surface h:xt 
K facllllydro Gp 
Vegetation 
Percenlage 

Soil 
Surface !ext 
K facl/llydro Gp 
Vegetation 
Percentage 

Similar soils 

Cahona 
VFSL 
.49/8 
uge 
7 

Sharps 
VfSL 
.49/8 
sage 
3 

Cahona 
VFSL 
.49/8 
sage 
7 

Sharps 
VfSL 
.49/8 
sage 
3 

Soils w/ < 18% clay 

Cahona 
VfSL 
.49/8 
sage 
6 

Sharps 
VFSL 
.49/8 
sage 
4 

or >15% FSt; Oclop soils 

Cahona 
VfSL 
.49/8 
sage 
s 

Sharps 
VFSL 
.49/8 
sage 
s 

Note: Cahona, bs = eahona, bedrock subslratum 

Sharps 
VFSL 
.49/8 
sage 
7 

Chi lion 
vgr SL. 
.13/8 
sage 
3 

2-10 1-4 4-8 8-IS 
VfSL VFSL VFSL VFSL 
.4918 .49/0 .49/8 .4918 
uge sage sage a age 
40 40 40 45 

Sharps Sharps Sharp a Sharps 
VfSL VFSL VFSL VFSL 
.49/0 .49/8 .49/8 .49/8 
sage sage sage sage 
s 5 s .s 

Soils w/ < 18% clay 
or > 15% FS-t; Oelop soils 

.· ... ~ .... '"••d•··~ 

11--Cahona VFSL 

ll A B c 
Cithona Cahona Cahona Cahona 
1-6 1-4 4~8 8-U 
VFSL VFSL VFSL VFSL 
.49/8 .4918 .49/8 .49/B 
sage sage sage sage 
95 95 95 95 

Cahona, bs Cahona, bs Cahona. ba Cahona, bs 
VFSL VFSL VFSL VFSL 
.49/8 .4918 .49/8 .49/8 
sage sage sage IIJe 
l 3 l l 

Sharps Sharps Sharps Sharps 
VFSL VFSL VFSL VFSL 
.49i8 .49/8 .49/8 .49/8 
saae sage saae sage 
2 2 2 2 

Soils w/ < 18~ day 
or >15% FS+; Oelop soils 

l\t7 
5 
§I 
51 
0 c 
::1 g 
::1 

" 0 -· r-

....... 
0\ 

• 



Table 4. Summary ot· Order I and 2 map unit descriptions. (continued) 

MU II & Name: 

Slope Phase 
Miljo~ Soil 

%Slope 
Surface text. 
K facllllydro Gp 
Vegctillion 
Pcrcent .. ge 

Minor.Soil 
%Slope 
Surfilcc text. 
K facl/llydro Gp 
Vegetation 
Percentilge 

Inclusions 
Soil 
Smface text. 
K filcllllydro Gp 
Vegetation 
Percentage 

Soil 
Smf .. ce texl. 
K filcl/llydro Gp 
Vegetation 
P.:rcentage 

Simili!r soils 

12-Begay L 

12 
Begily 
2-10 
L 
.4318 
guss 
98 

A 
Begay 
1-4 
L 
.43/8 
grass 
98 

B 
Be gil)' 
4-8 
L 
.43/8 
grass 
98 . 

c 
Begay 
8-15 
L 
.43/B 
grass 
98 

Soils < 72" deep--·---···---------------> 
VffiL V~L Vffil V~L 
.43/8 .4318 .43/D .4318 
grass 
2 

guss 
2 

grass 
2 

grass 
2 

Cahonil soils, soils w/ > 18% clil)' 

13-S•m Mateo L 14-0clop VffiL 

A A B 
San Mateo 
0-3 1-4 4-8 
L V~L V~L 
.37/8 .3718 .37/0 
shrub/grass uge sage 
100 100 100 

Las Lucas soils; Las Lucas soils; 
Oelop soils; Cahona soils; 
soils w/ <15% FSt soils w/ <15% FSt 

1.5-Laa Lucas 16--Soil A-Soil B exch VFSLs 
SCL 
A c E F 
Laa Lucas Soil A Soil A Soil A 
2-6 4-15 IS-50 50-70 
SCL exch VFSL exch VFSL exch VFSL 
.28/8 .04/B .04/8 .04/D 
sage PJ PJ PJ 
100 60 60 60 

Soil B .Soil D Soil B 
4-15 iS-SO S0-70 
exch VFSL exch VFSL exch VFSL 
.04/B .04/B .04/B 
PJ PJ PJ 
35 3S JS 

Zyme Zyme Zyme 
vch L vch L vch L 
.22/D .22/D .22/D 
PJ PJ PJ 
3 3 3 

Dulce Dulce Dulce 
vch FSL vch FSL vch FSL 
.13/D .IJ/D .1310 
PJ PJ PJ 
2 2 2 

11~.-Chilton vgr FSL 

c 
Chilton 
6-IS 
vgr FSL 
.13/8 
sage 
95 

Cahona, ss 
VPSL 
.49/8 
Sage 
5 

.. 

nt1 
-· :1 

~ 
a 
0 
c 
::a 
~ -· :1 

" 0 ;;: 

1--4 ...... 

... 
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Table S. Order 3 and 4 soil survey map legend. 

Symbol Name 

20 Zyme-Cahona-Dulce association, 0 to 30 percent slopes 

21 Zyme-Las Lucas complex; 0 to 15 percent slopes 

22 Zyme-Las Lucas-Dulce association, 0 to 30 percent slopes 

23 ZymeoDulce complex, severely eroded, 0 to 30 percent slopes 

24 Zyme-:-Dulce association, 8 to· 30 percent slopes 

25 Zyme-Dulce-Las Lucas association, 0 to 30 percent slopes 

26 Cahona-:-Zyme association~ 0 to 30 percent slopes 

27 Begay-Las Lucas association, 0 to 8 percent slopes 

28 Las. Lucas-Zyme-Dulce complex, 0 to 8 percent slopes 

29 Dulce gravelly fine sandy loam, 0 to 30 percent· slopes 

30 Dulce-Zyme. association,.-15 _-to 30 percent· slopes 

31 Dulce•C ahona ·association, 0 to · 30 · percent . slopes 

32 Dulce-Las Lucas association, 0 to 15 ·percent slopes· 

33 Dulce-Las Lucas-Zyme association, 8 to 30 percent slopes 

3 4 Pits and dumps 

35 Torriorthents, reclaimed 

36 San Mateo silt loam, 0 to 8 -percent slopes 

40 Haplargids-Torriorthents association, undulating to hilly 

41 Torrifluvents, nearly level 

42 Torriorthents, undulating to hilly 

43 Torriorthents, sloping to very steep 
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SOIL CHARACTERIZATION 

METHODS 

Soil sampling and analysis •. Representative· pedons were chosen for sampling on th~ 

J>asi\ of completed soilsurveyinfornJ:~fion.JSamples were collectedin accordance with soil 

sampling procedures recommended by the.SCS (1972). Profile descriptions were recorded 

at each sampling site. Soils were sampled by horizon; in both the 1984 Mariah and 1985 

IMS studies, thick horizons were subdivided into two-foot sampling increments. Soils 

were sampledto bedrock in 1984 and 1985, and byEH&A in 1979 to 60 inches. 

As shown in Table 6, the number of pedons sampled per soil tYpe varied. Soils A and B 

and Chilton . soils were not sampled. ·Soils A and B are high in· rock fragments and are 

therefore not suitable for salvage. Chilton soils are high in rock fragments below six 

inches and also. not suitable below that depth. 

Table 6. Number or sampled pedons or each soil series. 

Number or pedons sampled 

Series 1979 EH&A. 1984 Mariah 1985 IMS Total 

Begay 3 1 5 
Bond NIM1 N/M l t 
Cahona 3 4 3 10 
Chilton N!M N!M NtS2 0 
Dulce 3 1 2 6 
Las Lucas 3 l 2 6 
Oelop N!M NtM 2 2 
Pulpit N!M 1 NIM 1 
San Mateo 1 1 1 3 
Sharps N!M 1 3 4 
Travessilla NIM NIM 1 1 
Zyme 3 NIM 2 5 
Soil A NIM N!M NIS 0 
Soil B N!M N/M NIS 0 

1NIM Not mapped 
2NIS Not· sampled 

To ensure that all suitable material was identified, more extensive investigations were{ 

conducted on the deep soils within. the lease areas. These are the Begay, Cahona, L~ 

Lucas, Oelop and the San Mateo soil~ At numerous locations, depth to bedrock was 

determined, using a backhoe, hand auger or both. Where soils were suspected of being 

intermittently saline and/or sodic, primarily the Las Lucas, Oelop and San Mateo soils, 
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samples were collected for analysis. At these deep sampling locations, soils below ten feet 

were sampled in two-foot increments to bedrock. If results of analyses of the soil samples 

below ten feet indicated plant growth· medium suitability problems, samples from these 

locations from· above ten feet were analyzed. Since sodicity and salinity tend to increase 

with depth, if no problems below ten feet were indicated, it was assumed that the material 

above ten feet also met the suitability criteria, and further analyses were not necessary. 

Analyses of soil samples.differed from year. to year,·depending on the· cumulative results of 

previous years' studies. Table 7 summarizes and compares soilanalyses performed to 

date. In 1985, analyses for boron, selenium and acid-base potential were not conducted Oil 

aU samplest Over 130 samples were analyzed in 1984 for thesethree paramet6fs. No 

sample had hot water extractable boron levels greater than 2.5 ppm, suggesting that 

elevated boron levels are not a problem in the soils at Black Mesa. Ten·samples had 

extractable selenium levels greater than 0.1 ppm, but ali· were less than 0.5 ·ppm. All were 

from San Mateo soils from below ten feet with six of the samples coming from one· 

location. Since a separate,· comprehensive· geobotanical study to evaluate potential selenium 

problems has also been conducted in 1984 and 1985, selenium analysis was eliminated in 

1985. Finally, all samples collected in 1984 which had a negative acid-base potential were 

collected from below.ten feet and had pH's under 6.0. In the 1Q85 study, samples with pl;l: 

levels under 6.0 and/or from below ten feet were analyzed for acid-base potential 

Table 7. Laboratory analyses of soils of the Black Mesa lease area. 

Parameter 1979 EH&A 1984 Mariah 

pH 

particle size 

saturation percentage 

electrical conductivity 

Sodium adsorption ratio 

Acid-base accounting 

Boron, Selenium 

Potass1Uril,.-ph. osphorus, z. inc~-~ 
molybdenum, mercury, copper, 
nitrate and ammonium nitrogen 

X 

X 
X 
X 

X 

X 
X 
X 
X 

X 
X X 
X X 
----~-------,...;1 

X 

ton samples below 10 feet and/or with pH under ~.0. 

1985 

X 
X 
X 
X 
X 
xt 

IMS 

Three laboratories have been used for sample analysis. In the EH&A study, the Peabody 

lab in St. Louis was used. The Mariah. study used Inter-Mountain Laboratories, Inc. in 

·Sheridan, Wyoming. The IMS study usedthe Soils Testing Laboratory at Colorado State 



, .. 

21 

University. Methods of analysis for the IrviS, Mariah and EH&A studies are shown· in 

Tables 8, 9 and 10, respectively. 

Table 8. Laboratory methods for soil samples collected by IMS. 

Analysis 

Saturation % 

pH 

Electrical conductivity 

Particle size analysis 
(hydrometer) 

Texture 

Sodium, Calcium, Magnesium 

Sodium Adsorption Ratio. 

Total selenium 

Extractable· selenium 

Carbonates 

Pyritic sulfur 

Total sulfur 

Lime requirement 

Reference 

U.S. Salinity Laboratory Staff. 1954. Method (27a&b), 
p. 107; 

Soltanpour and Workman. 1981. Page 20. 

Soltanpour and Workman. 1981. Page 20. 

Day, P.R. 1965. Method 43-5, pp. 562-566. Sieve 
analysis for vfs. 

Soil Survey Staff. 1981. Pages 205-223. 

Soltanpour and Workman. 1981. Page 21. 

U.S. Salinity Laboratory Staff. 1954. Method 
(20b). p. 26. 

Extraction: Soltanpour et al. 1982. Method l-5.5, p. 
59. Analysis by ·hydride generation. 

Extraction: Soltanpour et ak 1982. Methods 3-5.2 
(AB-DTPA) and 3-5.5, pp. 55, 59. Analysis by 
hydride generation. 

Soltanpour and Workman. 1981. Page 19. 

ASTM Method 02492-79~ 

Tabatabai, M.A. 1982. Method 28-2.2.3, p. 512. 

McLean, E.O. 1982. Method 12-3.4.4, p. 215. 

.. 
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Table 9. Laboratory methods for soil samples collected by Mariah~ 

Analysis 

Saturation % 

pH 

Electrical conductivity 

Particle size analysis 
(hydrometer) 

Texture 

Sodium, Calcium, Magnesium 

Sodium Adsorption Ratio 

Carbonates 

Selenium 
(Hot water soluble) 

Boron 
(Hot water soluble) 

Acid-base potential 
(Leco furnace method) 

Reference 

U.S. Salinity Laboratory Staff. 1954. Methods 
(27a&b), p. 107. 

U.S. Salinity Laboratory Staff. 1954. Method 
(2la), p. 102. 

U.S. Salinity Laboratory Staff. 1954. Method 
(3a), p. 84. 

Day, P.R. 1965, Method 43-5, pp. 562-566. Sieve 
analysis for vfs. 

Soil survey staff. 1951. Pages 205-223. 

Extraction: U.s~ Salinity Laboratory Staff. 1954~ 
Method (3a), p.84. Analysis by· AAS. 

U.S. Salinity Laboratory Staff. 1954. Method 
(20b), p. 26. 

U.S. Salinity Laboratory Staff. 1954. method 
(23c), ·p~ 105~ 

Extraction: Fine, L.O. 1965. Method 8-3, p. 1122. 
Analysis. by AAS. 

Extraction: Wear, J.l. 1965. Method 754, p~ 1062. 
Analysis by Auto;.analyzer·II Automated Method. 

Smith et al. 1974. 
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Table 10. Laboratory methods for soil samples collected by EH&A .. 

Analysis 

Saturation % 

pH 

Electrical conductivity 

Particle size analysis/texture 

Sodium, Calcium, Magnesium 

Sodium Absorption· Ratio 
Exchangeable Sodium Ratio 

Carbonates 

Total Sulfur 

Selenium 
(Hot water soluble) 

Boron 
(Hot water soluble) 

Molybdenum 
(NH4 acetate extractable) 

Phosphorus 
(NaHC03 extractable) 

Mercury 

Potassium 
(NH4acetate extractable) 

Copper, Zinc 
(DTPA extractable) 

Nitrate nitrogen 

Ammonium nitrogen 

Reference 

U.S. Salinity Laboratory Staff. 1954. Method (27a&b), 
p. 107. 

U.S. Salinity Laboratory Staff. 1954. Method 
(21a), p. 102. 

U.S. Salinity Laboratory Staff. 1954. Method 
(4a), p. 89. 

Sobek et al. 1978~ Page 123 

Extraction: U.S. Salinity Laboratory Staff. 1954. 
Method (3a), p. 84. Analysis by AAS. 

U.S. Salinity . Laboratory ·Staff. 1954. · Method (20b), 
p. 26. 

Sobek et al. 1978. _Page 49~ 

Sobek et al. 1978. Page 53. 

Extraction: Fine, L.O. 1965~ Method 80-3, p. 1122. 
Analysis by AAS. 

Extraction: Wear, J.l. 1965. Method 75~; p. 1062. 
Analysis· by colorimetric· determination with· curcumin. 

Extraction: Reisenauer, H.M. 1965. Method 74-2, 
p. 1056. Analysis by AAS. 

Extraction: Sobek et al. 1978. Page 48. Analysis by 
AAS. 

Extraction: Sobek et al. 1978. Page 74. Analysis by 
AAS. 

Extraction: Pratt, P.F. 1965. Method 71-3, p. 1026. 
Analysis by AAS. 

Extraction: Walsh and Benton. 1973. Pages 164-
166. 

Extraction: Bremmer, J .M. 1965. Method 84-5, p. 
1226. Analysis: colorimetric. 

Extraction: Bremmer, 1 .M. 1965. Method 84:-3, p. 
1226. ·Analysis: Semi:-micro steam distillation. 

.. 
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Topsoil suitability. Results of the laboratory analyses of soil samples were compared 

to suitability criteria for topsoil and overburden established by the Wyoming DEQ (1984). 

These criteria are presented in Table 11. 

Table 11. Criteria for suitability of topsoil. 

Parameter Suitable Marginall Unsuitable 

pH 5.5-8.5 5.0-5.5 <5.0 
8.5~9;0 >9.0 

Texture c,sic,s 

SAR 0-10 10-122 >122 

10-15 >15 

Conductivity (mmho/cm) 0-8 8-12 >12 

Saturation· ~ercentage 25:.80 <25 
>80 

Selenium <0.1 ppm >0•1 ppm 

Boron <5.0 ppm >5.0ppm 

Rock fragments <25% 25-35% >35% 

Acid-base potential >-5 tons CaC03/ ~ 
1,000 tons dry material 

<-5.tons.CaC03/ ~ 
1,000 tons· dry material 

1 Soils with marginal suitability are evaluated for use on an individual basis. 
2For fine-textured soils (clay >40%) 
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RESULTS 

Soil sampling and analysis. Attachment 2 to this report gives profile descriptions and 

results of analyses of soil samples from the Mariah and WS investigations conducted in 

1984 and 1985. Additional analytical results, primarily of deep hole samples from 1984 

and 1985, are given in Attachments 3 and 4. Results of analyses of samples collected by 

EH&A in 1979 are given in Attachment 5. Soil sampling locations are shown on the soi:1s 

maps (Drawings 85305A). 

Evaluation of topsoil suitability. The soils of the Black Mesa lease area comprise 

four groups, residual soils, porcellanite-derived soils, eolian soils, and alluvial soils. The 

soils of each group have generally similar characteristics. The residual soils found within 

the lease area are the Dulce, Travessilla and Zyme series. Although these soils have no 

chemical properties limiting suitability, high content of surficial rock fragments (20 to 50 

percent by volume} makes these soils only marginally suitable as sources of salvageable 

topsoil. Zyme soils are marginallysuitable also due to clayey texture. Since each of these 

soils is • generally severely eroded, with bedrock occurring at less· than six inches, stripping 

ofthese soils may be impractical. 

The unnamed soils A and B are the porcellanite-derived soils, a.nd are found primarily in 

the J/21 mining area. These soils were. not sampled since the rock fragmentcontent.(35 to 

70 percent by volume) makes these soils· unsuitable for topsoil. 

The soils which formed in eolian·. material, Cahona, Pulpit, Sharps, arid Bond, are all 
t'~ 

§tii~t3.'Eile'i'f{)r~c£op$7oil~ The Begay soils, formed in eolian material mixed with alluvium, are 

included here for discussion. The soils in this group have been extensively sampled to 

determine suitability. Of a total of 75 samples collected from ten Cahona pedons, with the 

deepest pedon extending to 186 inches, only one sample is outside the limit of a suitability 
criterion. Sample 11-1-8 has an acid-base potential (ABP) of -63.1 tons CaC03/l,OOO tons 

dry material. This sample represents less than 10 percent of a 105-inch pr?file. The 
material directly above (sample 11-1-7) has an ABPof 117.0 tons CaC03/1,000 tons dry 

material. Because the volume of unsuitable material represented by a single sample is such 

a small percentage of the total volume of available material, mixing of materials during 

. topsoil salvage and replacement operations should result in adequate dilution of unsuitable 

material by suitable material. In the same profile, samples 11-1-6 and 11-1-7 have 

marginally suitable EC levels of 10.8 mmhos/cm and 11.5 mmhos/cm, and clay contents of 

3;lpercent and 2.2 percent, respectively. Cahona soils in GLIB map unit are underlain by 

a horizon unsuitably high in rock fragments at a depth between 20 inches and 40 inches. 
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They are otherwise similar to other Cahona soils above that depth. The four remaining 

soils in this group are suitable for topsoil. One pedon of Begay soils (27-108) has a high 

SAR value (16.3) at 71 inches. This high value is anomalous for these soils. 

The alluvial soils, Las Lucas, San Mateo and Oelop, have been· extensively· sampled as part 

of the deep hole studies. as well as:fQr'rc;presentative profiles? Because of their position· in 

the landscape, these soils are affected by high salt and sodium at varying depths. Most of 

the soils which are saline or sodic are in or near Reed Valley. Since Reed Valley is the 

main area in which high levels of salts are found, every side drainage of Reed Valley which 

will be disturbed by mining was sampled. A summary of the deep hole studies is presented 

in Table 12. Those sample locations which were dug to bedrock, but not sampled are 

indicated by "D" in the table. "DS" indicates those locations which were sampled from 10 

feet to bedrock. Finally, those locations which were sampled from the soil surface to 

bedrock are indicated by "DSS". 

San Mateo soils have been sampled at ten different locations. At three of these locations, 

the pedon was sampled either by horizon or in two-foot increments from the soil surface· to 

bedrock; the remainder were sampled below ten feet in two-foot increments. Of the three 

pedons sampledfrom the soil surface, all of which are in Reed Valley, depth to high EC 

values ranges from 8 to 16 feet. Values for SARdo not :xceed the suitability criterion in 

any of these three pedons. At one location (13-14DSS), layers below 14 feet exhibit low 

acid-base potential. 

Of the remaining seven San Mateo pedons sampled, four were sampled in a tributary of 

Dinnebito Wash in the southern part of J/21 mining area. All of the samples from this area 

are suitable with respect to all criteria, with the exception of five samples. Sample site 13-

2DS at 20 to 22 feet and at22 to 22.5 feet, and sample site 15-23DS at 20 to 22 feet have 

slightly low ABP levels. Mixing with the overlying horizons should alleviate any 

deleterious effects of these levels. At sample site 13-lODS from 10 to 14feet,selenium 

levels are slightly elevated, with two samples showing 0.11 ppm and 0.13 ppm, 

respectively .. These levels are considered marginally suitable. 

The other three sampled San Mateo pedons are located in Reed Valley Wash or a side 

tributary to Reed Valley Wash. High EC·values occur at·lo feet in the two samples in Reed 

Valley Wash. Atthe other location (13-19DS), sampled to 18.7 feet, neither EC nor SAR 

values exceed suitability criteria. 

Las Lucas soils have been sampled at 12locations; five pedons were sampled from the soil 

surface to bedrock. Four of these five pedons are located in tributaries to Reed Valley 
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Wash; three of the four have high EC and SAR values. Depths to high values range from 

31 inches at one location· ( 19-64) to .1 0 feet at a location sampled at ten feet and below. 

Electrical conductivities are between 12 and 20 mmhos/cm. Site 19-67 does not exhibit any 

high EC or SAR levels. The fifth pedon sampled beginning at the surface (in N/14) has 

high a SAR ·value at 96 inches. All. samples from the nine other locations do not show any 

unsuitably high EC or SAR values. Las Lucas is, therefore, suitable for topsoil down to 

bedrock except in the Reed Valley area, where close attention should be given to the topsoil 

stripping depths which are delineated on accompanying maps (Drawing 85305B). 

The third series in the alluvial soils group is the Oelop soils. These soils were sampled at 

three locations·fromthe soil· surface to bedrock. fJigh SAR levels were encountered at 12 

feet at sample site 12-231, and at 20 inches at sample site 19-55. The samples from the 

third sample site ( 12-259) indicate suitability down to ·17 .5 feet. Sample sitel9-55 ·is in the 

same drainage as the Las Lucas sample ( 19-64} which is unsuitable at 31 inches. Irt 

addition to high SAR values, both sites in this drainage have low acid-base potentials 

below· 9 feet. 

Chilton soils were mapped only at the site of the proposed Wild Ram Dam and will not be 

extensively disturbed. This series was not sampled since it is unsuitably high in rock 

fragment content below six inches. A recommended stripping depth of six inches is based. 

on· field observations. 
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Table 12. Summary of deep hole investigations. 

Soil Map 
series unit 

Cabana XllB 
Cahona llB 
Cabana 11B 
Cabona 11B 
Cahona llB 
Cabana 118 
Cahona 118 
Cabona XllB 
Cahona XllB 
Cahona 11B 
Cahona liB 
Cahona •· 11B 
Cahona 11B 
Cabana llB 
Cabana llB 

v..~.& Cahona llC 
Cabana llB 

\).,'0-.? Cahona liB 
Cabana 11 
Cabana 11 
Cabana 11 
Cabana 11 
Cahona 11 
Cahona 11 
Cahona 11 
Cahona 11 
Cahona 11 
Cahona 11 
Cabana 11 
Cabana 11 
Cahona Xll 
Cahona 11 
Cahona 11 
Cahona 11 
Cahona 11 
Cabona 11 
Cahona 11 
Cahona 11 
Cahon:a 11 
Cahona 11 
Cahona 11 
Cahon:a 11 
Cahona 11 

D means dug to bedrock but not sampled 
OS means sampled from 10 feet to bedrock 
DSS means sampled from surface to bedrock 

Stop 
number 

7- 8-0 
7- 9'-0 

12- 1-0 
12-~ 
12;._~-
12- 52-0 
12- 67-D 
12- 72-0 
12- 85-0 
12- 95;.0 
12- 98-0 
12- 102-0 
12- 104-0 
12- 106-0 
12- 208-0 
12- 21~::0:::~ 
12- -"21t;;::Oss· · .....;.. c....-
12- 240-D 
r tc::r;os&7

.-

11- 4-D 
11- 5-D . ---""" 
1l,.r··6;:6s-s::"'.-
11(=---s.::-o 
11- 27-0 
11- 28-0 
11- 30~0 

11- 31-0 
11- 25,..0 
11- 7-0 
11- 32,..0 
11- 33-0 
11- 34-D 
11- 35-0 
11- 42-0 
11- 45-0 
11- 48-0 
11- 53-0 
11- 63;o-9·-?(/~ 

11i'/~g""-
11~ -0 
11.; 2-0 
11- 6-0 
11- 3-0 

28 

Depth· to Thickness of 
bedrock suitable material 

(feet) (feet) 

8.4 8.4 
10.0 10.0 

8.0 8.0 
7.0 7.0 
7.3 7.3 
9.3 9.3 
7.0 7.0 

10.0 10.0 
7.0 7.0 

10.5 10.5 
7.4 7.4 
7.0 7.0 

10.0 10.0 
8.0 8.0 

11.0 11.0 
15.4 15.4 
15.5 15.5 

8.0 8.0 
9.0 8.0 

12.0 12~0 
9.0 9.0 
8.0 8.0 
7.0 7.0 

11.0+ 11.0 
11.0+ 11.0 
6.5 6.5 

11.0+ 11.0 
11.0+ 11.0 
27.0+ 27.0 
12.0+ 12.0 
8.0 8.0 

12.5+ 12.5 
12.5+ 12.5 
6.5 6.5 

12.6 12.6 
10.0 10.0 
9.0 9.0 

11.0+ 11.0 
8.8 8.8 
7.5 7.5 

11.0 11.0 
8.0 8.0 

11.0 11.0 

AVEitAGE::to.o~ 
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Table 12. Summary of deep hole investigations (continued). 

Soil Map 
series unit 

Begay 12 
Begay 12 

t;~ Begay 12 c; ,~~"' Begay 12 
Begay 128 

Las Lucas 15A 
Las Lucas 15A 
Las Lucas 15A 
Las Lucas 15A 
Las Lucas 15A 
Las Lucas 15A 
Las Lucas 15A 
Las Lucas 15A 
Las Lucas 15A 
Las Lucas 15A 
Las Lucas 15 
Las Lucas 15 

r( Las Lucas 15 1 ~ 
~ Las Lucas 15 

Las Lucas 15A 
Las Lucas 15A 
Las.Lucas 15 
Las Lucas 15 
Las Lucas 15 
Las Lucas 15 
Las Lucas 15 
Las Lucas 15 
Las Lucas 15 
Las Lucas 15 
Las Lucas 15 
Las Lucas 15 
Las Lucas 15 

Oelop 14 
Oelop 14 
Oelop 14 

{o Oelop 14 # 
~~ Oelop 14 

\! . Oelop 14 

D means dug to bedrock but nO[ sampled 
OS means sampled from lO feet to bedrock 
DSS means sampled from surface to bedrock 

Stop. 
number 

12- 1-D 
12- 12-DSS 
12- 24-D 
12- 4-D 
27- to8~oss 

12- 28-D 
12- 31-D 
12- 37-D 
12- 41~D 
12- 66-D 
12- 68-D 
12- n:r:~ 
12- 70-D . 

14-l?~Sj 
19- 64;)'-.~-
15- 17-D 
15- 18-D 

··0::::::::? 
15- 20-!1).5.1 
15- 29-0 .. 
19- 67~os-g 
19- 69-,~ 
15- 6-0 
15- s~·o$1 
15- 12"~b 

~~~ 15- 24-Q~ 
15~ 25-D 
15- 26-@ 
15- 39-0 
15- 21-0-15- 22, 
15- 21}}· 
15- 9; 's 

~;._.,-

12-32, 12- 25 -D 
12.; 231 s 
14- 6-D . 
19- 55 D 
27- 28-D 

Depth to Thickness of 
bedrock suitable material 

(feet) (feet) 

11.0+ 11.0 
11.5 11.5 

8.0 . 8.0 
u.o 11.0 . 11 10'' 0 £'> 7.2 7.2 1-,. ~~\.-

AVERAGE= 9~7 0 
L;;f-

8.0+ 13.0 
10.0+ 10.0 
8.0+ 8;0 

10.0 1o~o 
7.0+ 7.0 
7.0+ 7~0 

17.5 17.5 
8.7 8.7 

11.0 8.0 
17.0 2.5 
10.5 8.0 
17.0 8.0 
15.6 15.6 r)( .. ~o 
12.5 12.5 t!tf -~. ,~f't'r~...c" 

8.0+ 8.0 "'";;.-A 

14.0+ s~o 
26.0 26.0 
12.3 12.3 
7.0 7.0 
1.5 7.5 

12.5 12.5 
13.2 13.0 
7.0 7.0 

24.0+ 24.0 
10.0 10.0 
22.0 22.0 
22.0 22.0 

AVERAGE~ll.6 f 

8.0 8.0 
17.5 17.5 

~q(J ·~ 17.5 10.0 
12.0 12.0 .·. s~tt!\i 
13.0 3.5 

8.0 8.0 

A VERAGE::9~8 
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Table 12. Summary of deep hole investigations (continued). 

Soil 
series 

San.Mateo 
San Mateo 
San Mateo 
San Mateo 
San··Mateo 
San·Matep 
San Mateo 
San Mateo 
San·Mateo 
San Mateo 
San Mateo 
San Mateo 
San Mateo, 

Map 
unit 

13 
13 
13 
13 
13 

13A 
13A 
13 
13 
13 
13 
13 
13 .. 

D means dug. to bedrock but not sampled 
OS means sampled from 10: feet to bedrock 
DSS means sampled from surface to bedrock 

Stop 
number 

13- ~w:-. 
13-~ 
13- ~ 
13- 16-D,, 
13- 1~ 

~~: ~~1¥:'0.~,~ .... · 
13- 10~"' 
13- n·-
13- 1-D 
13- 2t!?J:> 
13- 3-D 
13- 4-ms) 

·::.. .. , .... ,..,. ... 

Depth to 
bedrock 

(feet) 

18.5 
17.3 
14.0 
14.0 

'18.5 
19.0 
12.0+ 
15.5 
22.0+ 
15.0 
22.5 
25.0 
26.0+ 

30 

Thickness of 
suitable material 

(feet) 

8.0 
8.0 
8.0 
8.0 

18.5 
7.0 
s~o 

15.5 
22.0 
15.0 
22.5 
25;0 
26.0 
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Hydrologic interpretations. A "K" factor (soil erodibility factor) for each surface 

horizon was calculated using the soil erodibility nomograph published in the National Soils 

Handbook (SCS 1983). The "K" factor indicates the susceptibility of a soil to sheet ero

sion by water. Particle size information required by the nomograph came from the particle 

size analyses conducted on surface horizon samples. 

Hydrologic groups have been developed by the SCS (1983) to describe the potential for a 

soil to produce. surface. water runoff under similar storm· and vegetation cover conditions. 

Four groups are recognized (A, B, C, D) with the A group having the lowest runoff 

potential and the D group having the highest 

Table 13 gives calculated"K" factors and SCS designated hydrologic groups for each soil 

series from the. Black Mesa lease area. Hydrologic groups for the unnamed soils A and B 

were determined based on SCS criteria (1983). 

Table 13. "K" factor and Hydrologic Group of the soils of the Black Mesa lease area. 

Soil series "K" factor Hydrologic group 

Begay .43 B 

Bond .43 D 

Cahona .49 B 

Chilton .13 B 

Dulce .13 D 

Las Lucas .28 B 

Oelop .37 B 

Pulpit .49 B 

San Mateo .37 B 

Sharps .49 .. B 

Travessilla .12 D 
Zyme .22 D 
Soil A .04 B 

Soil B .04 B 

Prime farmland assessment. The SCS has established criteria for prime farmland 

soils. The critical criterion relevant to the soils of the Black Mesa lease area is that prime 

farmland soils must have "a developed· irrigation water supply that is dependable and of 

adequate quality" '(Soil Survey Staff 1983). Since no water supply has ever been 

developed for irrigated agriculture anywhere within the Black Mesa lease area, there are no 

soils which satisfy this criterion for prime farmland. A letter from the SCS supports this 

negative determination· (Exhibit 3). 
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EXHIBIT 3. 

SCS LETTER CONCERNING PRIME FARMLAND 



0 

United States 
Department of 
Agriculture 

Ms. Ella Mulford 
Peabody Coal Company 
Arizona Division 

Soil 
Conservation 
Serv1ce 

,,. . 
·' :·' I 

·.1 ' •. !--. } 

1300 SouthYale 
Flagstaff, Arizona 86001 

Dear Ms. Mulford: 

3008 Federal Bldg. 
Phoenix, AZ 
85025 

December 9, 1980 

As requested, I have reviewed the Black Mesa and Kayenta Mines Soil Survey 
and submit the following information pertaining to prime farmland: 

One of the primary requirements for a soil to qualify for prime 
farmland is to have an adequate and dependable moisture supply 
from precipitation or irrigation. The average annual precipi
tation in the area is less than 14 inches, not enough for sus
tained crop production, and there is no developed dependable 
water supply. Therefore, none of the soils in the area qualify 
for prime farmland. 

If we can be of further assistance please feel free to call on us. 

Sincerely, 

J=. -~- £. !c/.4L,_~_,.,~( 
Davie L. Richmond 
Asst. State Soil Scientist 

The Soli Conservatton Serv•ce 
tS an agency of the 
Oeoartment of Aonculture 

SCS-AS-1 
10-79 
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Potential vegetation production estimates. Estimates developed by the SCS of tlae 

potential vegetation production for each soil serit!s are given in Table 14, and are 

~ reptes:eftfative'ofsoils inj'~Xic;eH~'rtt';rarrge~r·eondit±on. These figures are taken directly from 

the SCS Form 5, Soil Interpretation Record, for each soil correlated to an established soil 

series, with the following minor exceptions. Three soils, Dulce, Soil A and Soil B, are not 

correlated to established series and official Form S's are therefore not available. Since the 

Dulce soil is a series taxadjunct only because of soil color differences, the Form 5 for the 

established Dulce series is used. For Soils A ·and B which support similar vegetation and 

occur in similar landscape positions as the Dulce and Zyme soils, the average of the 

potential production of the Dulce and Zyme series is given as an estimate of their potential 

vegetation produc~ion. A Form 5 for each established soil series is presented in Attachment 

6. 

For a number of the named soil series, the SCS has established ranges of potential 

vegetation production, in recognition of the fact that a soil series may vary in potential 

vegetation production due to differences in available moisture. These ranges are expressed 

in terms of moisture phases, and the SCS has estimated potential vegetation production for 

each·moisture phase. Moisture phases of soil series have not been mapped for the Black 

Mesa lease area, but inferences regarding the distribution of moisture phases have been 

made. Factors such as mean annual precipitation, size and density of Colorado pinyon 

relative to Utah juniper, occurrence of certain understory species such as gambel oak 

(Quercus gambelii) and Mexican cliffrose (Cowania mexicana), and certain soil 

characteristics have been used as a basis to distinguish moisture phases. Since these 

factors are all generally related to elevation, it is concluded that above about 6,800 feet in 

elevation in N/14 and about 7,000 feet in J/21 are appropriate elevations for the separation 

between moist and dry phases, with the moist phases occurring at the higher elevations. 

Because most of the soils of the Black Mesa lease area are eroded, and in the case of Dulce, 

Travessilla, and Zyme, usually severely eroded, the probability that the range condition will 

ever return to an excellent range condition is slight It is also believed that the estimate of 

potential vegetation production developed by the· SCS . for Dulce soils is 25 percent to 50 

percent too high. As shown in Table 14, Dulce, dry phase has the same potential 

production as the dry phase of the Pulpit and Sharps soils. The Dulce soil, as it occurs on 

the Black Mesa lease area, usually has bedrock within six inches. Pulpit and Sharps, on 

the other hand, are underlain by bedrock between 20 and 40 inches. It is highly unlikely 

that vegetation production on these soils in excellent range condition could ever be 

comparable. Since all three soils were established in southwest Colorado, the Range 
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Conservationist of the SCS in Colorado was consulted about the production figure for the 

Dulce soil. As discussed in his letter shown as Exhibit 4, the production figure of the 

Dulce soil is "based on limited information ... , which may cause us [the SCS] to give the 

Dulce soil a better rating that [sic] it deserves." 

Table 14. Potential vegetation production of the soils of the Black Mesa lease area. 

Soil name SCS Form S 

Begay UT0359 
Bond NM0220 
Cahona C00578 
Chilton NM0223 
Dulce C00394 
Las Lucas NM0090 
Oelop NM0488 
Pulpit C00538 
San Mateo NM0854 
Sharps C00310 

Travessilla2 NM0690 

Zymel C00749 
Soil A N/A 
Soil B NIA 

Ustic Toniorthents C07057 

No. 

Potential vegetation production 1 
(lbs/ac. air dry wt.) 

Moist phase Dry phase 

1000 650 
500 500 

1000 750 
750 750 
600 600 
675 675 
750 750 
800 600 
750 750 

1200 600 

225 225 

400 300 
500 450 
500 450 

350 350 

1 Normal precipitation· year; annual production for shrubs, half-shrubs, grasses and forbs; excellent range 
condition. 

2Channery surface phase 

In addition to the SCS estimates, Peabody has conducted extensive vegetation production 

sampling within the Black Mesa lease area. The results of this sampling work are 

presented in detail in the chapter on vegetation in the Peabody Coal Company's permit 

application. 

Calculation of disturbed acreage. Table 15 and 16 show acreages of soils proposed 

for disturbance. Table 15 gives acreages by map unit. Table 16 gives acreages by soils 

series based on the composition of each map unit shown in Table 4. Acreages were 

calculated from planimetric data using standard techniques. 
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EXHIBIT 4. 

SCS LETTER CONCERNING VEGETATION PRODUCTION 



United States 
Department of 
Agriculture 

Soil 
Conservation 
Service 

Richard Trenholme, President 
Intermountain Soils, Inc~ 

1873 S. B~llaire St., Suite 330 
Denver, Colorado 80222 

Dear Mr. Trenholme: 

AU 6 1 3 1985 

Bldg A, 3rd Floor, DHOC 
2490 West 26th Avenue 
Denver, Colorado 80211 

August 12, 1985 

In response_ to your letter of August 1, I will try to respond to your questions to 
the extent that we have information. In addition, I consulted with Noel Wellborn, 
who was the Range Conservationist in this area of Colorado, until recently 
accepting an assignment as RC&D Coord.ina.tor in Durango, Co lorado. 

In response to your question on potent. ial plant productivity on, the Dulce, Pulpit, 
and Sharps soils, which are shown at 600 pounds/acre is based on limited 
information particularlyon the Dulce soil. The areas available have had hard 
winter use which makes it difficult to get the best data. This may cause us to 
give the Dulce soil a better rating that it deserves. However, if you consider 
surface soil texture and the rest of the profile which is primarily sandy loam, we 
find that in low precipitation areas these sandy soils frequently out-produce loam 
a.nd clay loam soils with similar profile depths. Also, the production shown is 
for understory species and does not take into account the green biomass production 
from vegetation which is out of the reach of grazing animals. 

Colorado does not have a dry phase of the Dulce soil. In addition, no eroded 
phases have been established for either the Dulce or Zyme soils. In regard to 
production comparisons between Sharps and Ca.hona. soils, the deeper Cahona soil is 
rated at 700 pounds/acre as compared to 600 pounds/acre for the Sharps soil. Both 
of these are be1ng compared in the dry phase. 

If you have any additional questions, please feel free to call or contact us. 

Sincerely, 

_, / ./ 
~~· -------:y--:-;r'-" -1--

Leonard Jurgens 
Range Conservationist 

cc: D. W. Gillaspie, SRC 
Noel Wellborn, RC&D Coordinator 
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Table 15. Acres proposed ror disturbance by map unit. 

l\1up unit .J/1-N/6 J/7 J/16 J/19 

lA 30.0 4.4 7.9 5.0 
1,18 66.2 22.3 12.2 236.1 
IC 4.6 7.8 2.1 83.2 
10 0.0 0.0 1.4 6.8 

20 3.2 7.6 33.5 15.9 
JA 53.3 0.0 12.3 0.0 
3DC 0.0 0.0 0.0 651.6 
3C 456.3 8.3 109.9 0.0 

3D 119.4 0.0 179.8 0.0 
JOE 0.0 0.0 0.0 623.4 
3E 49.3 1.7 )93.7 0.0 
31' 0.0 0.0 0.0 25.0 

4A 1.8 0.0 1.3 0.0 
40 26.6 2.4 10.4 41.9 
4C 66.8 0.0 13.9 32.7 
40 20.7 0.0 0.0 22.1 

5 2.6 0.0 0.0 127.8 
6 0.0 0.0 0.0 26.4 
6A 87.4 20.3 17.4 5.5 
68 128.9 44.0 21.6 11.8 
6C 0.0 1.7 0.0 0.0 

70 0.0 102.2 0.0 25:7 
7C 0.0 42.4 0.0 0.0 
70 0.0 0.0 0.0 0.0 
7E 0.0 7.5 0.0 0.0 

Number ur ucrcs 

J/21 N/10 •. 
1\lolst llry 

21.2 0.0 0.0 
308.5 29.3 4.5 

58.7 60.1 3.2 
1 1.5 0.0 0.0 

0.0 0.0 0.0 
0.0 0.0 12.2 

878.3 114.1 0.0 
0.0 0.0 101.8 

0.0 0.0 58.4 
375.6 6.5 0.0 

31.0 0.0 70.8 
0.0 0.0 0.0 

0.0 0.0 0.0 
79.7 6.9 0.0 

102.9 16.1 0.0 
21.4 5.9 2.1 

328.0 25.9 0.0 
39.4 30.7 0.0 

0.0 0.0 0.0 
0.0 0.0 5.1 
0.0 0.0 0.0 

0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 

N/11 N/14 

0.0 0.0 
28.6 6.2 
tl.5 0.8 
0.0 0.9 

3.9 10.8 
0.0 6.1 
0.0 0.0 

67.8 188.8 

228.1 46.5 
0.0 0.0 

259.8 42.3 
0.0 0.0 

0.0 0.0 
0.0 0.0 
0.0 23.2 

20.4 12.2 

9.0 0.0 
0.0 0.0 
0.0 1.6 
3.0 1.0 
0.0 5.3 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

Total 

68.5 
713.9 
232.1 

20.6 

74.9 
83;9 

1643.9 
933.0 

632.2 
105.5 
648.8 

25.0 

3.1 
167.9 
255.6 
104.8 

493.3 
96.5 

132.1 
215.4 

7.0 

128.1 
42.4 

0.0 
7.5 

l\tP . .... 
::J 

~ 
a 
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Table 15. Acres proposed for disturbance by map unit (continued). ·-· ::J 

Number uf acres ·~ Map unit J/1-N/6 J/7 J/16 J/19 J/21 N/10 N/11 N/14 Total I! Moist Dry 

~ 
' 10 0.0 0.0 0.0 120.6 IH2.2 23.0 0.0 0.0 0.0 325.8 I lOA 37.3 37.6 0.0 1.3 0.0 0.0 0.0 0.0 0.0 76.2 

lOB 66.7 0.0 22.8 0.0 0.0 0.0 0.0 1.4 6.9 97.8 
IOC 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

ll 0.0 0.0 0.0 206.3 321.6 126.3 0.0 0.0 0.0 654.1 
IIA 5.5 8.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 13.5 
liD 120.2 2.1 0.0 0.0 0.0 0.0 0.0 0.0 2.0 124.3 
IIC 10.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.9 140.0 

GilD 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
XII 0.0 0.0 0.0 97.4 37.H 51.2 0.0 0.0 0.0 I 86.4. 
XliA 15~9 7.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 23.3 
XIIB 73.1 10.8 12.4 1.5 0.0 0.0 9.5 5.2 0.0 1 I 2.5 
XIJC 1.7 0,0 2.8 0.0 0.0 0.0 0.0 0.0 0.0 4.5 

12 0.0 0.0 0.0 107.0 69.3 12.5 0.0 0.0 0.0 188.8 
12A 10.1 21.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 32.1 
120 6.9 5.4 5.2 0.0 0.0 0.0 0.0 0.0 9.4 26.9 
12C 0.0 0.0 4.1 0.0 0.0 0.0 0.0 0.0 0.0 4.1 

l3A 0.0 0.0 0.0 143.2. 37.3 0.0 0.0 1.9 0.0 182.4 
14A 30.8 0.0 0.0 0.0 0.0 0.0 0.0 7.3 0.0 38.1 
148 6.5 0.0 7.1 0.0 0.0 0.0 0.0 )6.5 0.0 30.2 
15A 129.3 0.9 76.7 132.7 367.8 53.2 12.4 14.5 12.4 859.9 

16C 5.5 0.0 0.0 202.8 38.8 1.6 0.5 24.5 0.0 273.8 
16E 0.0 0.0 0.0 182.5 56.1 0.0 0.0 26.0 0.0 264.6 
16f 0.0 0.0 0.0 3.3 0.0 0.0 0.0 0.0 0.0 3.3 
11 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

DL 560.9 120.4 174.8 47.3 29.7 50.7 49.4 7.4 282.9 1323.9 
RL 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
TS 19.7 0.0 14.8 0.0 0.0 0.0 0.0 0.0 0.0 34.6 
RW 1.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.6 

Tutal 22JK.9 4K7 .I 938.1 3186.8 3396.8 614.0 329.9 796.8 663.2 12632.7 
r---

VJ 
........ 
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Table 16. Acres propnsed rur disturbance by soil series. 

Number or acres 

Suil series .J/1-N/6 .J/7 J/16 J/19 .J/2 1 

Moist 

Begay 17.0 27.3 9.3 107.0 69.3 
Bond 9.9 10.6 31.6 21.6 12.7 
Cahona 337.0 68.7 39.4 428.0 557.1 
Chilton 0.0 0.0 0.0 0.0 0.0 
Dulce 353.3 55.7 186.0 757.2 840.7 

las lucas 129.3 0.9 76.7 132.7 367.8 
Oclop 37.3 0.0 7.1 0.0 0.0 
Pulpit 2.3 0.0 0.0 I 15.0 295.2 
San Mateo 0.0 0.0 0.0 143.2 37.3 
Sharps 205.6 62.0 37.8 52.5 49.3 

Travcssilla 0.0 57.3 0.0 10.3 0.0 
Zyme 491.5 72.0 318.6 864.6 940.4 
Soils A 3.3 0.0 0.0 233.2 5o.9 
Soils B 6.5 0.1 1.1 142.5 42.0 
other suils 15.9 4.7 3.9 20.8 27.4 

Ustic Torriorlhcnts 0.0 0.0 0.0 18.8 0.0 
Rock outcrop 27.8 7.5 37.0 92.1 70.8 
Disturbed land 560.9 120.4 174.8 47.3 29.7 
Rivcrwash 1.6 0.0 0.0 0.0 0.0 
Reclaimed land 0.0 I 0.0 0.0 0.0 0.0 
Topsoil stockpile 19.7 0.0 14.8 0.0 0.0 

Total 2218.9 487.4 938.1 3186.8 3396.6 

I Moist phase totals include J/21 moist and NIJ4; all other soils are in the dry phase. 

····· 

N/10 N/11 

l>ry 

12.6 0.0 0.0 
1.6 0.4 4.0 

199.2 9.4 7.2 
0.0 0.0 0.0 

126.4 90.9 211.2 

53.2 12.4 74.5 
0.0 0.0 23.8 

23.3 0.0 8.1 
0.0 0.0 1.9 

33.4 5.1 3.1 

0.0 0.0 0.0 
)00.6 143.3 357.8 

1.0 0.3 30.3 
1.7 1.2 18.4 
3.5 3.4 2.0 

0.0 0.0 0.0 
7.0 14.1 47.1 

50.7 49.4 7.4 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 

614.2 329.9 796.8 

N/14 

Moist I 

9.4 78.7 
10.0 22.7 
12.9 570.0 
0.0 0.0 

113.9 954.6 

12.4 380.2 
0.0 0.0 
0.0 295.2 
0.0 37.3 
8.0 57.3 

0.0 0.0 
193.8 1134.2 

0.0 56.9 
1.9 43.9 
5.9 33.3 

0.0 0.0 
12.0 82.8 

283.0 312.7 
0.0 0.0 
O;O 0.0 
0.0 0.0 

663.1 4059.8 

Total 

))ry 

173.2 
79.7 

1088.9 
0.0 

1780.7 

479.7 
68.2 

148.7 
145.1 
399.5 

67.6 
2348.4 

268.1 
I 71.5 
54.2 

18.8 
232.6 

1011.1 
1.6 
0.0 

34.5 

8572.1 
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GEOBOT ANI CAL STUDIES 

BACKGROUND 

The occurrence of "selenium indicator" or "selenium accumulator" plant species in. areas 

proposed for surface coal mining is a concern to the Office of Surface Mining. It is a 

concern because soils high in plant-available selenium are not suitable for use in 

reclamation since forage produced on such soils can be toxic to livestock. By regulation, a 

permit for coal mining cannot be approved until it has been demonstrated that the 

reclamation plan can reasonably be expected to achieve the proposed post-mining land use 

(30 CFR 750.19), which for Peabody's Black Mesa and Kayenta mine is grazing by 

domestic livestock. It is further required that toxic materials, including soil or spoil high in 

selenium, be adequately covered to minimize potential limitations to the approved post

mining land use (30 CFR 750.102). 

This report describes the results of field and laboratory studies intended to answer the 

questions of whether the occurrence of certain plant species within the Black Mesa lease 

area is indicative of soils high in plant-available selenium, and whether the occurrence of 

certain plant species is indicative of a hazard of toxic levels of selenium in forage species. 

In 1984 investigators from the Museum of Northern Arizona and Peabody Coal Company 

surveyed, sampled and analyzed soils and vegetation within the Black Mesa lease area in an 

effort to locate and characterize potential selenium problem areas. Additional studies were 

conducted in 1985 under the direction of Intermountain Soils, Inc. The 1985 work was 

intended further to clarify soil and plant selenium relationships established by the results of 

work done in 1984. 

It is appropriate at this point to establish an understanding regarding certain terms 

commonly encountered in discussions of selenium in plants. Selenium "indicator" plants 

are said to grow primarily-or even exclusively-on "seleniferous" soils. The,;,;resuilts~of 

these studies, which are discussed later, suggest that the term selenium "indicator" specief 

is inappropriate for describing any apparent relationships in the distribution of selenium in' 
soils· and vegetation of the Black Mesa lease area, and is not used further in this repor1t 

Whether or not the concept of selenium "indicator" plants may be accurately applied 

elsewhere will not be discussed here. In this report, the term selenium "accumulator" plant 

species· is used in reference to plant species capable of accumulating selenium in above 

ground plant tissues at concentrations which can be toxic to livestock. Plant species which 
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may concentrate fairly high levels of selenium may be referred as "primary accumulator" 

species. ·Total selenium concentrations in primary accumulator plants may range from well 

below 100 ppm to several thousand parts per million, although such high concentrations 

were not encountered in any species within the Black Mesa lease area. "Secondary 

accumulator" plant species also concentrate selenium in their tissues, but not in such high 

concentrations as primary accumulators. The distinction between what is a primary or 

secondary selenium accumulator is vague. Finally, use of the term "seleniferous" is 

avoided in this report. A·:''s!ele:rlifefdtis'• soil may be defined functionally as a soil witll 

plant:a:~a'ii'£t):}g".'se'lertium levels sufficient to produce selenium< concentrations in non ill 

, accumulator plant species high enough to be toxic to livestock. There is no established or 11 

agreed upon empirical definition of seleniferous soils based on soil seleniunf 

concentrations. :~ 
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METHODS 

1984 field survey. Scientists from the Museum of Northern Arizona were contracted 

by Peabody Coal Company in 1984 to locate significant populations of known or suspected 

selenium accumulator plant species in portions of the Black Mesa lease area. An 11,700-

acre study area encompassing the J/19, J/20, J/21 and J/23 mining areas (Drawing 85310) 

was subdivided into six sub-areas. One to two person-days were spent surVeying each 

sub-area on foot or in vehicles. Survey efforts focused on those plant species which are 

reported to be accumulators of selenium (Schmutz et al. 1968; Kearney and Peebles 1960; 

and Barneby 1964), and which were known to occur withinthe Black Mesa lease area. 

Listed or candidate threatened or endangered plant species (U.S. Fish and Wildlife Service 

1980 and 1983) were also a subject of the survey. Areas where selenium accumulator 

species were encountered, such as shale outcrops and steep canyon sides were surveyed 

more intensively on foot. 

WHen~cf'stancfofselehiurttacclfmulator plants was found, its location was noted on an aerialo 

plifetogtaph?~'Observations were made of the general characteristics of each site. In all, ~ 

nineteen stands were identified.~ 

1984 soils and vegetation sampling. Nine of the nineteen stands of selenium, 

accumulator plants were selected for further study. Tl1ree of these nine locations were 

subdivided into smaller units because of variability within the locations. Each unit was 
I 

sampled separately. Vegetation samples collected at each location included the selenium 

accumulator species present and, at some locations, secondary and/or non-accumulator 

species. For each species sampled, approximately 50 grams of sample material was ' 

com posited from above ground portions of the current year's growth of several individual 

plants. Phenologic stages of each sampled species were noted. Sample material was 

placed in paper bags, weighed, and immediately placed on dry ice to retard metabolic 

activity and to minimize selenium volatilization. After freezing on dry ice, samples were 

dried at 40°C in a forced-draft oven until constant weights were obtained, sealed in plastic 

bags, and shipped to the laboratory for chemical analysis~ 

One or two soil pits were excavated at each sampling location, depending on the size of the 

sampling location and apparent soil variability within the location. Soil samples were 

collected at various depth intervals from each pit. Sample depth intervals were determined 

on the basis of horizon differentia and distinguishable changes in regolith. Sample depth 

intervals never exceeded 20 inches. At some locations, samples of unweathered regolith 
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were also collected. Soil samples were air dried before shipment to Inter-Mountain 

Laboratories, Inc. for analysis. 

1984 laboratory analyses. Vegetation samples were analyzed for total selenium by 
two methods, a nitric acid-hydrogen peroxide (HN"03-H20 2) digestion and a perchloric-

hydrofluoric acid (HCI04-HF) digestion. Soil samples were analyzed for total selenium 

using a perchloric-hydrofluoric acid digestion, and for available selenium using an 

ammonium bicarbonate-DTP A. (AB;;.DTP A) extract and a hot water extract 

1985 field survey. In 1985, the survey area includedthe mining areas J/7, J/1-N/6, 

N/11, N/14, and J/16 (Drawing 85310). Survey methods in 1985 were the same as in the 

· previous year, with the exception that the survey effort was intensified. As ·in 1984, the 

survey of the .study area to locate stands of selenium accumulator plants was conducted by •. 

botanists from the Museum of Northern Arizona. Locations of stands of selenium 

accumulator plants were noted on aerial photographs. In all, 40 sites were identified 

(Drawing 85310). Observations were made of the general characteristics of each site. 

1985 soils and vegetation sampling. Of the 40 stands of selenium accumulator 

species identified by the 1985 field survey, 13 were selected for soils and vegetation 

sampling. Locations of stands of selenium accumulator species and sampling locations for 

the 1985 study are also shown on Drawing 85310. In addition, two "control" sampling 

locations were selected where selenium accumulator species were not present, but the soils 

were similar to the soils where selenium accumulators did occur. At each sampling 

location, a soil pit was excavated with a backhoe. Except at the "control'' locations, pits 

were situated right next to one or more individuals of the selenium accumulator species 

identified at the sampling site. Excavation of soil pits in this manner allowed for close 

observation of rooting depths and habits of the selenium accumulator species. 

At each sampling location, vegetation species composition, range condition, soil 

characteristics, and root distributions of the selenium accumulator species were noted. At 

several sampling locations, roots of the selenium accumulator species which had been 

exposed by the excavation of the soil pit were drawn to scale. The intent of these 

observations was to identify which portions of the soil profile appeared to be the 

predominant portions of the root zone. 

Soils and vegetation samples were collected at each sampling site in essentially the same 

manner as in 1984. Vegetation samples were collected of the selenium accumulator species 

at each sampling location. Indian ricegrass (Oryzopsis hymenoides) was also sampled at 

all but one sampling location. At several locations, other species were also sampled. 
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Species were sampled separately by clipping aerial portions of current year's growth from 

at least three individuals of each sampled species. Phenologic stage of each species was 

noted. Samples were immediately placed in a cooler containing dry ice. Samples were 

kept cool until delivery to the Soils Testing Laboratory at Colorado State University. 

Soil samples were collected from various depth intervals at each sampling site. Sample 

depth intervals were selected on the basis of observed root distribution and on the 

characteristics of the soil profile~ The intent was to sample whatever horizons or zones 

were apparent in each soil profile which might be relatively more suspect as selenium 

sources than other zones. These included zones exhibiting greatest proliferation of roots of 

the selenium accumulator species and zones containing carbonaceous material. Soil 

samples were collected from several depth intervals from the exposed soil profile andput 

into labelled Tyvek sample bags. Samples were allowed to air-dry in the porous sample 

bags in a cool, dry storage area. Air-dry samples were then sent to the Soils Testing 

Laboratory at Colorado State University. 

1985 laboratory analyses. Vegetation samples ·were oven-dried at a· temperature not 

exceeding 55°C. Samples were ground in a Wiley mill, digested in nitric-perchloric acid 
(HN03-HC104), and analyzed with a continuous hydride generator and an ICP 

multichannel analyzer. Soil samples were analyzed for total (nitric-perchloric acid 

digestion) and AB-DTPA-extractable selenium. In the case of the AB-DTPA-extractable 

analyses, an additional perchloric acid digestion was performed on some extracts to oxidize 

the organic matter which otherwise would have created interference problems with the ICP 

unit. Selenium recovery was checked with a number of spiked samples to verify the 

accuracy of the method as modified. 
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RESULTS 

Field surveys. The 1984 survey· of the J/19, J/20 and J/21 mining areas resulted in the 

identification of 18 stands of desert plume (Stanleya pinnata) and stinking milk-vetch 

(Astragalus praelongus). Forty stands of desert plume and stinking milk-vetch were 

identified in the J/6-N/1, J/7, J/16, N/11, and N/14 mining areas in 1985. Locations of 

these stands are shown in Drawing 85310. · No other stands of known selenium 

accumulator species were located. No threatened or endangered species were encountered 

during these surveys. 

@l:raractetistic patterns in· the distribution of the accumulator species are fairly apparen'f: 

Both· Stinking milk-vetch and desert plume· tend to be found on disturbed sites and d'h 

certain soill. Disturbed areas where desert plume was predictably encountered include 

roadsidesf particularly where· wide shoulders had been bladed, anci areas of in tens• 

livestock disturbance, such as sheep· corrals and cattle resting areas. under pinyon anti 

juniper tree~ Certain areas of topographic relief such as narrow canyons and shoulders of 

ridges where carbonaceous shale outcrops occur are also favored by these species. 

Apparent vigor of desert plume plants was generally low in areas associated with livestock 

use; at roadsides and other disturbed sites vigor was generally high. Stinking milk-vetch 

seems somewhat less specific than desert plume in its occurrences. It occurs, although 

infrequently, in open, undisturbed areas of the pinyon-juniper woodland. In a few areas in 

the J/7 area, it was found growing with sagebrush. It is rarely found in dense pinyon ... 

juniper woodland stands where desert plume occurs. While it was most often noted on 

shallow shale-derived soils, it may also occur on shallow sandstone-derived soils, and very 

rarely on red eolian soils. In the 1984 field survey, certain types of areas were found 

consistently .lacking in desert plume and stinking milk-vetch. These include broad, flat 

sagebrush valleys, fluvial terraces along drainageways, and dense old-growth pinyon

juniper woodland on deep, eolian soils. These patterns of distribution of selenium 

accumulator species. were upheld during the 1985 field survey, with only a few exceptions. 

These exceptions are probably not due to any ecological differences between the 1984 and 

1985 study areas, but rather to a more intensive survey effort made in 1985 in comparison 

to the level of intensity of the 1984 field survey. 

Species composition and range condition at 1985 sampling locations. It is 

not believed that the occurrences of desert plume or stinking milk-vetch are a direct result of 

past grazing management practices. Otherwise these two species would be much more 

widespread. These species are not considered to be increasers nor to be particularly 
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aggressive. As shown in Table 17, they comprise only a very minor component of the 

already sparse understory vegetation cover. 

All of the 1985 sampling locations were considered to have low forage production 

potential, reflecting low productive capability of the soils and low annual precipitation of 

the region. Moreover, with the exception of sampling locations 15 and 33 which were 

considered to be in fair condition, all of the 1985 sampling locations were in poor condition 

with respect to potential vegetation production. No sampling locations in the 1985 study 

were in good condition. 

As shown in Table 17, total vegetation cover at the 1985 sampling locations is low. 

Densities of Utah juniper and pinyon pine are typical of this vegetation type. Livestock 

carrying capacity is low, in accordance with the poor range condition. Many of the 

desirable perennial grass species are present, but they are not abundant or high in vigor. 

With the possible exception of blue grama (Bouteloua gracilis), these species would be 

more predominant under good or excellent range condition at these locations. The 

relatively high vegetation cover component represented by blue grama at many of the 1985 

sampling locations is not unusual for this type of range in poor condition, and is reflective 

of low species diversity. In spite of its relative abundance, blue grama was also low in 

vigor at all locations. 

Soil and vegetation laboratory analyses. Plant species sampled in 1984 and 1985 

are listed in Table 18. As shown in Table 19, selenium concentrations in stinking milk

vetch samples collected in 1984 range from 62 ppm to 325 ppm (nitric acid~hydrogen 

peroxide digestion). Concentrations in 1984 samples of desert plume range from 22.3 ppm 

to 261.0 ppm. Samples of these species collected in 1985 and analyzed for selenium using 

a nitric-perchloric acid digestion range from 37.3 ppm to 350 ppm for stinking milk-vetch 

and from 0.2 ppm to 97.7 ppm for desert plume (Table 20). All other species sampled in 

both years, including suspected "secondary" accumulators, are below 5 ppm total 

selenium. Selenium concentrations in vegetation above 5 ppm can be chronically toxic to 

livestock (Munshower 1983 and National Research Council 1976). 

Results of soil selenium analyses for 1984 and 1985 are shown in Tables 21 and 22, 

respectively. The geometric means for total soil selenium concentrations for samples 

collected in 1984 and 1985 are 0.6 ppm and 1 ppm, respectively. AB-DTP A-extractable 

selenium concentrations in soil samples from both years range from less than 0.005 ppm to 

0.320 ppm. Geometric means for AB-DTPA-extractable selenium concentrations in soil 

samples are 0.025 ppm and 0.034 ppm for 1984 and 1985 samples, respectively. Fewer 
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than five percent ofthe 84 soil samples analyzed in 1984 and 1985 exceed the suitability 

criterion of 0.1 ppm AB-DTPA-extractable selenium established by the Wyoming 

Department of Environmental Quality (Wyoming DEQ 1985). None of these samples is 

from the soil surface, and two are from control areas where no selenium accumulator 

species occurred. Hot water-extractable concentrations in 1984 soil samples range from 

less than 0.005 ppm to 0.054 ppm. Soil samples colle~ted in 1985 were not analyzed for 

hot water extractable selenium. 

Root· sketches made of selenium accumulator species at 1985 sampling locations are 

included in Attachment 7. 
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Table 17. Species cum1wsillun at 1985 sampling locations. ·-· ::1 

Sampling location Control locaUon ,~ 
SdenlUic name Common name l 10 12 IS 29 ll 28 31 26 21 22 II 22 21 a 

0 
<lrasscs 

c 
:I 

Agropywn smithii Western wheatgrass T g Aru·tida J~ndle riana Three awn 3 4 
Boulelo!Uj gracilis Blue grama s 24 20 18 19 17 14 II 14 14 19 22 8 21 ::J Bromus teclorum Cheal grass 8 3 3 I 

" 1/ilaria jamesii Galicia 8 T 5 8 4 24 16 21 9 17 12 23 13 22 0 Oryzopsis hymenoidd Indian ricegrass 14 16 9 4 11 2 1 1 s 6 s 3 9 16 -· P oa J~ndleriana Munon gra!iS 8 2 2 ~ 
Poas~cunda Sandberg bluegrass T 
Silanion hystrix Boulebrush squirreltail 1 6 7 2 9 s 7 9 9 s 2 s s 
Sporobalus cryplandrus Sand dropseed T 

Furbs and Succulents 
Agoseris sp. Wild dandelion T T 
Arabi.s p~rennans Rockcress T 
Aslragal1u calycosus Torrey milk-vetch T 2 
Aslragalus praelongus Slinking milk-ve&ch T I T 
Al·tragalus wingatamu Fora milk-vetch 
Brickdlia brachyphylla 
Cryptantha bak~ri 2 I 2 l I I 2 
Cymoplerus pupur~us 2 4 2 1 1 
IJescuriania pinnala Tansy inuslard 2 2 3 1 2 
Draba cunei/olia Whiuow-gnus I 
Echinot:er~us lriglochidiatus lledgchog cactus T 
l:.'riogonum microth~cum Wild buckwheat 3 
Eriogomun umbellatum 1 T 2 3 3 T 
1/ymenopappus filifoli.us T 
llymenoxys acal41is Biuerweed l T 6 3 1 
lpomopsi.s aggregata Sky rocket 2 2 T 
/pomopsis multiflora T T 
Lappula redowskii Slick seed 2 2 2 I 6 
L~squaella inlermedi.a Bladder pad T T T 
Leucelene ericoide:.- While aslcr 1 T I 3 3 2 T 1 4 8 2 9 3 
Lupinus br~vicauli.s 1 4 
Machaeranthera grindelioides 
Marrubium vulgare Common horehound T 
Menlzdia pumila Blazing slar T 
Mirabilis multiflora Colorado four o'clock T T T 
Opunti11 erinacea Mojave prickly pear T 

~ 
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Table 17. Sa)edcs wmpusitinn at 1985 sampling locations. (continued) 

Sdcnlilic name Common name 3 10 12 IS 29 

l•'urbs and Succulents (cont'd) 
Opumia sp. 
Opunlia whipplei Whipple cholla 
Oxytropis lambatii lambert locoweed 3 
Pc:niJUemon limJrioides lv1at penstemon s 1 T 
Pt:lradoria pumila Rod goldenrod 2 
Physaria nc:wberryi Twinpod 
Sclc:rocaclus paravifliJrUS 
Senecio linearis Buttcrweed T 
Senecio sparliuides Ragworl 3 
Sphac:ralcea cuccinc:a Scarh:t globe mallow 4 4 I I 
Stanlc:ya pinnala Desert plume T 
1'owru·endia uscapa Ground daisy T 

Shrubs 
Artemisia arbuscula spp. nova Black sagebrush 22 
Artemisia lridc:nlala Big sagebrush T 21 23 
Atriplu caneJ;cc:n.s four-wing saltbush T I 2 
Chrysothamnus ~pressus Rabbilbrush 1 
Chrysothamnus greenr:i 20 28 9 II 19 
Chrysothamnus nauseo!.·us Rayless goldenrod 
Cowania muicana Mexican cliffrose 8 1 
f.phedra viridis Green ephedra 5 T 
ErioglJnum corymbosum 3 2 
Gutierrc:zia sarvthrae Snakeweed 9 12 3 6 16 
Quercus gambr:lii Gambel oalc 
Yucca angustissima Spanish bayonet 2 T 

TOTAL 100 100 tOO 100 100 

HERBAGE COVER(%) 4 6 3 12 14 

DENSITY (planls per acre) 
JuniperuS ost.:osperma Utah juniper 19 s 22 14 18 
Pinus edulis Colorado pinyon 25 12 8 28 23 

Sampling location 

33 28 31 26 

T 
T T 

T 
T 

T 
I 3 3 
I T I s 

12 
T 7 .s 6 

lS 2 .s 
2 

T s 6 2 
I 

1 6 6 
21 14 17 14 . 

T 

100 100 100 108 

17 8 ~ 3 

18 21 IS 26 
10 14 20 19 

21 22 II 

T T 
T 

3 3 
2 2 3 

6 2 
.s 23 3 

T 
19 2 T 
l1 25 31 

100 100 100 

2 3 3 

35 12 IS 
21 19 12 

·. 

Control 

22 

~ 

T 

IS 

8 

17 
14 

100 

3 

17 
12 

localion 

21 

3 

4 
18 

100 

4 

18 
26 

t\tr 
·-· ::1 

~ Ia 
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~ 

~ -· ::1 

" 0 -· r-
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Table 18. Plant species sampled for selenium analysis in 1984 and 1985~ 

Species 

Astragalus praelongus 
Atriplex canescens 
Bouteloua gracilis 
Bromopsis inermis 
Chrysothamnus nauseosus 
Ephedra viridis 
Eriogonum corymbosum 
Gutierrezia sarothrae 
Hilaria jamesii 
M entzeiia aibicauiis 
Oryzopsis hymenoides 
Oxytropis lambertii 
Penstemon linarioides 
Petradoria pumi.la 
Poa fendleriano. 
Senecio · douglassi 

var. longilobus 
Senecio spartioides 
Stanleya pinnata 

Common name 

stinking milk-vetch 
four-wing saltbush 
blue grama 
smooth brome 
rabbitbrush 
green ephedra 
Wild buckwheat 
snake weed 
gall eta 
blazing star 
Indian ricegrass 

•. Lambert locoweed 
beard tongue 
rock goldenrod 
mutton grass 

threadleaf groundsel 
groundsel 
desert plume 

Abbreviation 

ASPR 
ATCA 
BOOR 
BRIN 
CHNA 
EPVI 
ERCO 
GUSA 
HIJA 
MEAL 
ORHY 
OXI.A 
PEU 
PEPU 
POFE 

SELO 
SESP 
STPI 

Species in bold type denote the known selenium accumulators. 

Year sampled 

1984 

X 
X 

X 

X 

X 

X 

X 

X 

X 

X 

1985 

X 
X 

X 

X 

X 
X 

X 

X 

X 
X 

X 

X 

49 
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Table 19. Selenium concentrations in 1984 vegetation samples. 

Total Selenium (ppm) 

Sampling location Species HN03/H20 2 HC104/HF 

84-1 ATCA 0.39 1.50 
GUSA 0.37 1.20 
STPI 129.00 127.00 

84-3 ASPR 62.00 72.00 
GUSA 0.47 1.50 

84-6 ATCA 0.54 1.30 
GUSA o~so 0.70 
ORHY 0.67 2.60 
STPI 135.00 152.00 

84-10 ASPR 226.00 320.00 
ORHY 0.74 0~95 
SELD 0.56 1.60 

84-llA CHNA 0.43 1.20 
GUSA 0.73 2.00 

J STPI 169.00 221.00 

84-llB ATCA 0.53 2.70 
GUSA 0.27 1.00 
STPI 138.00 141.00 

84-13 GUSA 0.81 2.30 
STPI 261.00 366.00 

84-14A ASPR 325.00 409.00 
GUSA 0.97 2.30 
PEPU 0.50 1.20 

84-148 ASPR 87.00 137.00 
GUSA 1.47 1.80 
PEU 0.63 1.50 
STPI 129.00 215.00 

84-16 ASPR 67.00 75.00 
PEPU 0.51 0.60 

84-20A ASPR 280.00 362.00 
ORHY 0.97 3.60 

84-208 CHNA 0.20 1.40 
GUSA 0.21 0.75 
MEAL 0.41 0.80 
ORHY 0.43 0.80 
STPI 22.30 4.90 

Species in bold type denote the known selenium accumulators. 
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Table 20. Selenium concentrations in 1985 vegetation samples. 

Total 
S~mpling Soil selenium 
location type Species (ppm) 

85-3 Zyme POFE 0.13 
ORHY 0.69 
ASPR 37 .so 

85-10 Soil A BOOR 0.87 
SESP 2.42 
ASPR 37.30 

85-11 Sharps EPVI 0.54 
ORHY 0.44 
STPI 8.85 

85-12 Zyme ORHY 0.21 
ASPR 350.00 
HUA 2.13 

85-15 Cahona ORHY 0.55 
OXLA 0.62 

85-21 Zyme ORHY 0.32 
ATCA 0.20 
STPI 20.80 

85-21 Zyme ORHY 0.17 
,_: (Control) HIJA 0.22 

85-22 Zyme-like ORHY 0.34 
STPI 55.00 

85-22 Zyme-like ORHY 0.16 
(Control) ATCA 0.17 

85-26 Zyme-like ORHY 0.54 
ERCQ 0.21 
STPI 4.13 

85-28 Travessilla ORHY 0.12 . 
SIHY 0.30 
STPI 43.30 
ATCA 0.26 

85-29 Unnamed ORHY 0.11 
STPI 0.20 
ATCA 0.18 
BRIN 0.12 

85-31 Dulce ORHY 0.10 
STPI 30.30 
HIJA 0.27 

85-33 Bond-like ORHY 0.22 
STPI 97.70 
ATCA 0.43 
BOOR 0.63 

85-39 Zyme ASPR 43.30 
ORHY 0.61 
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Table 21. Selenium concentrations in 1984 soil samples. 

Available selenium 
Sampling Sample Total selenium 
location depth Lithology HCJ04/HF AB-DTPA HOT H20 

(in.) (ppm) (ppm) (ppm) 

84-1 0-7 Surface Soil 0.50 0.019 0.009 
7-13 Surface Soil 4.40 0.080 0.009 
13-19 Surface Soil 3.40 0.070 0.016 
19+ Shale; ·yellow 2.00 0.037 0.019 

84-3 0-8 Surface Soil 2.70 0.024 0.018 
8-14 Surface Soil 0.15 0.090 0.019 
14+ Shale; light grey 1.80 0.067 0.046 

84-6 0-6 Surface Soil 0.50 0.009 0.008 
6-16 Surface Soil 0.45 0.009 0.006 
16+ Sandstone; light grey 0.30 0.005 0.006 

84-10 0-2 Surface Soil 0.85 0.013 0;008 
2-8 Surface Soil 0.60 0.015 0.008 
8-18 Sandstone; white 0.40 0.012 0.012 
18+ Sandstone; yellow 0.30 0~013. 0.010 

84-llA 0-6 Surface Soil 0.25 0.017 0.010 
6:..12 Surface Soil 0.45 0.015 0.008 
12-18 Surface Soil 0.20 0.051 0;009 
18-24 Shale; grey 0.50 0.022 0.008 
24+ Shale; yellow 0.85 0.010 0.008 

84-llB 0-6 Surface Soil 0.45 0.010 0.005 
6-16 Surface Soil 0.20 0.065 0.009 
16-26 Surface Soil 2.0 0.042 0.009 
26-30 Surface Soil 1.7 0.055 0.017 
30+ Shale; dk. brown 0.30 0.085 0.044 

84-13 0-6 Surface Soil o~6o 0.014 <0.005 
6-13 Surface Soil 0.80 0.009 <0.005 
13-23 Surface Soil 0.50 <0.005 <0.005 
23-31 Shale; grey. 2.90 0.072 0.011 
31+ Shale; It. grey 0.50 0.017 0.028 
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Table 21. Selenium concentrations in 1984 soil samples (continued). 

Available selenium 
Sampling Sample Total selenium 
toea tion depth Lithology HCI04/HF AB-DTPA HOT H20 

(in .. ) (ppm) (ppm) (ppm) 

84-14A 0-5 Surface Soil 0.65 0.012 o~oo7 
5-14 Surface Soil 1.30 0.022 0.005 
14-26 Shale; grey 0.20 0.055 0.015 
26-32 Shale; yellow 0.40 0.037 0.032 
32-40 Shale; grey 0.15 0.080 0.035 
40-42 Shale; black 0.75 0.034 0.054 
42-44 Sandstone; white 0.05 0.073 0.017 
44-61 Shale; grey 0.25 0.137 0.040 
61+ Shale; dk. brown 0.45 0.033 0.015 

84-148 0-5 Surface Soil 1.10 0.070 0.037 
5-15 Surface Soil 0.85 0.013 0.005 
15-24 Shale; grey 1.40 0.012 0.006 
24+ Shale; yellow 0.95 0.008 0.008 

't 84-16 0-6 Surface Soil 0.50 0.029 <0.005 
6-18 Surface Soil 0.50 0.027 0.014 
18,..30 Shale; grey 0.45 0.057 0.016 
30-50 Shale;· dk. grey 0.10 0.033 0.010 
50-65+ Shale; dk. grey 0.60 0.035 0.019 

84-20A 0-16 Surface Soil 0.65 0.080 0.041 
16+ Coal and Shale; black 

84-208 0-6 Surface Soil 0.20 0.009 <0.005 
6-15 Sandstone; yellow 0.15 <0.005 <0.005 
15-23 No notes 2.70 0.015 <0.005 



inti=lmounUlin)OiL, 
54 

Table 22. Selenium concentrations in 1985 soil samples. 

Sample AB-DTPA Total 
Sampling Soil depth Selenium Selenium 
location type (inches) Lithology (ppm) (ppm) 

85-3 Zyme 5-7 Subsoil 0.040 1.40 
7-13 Subsoil 0.054 0.55 

13-21 Subsoil 0.048 0.50 

85-10 Soil A 2-5 Subsoil 0.038 
6-18 Subsoil 0.044 

85-11 Bond-like 3-8 - Subsoil 0.013 
15-30 Shale 0.065 

85-12 Zyme 3-6 Shale 0.066 
6-17 Shale 0.035 

85-15 Cahona 10-14 Subsoil 0.023 
19-23 Subsoil 0.033 

85-21 Zyme 3-5 Subsoil 0.020 1.03 
7-17 Shale 0.016 0.95 

85-21 Zyme 3-5 Subsoil 0.052 0.65 
(Control) 7-17 Shale 0.006 0.78 

85-22 Zyme-like 1-5 Surface Soil 0.050 0.68 
5-11 Subsoil 0.052 0.93 

11-23 Subsoil 0.079 2.55 

85-22 Zyme-like 1-5 Surface Soil 0.035 0.75 
(Control) 5-11 Subsoil 0.128 3.33 

11-:-23 Subsoil 0.320 2.55 

85-26 Zyme-like 6-13 Subsoil 0.023 
13-23 Subsoil 0.038 
23-30 Shale 0.029 

85-28 Travessilla 3-9 Subsoil 0.035 
10-16 Sandstone 0.018 

85-29 Dulce-like 3-6 Subsoil 0.183 
6-12 Sandstone 0.034 

85-31 Dulce 4-7 Subsoil 0.065 
9-16 Sandstone 0.042 

85-33 Bond., like 2-10 Subsoil 0.008 
12-22 Sandstone 0.013 

85-39 Zyme 5-8 Sandstone 0.005 
9-11 Shale 0.016 
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DISCUSSION 

Lindsay ( 1979) gives a common range of total selenium in soils as 0.1 ppm to 2 ppm. 

Raptis et al. ( 1983) similarly reports that total selenium concentrations of arid soils may be 

as high as 2 ppm. Because of the· different chemical· or . mineralogic· forfhs in whichr 

selenium may occur in soils, total soil selenium concentrations are seldo~Jipdicative of!? 
. .. . .. :.. .. p, ;•.; 

concentrations of plant~availa}?tt~lelell:tu.m)ln the soii~'(Munshower1983)f Shales are the 

principal parent material of selenium-toxic soils of the Great Plains and Rocky Mountain 

foothills of the United States (Shamberger 1983). 

Total selenium concentrations as high as 15,000 ppm have been reported in species of 

Astragalus (Raptis et al. 1983). Beath et al. (1940) collected stinking milk-vetch specimens 

near Jerome and Cameron, Arizona having concentrations ranging from 754 ppm to 2002 

ppm. These same investigators reported 41 ppm and 485 ppm (air-dry basis), respectively, 

in samples of desert plume also collected in Arizona near Holbrook and Winslow. 

Selenium concentrations of these two species collected on Black Mesa in connection with 

the 1984 and 1985 sampling studies were substantially lower. 

A "secondary selenium accumulator" species may be defined as a species which will 

accumulate selenium when grown on soils high in available selenium (Shamberger 1983). 

Such species probably do not have the ability to concentrate selenium to the extentthat 

"primary accumulators" do. Four-wing saltbush (Atriplex canescens), ten petal mentzelia 

(Mentzelia decapetala) and snakeweeds (Gutierrezia spp.) have been reported to be so

called "secondary selenium accumulators." Raptis et al. (1983) and Shamberger (1983) 

have reported selenium concentrations in secondary accumulators up to 300 ppm on soils 

high in available selenium or in association with other known accumulators. Selenium 

concentrations in suspect secondary ·accumulator species sampled on Black Mesa (Tables 

19 and 20) are relatively low compared to values reported in the literature. 

Selenium concentrations in desert plume samples collected in 1984 show some correlation 

to the highest AB-DTP A-extractable soil selenium concentrations found in the samples 

from the soil pits at the same sampling locations. Only weak correlation between the 

highest concentrations of AB-DTPA~extractable selenium at a sampling location and 

selenium concentrations in Indian ricegrass, stinking milk-vetch or desert plume is apparent 

from the results of 1985 sampling. No significant correlations could.be determined between 

any selenium concentrations in any accumulator species and total soil selenium, based on 

1984 results. Moreover, there is no correlation between total and available soil selenium 

concentrations? These results support the observations of others that total seleniull1f 
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concentratibns·i:n soils> are not predictive of selenium concentrations in vegetation!;) 

(Munshower 1983 and Raptis et al. 1983)? 
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CONCLUSIONS 

Field surveys show that populations of selenium accumulator plants occur within the Black 

Mesa lease area. Areas supporting such populations are usually in poor range condition. 

There is no apparent relationship between the occurrence of the two selenium accumulator 

plant species, desert plume and stinking milk-vetch, and selenium levels in soils or elevated 

levels of selenium in non-accumulatorplant species. E~tensive sampling of soils and.~ 

vegetation and subsequent laboratory analyses have failed to substantiate the existence of' 

soils capable of producing high selenium concentrations in corrunon forage species, or the! 

existence of any environmental haz~Q. related to high selenium concentrations in plants.t 

This conclusion is further supported by the fact that no incidence of selenium poisoning. of 

livestock has been reported in or surrounding the Black Mesa lease area (persopal 

communication, Leo Beno, Reclamation Specialist IT, Navajo Coal Commission). Results 

of laboratory analyses have also shown generally poor correlations between total and 

extractable soil selenium levels and concentrations of selenium in both accumulator and 

non-accumulator plant species. This lack of clear correlation between soil and plant 

selenium concentrations may be in part attributable to the relatively low soil selenium 

concentrations and to the limited range of selenium concentrations exhibited in the samples 

of the 1984 and 1985 studies. 

From the results of these studies it is apparent that within the Black Mesa lease area, there 

are no selenium "indicator" plant species, i.e., plant species whose occurrences are 

indicative of soils high in plant-available seleniumo Desert plume and stinking milk-vetch 

are undoubtedly effective accumulators of selenium from the soil, although selenium 

concentrations of samples of these two plant species collected from Black Mesa are much 

lower than concentrations reported in samples of these species collected elsewhere. None 

of the non-accumulator plant species sampled at Black Mesa exhibited selenium 

concentrations which would render these plants toxic to livestock. Although desert plume 

and stinking milk-vetch are fairly conspicuous forbs, and scattered stands of these species 

are relatively easy to find on Black Mesa, according to an abundance of vegetation data 

collected by Peabody, these species comprise only a very minor component of the 

vegetation communities of the Black Mesa lease area. 
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QUALIFICATIONS OF THE PARTICIPANTS 

Richard B. Trenholme was the project manager for the 1985 soils and vegetation 

studies, and was responsible for the field soil surveys. In addition, he was substantially 

involved. with the 1984 soil studies under subcontract to Mariah Associates, Inc. As 

President of Intermountain Soils, Inc., he has been involved in the environmental aspects 

of mining. since 1981, and served clients both in private industry and government. Mr. 

Trenholme has a B.S. in Agronomy from Texas A&M University. He is a Certified 

Professional Soil Classifier. 

Thomas A. Colbert, Vice President of IMS, was responsible for the geobotanical 

studies conducted in 1985. Mr. Colbert has been involved '="ith regulatory and 

environmental issues affecting the mining industry since 1978. He received his B.S. 

degree in Agronomy from Colorado State University and·a Master of Agriculture degree in 

Soilsfrom Texas A&M University. He is a Certified Professional Soil Scientist. 

Thomas E. Flack assisted IMS in all phases of the project with emphasis on field soil 

surveys and soils sampling in the geobotanical study. As a Certified Professional Soil 

Scientist, he has conducted numerous soil surveys, soil resource assessments and 

irrigability studies. Mr. Flack received both his B.S. and M.S. degrees in Agronomy from 

Colorado State University. 

C. Wayne Cook provided assistance with the geobotanical study in 1985 by 

documenting the range condition at each· site and characterizing the rooting· behavior of the 

selenium accumulating speicesd. Heis Professor Emeritus ofrange science at Colorado 

State University, having recently retired as chairman of the Range Science Department Dr. 

Cook is the author of numerous publications, including Techniques for Vegetation 

Measurements and Analysis for a Pre- and Post-mining Inventory, which he co-authored 

with Charles Bonham. 

Arthur M. Phillips was responsible for locating and qualitatively describing the 

selenium sites in both the 1984 and 1985 geobotanical studies. He is currently the Curator 

of Biology at the Museum of Northern Arizona with responsibility for the 30,000 specimen 

herbarium. Dr. Phillips is considered a leading authority on the flora, particularly 

threatened andendangered species, of the Colorado Plateau and upper Sonoran Desert. He 

has conducted numerous T&E studies for the U.S. Fish and Wildlife Service, National 



61 

Park Service and the Bureau of Land Management. Dr. Phillips has a Ph.D. in Botany 

from the University of Arizona. 
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MAP UNIT DESCRIPTIONS 
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1A 
1, lB 
lC 
lD 

Order 1 and 2 Map Unit Descriptions 

Dulce very channery fine sandy loam, 1 to 4 percent slopes. 
Dulce very channery fine sandy loam, 4 to 8 percent slopes. 
Dulce very channery fine sandy loam, 8 to 15 percent slopes. 
Dulce very channery fine sandy loam, 15 to 30 percent slopes. 
The less steep phases of these map units are found on ridge crests and shoulders whereas 
the steeper phases are found on shoulders and sides lopes. The soils in these map units are 
reddish brown and have a surface layer high in rock fragments. Depth to soft or fractured 
sandstone bedrock is 2 to 10 inches with bedrock generally occurring at less than 6 
inches. Contrasting soils which may occur in these map units include Zyme soils Jound 
on sideslopes and Bond soils found on ridge crests, soils with bedrock deeper than 20 
inches found in concave areas and rock outcrop occurring as narrow escarpments. Similar 
soils which may occur in these map units include soils· with over. 35 percent rock 
fragments, soils that are non-calcareous throughout, and Travessilla soils. 

Dulce soils are marginally suitable ,for topsoil and are limited by the amount of rock 
fragments on the soil surfacCThe~hallow depth to bedrock of these soils may restrict lt" 
the amount of soil which can be salvaged,. The included Bond soils have a gootl 
suitability for topsoil and should be salvaged where practic~ble. tr 

2B Bond very fine sandy loam, 1 to 8 percent slopes. 
This map unit occurs on ridge crests and shoulders throughout the lease area. The Bond 
soils are reddish throughout and have a surface layer high in very fine sand Depth to hard 
sandstone bedrock is between 12 and 20 inches. Contrasting soils which may occur in, 
these map units include Dulce soils on shoulders and Sharps soils near the delineated 
boundaries of this map unit. Soils similar to Bond which may occur in these map units 
include soils with less than 18 percent clay, soils with less very fine sand, and soils 
underlain by soft bedrock. 

Bond soils are suitable for topsoil and have an average stripping depth of 12 inches. The 
high very fine and fine sand content make these soils susceptible to wind and water 
erosion. 

3A Zyme-Dulce complex, 2 to 8 percent slopes. 
3BC Zyme-Dulce complex, 2 to 15 percent slopes. 
3C Zyme~Dulce complex, 6 to 15 percent slopes. 
3D Zyme-Dulce complex, 15 to 30 percent slopes. 
3DE Zyme-Dulce complex, 15 to 50 percent slopes. 
3E Zyme-Dulce complex,30 to 50 percent slopes. 

The less steep phases of these map units are found on ridge crests and shoulders whereas 
the steeper phases are found on ridge sideslopes. Generally, Zyme soils are found on the 
steeper portions of the map units. Zyme soils are variable in color, depending on the 
color of the underlying shale bedrock. They are clayey throughout and have numerous 
surficial rock fragments. Dulce soils are reddish brown and also have a surface layer high 
in rock fragments. Both these soils in these map units are extremely eroded. Depth to 
soft or fractured bedrock is 2 to 10 inches with bedrock generally occurring at less than 6. 
inches. Contrasting soils which may occur in these map units include soils deeper than 
20 inches, Bond soils, and Soils A and B. Bond soils and Soils A and B are found on 
ridge crests and sides lopes, and the soils deeper ttianiQO inthes die found m concave areas. 
Rock outcrop occurs as narrow escarpments. Similar soils which may occur in these map 
units include those with over 35 percent rock fragments, soils that are. non,-calcareous 
throughout, and T~ 
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The soils in these map units are marginally suitable for topsoil and are limited by clayey 
texture of the Zyme soils and high surficial rock fragment content of both soils. The 
shallow depth to bedrock of these soils may. restrict the amount of soil which can be 
salvaged. The included Bond soils have a good suitability for topsoil and should be 
salvaged where practicable. 

3 F U stic Torriorthents-rock outcrop complex, 50 to 80 percent slopes. 
This map unit occurs on very steep sides lopes of ridges. Because of the slope steepness 
and the interbedded nature of the bedrock, soils are quite variable and mapped only to the 
subgroup level. Rock outcrop consists of areas of exposed sandstone or shale bedrock. 
The soils in this map unit are not considered salvageable because of the steep slopes and 
high amounts of rock outcrop. 

4A Zyme very channery loam, 1 to 4 percent slopes. 
4B Zyme very channery loam, 4 to 8 percent slopes. 
4C Zyme very channery loam, 8 to 15 percent slopes. 
4D Zyme very channery loam, 15 to 30 percent slopes. 

The less steep phases of these map units are generally found on toeslopes or upper 
sideslopes, and the steeper phases are found on sideslopes. Zyme soils are variable in 
color, depending on color of the underlying shale bedrock. They are clayey throughout 
and have a surface high in rock fragments. Depth to shalebedrock is 2 to 10 inches with: 
bedrock generally occurring at less than 6 inches. Contrasting soils which may occur,:ire 
these map units· include Dulce and Bond soils found on crests and sideslopes, and soils. 
deeper than 20 inches occurrmg m concave areas. Rock outcrop, where present, occurs as
narrow escarpments. Similar soils which may occur in these map units include soils that 
are non.calcareous throughout and soils with Jess clay. 

The soils in these map units are marginalJy suitable for topsoil and are limited by clayey 
texture and high surficial rock fragment content. The shallow dep£h to bedrock of these 
soils may rescrict the amount of soil which can be salvaged. Ttte included Bond soils 
have a good suitability for topsoil and should be salvaged where practicable. 

5 Pulpit very fine sandy loam, 2 to 8 percent slopes. 
This map unit occurs on valley sides lopes, and crests and sideslopes of ridges. The soils 
in this map unit are reddish brown and have a surface layer high in very fine·sand. Depth 
to hard sandstone bedrock is 20 to 40 inches. Contrasting soils which may occur in these 
map units include Cahona soils on sideslopes and Bond soils on crestsT Soils similar to 
Pulpit which may occur in this map unit include soils with less than 18 percent clay 
and/or a sand fraction with more than 15 percent fine or coarser sand. The J/7 mining 
areas has more of these similar soils than the other mining areas. Sharps is .also a similar~ 
soi~. . 

Pulpit soils are suitable for topsoil and have an average stripping depth of 28 inches. The 
high very .. fine and fine sand content make these soils susceptible to wind and water 
erosion. 

6 Sharps very fine sandy loam, 2 to 8 percent slopes. 
6A Sharps very fine sandy loam, 1 to 4 per:cent slopes. 
6B Sharps very fine sandy loam; 4 to 8 percent slopes. 
6C Sharps very fine sandy loam, 8 to 15 percent slopes. 

The less steep phases of these map units are found on ridge crests and shoulders, and the 
steep phases are found on shoulders and sideslopes. The soils in these map units are 
reddish brown and have a surface layer high in very fine sand. Depth· to soft or fractured 
bedrock is 20 to 40. inches. Contra~ting soils which may occur in these map units include 
Cahona soils on sideslopes and Bond soils on crestsJ Similar soils which. may occur in 
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this map unit include soils with less than 18 percent clay an8/or a sand fraction with more 
than 15 percent fine or coarser sand. The J/7 mining areas has more of these similar soils 
than the other mining areas. Another similar soil is Pulpit. 

Sharps soils are suitable for topsoiJ and have an average stripping depth of 28 inches. 
The high very fine and fme sand content make these soils susceptible to wind and water 
erosion. 

7B Travessilla-Zyme-Dulce complex, 2 to 6 percent. 
This map unit is found primarily in the J/7 mining area on ridge crests and sideslopes. 
Zyme and Dulce soils are generally found on the sideslopes and the Travessilla soils on 
the crests. Zyme soils are variable in color, depending on the color of the underlying 
shale bedrock. They are clayey throughout Travessilla and Dulce soils are reddish brown 
and are coarse-textured. All. of these soils in this map unit are very eroded. Depth. to 
bedrock is 2 to 10 inches with bedrock generally occurring at less than 6 inches. 
Contrasting soils which may occur in this map unit include soils deeper than 20 inches in 
concave areas and Bond soils on ridge cres:ts. Rock outcrop also is included. 

The soils in these map units are marginally suitable for topsoil and are limited by clayey 
texture of the Zyme soils and high surficial rock fragment content of each of the soils. 
The shallow depth to bedrock of these soils may restrict the amount of soil which can be 
salvaged. The included Bond soils have a good suitability for topsoil and should be, 
salvaged where practicable. 

7C Zyme.;, Travessilla-Rock outcrop complex, 6 to 15 percent slopes. 
7D Zyme-Travessilla-Rock outcrop complex, 15 to 30 percent slopes. 
7E Zyme-Travessilla-Rock outcrop complex, 30to 50 percent slopes. 

These map units are also found primarily in the J/7 mining area. They are found on 
sideslopes and include significant amounts of rock outcrop. Zyme soils are found on the 
steeper portion of the map unit. Zyme soils are variable in color, depending on the color 
of the underlying shale bedrock. They are clayey throughout. Travessilla soils are reddish 
brown and are coarse-textured. Both these soils in these map units are very eroded. Depth 
tobedrock is 2 to 10 inches with bedrock generally occurring at less than 6 inches. Rock 
outcrop occurs as narrow escarpments. Contrasting soils which may occur in these map 
units include soils dee~r ~an 2~ inch~s found in co~cave areas an~ Bon~ ~,£i!~, .. !~~~d 1 
randomly throughout. Smular sods wh1ch may occur m these map umts are Dulce soil~.' 

The soils in these map units are marginally suitable for topsoil and are limited by the 
clayey texture of the Zyme soils and the high surficial rock fragment content of both 
soils. The shallow depth to bedrock of these soils and the amount· of rock outcrop 
occurring in these map units may restrict the amount of soil which can be salvaged. The 
included Bond soils have a good suitability for topsoil and should be salvaged where 
practicable. 

10 Cahona very fine sandy loam, bedrock substratum, 2 to 8 percent slopes. 
lOA Cahona very fine sandy loam, bedrock substratum, 1 to 4 percent slopes. 
lOB Cahonavery fine sandy loam, bedrock substratum, 4 to·8 percent slopes. 
lOC Cahonavery fine sandy loam, bedrock substratum, 8 to 15 percent slopes. 

These soils are found on valley sideslopes. The soils in these map units are reddish 
brown and have a surface layer high. in very fine sand. Depth to bedrock is 40 to 72 
inches. Contrasting soils which may occur in these map units include Cahona soils 
which are deeper than 72 inches on sideslopes, and Sharps soils on crests. Similar soils 
which may occur in these map units include soils withless than 18 percent clay and/or'a 
sand fraction with more than 15 percent fine or coarser scind. The J/7 mining areas has 
more of these similar soils than the other mining areas. 
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Cahona soils are suitable for topsoil and have an average stripping· depth of 58 incheS? 
The high very fine and fme sand content make these soils susceptible to wind and water 
erosion. 

11 Cahona very fme sandy loam, 1 to 6 percent slopes. 
11A Cahona very fine sandy loam, 1 to 4 percent slopes. 
11B Cahona very fme sandy loam, 4 to 8 percent slopes. 
ll C Cahona very fine sandy loam, 8 to 15 percent slopes. 

These soils are found on. valley sideslopes. They are reddish brown and have a surface 
layer high in very fine sand. Depth to soft or fractured bedrock is 72 to more than 180 
inches. Contrasting soils which may occur in. t,he~e Jl'lap . u?its. include Cahona, bedrock 
substratum, soils on upper sides lopes and ·snarps solls on ·crests.i~~ Soils similar to 
Cahona which may occur in these map units include soils with less than 18 percent clay 
and/or a sand fraction with more than 15 percent fine or coarser sand. The J/7 mining 
areas has more of these similar soils than the other mining areas. Oelop soils are also'1 

similar. 

Cahona soils are suitable for topsoil and have a weighted average stripping depth of 10.0 
feet. The high very fine and fine sand content make these soils susceptible to wind and 
water erosion. 

G 11 C Cahona very fine sandy loam, gravelly substratum, 8 to 15 percent slopes. 
This soils occurs on valley sides lopes. and alluvial fans in the area of the proposed Wild 
Ram Dam. It is very similar to the Cahona ·soil in map unit 11, but is underlain by 
material high in rock fragments at a depth .of 24 to. 40 inches. Depth· to soft or fractured 
bedrock is 40 to more than 72 inches.Contrasting soils which may occur in this map unit 
include §.~.~,~~.g~ ... ~~.MPB~r,..~!9R~~ .. ~~~.C~ilton soils on the steeper sideslope' Similarr 
soils which may 'occur iri these riialfunits include those with less than 18 percent cla~it 
and/or a sand fraction with more than 15 percent firi'e Or coarser s'arid$ . 

These soils are suitable for topsoil and have an average stripping depth of 2.5 feet. The 
high very fine and fine sand content make these soils susceptible to wind and water 
erosion. 
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X 11 Cahona-Cahona, bedrock substratum, very fine sandy loams, 2 to 10 percent 
slopes. 

Xl1A Cahona-Cahona, bedrock substratum, very fine sandy loams, 1 to 4 percent slopes. 
X 11B Cahona-Cahona, bedrock substratum, very fine sandy loams, 4 to 8 percent slopes. 
X11C Cahona-Cahona, bedrock substratum, very fine sandy loams, 8 to 15 percent 

slopes. 
These soils are found on valley sideslopes. The soils in these map units are reddish 
brown and have a surface layer high in very fine sand. Depth to soft or fractured bedrock is 
40 to more than 72 inches~ G'?r-!f:~Ji,p.,g soii which may occur in these map units include 
Sharps soilsonc;~e~.tf ~,irnilai soils~hicff may occur in these map units include those 
with less t~an. ~··percent Clay and/or a sand fraction with more than 15 percent fine.';~or 
coarser san'([ The J/7 mining areas has more of these similar soils than the other mining 
areas. Oefop soils are also similar ... 

These soils are suitable for topsoil and have an average stripping depth of 7.6 feet. The 
high very fine and fine sand content make these soils susceptible to wind and water 
erosion. 
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12 Begay loam, 2 to 10 percent slopes. 
12A Begay loam, 1 to 4 percent slopes. 
12B Begay loam, 4 to 8 percent slopes. 
12C Begay loam, 8 to 15 percent slopes. 

These map units are found on valley-filling sideslopes. These soils are reddish to reddish 
brown and are coarse-textured. Contrasting inclusions which may occur in these map !P

. units are soils with bedroCk between 40 and 72 inches, primarily in the J/7 area. Simila. 
soils which may occur in these map units include soils with over 18 pereenf·ctay andfJ 
soils lacking a structural B horizon~ 

Begay soils are suitable for topsoil and have an average stripping depth of 9.8 feet. The 
high very fine and fine sand content make these soils susceptible to wind and water 
erosion. 

13, 13A San Mateo loam, 0 to 3 percent slopes. 
This map unit is found on stream terraces and remnant floodplains. The soils in this unit 
are very deep and are brownish in color. There are no contrasting soils included in the 
mapping. Soils similar to San Mateo which may occur in this m~p,~J1it~7 tpe·Las 1i 
Lucas and Oelop soils and soils with a sand fraction of less than 15 percent tine 'or coarser$ 
sana··~ 

San Mateo soils are suitable for topsoil and have an average stripping depth of 14.7 feet. 
These soils.are affected by salinity and/or sodicity at varying depths. Most of these soils 
which are saline or sadie are in or near Reed Valley. Depth to high salt or sodium levels 
ranged from 8 to more than 18 feet. 

14A Oelop very fine sandy loam, 1 to 4 percent slopes. 
14B Oelop very fine sandy loam, 4 to 8 percent slopes. 

These map units are found on valley sideslopes and bottoms. These soils are brown and 
are high in very fine and fine sand. These map units tend to occupy relatively small areas 
but they occur commonly throughout the Black Mesa lease area. ~?J~~lusi9ns.. gf 
contrasting. soils were o~served within these map unit~ Sq~Is. ~i~I;rrJo Oelop foiuid ill. 
the study area are the Las Lucas and Cahona soils and soils· with a 'sand fraction of ~ss 
than 15 percent fine or coarser sandf) 

Oelop soils are suitable for topsoil and have an average stripping depth of 9.8 feet. These 
soils are affected by salinity and/or sodicity at varying depths. Most of these soils which 
are saline or sodic are in or near Reed Valley. Depth to unsuitably high levels ranged 
from 20 to more than 120 inches. The high very fine and fine sand content make these 
soils susceptible to wind and water erosion. 

15, 15A Las Lucas sandy clay loam, 2 to 6 percent slopes. 
This map unit is found on lower valley sides lopes. The soils in this unit are very. deep 
and are brownish in color. No inclusions of contras~rt~ ~qil~ ,}",ere 9R~~rye,d, 'h'!PJip tHis 
Jt1ap ~~itA ~MPH~ ~oils .-!VNp11rttC1Y. ?c~u.r. in this map unit include the Cahona, ~n 
~ateo an~ delop soilS;' t)tlier' siiriilar'soils illc~udeci aretho~~ ~ith a sand fraction wifh 
more than 15 percent fine or coarser sand and tJlose lacking a si:niciurat. 13. honz~. ~ 

Las Lucas soils are suitable for topsoil and have an average stripping depth of 11.6 feet. 
These soils are affected by salinity and/or sodicity at varying depths. Most of these soils 
which are saline or sodic are in or near Reed Valley. Depth to unsuitably high levels 
ranged from 31 to more than 120 inches. The high very fine and fine sand content make 
these soils susceptible to wiqd and water erosion. 
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16C 
16E 
16F 

Soil A-Soil B extremely channery very fine sandy loams, 4 to 15 percent slopes. 
Soil A-Soil B extremely channery very fine sandy loams, 15 to 50 percent slopes. 
Soil A-Soil B extremely channery very fine sandy loarns, 50 to 70 percent slopes. 
These map units are found on the crests of hills throughout the lease. The soils in these 
map units formed in porcellanite, and as a result, contain a very high volume of rock 
fragments. Other surface textures found in this map unit are very channery, very cobbly 
or extremely cobbly very fme to fine sandy loams. Since these soils are unsuitable for 
topsoil because of high rock fragment content, they were not sampled or described. 

17C--Chilton very gravelly fme sandy loam, 6 to 15 percent slopes. 
This map unit occurs only at the proposed Wild Ram Dam site ·and is very limited in 
areal extent It occurs on the sideslopes of the alluvial fans in this area. The soil in this 
map unit were not sampled or described. Based on field observations, this soil has a 
gravelly fine sandy loam surface layer and a very gravelly sandy loam substratum layers. 
Because of high rock fragment content in all but the surface layers, these soils are suitable 
for topsoil down to six inches. 

RW Riverwash. 
The riverwash map unit was mapped along the channel of some of the drainages in the 
pennit area. Most of the areas are very narrow. These soils are affected by salinity and/or 
sodicity and are not suitable for topsoil. · 

DL Disturbed land. 
This map unit consists of land disturbed by activities associated with mining. It is 
similar to map unit 34 in. the Order 3 survey. 

RL Reclaimed land. 
This map unit is composed of areas that have been disturbed by mining and subsequently 
reclaimed. It is similar to map unit 35 in the Order 3 survey. 

TS Topsoil Stockpile. 
This map unit consists of stockpiled soil material to be used in reclamation. 
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21 

Order 3 and 4 Map Unit Descriptions 

Zyme-Cahona-Dulce association, 0 to 30 percent slopes. 
This mapping unit consists of shallow, clayey soils on shale (Zyme}, deep, moderately 
fine-textured, moderately well-developed soils (Cahona) and shallow, gravelly fme sandy 
loam soils on sandstone (Dulce). The unit is characterized by low hills having relatively 
shon slopes and many small branching drainageways. It is found in large areas near the 
southwest part of the lease area The Zyme soils usually occur on the sides of the hills, 
along the side slopes of drainageways of the unit, and also on the crests of some of the 
lower ridges and hills in the unit. These soils make up about 40 percent of the unit. 
Cahona soils are on the toe slopes of the hills above the larger drainageways, at the heads 
of many of the small drainageways and on the small, relatively level benches in the unit. 
They make up about 25 percent of the unit. Dulce soils are located on the tops of the 
low hills and along the crests of the higher ridges in the unit. They make up about 25 
percent of the unit 

Included in this mapping unit in small amounts totaling about 10 percent are a 
moderately fine-textured alluvial soil, deep fine sandy loam soils, and rock outcrop. 

Zyme-Las Lucas complex, 0 to 15 percent slopes. 
This mapping unit consists of shallow, clayey soils over shale (Zyme) and deep, fine 
sandy loam soils (Las Lucas). These soils occur on low hills having relatively broad, flat 
drainageways. Zyme soils are located on the hills, along the ridges, and occasionally 
occur as very low, sometimes nearly level, randomly located areas in the. unit. They 
make up about 65 percent of the unit Las· Lucas.· soils can be. seen mainly along the 
drainageways, but also occur near the crests of ridges. These soils make up about 30 
percent of the unit. This unit lies above a broad, relatively flat, relatively open area 
dominated by Las Lucas soils and below a hilly, relatively steeply sloping area dominated 
by shallow Zyme soils about 2 miles north of the Central Warehouse. 

Included in this mapping unit are small areas of Dulce soils, rock outcrop, and severely · 
eroded areas that total about 5 percent of the unit. 

22 Zyme-Las Lucas-Dulce association, 0 to 30 percent slopes. 
This unit consists of shallow, clayey soils on shale (Zyme), deep, fine sandy loam soils 
(Las Lucas), and shallow, gravelly fine sandy loam soils on sandstone (Dulce). This unit 
consists of low rounded hills with relatively broad drainageways. Relief within the unit 
is. about 200 feet. Zyme soils make up .about 60 percent of the unit. They are found on 
the side slopes of hills, along the side slopes of drainageways, and also along the tops of 
ridges in lower portions of the area just above the main drainageways. Slopes range from 
8 to 15 percent. Las Lucas soils occur along small drainageways of the unit, on some 
relatively level benches, and at the toe slopes of hills above major drainageways. These 
soils make up about 15 percent of the unit~ Slopes range from 0 to 8 percent. Dulce 
soils are found on the tops of hills and on the tops of higher ridges in this unit. Slopes 
range from 8 to 30 percent. These soils make up about 15 percent ofthe unit. 

Included in this mapping unit are rock outcrops, severely eroded areas, and small amounts 
of alluvial soils. ·These inclusions total about 10 percent of the unit. 

23 Zyme-Dulce complex, severely eroded, 0 to 30 percent slopes. 
This mapping unit consists of nearly level to steep, shallow clayey and sandy soils on 
side slopes above major drainageways and severely eroded areas along minor drainageways 
of the area~ This unit occurs in the western portion of the area and consists of one large, 
irregularly shaped area. The shallow sandy soils within the unit occur as small, 
irregularly shaped areas along the upper portions of the unit and are remnants of the plain 
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occurring above this unit. The shallow, clayey (Zyme) soils make up about 75 percent of 
this unit The shallow, sandy (Dulce) soils make up about 15 p~rcent of this unit. 

Included in this mapping unit, in amounts up to 10 percent, are small level bench areas of 
deep, sandy loam soils, rock outcrop in the upper portions of the unit, and areas of sandy 
alluvial soils and riverwash along the included drainageways. 

24 Zyme-Dulce association, 8 to 30 percent slopes. 
This mapping unit consists· of areas of shallow, clayey soils over shale (Zyme) and 
shallow sandy loam soils over sandstone (Dulce). These soils are formed on rounded hills 
of relatively low relief, dissected with northeast-southwest trending drainageways. Total 
relief in this unit is about 200 feet. Areas (as mapped} are relatively large, ranging in size 
from about 640 to about 1,290 acres. Zyme soils make up about 45 percent of the unit 
and Dulce soils make up about 45 percent. Zyme soils are usually located on the side 
slopes of low hills and ridges in the unit. Dulce soils usually occur on· hilltops and along 
the tops of ridges in the unit. 

Included in this mapping unit, in amounts up to 10 percent, are small areas of a deep, 
reddish brown, fine sandy loam soil usually found a~ the heads of small drainageways and 
on small, relatively level benches. . Also included are rock outcrops. along the sides of 
drainageways and on hills in the unit. 

25 Zyme-Dulce-Las Lucas association, 0 to 30 percent slopes. 
This unit consists of very hilly land having shallow, clayey (Zyme) soils on side slopes; 
shallow, sandy loam soils (Dulce) on hilltops; and small areas of deep, moderately-fine 
textured soils (Las Lucas) at the heads of small drainageways, on small relatively level 
benches, and on toe slopes of the hills. Zyme soils make up about 55 percent of the. unit 
and usually occur on slopes of 15 to 30 percent, on the lower slopes of hills, and on 
slopes along drainageways. Clay, gravelly clay, and cobbly clay are prevalent surface 
textures in the Zyme soils. Dulce soils are found on the tops of hills and ridges. They 
usually occur on slopes of 8 to 15 percent, but occasionally slopes range down to about 5 
percent or up to 25 percent. Fine sandy loam, gravelly fine sandy loam, and gravelly 
loam are the prevalent surface textures in the Dulce soils. These soils make up about 25 
percent of the unit. 

Included in this unit are rock outcrops on hillsides and along the sides ofdrainageways and 
riverwash and coarse-textured alluvium along drainageways in amounts that total about 5 
percent. 

26 Cahona-Zyme association, 0 to 30 percent slopes. 
This unit consists of deep soils having developed sub horizons and lime accumulations at 
moderate depths (Cahona) and shallow, clayey soils (Zyme). These soils occur in an area 
with broad, relatively flat swales, drainageways, and low hills. Relief in this unit is 
about 100 feet. Areas mapped range from 640 to 1,000 acres or more in size and are 
generally uniform in outline. Cahona soils occur on gently sloping side slopes of swales 
and drainageways. Zyme soils are found on low hills of the unit and along steeper side 
slopes of the drainageways. Cahona soils make up about 45 percent of the unit and Zyme 
soils make up about 45 percent of the unit. 

Included in this mapping unit are Las Lucas soils, usually along the axes of swales and 
the lower portions of the unit, and Dulce soils on the tops of low hills and on crests of 
some of the higher ridges. These inclusions total about 10 percent of the unit 

27 Begay-Las Lucas association, 0 to 8 percent slopes. 
This unit consists of nearly ·level, deep sandy loam soils along drainageways and. on 
terraces next to the drainageways. Individual areas of this unit range from about 10 to 
100 acres and are long, narrow, and very irregular in shape. Begay soils usually occur on 
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the first terrace above the bottom of the drainageway. Las Lucas soils are usually found 
near the heads of small branching drainageways. and on the second terrace levels and toe 
slopes of hills above the drainageways. Begay soils make up about 65 percent of the unit 
and Las Lucas soils make up about 20 percent of the unit 

Included in this mapping unit are small areas of brownish-gray soils with sandy loam 
textures; other moderately fine-textured soils; very gravelly, coarse-textured soils; and 
riverwash in the drainageway bottoms. 

28 Las Lucas-Zyme-Dulce complex, 0 to 8 percent slopes. 
This mapping unit consists of areas of deep sandy soils (Las Lucas), shallow clayey soils 
(Zyme) and shallow sandy soils (Dulce) so intermixed that separation at this scale of 
mapping is not feasible. The deep, moderately fine-textured soils occur along axes of 
drainageways, around heads of drainageways, and, in some instances, on saddles between 
the heads of drains. Shallow clayey and sandy soils occur on the sides and tops of low 
hills in the area and on upper portions of the sides of drainageways. Las Lucas soils 
make up about 40 percent of the unit, Zyme about 30 percent, and Dulce about 20 
percent. 

Included are areas of Cahona soils, as well as areas of rock outcrops. Collectively, these 
make up about 10 percent of the unit. 

29 Dulce gravelly fme sandy loam, 0 to 30 percent slopes. 
This mapping unit consists of shallow, fine sandy loam soils. These soils are located on 
the highest portion of the area on a mesa top. This unit is dissected by deeply incised 
drainageways with very steep sides, becoming vertical cliffs in their upper reaches. Dulce 
gravelly and Dulce cobbly fine sandy loam with dominant slopes of 0 to 15 percent make 
up about 65 percent of this unit. These same soils, with ·slopes ranging from 15 to 30 
percent, make up another 20 percent of the unit 

Included in this mapping unit are rock outcrop; shallow clayey soils (Zyme); deep, fine 
sandy loam soils (Las Lucas); and deep, coarse-textured soils along the bottoms of 
drainageways. The rock outcrop is found on the near.;.vertical side slopes of incised 
drainageways and also on nearly level, bare rock surfaces on flatter portions of the unit 
Zyme soils occur near the bottom of the steep slopes just above the drains. Las Lucas 
soils are located on flatter portions of the unit near the heads of some of the small side 
drainageways and occasionally on small saddles on the ridges. Collectively, these make 
up about 15 percent of the unit. 

30 Dulce-Zyme association, 15 to 30 percent slopes. 
This unit consists of shallow, sandy ·loam soils on sandstone and shallow, clayey soils on 
shale. The unit consists of hills and drains. The· shallow, sandy loam soils (Dulce) occur 
on the upper two-thirds of the hills and the shallow, clayey soils (Zyme) are located on 
the lower one-third of the hills. Dulce soils make up about 60 percent of the unit, and 
Zyme soils make up about 30 percent of the unit. Mapped areas are large and relatively 
uniform in shape. They are located on the north and east portions of the area, 
immediately below the relatively flat, highest portion of the area. Relief in this unit is 
300 to 400 feet 

Included in this unit are small areas of Las Lucas soils. These are located at the heads of 
small drainageways, under the crests of some ridges and at the toe slopes of some hills 
just above the larger drainageways. 

31 Dulce-Cahona association, 0 to 30 percent slopes. 
This unit consists of shallow, reddish brown, gravelly fine sandy loam soils on sandstone 
(Dulce) and deep, reddish brown, moderately fine-textured developed soils (Cahona). 
These soils occur on a plain dissected by numerous drainageways. The unit is one area, 
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32 

covering about 1,920 acres. Dulce soils make up about 50 percent of the area and Cahona 
soils about 40 percent Dulce soils usually occur on the crests of ridges and the tops of 
low hills. Cahona soils are located at the heads of small drainageways, along the sides of 
larger drainageways, and, in some instances, on the small saddles of ridges. 

Included in this mapping unit, in amounts totaling up to about 10 percent, are Zyme 
soils, San Mateo soils, and areas of rock outcrop. Zyrne soils occur along the lower 
slopes of ridges and eroded areas where shale is exposed. San Mateo soils are found along 
some drainageway bottoms. The rock outcrop occurs along the upper portion of the sides 
of drainageways and on the sides of small hills. 

Dulce-Las Lucas association, 0 to 15 percent slopes. 
This mapping unit consists of gently sloping to undulating, shallow, gravelly sandy 
loam (Dulce) soils and deep, sandy loam (LasLucas) soils on nearly level to sloping 
benches between major drainageways. Individual areas of this unit range in size from 
about 100 to 320 acres. 

Included in mapping and making up about 10 percent of the unit are small areas of Zyme 
and Cahona soils.• Zyme soils occur along the edges of mapped units· above drainage ways 
and on the sides of low hills included in the units. Cahona soils are usually located along 
the upper edges of deep Las Lucas soils where they grade into Dulce soils. 

33 Dulce-Las Lucas-Zyme association, 8 to 30 percent slopes. 
This mapping unit consists· of Dulce soils on hill· tops and along the tops of ridges, 
Zyme soils on hillsides and along the sides of ridges, and Las Lucas soils at the heads.of 
small drainageways, as terraces along drainageways of the area, and on the ·more level 
areas between hills of the unit. Dulce soils make up about 50 percent of the unit, Las 
Lucas soils about 25 percent, and Zyme soils about 20 percent This unit consists of low 
hills separated by broad drainageways. Relief within th~ unit is about 200 feet; hills are 
rounded and ridges are broad. This unit occurs in parcels ranging in size from about 640 
to 2,000 acres. These parcels are relatively regular and smooth in outline. 

Included in this unit are severely eroded phases of the above soils and areas of rock 
outcrop in total amounts up to 10 percent. 

34 Pits and Dumps. 
This unit consists of areas where active mining is occurring. The pits are deep holes dug 
into the underlying shales and sandstones to gain access to the coal. The dumps are high, 
irregular mounds with narrow, sharp crests consisting of shale and sandstone fragments 
removed from the pits. 

35 Torriorthents, reclaimed. 
This mapping unit consists of areas of loamy over fragmental, mixed, mesic Ustic 
Torriorthents. Th~se areas are made up of mine dumps and pits that have been reworked, 
with the rubble used to fill in the pits, which are then covered with a layer of topsoil. 
This results in a smooth, undulating to rolling surface. with a grass cover. 

36 San Mateo silt loam, 0 to 8 percent slopes. 
This mapping unit consists of moderately fine-textured alluvial soils located along the 
larger drainageways in the southeast and southern portions of the survey area. These soils 
are formed in alluvium derived from mixed sources, dominantly sandstone and shale, and 
deposited along the major drainageways. Mapped areas are long, narrow, and irregular in 
shape. Total relief for this unit is about 200 feet. Slopes are gentle and concave. San 
Mateo soils make up about 90 percent of the unit. Included in the mapping unit are 
small areas of Begay soils and areas of riverwash along drainageway bottoms. 

40 Haplargids-Torriorthents association, undulating to hilly. 
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This unit consists of loamy, mixed Haplargids; clayey, shallow Torriorthents; and loamy, 
Lithic Torriorthents. Haplargids occur on slopes of 0 to 8 percent above drainageways 
and below low hills in the area and make up about 25 percent of the area. The clayey, 
shallow Torrionhents are found along hill slopes, steeper side slopes above drainageways, 
and on flatter areas where shale approaches the surface. These soils make up about 40 
percent of the unit. The loamy, Lithic Torriorthents are located on the tops of low hills 
and along the crests of higher ridges and make up about 30 percent of the area. 

41 Torrifluvents, nearly level. 
This unit consists of deep, stratified soils ranging in texture from coarse~ loamy to fine
loamy that have been deposited along drainageways of the area. Coarse-loamy 
Torrifluvents are generally found in the northeastern portion of the area, generally 
northwest of Moenkopi Wash. The fine-loamy portions of this unit are generally 
southwest of Moenkopi Wash. A saline-alkali phase of the fine loamy Torrifluvents is 
located at the extreme southwestern portion of the survey area. 

42 Torriorthents, undulating to hilly. 
This unit consists of loamy, mixed (calcareous) mesic, Lithic Torriorthents and clayey, 
montmorillonitic (calcareous), mesic, shallow Typic Torriorthents. These soils occur in 
the higher, flatter portion of the Black Mesa as well as in the hilly portion of lower 
elevation located below the general mesa surface. Drainageways are deeply incised in the 
higher, flatter portion of the mesa and have very steep to nearly vertical sides. In the 
lower hilly portion of the unit, drainageways are not deeply incised, but are branching and 
have only moderately steep tosteep side- slopes. The loamy Lithic Torriorthents occur 
on the· higher, flatter portions of the unit and on the upper, hilly portion of the unit. 
These soils make up about 50 percent of. the unit. Clayey, shallow Torriorthents ·are 
found on lower portions of the hills and on the sides of drainageways in the hilly portion 
of the unit. These soils make up about 40 percent of the unit. 

43 Torriorthents complex, sloping to very steep. 
This unit consists of shallow, clayey and loamy, severely eroded, usually steep 
Torriorthents, commonly located at the base of the Black Mesa escarpments on both the 
west and east sides. The steep, nearly vertical mesa escarpments are part of this unit. 
Also included and located in the extreme southwestern portion of the survey area are steep, 
sandy-skeletal Torriorthents. Clayey, shallow Typic Torriorthents and loamy Lithic 
Torriorthents are in a complex at the base of Black Mesa. These soils are severely eroded. 
Clayey, shallow Torriorthents make up about40 percent of the complex; loamy Lithic 
Torriorthents make up about 30 percent of the unit; and sandy-skeletal Typic 
Torrionhents make up 20 percent of the unit. 
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BEGAY SERIES 

Begay soils are deep and well drained. They typically have a loam surface layer about 3 

inches thick. The upper subsoil is noncalcareous very fine sandy loam about 10 inches 

thick. The lower subsoil to a depth of 92 inches is calcareous sandy clay loam and very 

fine sandy loam. Soft sandstone bedrock occurs at 92 inches. Permeability is moderate 

and the available water capacity is high. 

Range of Characteristics: Depth to bedrock ranges from 3.5 to more than 15 feet. 

Dominant soil color hue is 5YR to 7.5YR. These soils are generally coarsely-stratified and 

frequently have buried horizons. Weighted average clay content in the control section 

ranges from 12 to 18 percent and is highly variable below 40 inches. Calcium carbonate 

equivalent is below 15 percent and usually less than 5 percent. Some pedons, especially 

those in the pinyon-juniper woodland, are underlain by eolian material, usually loamy fine 

or very fine sand below 5 feet. 
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SOIL NAME: BEGAY loam Location: SWI/4, NEl/4, Sec. 28, T35N, RISE -· Map Unit Symbol: 128 Elevation: 6400' :1 

Stop Number: 27-108 Slope(%): 5 ~ Parent Material: Eolian, mixed with local alluvium Aspect: w 
Vegetation: Arlr, Bogr, Sihy. Eula. Xasa a 

Classification: Coarse-loamy. mixed. mesic Ustollic Camborthids 0 c 
Horizo-n A Bw Btl Bk2 Bk3 Bknl Bkn2 2Cr ::I 
Depth (inches) 0-3 3-13 13-33 33-50 50-71 71-86 86-92 92+ ~ 
Color -· :1 

Dry 7.5YR 514 7.5YR 514 7.5YR 514 5YR 614 5YR 6/6 5YR 6/6 -------Not sampled------ " Moist 7.5YR 4/4 7.5YR 4/4 7.5YR 4/4 7.5YR 414 5YR 4/6 5YR 416 ------Not sampled------ 0 -· Texture (USDA) L SCUVFSL SCL VFSL VFSL VFSL ----:---Not sampled------ ~ 
%~FS 18 30 24 29 27 55 -------Not sampled------
%VFS 33 32 29 35 45 28 -------Not sampled------
%Sand 51 62 53 64 72 83 -------Not sampled------
%Sill 31 18 25 17 14 5 -------Not sampled----~ 
%Clay 18 20 22 19 14 12 -------Not sampled------

Structure -------Not sampled------
Primary j c pi 2 m&c sbk l m pr m m m -------Not sampled------
Secondary sbk -------Not sampled------

Consistence 
Dry sh h vh vh vh sh -------Not sampled------
Moist vfr vfr vfr vfr vfr vfr -------Not sampled------
Wet ss/sp ss/p ss/p ss/p so/sp !iO/sp -------Not sampled-----

pH (paste) 7.4 7.7 7.9 8.3 8.1 8.1 -------Not sampled------
Reaction (10% HCI) eo co es es es e -------Not sampled-----
Carbonates - - 3csf 3sm,sf 2sm,sf lsm -------Not sampled------
Rock fragments none none none none none none -------Not sampled------
Rtiots 3 vf, lf 3 vf, 1f 3 vf. lf 1 vf none none -------Not sampled------
Pores none 1 vf.f 2vf,f 2vf,f lvf lvf -------Not sampled------
Clay Films none none none none none none -------Not sampled------
Boundary cw cw gw gw cw aw -------Not sampled-----
Saturation % 30.0 28.5 29.7 29.6 26.3 23.9 -------Not sampled------
Soluble cations 

Ca (ppm) 4.2 4.8 3.3 1.4 2.0 8.3 -------Not sampled-----
Mg (ppm) 1.0 0.9 1.2 0.7 1.5 7.0 -------Not sampled------
Na (ppm) 0.2 0.2 0.9 2.0 7.9 14.2 -------Not sampled------

SAR 0.1 0.1 0.6 2.0 5.9 f~~3 -------Not sampled-----
EC (mmhos/cm) 0.5 0.6 0.5 0.4 1.0 2.7 -------Not sampled------

N 
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SOIL NAME: BEGAY loam -· Map Unit Symbol: 12 ::1 

Stop Number: 12-12 ~ Parent Material: Alluvium and eolian 
Classification: Coase-loamy, mixed, mesic Usollic Camborlhids 5I 

0 
Horizon A Bwl Bw2 Btkbl Btkb2 Bk Cl C2 c 
Depth (inches) 0-3 3-9 9-21 21-35 35-59 59-83 83-112 112-137+ ::1 

Color ~ 
Dry 5YR 514 5YR 514 5YR 614 5YR 513 5YR 5/3 5YR 6/4 5YR 4/3 5YR 6/4 ::1 
Moist 5YR 414 5YR 414 5YR 514 5YR 4/3 5YR 4/3 5YR 5/4 5YR 3/3 5YR 514 " Texture (USDA) L L L L SiL L SiL L 0 
%VFS 27.4 24.8 20.9 21.2 24.2 23.7 25.4 26.0 -· r-
%Sand 44.2 43.3 50.5 31.5 31.5 38.7 28.7 36.9 
%Sill 46.7 43~ I 35.9 47.6 52.1 44.9 50.4 42.2 
%Clay 9.1 13.6 13.6 20.9 16.4 16.4 20.9 20.9 

Structure 
Primary I vf sbk 2 m&c sbk 2 m&c sbk 2 m&f sbk 2 m&f sbk 1 m&f sbk m m 
Secondary 

Consistence 
Dry so sh sh h h sh h h 
Moist vfr vfr vfr fr fr vfr vfr vfr 
Wet so/po so/po so/po s/sp ss/po ss/po s/sp s/sp 

pH (paste) 6.9 7.4 7.4 7.6 7.6 7.8 7.6 7.6 
Reaction ( 10% HCI) eo eo eo es es e es e 
Carbonates none none none d&csf d&csf d&csf, sm d d 
Rock fragments none none none none none none none none 
Roots 3f,m,c 3f,m,c 3f,m,c 3f,m,c H,m,c none none none 
Clay films none none none 3 n pf 3 n pf none none none 
Boundary cs cs cs gs gw gw gw 
Saturation % 34.3 37.9. 35.4 40.0 38.4 34.1 43.9 43.7 
Soluble cations 

Ca (ppm) 2.84 2.74 3.18 2.22 1.85 2.23 9.66 7.71 
Mg (ppm) 0.99 0.60 0.83 0.69 0.70 0.79 3.52 3.29 
Na (ppm) 1.09 1.10 1.27 1.74 2.17 3.75 8.58 6.12 

SAR 0.79 0.85 0.90 1.44 1.92 3.05 3.34 2.61 
EC (mmhos) 0.45 0.39 0.49 0.38 0.44 0.56 2.13 1.66 
CaC03 0.8 4.6 7.4 3.5 2.00 1.1 1.3 1.0 

Boron (ppm) 0.41 0.49 0.34 0.35 0.33 0.38 0.47 0.39 
Selenium (ppm) <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 0.02 0.02 
Total Sulfur 0.04 0.04 0.04 0.01 0.04 0.03 0.04 0.07 
Acid-base 1.25 1.25 1.25 0.31 1.25 0.94 1.25 2.19 
Neutralization potential 7.68 46.1 73.6 35.0 19.7 11.1 13.4 10.4 w 
Acid-base potential 6.43 44.9 72.4 l4.7 18.5 10.2 12.2 8.21 
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BOND SERIES 

This shallow, well drained soil occurs on ridge crests and shoulders throughout the lease 

area. Bond soils typically have a very fine sandy loam surface layer about 3 inches thick. 

The upper subsoil is noncalcareous loam about 7 inches thick. The lower subsoil to a 

depth of 19 inches is calcareous loam. Hard sandstone bedrock occurs at 19 inches. 

Permeability is moderate and·the available water capacity is low. 

Range of Characteristics: Depth to bedrock and· solum thickness ranges from 10 to 

20 inches. Texture of A horizon is very fine sandy loam or loam with 5 to 18 percent clay. 

Texture of the Bt horizon is loam, very fine sandy loam or sandy clay loam- with 18 to 25 

percent clay. Some pedons have a Btk or Bk horizon, both of which are similar to the Bt .. 
horizon. 

/ 

/ 
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SOIL NAME: BOND very fine sandy loam Location: SWl/4, NWl/4, Sec. 34, T36N, R19E 
Map Unit Symbol: 2B Elevation: 6830' 

Stop Number: 19-5 Slope(%): 5 
Parent Material: Eolian material Aspect: NE 

Vegetation: Artr, Gusa, Bogr, Sihy 
Classification: Loamy, mixed, mesic Lithic Ustollic Haplargids 

Horizon A Btl Bt2 Bt3 2R 
Dep Lh (inc hcs) 0-3 3-10 10-16 16-19 19+ 
Color 

Dry 7.5YR 516 SYR 516 5YR 516 7.5YR 5/4 hard sandstone 
Moist 7.5YR 4/4 SYR 4/4 SYR 4/4 7.5YR 4/4 

Texture (USDA) VFSLIL L L ----Not sampled---
%~FS 13 11 10 ----·-Not sampled-----
%VFS 39 36 31 -----Not sampled----
%Sand 52 47 41 ------Not sampled---~ 
%Silt 34 31 33 -----Not sampled----
%Clay 14 22 26 -----Not sampled-----

Structure 
Primary 1 c pl 1m pr 2m pr 2 f sbk 
Secondary 2m sbk 2m sbk 

Consistence 
Dry sh h vh vh 
Moist vfr vfr fr fr 
Wet so/sp sslp ss/p s/p 

pH (paste) 7.3 7.6 7.7 ----Not sampled----
Reaction (10% HCl) eo eo eo es 
Carbonates d 
Rock fragments none none none 60 ch & flag 
Roots 2vf,f 2vf,f,1m l vf,f,m lvf 
Pores lvf 1vf lvf 2vf 
Clay Films none 2 n pf 3 n pf 4 n pf 
Boundary cs CW CW ab 
Saturation % 31.8 37.2 38.1 -----~ot sampled-------
Soluble cations -----Not sampled------

Ca (ppm) 2.8 2.9 3.8 ------Not sampled------
Mg (ppm) 0.7 0.7 1.1 -----Not sampled-----
Na (ppm) 0.2 0.3 0.4 -----Not sampled-----

SAR 0.1 0.2 0.3 ----Not sampled----
EC (mmhos/cm) 0.3 0.3 0.5 ----Not sampled-----
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CAHONA SERIES 

Cahona soils are deep and well drained. They typically have a very fine sandy loam 

surface layer about 2 inches thick. The upper subsoil is noncalcareous sandy clay loam 

about 8 inches thick. The lower subsoil to a depth of 88 inches is calcareous sandy clay 

loam and v~ry fine sandy loam. Soft shale bedrock occurs at 88 ·inches. Permeability is 

moderate and the available water capacity is high. 

Range of Characteristics: The A horizon is a very fine sandy loam, fine sandy loam 

or loam with 8 to 18 percent clay. A transition BA horizon is usually present The base of 

the Bt or Btk horizon ranges from 18 to 42 inches and base of the Bk horizon from 40 to 

more than 72 inches .. Calcium carbonate equivalent ranges from 2 to 15 percent A few 

pedons have a calcic horizon, but it is usually thin, discontinuous and/or below 60 inches. 

Buried B tk horizons are common at deeper depths. Some pedons occurring . on alluvial 

fans and most in the pinyon-juniper woodlands. are underlain, at a depth of more than 6 

feet, by loamy fine or very fine sand. Depth to bedrock in these soils ranges from 3.5 to 

more than 15 feet. In the Cahona, bedrock substratum phase, depth to bedrock ranges from 

40 to 72 inches. 
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SOIL NAME: CAHONA very fine sandy loam Location: NWl/4, SE114, Sec. 22, T36N, RISE 
Map Unit Symbol: llB Elevation: 6680' 

Stop Number: 12-48 Slope(%): 6 
Parent Material: Eolian material Aspect: NW 

Vegetation: Artr, Pied, Jumo, Bogr, Aster, Gusa 
Classification: Fine-silty, mixed, mesic Ustollic Haplargids 

Horizon A Bt Btkl Btk2 Bk Btkb 2 Cr 
·---

Depth (inches) 0-2 2-10 10-25 25-39 39-71 71-88 88+ 
Color 

Dry 7.5YR 416 5YR 516 5YR 516 7.5YR 616 7.5YR 6/4 7.5YR 616 shale 
Moist 7.5YR 3/4 5YR 414 5YR 4/4 7.5YR 516 7.5YR 516 7.5YR 516 

Texture (USDA) VFSL SCL SCL VFSL VFSL SCL 
%2: FS 17 14 15 26 24 18 
%VFS 41 36 42 47 46 40 
%Sand 58 50 57 73 70 58 
%Silt 24 24 19 10 14 21 
%Clay 18 26 24 17 16 21 

Structure 
Primary 1 f pl 2m sbk 1 c sbk 1m sbk m 1 vc pr 
Secondary 2m sbk 

Consistence 
Dry so vh eh eh eh eh 
Moist vfr vfr vfr vfr vfr fr 
Wet so/sp ss/p ss/p ss/p ss/p solp 

pH (paste) 7.3 7.3 8.0 8.1 8.2 8.1 
Reaction (10% HCI) eo eo e,d es e, f, sf e,d 
Carbonates es,msf/fsm csf,sm ev,sm es,ss,sf 

;~ Rock fragments none none none none none none 
~ . t Roots 2 vf,f 2 vf,f lm lvf,f 1 vf,f none none 

Pores 1 vf 1 vf,f 2 vf 1 vf 2 vf 3 vf,1 f 
Clay Films none 3 n pf 4 n pf 2 n pf none 4 n pf 
Boundary CW cw gW' gw CW cw 
Saturation % 32.3 42.6 37.0 30.6 29.3 32.3 
Soluble cations 

Ca (ppm) 2.3 3.8 2.4 1.5 2.1 5.1 
Mg (ppm) 0.9 1.3 1.3 1.0 1.5 3.6 
Na (ppm) 0.1 0.2 0.8 2.6 6.4 10.8 

SAR 0.1 0.2 0.6 2.3 4.8 5.2 
EC (mmhos/cm) 0.3 0.5 0.4 0.4 0.9 1.7 
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SOIL NAME: CAHONA very fine sandy loam, bedrock substratum phase 
Map Unit Symbol: 10 

Stop Number: 10-2 
Parent Material: Eolian material 

Classification: Fine-silty, mixed, mesic Ustollic Haplargids 

Horizon A BA . Bt Btk Bk 2C 2Cr 
Depth (inches) 0-3 3-5 5-11 11-22 22-39 39-55 •. Color 

Dry 5YR 6/4 5YR 514 5YR 514 5YR 614 5YR 614 10YR 6/3 soft 
Moist 5YR 4/4 5YR 414 5YR 4/4 5YR 514 5YR 514 10YR 4/3 sandstone 

Texture (USDA) L combined L L L L 
%VFS 34.9 with Bt 31.4 30.8 23.9 10.1 
%Sand 44.7 horizon 41.1 40.2 34.7 46.4 
%Silt 48.2 for 40.0 39.1 40.9 28.3 
%Clay 7.1 sampling 18.9 20.7 .24.4 25.3 

Structure 
Primary 1 vf sbk 1 c sbk 2 c pr 2m sbk 1m sbk m 
Secondary 2 m&c sbk 

Consistence 
Dry so sh h h h h 
Moist vfr vfr fr fr vfr vfr 
Wet so/po ss/po s/sp s/sp s/sp s/sp 

pH (paste) 6.9 6.9 7.6 7.9 7.4 
Reaction (10% HCl) eo eo eo es es es 
Carbonates d&lsf,sm d&2sf,sm 
Rock fragments none none none none none none 
Roots 3 f,m,c 3 f,m,c 3 f,m,c 2f, m, lc 2m,1f none 
Clay Films none none 4 n pf 3 n pf none none 
Boundary cs cs gw gw gw aw 
Saturation % 33.0 39.5 43.4 49.8 48;8 
Soluble cations 

Ca (ppm) 1.93 1.58 1.50 1.63 10.5 
Mg (ppm) 0.60 0.34 0.35 0.61 8.19 
Na (ppm) 0.65 1.38 2.00 3.34 14.3 

SAR 0.58 1.41 2.08 3.16 4.68 
EC (mmhos) 0.33 0.30 0.40 0.56 3.38 
CaC03 0.9 1.2 3.3 10.8 5.4 
Boron. (ppm) 0.32 0.39 0.49 0.56 0.41 
Selenium (ppm) <0.02 <0.02 <0.02 <0.02 <0.02 
Total Sulfur 0.04 0.07 0.06 0.11 0.19 
Acid-base ~~- .2~i9'" 1."87c ~3~\t3'·· .3E9"3 
Neutralization potential 8.69 12.4 32.6 108.0 54.4 
Acid-base potential 7.44 10.2 30.7 105.0 48.5 

-

-_. 



SOIL NAME: 
Map Unit Symbol: 

Stop Number: 
Parent Materi.d: 

Veget.tlion: 
Classification: 

Horizon 
Depth (inches) 
Color 

Dry 
Moist 

Texture (USDA) 
%2!FS 
%VFS 
%Sand 
%Silt 
%Clay 

Structure 
Primary 
Secondary 

Consistence 
Dry 
Moist 
Wet 

pll (paste) 
Reaction ( 10% IICI) 
Carbonates 
Rock fragments 
Roots 
Pores 
Clay Films 

· Boundary 
Salurillion % 
Soluble cations 

Ca (ppm) 
Mg (ppm) 
Nil (ppm) 

SAR 
EC (mmhos/cm) 

CAIIONA very fine sandy loam Locillion: 
liB EleVillion: 
12-224 Slope(%): 
Eolian milteriill Aspect: 
Arlr, XiiSil, Bogr, Aster, Cacti, twbllow 
Fine-silly, mixed, mesic Uslollic lbplargids 

A Bll 812 Btkl 
0-2 2-4 4~12 12-20 

SYR 514 5YR 514 5YR 516 SYR 616 
5YR 414 5YR 414 SYR 416 5 YR 5/6 

VFSL SCL SCL VFSL 
14 13 10 13 
46 40 43 50 
60 53 53 63 
26 21 23 18 
14 26 24 19 

I f pi 2 c sbk I c pr I c pr 
2mtc sbk 2mtc sbk 

so h vh eh 
vfr vfr fr vfr 

ss/sp ss/sp ss/p ss/sp 
7.4 7.2 7.4 8.0 
co eo ev es,d 

csf,pf f,sm,sf 
none none none none 

lvf,_f,lm 2vf,f,lm 2vf,f,lm lvf,f,lm 
none lvf lvf lvf 
none 1 n pf 4 n pf 4 n pf 

iiS cs aw gs 
32.8 37.4 35.1 32.6 

3.5 2.3 2.7 2.6 
1.5 0.8 0.9 I. I 
0.2 0.1 0.2 0.2 
0.1 0.1 0.2 0.2 
0.5 0.3 0.4 0.4 

NEI/4, SEI/4, Sec.IS, Tl6N, RISE 
66SO' 
6 
NNE 

Btk2 Bk Btkb 
20-38 38-54 54-77 

SYR 616 SYR 616 SYR 616 
SYR 516 5YR S/6 SYR 516 

SCL SCL SCL 
II 12 17 
49 41 36 
60 53 53 
18 26 20 
22 21 21 

I m sbk. m 2 c pr 

eh sh eh 
vfr vfr fr 

ss/sp so/sp sslsp 
8.2 8.4 8.6 
es es es 

d &,f f,m d & mss,sf d & ss,sf 
none none none 

lvf,f,m lvf,f 2vf,f(dead) 
lvf lvf Jvf 

3 n pf none 3.n pf 
gw cw cw 

35.2 32.3 33.6 

2.3 1.3 0.6 
l.S 2.6 1.5 
0.4 1.4 3.7 
0.3 1.0 3.5 
0.4 0.5 0.5 

Bkbl 
77-102 

Bkb2 
102-119 

Btb3 
119-141 

2Cl 
141-171 

2C2 
171-186+ 

------------------------------·Not described-----------------------------· 
----~--------·----------------Not described-----------------------------· 
SCL SCL!VFSL SCL SCL VPSL 
24 28 40 23 54 
39 43 30 30 20 
63 71 70 53 74 
16 9 8 22 II 
21 20 22 25 15 

------------------------------·Not described-------~-------------------------· 
------------------------------·Not described--------------------------------· 
----------.-------------------·Not described---------------------------------· 
-----------:·-----------------·Not described---------------------------------· 
------------------------------·Not described---------------------------------· 
------------------------------Not described--------------------------------· 
8.5 8.3 8.0 7.9 7.9 
-----------------------------Not dcscribed-------------------------------·--
--------------------------Not described------------------------------
-----------------------------Not described--------------------------------
-----------------------------Not described-----------------------------
----------------------------Not described---------------------------------
--------------~--------------Nol described--------------------------------
----------------------------Not described--------------------------------
30.3 35.4 31.6 30.0 39.4 

2.1 2.2 10.4 15.0 21.5 
1.9 6.2 25:1 36.8 44.1 
6.3 12.3 22.3 21.5 22.5 
4.4 6.0 5.3 4.2 3.9 
0.9 2.0 =~;;~' 'I~~Jg; ~~~Jl)-

1\tP 
-· ::1 

~ 
a 
0 c 
::1 

~ 
::1 

" 0 ;;: 

\0 
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l\t1 
SOIL NAME: CAHONA very fine sandy loam 

I~ 
Map Unit Symbol: II 

Stop Number: Il-l 
Parent Material: Eolian 

Classification: Fine-silly, mixed, mesic Ustollic Haplargids a 
0 

Horizon A BA Bt Btk Bkl Bk2 Bk3 2C 2Cr c 
Depth (inches) 0-3 3-5 5-15 15-23 23-48 48-83 83-95 95-105 105+ ~ 

Color ~ Dry 5YR 6/4 5YR 514 5YR 514 5YR 514 5YR 6/4 5YR 6/4 7.5YR 114 soft ::1 
Moist 5YR 414 5YR 4/4 5YR 414 5YR 414 5YR 414 5YR 414 7.5YR 514 shale "' Texture (USDA) VFSL combined L L L SiL SiL SL 0 
%VFS 38.3 with Bt 31.0 29.2 31.5 27.6 21.3 17.7 -· e-
%Sand 46.4 horizon 38.2 38.2 41.8 44.5 43.6 53.6 
%Sill 48.1 for 47.3 43.6 43.7 52.4 54.2 27.9 
%Clay 5.5 sampling 14.5 18.2 14.5 3.1 2.2 18.5 

Structure 
Primary I vf gr 2m pr 2m pr 2m sbk 1 m&f sbk similar to 2 m&f sbk m 
Secondary 2 c&m sbk 2 c&m sbk above 

Consistence horizon; 
Dry so sh h h h split for h sh 
Moist vfr vfr vfr vfr vfr sampling vfr fr 
Wet so/po so/po ss/sp ss/sp ss/po purposes so/po so/po 

pH (paste) 7.0 6.9 7.5 8.0 8.0 7.9 6.6 
Reaction (I 0% HCI) eo eo eo es es ev ev 
Carbonates - - - d&csf,ss,sm d&csf,ss,sm d&csf,ss d 
Rock fragments none none none none none none none 
Roots 3f,m,c 3f,m,c 3f,m,c 2f,m,c 2f,m,c none none 
Clay Films none none 4 n pf 3 n pf none none none none 
Boundary cs cs gw bw gw gw aw 
Saturation % 39.0 43.4 42.3 34.6 39.1 42.2 44.6 
Soluble cations 

Ca (ppm) 2.60 1.37 2.02 1.01 26.0 25.1 20.5 
Mg (ppm) 1.70 0.86 1.71 1.50 116.0 132.0 87.2 
Na (ppm) 0.99 1.05 1.17 2.45 32.6 30.8 19.4 

SAR 0.68 0.99 0.86 2.19 3.87 3.48 2.64 
EC (mmhos) 0.49 0.26 0.44 0.47 3.7 -!Si1J.S'~- '£WI4!~: 
CaC03 0.7 0.8 0.8 2.0 3.7 13.6 3.2 
Boron (ppm) 0.22 0.27 0.52 0.28 0.80 0.71 0.27 
Selenium (ppm) <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 
Total Sulfur 0.05 0.04 0.04 0.04 0.29 0.6 3.04 
Acid-base 1.56 1.25 1.25 1.25 9.05 18.7 94.9 
Neutralization potential 7.42 7.53 7.94 20.2 37.0 136.0 31.8' ...... 
Acid-base potential 5.86 6.28 6.69 19 28.0 117.0 ~> 

0 



l\t1 
SOIL NAME: CAHONA very fine sandy loam Location: NWI/4& NEl/4, Sec. 3, T36N, Rl9E -· Map Unit Symbol: X liB Elevation: 6780' ::J 

Stop Number: 19-61 Slope(%): 8 ~ Parent Material: Eolian material Aspect: NW 
Vegetation: Artr, Bogr, Sihy, Stco, Orhy a 

Classification: Fine-silty, mixed, mesic Ustollic Uaplargids 0 c 
Horizon ~ A BA Btl Bt2 Btk Bkl Bk2 2 Cr :1 
Depth (inches) 0-1 1-3 3-12 12-19 19-29 29-40 40-64 64+ ~ 
Color :::1 

Dry 7.5YR 514 7.5YR 514 7.5YR 516 7.5YR 516 7.5YR 6/6 7.SYR 516 7.SYR 5/6 gray calcareous " Moist 7.5YR 3/4 7.5YR 314 7.5YR 414 7.5YR 4/6 7.5YR 4/6 7.5YR 4(4 7.5YR 416 shale 0 -· Texture (USDA) VFSL VFSL VFSL VFSL VFSL VFSL LS r-
%~FS 26 26 40 32 42 47 73 
%VFS 33 29 23 25 26 22 ll 
%Sand 59 55 63 51 68 69 84 
% Silt 29 26 18 26 14 14 4 
%Clay 12 19 19 17 18 17 12 

Structure 
Primary I f pi l m pi 2m pr 2m pr m m m 
Secondary sg 2 c sbk 

Consistence 
Dry soft sh vh vh h h h 
Moist loose vfr fr fr fr fr fr 
Wet so/po so/sp ss/p sslp so/p so/po so/po 

pH (paste) 7.3 7.0 7.3 7.8 8.2 8.3 8.4 
Reaction ( 10% HCI) eo eo eo e ev es e 
Carbonates - - - d d&sm sm sf,+Sm 
Rock fragments none none none none none none none 
Roots 2 vf 2 vf 2 vf,f lm 2 vf,f I vf 1 vf 1 vf 
Pores 1 vf l vf 2 vf 2 vf I vf none none 
Clay Films none none 3 n pf 2 n pf 1 n pf none none 
Boundary cs cs gw gw gw gw aw 
Saturation % 27.4 33.8 31.3 26.2 27.7 24.9 22.5 
Soluble cations 

Ca (ppm) 2.2 1.7 2.3 3.1 1.7 1.4 1.2 
Mg (ppm) 1.0 0.6 0.7 1.3 1.2 1.2 1.4 
Na (ppm) 0.2 0.2 0.2 0.4 1.4 2.5 6.0 

SAR 0.2 0.2 0.2 0.3 1.1 2.3 5.3 
EC (mmhos/cm) 0.3 0.2 0.3 0.4 0.4 0.4 0.8 

...... 

........ 
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DULCE SERIES 

Dulce soils are shallow and well drained. They typically have a very channery fine sandy 

loam surface layer about 1 inch thick. The substratum to a depth of 6 inches is channery 

fine sandy loam. Soft sandstone bedrock occurs at 6 inches. Permeability· is moderately 

rapid·and the available water capacity is very low. 

Range of Characteristics: These soils are a taxadjunct to the Dulce series because the 

redder hues found in the site-specific soil are outside of the color range established for 

Dulce series. They are otherwise similar. Depth to bedrock, usually soft or fractured 

sandstone, ranges from 2 to 20 inches. Because of the severe erosion that has occurred on 

these soils, bedrock is generally within 6 inches. Textures are loam or sandy loam with 10 

to 25 percent clay. Surficial rock fragments, mainly sandstone channers or flagstones, are 

quite variable, ranging from 5 to 60 percent. 
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SOIL NAME: 
Map Unit Symbol: 

Stop Number: 
Parent Material: 

Vegetation: 
Classification: 

Horizon 
Depth (inches) 

,Color 
Dry 
Moist 

Texture (USDA) 
%~FS 
%VFS 
%Sand 
% Silt 
%Clay 

Structure 
Primary 
Secondary 

Consistence 
Dry 
Moist 
Wet 

pH (paste) 
Reaction (10% HCI) 
Carbonates 
Rock fragments% 
Roots 
Pores 
Clay Films 
Boundary 
Saturation % 
Soluble cations 

SAR 

Ca (ppm) 
Mg (ppm) 
Na (ppm) 

EC (mmhos/cm) 

DULCE very channery fine sandy loam 
3C Location: SWl/4, NEl/4, Sec. 22, T36N, RISE 
12-110 Elevation: 6700' 
Sandstone residuum Slope(%): 12 
Pied, Anr, Gusa Aspect: NW 
Loamy, mixed (calcareous), mesic, shallow Ustic Torriorthents 

A c Cr 
0-1 1-6 6+ 

7.5YR 6/4 · 7.5YR 6/4 fractured calcareous sandstone 
7.5YR 4/4 7.5YR 4/4 

FSL FSL 
53 58 
19 14 
72 72 
14 12 
14 16 

1 m pl 
2 vfgr m 

so so 
vfr vfr 

so/po so/po 
7.9 7.7 

e es 
d d 

33.3 16.6 
2 vf, f 3 vf,f,lm 
none none 
none none 

cw CW 

26.7 35.0 

3.8 6.6 
0.4 0.7 
0.2 0.3 
0.2 0.1 
0.4 0.7 
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SOIL NAME: 
Map Unit Symbol: 

Stop Number: 
Parent Material: 

Vegetation: 
Classification: 

Horizon 
Depth (inches) 
Color 

Dry 
Moist 

Texture (USDA) 
%~FS 
%VFS 
%Sand 
%Silt 
%Clay 

Structure 
Primary 
Secondary 

Consistence 
Dry 
Moist 
Wet 

pH (paste) 
Reaction (10% HCI) 
Carbonates 
Rock fragments % 
Roots 
Pores 
Clay Films 
Boundary 
Saturation % 
Soluble cations 

SAR 

Ca (ppm) 
Mg (ppm) 
Na (ppm) 

EC (mmhostcm) 

DULCE very channery loam 
3A 
12-263 
Sandstone residuum 
Pied, Jumo, Artr, Orhy, Sihy 

Location: SEl/4, SEl/4, Sec. 15, T36N, RISE 
Elevation: 6720' 
Slope(%): 6 

Aspect: NNW 

Loamy, mixed (calcareous), mesic, shallow Ustic Torriorthents 

A 
0-2 

7.5YR 514 
7.5YR 4/4 

SiCUL 
27 
23 
so 
28 
22 

1 m pl 
2 vf gr 

so 
vfr 

so/sp 
7.9 
es 
d 

38.1 
2vf,f,m,1c 

none 
none 

cw 
30.5 

3.2 
0.3 
O.l 
0.1 
0.3 

c 
2-7 

7.5YR 514 
7.5YR 4/4 

SCL 
28 
19 
47 
27 
26 

m 

sh 
vfr 

sotsp 
7.7 
ev 
d 

20.3 
2vf,f,m,1 

none 
none 

ai 
42.4 

5.9 
0.8 
0.2 
0.1 
0.6 

Cr 
7+ 

semihard, fractured calcareous sandstone 
with some soil ·filling fractures in spots and carbonate 
coating on underside of ss. fragments 
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LAS LUCAS SERIES 

Las Lucas soils are deep and well drained. They typically have a surface layer of sandy 

clay loam about 5 inches thick. The subsoil to a depth of 59 inches is calcareous clay loam. 

The substratum is stratified very gravelly loamy sand and sandy loam. Permeability is 

moderate and the available water capacity is high. 

Range of Characteristics: Depth to bedrock is greater than 60 inches. The texture of 

A horizon is variable and ranges from very fine sandy loam to sandy clay loam. Surficial 

rock fragments are generally less than 5 percent. The Bk horizon is loam or clay loam, 

with a weighted clay percent of 25 to 35 percent. Most pedons have noncalcareous C 

horizons below 6 feet. These soils are frequently calcareous to the surface with 

disseminated carbonates. 
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SOIL NAME: LAS LUCAS very fine sandy loam 
Map Unit Symbol: 15A 

Stop Number: 19-64 
Parent Material: Alluvium, colluvium 

Vegetation: Artr, Agsm, Bogr, Atca 

Location: SWI/4, SWI/4, Sec. 34, T36N, R19E 
Elevation: 6680' 
Slope(%): 2 

Aspect: S 

.. ,.I ., ...... . ...... 

Classification: Fine-silty, mixed, mesic Ustollic Camborthids 

Horizon 
Depth (inches) 
Color 

Dry 
Moist 

Texture (USDA) 
%~ FS 
%VfS 
%S.md 
%Sill 
%Clay 

Structure 
Primary 
Secondary 

Consish:nce 
Dry 
Moist 
Wet 

pll (paste) 
Reaction (10% IICl) 
Carbonates 
Rock fragments 
Roots 
Pores 
Clay Films 
Boundary 
Saturation % 
Soluble cations 

SAR 

Ca (ppm) 
Mg (ppm) 
Na (ppm) 

EC (mmhos/cm) 
CaLU1 
Total sulfur(%) 
Sulfate sulfur(%) 
Pyritic sulfur (%) 
Organic sulfur(%) 

AI 
0-1 

IOYR 613 
lOYR 413 

VFSL 
32 
25 
57 
29 
14 

1 f pi 

so 
vfr 

so/sp 
7.8 

e 
d 

none 
2 vf,f,lm 

2 vf 
none 

cw 
32.0 

5.7 
2.6 
0.4 
0.2 
1.0 

lime rctjuiremcnt (SMP) 

A2 
1-4 

IOYR 5/3 
JOYR 413 
CUSiCL 

8 
12 
20 
43 
37 

1 c pi 
2 vf gr 

sh 
vfr 
s/p 
7.9 
e 
d 

none 
2 vf,f,lm 

2 vf 
none 

cw 
33.3 

2.4 
1.2 
0.3 
0.2 
0.4 

Bkl 2Dkl 
4-17 17-31 

IOYR S/3 IOYR S/3 
JOYR 413 IOYR 413 

L1. L 
IS 23 
11 18 
26 41 
37 33 
37 26 

2 f&m sbk. I m sbt 

vh vh 
fr fr 

s/p s/p 
7.9 7.8 
es es 

d&msf d&msf 
none none 
2 vf,f I vf,f 
2 vf 2 vf 
none none 

CW cw 
37.8 33.7 

4.9 14.8 
1.7 6.5 
0.6 10.3 
0.4 3.1 
0.6 2.7 

2Bknzl 
31-48 

IOYR 513 
IOYR 413 

Li. 
15 
18 
33 
36 
31 

I m sbk. 

vh 
fr 

sip 
7.6 
es 

d&msf 
none 
1vf.f 
2 vf 
none 

CW 

36.7 

33.9 
74.6 
59.1 

,~~8-

"'c'':Hf~~~E~-

3Bimzl 
48-71 

lOYR 513 
IOYR 4/3 

SCL 
211 
22 
50 
26 
24 

m 

vh 
fr 

sip 
8.2 
es 

d&csf,sm 
none 
I vf,f 
2 vf 
none 

33.2 

23.7 
198.2 
71.8 
<7~~-

-- .,,~I?~O}i,F 

71-90 90-108 108-132 132-156 I.S6-180 180-204+ 

----·-------·------·----------------Not described--------··--·-·---------·-··---------· 
------------------------------------Nol described-------------------------------------· 

CL SCL OCL a.. L SiCL 
18 39 12 14 21 9 
11 II 9 19 19 10 
35 50 21 33 40 19 
32 19 39 34 36 43 
33 11 40 33 24 38 

----------··--·-·c--·----·-----------·N ol described--------------------------------------· 
---------------------------------------·Not described-------------------------------------· 

------------------------------------~---Not described--------,-----------------------------· 
-----------------------------~-------·Not described----------------------------------··· 
----------------•---------------------·Nol described----------------------------------

8.1 7.7 Ar..*" ·:<li'l:t.' 'Q~.t" ~\t.}JS 
--------------------------------------Not described----------------------------------
-------------------------------------Not described-----------------------------------· 
--------------------------------------Not described-------------------------------------· • 
---------------------------------------Nol described------------------------------------· 
--------------------------------------Not described---------------------------------'-----· 
--------------------------------------·Not described------------------------------------·· 
---------------------------------------Not described--------------------------------------·· 

39.8 38.3 43.4 38.2 33.4 44.1 

24.2 
214.6 
86.1 
. 7~i . .;_ 
l!l~7F 

24.6 
228.6 
102.2 
g·~'k-: 

-c:;rJiarHt 

21.5 
112.7 
69.1 

-l(i8-:4 
~.·1;~·~~~,, 

<0.1 
1.46 
1.41 

<0.05 
0.05 
~,6-.w: 

24.6 
35.0 
31.0 
5.7 
6.4 
<0.1 
0.74 
0.67 

<0.05 

0.03 
~:5...,. 

24.7 
31.7 
13.8 
2.6 
4.8 
<0.1 
0.19 
0.19 

<0.05 
<0.01 

"""''1:5._. 

23.4 
30.4 
11.3 
2.2 
4.7 

<0.1 

0.21 
0.21 

<0.05 

<0.01 
·\ir3''1._ 

""" 

l\t1 
-· ::1 

~ 
a 
0 c 
:::1 

~ 
:I 
v 
0 r: 

....... 
0\ 
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l\t, 
SOIL NAME: Las Lucas day loam 

I~ 
Map Unit Symbol: ISA 

Stop Number: 14-13 
Parent Material: Alluvium 

Classification: Fine-silty, mixed, mesic Ustollic Camborthids :J 
0 

Horizon A Bk.l Bk.2 2Bk3 3C -----not described----- c 
Depth (inches) 0-5 5-20 20-38 38-59 59-96 96-110 110-132 :I 
Color E! 

Dry lOYR 6/3 IOYR 6/3 lOYR 613 IOYR 6/4 IOYR 514 -----not described----- -· :I 
Moist lOYR 413 lOYR 4/3 IOYR 413 lOYR 6/4 IOYR 514 -----not described----- v 

Texture (USDA) CL CL CL SiL v gr LS gr LS/SL FSL 0 -· %FS+ 19 15 14 14 79 73 63 r-
%VFS 14 10 12 12 6 8 14 
%Sand 33 25 26 26 85 81 77 
%Sill 39 38 38 59 5 8 11 
%Clay 28 37 36 15 10 11 12 

Structure 
Primary l c pi 2 f&m sbk. 1 f&m sbk. m sg -----not described-----
Secondary 2 t pi -----not described-----

Consistence 
Dry sh sh h sh loose -----not described-----
Moist vfr vfr fr vfr loose -----not described-----
Wet ss/sp sip sip so/po so/po -----not described-----

pH (paste) 7.8 7.9 7.6 7.8 7.2 8.1 8.0 
Reaction ( 10% HCJ) e e e es e -----not described-----
Carbonates d d&lsf d&2sf d&lsf d -----not described-----
Rock fragments none none none none 43.1 24.2 5.4 
Roots 3vf. 2f 3vf, 2f 2vf,f 2vf,f,m,c l vr.f -----not described-----
Clay Films none none none none none -----not described-----
Boundary cw cw cw aw aw -----not described-----
Saturation % 33.0 42.2 42.5 30.6 26.9 27.5 27.6 
Soluble cations 

Ca (ppm) 3.5 6.9 39.8 9.8 22.1 22.6 16.1 
Mg (ppm) 1.2 2.6 11.9 2.2 10.3 114.3 21.8 
Na (ppm) 0.4 0.5 1.4 0.5 10.9 68.3 11.9 

SAR 0.2 0.2 0.8 0.2 .Jii•c~0·- :~~tr::·- --fs~ 

EC (mmhos) 0.6 0.9 3.8 1.1 3 J:•~w-· 3.3 
CaC03 1.1 2.2 
Total Sulfur(%) 0.3 0.09 
Sulfate sulfur(%) 0.22 0.04 
Pyritic sulfur (%) <0.05 <0.05 
Organic sulfur(%) 0.08 . 0.05 ~ 

Lime rcquirement(SMP) 0 0 
-I 

. 



l,t, 
SOIL NAME: Las Lucas very fine sandy loam -· ::1 

Map Unit Symbol: 15 

~ Stop Number: 15-9 
Parent Material: alluvium a Classification: Fine-silty, mixed, mesic Ustollic Camborthids 0 

Horizon A Bw 2Bkl 2Bk2 2Bk3 3Cl 3C2 
c 
:::1 

Depth (inches) 0-4 4-9 9-26 26-60 60,.84 84-108 108-120 E!. 
Color -· Dry lOYR 6/3 lOYR 6/3 lOYR 5/3 similar to ------------not described------------- ::1 

v Moist IOYR 5/3 lOYR 5/3 lOYR 4/3 above horizon -----------·not described------------- 0 
Texture (USDA) SL L CL CL ------------not described------------- -· %VFS 22.6 21.2 21.4 18.4 24.8 12.6 18.9 ~ 

%Sand 60.9 49.1 34.5 29.1 55.5 69.1 49.1 
%Sill 26.6 32.0 38.4 40.2 22.0 16.5 22.9 
%Clay 12.5 18.9 27.1 30.7 22.5 14.4 28.0 

Structure 
Primary 1 vf sbk 2 c sbk 1 m&c sbk split ------------not described-------------
Secondary for ---------~--mll described-------------

Consistence sampling ------------not described-------------
Dry so sh h purposes ------------not described-------------
Moist vfr vfr vfr ------------not described-------------
Wet so/po ss/po sip ------------not described-------------

pH (paste) 7.4 7.6 7.7 7.5 7.4 7.3 7.5 
Reaction (10% HCI) e es es -------------not described-------------
Carbonates d d d&2sf -------------not described------..: ______ 
Rock fragments none none none ------------not described-------------
Roots 3m,c 2f 3m,c, 2f 2m,f, lc -----------not described-------------
Clay Films none none none ------------not described-------------
Boundary ------------·nol described------------· 
Saturation % 30.4 36.3 44.9 47.9 37.8 30.5 42.0 
Soluble cations 

Ca (ppm) 4.29 2.14 2.51 10.2 J 8.3 12.6 10.8 
Mg (ppm) 0.65 0.33 0.54 3.27 5.77 4.21 3.64 
Na (ppm) 2.63 1.53 2.25 • 2.65 4.26 5.62 7.68 

SAR 1.67 1.38 1.82 1.02 1.23 1.94 2.86 
EC (mmhos) 0.72 0.38 0.45 1.50 2.69 2.47 2.24 
CaC03 2.2 2;7 2.2 3.6 3.5 4.2 2.5 
Boron (ppm) 0.65 0.50 0.59 1.32 1.06 0.88 0.75 
Selenium (ppm) <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 
Total Sulfur 0.01 0.05 0.01 0.05 0.06 0.07 0.06 
Acid-base 0.31 1.56 0.31 1.56 L87 2.19 1.87 ........ 
Neutralization potential 22.1 27.4 22.3 36.4 35.0 41.8 25.3 00 

Acid-base potential 21.8 25.8 22.0 34.8 33.1 39.6 23.4 
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OELOP SERIES 

Oelop soils are deep and well drained. They typically have a very fine sandy loam surface 

layer about 4 inches thick. The upper subsoil is noncalcareous very fine sandy loam about 

6 inches thick. The lower subsoil to a depth of more than 60 inches is calcareous coarsely 

stratified loam, clay loam and silty clay loam. Permeability is moderately slow. Available 

water capacity is high. 

Range of Characteristics: Depth to bedrock is greater than 60 inches. The A horizon 

is a very fine sandy loam or fine sandy loam with 10 to 18 percent clay. Surficial rock 

fragments are generally less than 5 percent. The Bt and Btk horizon is a loam or clay loam, 

with a weighted clay percent of 25 to 35 percent. Most pedons have noncalcareous C 

horizons below 6 feet. These soils are frequently calcareous to the surface with 

disseminated carbonates. 



SOIL NAME: OELOP very fine sandy loam 
Map Unit Symbol: 148 

Stop Number: 19-55 
Parent Material: Alluvium 

Vegetation: Artr, Gusa. Bogr 

Location: SEI/4, SEl/4, Sec.33, T36N, Rl9E 
Elevation: 6680' 
Slope(%): 5 

Aspect: S 

Classification: Fine-loamy, mixed, mesic Ustollic Haplargids 

Horizon 
Depth (inches) 
Color 

Dry 
Moist 

Texture (USDA) 
%~FS 
%VFS 
%Sand 
% Silt 
%Clay 

SLructure 
Primary 
Secondary 

Consistence 
Dry 
Moist 
Wel 

pH (paste) 
Reaction ( 10% IICI) 
Carbonates 
Rock fragments 
Roots 
Pores 
Clay Films 
Boundary 
Saturation % 
Soluble cations 

SAR 

Ca (ppm) 
Mg (ppm) 
Na (ppm) 

EC (mmhos/cm) 
CaC03 
Total sulfur(%) 
Sulfate sulfur(%) 
Pyritic sulfur(%) 

Organic sulfur(%) 

AI 
0-4 

lOYR 6/3 
lOYR 4/3 

VFSL 
30 
23 
53 
34 
J3 

I c pi 
2 l pi 

sh 
vfr 

solsp 
8.0 
eo 

none 
2vf 
lvf 

none 
cs 

26.9 

3.1 
1.9 
0.5 
0.3 
0.6 

Lime requirement (SMP) 

BA Bt 
4-10 10-20 

lOYR 6/6 JOYR 6/4 
IOYR 414 lOYR 414 

VFSL L 
3,4' 23 
19 18 
53 41 
28 33 
19 26 

1 m sbk 2 m&c sbk 

h vh 
vfr vfr 

so/sp s/p 
7.6 7.9 
eo e/d 

none none 
2vf lvf 
2vf 3vf, If 

none 3 n pf 
cw gw 

25.9 28.9 

2.9 2.2 
1.5 1.7 
0.2 0.6 
0.1 0.5 
0.5 0.4 

Bknzl Bknz2 
20-40 40-60 

IOYR 6/4 IOYR 5/3 
IOYR 4/4 IOYR 413 

CL Cl 
20 25 
12 16 
32 41 
30 30 
38 29 

l f&m sbk m 

vh vh 
vfr vfr 
sip s/p 
8.1 8.3 
es C!\ 

d&msf d&csf 
a one none 
1 vf lvf 

3vf,l f 2vf,f 
none none 
gw gw 

38.7 34.4 

22.5 24.6 
79.2 173.1 
46.1 135.2 
'!'U~ ;$1~'5·~~ 

:2lh'8t ·c;)J:\~r~& 

---------------------Not described-----'---------------· 
60-84 84-108 I 08-132 132-156+ 

---------------------Not described---------------------· 
--------------------Not described---------------------· 

SiC/Cl SiCL SiCL SiC 
4 3 4 7 
8 11 9 8 
12 14 13 15 
48 48 48 43 
40 38 39 42 

--------.,------------Not described----------------------
---------------------Not described---------------------

----------------------Not described----------------------
---------------------Not described----------------------
---------------------Not described---------------------
8 . 1 6. 7 4o;>3:c ~". ·0:74!f0:·%. 

------------------'----Not described----------------------
----------------------Not described----------------------
----------------------Not described----------------------
---------------------Not described----------------------
----------------------Not described--------------'"·-----· 
---------------.,.-----Not described----------------------
---------------------Not described----------------------
42.5 43.2 41.5 39.4 

26.1 
372.5 
261.3 

.C"t)!il'i'~'t 

'30itl 

24.4 
265.6 

'188.3 
;d~;So6~.e 

CC2'•3·~~'1 

21.6 
180.1 
148.3 

~l'lf*7';"' 
eo;t•z:s:~·'t 

<0.01 
0.57 
0.52 

<0.05 
0.05 

,\Qt)!'6>• 

26.2 
125.0 
130.4 

'"=Jt90-~l 
l"ltc':'4 
<0.01 
0.80 
0.73 

<0.05 
0.07 

-:Cc~2r4?ib 

l\t1 
5 
ru 
a 
0 c 
:1 

~ :; 
~ 
~ 

N 
0 



SOIL NAME: 
Map Unit Symbol: 

Stop Number: 
Parent Material: 

Vcgetalion: 

OEWPioam 
14A 
12-259 
Eoliilll over alluvium 
Arlr, Gusa, Bogr, Orhy, Sihy 

Location: SEI/4, NWl/4, Sec.l5, T36N, RISE 
Elevation: 6600' 
Slope(%): 2 

Aspecl: NW 

Classificalion; Fine-loamy, mixed, mesic Ustollic llaplargids 

Horizon 
Dcplb (inches) 
Color 

Dry 
Moist 

Texture (USDA) 
%;?:FS 
%VFS 
%Sand 
%Silt 
%Clay 

Saructure 

A 
0-3 

7.5YR 614 
7.5YR 4/4 

L 
10 
28 
38 
36 
26 

Primary 2 c pi 
Secondary 

Consistence 
Dry h 
Moist vfr 
Wet so/sp 

pll (paste) 7.3 
Rcaclion (10% IICI) eo 
Carbonates 
Rock fugments none 
Roots 2vf lf,m 
Pores none 
Clay Films none 
Boundary cs 
Saturation % 30.2 
Soluble cations 

Ca (ppm) 2.0 
Mg (ppm) 0.7 
Na (ppm) 0.1 

SAR 0.1 
EC (mmhos/cm) 0.3 
CaCll1 
Total sulfur(%) 
Sulfate sulfur(%) 
Pyritic sulfur (%) 
Organic sulfur(%) 
Lime requirement (SMP) 

B 
3-7 

7.5YR 6/4 
7 . .5YR 414 

CL 
9 
22 
31 
39 
30 

2 vc pi 

h 
vfr 
s/p 
1 . .5 
eo 
--

none 
2vf lf,m 

none 
none 
cw 

37.4 

2.4 
0.6 
0.1 
0.1 
0.3 

Ba 
7-13 

IOYR 6/3 
IOYR 4/3 

(..1.. 
10 
20 
30 
3.5 
15 

2 m&c sbk 

vh 
vfr 
s/p 
7.8 
eo 

none 
2vf lf,m 

2vf,f 
3 n pf 

gw 
36.1 

2.8 
0.1 
0.2 
0.1 
0.1 

Btk 
13-28 

IOYR 6/3 
IOYR 414 

CL 
12 
25 
37 
35 
28 

2m pr 
2 c sbk 

vh 
vfr 

ss/sp 
8.0 
es 
css 

none 
2v(,f lm 
2vf,f lm 

3 n pf 
CW. 

31.2 

2.6 
1.1 
0.5 
0.4 
0.4 

2Bikb 38k 
28-.5.5 5.5-12 72-96 96~132 132-156 156-180 180-210 

IOYR 6/3 IOYR 5/4 ----~---------------------Not described---------~-------------------
IOYR 4/1 IOYR 414 --------------------------Not described----------------------------

CL VFSL CI!LL L CL SCL SCL 
10 31 12 13 13 19 14 
24 31 29 28 37 42 41 
34 62 41 41 50 61 55 
34 19 32 35 33 18 24 
32 19 21 24 17 21 21 

2m pr m -------------------------Not described-----------------------------
3 f ahk. --------------------------Not described----------------------------

--------------------------Not described-----------------------------
vh vh -------------------------Not described-------------------~---------
vfr vfr --------------------------Not described-----------------------------
s/p so/sp -------------------------Not described ----------------------------
8.0 7.9 7.8 7.7 7.7 8.0 8.0 
es esld -------------------------Not described----------------------------

css&sf fsf -------~------------------Not describc!d-----------------------------
none none ------------------------Not described---------~------------------
2vf,f 1vr -------------------------Nol described-----------------------------
lvf,f lvf,f ------------------------Not described---------------------------

2 n pf none --------------------------Not described-----------------------------
gw CW -------------------------Not described-----------------------------

33.1 30.4 36.4 32.9 30.2 34.0 33.6 

2.2 9.6 19.1 12.2 8.2 ' 10.0 9.2 
1.2 4.6 9.1 6.2 4.9 7.1 7.8 
2.6 7.3 9.0 6.8 5.1 6.6 7.1 
2.0 2.7 7 . .5 7.1 2.2 1.2 1.1 
0 . .5 1.8 3.0 2.2 1.1 2.0 2.{) 

0.8 0 . .5 6.1 -9.4 
0.01 0.01 0.02 0.03 
0.01 <0.01 0.01 0.01 

<0.0.5 <0.05 <0.05 <0.0.5 
<0.01 0.01 0.01 0.02 

0 0 0 0 

l\t1 
-· :I 

~ a 
0 c 
:::1 g 
:I 

" 0 ;;: 

N ...... 
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PULPIT SERIES 

Pulpit soils are deep and well drained. They typically have a very fine sandy loam surface 

layer about 3 inches thick. The upper subsoil is noncalcareous loam and very fine sandy 

loam about 9 inches thick. The lower subsoil to a depth of 30 inches is calcareous loam. 

Hard sandstone bedrock occurs at 30 inches. Permeability is moderate and the available 

water capacity is moderate. 

Range of Characteristics: Depth to bedrock and solum thickness range from. 20 to 40 

inches with bedrock usually occurring between 25 and 35 inches. Soil color hue is 5YR or 

7.5YR. Texture of the A horizon is very fine sandy loam or loam with 5 to 18 percent 

clay. Texture of the Bt horizon is loam, very fine sandy loam or sandy clay loam with 18 

to 25 percent clay. The Btk and Bk horizons have 5 to 25 percent calcium carbonate 

equivalent, which increases with depth and is generally highest immediately above 

bedrock. 
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SOIL NAME: PULPIT very fine sandy loam 
Map Unit Symbol: 5 

Stop Number: 5-1 
Parent Material: Eolian 

Classification: Fine-silty, mixed, mesic Ustollic Haplargids 

Horizon A BA Bt Btk Bk R 
Depth (inches) 0-3 3-5 3-12 12-23 23-30 30+ 
Color 

Dry 5YR 614 5YR 514 5YR 514 5YR 615 SYR 812 hard, calcareous 
Moist 5YR 4/4 5YR 4/4 5YR 414 SYR 414 5YR 614 sandstone 

Texture (USDA) VFSL combined L L L 
%VFS 34.8 with Bt 24.3 30.2 22.8 
%Sand 48.4 horizon 38.4 44.7 37.5 
%Silt 45.4 for 4(.6 34.6 40.0 
%Clay 6.2 sampling 20 20.7 22.5 

Structure 
Primary 1 f gr 1 m&c sbk 2 c pr 2 m&f sbk I f sbk 
Secondary 2 m&c sbk 

Consistence 
Dry so sh h h h 
Moist vfr vfr vfr vfr vfr 
Wet so/po sslpo slsp s/sp slsp 

pH (paste) 6.9 7.1 7.8 7.9 
Reaction (10% HCl) eo eo eo es ev 
Carbonates d&c sm,sf,ss d&c sm,sf 
Rock fragments none none none none none 

to 
Roots 3f,m, lc 3f,m,c 2f, 1m,c 2f, 1m,c lf,m,c 
Clay Films none none 4 n pf 3 n pf none 
Boundary cs cs gw gw aw 
Saturation % 35.1 44.3 41.1 40.3 
Soluble cations 

Ca (ppm) 2.56 1.44 1.80 1.62 
Mg (ppm) 1.09 0.57 0.60 1.25 
Na (ppm) 1.51 1.04 1.31 1.71 

SAR 1.12 1.04 1.20 1.43 
EC (mmhos) 0.54 0.31 0."36 0.44 
CaC03 0.6 1.0 6.3 20.1 
Boron (ppm) 0.33 0.37 0.23 0.33 
Selenium (ppm) <0.02 <0.02 <0.02 <0.02 
Total Sulfur 0.01 0.04 0.01 0.04 
Acid-base 0.31 1.25 0.31 1.25 
Neutralization potential 6.39 9.51 62.7 201.0 
Acid-bas.e potential 6.08 8.26 62.4 200.0 
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SAN MATEO SERIES 

San Mateo soils are deep and well drained. They typically have a loam surface layer about 

1 inch thick and a clay loam subsurface layer about 5 inches thick. The subsoil is 

calcareous coarsely-stratified sandy clay loams, loams, clay loams and silty clay loams to a 

depth of more than 60 inches. Permeability is moderate to moderately slow and the 

available water capacity is high. 

Range of Characteristics: Depth to bedrock ranges from. 10 to more than 25 feet As 

shown by the deep hole analysis results, depth to high salinity and sodicity is 10 to more 

than 25 feet. The soils exhibiting high salt and sodium concentrations are primarily 

associated with the Reed Valley Wash. 

A thin Bw horizon occurs in some pe.dons. These soils commonly are finely- to coarsely

stratified with buried horizons, especially Bk horizons. Textures in the control section 

range from fine sandy loams to silty clay loams, with a weighted average clay content from · 

18 to 35 percent. Soil hues are either 7 .5YR or 1 OYR. 



SOIL NAME: SAN MATEO loam 
Map Unit Symbol: 13 

Stop Number: 13-14 
Parent Material: Alluvium 
Classification: Fine-loamy, mixed (calcareous). mesic Us tic· Torrinuvents 

Horizon A Bw Bkl Bk2 C1 
Deplh (inches) 0-4 4-9 9-24 24-47 47-73 
Color 

Dry 7.5YR 614 7.5YR 6/4 7.5YR 5/3 7.5YR 513 7.5YR 6/4 
Moist 7.5YR 514 7.5YR 514 7.5YR 414 7.5YR 4/3 7.5YR 514 

Texture (USDA) L L CL L FSL 
%VfS 27.9 24.2 )6.6 19.6 27.9 
%Sand 40.0 28.2 22.7 27.3 64.5 
%Sill 48.4 49.3 46.6 46.5 26.6 
%Clay 11.6 22.5 30.7 26.2 8.9 

Structure 
Primary I m&f sbk 2 m&c sbk I m sbk 1 m sbk m 
Secondary 

Consistence 
Dry so sh vh h so 
Moist vfr vfr fi vfr vfr 
Wet so/po s/sp s/p s/p so/po 

pll (paste) 1.5 7.6 7.5 7.5 1.5 
Reaction (10% IICl) e e es es es 
Carbonates d d d;lsf d;lsf d 
Rock fragments none none none none none 
Roots 3f 3f,2m,c 2f,m,c 2f,m,c 2f,m,c 
Clay Films none none none none none 
Boundary cs cs gw gw gw 
Saturation % 37.1 36.7 48.0 45.9 30.3 
Soluble cations 

Ca (ppm) 4.84 1.38 2.69 4.07 2.87 
Mg (ppm) 1.56 0.31 0.62 1.20 1.66 
Na (ppm) 1.07 1.50 1.65 1.84 1.59 

SAR 0.60 1.63 1.28 1.13 1.06 
EC (mmhos) 1.06 0.35 0.50 0.68 0.70 
CaC03 3.0 3.4 3.5 3.9 2.6 
Boron (ppm) 2.12 0.76 0.58 0.48 0.53 
Selenium (ppm) <0.02 <0.02 <0.02 <0.02 <0.02 
Total Sulfur 0.05 0.05 0.06 0.06 0.05 
Acid-base 1.56 1.56 1.87 1.87 1.56 
Neutralization potential 30.3 33.5 34.5 39.3 25.5 
Acid-base potential 28.7 31.9 32.6 37.4 23.9 

73-97 97-111 111-144 144-196 

---------------------·Not described-------------'--------· 
----------------------Not described---------------------· 

L L VFSL VFSL 
25.1 19.4 27.1 24.1 
30.0 28.2 46.4 43.6 
47.5 52.0 34.7 37.5 
22.5 19.8 18.9 18.9 

---------------------Not described--------------------· 

---------------------Not described---------------------· 
---------------------Not described---------------------· 
----------------------Not described---------------------· 
1.5 1.5 1.5 1.4 
----------------------Not described----------------..:----· 
---------------------Not described----~----------------· 
----------------------Not described---------------------· 
---------------------Not described-------------------:-· 
--------------------Not described---------------------
--------------------Not described---------------------· 
41.8 43.9 38.6 38.4 

9.91 28.9 ( 19.7 21.8 
6.12 15.4 12.3 47.5-
8.41 13.8 18.0 48.9 
2.97 2.93 4.50 8.31 
2.58 4.77 4.26 "'·~.._ 
3.0 2.1 2.3 2.6 
0.78 1.15 0.63 0.52 

<0.02 0.02 <0.02 0.02 
0.06 0.36 0.09 0.22 
1.87 11.2 2.81 6.87 
30.1 21.1 23.3 26.4 
28.2 9.86 20.5 19.5 

2Cr 
196 

l\11 
-· ::1 

~ 
a 
0 c 
:I 

&! -· sandstone 1::1 

" 0 r: 

N 
(A 



SOIL NAME: SAN MATEO clay loam 
Map Unit Symbol: 1 3A 

Stop Nun\bcr: 19-65 
P;uent Material: Alluvium 

Vegelt~tion: Atca, Brte, Bogr, Agsm 

Location: NEI/4, NWI/4, Sec.4, T35N, RI9E 
Elevation: 6620' 
Slope(%): I 

. Aspect: W 

Clt~ssification: fine-loamy, mixed, mesic Uslic Torritluvents 

Horizon 
Depth (inches) 
Color 

Dry 
Moist 

Texture (USDA) 
%~fS 
%VfS 
%Sand 
%Silt 
%Clay 

Structure 
Primary 
Sccmubry 

Consistence 
Dry 
Moist 
Wet 

pH (paste) 
Reaction (10% IICI) 
Ct~rbont~tes 
Rod~ fragments 
Routs 
Pores 
Clay· films 
Bound;uy 
Saturation % 
Soluble cations 

SAR 

Ca (ppm) 
Mg (ppm) 
Na (ppm) 

EC (mmhos/cm) 
C.-.003 
Total sulfur(%) 
Sulfate sulfur (%) 
Pyritic sulfur(%) 
Organic sulfur(%) 

A 
0-6 

IOYR 6/2 
IOYR 412 

CL 
13 
14 
27 
42 
31 

2 VC pi 

vh 
fi 

s/p 
7.8 

e 
d 

none 
I vf,f,m 

2vf 
none 

cs 
28.8 

3.0 
1.4 
0.3 
0.2 
0.7 

Lime requirement (SMP) 

Bw 
6.,-13 

JOYR 513 
JOYR 3/3 

SCL 
29 
19 
48 
25 
27 

J vc pr 
2 m&c sbk 

vh 
fi 

sip 
7.9 

e 
d 

none 
lvf,f,m 

3vf 
none 

CW 

26.2 

3.2 
1.4 
0.1 
0.2 
0.7 

BU Bk2 
13-30 30-48 

IOYR 513 JOYR 512 
IOYR 413 IOYR 412 
VFSLISCL (..1.. 

51 II 
l.S 19 
66 30 
14 42 
20 28 

m m 

sh h 
vfr fr 

ss/sp ss/p 
7.9 7.9 

e e 
d d 

none none 
2vf,lf,lm lvf,f,m 

2vf 3vf 
none none 
gw gw 

21t8 35.1 

5.0 3.7 
2.4 2.1 
0.7 0.8 
0.3 o.s 
0.8 0.6 

BU 
48-72 48-72 72-96 96-120 120-144 144-168 168-192 192-216 

JOYR 512 ----------------------------------------------Not described---------------------------------------------------
IOYR 412 ------~--------~---------------·-···-··"·····-· Not describcd---------------------------------------------------

SiCL (.1. SiCL SiCL 0.. 0.. SCL SCL 
3 6 4 4 26 18 46 48 
12 18 14 IS 14 19 IS 13 
I.S 24 18 19 40 37 61 61 
49 40 4S so 28 34 15 15 
36 36 37 31 12 29 24 24 

m --------------------···········-··-····-····----·Not described------------------------------------------------
---·-··-·--·····-··-----------------------------N o 1 dcsc ribcd --------------------------------------------------"· 

--"·--------------------------------------------·Not described------------------------------------------------· 
------------------------------------------------ Not described--------------------------------------------------

sip ------------------------------------------------ Not describcd-------------------~----------------------------
7.7 7.7 7.7 7.8 7.9 8.1 7.9 8.0 

e ----------------------------------------------Not described-------------------------------------------------
d&sf ----------------------~----------------------·Not described------------------------------------------------
none ----~------------------------------------------Not described---------------..;·--------------------------------· 
2f,vf ---------------------------------------------Not describcd-~------------------~7·--------------------------· 

-~---------------------------------------------Noa described------------------------------------------------· 
none ----------------------~----------------------Not described------------------------------------------·--·-· 

-----------------------------------------------Nol described------------------------------------------------· 
42.1 41.0 39.4 38.6 37.8 38.1 34.6 32.3 

22.7 30.0 36.4 31.2 22.7 22.8 22.6 23.4 
11.2 14.8 21.7 36.3 108.3 191.6 170.2 129.1 
8.3 18.2 17.5 67.0 108.3 146.5 126.5 • 99.1 
2.0 
3.8 

3.9 6.8 ~ ~-" ;~~J .. ti~':,. ft'i:l~2ii.,9;;sb .~JW4'-'> 

5.3 ,,~,~~;- !JiM» ,:a~~·,-\r"";;""''·'6" "'-2"'d~~", "'- ·,:i\tllfii',."-- "if'it~~~ 
1.6 0.6 0.8 0.08 0.6 

0.24 0.61 0.58 O.S2 0.57 
0.15 0.46 O.Sl 0.43 0.53 

<0.05 <:0.05 <0.05 <0.05 <0.05 
0.09 0.15 O.OS 0.09 0.04 

0 0 0 0 0 

l\11 
-· ::1 

~ 
a 
0 c 
::1 
~ -· ::1 

"' 0 ;;: 

N 
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SHARPS SERIES 

Sharps soils are moderately deep and well drained. They typically have a very fine sandy 

loam surface layer about 2 inches thick. The upper subsoil is noncalcareous sandy clay 

loam about 6 inches thick. The lower subsoil to a depth of 34 inches is calcareous sandy 

clay loam. Soft shale bedrock occurs at 34 inches. Permeability is moderate and the 

available water capacity is moderate. 

Range of Characteristics: These soils are very similar to the Pulpit series with 

difference being in the type of underlying bedrock. Bedrock is shale or soft sandstone. 
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SOIL NAME: SHARPS very fine sandy loam Location: NEl/4, NWl/4, Sec 22, T36N, R18E 
Map Unit Symbol: 6A Elevation: 6720 

Stop Number: 12-213 Slope(%): 8 
Parent Material: Eolian material Aspect: NW 

Vegetation: Artr, Sihy, Bogr, Orhy, Gu·sa, Brte 
Classification: Fine-silty, mixed, mesic Ustollic Haplargids 

Horizon A BA Btl Bt2 Btk 2Bk 2Cr 
Depth (inches) 0-2 2-5 5-10 10-17 17-24 24-31 31+ 
Color 

Dry 7.5YR 516 SYR 518 5YR 516 5YR 516 5YR 516 10YR 6/4 soft 
Moist 7.5YR 416 5YR 4/4 5YR 4/4 5YR 4/4 5YR 416 lOYR 514 shale 

Texture (USDA) VFSL VFSL SCUVFSL SCL SCL c 
%~FS 33 27 32 29 30 17 
%VFS 36 38 39 36 31 19 
%Sand 69 65 71 65 61 36 
%Silt 15 16 9 14 15 23 
%Clay 16 19 20 21 24 41 

Structure 
Primary 1 t pl 1 c pl 2m sbk 2m pr 2 m abkl massive 
Secondary 2m sbk massive 

Consistence 
Dry so sh h vh vh h 
Moist vfr vfr vfr fr fr fi 
Wet solpo ss/sp sslp ss/p ss/p sip 

pH (paste) 7.3 7.3 7.7 7.9 7.9 8.1 
Reaction (10% HCl) eo eo eo e es ev 
Carbonates d d&sf d&sf,sm 
Rock fragments none none none none none none 
Roots 2vf,f,m 2vf,f,m 2vf,1f,m lvf,f,m 1 vf,f 1vf,m 
Pores lvf 1vf lvf 2vf 1vf 
Clay Films none none 2 n pf 3 n pf 2 n pf none 
Boundary cs CW CW gw cw cb 
Saturation % 29.9 30.6 33.0 35.6 35.2 46.6 
Soluble cations 

Ca (ppm) 2.3 2.3 3.3 3.3 2.2 2.2 
Mg (ppm) 1.0 0.8 1.3 1.6 1.5 1.5 
Na (ppm) 0.2 0.1 0.3 0.4 1.0 2.5 

SAR 0.1 0.1 0.2 0.3 0.7 1.8 
EC (rnmhos/cm) 0.3 0.3 0.4 0.5 0.4 0.6 
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c 
SOIL NAME: SHARPS loam Location: SWl/4, NWl/4, Sec 34, T36N, Rl9E 

Map Unit Symbol: 6A Elevation: 6850' 
Stop Number: 19-48 Slope(%): 2 

Parent Material: Eolian material Aspect: N 
Vegetation: Artr, Sihy, Bogr, Orhy, Gusa, Brte 

Classification: Fine-silty, mixed, mesic U stollic Haplargids 

Horizon A Btl Bt2 Btk 2Bt 2Cr Depth (inches) 0-2 2-6 6-15 15-21 21-27 27+ Color (crushed) 
Dry 7.5YR 514 7.5YR 514 7.5YR 514 1.5YR 514 lOYR 6/6 calcareous 
Moist 7.5YR 3/4 7.5YR 4/4 7.5YR 3/4 7.5YR 414 10YR 516 siltstone 

Texture (USDA) L L CL SCL c 
%~FS 9 9 8 19 21 
%VFS 31 26 24 28 15 
%Sand 40 35 32 47 36 
%Silt 42 40 36 24 21 
%Clay 18 25 32 29 43 

Structure 
Primary l c pl 1 c pl 2m sbk 2m sbk 2m abk .. 
Secondary 2 f gr 

Consistence 
Dry so h h vh eh 
Moist vfr vfr fr fr fi 
Wet so/sp s/p s/p s/p s/p 

pH (paste) 7 7.2 7.1 7.8 7.8 
Reaction (10% HCl) eo eo eo e es 
Carbonates d&sm d 
Rock fragments none none none none none 
Roots 2vf,2f 2vf,2f 2vf,2f 2vf,2f,1m 1 vf 
Pores none lvf lvf 2vf lvf 
Clay Films none 2 n pf 3 n pf 3 n pf none 
Boundary cs cw gs gw CW 
Saturation % 30.1 36.0 37.8 37.3 46.6 
Soluble cations 

Ca (ppm) 2.5 2.6 2.4 2.6 2.1 
Mg (ppm) 1.0 1.0 0.8 1:2 1.3 
Na (ppm) 0.2 0.3 0.3 0.6 1.6 

SAR 0.2 0.2 0.2 0.4 1.2 
EC (mmhos/cm) 0.4 0.3 0.3 0.4 0.5 
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SOIL NAME: SHARPS very fine sandy loam Location: SEl/4, NWl/4, Sec. 22, T36N, R18E 
Map Unit Symbol: 6A Elevation: 6680' 

Stop Number: 12-54 Slope(%): 3 
Parent Material: Water-reworked eolian material Aspect: NW 

Vegetation: Artr, Sihy, Bogr, Orhy, Gusa, Brte 
Classification: Fine-silty, mixed, mesic Ustollic Haplargids 

Horizon A Btl Bt2 Btk Bk 2Cr 
Depth (inches) 0-2 2-5 5-11 11-27 27-34 34 
Color 

Dry 7.5YR 516 7.5YR 516 7.5YR 516 7.SYR 616 7.5YR 6/6 soft calcareous 
Moist 7.5YR 4/6 7.SYR·4/4 1.SYR 4t6 1.SYR 516 7.SYR 516 grey shale 

Texture (USDA) VFSL SCL SCL SCL SCL 
%;::Fs 24 17 24 20 16 
%VFS 36 33 36 41 35 
%Sand 60 50 60 61 51 
%Silt 27 21 16 IS 17 
%Clay 13 29 24 24 32 

Structure 
Primary 1 t pl 2 c pl 2 c sbk 1 c pr m 
Secondary 1m sbk 

Consistence 
Dry s vh eh eh eh 
Moist vf vfr fr fr fr 
Wet solpo ss/sp ss/sp ss/sp ss/sp 

pH (paste) 7.2 7.0 7.5 8.2 8.3 
Reaction ( 10% HCI) eo eo *eo es es 
Carbonates d&fsf,sm d&fsf,sm 
Rock fragments none none none none none 
Roots 2vf,f 2vf,f 2vf,f,lm 1 vf,f,m 1vf 
Pores 1 vf lvf 2vf 2vf 2vf 
Clay Films none 1 n pf 3 n pf 2 n pf none 
Boundary cw CW gw gw CW 

Saturation % 28.8 36.9 38.3 33.3 36.1 
Soluble cations 

Ca (ppm) 2.3 2.3 4.3 1.9 1.2 
Mg (ppm) 1.0 0.8 1.3 1.5 1.4 
Na (ppm) 0.2 0.2 0.3 0.5 1.5 

SAR 0.2 0.1 0.2 0.4 1.3 
EC (mmhos/cm) 0.3 0.3 0.5 0.4 0.4 

Note: * lower 3" is slightly effervescent 
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SOIL NAME: SHARPS very fine sandy loam 
Map Unit Symbol: 6 

Stop Number: 6-2 
Parent Material: Eolian 

Classification: Fine-silty, mixed, mesic Ustollic Haplargids 

Horizon A Bt Btk Bk Cr 
Depth (inches) 0-2 2-5 5-10 10-30 30+ 
Color 

Dry 5YR 614 5YR 514 5YR 614 5YR 6/4 sandy shale 
Moist 5YR 414 5YR 414 5YR 414 5YR 514 

Texture (USDA) L combined SL L 
%VFS 37.0 with Btk 66.7 29.8 
%Sand 47.3 horizon 71.8 39.1 
%Silt 45.6 for 23.8 45.6 
%Clay 7.1 sampling 4.4 15.3 

Structure 
Primary 1 vf sbk 2m pr 2 msbk 1 m&f sbk 
Secondary 2m sbk 

Consistence 
Dry so sh sh sh 
Moist vfr vfr vfr vfr 
Wet sotpo ss/po ss/po ss/po 

pH (paste) 7.0 7.1 7.6 
Reaction (10% HCl) eo eo es es 
Carbonates d& sm. sf d& sm, sf 
Rock fragments none none none none 
Roots 3f,m,c 3f,m,c 3f,m,c 3f,m 
Clay Films none 4 n pf 3 n pf none 
Boundary cs cs gw gw 
Saturation % 34.1 38.7 42.9 
Soluble cations 

Ca (ppm) 2.98 2.78 2.25 
Mg (ppm) 0.78 0.65 0.53 
Na (ppm) 1.02 0.81 1.04 

SAR 0.74 0.62 0.88 
EC (mmhos) 0.49 0.46 0.38 
CaC03 1.0 1.1 6.6 
Boron (ppm) 0.5 0.65 0.47 
Selenium (ppm) <0.02 <0.02 <0.02 
Total Sulfur 0.08 0.10 0.11 
Acid-base 2.50 3.12 3.43 
Neutralization potential 9.77 10.7 66.2 
Acid-base potential 7.27 7.58 62.8 
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TRA VESSILLA SERIES 

Travessilla soils are shallow and well drained. They typically have a channery fine sandy 

loam surface layer about 2 inches thick. The substratum to a depth of 7 inches is fine sandy 

loam. Hard sandstone bedrock occurs at 7 inches. Permeability is moderately rapid and 

the available water capacity is low. 

Range of Characteristics: Depth to bedrock, usually hard sandstone, ranges from 2 to 

20 inches. Because of the severe erosion that has occurred on these soils, bedrock is 

generally within 6 inches. Textures are loam or fine sandy loam with 10 to 18 percent clay. 

Surficial rock fragments, mainly sandstone channers or flagstones, are quite variable, 

ranging from 5 to 60 percent. 
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SOIL NAME: 
Map Unit Symbol: 

Stop Number: 
Parent Material: 

Vegetation: 
Classification: 

Horizon 
Depth (inches) 
Color 

Dry 
Moist 

Texture (USDA) 
%~FS 
%VFS 
%Sand 
%Silt 
%Clay 

Structure 
Primary 
Secondary 

Consistence 
Dry 
Moist 
Wet 

pH (paste) 
Reaction (10% HCl) 
Carbonates 
Rock fragments % 
Roots 
Pores 
Clay Films 
Boundary 
Saturation % 
Soluble cations 

SAR. 

Ca (ppm) 
Mg (ppm) 
Na (ppmf 

EC (m.mhos/cm) 

33 

TRAVESSILLA channery fine sandy loam 
7B Location: SEl/4, SWl/4, Sec. 27, T35N, RISE 
27-41 Elevation: 6390' 
Sandstone residuum Slope(%): 7 
Pied, Jumo, Gusa, Orhy, Sihy Aspect: SW 
Loamy, mixed. (calcareous), mesic, Lithic Ustic Torriorthents 

A c R 
0-2 2-7 7+ 

IOYR 514 2.5Y 614 hard grayish white calcareous sandstone 
IOYR 414 2.5Y 516 

FSL FSL 
61 71 
15 9 
76 80 
11 7 
13 13 

1 m pl 
2 f gr m 

so sh 
vfr vfr 

so/po so/po 
8.0 7.7 
e es 
d d 

18.8 1.8 
1 vf 1 vf,f 

none none 
none none 

cs as 
29.6 34.8 

4.1 4.4 
0.5 1.1 
0.1 0.2 
0.1 0.1 
0.4 0.5 



it..:._____ __ 

34 

ZTh1E SERIES 

Zyme soils are shallow and well drained. They typically have a very channery loam 

surface layer about 1 inch thick. The substratum to a depth of 6 inches is clay. Soft shale 

bedrock occurs at 6 inches. Permeability is slow and the available water capacity is low. 

Range of Characteristics: Depth to bedrock, usually shale, ranges fro~ 2 to 20 

inches. Because of the severe erosion that has occurred on these soils, bedrock is generally 

within 6 inches. Surface textures are variable and range from loam to clay. Surficial rock 

fragments, mainly sandstone channers or flagstones, are also quite variable, ra.nging from 5 

to 60 percent. The textures of the horizons below the surface layer are clay loam, clay or 

silty clay with more than 35 percent clay. 
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SOIL NAME: ZYME vecy channery loam Location: 
Map Unit Symbol: 3C Elevation: 

NEl/4, SWl/4, Sec. 34, T36N, Rl9E 
6840' 

Stop Number: ·12-66 Slope(%): 6 
Parent Material: Residuum Aspect: ESE 

Vegetation: Pied, Jumo, Atca, Sihy, Orhy, mustard, Artr 
Classification: Clayey, montmorillonitic (calCareous), mesic, shallow Ustic Torriorthents 

Horizon Al A2 c Cr 
Depth (inches) 0-1 1-3 3-6 6+ 
Color (crushed) 

Dry lOYR 614 10YR 612 2.5Y 6/2 soft interbedded calcareous 
Moist shale and sandstone 

Texture (USDA) SCUL c c 
%~FS 33 20 15 
%VFS 14 8 6 
%Sand 47 28 21 
%Silt 28 28 33 
%Clay 25 g~~~· ~~ 

Structure 
""""·~ .>,~_ • 

Primary 1 fgr 2 e-ve pr 2 f gr 
Secondary 3 vf gr m 

Consistence 
Dry so vh vh 
Moist vfr fr fr 
Wet s/p s/p s/p 

pH (paste) 7.9 7.9 7.7 
Reaction (10% HCI) e ev ev 
Carbonates d d d 
Rock fragments % 33 6.6 12.3 
Roots none I vf,f,m I vf,f,m 
Pores 2 vf,f (v) 1 vf (i) none 
Clay Films none none none 
Boundary aw CW cw 
Saturation % 28.5 43.1 48.1 
Soluble ·cations 

Ca (ppm) 3.8 2.7 3.9 
Mg (ppm) 0.7 0.5 0.9 
Na (ppm) 0.2 0.1 0.1 

SAR 0.1 0.1 0.1 
EC (mmhos/cm) 0.4 0.3 0.4 
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SOIL NAME: 
Map Unit Symbol: 

Stop Number: 
Parent Material: 

Vegetation: 
Classification: 

Horizon 
Depth (inches) 
Color 

Dry 
Moist 

Texture (USDA) 
%2! FS 
%VFS 
%Sand 
%Silt 
%Clay 

Structure 
Primary 
Secondary 

Consistence 
Dry 
Moist 
Wet 

pH (paste) 
Reaction ( 10% HCI) 
Carbonates 
Rock fragments % 
Roots 
Pores 
Clay Films 
Boundary 
Saturation % 
Soluble cations 

Ca (ppm) 
Mg (ppm) 
Na (ppm) 

SAR 
EC (mmhos/cm) 

ZYME channery silty clay 
40 
12-261 
Non-calcareous shale 
Pied, Jumo 

Location: SEl/4, SEl/4, Sec. 15, T36N, RISE 
Elevation: 6720' 
Slope(%): 26 

Aspect: East 

Clayey, montmorillonitic (calcareous), mesic, shallow Ustic Torriorthents 

A 
0-3 

5Y 6/1 
2.5Y 512 

SiC 
2 
2 
4 

46 
-~~ ::~t.~j~ 

2mc pr 
3 vf gr 

h 
fr 

sip 
7.8 

e 
d 

9.1 
1 vf,f 
none 
none 

cw 
48.2 

2.9 
3.3 
0.3 
0.2 
0.7 

Cr 
3+ 

SY 6/1 
non calcareous shale 

SiC 
1 
1 
2 
51 
47 

7.9 

57.5 

54.0 

1.7 
2.0 
0.4 
0.3 
0.4 
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ATTACHMENT 4 

ADDITIONAL SOIL ANALYSIS RESULTS 

FROM THE 1984 MARIAH STUDY 
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July 9. 1984 

Lab 
No. 

28052 
28053 
28054 
28055 
28056 
28057 
28058 

28037 
28038 
28039 
28040 
28041 
28042 
28043 
28044 

Sample 
10 

11-67-1 
11-37-2 
ll-67-3 
11-67-4 
11-67-~ 

11-67-6 
11-67-7 

1'-6-1 
11-6-2&3 
11-6-4 
11-6-5 
11-6-6 
11-p-7 
11-6-8 
11-6-9 

D~pth 
In. 

0-3 
3-12 

12-22 
22-29 
29-46 
46-75 
75-91 

0-3 
3-9 
9-18 

'18-42 
42-61 
61-73 
73-83 
83-97 

11t Sodium Adsorption Ratio. 

PEABODY COAL COMPANY 
FLAGSTAFF, ARIZONA 

Analysts by: INTER-HOUNTAIN LABORATORIES 

Hine: KAYENTA/BLACK HESA 

Conduc- Satur
pH tivity atton 

mmho&lcll % 

6.6 0.35 34.9 
1.0 0.41 45.1 
7.4 0.41 40.8 
7.7 0.35 40.0 
7.9 0.47 34.5 
8.1 0.81 34.9 
8.0 1.57 29.9 

6. 7 0.53 48.8 
7.4 0.46 45.3 
7. 4 0.41 41.0 
7.8 0.42 37.2 
e. 1 0.47 34.5 
8.1 1. 33 30.3 
El. 2 2.80 43.0 
8.1 3.50 38.5 

Topsoil Analysis 

Soluble Cation• 
Ca Hg Na 

meq/1 meq/1 meq/1 

1.66 0.90 0.90 
2.90 0.81 0. 72 
2.37 1.02 1.20 
1. 58 o.8t 1. 42 
l. 23 0.68 2.91 
1.55 0.95 6.51 
2.53 2.42 10.1 

3.57 1.83 0.84 
2. 71. 1. 35 1.55 
2.46 1. 41 1. 05 
1.68 1. 72 1. 31 
0.90 1.05 3.20 
1 .. 32 2.31 9.58 
2.01 5.56 18.9 
2.58 9.45 23.8 

Very 
Fine 

SAR CaC03 Sand Sand Silt Clay 
Cll % % % % % 

0.91 0.6 35.8 50.0 39.6 10.4 
0.51 1.0 29.6 44.5 39.7 15.8 
0.92 1.3 23.3 44.7 36.4 18.9 
1. 29 1.9 24.5 47.5' 34.5 19.0 
2.98 t.5 25.9 47.5 35.4 17.1 
5.82 5.2 22.8 48.4 39.1 12.5 
6.42 2.8 20.6 68.4 20.9 10.7 

0.51 0.5 39.2 53.6 40.0 6.4 
1. 09 1.2 30.2 42.7 38.2 19.1 
0.75 1.4 28.1 . 41.8 41.8 16.4 
1.00 2.1 30.4 45.5 38.1 16.4 
3.24 4.8 25.9 54.5 31.0 14.5 
7.11 1.2 14.3 71.8 16.4 11.8 
9.71 2.8 15.6 40.0 39.1 20.9 
9.70 6.9 24.8 43.6 40.0 16.4 

0 

Texture 

LOAH 
LOAH 
LOAH 
LOAM 
LOAM 
LOAH 

SANOY LOAM 

SANOY LOAH 
LOAH 
LOAM 
LOAH 

SANDY LOAM 
SANDY LOAM 

LOAH 
LOAH 

....... 
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July 9, 1984 

Lab 
No. 

28052 
26053 
28054 
26055 
28056 
28057 
26058 

28037 
26036 
28039 
28040 

"28041 

Sample 
10 

11-67-1 
11-37-2 
11-67-3 
11-67-f 
11:-67-5 
11-67-6 
11-67-7 

16-6-1 
11-6-2&.3 
11-6-4 
11-6-5 
11-6-6 

28042 . 11-6-7 
28043 11-6-B 
28044 11-6-9 

C2J Hot-water Soluble. 

Depth 
In. 

0-3 
3-12 

12-22 
22-2,9 
29-46 
46-75 
75-93 

0~3 

3-9 
9-18 

18-42 
42-61 
61-73 
73-83 
83-97 

Selenium 
ppm 
• 2) 

-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 

-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 
-0.02 

PEABODY COAL COHPANY 
FLAGSTAFF, ARIZONA 

Analysis by: INTER-HOUNTAIN LABORATORIES 

Hine: KAYENTA/BLACK HESA 

Boron 
PFm 
c 2, 

0.41 
0.57 
o . .;6 
0. 46 
0.67 
0.56 
0. 34 

l. 96 
0.71 
0.51 
0. 49 
0.63 
0.53 
0.54 
0.57 

Topsoil Analysis 

Total Sulfur 
% 

0.06 
0.06 
0.01 
0.04 
0.01 
0.01 
0.05 

0.03 
0.04 
0.01 
0.01 
0.04 
0.04 
0.05 
0.06 

Acid-Base 
( 3) 

1.87 
1.87 
0.31 
1. 25 
0. 31 
0.31 
1.56 

0.94 
1.25 
0.31 
0.31 
1. 25 
1.25 
1.56 
1.87 

Neutralization 
Potential 

( 4. 

6.11 
9.85 
12.5 
19.2 
45.4 
52.1 
27.6 

4.51 
11.7 
13.8 
ll.l 
48.3 
11.6 
28.2 
69.3 

&3» Calculated using Total Sulfur an2lyGi&. 14) Ton& per 1000 Tons Material. 

Acid-Base 
Potential 

(4) 

4.24 
7.98 
12.2 
16.0 

·~· 1 51 B 
26. ~·· 

3.57 
10.5 
13.5 
20.8 
47.1 
10.4 
26.6 
67.4 

N 
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July 10. 1984 

Lab 
No. 

28089 
28090 
28091 
28092 
28093 
28094 
28095 

28096 
28097 
28098 
28099 
28100 
28101 
29102 
28103 

Sample 
ID 

13-205 
! 

13-405 

Oept.h 
ft. 

10.0-12.0 
12.0-14.0 
1~.0-16.0 

16.0-19.0 
18.0-20.0 
20.0-22.0 
22.0-22.~ 

10.0-12.0 
12. o-.14. o 
14.0-16.0 
16.0-18.0 
18.0-30.0 
20.0-22.0 
22.0-24.0 
24.0-26.0 

Cl) Sod~um.Ad&orption Rat1o. 

PEABODY COAL COHPANY 
FLAGSTAFf. ARIZONA 

Analy&i& by: INTER-MOUNTAIN LABORATORIES 

Hine: KAYENTA/BLACK HESA 

Conduc- Sat ur
pH • tivity ation 

rnmhos/ca % 

Topsoil Analysis 

Soluble Cations 
Ca Hg Na 

meq/1 maq/1 meq/1 

Very 
fine 

SAR CaC03 Sand Sand Silt Clay 

(1) % % " " " 

Texture 

7.5 l. 99 52.0 10.9 5.29 3.90 1. 37 2.0 11.9 18.4 47.1 34.5 SILTY CLAY LOAM 
7.4 2.29 44.6 12.0 5.18 5.04 1.69 2.7 15.2 28.4 44.3 27.3 CLAY LOAM 
7.4 2.76 35.-4 24.8 18.9 2.98 0.64 1.4 20.7 45.6 35.3 19.1 LOAH 
7.4 3.10 34.4 25.1 19;8 3.04 0.65 1.1 20.6 57.5 26.J 16.4 SANDY LOAM 
7.6 3.2~ 29.3 21.7 21.3 4.57 0.99 1.4 16.2 67.5 18.0 14.5 SANDY LOAH 
7~7 3.56 36.4 22.4 24.7 3.86 0.90 1.4 19.8 46.9 33.1 20.0 IDAH 
7.5 3. 47 31.9 25.0 20.1 3.84 0.81 1.3 15.0 62.0 23.5 14.5 SANOY LOAH 

I 7.4 3.07 43.1 19.4 6.35 3.04 0.85 1.7 19.0 29.3 46.2 24.5 WAH 
·7.4 2.96 -40.0 19.0 6.05 3.30 0.9~ 1.4 16.0 25.6 51.7 22.7 SILT LOAH 
7.4 2.69 44.3 16.4 5.73 3.18 0.96 2.4 14.9 23.8 46.2 30.0 CLAY LOAM 
7.-Q 2.'52 38.2 16.3 6.00 3.57 1. 07 1.5 18.4 32.9 42.6 24.5 LOAH 
7.5 2.26 36.2 13.6 '5. 17 4.13 1.35 1.2 21.5 40.·2 38.9 20.9 IDAH 
7.6 2.24 -tl.O 12.7 4.70 4.12 1.40 1.3 17.8 29.3 4·6.2 24.5 LOAM 
7.6 2.17 42.7 l3 .4 4.55 5.04 1.68 1.4 17.3 22.0 50.7 27.3 CLAY LOAM 
7.3 2.22 34.5 13.4 4.51 5 .1-t 1.72 1.0 21.9 52.9 29.8 17.3 SANOY LOAM 

w 



July 10, 1984 

Lab 
No. 

28089 
28090 
28091 
28092 
28093 
28094 
29095 

28096 
28097 
28098 
28099 
28100 
28101 
26102 
28103 

! 

Sample 
10 

13-~DS 

13-405 

C2) Hot-water Soluble. 

Depth 
ln. 

10.0-12.0 
12.0-14.0 
14.0-16;0 
16.0-18.0 
18.0-20.0 
20.0-22.0 
22.0-22.5 

I 
10.0-12.0 
12.0-14.0 
14.0-16.0 
16.0-1a.o 
18.0-20.0 
20.0-22.0 
22.0-24.0 
24.0-26.0 

Se leniu• 
ppm 
« 21 

0.03 
0.04 
0.05 

-0.02 
-0.02 
-0.02 
-o. 02 

0.02 
0.02 
0~02 

0.02 
0.04 
0.03 
0.05 
0.03 

PEABODY COAL COHPANY 
FLAGSTAFF, ARIZONA 

•. 

Analysis by: INTER-HOUNTAIN LABORATORIES 

Hine: KAYENTA/BLACK HESA 

Boron 
ppm 
c 2, 

1. 24 
1.12 
1.16 
0. 35 
0.01 
0.01 
0.01 

1.50 
0.80 
0.59 
0.50 
0.17 
0.11 
0.02 
0.02 

Topsoil Analysil 

Total Sulfur 
% 

0.05 
0.04 
0.05 
0.12 
0.08 
0.54 
0.54 

0.08 
0.07 
0.06 
0.05 
0.05 
0.05 
0.05 
0.04 

Acid-Base 
(3) 

1.56 
1.25 
1.56 
3.75 
2.50 
16.9 
16.9 

2.50 
2.19 
1.87 
1.56 
1.56 
1.56 
1.56 
1. 25 

Neutralization 
Potential 

( 4) 

20.3 
27.1 
14.2 
ll.l 
13.6 
14.3 
13.4 

17.0 
14.0 
23.7 
15.1 
12.2 
13.4 
13.7 
10.3 

C3) Calculated using Total Sulfur analysis. 14) Tons per 1000 fons Y.ateria1. 

Acid-Base 
Potential 

141 

18.7 
25.9 
12.6 
7.45 
11.1 
;~, 

~~~ 

14.5 
11. a 
21.8 
13.5 
10.6 
11. a 
12.1 
9.05. 

~ 



July 10, 1984 

Lab 
No. 

28104 
29105 
29106 
26107 

28108 
29109 
29110 
28111 
28112 
28113 

Sample 
ID 

13-1GDS 
I 

13-1105 

Depth 
ft. 

10.0-12.0 
12.0-14.0 
14.0-15.0 
15.0-15.5 

10.0-12.0 
12.0-14.0 
14.0-16.0 
1o.0-18.o 
18.0-20.0 
20.0-22.0 

11) Sodium Adsorption Ratio. 

P~OODY COAL COHPANY 
FLAGSTAff, ARIZONA 

Analysis by: INTER-MOUNTAIN LABORATORIES 

Hine: KAYENTA/BLACK HESA 

Conduc- Satt.Jr
pH tivity ation 

mmhoslc• % 

7.4 3.60 37.8 
7.4 <ft~- 48.8 
7.4 3. 42 40.0 
7.4 3 .19 34.4 

7.7 0.76 43.2 
7.7 0.75 45.3 
7.7 O.St 43.8 
7,.7 0.79 64.5 
7.7 0. 94 44.4 
7.7 1.02 47.1 

Tc•psoi1 Analy~>ili 

Soluble Cations 
Ca Hg Na 

meq/1 meq/1 meq/1 

24.2 6.98 7.93 
28.9 8.15 8.98 
23.3 6.48 8.10 
20.3 5.75 7.57 

3.63 l. 56 2.03 
3.24 L 43 2.24 
3.13 l. 55 3.29 
2.76 l. 51 3.23 
3.37 1.80 3.82 
3.65 2. 0~ 4.17 

Very 
fine 

SAR CaC03 Sand Sand Silt Clay 
I 11 % % % % % 

2.01 0.9 25.4 39.3 36.2 24.5 

Texture 

LOAH 
2.09 1.5 11.2 13.8 51.7 34.5 SILTY CLAY LOAM 
2.10 1.0 17.2 37.5 38.0 24.5 LOAH 
2.10 O.B 24.7 48.4 28.9 22.7 WAH 

1. 26 1.7 17.4 27.5 39.8 32.7 CLAY LOAM 
1.47 1.5 14.3 24.7 40.8 34.5 CLAY LOAH 
2.15. 0.9 17.8 33.9 37.1 29.1 CLA'i LOAM 
2.21 0. 9, 9.9 12.9 40.7 46.4 SILTY CLAY 
2.38 0.8 16.1 40.2 30.7 29.1 CLAY LOAM 
2.47 0.7 15.8 32.9 36.2 30.9 CLAY LOAH 

-. 
v. 
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July 10. 1984 

Lab 
No. 

2e .. o4 
28 .!.05 
28106 
~8107 

28108 
28109 
28110 
28111 
28112 
28113 

! 

Sample 
1:.) 

13-1~05 

13-1105 

Depth 
In. 

10.0-12.0 
12.0-14.0 
14.0-15.0 
15.0-15.5 

10.0-12.0 
12.0-14.0 
14. o-1 ~ 6. ) 
16.0-18.0 
18.0-20.0 
20.0-22.0 

Se leniu11 
ppm 
c 2: 

0.11 
0.13 
o.oa 
0.06 

0.02 
-0.02 

0. •)2 
0.02 
0.02 
0.03 

} . ._ 

P EABOOY COAL COHPANY 
FLAGSTAFF, ARIZONA 

Analysis by: INTER-MOUNTAIN LABORATORIES 

Hine: KAYENTA/BLACK HESA 

Boron 
ppm 
C21 

0.01 
0.09 
0.01 
0.01 

0.02 
1.08 
1.10 
1.05 
0.61 
0.55 

Top5oil Analysi& 

Total Sulfur 
% 

0.06 
0.07 
0.05 
0.04 

0.04 
0.01 
0.05 
0.05 
0.04 
0.05 

Acid-Base 
'3) 

1.87 
2.19 
1.56 
1.25 

l. 25 
0.31 
1.56 
1.56 
1.25 
1.56 

Neutralization 
Potential 

« 4) 

9.29 
15.4 
10.3 
7.75 

16.8 
15.1 
8.96 
9.21 
8.23 
6.73 

l 2 l Hot-water Sol1.1ble. l 3 t C.al cu 1 a ted using Total Su 1 fur ar.alys is. C 4) Tons per 1000 Ton& Hater ial. 

Acid-Base 
Potential 

f 4, 

7.42 
13.2 
8.7 4 
6.50 

15.6 
14.8 
7.40 
7.65 
6.98 
5.17 

0\ 



.. 

0 

P EABOOY COAL COHPANY 
FLAGSTAFF, ARIZONA 

Analysis by: INTER-HOUNTAIN LABORATORIES 

Jul:r 10, 1984 Hine: KAYENTA/BLACK ~ESA 

Lab 
No. 

28114 
28115 
28116 
28117 ' 

Sample 
10 

13-1305 
I 

Depth 
ft. 

10.0-12.0 
12.0-14.0 
14.0-16.0 
16.0-18.0 

Conduc- Satur
pH tivity ation 

mmhos/cl % 

7.9 ce•;~i 33.7 
7.9 -~1l'tt9fi·, 39.3 
6.7 "~til~~~z, 48.-4 
8.2 '~~~~ 37.1 

28118 13-14DS 14. 0-16 . 0 ~-~·'"" ,,.,.7JNG'P > 36.~ 
28119 16.0-17.3 8.1 .~~~~$--· 37.5 

.. 
28120 13-150S 10.0-12.0 8.2 iJ'9"ii£~~- 32.7 
28121' 12.0-14.0 8.1 :~W 33.1 

fl) Sodium Adsorp~ion Ratio. 

Topsoil Analysis 

Soluble Cations 
Ca Hg Na 

meq/l meq/1 meq/1 

30.1 143. 58.3 
29.2 148. 59.5 
33.5 151. 6.49 
32.8 218. 140. 

23.2 38.9 28.7 
32.0 250. 170. 

3.07 182. 152. 
25.2 125. 124. 

Very 
Fine 

SAR CaC03 Sand Sand Silt Clay 
(lt % % % % % 

6.27 1.2 31.1 48.4 34.3 17.3 
6~32 0.9 20.0 41.1 47.1 11.8 
0.68 1.4 11.9 23.8 68.9 7.3 
12.5 1.2 27.5 51.1 44.4 4.5 

5.15 -0.1 16.1 45.6 34.4 20.0 
14.3 Q;B 15.3 52.0 43.1 4.9 

:,;1'~2~ 1.5 16.4 47.5 36.7 15.8 
~~: 2.1 8.7 58.4 27.6 HI.O 

Texture 

LOAH 
IDAH 

SILT LOAM 
SANDY LOAH 

LOAH 
SANDY LOAM 

LOAH 
SANDY LOAH 

-..J] 



July 10, 1984 

Lab 
No. 

28114 
28115 
28116 
28117 

28119 
28119 

29120 
28121 

Sample 
ID 

13-1305 

13-1405 

13-1505 

Depch 
ln. 

10.0-12.0 
12.0-14.0 
14.0-16.0 
16.0-18.7 

14.0-16.0 
16.0-17.3 

I 

10.0-12.0 
12.0-14.0 

Se le niue 
ppm 
c 2, 

-o. 02 
-0.02 
-0.02 
0.03 

-o. 02 
0.03 

-o. 02 
-0.02 

PEABODY COAL COMPANY 
FLAGSTAFF, ARIZONA 

Analysis by: INTER-MOUNTAIN LABORATORIES 

Hine: KAYENTA/BLACK HESA 

Boron 
ppm 
(21 

1.08 
1.31 
2.11 
1.03 

0.66 
0.55 

0.50 
0.38 

Topsoil Analysi• 

Total Sulfur 

" 

0. 45 
0.46 
0.69 
0.74 

0.55 
1.04 

0.48 
0.41 

Acid-Base 
( 3 » 

14.1 
14.4 
27.5 
23.1 

17.2 
32.5 

15.0 
12.8 

Neutralization 
Potential 

« 4) 

12.3 
9.16 
14.1 
11.8 

-2.74 
7.61 

15.2 
~!. 3 

121 Hot-water Soluble. 13) Calculated using Total Sulfur analysis. 14J Tons per 1000 Tons Haterial. 

Acid-Base 
Potential 

14. 

~""!'~~"-

~· ... _JB ... ~1aa~ 
-~~,t!lf.?3-

~"t~g-: 

:?ill4ilii'i9~ 

0.21 
8.50 

0 

00 
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July 10. 1984 

Lab 
No. 

28122 
28123 
28123 
28124 

28125 
28126 

28127 
28128 
28129 
28130 
28131 
28132 

I 

Sample 
ID 

13-1905 

15-805 

15-9055 

Depth 
ft. 

10. o-.12. o 
12.0-14.0 
14.0-16.0 
16.0-18.7 

11.0-11.7 
11.7-12.3 

I 

10.0-12.0 
12.0-14.0 
14.0-16.0 
16.0-18.0 
18.0-20.0 
20.0-22.0 

t1J Sodium Adsorption Ratio. 

.. ~ 

~: (J 

PEABODY COAL COHPANY 
FLAGSTAFF, ARIZONA 

Analysis by: INTER-MOUNTAIN LABORATORIES 

Mine: KAYEIUA/BLACK HESA 

Conduc:- Sat.ur
pH tivit.y ation 

mmhos/ca % 

7.5 0.91 48.1. 
7.5 0.69 47.2 
7.6 0.98 36.1. 
7.6 1.37 40.9 

7.8 1. 25 37.1. 
7.9 0.65 31.7 

7.6 2. 01 38.8 
7.5 1 .98 40.5 
7.6 1. 72 28.7 
7.5 2.21 34.8 
7.4 2.87 35.5 
7.4 2 .76 37.6 

Topsoil Analysis 

Soluble Cations 
C• Hg Na 

meq/1 meq/1 meq/1 

5.90 1.69 1.14 
4.68 1. 11 0.82 
6.14 1.36 1.34 
8.91 1. 98 2.50 

3.38 0.72 8.38 
1. a ... 0. 76 4.80 

8.77 2.96 6.57 
~.66 2.57 7.51 
7.83 2.02 6.42 
12.2 3.32 6.16 
2J.5 6.47 6.03 
l7 .5 6.35 5.13 

Very 
Fine 

SAR CaC03 Sand Sand Silt Clay Texture 
c 13 % % " % " 

0.59 2.9 9.3 11.1 57.6 31.3 SILTY CLAY LOAH 
o. 48 2.6 13.1 15.6 61.3 23.1 SILT LOAH 
0.69 2.7 15.2 36.5 45.9 17.6 LOAH 
1. 07 2.1 16.2 36.5 45.0 18.5 WAH 

5.85 1.1 19.4 54.2 32.7 13.1 SANDY LOAH 
4.23 6.0 22.9 41.5 40.9 17.6 WAH -. 
2.71 2.0 14.7 42.0 34.0 24.0 LOAH 
3.04 LB 16.2 52.9 25 .. 8 21.3 SANDY CLAY LOAH 
2.89 1.8 14.8 70.2 16.7 13.1 SANOY LOAH 
2.21 1.8 16.5 59.3 21.2 19.5 SANDY LOAM 
1. 61 0.1 17.2 48.4 30.3 21.3 LOAH 
1.49 2.7 16.8 50.2 31.3 18.5 WAH 

\0 
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July 10, 1984 

Lab 
No. 

28122 
28123 
28123 
28124 

28125 
28126 

28127 
28128 
28129 
28130 
28131 
28132 

Sample 
ID 

13-1905 

I 

15-BDS 

15-9DSS 

f2J Hot-water Soluble. 

Depth 
ln. 

10.0-12.0 
12.0-14.0 
14.0-16.0 
16.0-18.7 

11.0-11.7 
11.7-12.3 

10.0-12.0 
12.0-14.0 
14.0-16.0 
16.0-1a'.o 
18.0-20.0 
20.0-22.0 

I 

Se1eniu• 
ppm 
c 2) 

-0.02 
-0.02 
-0.02 
0.02 

-'0. 02 
-0.02 

0.03 
0.03 
0.02 
0.05 
0.09 
0.10 

,;,;.. 

P~BODY COAL COHPAN~ 
FLAGSTAFF, ARIZONA 

Analysis by: INTER-MOUNTAIN LABORATORIES 

Mine: KAYENTA/BLACK HESA 

Boron 
ppm 
c 2. 

0.60 
0.58 
0.55 
0.54 

0.19 
0.16 

0.37 
0.51 
0.26 
0.87 
0.83 
0.81 

T~psoi1 Analysis 

Total Sulfur 
% 

0.10 
0.13 
0.12 
0.14 

0.04 
0.01 

0.06 
0.07 
0.04 
0.06 
0.05 
0.05 

Acid-Bas• 
(3) 

3.12 
4.06 
3.75 
4.37 

1.25 
0.31 

1.87 
2.19 
1. 25 
1.87 
1.56 
1.'56 

Neutralization 
Potential 

8 4) 

29.5 
26.4 
.26.6 
27.4 

10.9 
6.02 

20.1 
18.4 
17.5 
17.8 
9. 41 
26.6 

13) Calculated using Total Sulfur analysis. 14t Tons per 1000 Tons Haterial. 

Acid-Base 
Potential 

«4 • 

25.4 
22.3 
22.9 
23.0 

9.65 
5.71 

18.2 
16.2 
16.3 
15.9 
7.85 
25.0 

1-" 

0 



July 10, 1984 

Lab 
No. 

28133 
28134 
28135 
28136 

28137 
28138 
28139 

28140 

f 

Sample 
ID 

15-1805 

15-2005 

15-2205 

Depth 
ft. 

10.0-12.0 
12.0-14.0 
14.0-16.0 
16.0-17.0 

10.0-12.0 
12.0-14.0 
14.0-15.7 

I 

8.0-10.0 

ClJ Sodium Adsorption Ratio. 

PEAeOOY COAL COMPANY 
FLAGSTAfF, ARIZONA 

Analysis by: INTER-MOUNTAIN LABORATORIES 

Hine: KAYENTA/BLACK HESA 

Topsoil Analysis 

Very 
Soluble Cations Fine Conduc- Satur

pH tivity ation Ca Hg Na SAR CaC03 Sand Sand Silt Clay 
mmhoslc• % meq/1 meq/1 meq/1 Cll % % % % % 

8.3 ~«t'?9· 37.2 29.7 138. 130. ;-;,·~·2 1.5 19.7 39.3 53.1 7.6 
8.2 :t'e->'1f" 32.5 24.0 156. 144. ''l<'~S'!~:·a.. 1.4 17.6 59.3 34.9 5.8 
8.1 .. §1!1·~- 36.2 23.0 89.7 98.7 w:~l'·9~ 1.6 17.3 52.9 42.2 4.9 
7.8 ii•rV!n;"'!iJ""~- 38.8 19.9 39.5 41.6 7.10 2.1 17.9 46.5 48.6 4.9 

7.8 0.45 31.7 2.59 1.14 1.04 0.76 3. 1 24.4 47.5 35.8 16.7 
7.9 0.49 28.0 1.73 1. 41 1. 31::1 1.10 1.4 23.0 56.9 30.9 12.2 
7.8 1. 02 27.4 4.45 4.05 ".53 1. 23 3.2 22.0 62.4 25.4 12.2 

7.7 4.26 31.5 12.4 11.7 2'5.6 1.31 2.2 1~.4 62.4 24.5 13.1 

' 0 

Texture 

SILT LOAH 
SANDY LOAH 
SANDY LOAM 
SANDY LOAH 

LOAH 
SANDY LOAH 
SANDY LOAH 

SANDY LOAH 

..... 
!>-" 
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July 10. 1984 

Lab 
No. 

28133 
29134 
28135 
28136 

28137 
28138 
28139 

29140 

' 

----- -·-------·-··---··----·---·-·----

Sample 
ID 

15-1905 

15-2005 

15-2205 

Depth 
In. 

10.0-12.0 
12.0-14.0 
14.C-16.0 
16.0-17.0 

10.0-12.0 
12.0-14.0 
14.0-15.7 

1-

9.0-10.0 

Se le niu11 
ppm 
( 2, 

-o. 02 
-0.02 

0.02 
-0.02 

-0.02 
-0.02 
-o. 02 

0.09 

0 . ...-" 

PEABODY COAL COHPANY 
FLAGSTAFF. ARIZONA 

Analysis by: INTER-MOUNTAIN LABORATORIES 

Hine: KAYENTA/BLACK HESA 

Boron 
ppm 
c 2) 

0.87 
0.93 
1.04 
0.81 

0.55 
0.59 
0.66 

0.57 

Topsoil Analyait 

Total Sulfur 

" 

0.54 
0.62 
l. 94 
1.00 

0.01 
0.01 
0.01 

0.09 

Acid-Base 
c 3) 

16.9 
19.4 
57.5 
31.2 

0.31 
0.31 
0.31 

2.of)l 

Neutralization 
Potential 

( 4) 

14.6 
13.7 
16.0 
21. 1 

31.2 
14.4 
32.0 

~2.4 

C2) Hot-water Soluble. C3) Calculated using Total Sulfur analysis. t4» Tons per 1000 Tons Material. 

Acid-Base 
Potential 

t4 a 

~2'5 
~if~6;:5'-" 

'"':'"'~~liif4'· 

';fi;!_!~QI!tli>;:_ 

30.9 
14.1 
31.7 

19.6 

........ 
N 



July 10, 198t 

Lab 
No. 

28141 
28142 
28143 
28144 
28145 
28146 

28147 

28148 
~8149 

2a1so 

! 

Sample 
ID 

15-2305 

15-2 iDS 

Depth 
ft. 

10.0-12.0 
12~0-14.0 

14.0-16.0 
16.0-19.0 
18.0-20.0 
20.0-22.0 

6.0r7.7 

15-2605' 10.0-11.0 
11.0-12.0 
12.0-13.2 

tl) Sodium ~dsorption Ratio. 

pH 

7.6 
7.7 
7.8 
9.0 
7.8 
7.8 

7.7 

7.7 
7.5 
7.7 

0 

PEADOOY COAL COMPANY 
FLAGSTAFF, ARIZONA 

Analysis by: INTER-MOUNTAIN LABORATORIES 

Hine: KAYENTA/BLACK HESA 

Conduc- Sat.ur
tivity ation 

mmhos/c• % 

1. 75 45.1. 
1 .72 34.2 
1. 70 38.8 
3. 78 46.8 
3. 27 51.2 

.,•:;<~~gt:" 58.6 

7. 12 39.3 

2 .24 34.6 
3. OB 26.2 

1 . 37 48.3 

Topsoil Analysia 

Soluble Cations 
Ca Hg N3 

meq/1 meq/1 meq/1 

9.13 2.52 5.51 
7.25 2.25 7.90 
4.42 l. 79 12.5 
7.20 6.44 30.9 
19.4 36.2 60.2 
21.5 56.7 69.9 

19.0 35.1 36.6 

7.14 5.17 5.68 
20.2 13.1 7.70 
5. 15 4.28 5.05 

SAR 
( 11 

2.29 
3.62 
7.10 

:•c:ifi'1f~ 

.£121?;~· 

·"~~r;'"~\o 

7. 04 

2.29 
1.99 
2.33 

Very 
Fint 

CaC03 Sand Sand Silt Clay 
% % % % % 

2.7 17.5 20.5 51.0 28.5 
. l.l 20.3 36.0 42.7 21.3 
1.8 21.2 29.6 44.6 25.8 
1.6 16.8 29.6 41.9 28.5 
1.0 15.6 21.5 50.0 28.5 
1.3 17.1 20.5 45.5 34.0 

1.3 24.0 45.1 31.8 23.1 

3.0 21".3 44.2 36.3 19.5 
4.7 25.6 75.1 14.5 10.4 
La 14.7 26.0 41.8 32.2 

Texture 

CLAY LOI:i 
WAH 
LOAH 

CLAY LOAH 
CLAY LOAH 
CLAY LOAH 

LOAH 

WAH 
SANDY LOAM 

CLAY LOAH 

....... 
w 
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July 10, 1984 

Lab 
No. 

28141 
28142 
28.143 
28144 
28145 
28146 

28147 

28148 
28149 
28150 

I 

Sample 
ID 

15-23DS 

15-2405 

15-2605. 

C2t Hot-water Soluble. 

Depth 
In. 

10.0;12.0 
12.0-14.0 
14.0-16.0 
16.0-19.0 
19.0-20.0 
20.0-22.0 

6.9-7.7 

10.0-11.0 
11.0-12.0 
12.0-13.2 

Se 1enium 
ppm 
(2) 

0.28 
0.33 
0.31 
0.29 
0. 15 
0.13 

0. 16 

0.03 
-0.02 
-0.02 

P~SOOY COAL COHPANY 
FLAGSTAFf, ARIZONA 

Analysis by: INTER-MOUNTAIN LABORATORIES 

Kine: KAYENTA/BLACK HESA 

Boron 
ppm 
( 2, 

0.92 
0.87. 
0.91 
0.90 
1.40 
1.06 

o. 76 

0.82 
0.68 
0. 76 

Topsoil Analysil 

Total Sulfur 

" 

0.07 
0.05 
0.06 
0.10 
0.30 
0.50 

o.1o 

0.05 
0.08 
0.08 

Acid-Base 
(3) 

2.19 
1.56 
1.87 
3.12 
9.37 . 
15.6 

3 .1 

1.56 
2.50 
2.50 

Neutralization 
Potential 

c 4) 

26.6 
21.0 
19.1 
16.2 
10.3 
12.6 

13.3 

30.2 
46.9 
18.4 

13) Calculated using Total Sulfur analysis. (4, Tons per 1000 Tons Material. 

Acid-Base 
Potential 

14. 

24.4 
19.4 
16.2 
13.1 
0.93 

-:~~iD' 

10.2 

28.6 
44.4 
15.9 

.,_.. 
~ 



lnter·ffiountoin 
laboro.tories. Inc. 

Lab. 
No. 

28038 
28039 

2805:3 
28054 

28070 
28071 
28072 

Lab. 
No. 

29116 
28117 

28119 

28123A 

28133 
28134 
28135 
28136 

Sample 
ID 

11-6-2&3 
ll-6-4 

11-67-2 
11-67-3 

6-2-1 
6-2-2 
6-2-3 

Sample 
ID 

l3-l3DS 

13-1405 

13-1905 

15-18DS·· 

1633 Terra Avenue 
Sheridan, Wyoming 82801 
Tel. (307) 672-8945 

2-HR CLAY ANALYSIS 

Depth 
In. 

3-9 
9-18 

3-12 
12-22 

0-2 
2-10 

10-30 

Depth 
Ft. 

14.0-16.0 
16.0-18.7 

16.0-17.3 

10.0-12.0 

10.0-12.0 
12.0-14.0 
14.0-16.0 
16.0-17.0 

,Soil Water Air 

2-Hr. 
Clay % 

19.6 
20.5 

21.5 
22.4 

11.5 
18.7 
17.8 

2-Hr. 
Clay % 

19.6 
14.2 

17.8 

33.3 

23.2 
- "16. 0 
10.5 
16.0 

15 

1714 Phillips Circle 
Gillette, Wyoming 82716 

Tel. (307) 682-8945 



I 
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ATTACHMENT 5 

ADDITIONAL SOIL ANALYSIS RESULTS 

FROM THE 1979 EH&A STUDY 



SG:!:.. 

:··; ~; ~~ - l:H<Jci< l"e sa 
Cure ~:o. • 
;l. 11.:: t.: Col' e d -

SE~:::s 
NA!"fl: ;.r·~·liOLOGY 

Begay !t'1S-2o979-l-A 

Begay 

Begay 

RSS-2P979-2-Cl 

R5~-28 97 9-3-C2 

"\.'I~- 28979-Lt-C3 

'l.SS-28 97 9- 5-CI• 

!.SS-2R979-6-Al 

~SS-2t1S79-7-C1 

[SS-28979-8-C2 

rss-2R979-9·C3 ...:-

1 SS-28979-10-A 

. I ~S-2~979-ll-Cl 

lSS-2n979-12-C2 

I SS-28979-l3-C3
1 

· 

I SS-28979-ll.-0. 

Las Lucas ISS-2A979~15-Al 

Las Lucas 

.··-.I 

I SS-2R979-16-Cl 

I :.S-28979-17-C2 

-i :,s-28979'"1R-C3 

I SS-28979-19-A 

I !'~-2R979-20-Cl 

:!~S-28979-21-C2 

:ss-28979-22-CJ 

i 
I 
I 
I 'DEPTH 

0-6" 

6-12" 

l2-3R" 

38-50" 

!50-60" 
~ 

' : 0-2" 
I 

I 2-26'' 
I 

~26-52 .. 
152-65" 
I 

I 0-7'' 

. 7-20'' 
i 
i20-lll 11 

I 
;4l-5lt'' 

1 

.. 54-60'' 

0-10" 
1
10-22'' 

22-l.O" 

40-60'' 

0-8'' 

8-:-19" 

,19-43" 

143-60" 

Sec o -

?Yp 0 -

Rge. -

PEABODY COAL COMPANY 
Central Laboratory 

'irDry Basis 

SATURATED PARTE EXTRACT 

' ~ : I I I I I : 
'R-9-2320: 7.3 ! 40.5 I 0.4 I 0,9 3.0 i 0.5 . i 0,7 ' -0.2 

R-9-2321 i 7.4 ! 4205 'I 0,3 ! 0.8 2.9 ; 0.5 ; i 0,6 -C.4 
I ! : • I I ! ... R-9-2322 I 7.7 I 380) 0.6 I l.l 3.3 . 1.4 : 007 - ... 2 
I ! l l ' : ,. . IR-9-23231 7.8 ! 3'•.2 I 008 I 2.1 3.4 ! 1.5 . ! . 1.3 \,,f. 

I
'P-9-2324 I 8.2 ; 34.2 t 0.8 ! 6.0 0.8 ! 1.1 I 6.2 7,j 

I I I I 

iR-9-232511 7.6 42.3 II 1.1 i 0.7 I 5.9 ·i i..7 ! . 0.4 -:;.7 
I I . I I I 
IR-9-.23261 7.6 i. 44.4 i 0 .. 7 : 1.5. ! 6.2 i 0.6 : 0.8 -~.:. 
' . . . . I I I 
IR-9-2327 7.0 : 42.4 1. 6.6 2.4 . 59.0 ; 9.1 : 0.4 
; I . ! I : I 

IR-9-232A. 7.8 . 36.3 ,. O.t. I 1.2 I 3.1 : 0.8 I 0.7 -':.2 ·j I , 

,R-9-2329 i 7.6 I 38.3 I 0.4 ; 0.6 l 2.9 I 0.5 I 0.8. -~.: 
,R-9-2330! 7.7 ! 38.3 . 0.3 I 0.7 2.1 I 0.7 ! 0.9 i:.: 
IR-9-2331·1·. 7.8 ! 3'•.2 I 0.4 0.9 1.7 i 1.1 I 0.8 
. I I . I 
IR-9-23321 7.9 I 32.2 I 0.6 3.5 1.2 i l,2 0.9 

IR-9-23331 7.9 i 36,2 l 1.1 l 7,1. 1.9 I' 1.5 I ~.7 
R-9-233'·! 7.4 I 40.5 I 0.9 l 0.7 6,1, i 1.4 . 0.5 

P-9-2335 I 7 .R 40.4 I 0.3 I 0. 7 206 I 

R-9-2336 7.8 33.3 I 0.5 I 0.8 3.1 I 
R-9-2.137 

R-9-2338 
I 
j R-9-2339 

IR-9-2340 . 

.t ~-9-2341 j 

7.9 

7.6 

7.6 

7.8 

7.8 

36.2 

42.6 

42.6 

'·0. 8 
40.8 

. 0.4 

0.4 

0.3 

O.t• 

0.3 

l.lt 

0.5 

0.6 

0.8 

0.9 

1. s I 
3.8 1 

3.1 \' 
3.t. 

2,4 l 

0.9 

I 
I O.R 

1.2 I 0.7 
1.4 I I O.R 
0.5 I ! 0.7 

I ; 

0.4 i 
I , O.H 

0.5 I 0. 7 I 

0.5 I 0.8 

.. 
f.7 

". ·'· 
,.. 

-; ..... 
-ri. L 

-~ .... 
-0.2 
.... - .. 

I -0.2 

-0.~ 

....... 



SOJ:L 
SERIES 

NAMe 

Begay 

Begay 

Begay 

Las Lucas 

Las Lucas 

.... 

··~···( - l:iiC~< Hcs.1 
,_ .. ;r...: ·.o. -
'···L..: C: .. n:l!d -

Sec. -
'i\..rp. -
Rg I!. -

---·-----
• ••• •• ,._..,.,a \.•\..11\·~ '-VI q, 1\1, j 

Central Laboratory 

·:'Tons of Coco3 fquiva lent] I . 
' ·-~ per 1000 Tons Hil tcr ia 1 _ _ / ''DTPA F.xcr,ac c 

. ~; t-iAX. ! AMOUN1:AMOUNT !AMOUNT I J, I I ~ I I i 

I \ '\ SUL?Ull : !~EQ. PRESEN'J,NEF.DED I OF . . ,. : I ; ! ; 
:~; 'l. FROM I nv ! FOI{ ·EXCESS; i.Hm Jr1o I Cd : Cu ! Fe ! Mn . Ni Pb 7.r. 
. . ; SULFUR,. TIT. i tiEUT. Cacn3 I TES1' ppm I ppm : p~m j pnm : ppm ! ppm , :>'lm poe 

I l ' I a-'J-:!120 o.J2 0,63 11 •. 68 v •. os . ~ 1.0 : 0,8 ! ! 1 o.6 
. I I ! ' R-CJ-112l ~o.o:. 0.31 33.80 33.49 ; 1~1.0 i 0.6 1 i o.J 

R-•J-1l:!~ c.c2 0.63 '•0.34 39.71 1: ·"'-l.O 
1 

· o.s ' 1 ! n.J 
. I I I . R-0-23~) S.C2 0.63 22.1,0 I 21.77 ! '<.1,0 

' I I . 
0.94 :136.49 I 135.55 i '<1.0 

I I 

R.IJ-2321, 0.03 

!LCJ-2325 O.Ql, I 
1 I 

1.25 22.93 21.6A I '<1.0 

· o.6) 1 23.32 I I 22.69 ! !<. 1.o R-.9-r\~ 6 C.02 

R-'J-2327 l1.05 

R.fJ-232R n.os 
R-9<n29 0. ()1, 

R-'J-13)0 G.C2 
R-'J-~331. 0.05 
R-l}-?])2 0.05 
a-(J-2:J:n 0.02 

R-')~:.>)]1, I .(. 0. Ol i 
: I 

R-'J-:.>1)5. 0. 0) I 
R-9-:?~16: < 0. 001 I 
R..9-.nni 11.01 I 
lt-'}-2DS: 0.0) I 
R-9-2'J1~ 1 o.o3 I 

:- 9-13'"i a. 02 1 

·.-9-2JI.J; o. 02 ,. 

I . 

1. 56 
1. 56 

l. 25 

0.63 

1. 56 

1. 56 
0.63 
0.31 

0.94 
0.31 

0~ 31 

0. 9'· 

o. 9'· 
0.63 

0.6) 

I 13,75 

13.85 
I 

; 16.89 l 

i sa. 21 I 

37 .t.o I 
SL •• 01. , 

i 27.55 I 

5.'•3 ! 
I 

19.17 I 
19.38 

16. )'· I I Jl. 73 I 
33.56 

i 34.'·~ I 
1 46.97 
I I 

1 12.19 

12.29 

i 15, 6L. 
57.58 

I 35 Bt. I • 

I 52.45 
I 
' 26.92 
i 5.12 
! 18.23 

19.07 
16.03 

I 32.79 I 

I 32.62 l 
I 33.82 1 
i '·6.3'·1 
I ! 

' 
!<1.0 
' 
!<..l. 0 

i<-1.0 
.< 1.0 

I ~1.0 
1<..1.0 

l <l.O 

i < 1.0 

I 
. .c.l, 0 

<1.0 
I I <l.o 

I 
<.1, 0 

<-1.0 

i ~ 1.0 

\ ~1.0 

0.4 
0.5 

1.0 

1.1 

0. 7 

0.6 
0,9 

0.5 

0.5 

0.5 

0.4 
0.7 

0.'• 
i 0.1. 
I I o.s 

0,8 

I 0.9 
I 0.9 I 

I 0.9 
I 

., 
I 
j 

C.L. 

0.6 

1.: 
0 c: . ~ 
('\ " ....... 
,.. , 
· .. .- • I 

O.R 
c «\ OJ 

'J ,1. 

r..6 
C.l. 

c.s 
... 0,1) 

0.3 

r.. 3 

0,(1 

(y '\ ... ,_ 

I)_L, 

(J, 5 

N 



0 ·. 

l"L:.t\DUUl \..UHL.. \..UI'il"'/\l'll 

Ccncrnl l.ahor;u:ory 

- f\Llc:c ~!esa 
.. ;,l. 

-'•• ._~ ;...UI'cll -

Sec. 
1\i:). 
Rfte. 

A = Sample not preserved in field 
il = Total N is N11 1,~tl plus N0

3
-N 

·:: f -.·; 

sc :~~ 
SEi\:C:S 

C:lC'ANIC 'N;tliC0
3 

: 1"1~ 1
1 

(\1\c 
"'\'!'1'.'11 0 p 0 '.l( 

·:(A 
N03-N 

l'A.'-S - . . ·:o. 

Begay ;t < -:?12G 

Begay 

Begay 

Las ·Lucas 

Las Lucas 

. -

:\-7-22:?: 

R -C:-2"322 

1-~-~323 

R -'l-:>,:>1, 

:l -S-2325 

i.{ -t;-2)26 

R -S-'2327 

:: -9-2:1~!1 

E!:S·-21~9 
\ 

::.'J-2310 

~ ·'J-2111 

R.•·-~))2 
R_O-:?JJ.1 I 

R ·9-2T~t~ 

R-9-2335 

R·'J-2"136 I 

R-9-2jJ7 
R-"'J-13J:~ 

R-9-1·l~9 

-~-~]/10 o, 
I 

_n_ 2)1, 1 l 

0 ~ I I. \ . I . 
f, j r~n I pr:~n Pfl1' ppm 

I • ' • 

i 2.2 

I 1.2 

'"' 0.1 
' 1.1 

2 ·'' 

11.5 

2.0 

0.9 

0.9 
5.4 

1.5 

0.8 

O.A 
j 2.0 

1 6.3 
I oc<.O.l 
I 

I 0.1 

1~0.1 

I
! 4.2 

0.9 
I 1.1 

0.4 

317.1 : 4 

273.0 ! 5 
I 

285.0 i 4 

297.8 < 2 

236.2 9 

11.4. 9 3 

0.8 

0.2 

0.1 

0.1 

0.1 

9.] 
219 . I, I L. 2 : :. . 3 

I 
I 

1110.3 ~ 2 252.1 
100.8 3 l.l 

267,6 ) 1 0.5 

153.4 .c::: 2 0.2 

157.6 3. 0.2 
135.8 ~ 2 0.1 

li,L,,l, ~2 ~ 0.2 

400.4 2 i 0.6 
I 

179.9 .(, 2 : 0.2 

l llt8.8 ! <. 2 ' 0.2 
148 .. _7 l, I 0. 2 

I I 21,6.9 2 : 0.7 

I 207.1 I 2 I 0. 5 

l
j 159.7 1 2 o.5 

168.7 "'· "'. 2 *. -- i. ... 9:.6 

~·:AB 

Total 
N 

P!)R 

"/( 

Sc 
Pim 

I < 0,01 

<. 0. 01 

.C..0.01 

L.. o.rn 
~ 0.01 

~0.01 

~0.01 

~ O.Sl 

~ 0.01 

< 0.01 

<. 0. 01 

4( 0. Ol 

1 .c::: o.o1 
I < o.o1 

I 
~ 0.01 

I 
< 0.01 

i < 0.01 
I 

I . . . I <. 0 .. 01 

L <.0.01 

__ _ 1 ~ 0.01 

I , ~ o.o1 
I I L 0.01 

PARTICLE SIZE 
r ----- - -~~r-------,------

.... , ! 
I 

il I Snnd Sil: C~ay 
I pp-n I i. "/. :~. 
,~-0-~--; 

i 0~ 6 ' 

I 
0. 7 

0.9 
I 1.o 
i 
I 
I 
I 

, 
J.,"" 

1.0 

0.8 

0.6 

0.8 
0,8 

0.6 

0.9 

1.1 

1.0 

0.7 

O.A 
0.7 

1.1 
O.B 
6. 7 

0.6 

56,6 

57.6 

58.0 

60.0 
51,,0 

'·7 .6 

1'6.6 

59.6 

61.6 

55 6 
58.0 

63,0 

6'· ,I, 

69.0 
(16,0 
66,() 

65.R 
70.6 

41t,6 

'·0.6 
49.6 

59.€ 

23.R 
22.6 

23 ·'· 
20.'· 

2J.It 

33.8 

1S.R 

22.8 
21,,8 

28.8 
21,,1, 

22.8 

2!.,1, 

lll.fi 

18.8 
15.4 
:l.R 

9.0 

'·1.0 
1,]. 0 

30.0 

19 ... 0 

19.6 

19.6 

18.1) 

19.5 
22.6 

18.6 

1.7. 6 

17.6 
~.J. 6 

!5.6 

!7.!1 

Y •. ~ 
..... , •. 2 

~6.1 

15.2 

:n .-C· 
"'1'\ I J'. • I 

'J" .I. 

:.t .. I. 

:'J. ·'· 
20.'· 

21.'· w 



L 

L 

.c 

:.:I r~;~ - D~nc~ Mesa 
r: 1 I J" (! i'j Q , -

c 

SOIL 
SERIES 

NAME :.l'.\IIOLGGY 

as Lucas RSS 29879-1 Al 

RSS 29879-2 Cl 
RSS 29879-3 C2 
RSS 29879-4 CJ 
RSS 29879-5 C4 

lS Lucas TSS 29879-6 Al 
ISS 29879-7 Cl 

Sec. -
Twp. -
R 141-. 

I 
DEPTH 

I PASTE 
LAB NO.I -pH 

0-811 R-9-2540 I 7.4 
8-24"ffg R-9-25411 7.8 

24-36" & 8.0 R-9-2542 1 

36-46"10 R-9-25431 8.1 
~6-60" ,.., R-9-2544 8.0 

I 
Q .. lQ'' R-9-25451 7.3 

10-30''l0 7.7 R-9-2546 I 

JSS 29879-8 C2 ' 30-l.Q'DJO R-9-2547 7.9 
ISS 29879-9 Cl ~0-50"• 0 R-9-2548 8.1 
[SS 29879-10 C4.-. 50-60"• 0 R-9-2549 8.0 

lhona tCiS 29879-11 Al 0-9" R-9..;2550 I 7.4 
i 

! 

./ 

PEABODY COAL CONPANY 
Central Laboratory 

;'t 

SAT. CONO, Na 
i. 111d10s/cm meq/1 

40.9 0.4 1.0 
40.)1 0.4 2.4 
34.3 0.4 I 1.2 
36.2 0.3 0.9 
32.2 0.3 0.7 

38.7 0,3 0.5 
42.6 0.5 1.0 
40.4 O.lt 1.4 
38.3 0.5 3.7 
36.3 0.4 2.~ 

41.2 0.4 0.4 I 

''rDry Das is 

SATURATED PASTE EXTRACT 

Ca I ~~~ K 
meq/1 meq/1 meq/1 SAR i F.SP 

2.3 0.6 0.8 ! -0.1 I 

1.6 0,5 2,3 I 2.1 
2.7 0.9 0.9 I 0.1 I 
2.1 0.9 0.7 -0.2 
2.0 0.8 0.6 -0.4 

2,3 0.7 0.4 I -0.7 
3,8 1.0 0.6 I -0.1. 

I 
2.0 1.3 1.1 I 0.). 

1.0 o. 7 '•.0 I 1..4 
1.0 0.8 -2.8 2.8 

1.9 I 0.6 0.4 -0.1 

I I 

~ 



'-•'--·•··-··~- •'-"-··->--~ - •••-•••• r•••• --· """"---·--··---• 

0 
-------------------~----------- ----

La 

La 

Ca 

•,•; :~I.! -; Rlar.l< i'lesa 
c._, ... · L• ~-J, l. -

'. ·· · l.:orcd -

: ·'· SOIL .. 
iSULFUR SERIES I,;/. il i 7 .. NAME 

Sec. -
1'wp. -
Rgu 

*Tons of Caco3 Equivalent 
per 1000 Tons Material 

I·IAX. ANOUN1 AMOUNT AMOUNT 
UEQ. 1 RESEN'J NEEDED OF 

, FltON BY FOR EXCESS . :li. 
SULFUR 1'T'J' NEU1': CaC0 1 ~ L A • 

- . .· ' 
0.31 R.76 8.45 ::; Lucas {-9-25t,G "- o. 01 

{- Cj- 2 )/, 1: 0.02 0.63 44.38 43.75 
t-9-i SL.~I l. 0. 01 0.31 50.50 50.19 
1.-9-251,} J... 0. 01 0.31 24.30 23.99. 
'.-'.1-25M.~ <. 0. 01 0.31. 9.26 i 8.95 

I I 24.44 ; Lucas :-9-251,5! 0. 02 0.63 25,07 
! 

:-(J-'!.~1,{); .( 0. 01 I 0.31 26.33 I 26.02 .-~-2)/,]l .t... 0. 01 0.31 25,it2 25.11 
• 11-:")Ml; ..(. 0. 01 0.31 12.36 112,05 
·'.i-:'J!,'J! <. 0. 01 0.31 15.91 15.60 ~ ....... ... 

i .... -
Ion a -~1-~ssoj <... o. 01 0.31 8.97 8.66 I 

I 

I 
i. I 

.. ·-····· ........ - \.• -· ··~ -~·· ·- • •• 0 

c~nt.: r a~ i.a ;wr ,1 tory 

-."-; 

LIME Mo Cd 
TEST ppm ppm 

< 1.0 
~ 1.0 

<1.0 
.( 1. 0 

41.0 

~1.0 

<.1, 0 

<1.0 
<.1,0 

<1..0 

<1.0 

~·,DTPA F.xtrac t 

! 
Cu Fe Mn Ni Pb I 'lr: 
ppm ppm ppm _ppm ppm p'"· .. 

0.9 0.4 
0,9 0,3 
0.5 I o.; 
0.5 o.~ 
0.6 1 o.3 

I I 
0.9 

I o.; 
0.7 0.4 
0.7 I Q' i .... 
0.6 . o.;: 
0.5 I o 2 ! . 
1.0 i 0.4 

I 
i 

! 
i 

u. 



c=========~---------------------. . 

.' T!! ;: 

Ct.r L: ~:c 

I .. 
SOIL G. Co~\!' lTC 

SERIES . :-~\'1.1Eit 

NAME :\:: ~~0. I 1. 
La s Lucas :-9<~5t.G : 

'-'J- 251.: 

:-"-/ ~'.2 

'-'J-'.!.':,1::. 

-'J-~ ';1,1, 

La s Lucas ·.u • ..,;.,) 

-' ·- .. ~-',;~ 
-·~~-::. ~:. 7 

-')- 2'J!,f. 

-0-:~(9 

:C hona -9-:!).)~ 

I 

j 

Sec. 
Twp'. -
R .. 

;•: "i; 

NaiiC03 p 
NlltOAc 

•K 
I p(ln prxn 

8.8 424.2 

'·· 0 337.5 
4.5· 100.4 
.6,0 91.9 

~··A 

NJ14-N 

p~ 

"-2 
c:.2 

~2 

~2 

3.5 83.5 1 <. 2 

9.'• 270.5 c:.2 
2.3 159.9 .c:.2 
2.1 129.9 <.2 
2.8 113.0 (2 
2.4 ~~5. 7 £2 

10.0 363.0 L2 

I 

I 

Ccn L:r a i. L.anorc1 t:or y 

A = Sample not preserved in field 
B a Total N is NH4 -N plus N0

3
-N 

I •'•A ;';All 

N03-N Total tr '/c 

N Se B PfXll pjxn Pl'lll PfUl 

4.7 ~0.01 0.1 
0.1 ~0.01 0.3 

<:: 0.1 ' ""0. 01 0.4 I 

<:: 0.1 
I 

~ 0.01 0.5 I 

I 
L.. 0.1 i -= 0.01 0.5 

I 
3.2 I .::: 0.01 0.5 
0.1 I < 0~01 0.6 

<. 0.1 <0.01 0.8 
I 0.2 < 0.01 l.l I 

< 0.1 I ..c..O.Ol 0.8 t 
I 

3.4 I a:::_O,Ol 0.2 

I 

PARTICLE SIZE 
I 

I 

I 
Sand Silt I Clu; 
i. i.. ., 

I ... 
50.8 31.6 

( 
11 .r. 

46.2 26.2. 27.6 
; 

74.4 12.4; 13.£ 
76.8 11.61 ll.n i 

' I 78.4 10.0 I I 1l,f. 
I 

I I I 

I 
58.4 22,0 i I 19,C. 
53.8 25.6! I 2o.c. 

I 54.8 28.0. 17.~ I I 

I 
60.2 25.6 1'··~ I 

56.2 28.6 I ll.£ 

52.7 26.1 21.2 
I 

l 
• I 

I I 
I 

: 

0'\ 



SOIL 
SERIES 

NAHE 

Zy me 

Du lee 

c thona 

Zy me 

.c 1hona 

~II rJE - JHack ~sa 
t:ur..: tlo. • 
'lollC \,ULCU • 

l.l'I'IIOI.OGY : 

us~ 29879-12 Cl 
· I~SS 29879-13 C2 

ll'\S 29879~14 C3 

ISS 29879-15 AI:. 

rss 29879-16 c1 
TSS 29879-17 C2 
T~S 29879-18 Al 
1SS 29879-19 82 
ISS 29879-20 C 

'!f.~ 29979-1 Al 
1$S 29979-2 82 

rss 29979-3 Clca 
'SS 29979-4 C2ca 

~ss 29979-5 Ac 

. lSS 2~979-6 C 

1 ~;s 29979-7 Al 
. :;~; 29979-8 82 

·ss 29979-9 c1 

DEPTH 

9-20" 
20-32" 
32-6{1' 

0-6" 

6-11" 
11-1511 

0-2" 
2-9" 
9-12" 

0-711 

] .. 2411 

24-45" 
45-6(1' 

0-5" 
5-811 

0-1{1' 
10-2211 

22-35" 

Sec. -
'J\.Ip. -
1\t;C:. -

LAB NO. 

R-9-2551 
R-9-2552 
R-9-2553 

R-9-2554 
R-9-2555 
R-9-2556 
R-9-2557 
R-9-2558 
R-9-2559 

R-9-2560 
R-9-2561 

R-9-2562 
R-9-2563 

R-9-2564 
R-9-2565 

R-9-2566 
R-9-2567 

R-9-2568 

PASTE 
pH 

8.0 
8.1 
8.3 

8.0 
7.8 
8.0 
7.5 
7.3 
7.4 

7.8 

7.9 
8.0 
8.1 

NO SAMJ 

NO .SAMI 

7.5 
8.2 

8.3 

PEAUOOY COAL COI-1PANY 
Central l.;:aborHtory 

.... , 
SAT. CONO. tla 
;. mdlOs/cm mcq/1 

38.4 0.4 0.9 
36.3 0.4 1.2 
48.5 0.9 5.2 

lt1 .4 O.lt 1,1 
53.2 0.7 1.0 
53.0 1.2 1.1 
'·0;6 0,4 0.8 
lt1.5 0.9 1.2 
45.1 . 0.3 0.6 

40,7 0,6 1.2 
42,6 0.6 1.5 
56.8 '·· 5 17.5 
44.5 '"~ .,;.,....., . 25.9 

IE-----~- -------- -----~---

IF.------- -------- ---------
'•3.0 0,5 0,6 
38.4 0,9 0.9 
35.3 0.6 1.6 

., I 

*Dry Basis 

SATURA1'F.D PASTE EXTRACT 

Ca l-'A K 
meq/1 meq/1 meq/1 SAR F.SP 

2,6 0,8 0,7 -0.2 
2,1 1.0 1.0 0.2 
1.6 1.4 it •. 2 lt.1" 

3.0 0.6 0.7 -0.2 
4.2 0.9 0.7 ;..0.2 
8.2 1.3 0 .. 5 -0...5 
2,5 0.5 0.7 -0.2 
6.0 0.6 0.7 -0.2 
2.4 0.2 0.5 ·0.5 

3,5 0,9 0.8 -0.1 

3,2 1.3 1.0 0.2 
11.9 16.2 4.7 5.4 
11.8 30.9 5.6 6.5 

-------- --------- ---------
..,. __________ 

------
--------~ --------- --------- ---------- ------

3.1 1.1 0.4 -0.7 
6,3 1. 3. 0.5 -0.5 

3.1 1.1 1.1 0.3 

........ 



l ~ 
- --··-----,----____: ____ .....;;_ ______________ - __ 

SOIL 
SERIES 

NAHE 

Zyme 

Dulce 

Cahona 

Zyme 

Cahona 

-

-

'·! 1 nc - Rlacl< Mesa 
c.Jr..! r'l.:> .. -· 

Sec. -
Twp. -
Rge. -'J.~!..~ Cored -

•';Tons of Caco3 Equivalent 
per 1000 Tons Muterial 

·'· t-fAX. AMOUN1 AMOUNT AMOUNT 
'_·\ !i 

SULFUR REQ. PltESEN1 NEEDED OF 
7 .. FROM BY FOR EXCESS ·:~. 

SULFU~ TIT. tiEUT. caco, 
~-9-2551 < 0.01 0.31 27.41 27.10 
11.-9-2552 <0.01 0.31 22.56 22,25 
:~-9-2553 < 0.01 . ;:. 0.31 216. ell 215.77 

1{-9-2551. 0.06 1.88 29.88 28.00 
f{-9-2555 -<0.01 O.·ll 15.09 14.78 
·~-9-2556 <0.01 O.ll 11.67 11.36 
'l-9-~557 0.02 0.63 10.20 9.57 
·~-9-2558 ~0.01 0.31 9.89 9.58 
q-9-255' < 0.01 0.31 15.99 15.68 

'l-9-256C <O.Ol 0.31 9.89 9.58 
'1-9-2561 <0.01 0.31 29.51 29.20 
't-9-2562 0.06 1.88 200.65 198.77 
q-9-256) 0.02 0.63 76.24 75.61 

1-9-25~ r-n SAJ ~-----1-------- -------· --------
·:-'J-156~ NO SAl PLE----- ------- ------- --------
· {-'J-:! 5(a(l -< 0.01 0.31 7.98 7.67 
·t-~-2567 <O.Ol o:31 22.88 22.57 

I 
I 

C~ntral Laboratory 

*DTPA F.xtract 
' 

* 
LIME Mo. Cd Cu Fe Mn Ni Pb ?.n 
TEST ppm ppm ppm ppm _p_p_m ppm ppm ppr. 

"'1.0 1.5 0.3 
< 1,0 0.9 0.3 
~ 1,0 1.5 0.4 

< 1,0 4.9 0.5 
<.1.0 4.8 1.3 
< 1.0 8.8 0.8 
<.1.0 1.4 1.1 
< 1.0 1.~ 0.2 
<1.0 1.2 0.7 

<1,0 2.1 0.8 
< 1.0 2.3 0.5 
< l,O 1.7 0.7 
<1.0 1.3 0.6 

.· t-------- -------· -------- -------· --------- --------· --------- --------- ... --
------- -------- -------- ------- --------- -------- ---------- ---------1--·--

<1.0 1.3 0.7 
'1.0 0.9 0.4 

00 



SOIL 
SERIES 

NA.t.fE 

Zyme 

!·'1 Nf -
~-.,.- l! t!o. -
.;,1 LC l..UL t:U -

I 
: 
: 

i ·'· 

oor.ANir. I t-tA'riER 
lid\ NO. i .. 
i 

-'J-2~51 

-~-2552 

-9-25')'i 

-'J-2')')1, 

-'1-2555 

-9-2556 

-9-2557 
-9-2558 

Dulce t 
-9-2~~9 

Cahona -9-2560 

-9-:>Sol 

-'J-2561 I 

-9-2563 

Zyme -tJ-256/t 
·9-2Sfl5 

Cahona .cJ-'15flo 

.fJ-'!5(17 

: 

Sec. -
Twp. -
1"\~C:. -

t; ;': ;';A 

NaiiCO NH40Ac Nt14 -N 
p l K 

Pfn ppn Prn 

1.4 159.8 <2 
1.2 126.8 ~2 

],It 121 .. 0 <2 

2.4 113.1 ~2 

1.0 1ltl. 9 ~2 

0.8 125.0 ~2 

6.8 219.5 <2 
1.4 123.4 <:2 
1.6 128.8 ~2 

9.7 367.6 <2 
1.5 281.1 <2 
2.5 157.0 <2 
3.3 12:1.9 <.2 

00 SAMI I.F.------ ---------
00 SAMI I.E------ --------
8·.4 310.5 <2 
0.8 123.8 <2 

• ,,.1\&1\Jb.l 4 \o.#V. ·- ...,. ... ,. •• ••• • • 

Cl!nLral l.ahort~tory 

A - Sample not preserv~d in field 
U • Total N is NU4 -tl plus N0

3
-N 

;'•A ;'•AB 
003-N Total * * N Se B p(ln rrm rrm ppn 

1.0 . 0.01 0,2 
0.8 0,01 <"'0.1 
2,5 0.01 0,8 

6.8 0,01 .c o·.l 

2.5 . 0.01 ~ 0.1 
0.9 0.01 ~ 0.1 
7.6 0,01 < 0.1 
2.0 0.01 ~ 0.1 
1.2 0.01 .:::.0.1 

15.2 0.01 0.5 
0.9 0.01 '0.1 
1.0 0.01 0.5 
0.8 0.01 1.4 

--------'---- ------------ ~----------- -----------
------------ ------·--·-- ----------- -----------

17.8 0.01 0.2 
0.8 6.01 ·0.1 

PARTICLE SIZE 

Sand Silt Clay 
4 1. t 

59,2 20.6 20.2 
68,2 12.6 19.2 
3L2 29:.6 .39.2 

16,2 le5.h -~1-2-
8.2 50.6 .c\t-~1 

14,2 48,6 37.2 . 
55,0 27.8 17.2 
53,6 22.2 24.2 
55.6 25.2 19.2 

43.6 37.2 19.2 
49.6 26.2 24.2 

. 29.6 27,2 43.2 
51.0 23.8 25.2 

----------- ----------- ---------
----------- -----------· ----------

65.6 19.2 15.2 
51.2 31.6 17.2 

\0 



. Cah 

Cah 

Zym 

Dul 

Dul 

Zy 

NINE - Black Mesa 
Core tlo. -

·!lolL\: LUlC:U -

: 
SOIL ! 

SERIES 
NAME I. I TIIOLOGY 

I ISS 29979-10 C2ca 

>na I ISS 29979-ll Al 
ISS 29979-12 81 

I ISS 29979-ll B2t 
1 ISS 29979-14 Cca 

)na RSS 29979-15 Al 

RSS 29979-16 812 
RSS 29979-17 822 
RSS 29979-18 Cca 

e ISS 30079-1 N:. 
1ISS 30079-2 C 

e ISS 30079-3 Al 
jTSS 30079-4 B2 
I ISS 30079-5 c 

~ ISS 30079-6 Al 
·1ss 30079-7 B 
:ISS 30079-SC 

e ISS 30079-9 k 

I ISS 30079-10 C1 
ISS 30079-11 C2 

DEPTII 

Sec .... 
Twp. -
Rtst:• ... 

LAB NO. 

35-46" . R-9-2569 
0-10" R-9-2570 

10-17" R-9-2571 
17-J(J' a .. 9-2572 
30-4(]' R-9-2573 

0-10" R-9-2574 
10-2611 R-9-2575 
26-39'' R-9-2576 
39-6a• R-9-2577 

0-5 .. R-9-2578 
5-8" R-9-2579 
0-1" R-9-2580 
1-711 R-9-2581 
7-12" R-9-2582 
0-211 R-9-2583 
2-9" R-9 .. 2584 
9-14" R-9-2585 
0-8" R-9-2586 
8-13" R-9~2587 

13-16" R-9-2588 

PASTE 
pH 

8,3 
7.6 
7.6 
8.1 
8.0 

7.6 

7.9 
8.0 
8.2 

7.9 
7.8 
8.1 
8.1 
8.1 
7.6 
7.6 
7.4 
8.1 
8,0 

8.0 

PEA80DY COAL COMPANY 
Central Laboratory 

* SAT. COND. tla 
% ~mhos/em mcq/1 

38.4 0.9 5.5 
37.0 0.5 1.2 
33.4 0.1. 1.1 
45.0 0.5 2.3 
59.1 'i?"lt 16.7 

43.1 . 0.5 0.5 
42.8 0.3 0.9 
42.8 0.9 1.3 
44.7 0.5 1.5 

45.5 0.4 1.0 
53.7 0.4 1.4 
36.3 1.3 0.7 
38.6 2.3 0.9 
48.8 0.3 0.5 
42.8 0.6 0.5 
45.7 0.3 0.8 
36.8 0.3 0,7 
55,0 1.1 1.2 
52.6 2.5 8.2 
63.5 3.3 11.9 

'· 

*Dry Basis 

SATURATED PASTE EXTRACT 

Ca I-lA K 
mec1/l meq/1 meq/1 SAR ESP 

1.4 1,4 4.7 5.4 
2.4 1.1 0.9 0.1 
1.9 0,8 0,9 0.1 
1.1 1.0 2.2 1.9 

1..2 .29 .. 0 4.3 4,8 

3.6 0.6 0.3 -0.8 
2.2 0.6 1.1 0.3 
6.1 1.1 0.7 -0.2 
1.4 1.1 1:3 0.6 

3.2 0.4 0.7 -0.2 
3.1 0.4 1.1 0.3 

10.2 0.9 0.3 -0.8 
4.4 0.2 0.6 -0.4 

2.9 0.1 0.4 -0.7 
4.4 1.0 0.3 -0.8 

1.9 0.4 0.7 -0.2 
1.4 0,3 0.8 -0.1 
4.9 3.2 0.6 -0.4 
8.6 9.2 2.8 2 .• '1 

13.0 15.1 ),2 3.4 
·. 

........ 
0 



L:. :.::-·=·--:.::·=============-=-="--

SOIL 
SERIES 

NAHE 

Cahona 

Cahona 

Zyme 

Dulce 

Dulce 

Zyme 

-

··nne Q l\l<1cJc He sa 
C\H"L.· Uo. ~ 

~bU.! Cured -

•'· 

~ _·\ n SULFUit 
1.. 

Sec. -
Twp. -
Rge. -

*Tons of Caco3 Equivalent 
per 1000 Tons Material 

t-fAX. AMOUN1 AMOUNT A~10UNT 
REQ. PRESEN1 NEEDED OF 
J;-ROM BY FOR I~XCESS i:ll. : SULFUH 1'11'. UEUT, CaC01 l 

-~-9-256~ <O.Ol 0.31 18.20 17.89 . 
·~-9-256' ~ 0.01 0.31 74.27 73.96 
~-9-25]{ ~0.01 0.31 6.27 5,96 
~-9;..2571 <0.01 0.31 4.83 '··52 
.:-9-2572 < 0.01 0.31 33.48 33.17 
~-'J-:>573 0.09 2.81 164.45 161.64 
I 

t-9-2571, .. 0.02 0.63 10.62 9.99 
j -9-2575 < 0.01 0.31 25.83 25.52 
t-9-2576 < 0.01 0.31 20.46 20.15 
~-9-2577 o.m 0.94 96.31 95.)7 
I 

~-9-2578 " 0.37 11.56 36.18 24.62 
r.-Y-2579 I 0.55 17.19 24.64 17.45 
~-9-258C <. 0.01 0.31 221.14 220.83 
:.-~-2581 ~ 0.01 0.31 216.95 216.64 
r-9-2582 ~ 0.01 o.:n 128.27 127.96 
r-9-2583 o.m 0.94 8.43 7.49 
·.-9-2581, 0.05 1.56 7;64 6.08 
:-9-2SAS 0.11 3.44 5.17 1.73 
:-'l-:''l86 0.12 3.75 27. 91e 24.19 
:-"<''>H7 0.12 3.75 11.65 7.90 
:-'.L:?SSR 0.1\9 21.56 14.27 7.29 

,- &.:.1\llUI.J t ~.lJnL. l..Ui'l'' 1\l'f I 

Ctntr«l L«boratory 

*DTPA F.xtract 

* 
LIME Mo Cd Cu Fe Mn . Ni Pb ?.n 
'fES'r ppm ppm ppm ppm ppm ppm ppm ppm 

< 1.0 0.7 0.4 
< 1.0 0.8 0.6 
< 1,0 1.7 o.s 
<1,0 2.6 1.2 
<. 1.0 1.4 o.s 
< 1.0 1.2 0.4 

.( 1.0 1.4 1.0 
<1.0 1.2 0.7 
<1.0 1.1 1.2 
<1.0 1,4 0,6 

< 1.0 1.2 0.8 
<1.0 1.5 0.7 
< 1.0 0.9 1.0 
<1.0 1.0 0,6 
<1.0 1.3 0.6 
<1.0 0.9 1.2 
< 1.0 0.6 . 0.7 
<1.0 1.6 1.2 
<1.0 2.5 1.1 
<1.0 3.6 1.0 

<.1.0 3.5 .~ 1.5 
•"'" 

r I 



----------~ ·~'~------------

SOIL 
SERIES 
~~W-E 

Cah 

Cah 

Zym 

Ullc 

Dulc 

Zym 

!·IHW - 1\L.acl< Mesa 
~lll- c tlo. -

..... 

OHfJ\tllC 
~11\'J"J[It 

:'·.1\ ~Ill. 
., 
1 .. 

Sec. -
Twp. -
R 1\"'. -

e'o * 
NaiKn) 

p 
NII40Ac 

K 
PflR p(lH 

3.0 97.6 
2.9 120.7 
3.8 139.4 
1.2 107.9 
2.7 148.6 
2.3 87.1 

5.4 162.7 
1.8 120.1 
1.2 115.9 
1.4 123.8 

2.9 193.3. 

0.4 138.5 
5.6 98.5 
2.8 107.3 
1.6 49.6 
4.4 173.8 
1.5 109.8 
0.6 45.7 
1.7 368.5 
0.9 168.5 
1.2 174.8 

•'>A 
NII

11
-N 

Pfll\ 

• 
<2 
c:'2 
<2 

~2 

• ~ 2 

L2 

<2 
<: 2 

C::.2 

<2 

<2 
~2 

<:2 

<2 
<2 

<2 
<2 

6 

'2 
~2 

<2 

• •·• 'u'""....,. • ""''"'''u \o..'-"'• •• • ' '' 6. 

c~ntral l.ahoratory 

A • Sample not preserved in field 
· B • 1'ota1 N f~ tlll4 -~1 plus N03-N 

•'•A •'>AB 
tv

3
-N Total * * N Se B p(ln 

Pllll ppn PJIIl 

O.lt <:0.01 ..C::O.l 

0.6 ~ 0.01 0.3 
5.8 '0.01 < 0.1 
0.9 (. 0. 01 <0.1 
0.5 "'-0.01 <0.1 
1.0 ..(. 0.01 0.4 

7.0 -<.0.01 < 0.1 
0.2 ~0.01 < 0.1 
0.1 <0.01 ""0.1 
0.1 ~0.01 0.2 

1.8 ~0.01 0.1 
0.4 .<: 0.01 0.1 
1 .It ~0.01 <. 0.1 
0.5 <0,01 <0.1 
0.4 <0.01 ""0.1 

16.1 <0.01 <. 0.1 
1.8 < 0.01 0.2 
0.7 <: 0.01 0.3 
4.'• <0.01 1.7 
O.lt <0.01 0.8 
0.5 < 0.01 0.2 

Sand 
% 

69.6 
56.6 
53.2 
60.8 
40.8 
28.3 

48.8 
. 49.8 
55.8 
45.8 

42.2 

33.8 
2R.7 
54.4 
55.4 
54.4 
49.4 
48.4 
16.8 
23.4 
9.9 

PARTICLE SIZE 

Silt 

'· 
19.2 
20.2 
25.6 
20.6 
23.6 
32.6 

34.6 
28.6 
22.6 
24.6 

27.2 

24.6 
57.7 
28.0 
27 •. 0 
36.0 
31.0 
40.0 
51.2 
49.0 
i,9.1 

-N 

Cla) 

; 

. 
• 
~ . 
4 

4 

1 

l 

1 

7. 

f 

f 

t 

1\.f 

32.t 

27.t 
Jtlil~~:, 



~-·inc - Alack Mesa Sec. -
Twp. -
Rge. -

c.,rl: t.o. 
J,. t 1.: cu..- c d -

*Tons of Caco3 F.quivalent 
per 1000 Tons Material 

.. t-IAX • AMOUN'J !At-fOUNT ANOUNT . 
SOIL SULFUR REQ. >RES£N1 NEEDI::D OF 

SERIES' .:"..B 

'" 
FROM BY FOR EXCESS NA..V.£ :n. 

SULFU~ TIT. ti£UT :· CaCO'~ 

Begay -9-2S89 0.04 1.25 13.02 11.77 
:-9-2590 0.6'. 1.25 13.76 12.51 
.-9-2591 0.05 1.56 24.13 22.57 

.. -9-2592 0.02 0.63 10.29 9.66 
-9-2593 0.01 0.31 18.67 18.36 

Zyme -9-25~ 0.15 4.69 18.00 13.31 
-9-2595 0.11 3.44 17.98 14.54 
-9-2596 0.14 4.38 21.94 17.56 
-9-2597 0.12 3.75 14.40 13.65 . 

I 

-9-2598 0.02 0.63 32.52 31.89 
-9-2599 <:.. 0. 01 0.31 55.89 55.58 
-9-2600 < 0.01 0.31 45.36 45.05 

·9-2601 0.03 0.94 25.97 25.03 
-~-2602 < 0.01 .0.31 13.10 12.79 
.,.~-2603 0.01 0.31 16.73 16.42 

I 

I 

·-
Ccntrial LiihOriltory 

* 
LIME Mo Cd Cu 
TES'f ppm ppm ppm 

~ 1.0 1.1 
.(.l,O 1.2 
< 1.0 1.0 
< 1.0 1.2 
~ 1.0 1.0 
< 1.0 1.7 
.( 1.0 1.9 

< 1.0 7.3 
<1.0 2.4 

.(.1.0 0.7 
<.1.0 0.9 
.(.l, 0 0.9 

~1.0 4.4. 
<.1,0 2.4 
<.1.0 2.9 

*DTPA F.xtract 

Fe Mn Ni 
ppm ppm ppm 

~ 

-

Pb 
ppm 

?.n 
ppn 

1.3 
1.1 
1.0 
0.9 
0.8 
0.8 
0.7 
0.1 
o.s 

0.4 
0.6 
0.6 

2.1 
1.9 
1.5 

........ 
Vl 



!·!Y !If. -Black Mesa 
r.,r~ th •. -

IIJoiLI.: \..UII.:U-

I 
I 

I ... 
SOIL I OU('NHC 

SERIES f·~.\TI'£R 
NAHE .~\ !~ tJO. 1 .. 

Begay -:-9-:?5~9 

~-9-2590 

~-9-2591 

{-9-2592 
~-9-259] 

Zyme ~-9-2594 

t-9-2595 
~-9-2596 

:-9-2597 

~-9-2598 

_-9-2599 
:-9-2600 

:-9-2601 
-'J-2h02 

-9-:!lJO] 

I 

Sec. -
Twp. -
nr,c. ... 

* * Nalkll 
p 3 Nil~ 

ppn ppn 

1.7 200.6 
3.5 94.1 
1.5 77.8 
1.4 98.1 
2.7 51.1 

2.6 127.8 
1.9 103.1 
1.6 209.5 
2.1 168.8 

4.1 102.9 
2.5 107.2 
4.3 135.6 

3.3 145.6 
2.8 131.3 
2.4 197.4 

•';A 
Nlllt -N 

Pflll 

~2 

~ 2 
<.2 
< 2 
'-2 
~2 

.£.2 

~2 

~ 2 

"'-2 
~2 

2 

<2 
<.2 
<.2 

t'A:.I\t.UUl l.Ui\1.. I...UI"ll'l\1-.1 

C~ntr~l Lilhoratory 

A a Sample not preserv~d in field 
U • 'fotal N is Nll1.-tl plus N03 -N 

;'cA '!:Aft 

oo3-N Toral * * N Se B pjln 
p(lll PJlll ppn 

3.8 ~0.01 0.6 
1.6 ~ 0.01 0.5 
3.2 4! 0.01 0.5 
3.5 4!0,01 0.3 
2.1) ..t:. 0.01 0,2 
1.5 .: 0.01 0.4 
0.3 .t:::. 0.01 0.3 
0.5 ~0.01 0.5 
0.3 0.01 0.7 

1.5 0.01 0.6 
2.8 ..( 0.01 0.4 
1.1 0.01 0.4 

1.4 0.01 0.4 
1.0 0,01 0.2 
0.4 0.01 0.5 

PARTICLE SIZE 

Sand Silt 
1. 1. 

73.4 17.0 
76.8 14.6 
69.8 19.6 
70.4 21.0 
76 .. 4 16.0 
37.4 39.0 
35.4 37.0 
14.4 44.0 
33.2 52.2 

.55.2 27.2 
51.8 28.6 

-
54.8 11.6 

38.8 29.6 
21:.0 24.5 
1.1 . 39.0 

.· 

' 

Clay ., .. 
9.6 
·8.6 

10.6 
8.6 
7.6 

23,6 
27.6 

~ 

14.6 

17.6 
19.6 
33.6 

31.6 
; .. ,. 
,,~ 

~ 

•.&:::>. 



SOIL 
SERIES 

NAJ·f£ 

Begay 

Zyme 

H 1 NE - Black Mesa 
r.,,r~ tlo. -

Cored 

J.lTIIOLOGY 

ISS 30079-12 Al 
ISS 30079-ll C1 
ISS 30079-14 C2 
ISS 30079-15 C3 
ISS 30079-16 C4 
ISS 30079-17 Al 
ISS 30079-18 Al! 

ISS 30079-19 Cl 
ISS 30079-20 C2 

S.'lS 29079-25 
sss 29079-26 
sss 29079-27 

RSS 35379-1 
RSS 35379-2 
RSS 35379-3 

DEPTH 

0-1016 

10-22" 
22-33'' 
33-43'' 
43-60" 

0-3" 
3-9 .. 

9-19" 
19-2310 

0-20" 
2~40'' 

40-60'' 

0-7" 

7-11" 
11-17" 

Sec. -
Twp. 
R 6-=· -

PASTE 
LAB NO. pH 

R-9-2589 8.0 
R-9-2590 8.0 
R-9-2591 7.9 
R-9-2592 8.0 
R-9-2593 8.2 
R-9-2594 7.9 
R-9-2595 7.8 
R-9-2596 7;8 
R-9~2597 7.6 

R-9-2598 7.6 
R-9-2599 1.5 
R..;9-2600 7.3 

R-9-2601 7.6 
R-9-2602 7.8 
R-9-2603 8.0 

PEAI\OOY COAL CONPANY 
Central Laboratory 

* SAT. COND, tla 
1. ~mhos/em meq/1 

32.2 0.7 0.9 
32.2 3.6 1.1 
34.3 0.5 0.9 
34.2 0.5 1.0 
32.2 0.4 0.8 
42.6 0,9 0.7 
42.7 0.5 1.3 
53.6 0.4 1.3 
48.6 0.7 3.8 

42.5 0.6 . 2.4 

41&.6 0.6 1.4 
42.5 0.5 0.9 

53.2 0.3 0.7 
59.4 0.3 0.8 
73.3 O.l 1.3' 

I 

*Dry Basis 

SATURATF.D PA!lTE EXTRACT 

· Ca ttg K 
meq/1 meq/1 meq/1 SAR F.SP 

2.7 0.5 0.7 ... o.l 
28.3 2.0 0.3 .o.a 
3.2 0.6 0.7 .. o.2 
3.4 0.6 0.7 -0.2 
2.2 0.5 0.7 -0.2 
6~9 0.6 0.4 -0.7 
3.2 0.5 1.0 D.2 
2.4 0.5 1.1 0.3 
2.5 0.8 3.0 3.1 

2.5 1.2 1.8 l.4 
3.7 1.2 0.9 0.1 

3.8 ,1.2 0.6 -0.4 

2.2 0.5 0~6 -0.4 
1.8 0.7 0.7 -0.2 
1.0 1.1 1.3 0.6 

....... 
u. 
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Ufll359 S'1It. I'tTERPRtTATIONS RECORD 

"'l.IUCSJ: l!h H 
RtVo A~te~L~• 1•8• 

B£GAT SEll TtS 

USTOLI.IC CA"80RTHtDSe CDARst•t.OAitl'e ~UtDe •tstC 

9t;Al' S£R!!S ARt VERY OEEP• WELL DRAINED SOILS FORMED IN EOLIAN DEPOSITS ON ROLI.ING JPt.ANOS ANO BROAD MESAS UNOER GRAMAo 
GAI.l.ETA ANO SHAOSCAI.Eo MAlT IS 45 TO SJFo AAP IS 8 TO 14 INCHESo FFP IS 110 TO 120 J•TSo l PROFILE MAS A Ttl.I.OWISH RED 
l.DA"l' FlNE SANO SURFACE t.ATtll 3 INCHES TMICXo THE SUBSOIL IS TEl.l.OWISH ltEOo VERY FHIF SANOY LJUit 13 tNCHt'S THIC< o THE 
s:.IBSTliUUit IS TtLI.OWISH RED• VERY Ftttt SANOT I.OAit TO 60 INCHES OR 'IOREo SI.OPES .UE 1J TO 30 PERCENT. 

IA•2o .&•4 
CL•"'L IA•4 

IA•4 
Ct.•Mt. IA•4 
Sill 1.&•4• .&•2 

1 ----------~~a~-~a~~~~~~~l~t+I:~n~f~f~A~e~t•L~I•T~Ig~$._ ____________ _. ____ 1~1~--------~~a--~1~5~;o~:N~:~;~gsrrgN eeTgBtiL 1 
I SEPTIC TANII 11•1'51: 'IOOtiUTt•SLOPt II 15•2!1: F' Ut•SLOPE I 
I ABSO~~TtlN 15•1: StVtRt•St.OPt II IIOAOFtLL 25•1: POOt•SLOPt I 
I F'tELOS II I 

:----------~~IJ~•~7~1~:~st~Y~E~R~t~-~S~E=t=P~IG~t~--------------------~~--------~~~~MP~R~0~8~1~8~~i-•E~l~C~t~S~S~F~I~N=t=s------------·------: 
I SEWAGt ht: StYEitt•StE•A&teSLOP! I 
I l.AGOON SANO I 

UEAS I 

----~----~~IJ~-~8=1~:-S~L~l~G~M~f~--------------------------~~----------+-~tlii~P~R~O~!~I~B~~i·--t~X~C~t~S~S~F~l~H~ES~----------- ------: 
SAil I fUT 
I.ANOFtLL 
ITRENCIU 

8•1~1: ~OOtRAfE·S~OPt I 
1!•1: SEYERE•SLOPE GRAVCL I 

I 

----------~~IJ~-~~=a~:~SL~I~G~M~T~--------------------------~~----------~~a-D4~1~V~F~SL;~F:S~~.S~L~:~G~0~0=0------------·-------: 
S&Ni f&R1' 
~.-.onL~o 

CAttEll 

OAII.Y 
:ovt~ FOil 

I.ANOII'ILI. 

1•1!1: ~OOtlt&ft•SLOPt 8a151 VFSLeFSL•SL: FAIR•SlOPt I 
1!•1: SEVUE•SI.OPt TOPSOIL (I•U l.FS: Filii•TOO SAHOT I 

0•81: GOOO 
1•1!1: FAIR•SLlPt 
15•1: IIOliii•SioOPt 

8•151 LFS: F&IR•TOO SINOTvSLOPt 

----------~-a~-~~~~~:~s~t~v!.~T{~!~s~;~;~:~:~:~l~''•"~'~-----------------1 
POliO 

RtsEit VOtlt 
AIIU 

R•l: StYt~t·SttPI&teSLOPt I 
I 
I 

----------~~~o~-~;~~~i~!~a~l2~e~r:~l~i~!~2~u~?~;~r;~:~~~p~~~:~:~:----------------:~:~--------~,~s~r:~vt~.~E~-~P~ta~r~N.~---------------------------: 
-1 SM&&..O .. --l-~S•I: SCVItRt•CUfSA.NICS CAVteS&.OPt. -·--UCite&Milflt:MT$.-& I 

l!:lCAYIUOIIS I II DIKES 61110 I I 
I I II LtVtf:! I I 
I I 
I I O•U: SLlGIH II StVERE• .. l II&TEII I 
I OIIELI.lNGS I 8•151: ~OOERITE•SLOPt II EXCIVATtO I 
I lllf .. )Uf 15•1: ~f!:VERt•SI.OPt II POlliO! 
I 9&SE~tNTS IIAQUIFEII FtO 

----------~~a~-~~~~~:~SL~l~G~H~T~--------------------------~~----------~~O~EE~P~T~O~.,·~TE~R~---------------------------; 
OWELL.INGS 

IIUH 
~ASE"'!:'tfS 

!•151: MOOERIT(•SLOPE 
I t~•l: StVtRt•SI.OP£ II 

II 
ORA tNAGt 

----------~~0~D~4~1~:~SI.~IG~H~f~--------------------------~u.-----------~~IJ-•~l1~V~F~S~I.o~FS~I.~e-S~&.-:~S~O~I~I.-B~~-O~·w~l~N~G-------------: 
SIIII~L. 4•81: ~OOtRAft•SI.OPE 3•1 Y~SLe;SLeSI.: SOli. BLOWINGeSLOPt I 

CO,.IIIUCUL 
9UIL:IINGS 

a••: SEVERE•SL~Pt IRRIGATION O•l1 ~F~: FAST lNTAKE.SOII. B~OWlNG I 

I 0•&1: SLIGHT 
I LOCI~ 8°1~1: "'OOERATt•SLOPE TERRACES 
I ROADS INO 15•1: StVEIIE•Sl.OPt &NO 

3•1 LFS: =eST INTAIIEoSOIL Bt.OWIIIGeS~OPE I 

0•&1: CftOJtS CISILTeSOIL B~OWlNG 
S•l: SLOPtetROOtS EASILTeSOIL SI.OWING 

I 
I 
J 

I SfllltETS OfVEUIONS I 

:--~AY~'ts~.--~~~--~41~:~$~L~I~G~H~T----------------------------~+-----------~G~-~~~~~:-=E=It~Ol~E~S~E~A~S~l~L~1'-----------------------: 
ILANDSC&PtNG 8•151: IIIOOtRATt•SlOPt GRASSED S•l: SLOProtROOES EASILY I 
I ANO lOLF 15•1: SEVtllt•SLOPt WATtRVATS I 
I ll'ltllfWATS I ,______ _ ______ I 

1 



0 

UT0359 

I ----~~O~-~~~~~~F~S~o~F~S~~-.~S~~;~S~L~l~G~H~T--------~tc~R~E~A~IuX~Q~N~!~t~IWOE•vuE~b~Q~P~M·EAN•I~~0~-~2~1~L~F~S~ti~sL~tS~L~:~S~L~l~G~H~I-------------------
I !•lSI LFStFSLtSL: MOOERITt•SLDPt II 2•61 ~FSo~S~tSL: MODER!Tt•SLOPt 
I eA"P •RtiS 0•41 VFSL: MOD~RITE•OUSTY IIPLAYGROUNDS 0•21 VFSL: MODtR!Tt•OUSTY 
I !•lSI YFSL: "'ODtii!Tt•SLDPEtDU!IIY II 2•61 YFS~: MODtR!ft•SLDPttDUSTY 

:----------~~·~;~:~;~:~i-~~~~iv~.;~:~E~:~;~~2~~~e~;~L1~G~H~T~----------------~:~:~--------~~~-=~:5~:1~?~t~~:~ji~s;·t~s:~~~:~!~o~t~S~t~as~I~~,~-------
I I !•lSI ~FSoFSLoSL: •ODER!TE•SLOPt II PITHS ' 25•1: SEVtRt•SLOPte£RODtS EASILT 
l~teNIC &Rt!SI 0•81 YFSL: MODtR~Tt•OUSTY II AND 
I I 8•151 VFSL: "'OOtRITt•SLOPttDUSTY II TRilLS 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

- I 
I 

PP!BlbiU 1NQ !I"'LQS pp! ACRE:.. OF 

!NIRRIIBR,JNJI!R I tBA I IN IRR 
I fa£ I I 
I 7$ I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 

t 188. jNIRR IRR, 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

LE:V£~ .U,!!G£MENT! 
I I 
I I 

I 
I NIRR f I BR, ~•ns tiAB. iNIR!! !IRR, 
I I I I I I 
I I I I I I 
I I I I I I 
I I I I I I 
I I I I J I 
I I I I I I 
I I I I I I 
I I I I I I 
I I I I I I 
1 I I 1 I I 
I I I I I I 

1." I 

1 __________________ _. __ ~----~--~----_.--~~~~~---------------._ __ ._ __ ._ __________ _ 

:~A11:~,QR;M~JM~'~7~P~M~I~$-C~~-~~O~N~[~~;~e·t•G•Ir-z._ ____ -+~~----~-.~~----~~~----~._. IHTI IHTI $PtGU.•· lttii ~e''''~ ~I I I I I I I I I 
I I I I I I I I I I 
I I I I I I I I I I 
I I I I I I I I I I 
I I I I I I I I I I 

~-----------------~----------------~~~~~~~~~~~~-------------~~._ ______________ _._ •ILCLIII'C ~~~IT&T SUJI&BlbliJ 
I 

t CLASS• 1 D?I,,IIAL ~2ft HIMIT!T ~L£=£NI3 I ~QT&,Illb !I HABIT&T~J 
I l£Ttll111tNING I GliAl Ill &I GalS$ 1.1 WlLO IMUOWO I COPUfl'tll ISI4111U8S I WE·TI.!NOISMI\.\.OWIOPENL.O I WOODLO IWtT~ANOIR!NGELO I 
f tl'l$f" ! SttQ tbr;gyper I '4CI!Qp I T!CZ:$ JfiLANJ$ I IPS.ANT$ t Wilt" IMILQLf tWILQLE IWILQLF ~~ 
IVII'SLt'SL•5L I POOR I FUR 1 F&U I I I FUll lYe POOitl'h PlOitl FAIR I lYe POORI FAt~ I 
ll.fS lYe POORI P~Oit I F&U I I I POOtl lYe POOIIIYe P:SOIIt POOR I lYe POOitl POOR I 
I I I I I I I I I I I I I I 

._.1 --------1-·---··1 .L._- ---1----'----·1-----L---...._---·-----'--- -1.- ·- l I 
I I I I I I I I I I 

I ----------~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-----*------~~ 



hM0220 S 0 I ~ I N T E A P A E T A T 1 0 N S A E C C R 0 2 
MLRACSJ: '!6 BONO SEAlES 
AEVe TLP•Cl'K• 11-78 
~ITHIC USTCLLlC HAPLAAGICS. LOAMY. NIXED• MESIC 

THE BCINO SEJUi:S CONSISTS OF SHALLO• •EU..-DAAINED SOILS FOAMED ON AIDGETOPS AND NESASe PARENT MATERIAL IS 
REDDISH SANOSTGNee THESE SOILS OCCUR BET•EEN 4500 AND 8000 FEET ELEVATIONe-AVERAGE ANNUAL 
PAECIP1TATI0h RANGES FROM 12 TO 17 INCHES •ITH MEAN ANNUAL AIR TEMPERATURES FROM •7 TO s• Fe THE FROST-FREE SEASQN 
IS BET•EEN 11C AND ISO CAYSe TYPICALLY THE SURFACE LAYER IS ABOUT • INCHES OP REDOISH-eRCWN SANOY LOAM UNDERLAIN BY 
A BEQQISH=OHQfN SANOY £LAX LQAI SUBSQIL. $!NQSTQNC SIQBQCI IS B&IfC§N lQ ANQ ?9 INp 3LQPCS BAbEC fBQM I rg i3 P'iB,C:Nie 
~~~~----------------------~--------------s•s~r·r~M~e~r·e~p_.s~gwr~L_.p~a~c~e~e~s~r~r~Ews~'~4u'~--~----~~~--~------~----~~--~--~--~l 
IDEP1:HI I I IFRACTIPEACENT r:l MATERIAL LESS ILIOUIO IPLAs- I 
IClNeJI USDA TEXTURE I UNIFIED I AASHTG 1>3 INI THAN ~· pessJN§ srJyc HQ• J LIMIT ITICITYI 
1 1 1 ' uenll , ' •e ' u 1 2 99 1 '"*AI' 1 
I o-4 1 SL• FSL. ISM IA-2• •-• 1 o-t!SI 100 9!5-l oa 6G-75 3o-so 1 Hi-2!5 INP-!5 I 
1 G-4 IGA-sa.. wR-FSL.. GA-LS ISM 1~r-2. """ 1 o-1!51&!5-9!5 eo-9o 55-70 1!5-40 1 ts-zs INP-!5 I 
I a-• ILS ISM IA-2 1 o-&!51 100 9!5-UO so-6!5 1!5-30 1 1 NP I 
I .-111 SCL. GR-SCL ISC IA-2e A-6 I 0-15I8G-IOO ?G-100 6G-7!5 30-!50 I 20-3t5 110-20 I 
I 17 lu•a I I I I I I I 
I I 
lOEPTHICLAY !MOIST d&a.KI PEAMEA- I AVAILABLE I SGIL I SALINITY I SHRINK- II!RGSIONI•IN) IORGAHICI I 
ICINeJICPCT I DENSITY I elLITY l!ATER CAPACITYlREACTIONilMMHO~CMII s•ELL I~IEAODeiMATTI!R ·~~~--~~~~~· 
l 1 sa'"' 1 IG{CM31 1 UN{Hftl 1 qrtnrta I spHp I !pprgr:f!Ut.l K 1 r !Gftqupl cpc:p I su& ICQJ:fiRU!!I 
I 0-4 I 8-171 I o.6-2e0 I o.u-o.t• l6e6-7.a I I La• le28l 1 I ~ I I HI§H I LQI I 
l G-4 I .-&71 I 2a0-6eO I OeiO-GeiZ l6e6-7e8 I I La• le3ZI I I 4 I I 
I o-• I •-9 I I z.o-o.o I Oe06-0e08 l6e6-7e8 I I LO• le24l l I 2 I I 
I 4-17I2G-3!5f I o.z-o.~ I Oell-G.l3 16·6-a •• I IMODERATE le37l 
I 17 I I I I I J I I I 
'----~--._~~~~------~~--~~~~~~~~~~~~~~--~~~--~~~~~~~~~ 1 FLemiNG H&GH 1 's!CNT'R 1 Bf!R'Pa lsyu•U"'I IH-.o IPO'dNT•LI 
·-~~~~---~-,._--~,._-~~~-- DEPTH I KIND IDEPTHIHAAONESSIOI!PTH IHAAONESSIINIT.JTOTALIGAPI FRGST I 
I FB@QYCNCJ QtBU 'PN I MQH!HS lfiJ I I (IN t I I qnp I I CJN a IIJNI I I !STJQN I 
I Nq+fi I ?t.g I I I ''tiP I Hf8Q I I I A I I PI I 

I 

SANITARY 
LANDFILL 
CTAI!NCHJ 

SANITARY 
~ANOFILL 

(AREA. 

DAILY 
COVER FOR 
~ANDPILL 

I SHotLLO• 
IE.XCAVATICiNS 
I 

SANIIfBJ fAG!bJitg3 
l-15X: SE¥EAE-OI!PTH TO AOCK 
I!S+a: S&VERE-D!PTH TO ROCKeSLOPE 

l-7a: SEVIRI!-DI!PTH TO ROCK 
7+S: SEVEAI!-DI!PTH TO AOCXeSLDPE 

I-ISS: SE~EAE-OEPTH TO AOCK 
15+a: SEVERE-DEPTH TO AOCK.SL.OPE 

1-l!SS: SE~EAE-DEPTH TO AOCK 
l!S+S: SEV£Re:-OEPTH TO AOCK.SLOPE 

1-&sa: P~CR-AAEA RECLAIM 
I!S+S: POCiA-AAEA AECLAIM•SLDPE 

ftUibQING 311§ RCV§LQP'I"' 
1-10: SE'<IEAE-OEPTH TO AOCK 
15+S: SEVIAI!-OEPTH TO AOCK•SLOPE 

II 
II 
II AGADPlLL. 
II 

SAND 

II 
II 
II &RAVEL 
II 

II 
II 
II TOPSOIL 
II 

II 
II 

I 
I POND 
I RESERVOIR 
I AREA 
I 
I 
IE-ANKMENTS 
I DIKES AND 
I Lavee:s 

CP"I''YGIIQN !Allllfb 
PCCR-ARI!A AECLAI• I 

I 
I 

·, I 
I 

UtPAOBA&I!-E.XCI!SS FINES I 
I 
I 
I 
I 

1MPA08ABL4-E.XCESS FINI!S I 
I 
I 
·I 
I 

I-ISS: POOit-AAEA AEQ.AIMeS.ALL STCNES I 
Ul+s: POOA-ARI!A AECLAIMeSMALL STONES•SLOPE I 

I 
I 
J 

IAIIB !llliiiiHI 
1-aa: SI!VI!AE-OEPTH TO AOCK I 
a+ a: SEveRE-DEPTH TO ROCKeSLOPe: I 

I 
I 
I 

SEVERE-THIN LAYER I 
I 
I 
I 
J 

I SI!WEAE-NO WATSt I ·--------~~---~---~~~~~~~------------~~--------~~~~~~~----------------------1 &-I!SS: SI!~EAE-OEPTH TO ROCK 
.1 Olt~lNGS I!S+a: SEVIRE-SL.OPI!eOEPTH TO ROCK 

•ITHOUT 
BASEMENTS 

l*EU.INGS 
•ITH 

BASE.ENTS 

SMALL 
COMMERC l.t&. 
BUILDINGS 

LOCAL 
ROADS ANO 

STREETS 

LAWNSe 
I LANDSCAP I N1ii 
I ANO GOL.# 
I I"AIAWAYS 

1-t5Z: SE~EAE-DEPTH TO ROCK 
15+S: SI!VIAE-DEPTH TO AOCKeSLOPE 

1-az: S4VEAE-DEPTH TO ROCK 
il+ll: SEVEAI!-SLOPEeOEPTH TO ADCK 

l-t5X: SEVEAE-OEPTH TO ROCK 
15+x: SEVEAE-OEPTH TO ACCKeSLOPE 

1-l!Sil: SEVERE-THIN ~AYEA 
H5+S: SEVEAE-SLOPEe!H!N ~AYEA 

l UCAVATD 
I POHOS 

AGUIPEA 11£0 

DRAINAGE 

IRRIGATION 

TERRACES 
AND 

DIVERSIONS 

II 
II GRASSED 
II . •ATER.AYS 
II 

I 
I 

' J 
DI!EP TO . • ATEA I 

I 
I 
I 
I 

l-lS SL .PSLeGA-SLeGA-FSLe GA~S: I 
DEPTH TO AOCK I 

3+S SL.PSL.GA-SLeGR~SL.GA-LS: I 
DEPTH TO AOCKeSLOPe I 

t-:31 L$j QBQUGMIT·PIPT" IQ 89'' z I 
1-ea: DEPTH TC AOCKeEROOES EASILY I 
8+11\: SLOPE.DEPTH TO AOCK.EAOOES !!ASILY I 

I 
I 
I 

1-az SLeFSL.oGA-SLeGA-FSL.GA-LS: I 
EAGDES EASILY I 

8+11\ SLoFSLoGR-SL.GA-FSL.GA-LS: SL.CIPE. I 
eAODI!S EASI L 'f I 

II t-p I §2 CBOP'I easrLx1ppgu&HTy zt ! ________ _. __________________________________ ~~--------._~.-~~~~~~~~~~--------~ 



0 

SCND SEJ;JIES 

I 
I 
I CAMP AREAS 
I 
I 
I 
I 
I PICNIC 
I 

I 
I 

AREAS I 
I 

1-ts•: SE~EJ;JE-OEPTH TO BOCK 
15+X: ~EVEAE-SLCPEeOEPTH TO AOCK 

1-15&: SEVERE-DEPTH TO ROCK 
15+s: SEVERE-SLOPEeOEPTH TO BOCK 

Rf(;BUJIQN!b DJYELQp11ENT 
II 
II 
I I PLA YGROUNOS 
II 

II 
II 
II 
II 

PATHS 
AND 

TRAILS 

'--------------------~--CApAelbiT! ANQ Y'ELQ3 eea ACRE Qf ,ages ANQ paarueg 
I CLASS- I CAPA- I I I 
I DETERMINING I OILJ:TY I I I 

NM0220 

1-6X: SEVERe-CEPTH TO ROCK 
6+S: SEVEJ;IE-SLOPEeDEPTH TO AOCK 

1-tsx: SLIGHT 
t5-2SX: 1100ERATE-SLCPE 

CHJGH LSYCL 

I PHASE 1----~--~----~~--~--~~---+----~----~~--~----~~~~---+~~~~~~~~~~--1 I NJBB 1188, I Nl 88 I NUB liRe 

AU. I 6E I I I 
I I I I 
I I I I 
I I I I 
l I I I 
I l I I 
I I I I 
I I I I 
l I I I 
I I I I 
I I I I 

CLASS
DETERMINING 

pw•a 

ORO 
s~• EROSION 

HAZABQ 
EQUIPe ISE£DL1NG. •INOTH. 
btiiT MQBT•y,J HflfiQ 

PLANT I 
'O!p@ZeJ 

COMMON T~EES ISITEI 
IIHQII 

NONe I I 
I I 
I I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

TREES TO PLANT 

I I NONE I I I I I I 
I I I I I I I I 
I I I I I I I I 
I I r I I I I I 
I I I I I I I I 

1----------------~--------------~~._--------------~~---------------*~----------------~· wlLOLt-~ Hf81I!T $UITA81LIT! 

I I ------~~~~~~~~~uu~~~LL~~~~~L-W.~A-wRIT~I5a'•M~r~N~'~ftE~~P"~&S~1~-----1 
I CDMIIDN P\.ANT NAMe: I SY-01. I I 
l~P~IN-Y~QN~-f.~~----------------------~~~~~------.~----~------------~----------~------------~------------
IDNI!SI!ED . .JUNIP&A .., .JUliO l2 
fPGHOeADSA PIN£ I .of PlPO 5 
I GAM&eL. OAK v QUGA LO 
ITRUE MDUNfAINNAHD&ANY CEM02 .3 
I ANTELOPe 81 TT EABAUS H PUTR.Z 2 
JSIDI!DATS GRANA IIOCU US 
IBOTTLEBRUSH SQUIRRELTAlL SIHY 2 
!PINE DAOPSEEO aLTA 3 
I PRAIA IE .IUNI!G.AASS KUCR 2 
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15•1: POOR•SM.LL STONESoSI.OPt -------3~--.. ~~~:~s~t~~ U!s;(;:g~enr 
POND 

IIEStiiVOU 
uu:a 

S•l: SEYt~t•StEP!GteSLOPt 

3•81: Sl.lGH1' II I SLIGHT 
I $.MA~;,j)W. &•15~ IIODtll.Lft•SI.CP£. ------U£•aloll&ltCMT.$--~- ----- ---··--------
ltXSAV!ftONS t5•1: StV(~t•SLOPt II OI~tS &NO I 
I II LEVEES I 

I __ ,.. __ .._,_~~!~-~4~1·~:~SL~lG~H~1'~·--------------------------,_I~I----------·~--:S~£~V£~R~t~-~NJ·~~~~~~Tt~A~,_,_,.,_,_,. ______ .,.,. __ ,_, __ _ 

OWti.L.I!'fGS 
lllf~JU1' 

IUSEIIIt:ltTS 

1•191: ~OOtRAft-SI.OPt II tXCAY!f[O 
15•1: StVt~t•SLO-t II PONDS 

II AQUIFER FtO 

----------~~,=--~~~~~:~~~L~IG:':M~T::--------.----.-.-..--------.... ----~-----------~~O~t~tP~T~O::--;,~Tt~R~---------------------------: 
OWELLlltGS S•l'5t: "00~Rift•SI.OPt I 

I lllfH 15•1: StVtllt•SLOPt ORAtN!GC I 
I !ASt:~E~fS I 

:--.--------~~,~.~.~~~:~SL-l~G~H~T~--------------------------~~----------~~OR~O~U~G~M~T~Y~•ii.~O~P~t:~--------------------------: 
I Slt!LL ••4t: IIIOOt~Aft•SI.OP~ I 
I COMetRCt&l. 8•1: StVtRt•SI.OPt IftRtllftON I 
I IJUtl.{UitiS I 
I_ I 
I 3•41: Sl.lGHT l•41: F&V1R!II.£ I 
I t.OCAL 8•l!ll: IIIOOtl'ilft•SLOPt TtltiUCES S•l: SLOPP_ I 
I ~QAOS litO 1'5•1: SEVt:Rt•SLOPt &NO I 
I Sfftt~TS O!YVRSIONS I 

:~~~s~.--~~3-•~4I~:~•~O~O~t~S~a~rt~·-~S~III~l~L~t.~S~T~ON~t~S~.~O~R~O~U~G~H~TY=-------++----------~~3~•~8~I~:~O~ROIG~H~f~Y~--_,....,._ ...... __ ..., __________ : 
ILANOSCAPtltG S•l!ll: "00tRATt•!e&I.L STONtS.OROUGMfYeSLOPt GRASSED S•l: SLOP~eO~OU.HTY I 
I ANO :001.11' 15•1: StV£Rt•SLOPt WATtll1t!fS I 
I II'IJII!Il&YS I 
I I 
----------~~l!Lt~ftP~ft~C~I~AuT~I~Q~N.$._,_, ______ ...,,__ 

I I 
I I 
I 

~----.... ----~----------------.--------------.----..... 
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C!tiLTON SERIES NM0223 

I 3•el GR•FS~: ~~OER&ft•S"&~L SfONESteRtAIJQN!~IQty~,~-3~•~6~1~:~S~t·vt~R£~--S~M~&~L~L~S~T~O~H£~S~----------------, 
I 1•1!1 GR•FSL: ~OOtRIIt•SLOPtoSMlLL STONES II 6•1: SEYERE•S~OPE•SMILL STONES I 
I CAMP AREAS 3•81 GR•LtCN•L: MOOERITE•SMILL STONES•OUSTT IIPLlTGROUNOS I 
I S•l!I.GR•LtCN•L: MOO£R1Tt•S~OP£,SMILL STON£511 I 

: : ;::::~z:;;r;·=~·~ER~I~f~E~•~S~M~I~L~I.~ST~O~N~E~S~------~~----------~~3-·~l!~I~G~R;i~s~I.~:-S~L~I~G~H~T~-------------· : 
I I 8•1!1 GR•FSL: ~OO£RIT£·S~OPttSMiLL STONES PiTHS 1!•2!1 GR•FSL: ~OOERift•SLOP£ I 
IPtCNIC A~tASI 3•81 GR•LoCN•L: •ootRAit•SMILL STONESoOUSTY II ANO 3•1!1 ~R~eCN•L: ~ODERATt•OUSTT I 
I I 8•1!1 GR•I.oCN•L: IIIODtR&Tt•SLOPtoSMILL STONESII TRAILS 1!•2!1 GR•l.oCN•L: IIIOOtRATE•SLOPteDUSTT I 
~-------------tw'~·~s~:~s~&v~t~G~&~-~s~~~~~~~~~~~~~~~~~~~~~~~~~~--~~~~-------------- 1 CApl8IblTY 6«Q XItbQ$ ptR &CSE QF ~RQPS 4NQ p&$lij4&. !HIGH L&yt~·~~~~~~~NA~G~ENM~E~N~T~J------.----~--
1 CI.US• I CAP&• I I I I I I -1 
I OET£1UIItNUII 1 8.ILITY I I I 1 I I I 

I D~&St 1--------l~~~~~~~~~--~~~~~~~~~~l ....__....1 
I •N.JBBII81,fNIBB 1!88, 11!188 ttJSR, .L~IBS !IRR. INIAL.J..l.!!.a..J 
III.L I l!i£ I • I I I I I I 
I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 
I I. I I I I I I I 

'------------------~--~--~------~---~~~~~~~~~--~--~--~--~-----~--~----~--~---1 
----~~:b~A~S~S~.----------~~------~~~~~~~~~~~~-+ .. ~e~g~t~t~~~T~I~A~L~p~,~p~p~u~.~~~yt~I~!~--~~----------------------1 

lETtR"tNINI C0M"0N TRt£5 ISIT£1Pif001 TREES TO PLANT I 
------~~,~~~S~f._--......... ~--~t~MAA~ZA&AI~~~=~I·T~~~=~Q~ft•T-•y~\Hwi~Z~I~A~Q~I·C~Q~"P~£·T~l~N~O~N:[-------------fliR't•£L~6~S~~~--------------------: 

I I I I I I I I I 
I I I I I I I I I 
t I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I 
I I I I I I I I 
I I I I I I I I 
I I I I I I I I 
I I I I I' I I I 
I I I I I I I I 
I I I I I I I I 
I I I I I I I I 

----------------------~~------~----.. ----~~~~~~~------------------~----~--~--------------------1 

I 
I :~"~~~ ~bANI ~A"[ !ALL 
I N 
IUOCOUS G81"1 ~OCU 10 
I~[W qtll:~ •taTHERGRASS S!N£2 15 
I'!LACIC ~81"1 l'I0£114 15 
I!ILU[ GUillA I!OGII2 10 
140LII"TUL I.TPH 5 
I f14111[Ulll" lR lSI 5 
l>tUIIV ;1111111 I!OHU 10 
12611NS I.OVtGRISS !RIN 5 
I :ITH£11 PtRENNUL. GIUSS£5 PPGG 5 
I :lfl'lt'l SHIIIUIS SSSS 10 
ldNTtR,IT !:U\.15 5 
IOTHtR P(RtNNUL •Ofti!S IIP,.tr 5 
I 
I 
i 

: POT('t!UI. PIIODUCTU:a!~::;~~C;!~:: IITJ: ---~~~~O~O~--~-----"""':'---- ---~------------~----; 
I N01f"IL n:acts I 
t__ UNfAyOR!A~,,TEAAS -gp I 

----------------------------------· FOOTNOTES 
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MLAA(S): 36e 39 
REV. B~CeBMe 3•82 

DULCE SERIES 

USTIC TOAAIOATHENTSe LOAMY• MIXED (CALCAAEOUS)e MESIC• SHALLOW 

THE DULCE S~ILS CONSISTS OF SHALLOW• WELL DRAINED SOILS FOAMED ON SLOPING TO STEEP FOOTHILL SLOPES AND RIDGES. THE 
SURFACE LAYER IS SANOY LOAM ABOUT 9 INCHES THICK. THE UNDERLYING LAYER IS SANOY LOAN OVERLYING SOFT SANDSTONE AT 13 
INCHES. MEAN ANNUAL PRECIPITATION IS ABOUT 14 INCHES. MEAN ANNUAL TEMPERATURE IS ABOUT .9 F. NATIVE VEGET/ITIDN IS PINYON 
PINEe JUNIPERe SHRUBSe AND GRASSES• ELEVATION IS 5e000 TO 7•500 PEETe SLOPES RANGE FROM 6 TO 60 PIERCENT. 

------- -----------
•--------- -------UllMAJER :iiW ... 2&W!UllES ·-·---------------------1 
IDEPTHI I I IFRACTIPERCENT OF MATERIAL LESS ILIQUID IPLAS• I 
lliNe)l USDA TEXTURE I UNIFIED, I AASHTD 1>3 INI-IHA~~~~lli-i~l&-HGa-1 LIMIT ITICITYI 
I I • -----L. trecxu__t l 19 J tA--UU • ..J....-llMGU-1 
I O•l3ISL ISM IA•2• A•• I 0•5 175•100 75•100 50•85 25•50 I 20•25 INP•5 I 
I 13 11168 I I I I I I I 
I l I I I I I I I 
I l I I I I I I I 
I I I I I I I I I , ____ J. _____________ J____ .J. _________ J. ____ J. ________________ J. _______ J._~---1 

IDEPTHICLAY !MOIST BULKI PEAMEA• I AVAILABLe I SOIL I SALINI.TY I SHRINK• IEROSIONIWIND IOAGANICI CDAROSIVITY I 
IUN.HlPCTII DENSITY I BILITY IWATER CAPACITYIREACTIONIIMMHOS.ICM)I SWELL lf.Ag,U8.5.IERODeiMATTEA 1------------1 
1-----.l---l-.l~,~~~~l--l-illit~Bl-L. •• .U!UllU..-J.._i2J:11--l-----1UI~Iitl.161..L.'-l..L.liBUU!.l-.Le'Il-l.iu;~l.-.l'Qiils;a~I~I 
I O•lll 5•18l1e45•l.55 I 2.0•6e0 I Oell•Oe13 17.9•8.4 I I LOW 1·2•1 1 I 3 I <1 I.O~B~-Lg•---1 
I 13 I I I I I I I I I I I I 
I I I I I I I I I l__J. __ J. ____ I 
I I I I I I I I I I 
I I I I I I I I I I l _____ ,l _____ J. ________ _J. ______ ,l _______ J. _____ J. _____ _.l_ _______ _.l __ _.l _________________________ _ 

I FLOODING 1--~~-6~B-~~----l-'~~~~~~g_e6tt.l----D~QBQ''----l5.UA51A~~,~-1HYOIPOTENT•LI 
1-------------------------------~-----1 DEPTH I KIND !MONTHS IDEPTHIHARONESSIDEPTH lHARDNESSIINITeiTOTALIGRPt FROST I 
1.-f~QUel6'L-J.-_QUBA.UQL-..L!Iatlll:tL.LLfll-l----l------·UltU-l---;..-l-.Uiitl-.l...----llXIitl-.l.Lllitl-..L-l-A'l1Qiit. I 
1---~gl6~----l--------l---...l..-~faaL-l L ---l--=--L---l-A:U-1.-ia~L-l--=--l---l_Q • .l--I.Q. __ I 

----------~..UIU.IABLU~UU ------------"DtiiaUs;IXQILJI&mi161-------------
l I 6•15X: SEYERE•OIEPTH TO ROCK II I 6•25X: POOR•AREA RECLAIM I 
!SEPTIC TANK I 15+X: SEVERE•OEPTH TO ROCKeSLOPE II I 25+x: POOR•AREA AECLAIMeSLOPE I 
I ABSORPTION I II AOADF1LL I . I 
I FIELDS I I I l I I _____ . _ _,1_______________________ _.1.1_ _____ _.1 _______________________________ , 

I I 6•7": SEVERE•SEEPAGe eOEPTH TO ROCK II I IMPROBABLE•EXCESS FINES I 
I SEWAGE l 7+X: SEVEAE•SEEPAGEeDEPTH TO ROCKeSLOPE II I I 
I LAGOON I II SAND I I 
I AREAS I I I t I , ___________ _,l_ _______________________________ _.l,l_;.. _______ ,L _________________________________ • 

I I 6•15": SEVERE•DEPTH TD AOCKeSI!EPAGE II I IMPROBABLE•EXCESS FINES I 
I ~ANITAAY I 15+": SEVERE-DEPTH TO ROCKeSEEPAGEeSLOPE II I I 
I LANDFILL 1 ll GRAVIEL I I 
I C TRENCH I I • I I I t. , ____________ J._ __________________________________________ ,l,l _____ _: _____ J. __________________________________________ , 

I I 6-15X: SEVERE-DEPTH TO AOCKeSEEPAGE II I 6•15X: POOR•4REA RECLAlMeSMALL STONES I 
I SANlTARY I 15+X: SEVERE-DEPTH TO AOCKeSEEPAGEeSLOPE II I H5+X: POOR•AREA AECLAIMeSMALL STONESeSLOPE t 
I ~ANOFILL I II TOPSOIL I 1 
I UREA) I II I I l ________ ,l _______________________________ __.!J._ ______ _J. _____________________________________ , 

I I 6•15X: POOA•AREA RECLAIM II 
I .DAILY I 15+x: POOR•AREA AECLAIMeSLDPE l 1---------------liU-I!llitlG~I!~tiL-•• -----------
1 COVER FOR I II I 6•&x: SEVERE•DEPTH TO ROCK I 
I LANDFILL I II POND I a+X: SEVERE•OEPTH TO AOCKeSLDPE I , ________ _!_________________ -------·· RESERVOIR I I 

II AREA t I 
-------------W.I.1LJU~G-ll~-DilC:LQ2Kiill---------.ll---------l----------------------------1 

I I 6•!5": SEVERE-DEPTH TO ROCK II I SEVERE•PIPING . I 
I SHALLOW I l5+X: SEYERE•OEPTH TO ROCKeSLOPE IIEMSANKMENTS I I 
!EXCAVATIONS l II DIKES AND I I 
I I I I LEVEES I I 
'----------1------~--------------- _JJ__ ____ _.l_ ________________ ~---------------· 
I I 6'"8X: MODERATE•OEPTH TO ROCK II I SEVERE•NO lfATER I 
I DWELLINGS I 8•15": MOOERATE-SLDPE.DEPTH TO ROCK II EXCAVATED I I 
I •ITHOUT I 15+X: SEVERE-SLOPE II PONDS I l 
I BASEMENTS I IIAQUIFER FED I I 

~--------.l------------------ _J.L-------l-------------------------~----------1 I I 6•l5X: SEV~Rft•DEPTH TO ROCK II I DEEP TO •ATEA I 
I DWELLINGS I t5+X: SEVERE•DEPTH TO AOCKeSLOPE II I I 
I IIIiTH I II DRAINAGE I I 
I IUSEMENTS I I I I I I __________ J. _____________________________ _l.J._ _____ _.l ________________________________________ , 

I I 6•SX: MODERATE•SLOPE•DEPTH TO ROCK II I SOIL BLDWINGeDEPTH TO AOCKeSLOPE I 
I SMALL I 8+": SEVERE-SLOPE II I J 
I COMMERCIAL I It IRRIGATION I I 
I BUILDINGS I II I I l ___________ _,l ______________________________________________ J.J._ __________ ! ___________________________________________ I 

I I 6-sx: MODERATE•OEPTH TO ROCK II I 6•sx: DEPTH TO AOCJC:oSOIL BLO,UNG I 
I ~OCAL I 8•15X: NODEAATE-OEPTH TO ROCKeSLOPE I I TERRACES I s+•: SLOPEoOEPTH TD ROCKeSOIL BLOWING I 
I ROADS AND I t5+X: SEVERE•SLDPE II AND I I 
I STREETS I II DIVERSIONS } I 
·----------l------------------~-------~---------.L.l..... ____ ___J. _____________________________________ , 
I LAWNSe I 6•l5X: SEVERE""THIN I..AYER II t 6-sx: DEPTH TO ROCK I 
!LANDSCAPING I 1!!i+X: SEVERE-SLOPEeTHtN LAYER II GRASSED I a+x: SLDPEeOEPTH TO ROCK I 
I AND GOLF I II WATERWAYS I I 
I FAIRWAYS I II I I • __________ ,1 __________________________________ _J.J... _______ .l ________________________________________ l 

-----------------B~ilUIII6~-ll611BeB~IAI1QMi----------------- . 
I I I 
I I I 
I I I 

1-----------l----------------~--- --1 



DULCE SEAlES 

--------------· --- -----li~~a~..Q~l~W!BA.I--------------------------------1 6•15X: SEYEAE•DEPTH TO ROCK II I SEYERE•SLOPEeDEPTH TO ROCK I 
I I L5+x: SEYEAE•SLOPEeDEPTH TO ROCK II I I 
I CAMP AREAS I IIPLAYGROUNOS I I 
I I II I I , ____ .;._ ___ .J... ________________________ ,LJ._ _______ J._ _______ :__ _________________________ , 

I I 6•15X: SEYEAE•OEPTH TO ROCK II I 6•l5X: SLIGHT I 
I I L5+x: SEVERE•SLDPE•DEPTH TO ROCK II PATHS I 15•25X: MODERATE-SLOPE I 
I PICNIC AREAS I II AND I 25+X: SEVI!RE•SLOPE I 
I I II TRAILS I I l _____ ... __j____ ..J..1__, ----------------1 
----------~aeaD1U.IX-AetLJ.&ELQs eca. "IC o~B&JeL.Ati.Le6SJYRC U:t1Gt1-~CYEL tt6tlliU&ttil-

l CLASS• I CAPA• I I I I I I 
I DETERMINING I 81LITY I I I I I I I I I PHASE I I J ____ _!_____ I ------ I ____ .;._ __ J._ ________ J._ ______ I 

1-------· ----.UU.B&llBLJ.fWlB-l188a....UI1BL.l.l.aL.-.1.1U.BILJ..lllL-1ttlflB-llBBe I ttl Rl 11BB.a-lti1BL.l11lla..l!UU-llflB.-I 
IALL 75 I I 1 I t I I I I I I I I I I 
I I I I I I I I I I l I I I I l 
I I I I I I I I I I I I I I I I 
I I I I I I I I. I I I I I I I I 
I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I 
•-------------- --l _t,____t.___t._ __ _t._ __ J. __ J.._ __ ,L __ _J..._~-l..---1..--.l.---.l.-----l----' 
---· --------------------------------QQQI.ab~.IU1411U.IL-----------· -------------.;._------------.;..----

1 CLASS• I ORO 1--------liUI~CIU-eBWIL.ai-------l--l!fU~tU1a&...2BQQLia.ll1IL I I 
I DETERMINING I SVM I EROSIONI EQUIP. !SEEDLING •INOTHel PLANT I COMMON TREES ISITEI TREES TO PLANT I 

1-----e~alL---L---.l.-tMZ.Sil-.l.-L.l!I11-..1.-MDBT •y e ttUdll-~IUU!U...l.--~- -...lUQll--------------1 
ALL I I I I I PIN YON I I I 

I I I I ROCKY MT • .JUNIPER I I I 
I I I I I I 
I I I I I 
I I I I I 
I I I I I 
I I I I I 
I I I I I 
I I I I I 
I I I I I 
I I I I I 
I I I I I 
I I I I I 

I I I I I I I L l ___________________ i _____ J._ _______ J. ________ ,L_ ______ i_ _______ i.;. _______ J. ____________________ J. ___ .;.J._ ____________________ , 

--------------------------------------· --~LtiQilB&a':l-----------------------------· -------------
I~A~:a:g&l&BH1tt!~-etta~~------~2&~l&:l.----~Il-----~~'l&~-------1~I.l.__ ____ ~e&~l&i.-----1tti1------~e~'l&~------.l.~ll 
I I NONE I I I I I I I I 
I I I I I I I I I I 
I I I I I I I I I I 
I I I I I I I I I I 
I I I I I I I I I I , ________________ _.l._ ___________ J.__J._ _____________ .l.__!_______ _ _ _t. _ _t. ______________ l __ • 

--------------------------llu:M..u.Ll:iAil1IAl-SU11AillUIX-----------------------------------
I CLASS- 1---------------I!Q~1~-~aa_~t6~~&~~Ii----------------L--!DI&II14~i-ttlll1I41-EQBl--1 
I DETERMINING IGRAIN 'IGAASS 'I WILD IHAROWD ICONIF!RISHAUBS IW!TLANOISHALLDWIOPENLD I•OODLD IWETLANOIRANGELDI 
'--------2~6~-------_.l.-:i~D--lL~UK~l~c&aa~l-lBCii-l!~attll-.l.------.l.e~attiS-l-•AICB-l•1~~~-.l.al~Q~~-1•1LQL~-.l.·1~~f-l 
IALL IV• POORIVe POORI POOR I IVo POOAI FAIR lYe POORIVo POORlY. POORI POOR tv. POORI POOR I 
I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I 

'----------------------1-------1-------l-------1-------l-------.l.-------1-------l-----__.l,___----l-------l------l-----' ---~--------------I!Qilii1A~Ial1l'-e~ttl-'DK~11I-iBAttG&~atta_ga~aBiii_uttDlBiiDBl-lli&IAI1DKl-----------------------
' I PLANT l _ _.;. ___ ec&,~ll4ie-~QI!Qi1XlQI_iQBl-·~1ittl~l-'1.6iS-Q&l~BM1tt1tt&-~AiE------1 
I COMMON PLANT NAME I SYMBOL I ALL I . . I I I I l ____ .;. _________________________ l_itt~:aeM!-l--------------1-------------1-------.;._-----l-.;.. ___________ l ___________ .;. __ , 
••ESTERN •totEATGRASS AGSM 15 I I l 
IINDIAN AlCEGRASS QAHY 10 I I l 
IPAAlRIE .JUNEGRASS KDCA 10 I I I 
!ALKALI SACATON SPAI !5 I I I 
INEEDLEANDTHAEAD STCO- 5 I I 
IBLUE GRAMA 80GR2 !5 I I 
!FENDLER THAEEAWN AAFE• !5 I I 
!BASIN BIG SAGEBRUSH 1/ ARTAZ 10 I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I I I 
'---------------------------------l---------l-------------~--------------1--------------1-------------.;.l _______ ~-----
l POTENT UL PAODUC TI ON ( 1..85 • .1 AC. DAY •T ) : 1---------------------------------------------~------------
l FAVORABLE YEARS I SOO I I I I I 
I NORMAL YEARS I 600 I I I I I 
•---------------------U~Eaxaa•a~~gaas ____ _!_ ___ sAA-------1-------------..l.--------------1-----------•--l--------------• 

FOOTNOTES 
NOT. USUALLY UTILIZED BY CATTLE OR SHEEP 
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LAS LUCAS SERIES 

Tift LAS LUCAS StRl.ES CONSISTS 0 .. OtEPt IIE:LL ORAINtD SOILS•. TMET FOR .. £0 tN llllTERUL IIUTHEAED FRON SHALE ON UPt.AMOS. 
CLtYATlON ~ANGES FROIII 6000 TO 7000 FEET• "tAN ANNUAL PRECtPtT&TtON IS t2 TO 14 INCHE:Se III[AN ANNUAl. AIR TEIIIPERATUR£ IS 48 
TO !4 F, AND THE FROST FREE SEASON lS 150 TO 170 DATSe IN a TYPICAL PRO .. IL£ THE SURF,CE LAYER IS A PALE BROliN LOA~ l80UT 
S INCHES TMtCte Tift SUBSOIL IS A YtLLOIItSH BROWN CLAY LOA" ABOUT 14 INCHES THICK AND THE SUBSTR&TU" lS A LIGHT YELLOWISH 
!!\!lU-'!.AX bQ!e ~X£8 SHU&. SLQP!S UNGC: fRQe q IQ 7 prsepn. 
I , r"$It,.l!tp $QIL psppJ:BTI&$ -· r 
1')£PT'fl I IFII&CTIPtRCtNT OF lll.t.TtRUI. LESS ILIQUID lPLAS• I 
IUNeH USO& TtliTURE UNll'ttD I USHTO 1>3 INI...I!1!Ll_•~..lla.U.~l LIIHT ITtCITTI 

: -;-:ef·:-L---~-----~,~~~.=--. ~C::L---=,.~~,.-----~~~,-•• ~-------~··e~;·r"'1 ~: ~t:-!t!':o:--... ' ·1 &g 1 ,,!~oo 1 ,j~~' I 2 0•30 ~: 
I S•4!ICL ICL IA•6 0 1 100 tOO 75•100 75•q! I 2!•40 110•2! I 
I 4! loiB I . I I I I I 
I I I I I I I I 
I I I I I I I I 

~---l -L--1 
I~EPTHICL.t.T I~OIST ~ULKI PtR~'EA• I lY.t.lL.t.BLE I SOIL I SAt..l~ITT I SHRINKo IEROSlONIVIND IOR&&NICJ COAROS!VITY I 
lllNeJICPCT)I OCNStTT I !!ILITY !VATER CAPICtTYIAtACTtONif"NHOSIC"JI SWELL 1~L~!11tROD.I"ATTER ~~~~~ I 
I I I SQ£CZS!J liN/HI! t 11!(111 I -seMI tpqyr;rtti&Ll 5 I I IGBQypt tpSIJ I SittL 1~1 
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lLANO~CAPINC 8-15~: ~OC£RAT~-SLOPE,THt~ LAYER 10 GPASSFO R•'C: SLOP[,EROOES EAStLYtOEPT~ TO ROCK 

A'lll'l GOLF I t!i•l: SEVtRE-SLCP':: I I WATERWAYS I 
FnlliiAYS ll 

------------L----;~r.T~~;~-r;~~Pq~f4r?n;~---------------~-ll.-----------l---------------------------------------------= 
------------~.:.~._.-_.......,. .... _______ ... ~----------------

----~-------------------------------------------



l 

• 

PULPIT SERlE'S C00538 
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2-~t FSLtSL: SLIGHT ll l 2•61 FSLtSL: MODERATE•SLOPEeOEPTH TO ROCK 
8•15t FSLtSL: MOOEqATF•SL~PE •• I 2•6lLtSIL!MOOERATE•SLOPEt~EPT~ TO ROCKtDUSTYI 

CAMP A~EAS 2-AX LeSit.: MOOE~ATE•OUSTY llPLAYGROU~OS I 6•~: SEVERE•SLOPE 
8-1~% LeSIL: ~OOERATE•SLOPE'tOUSTY :: 

, ________ l_t5•tl-1tltR~-S~ft __________________________ !!------------l-------------------------------~-------------~ 
l 2•Al FSLtSL: ~LIGHT l I : 2•15% C"SLtSL: SLIGHT l 
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lPICNJC AAEASl 2•8% LtSIL: ~OOERATE-OUSTY •• ANO l L•SIL: SEVERE•EROOES EASILY 
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_____ _.__.l2!ll~t~~ft _________________________ !l------------l--------- -----------------~---------------= 

CLASS• 
OETER"INING 

PH4c;r 

CAP~r_~~~-ft~~t_~!~~f~.!~-fA~lYtt--itilQ~-~t~tL_~~~~§t!t~!l----------------------
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SAN "ATtO SERIES 

T~E S&~ ~&TtO SERIES CONSISTS OF DEEP• WELL DRAINED SOILS FORMED IN ALLUVIUM ON FLOOlPLAINS• ALLUVIAL FANSe VaLLEYSe 
SWALES ANO DRIINIGtVAYSe ELEVATION tS ABOUT 6500 FttTe lAP IS ABOUT 11 t~CH£Se AAAT tS ABOUT ~O~o FFS IS aBOUT 150 OAYSe 
TYP!ClLLTe THE SURFACE LATER IS LIGHT TtLLOVISH BROWN LOAM 2 INCHES THtCXo THt UNDERLYING "lTERtAL IS DDMJNANTLT LIGHT 
O!.I Yt 3ROW!'f LOAM ANO SlNOT CI.AT LOA" TO &0 INCHES• BUT THIN STRATA OF CLAY LOAih Sll.T LOA"• SILTY Cl.AY LOA" AND FINE 
SUQ:U.P"" t s !:c"'"'o" 3&LQM 27 UfCHES. SLQP& IS q rg ' ~»pm;'fT I 

!o£PT~I £SIIMAftQ SQIL PRQP£RTI&$ 1FqACT1PEACENT··~O~F-!t~I-T~E~R~t~A~L~L~t~SS~~~~L~l~Q~U~t0. IPlAS-·: 
ICINoU USDA TEXTURE UNIFIED I USHTO 1>3 IIU..IJU.Ll' PASSING sgn; >to• LIMIT ITICITTI 

:-a:z-+s~L~----------------~,~s,.~.--s~,.~-~s~c-----------~,-,a-2~.--,---.----------~~~Pe~a7~~~~~~~1~;~o--41 ·18~ 1 &o~~~ 1JG!fo zo-Jo :!=~!~: 
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I 2•2911.• SCL ISCe CL IA-6 a 11!5•100 1!5•90 60•7S 4!5•65 I 30•40 110•20 I 
129•601SR•SL•SICL ICL IA•6 a 115•100 7!•90 60•75 50-65 I l0-40 110•20 I 
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IUNeJICPCTH De:NSITY I ULITY IVATU CAPACITYUEACTIONICM"MOS/CIUI SVtLL lmt~UitRDDelltUTER I I 
1 • ..-J.-Wil'~ll ·' ll"'"u 1 st"ttNI 1 '""' 1 teqrnxuu , L..' t!inves •esn ' Ue&L ~~· 
I 0•2 110•lllle40•lo50 I 2o0•6e0 I Ooll•Oell l7e4•8e4 I <2 I LOV lel41 5 I 3 I e5•e9 I HI§H I bQM I 
I 0•2 11!•2511el!•le45 I Oo6•2ol I Oe16•0e11 1To4•8e4 I <2 I LOV lolTI !5 I 41. I el•et I 
I a-2 1l0•411lel!•1o4! I Ool•Oe6 I Oel9•0e21 1To4•1e4 I <2 1"00ER&TE le371 5 I 4L I ,5.,9 I 
I 2•29120•3511e3!5•lo4! I Oe6•2e0 I Ool!5•0e17 1To4•8a4 I 2•4 I"ODERATE lo321 
129-60111•3!5t1eJ5•le4! I ao6•2e0 I Ge1!5•0elT IT.4•9e0 I 2•4 1"00EftATE lo321 
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ISEPTtC TlNIC IURt: ~OOEBlTt•'l.OOOIN.ePt"CS SLO .. LT II 
I USO~ ii'Tt:»N I I ROAOP!LL 
I FIELDS II 
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I StvAG( 1. 2•!1: •ODtBATt•StEPIGCoSLOPE 
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I UtAS I 

SAND 
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I SANUU'f UllE: I'IOOERATE•,f.OODtNI 
I LANOfrfl.L GRUEL 
I fTIIIENCHI 
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I LANOFtl.b TOPSOIL I 
I IAiltU I 
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I DU~T II lflTt;! •&N!Gt;!!!!NI 
I COVtR FOI II I Q•ll: •OO~RATE•StCPIGE 
I I.AitO,tLb II IIONO I 3•~1: !tOO'!ItATt•SEti'IUeSI.OPt 

'----------~-----------------------------------------:: REs~:::rR : 
----------~~~S~L~l~G~~;~Q·I~~~~~,~I~I .• P~Qt•v~tuL~g~e~c~t~'•'--------------~~~~-----------+l~st:V~t~lll~t~-~P~I2~1~NG~---------------------------: 
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II IIONOS 
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lURE: SEYtRE•'LOOOlNG 

II AQUttrtlll ,r£0 

OEEP TO 116 u:a 
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SHARPS SERIES 

THE SHARPS SERIES CONSISTS 011 MODERATELY OP~P• WELL DRAINED SOILS THAT FOAMED IN EOLIAN MATERIAL OVE~LYING SHALE AND 
SOFT SANDSTONE ON ME!AS ANO HILLSe TYPICALLY THE SU~FACE LAVER IS LOAM 9 INCHES THICK. THE SUBSOIL IS C~AY LOAM 10 
INCHES THICK OVER LOAM THAT EXTENDS TO WEATHEPED BEDROCK AT A DEPTH Oil 30 I~CHES. THE MEAN ANNUAL PRECIPITATION IS ABOUf 
15 INCHES AND THE MEAN ANNUAL AIR TEMPERATURE IS ABOUT .7 Fe VEGETATION IS MAINLY SAGEBRUSH• PINY~ • .IUNIP!R AND GRASSe 

S&..QEU-UWi'-.E&:J~-tJl~BS;~tii.a ----------------------------------
~--------------------DI~!16IeiWia.tL.-2BaKBI.l:L.---------------------------· 
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I FLOODING I.--!11§!:!..1~!.!61.:--.L~~"',;tt;t:E;Z_.e!!:! • .l---~~2!~,&----11~fl1lli~,~-~14Y!31"lT!:NT•I..I '-------------------------1 u~PTH I KINO !MONTHS IDEPTHIHARO,.ESS !DEPTH IHAqo-.es::str'IITeiTOTALIGRPf F!fOST I 
1-..J::a!i~Ul~~L-..l--~!llQt __ l,t!Q!!It:li....l_!a.l_J..____,i_ ___ ..J.iltU-.l.-----l-11t:U-l.-----lll!U • .1.11!U-.l---l-1CI.1Qlf- I 
1-----~g~~-----1--------------l-------l-24&Q__J. _______ .1,__ _____ .1, __ : _ _! ________ ,1~~:~~gEI •• l--=--l-----1-'-l--1.~~--1 

-------------~4tU.IABX-EA!;11.1Il~L-----------·------------'WiU!Ws;I1~!!-!!.6l&:i1AI.----------_:.:----
I I z-t~%: SF.VEf;€-DEPTH TO ROCK II I POOR-LD .. STRENG'THeTHt.N I.A'I€~•A'-?tz• ~E:L.-ut J 
IS~PTt~ TAN~ l 1~+~: SEYERE-SbOPEeDEPTH TO ~OC~ II I I 
I ASS~R~TION I II ROAOFILL I I 
t rtF.t..Ds I l I I I 

•--------L---------------------.11--------l-- ------------------• I I 2-7~: SEVE~e:-OEPTH TO qacJC I I I 1MPR08ABLa-:xc;ss FINeS I 
t ~~w•Gc 1 "'+": sEveR!-!LOPI! .cePTM .ro ROCK 11 1 1 
I I.A~OCN ' I 8 SAND I I 
I .t.REAS I II I f 1---------l-------------------- -l.l.. ____ ._..J. __ _;____________________ -· 
I I C:-.!5": SEVERE-DEPTH TO ROt:K II I IMPROBAISLE•EXC!S~ FIN!S l 
I SANI1AR'I I 25+~: SEVERE•SLOPE.OEPTH TO ROCIC II I t 
I LANOF ILL I II GRAVEL I I 
I CTR!'"'tCHJ I II I I 

'--------l-----------------------------lL-------l--------------------------- I I 1 z-s~: SLIGHT II 1 2-s": MODERATE-THIN l.AYE~eAJ:t!.t. ~ECL&Irot 1 
I 3ANITARV I a-&5~: MOOERATE•SLOPE II 1 5•15~:MODEAATE•SLDaEeTHIN L~YER.AREA ~ECLAIMI 
I L~NDFII.L I 15.+%: SE'IERE-SLOPE II TOPSOIL I lS+X: SEVER!!-SLOPE' I 
I fAREA) I II I t 
~---------l-----=----------------...;-----------lL----.----1----·---· ------------------------' I I Z-l~": POOR•ARf:A RECLA lM II 
I OAILV I 15+~: POOR•SL.OPEoAA~A RECLAIM 11-----------__;,_K&la-!!At!!.i~!t!I-------------
1 COVER FOR I II I Z•3X: MODERA~·Sl:!:PAGE.O~PTH TO llOC:IC t 
I LANDFILL. I I I PONO I 3•!J":. MOOERAT!-SE!PAG! .O!PTH fD ~C:X eSLOPI! I 
~-------1---------------------------11 ~S~R'IOIR I 1+1&: SI!VI!RE•St..OP! I 

II AREA I I 
------ ~\IIL,Q.W.G..UU:-Ge..:t~LW!!!:.r:U____ _.J.J..._ _____ l------------------------1 

1 2-sx: MOO£AATE-OIEPTH TO AOCtt 11 t se'leR~·OIPt:-4G 1 
t SHALLOW I 8•15llli: MOOERA~--SLOPI!•DI!PTH TO AOCIC II!' .. I!IANIOt!!NT!i I t 
!EXCAVATIONS I 15~"= SEVERE-SLOPE If ~IKE~ AND I I 
I I I I LEWES f I 

'----------.1------~-- ------ ...1.1..------l---- --------------------·-· 1 1 2-s:oc: .. aoERATE•SHAINII:•Swi!LL II 1 sevERE•NO waTeq 1 
I DWELLINGS I 8"'15": IIIQDEIUTE.,SLOPEeSKRINK•SWI!I..L II EXCAVATED I I 
I .., lTHOUT t 15+": Sf'VERI!•SLOPE ' I . PONDS I ' 
I '3ASEMENTS I IIAQUXf'I!A FED I I 

1-----· -l---~----·-------------...1..1---· ---...1.------------------------- I I I 2 ·IJ~: MOOERA TE-OEPTt-1 TO ROCIC eSHRI'fK •S4ELL II I 2-&X: DEPTH TO. ROCK I 
I DWELLINGS I !•15~: NODERATE•SLOPE.DEPTH TO AOC:Ke II I 6+!C: SLOPE.DEPTH TO P~CIC i 
I WITH I SrtRINK-SVELL. II OAAlNAGE I I 
I BASEMENTS I tS+~: SE'IERE-SLOPE II I c 

I ---------1------------------- -1L------l--------·-- ---------1 I I 2-~~: MOOEqATF.-SHRINK-~WELL II I 2-611: L: ROOTING DEPTH l 
I SMALL I ~-ex: NOOERAT!:•St.0°EeSHRINIC•SWELL II I 5+11: L: SLOPEeROOTING ~EPTt1 1 
I COMMERCIAl. I a+x: SEVERE-SLOPE II IRRIGATION I 2a6X FSL: SOIL BLCWING.=lDDTING OEPTH 1 
I ~UILOINGS I II I 5+~ FSL: SLOPEeSOJL BLDWINGeROOTtNG DEPTH I 
l ________ _l ________________________ ll-------l----------------------------1 
I I 2•15~: SEYERE•LDW S.TRENGTH 11 I 2•1211: L: FAYORASLE 1 
I l.OCAL t l'5+<~C: SEVERE•SLOPEeLOW STRENGTH II T.ERRACES I 12+~ L: SLOPE 1 
I ROADS AND I II AND I 2•1211: FSL: SOIL BLOWING 1 
I STREETS I It DIVERSIONS I l2+X FsL: SLOPE.SDIL 3LOWIN6 1 1 ___ ...; ______ .1._· ---------- --lL-----1---------· ------------------1 
I I.AWNSe I 2-ex: MODE~ATE•THIN LAYER It I 2•SX: FAVORABLE · I 
!LANDSCAPING I 8-tSX: MODERATE-SLOPEaTHIN LAYER II GRASSED I S+~: SLOPE 1 
I AND GOLF I l5+X: SEVERFaSLOPE II WATER~AYS I 1 
I FAIRWAYS I II I I l ________ l _______________________ .l.L_ ____ ,l _____________________________ , 

------------.-!Wil.aKAJ......t~Ie:s:eat.I&IlattL._ 
I I 
I I 
I I 1 
'-------l----------------------1 



SH4RPS SERIES C00310 

-------------------------_a~:te&IlmiAJ.-~a~~ZU-----------------------:__ ______ _ I I z•e'C: NODERATE•PEACS SLOWLY I I I 2•5ll: MOOERATE•SLDPE•~'ERCS SLD'-LY• I 
I I 8·l~X: MODERATE•SLOPE.PERCS SLOWLY II I i:>EPTH TO ROCK I 

1 

. 0~MP -~=~:_1_::~~::=:::________ Jl:~~:::_~:_L:::~~EYER=~::~---------------------: 
I I 2•9X: MODERATE-PERCS SLOWLY I I I 2•15ll: SLIGHT I 
I I 8•1!'\X: NODERATE•SLOPE.PERCS SLOWLY II PATHS f 15•2!5X: MODERAT!•Sl.OP~ I 
!PICNIC AR!:ASI lS+X: SEYERE•SLOPE It AND I 2!5+~U SEYER!•SLDPE I 
I I I I TRAILS I I , __________ J. ____________________________ ,l,L ______ ..J. _________________________________________ , 

--------------~!eA~II.6bR-l11~21-efB-A~~-2~Qel-AB~&iiUE, __ i~li~-~~~-!6HA~~~~Ll-----------------------
l CLASS• I CAPA• I ALFALFA I WHEAT I BEANS• I I I I I 
I Ot:TER"4IN1NG I 8 ILI TY I HAY I I DPY PINTO I I I I I 
1 ~'HAsE ~---~--.1~tall--1---UU1--.1-.I.I.IU......J.--------l-------.1---------.1-.-------' 
•-----------------------lM~&a!l&B.~-llaaa-lHl&a aree •• .1KI&a-.1lB&&-.lMiai-ll&a.~!laia..J.~lii-J.laa._.1~ae_.1liBa-1 
l2•!i~; t JE I 3~ I 2 I 3 I 16 300 I I I I I I I I I I 
I~ -1 zn I 1\E I 1\E I 1.5 t 2 .s I 1&- 2!50 I I I I I I I I I I 
112·~= I 6E I I I I I I I I I I t I . I I 
I I I I I t I I I I I I I t I I 
I I I I I I I I I I I I I I I I 
I I I I I I I f I I I I I I I I 
I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I t I I 
I I t I I I I t I I I t I I I I 
I I I I I I I f I I I I I I I I 
I I t I I I I I I I I I I I I I , ___________________ ,i_ __ J. ___ _!___,l_ ___ _,l ___ ,i_ _____ J. ___ _,l _____ J. __ _,l ____ J. _____ i _____ J. _____ J. ____ .l. _____ , 

---~------------------:..--------------l!wsmJ.&tiD~YU.dlUil----------------------------------------
1 CLA':S• I C)RD 1-------!S~&riE!S~I-9~!!~-------.1-e~I~tii1!."'-e!DI£!,l!;Ia1II-1 I 
I DfTEC~INING I SY~ I EROSIONI EQUIP. ISEE~LJNGI WINDTH$1. PLANT I C~MMON TREES ISIT:t T~EcS ~~ PLANT I 

'--------~.!::llf ____ ! ____ _,1_f:iA~!Et!-l..l.l.P1.1L-l-!!~I!I.aL!:tAU.aQ..l-~~~~I.a.l----------------l1ti~!!--------------- I 
I I I I I I I PtNVO~ I I 1 
I I I I I I !UTAH JUIIIIPE" I I I 
I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 
I I I I I I I 
I J t I I I I 
I I I I I I I 
I I I I I I I 
I I I I I I I 
I I I I I I I 
I I I I I I I 
I I I I I I I 
I I I I I I I I I , ____________ ,l:_ ___ _J, ______ ,l_ _ ___L __ __.l_ ____ __,L_ ______ ,l ____________ J. __ ,l ________________ _ 

---------------------------------------U.tiQO~U~--------------:__ ____ _..._: _____________________ _ 
6~:Q~l~E!!l~~~~~·~~l----SEe'l~------~ll-~e£'J~~-----l~Il------$~~S-------l~I.l------~e~;l:S-------!~I 

I IIIC\Nf I I I I I I I I 
I I I I I I I I I 
I I I I I I f I I 
I I I I I I I I I 

I I I I I I I I I I I ______________ . __ ..J. ___________ _L_,l __________ _J.__,l. _______________ J._,l _________________ .1, __ , 

-----------------------------..l!.li.Q1...1~AUlll..1Ul.IAt:l~1II---·------------------------------------
I CLASS- '----------------2CI~~~-EQ2_~~IA~:H~~~---------------1---eCI!~Il6~-A~~6D~I4I-E2BA---1 
I OETE~MlNJNG IGRAlN &!GRASS~~ WILD I~AAOWD ICONI~~~ISMRUBS IW~TLANDISHALLD•IOP!h~O ~~~D~LD tw:TLANOI~~NGEL~I 

•--------2~•~--· ------. -l~~a.-J.L£~!~-.1~e&-l-~~'~ll-l-------le~'~Ia_1_.61~-ll1r..a~f-lllr..ar..f_.l•l~;~f-.1•1~2r..f.l 
1Zo12% I FAIR I FAIR I FA!~ I I I II'AIP JW., POORIYe POORI FAIR I tVo !'Ctl.:il Fli" I 
112+!1 8 POOP I FUCP I FIIIJ; l I I fi'AJR lYe ~»OOAIYe POORI FAJ!f I l'le ~ODRI FU~ I 
I I I I I I I I I I I I I I 
I I I I I I I I I I J I I I 
I I I I I I I I I I I I I I , ____________ _! ____ J. ____ _..J. ____ _J ___ ___J _____ 1 ..J._ ____ _,l ___ ___J _____ l ______ J. ____ ___j ______ , 

----------~Rt!.Il6"'-t:IAill,J!1..6liLg.'Z!!Nf:i.1IX-lS6lfir.J.Al!iQ-Qf!,.EgS&~L..UI~8ua%~I6I1::11l----------· -------
1 I 0 LA .. T l ___ _e:as;~I4!.iL~tt!llUilQ!-1RB!-tUil:fl.l-ll--'I.!~LQf:IU!!lti1tii..f!:!!i: ____ l 
I COMMON PLANT NAME f c;vMP.OL INOIST I i:I~Y I I I l 
'---------------------l-1!1.~2!U_!_ _______ ,i___ ______ J. _________ J. ___________ J. ____________ I 
IBASIN BIG SAGE'9RUSH I AlURa l 10 US I I 
I WESTERN WHEAT GRASS I AGSN I 30 !! I . I 
I INDIAN ~ICE':>AASS I O"HY I .. / 0 10 I I 
INUTTONGAASS I POll';: I 10 I I 
IGALI.ETA I rti.JA I ...,. s- C!O I I 
IBOTTLEBIWSH SCUIR~ELTAIL I SIHY l 16 10 I I 
!BLACK SAGE!:RUS"4 I &RARN I 5 I I 
I NEEDLEAND TH"E .AO I STCO- I 1!5 I I 
!BLUE GRANA I !OGRZ I 10 I I 
IRueee:R RAeeiTE'RUSH 1 C:HNAZ 1 s 1 1 
I t I I I 
I I I I I 
I I I I I 
I I I I I I 
, ______________________ l ______ _L_ -..l-------l----------1-------------l----------' 
I POT!:NTIAI. PQOOUCTION (LBSo/ACe DRY WTH 1---------------------------------------------------------1 
I FAVORABLE VEAR!; I· 1500 I 7':10 I I I I 
I NORMAL YEARS I 1200 I 1500 I I I I 

------· -----lmE.U:QBAA~~-l~BL--l---~-----l--~L---l------------l.--------------1---------- I 
FC!OTNOTES 
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LITHIC ~STtC TO~RtORTHE'NTSe LOA"T• MIXED ICA~CAIIEOUSI• MESIC 

TRAVtsSILLA SERIES 
OilY 

T~E' TRIVESI~LA SERIES CONSISTS 0~ VERT SHA~~OW ANO SHA~LOW WELL DRAINED SOILS FORMED IN RtSIDUU" ON BENCHES iNO CUESTA$ 
~~DER TREES &NO SHRUBS~ ~liT IS ABOUT 52~. lAP IS ABOUT 12 INCHES. FFS tS 70 TO 1!0 ~AYSe TYPICALLY THE SURFACE LAYER IS 
l.IGMT Y!:I.I.OVtSH BROliN SANOY LOA" 1 tNCif THICK. THE UNDtltUING PUTERU~ TO a DEPTH OF 8 INCHES IS LIGHT TELI.DIHS~ 8ROIIN 
FtNt SANOY LOA" &NO 1.04"• SANDSTONE IS &T A OtPTH OF 8 INCHES. SLOPES a~t 3 TO !0 Pt~CtNTo 

1 c;srxear&p ;gtL ~sgecexrrs .__t 
IOEPTMI I IFRACTIPERCENT OF.MATtRtAL LESS Cl.lQUIO IPLAS• I 
ICINoll USDA TtXTUIU: UNIFIED I USMTO 1)3 tNI-ll1!!_J.• easSING su;yc: lifO• I LIMIT tTICITTI 

: o-t :~Fs~ .. ~.-·~s~~.~~~~~~~,·~s"~~~~~~~~-.+~~~--2~.~A~-~.~~~~~~:~';:!~l~,~:~,~o~!~t~o~o~o!~oo 1 'a!~o 1 J~!go 15•2!~r 
I 0•1 IC~•SL IS" IA•2t &•4 110•15185•100 o0•8! 45•60 25•40 15•2! INP•~ I 
I 1•8 I~'SI.o SLe I. tS"•SCe SMt C~·"L• MLU•2t 4•4 I O•l018!•100 \0•100 60•90 30-60 15•30 INP•lO I 
I 81 I UWI I I I I 1 1 
I I I I I I I I 
I ---1. I ...t,__l 
llEPTHICI.Ar I .. OIST '!ULICI PER,.£1• I &V&ILABLE: I SOIL I SALINITY I $1'1RINK• IEROSIONIWINO IORGANICI C0Rit0Sl111TY I 
IIINoHIPCTII OtNSITY atLlTY IUJER CAPIClTYI~f:ACTtONI C""MDS/C"U SVf:LL amt1!11ERODoi"ITTtlt l~=::o:-~-1 

: ·~., I l-ui,!~'!i!l. ~!:!i!l I a!U!!!ts l1.!!i!. <2 :eo1ffiUI.f:hf-'t-t"!"ei !:~p I s*u; :;ggu:n: 
I O•l I 6•l311.4!•l•6D 2.0•6eD I O.lO•O.l4 17.4•1•4 <2 I I.OM le1!1 2 I A I eS•l I 
I 1•4 I S•lllle31•le45 0•6•6•0 I Oe12•0.16 17e4•9e0 <2 I LOM le321 I 
I I I I I I I I I 
I I I I I I I I 

!_..__L_. __ ._~~~~~--------~~~--~~~~~~~~~~~~,~t~e~t~~~t~~~Q-P~l~N--1~--~,&Qspcx 1$UOSIQENSt IHYOI~I 
I IDEPTHIHARONESSIO£PTH IHIRON£SSIINITeiTOTa~IGRPI F•osT I 
1-'!Uu.£'f'X puupprt !''0!'1'15 IJtN! I I !IHL I !StNJ ISJNp I I A«:f!QN I 
1 •• --l:U!: I I - I I 6•2Q I ~&RQ I I I g 1~1 

I ----~~-:3:"'·~1":5~;~~llr"~si~e::.:£~x~c:l':~~~i~ib'!:, .. ~u~l~a~s~R":O~C~K-----~--~~~~-----~~~3--~2,~i!!rl~~"~n~::ui'""U':U~ 
ISEPTtC TANK 1!•': StVtRt•OtPTM TO ROCX•SLOP£ II 2!•&: ~oo••OEPTH TO ~OCK•SLOPE 
I A8SORPTt3N II ~OAO,TLL 
I FU::LDS II 

:--------~~or:l:"'•~7~S~:~SE~V~t~R~E:"'•~O~£":p":T~H-T~O~R~O~C":K~----~--------~~--------·~~l:"P~R~O~B~&~I~Li--t~X~C~t~S~S~F~I~N:t~S~------~--------
t StlUGE Te': SEYERt•OEPTN TO IIOCK•SLOftt 
I LAG:!ON 
I lllt&S 

UNO 

~ --~~~3~•~l5~S~t~S~E~V~E~-~t···O~t~~~T~M~·,~r~O~~O~C~K~--------------~--------~~-I~H~P=a":o~B~A~B~L~~-~E~X~C~t~S~S~F~t~N~E~S~--~--------------
I SANlflRY 15•1: StVEIIE•O£PTN TO ROCK•SLOftt 
I LA'fOiftLL f&IIAVEL 
I ITIIIENCIU 

: ---~~l-·~t5~1~:~S~t~Y~t~!ll~t•-O~E~P~T~N~f~O~RD~C~K~----~------~---~--!-~3~•~1~5~1~:~P~O'JR•OtPTH TO ROCK •S"A~L STON;s-: 
I S&IUTIIIT U•s: SEYtltt•OtPTM TO IIOCKeSLOftt: U .. : PO!JI•OtftTN TO ~OCJ19Siti~~ STONU.SLDP£ I 
I I.ANOifti.L TOIIISOIL . I 
I f&R(U I 
I _r 

DAILY 
COVER Ji'Qit 

LANOII'li.L. 

l•l!l: POOII•OtPTH TO IIOCX 
1!•1: POOII•OtftTM TO ROCXeS~Oft£ ----------~-3~.-.8~s~:~s:t~!li!o;:,!G~:'IlcK 

PONG 
llltSERYOIR 

UtA 

&•1: SEVElt•OtPTN TO ROCJitSLDPE 

I I 3-f~i~~eti~=£_~ot~a~;~!~t~?~g~p~:~;~~!~--------------~~~~----------~~-S~E'~Y~t~R~E~-~,HI~N-L-A-T~E~II~----~~~--~---------: 
. L SM&I..I,CW. t~5•S:.-UYtltt•OEPTK. tO ROC~ UaAMIUICM-tS.~- --------- I 

I!:XCAYifiO'tS I II OIXES AND I I 
I I II LEVtES I I ,______ _ ______ I 

I 3•.,1: S£Ytllt•'ltPTM TO ~OCX II StVEIIt•"'l .. &TtR I 
I OVEI.I.INGS 15••: StY~I!t•SI.OPteOtPTit .TO ROCK I I tliCU&f£0 I 
I Ill TM:IUf II PONOS I 
I ;ust•::NTS II AQUlFEII FtO I 

:---------~-.3~-~1~5~1~:-S~t~Y~t~I!":£~-~O~t~PT~H~T~O~R~O~C~X------~~----~~~~----~----~~Ot~t~P~f~O~~i~T~tR~--------~~----~----------; 
I JWtLLI'tGS 15o': SEYEIIE•DE~TH ro ROCKeSLOPE 11 I 
I WITM II OIIUNASE I 
I ! AStlftNfS II I 

:es--------~~3-~~~-~:~~~t~Y~t~Rt~•-.O~E~P~T~H~T~O-R~O~C~K~--------------~~--------~~C~M~•~SL~:~Df•~T~N~T=o~~O~C~K:"'•~S~~~O:P:t~~~~---------: 
I Sl'lLI.. hi: StvtRt·S~OIIItoOtPTM TO ROCK FSL•S'-: !lit~ B~DIIIN&eOEPTM TO IIOCX•SLOPE I 
I CO""E~CfA~ lltRIGAYtON I 
I !UI'-Ql•&S I 

: 3•l3S: SEVtRE•'l£PTH TO ROCK l•IS C'f•n:: DEPTH TO ROCK -: 
I L.OCI'- U•ll: SEVEIIt•OEPTH TO ROCihSLOPt Tt:RJtaCtS !leS CN•SL: S~OPt.OtftTM TO ~OCK I 
I ~OIOS ANO ANO 3•811 FSLe~L: DEPTH TO ROCK•SOI~ !~OMIIIIG I 
I STREETS OIYERSIONS Sol FS~e~: SLOPteO£ftTM TO ROCX•SOib BLOMINGI 
I I 
I I.AW'fSv l•l,l: StVtR£o'JEPTH TO ROCK l•flll: OtPfM TO ROCK I 
ILANOSCI~INI 1!•'1: StVERt•SI.OPt:eOt:PTM TO ROCK ;JUSS£0 1•1: SI.OP~eOtltTM TO ROCK I 
I . AND ~0~, WATtRVAYS I 
I l'ttRIIUS I 
r 
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NltOIJ90 

! IRA I 

TREES TO PUNT 
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: I 
I I 
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I 
I I 
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I :LASS• I D?IC,IIlb ~QS neat!&! £b£•£HT! t ~gttNTIIL A$ tt•DIIAT F?Rj I 
I DETERIIIIJIIING IGII(JII 'IGRISS '' WILD IHIAnWO ICONIFtRISHIU8S IWCTI.ANOISHII.~DWIOPtNLO IWOODLD IW£TLANOIA&NGEI.OI 
I P'tl$' I $F;'Q tb£GU!I!fb I t',ea. I I!!££$ I"P'zANT$ I 
111.1. lYe PODitiYe PQOII POOR I I I POOit 
I I I I I I I 
I I I I I I I 
I . ---1 . I I I I t 
I I I I I I I 
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A(Ve OECtBM• --84 

ZYM~istR IES 
CHAN~ERY 

USTIC TOR~IORTHENTSt CLAYEYt ~ONTMORILLONITIC CCALC~REOUSit MESICt SHALLCW 

THE ZYM( SERIES CONSISTS OF SHALLOW• WELL ORAIN(O SCILS FORMED IN CALCAREOUS RESIDUUM FROM SHALE ON KNOBS• RICGES• AND 
HILLSIDES. THE SURFACE LAYER IS A VERY CHANNERY CLAY CLAY LOA~ 1 INCH THICK. THE LOWER PART OF TH£ SURFACE IS A CLAY 
LOAM ABOUT ~ tNC~ES THICK. THE UNDERLYING MATERIAL TO A DEPTH OF 19 INCHES IS CLAY. ~EATHERED SHALF TS AT A DEPTH OF 19 
INCHES. ELEVATIO~ IS 5400 TO 7400 FEET. MAP IS 11 TC 15 INCHrS. ~AAT IS 42 TO 52 Fe NATIVE VEGETATION IS PINYONt 
_J~t!• SAGEBR~~!~~ia.Sk~-!!~it.f!~.1-!2.i2-ftR~l£-----------------------------------------------------:_____ ----------~!l~lt.C-~lU.a2ft!ll.tS ______________________________________________ 1 

IOEPTHI I I IFJ;ACT:PERCENT Of' MATERIAL LESS ILIQUIO IPLAS- I 
:ciN.)I U~DA TE:XTURE UNIFIED AASHTO :>! INI_!li.!ti..£-f!~§lti§_l,U!,t_t!~;..l Ll11IT ITICITYI 

I _ __l ___________________ ! __________________ _!!f~Il!.-~---1--lS--l--~--l-l!l--l-------!1~2£!_1 
0-1 ICNV•CL IGC IA•2 : C-101::55•45 ::50•40 25•35 20-30 I H•55 120•35 I 

I 0•1 IGA•CL ISC• GC U•7 0-10165•75 60-70 45•55 40•50 40•5!5 12.0•!!5 I 
1·1~1 Clt C tCLe CH I A•7 C•5 190-100 85•100 75•100 70•9!5 4!5•5!5 12!5"'!!5 I 
19 IWB I I I I I 

I t I I I 

---- I I ------------------1--------------------l-----l---------------------------l------l------ 1 
IDEPTHICLAY IMOIST BULKI PEAMEA• I AVAILABLE I SOIL : SALINITY I $~RINK• IEROSlONIWIND IORGANICI CORROSIVITY I 
I CIN.) I CPCTJ I OENSITY I BILITV I WATER CAPlCITY I AEACTlONJ CMMHOSIC,.ll ~WELL lf~U!11 EROOeiMA TTER ~------------I 

- t ; SG/CM31--1-~!~l--l---!l~!l!l----1--!ett! •• 1----------lf2lt!IlA~l-~-l-I.li!2Yf1-if,Il.!-1Itt~-!~2!,!titt 
0-1 I 27•40 lle30•1e3!5 I 0.2•0.6 : 0 .oa-0 .10 I 7.••8e4 I I LOW I .101 1 I 8 I 1•3 1-W!1-.J.-~~--~ 
0•1 127•4011.30•1.3!5 I Oe2•0e6 0.12-0e14 17.4•8e4 IMOCERATE 1.171 1 I 6 I 1•3 : 
1·1~13!5•4511e30•1e40 10.06•0.2 0.1!5-0.17 17.4•8.4 <2 1-IGH I • I I --~~----
19 I 

I I I I I ___ ! _______________ ! _______ _! __________ ! _________ ! ___ !_ ________________________________ _ 

I FLOODING ~~~~!l£!-l!~~f----l~~t!!t~-fJ!-1----A&2!2'~----l~Y§1~~£t.tHYDIPOTENT'LI 
'------·~--------~~----------------~ DEPTH I KI~O t~ONTHS IOEPTHIHA~ON£SSIDEPTH I~ARONESSITNIT.ZTQTALIGRPI FROST 1 
:~UE~G! QURAT!Q!___l~2NTHS l-lfll-.l----~---l-------lil~l-1--•• ----l-!l!l.!.-------l!ltil-lil!l-l---!-!£!12!_1 
:_;,.__!!ON£ I I >§, 0 I ------l------l-:._l _______ l_~~!t-l--12fl.-l...=--l---1-2-l--k~~--- I 

---~~S_.ANo:..~I~I . .!!!I..f~ll.lnn _____ . -----------------·--------;.~.2!11l!.U.GllJl!-l!.!li;!llk------------
l 3•1!51: SEVERE-DEPTH TO ROCK I I : 3•251: POOR•AREA RECLAIMtLOW STRENGTH I 
tSEPTIC TANK 1!5•1: SEYERE•OEPTH TO ROCKtSLOPE II I 25+1: POOR•AREA RECLAIM,LOW STRENGTH•SLOPE I 
I ABSORPTION II ROAOFtLL I I 
t FIELDS :1 I I 

~---~~~~~~~~~~~----------ll------.1---------------------------------' I 3•7S: SEVERE•OEPTH TO ROCK II I 1MPR08AILE•EXCESS FINES I 
I SEWA&E 7•1: SEYERE•DEPTH TO ROCK•SLOPE II I 
I LAGOON It SAND I 
t lREAS It I 

t 1 r -..1..--------------;...·------~ I 3•151: SEYERE•OEPTH TO ROCK II I IIIIPROSABLE•£XCESS FINES I 
I SANITAit'f 15•1: SEYERF.•OEPTH TO ROCK tSLOPE II I I 
I LANDFILL II GRAV£L I I 
I fTRENCH) If I 

'-------~~---~ ...... ~- ----------------ll--------l---------------------------------1 I 3•151: SEYE:RE•OEPTH TO ROCK II I 3•151: POOR•AAEA RECLAIM I 
f SANITARY 15•1: SEYEqE-OEPTH TO AOCKtSLOPE II I 15•1: POOR•lREA AECLAIMtSLOP£ I 
I ~ANOFlLL II TOPSOIL I I 
I C AREA J I I I I 
I_ -----------------------------l.l-------1---------------------.-.------~--------I 3•151: POOR•AREA AECLAIM,HARO TO PACK It 
I DAILY Hi•l: POOA•ARrA RECLUM,HlRD TO PACKtSLOP!: II ----· ---ll!U-l!.!!!.!WW------•------
I COVER FOR 
I LANDfiLL 

1 I : 3•81: SEYERE•OEPTH TO ROCK I 
II POND : 8+1: SEVERE•DEPTH TO ROCKtSLOPE I 

·----------~--------------- ---------------:1 RESERVOIR I I II AREA I I 

------------~~BU~I~L~Q~I~M~~YELOPMCNT ·-----------l!-----------.l------------•--------------------------------1 
I 3•1!51: SEVERE-DEPTH TO ROCIC II I SEVERE•THUI LAYER I 
I SHA.LLOW .1!5•1: SEVCRE•OEPTH TO ROCJr ,SLOPE 11 £M8ANKMFNTS I I 
!EXCAVATIONS II DIKES AND I I 
I 11 LE:YEES I I 
·------------~~~~~~~- ~~~~~·-------------------11------------l _____ ;.. ______________________________________ , 
I 3•151: SEYERE•SHIUNK•SWELL ll I S£YER[•NO WATER I 
I DWELLINGS 15•S: SEVERE•SHRINIC•SWELLtSLOPE II EXCAVATED t I 
I. WinotOUT II PONDS I I 
BASE~E~TS IIAQUJF£R FED I 

f _____ : _______ ... _._... ______________ _,_ __________ _..ll~--.,.,---l.---------------------~-------- t 
I I 3-151: SEYE:R£oOEPTH TO ROCKoSHRlNK•SVELL II I DEEP TO WATER I 
:DWELLINGS : l5+1:SEYERE•OEPTH TO ROCKtSLOPEtSHRINK•SWELLll I I 
I WITH II DRAINAGE I I 
I BASEMENTS I I I I I 

'------------l----------------------------------------------l!------------1-----~---------------------------------------' 
1 c I 3•81: S£VERE•SHRJNK•SW£LL :: I PERCS SLOWLY•DEPTH TO ROCK.SLOPE l 
I SIULL I 8•1: SEVERE•SHRtNK•S\IELL•SLOPf" II I I 
I COI'IIIIERC IlL : l: lRR I GATtON I 
: ~UILO lNGS :: 

'-------.1....--------------------------------ll--------· ---!------------------~------------------.. -----: : : 3•le~: SEVERE-LOW STRE~GTHtSHRINK-SWELL :: l 3•At: DEPTH TO ROCK•PERCS SLOWLY : 
LOCAL 1~•1: SEVr~E-LOW STRENGTH.$LOPE,SHR!~K-SWE:LLII TEPRACES R•~: SLOPEtOEFTH TO ROC~tPE~CS SLOWLY 

: ROADS lNO II ANO 
STREETS :: DIVERSIONS 

1 --L -;;~+3-i'SiGR:ffiEiiE:r'HiNi:Avr'R--------------- ~ ; ---------+-3:ei:-o£P"T'H-.ra-'Roc;c:;;;£'Rcs-si:o\ii:'Y-.-----------; 
ILANDSCAPING : 15•1 GR: SEVERE-SLOPEeTHIN LAYrR ,, G~ASSED 8•~: SLOPr.aDEPTh TO ROCKtPERCS SLOWLY 

ANO GOLF ; 3•151 CNV: SEVERE-S~ALL STONEStTHIN LAYER •• WATERWAYS l . 
FAIRWAYS : lS•ICNV:SEVERE·S~ALL STONESeSLOPE.THI~ LAYER!l 

• • r: 1 : ·::::::::::::· REGiOB1~-xNrt!f!ti!Ii25i:::::::::::::::::·--------------------------~--------------------------------
: : 

: __ _.; __ _t,_ ___________________ ,. _____________ _ 
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• 

ZYME SERIES 
CiANNERY 

coon9 

~--------RtSBt!Il2!A~ni~t~2f~l-----------------------------------------------3·151 GR: SEVERE-DEPTH TO ROCK II I -3•61: SEYERE•SMALL STONEStOEPTH TO ROCK I 
15+1 GR: SEYERE•SLOPEeDEPTH TO ROCK :: I 6+t: SEYERE•SLOPEtSMALL STONEStOEPTH TO RCCKI 

CAMP AREAS I 3•151 CNY: SEVERE-SMALL STONES,OEPTH TO ROCKIIPLAYGRCUNOS I 
15+1 CNY: SEVERE•SLOPEtSMALL STO~ESt ll _________ : ____ gt~g~----------------------------ll ____________ l _____________________________________________ , 

l 3•151 GR: SEVERE-DEPTH TO ROCK II I 3•151 GR: SLIGHT I 
l l~•l GR: SEVERE•SLOPEeOEPTH TO ROCK : l PATt<S l 15•25:t GR: MOCERATE•SLCPE 

!PICNIC APEASI 3•15% CNV: SEVERE·S~ALL STONEStOEPT~ TO ROCKII AND I 25+1 GR: SEVERE•SLOPE 
I 15•l CNV: SEVERE•SLOPE•SMALL~STONESt II TRAILS I 3•251 CNV: SEVERE-SMALL STONES 

: _________ : -Wl!!..!.2 • .8..2~L-----,;. ___________________ l.!. ____________ .!,_~~:l.£!:!~l..~,~~B~=~~~,.l~l1.!~1.-~!.2.ts.&~-------- I 

------------------ CAP!§!~lii-~~L~.ft!.A~!t.~f-'!2fl.A~!Al!Y!t..l~!§tt_~~t'~~!!!i,ttt!!l.----------------------
: CLASS• I CAPA• l l I I I I l I 

13-251 
125-65% 

OETER,.INING I 6ILITY I I I I I 
PHASE I I L------L------l-----------L----------.l---•--•----.l---------•1 

-----------~~N~I~R.Rila!al.!l!B llRRe INlfB-ll!!~~l!!-!l!!£.l~l!! • .!.l!!~-~!!! • .!.l!!£-.!.!l!!_l1!!£.l!l!!_.!lB!~I 
I 6E I I I I I I I I I I I I I 
I 7t I I I I I I I I t I 
I I I I I I I I I I 
I I I I I I I I I 
I I I I I I t I I 
I I I I I I 
I I t I I 
I I I I I 
I I I I I 
I I I 
I I I I I I t I I I I I 

'--------------.1-..l---~----l--L----' ------..l--------l----L---l---.1.·----~ ---.1.----l---- I 
---~----o'ijj ----~2!21.!!12-l!.U!!Allall!------------------------------------

cLAS S • : ------..l!!fi!i2t!J!-f!!.2W.~L-------.1--f.2!i:Bll!l...fB~~Y&!Ulll- I I 
OrTER~INING SY~ I EROSIONI (QUIP. ISEEOLINGI VINDTHel PLANT I CO""ON TREES :SIT£1 TREES TO PLANT I 

:_. ___ ....f!Wt_ ,..-. __ _.1"--'H!Zj!D I L Ir• I J ! ~.2Bl!l~ I HAZA1!D_,!._"!!flla.l.---------------lllUl!L--------------- I 
fCOOL I I I I I I FtNYON I 
I I I I I I ll. TAH JUNIPER I 
I I I I I I I I 
13•651 I I I I I 
I I I I I I 

I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I I 

:__ I I I I I ------------1--L-----------
r ---- · . ___ ltliQfi!tW--------------------------------
~k~ll!!.!i..f!:!!W...---1et~.ttL..-----Ltt!l-----Rtllt~-----..l.lil!.-----~tt~lo _____ .!.W.--~1tL------.l!!l• 

I NON£ I I I I I I I I 
I I I I I I I 
I I I I I I 
I I I I I. 
I I I I I 

: ----------.L------------1--L--- I ~-----------------1-~-----------------1--1 
-----------------------!ilJ..W.lft-tt!U!!!-i!Ul!iilWI------------------------------

: CLASS • '--· -----....f21UllA1...!2!-l1MU!!.tl.~,?ill...--------------.l---f2lt!ll!J..!~-l1!1ll!l-fS!l---' 
DETER .. lNING lGRAI~ &!GRASS &I Wll.D lHARCWO :cONJFERISt!RUBS II.ETLANOISHALLO'-IOPENLO IWOOOLD I~£TLANOlRAttGELOI 

~H4~E .!.-~tt2--!latiY!!t-l-~~£-.l-l!ttl-.!.fLANTS r_ ----.l!la!~l!_l_5!ltB..ljl~~f_!~Q~f_.!.~QLE-!!ilLQJ.f.l 
I POOR I POOR I FAIR 1 I POOR l FAIR 1\e POORIVe POORI POOR I PO(IR lYe PQORI FAIR I 
lYe POORlY. PQORI FUR I I POOR I FAIR 1\le POORI'Ie Pt.lORI POOR lYe PCORIYe POOR& FAIR I 
I I I I I I I I I I I I I 
I I I I I I t I I I I I 
f I I I I I I I I t I I I 

------·---~~!----.L.--1.----L--- I I I _____ _.!. _____ ,!. ______ L ___ ! ______ l_ ____ , 

------:P~O~I.t!tll!S..Ji.!!lXt..fl.!ril-~g~!!WJl!l-.!..!.UitJ.!I.Q_a_f~l-YIQtB.~!.28Ll.U,I!Il1UU.--------------
I PLANT t ____ --f,~it-'2~1lll2~-iR!I-~tlittl!.il.~L!~-Rtlt!~l!l!ti-f~!it ••• ___ l 

C0"fii0N Pt. ANT NAME I SYMBOL. I COOL I DRT I ! : I 

----·· ----'-.W.ie!U .... !_____ I --·---------l------------1------------ t INDIAN RICEGRASS 
WESTERN WHEATGRASS 
"4EEDLE:ANOTHR£AO 
BOTTL~B~USH SQUJRRELTAIL 
BASI~ BYG SAGEB~USH 

TRUr. ~OUNT&INflllH06A~Y 

SERYICE9ERRY 
&NT£L0P£ BITTERBRUSH 
GAfiiSEl OAIC 
"'UTTOI\IGR ASS 
GALLET A 
~OURWING SALTBUSH 

I OR HY t 15 I 15 : : I I 
A~SM I 10 t 10 l 

r sreo• 1 5 !5 t 
SIHY I 5 ~ 
ARTR2 l"i 15 
crMo2 10 10 
A"ELA 5 
PUTR~ 5 
QUGA 1~ 

P~FE 10 
HIJ4 
ATCA2 

5 
10 

5 

1 I 8 I 1 

--poTfNit!L-PiooucriON-cL~s:iAc:-tiY-wr1:--t::::::::::::--~:::::::-_:::::::::::::::::::::~::::::::::::::::::::::::::::' 
FAVORABLE YEARS : 6r.O : 5CO : : : l 
NO~~AL YEARS 406 3~0 

--------------~------YUfA~2f!§~t-ttAE~-----l----l~2-------l----lQ2-------1--------------l--------------l--------------' FOOTNOTES 
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':07057 S 0 I L t ~ T E P P R E T A T I 0 N S R E C 0 R 0 

'~LRAfS): -~ 
Tol•8" • 1-~lf 

USTlC TORRI~HENTS 
e'odLDERY 

U~TtC T~~RIORT~E~TS 

U~TIC TJKRinRTHE~TS, 90UL~~RYt CJ~$IST OF SHALLOW T~ ~OOEPATELY OEEPt WELL TO SOMEWHAT EXCESSIVELY DRAINED SOILS FORMED 
I~ RE~lOUU• ANO COLLUVIU~ OF IG~tCUS ~EDROCK 0~ MOUNT~INSlDES. A REFERENCE PEOON HAS A SROWN VERY BOULDERY SANOY LOAM 
SURFACE LAYr~ A~OUT '+ t~CH(S T~JC~ O~ER EXTRE~ELY GRAVELLY SANOY LOA~ ASCUT 3 INCHES THICK OVER SOFT GRA~ODIORlTE ABOUT 
11 I~~C~E:S T.,.YCK OVER HAAO GRAIIiOOIORITE AT A DEPTH CF AeOUT 15 INCHES. AVERAGE ANNUAL PPT IS ABOUT 13 INCI'IESe AVERAGE 
t.~Y,!LA I R T ~.a...ll-~.!J.l-i§._.E..a._~.l.~ll~-ll!iit-f!.Q.!!_1~-l.2-.!i.~-fr!£.t!tl~--------------------------· 
: ---~------------------------Ull!!.!.li!l-~..fROPEJ!lli_s____________ -..-...--..: 
:nE:PTi-il : I lFMACT:PERCENT OF IUTERHL LESS :LlliiUIO :PLAS• I~ 

l(J"l.ll USOA TEXTUPE U~llFIE~ : AASHTO :>~ I"':...!!:!!!i-~ll!i¥-ll~~~ LI14tT ITICITTI•. 
~--~,----.L.-----------l.!f~ll.l--.1--.L..l~--.L--ii--.1-U!-...1~--.U!QU..I~· -a::-t3vv:rr-:srx:sL:CBX:5L :GMe GP•GMe S~t SP•SM:A•l 12C•50150•70 25-~5 15•30 10•20 I 20•30 INP•5 I 

0•1+ lSTX•COSl IG~e r,~-G~. S~t SP·S~IA•l 120·50150-70 25-~!5 10•30 10•20 20-30 IMP-5 I 
: 0•4 IGRV·~Lt GR~·~L IGMe GP•GMt SMe SP·S~lA•l 0•20&•5•65 20•40 10•30 5•15 20•30 INP•5 I 
l •·7 lGRX•Sl.t GRX•COSL 
: 7•1!U iio 

:GMt GP•r."• SM• SP-S~IA-1 I C•20 I •Hi•65 20•40 10•30 ' !5•1!5 20•30 INP•!S I 
I I 

: ... l.L-U!Y'! .1-- ---1-----1--------~~~....r.~~~-1-' l'EPT~I~CL~A~Y~l~f'~O~t~S~T~.~~U-L-K~:~'FER~~f-A----.-V-A-ILA@LE : SOIL SALINITY : SfoftiNtc• IEROSIONIWIND IORGANICt CORROSIYlTY I 
:rt~.li&PCT)I DENSITY RILITY !WATER CAPACITY!REACTIONICMMHOS/CM)l SWELL I~IERODeiMATT[R ~~~~--~~~~~ 

-~..::=--'i~ll-..L.W.!H~l (J'IIUP L,_tPH~ I .__J.fgltf!ll!J..LK I I liUU£.WP'IJ ; UEE:L lCONCREIEI -; ... 
o-• : o-• 

: 1+•7 

8•1811.25•l.JS : 2e0•6o0 Oe02•0e06 16o&•7eA l I LOW le021 1 I 8 I 1•2 lMQRERAIEt LQM 
a-ta:t.2~-t.Js ~Da-~.c o.oz-o.o6 :6.6-T.a LOW 1.021 1 : a 1 1•2 1 
8•1811.~5~1.35 2.0-6.0 0.02-0.06 :~.6-7.8 LOW lo021 1 I 8 1•2 I 
a-t~:t.•o-t.sc ~.n-e.o o.02•0.06 :6.&-a.• LON :.o2: 

: 7•1RI I I 

: ..l.L.l.--...:...-~F~l.~OO~!:.'::-:I:"!'N~G~ l ___ H_I_G_H~ATii...WU----1.-'tmrr,P !!_t___!wm::::::ffifiiD,~E~l:!~"-.-I~H~T~D~IO:P~O~TE~N~T~•~L I 
-- _______ : DEPTH : I(JNO P•ONTHS IO!PTHIHARDNESSIDEPTH IHARDNESSIINITeiTOIALISRPI FROST I 
l-.2~!.it.!!U..,_,L__~ll!U!--1."'2~IHS I .!fll.....L____ I ..... U.lr!l I --..l-.!!.!1-L-.- I UNl HlNl I I ACTION I 
: "ION" i t : ~i.&L_J. I I I - I 4-U I UfL...L..-· •• I l Q I LQM •• I 

SANITA~!...(~l~1TlfS -
SEVERE•DEPTH TO ROCKeSLOPE 

-----------------------·--~~&Ca~~?S~I~R~~:~M~A~TE~R~I~A~•-----------------
11 POOR•AREA RECLAIM.SLOPE 

lSE:PTJC TA"IC 
I ABSORPTION 

!='IE:LOS 

:: 
II 
:r 

I 
RQADFILL I 

r 
.. ~---~~~~ ........ ~~ ·~~~~-----.Ll,------.1- -'~~~---------G~V.GAX: ~tVEPC-DEPTH TO POCK•SLOPE :1 I l"PROBABLE•EXCESS FINES 

Sf' WAGE 
LAGOO'f 
lAfAS 

SAO\! I TIRY 
LANDFILL 
HRENCHJ 

SANITARY 
LA•!OFtLl. 

(AREU 

t BYV.STX•C~x: SEVERE•OEPTH TO P.CCKtSLOPEv II I 
LAilGE STCNES It SAND I 

I& I 
I I 

I SEVERE•OEPTH TO ROC1CeS££PIGEeSLOn-- II I IMPROBA8L£•EICESS FINES 
tl I 
II GRAVEL I 
ll I 

--------- ,, _,1__ ____ _ 
I SfVERE•OEPT~ JO ROCK.SLOPE II I POOR-AREA RECLAIM.SMALL STONES•SLOPE 

n r · 
I I TOPSOIL I 
:t I 

----~-~~~~--------------------------------11---......------~-----POOR•AAE A PECLA I !I tSLOPE l: 
Q!TLY 

COVER FOR 
l.A'IIOFILL 

SH&LL.Oid 
: E:XCAYI THiNS 

'.IWCLLINGS 
'd tTHOUT 

~ A~f"lo!(~ITS 

1: n----- WAT£8 "'ANAG£M[NT 
SEVERE-DEPTH TO ROCK.SLOPE 

1: POND 

._--~------------~-----------------------'' RESERVOIR II AREA 

:: GRVtGRX: MODERAT[aLARGE STONES 
::EM!A~KMENTS 8YV•STX,C8X: S£VERE•LAR5E STONES 
:I DIKES .&NO 
II LEVEES & 

~ll---...1...--~~~· 
I r I SEVERE·N~ WATER 
11 EXCAVAT£0 
I: PONDS 
I :AQUIFER H':D 

·---· 

--------LL------------1-------~~~~----------·------------------~ :: : DEEP TO WATER 
owr.u. H:Gs 

IITTH 
BASE:l"(IHS 

.. .. 

., DRAINAGE 

. 
---·- srvEPE-SLOPE ;; ·t-GiV':'Gii'!DR'OuGHIT.OEPTH TO ROCK 

s~ALL ,, l 8YYtSTX.C8x: ~ARGE STONES.DROUGHTY, 
: cn""MEAC!AL , , IIIRIGATfON : DEPTH TO ROCK 
: ~UTLDWGS II I : ______ ,L. ____________________________ ..; __ J..L _______ ,l __________________ _ 

: : SS::VEAE•SL:PE :: . I SLOPE,L.ARGE STONE'SeOEPTH TO ROCK 
LOCAL :: TERRACES I 

A OA~S 5.'Jn l I A~O 
":T"f'::rc: , , OIY£RS10~S 

:--------L------------------------...---~ll-------...1.__---------~-----------------: : LA'J~~s, : GRV9GP)I': S£VERC:-S"AI..I.. STO~ESeOROUr.HTY :t l LARGE STON£StSL0PftOROUGHTY t 
:LAN~!CAPING QYV.C:TX,CP~: !~V(gE-S~ALL STO~ESt :: G~ASSED 

A~!t:' GJL~ LAQt;~ STONE:C:.QPIJUGI-ITY '' loiATERW£YS : 
FATRJAYS " 

===~: ---;~I~:I~!.t!~!t:I.ui2~~:::====--==ll--------·-· --------- -----· 

______ .;. ___ .:..__· -------------------------------

--------------~~ 



USTIC TOR~IO~THE~T~ C07057 
--: :::II)ULC'EPY 

-------------------------!!.ll.Stlll.Q~L~:XllQfm.! .... -------------•---------------------: : GRV.~~~.~Yv: srvtPE•5LOP£tS~ALL STO~ES :: : GRYtGRX: S£VER£•SLOPEtSMALL STONES I 
l STX•C~x: SEVfAE•SLOPEtLARG£ STO~ESt II SYVtSTXtCBX: SEVERE•LARGE STONEStSLOPEt C" AR!"AS ~ s,..ALL qoNES ! !PlAYGROUNDS s ... ALL STONES ' 

i '-------~--------------------------------------------------------------------GRV.~~x.evv: SEVE~E-~lOPEtSHALL STO~ES SrVERE-SLCPE,SHALL STO~ES .. .. 
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1.0 INTRODUCTION 

The identification and proper management of topsoil resources in the various Coal 
Resource Areas of the Peabody Western Coal Company (PWCC) Black Mesa Lease Area 
is essential for: ( 1) the successful reclamation of any areas that might be disturbed during 
project activities and (2) the achievement of the post-mining land use. The information 
presented in this report is designed to aid in the formulation of a practical and successful 
reclamation plan. 

A detailed Order 2 soil survey of the N-9, N-12, and N-99 Coal Resource Areas was 
completed as required by the Office of Surface Mining (OSM). Approximately 6,763 acres 
were included in the 2003 Black Mesa Mining Complex Soil Survey as follows: 

• Coal Resource Area N-9 
• Coal Resource Area N-12/N-99S 
• Coal Resource Area N-99N 

2345 acres 
2773 acres 
1645 acres 

The federal Office of Surface Mining (OSM) was contacted prior to the start of soils 
fieldwork to ensure all requirements were met with this study. Only small portions of N-12 
and N-99N were included in the previous PWCC Order 1 and Order 2 Black Mesa Lease 
Area soil survey (Intermountain Soils, Inc. 1985). All of the areas had been previously 
mapped to the less detailed Order 3 and Order 4 level of intensity (Intermountain Soils, Inc. 
1985). 

(_ 
I 
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2.0 METHODS 

2.1 Order 2 Soi I Survey 

A detailed soil survey was conducted during the summer of 2003 on approximately 6, 763 
acres associated with the N-9, N-12, and N-99 coal resource areas. 

The soil survey used the existing Peabody Black Mesa Lease Area soils map unit legend 
(Intermountain Soils, Inc. 1985), except many of the previous slope classes were combined 
into broader slope range map units. For instance, previous map unit 1A (Dulce very 
channery fine sandy loam, 1 to 4 percent slopes) was combined with map unit 1 B (Dulce 
very channery fine sandy loam, 4 to 8 percent slopes) to create map unit 1AB (Dulce very 
channery fine sandy loam, 1 to 8 percent slopes). 

Based on previous discussion with OSM personnel, no soils were to be sampled fer• 
laboratory characterization unless new soils were identified and mapped that were not on 
the previous soils legend. Attached to this report is a copy of a letter from Mr. Jerry D. 
Gavette (OSM Leader, Black Mesa/Kayenta Mine Team) to Mr. Brian Dunfee (PWCC 
Environmental Engineering Manager) concurring with a previously submitted proposed 
soils scope-of-work letter from Mr. Dunfee to Mr. Gavette which remains on file at both 
PWCC and OSM. 

Soils description, classification, and mapping was conducted in accordance with the 
procedures and standards of the National Cooperative Soil Survey (Soil Survey Staff 1993 
and 1999; and Schoeneberger et. al. 2002). The mapping was delineated on Peabody 
1 "=400' rectified orthophotoquad maps with topographic contour overlay. The photography 
date was September 3, 1997. The Coal Resource Areas study area boundaries are 
outlined on the maps as well. 

Jim Nyenhuis and Tim Overdier, both Certified Professional Soil Scientists, investigated the 
soil resources of the study area during the summer of 2003. Based on previous discussion, 
the N-9, N-12, and N-99 Coal Resource Areas were mapped to the Order 2 level of 
intensity. 

The entire areas were traversed by vehicle and on foot. Soil map unit boundaries were 
initially delineated by exposing soil profiles using a sharpshooter and bucket auger as well 
as observing topographic, geomorphic, vegetation, and geologic conditions. The primary 
tool for soil observation was the use of a backhoe. A total number of 204 holes were dug 
across the study area, approximately 90 percent of which were dug by backhoe. The 
backhoe was able to dig to 12 feet or deeper in the very deep alluvial soils under 
sagebrush vegetation, and to and into the weathered bedrock contact in the very shallow 
and shallow residual soils dominantly under Pinyon-Juniper woodland vegetation. 
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The current study also benefited from experience gained in 1996 during which 
approximately 175 backhoe pits were dug throughout the Black Mesa and Kayenta Mines 
and adjacent areas. Soil profiles from these pits were described, photographed, and 
sampled for selective laboratory characterization. 

3 January 2004 



3.0 RESULTS AND DISCUSSION 

3.1 Soil Survey Maps 

The detailed soil survey maps for the N-9, N-12, and N-99 Coal Resource Areas are 
presented on Drawing 85305C (3 sheets total). Each base map is a rectified 
orthophotoquad with topographic contour overlay. The map scale is 1 "=400'. The soils 
map unit legend, all field sample sites, and recommended soil salvage depths are provided 
on the maps as well. The maps were digitized by PWCC from the original soil field maps 
that are kept in the PWCC archive. 

3.2 Soil Map Unit Legend 

The map unit legend contained in the previous Black Mesa Lease Area soil survey 
(Intermountain Soils, Inc. 1985) was used for the 2003 soil survey except certain slope 
classes were combined. No new soils were identified, and no new map units were 
necessary for the current survey. The revised map unit legend is provided as Table 1, 
2003 Soil Survey Map Unit Legend. 

Based on recent taxonomic reclassification of three soils by the USDA Natural Resources 
Conservation Service (NRCS), the site-specific Peabody soils that were previously named 
Cahona, Pulpit, and Sharps had been recorrelated, and those changes were used in the 
current 2003 soil survey. 

The soil that was named Cahona is renamed Blanding. An "ustic-aridic" soil moisture 
regime modifier has been added to the Pulpit and Sharps soil names (Pulpit, ustic-aridic; 
and Sharps, ustic-aridic). Because these soils are not new soils, but rather recorrelated to 
different soil names or soil name modifiers, they were not sampled for baseline laboratory 
characterization. 

3.3 Soil Map Unit Descriptions 

Map unit descriptions are contained in the previous Black Mesa Lease Area soil survey, 
and can be used for the 2003 soil survey. Attachment 2 is a copy of the map unit 
descriptions taken from the previous survey (Intermountain Soils, Inc. 1985). The soil 
name "Blanding" should be substituted for "Cahona" in the map unit name for Map Units 
10, 10A, 10B, 10C, 11, 11A, 11B, 11C, G11C, X11, X11A, X11B, and X11C. Similarly, the 
soil name "Pulpit ustic-aridic" should be substituted for "Pulpit" in the map unit name for 
Map Unit 5. And finally, the soil name "Sharps ustic-aridic" should be substituted for 
"Sharps" in the map unit name for Map Units 6, 6A, 6B, and 6C. 
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3.4 Soil Series 

3.4.1 Soil Serjes Names 

Table 2 lists the soil series currently identified and mapped on the Black Mesa Lease Area. 
The table also shows the soil correlation changes over time on the lease area, beginning 
with the 1979 Espey Huston & Associates soil survey (Espey, Huston, & Associates, Inc. 
1980), and continuing with the 1984 Mariah Associates soil survey, the 1985 Intermountain 
Soils soil survey, and ending with the 2003 Nyenhuis soil survey. 

This soil list could change in the future if there are additional NRCS taxonomic and/or soil 
correlation changes for these soils, or if new soils are identified on newly mapped areas. 

Table 5 lists all 204 soil holes that were dug and described during soil survey field 
activities. These holes were distributed across the three Coal Resource Areas as follows: 
N-9, 2345 acres, 82 holes; N-12/N-99S, 2773 acres, 70 holes; and N-99N, 1645 acres, 52 
holes. 

Table 5 is subdivided into the three Coal Resource Areas. Areas N 12 and N99S are 
combined into one area. Each area contains a numeric listing of all soil holes dug, as well 
as for each hole the soil name, soil map unit symbol, depth to rock, and any pertinent 
comments including whether the hole received a brief soil profile description. 

3.4.2 Soil Series Taxonomjc Classjficatjoo 

Table 3 provides the current taxonomic classification for the soils of the Black Mesa Lease .. 
Area. This information was obtained in September 2003 from the official NRCS web site. 

3.4.3 Soil Series Descriptions 

Because no new soils were identified and mapped on the 2003 Soil Survey area, the 
collection of soil samples and additional detailed profile descriptions were not necessary. 
Numerous detailed soil profile descriptions for each of the soils on the Black Mesa Lease 
Area are contained in the previous soil survey report (Intermountain Soils, Inc. 1985). 

In addition, there were approximately 175 detailed profile descriptions completed from deep 
backhoe pits in 1996 (one half of which were on nondisturbed native areas). 

A copy of the current NRCS official soil series descriptions for each of the soils mapped on 
the 2003 soil survey area is attached to this report (Attachment 3). All of these soils are 
active, established soil series. Please refer to the NRCS descriptions for additional 
information as needed. The series descriptions included the following soils: Begay, 
Blanding (formerly Cahona), Bond, Cahona, Dulce, Las Lucas, Oelop, Pulpit, San Mateo, 
Sharps, Travessilla and Zyme. 

"'\~\tj202l?? j \.\\ <-,,b. 
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3.5 Soil Moisture Regime and Soil Reclassification 

One of the issues in the previous soil survey was the determination of the proper "soil 
moisture regime". The original soil survey considered the lease area to be dominately 
"typic-aridic" (Espey, Huston & Associates, 1980). However, the NRCS considered the 
area to be a slightly wetter "aridic-ustic". In order to resolve this difference, a letter was 
written in early 1985 to NRCS seeking information concerning the inter-relationships among 
soil moisture regime, mean annual precipitation, vegetation, and soil characteristics 
particularly in northeast Arizona (letter to Mr. R. Kover, SCS West National Technical 
Center, Portland Oregon, April 22, 1985). 

No reply was received by late 1985, and the soil moisture regime for the lease area was 
subsequently changed by Intermountain Soils to "ustic-aridic" (see discussion on pages 6, 
7, and 8 of the Soil Resources of the Black Mesa Lease Area, Intermountain Soils, Inc., 
1985). The "ustic-aridic" soil moisture regime is midway between the drier "typic-aridic" and 
the wetter "aridic-ustic". 

Because the soil moisture regime was considered to be "ustic-aridic", all of the soil names 
used in the 1985 soil survey were correlated to this moisture regime. This included the 
Cahona, Sharps, and Pulpit soil series. All three soils were classified as "Fine-silty, mixed, 
mesic Ustollic Haplargids". Cahona is a very deep soil, and Sharps and Pulpit are 
moderately deep. 

In 1992 the NRCS held a "Four Corners Moisture and Temperature Meeting" in order to 
adopt consistent criteria for use in moisture and temperature classifications in the four state 
region (NRCS, 1992). Although no site-specific information was presented for the Black 
Mesa area, two sites in northeast Arizona were discussed. Navajo Mountain (6020 feet 
elevation, 9.34 inches mean annual precipitation, 49.6 degrees mean annual temperature) 
was considered "ustic-aridic". T eec Nos Pas ( 5290 feet elevation, 7. 99 inches precipitation 
was considered "typic-aridic". 

Based on these two Arizona sites, and other sites in the Four Corners Area, the Black 
Mesa lease area would be consistent with an "ustic-aridic" moisture regime placement. 
Site-specific data also supports this conclusion. Sixteen years of precipitation data has 
been collected by Peabody at three sites on the Black Mesa Lease Area (sites 1 , 8, and 
12). The average annual precipitation between 1983 and 1998 was 8.7 inches with a 
general range of 8 to 10 inches. The high and low values during this time period were 
3 inches (1989) and 11.6 inches (1997) (Esco Associates, 1998). 

As a result of these data, the conclusion reached by Intermountain Soils in 1985 for the 
Black Mesa Lease area appears correct, and the area should be considered "ustic-aridic". 



Because the Black Mesa Lease Area is in an "ustic-aridid', not "aridic-ustid', moisture 
regime, the Cahona, Sharps, and Pulpit soil names are no longer appropriate. The 
Blanding soil series is similar in morphology to Cahona but is "ustic-aridic'' and therefore 
Blanding is suitable for use on the Black Mesa Lease Area (Sasser, 2000). 

Neither the Sharps nor Pulpit soils currently have an "ustic-aridic" soil counterpart. 
Therefore, these soil names have been retained for the current survey, but an "ustic-aridic" 
has been added to the name for use in the lease area. In the future there may be new 
names for an "ustic-aridic" Sharps and Pulpit, but there are none at the present time. 

3.6 Soil Laboratory Results 

Because no new soils were identified and mapped on the 2003 Soil Survey area, the 
collection of soil samples and additional detailed profile descriptions were not necessary. 
Extensive laboratory results for each of the soils on the Black Mesa Lease Area are 
contained in the previous Soil Survey report (Intermountain Soils, Inc. 1985). 

3.7 Topsoil Suitability and Salvage Depth Recommendation 

A topsoil suitability evaluation and salvage depth recommendation was completed for all 
soils in the previous Black Mesa Lease Area soil survey (Intermountain Soils, Inc. 1985). 
Because no new soils were found during the current survey, the previous evaluations were 
considered the starting point for use in the 2003 soil survey. However, the soils and map 
units were reevaluated based on site-specific data. 

The major change from the previous survey is the recommendation of soil salvage or·· 
shallow residual soils under Pinyon-Juniper vegetation. Previously, all #1 map units ( 1, 1 A, 
1 B, 1 C, and 1 D), #3 map units (3A, 3BC, 3C, 3D, 3E, 3DE, and 3F), #4 map units (4B, 4C, 
4D, and 4E), #7 map units (7B, 7C, 7D, and 7E), and #16 map units (16C, 16E, and 16F) 
were not recommended for soil salvage based on high content of surficial rock fragments, 
clay content of the Zyme soil, erosion status, and shallow nature of the soils (Intermountain 
Soils, Inc., 1985). The previous report does state these soils (Dulce, Zyme, Travessilla, 
and Ustic Torriorthents) do not have any chemical properties limiting soil suitability. 

The concept of soil suitability has evolved since 1985. The presence of gravel (2mm to 3") 
and cobble (3" to 1 0") size rock coarse fragments, including sandstone channers and shale 
chips, is not considered limiting or unsuitable for coarse fragment content as high as 35 to 
45 percent. The State of Utah Division of Oil, Gas, and Mining (UDOGM) has even 
removed coarse fragment content as a criterion in their current soil suitability table 
(UDOGM, 2002). 

The presence of 15 to even 50 percent sandstone channers and shale chips predominantly 
on the surface of residual soils such as Dulce, Zyme, and Travessilla should not be 
considered · lefor salvage, especially when the overall volume of available soil is 
limiting. . ~ r n ~a arse fragment content can be beneficial for erosion resistance and 
shoul , ffi)t cr~ate A'i'h ty conditions in the reclaimed soil profile. Additionally, coarse 
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fragment content often decreases in the underlying soil horizons above the weathered 
bedrock contact. 

Soil erosion itself is not limiting for salvage. It makes the actual salvage operation more 
difficult but does not make the remaining soil material unsuitable. Shallow soils (less than 
20 inches to bedrock) are not by definition unsuitable. There is just less soil material to 
salvage. Soil depth as low as 6 inches can be salvaged. However, soil salvage may not be 
feasible in the steeper portions of certain map units that approach 40 to 50 percent slopes 
due to equipment limitations and operator safety concerns. 

In addition, the upper part (up to 1 foot in thickness) of the weathered sandstone or shale 
bedrock (the "paralithic" Cr horizon) in residual soils is also suitable for salvage, if needed. 
This weathered upper bedrock material was consistently observed in backhoe pits to have 
many roots and no signs of salinity and/or sodicity. The soil backhoe easily and 
consistently dug through this upper bedrock material. Furthermore, the current contract 
salvage operators at Black Mesa have coined a term for this material, "toprock", and 
consider it to be suitable soil or soil substitute material available for salvage if and when 
needed. 

Based on extensive backhoe pit observations, it is recommended that approximately 
0.5 foot of suitable soil material be salvaged from residual soils (Dulce, Zyme, Travessilla) 
under Pinyon-Juniper vegetation, especially when soil resources are limited and these soils 
are needed for successful reclamation. Actual average depth of residual soil to the 
weathered sandstone or shale bedrock contact is slightly deeper, but has been rounded to 
the nearest 0.5 foot. Map units 3F (Ustic Torriorthents-Rock Outcrop, 50 to 80% slopes) 
and 7E (Zyme-Travessilla-Rock Outcrop complex, 30 to 50°/o slopes) continue to have no 
recommended salvage due to steep slopes and rock outcrop. 

Table 4 is a list of recommended salvage depths for soils in the 2003 Soil Survey Area of 
Coal Resource Areas N-9, N-12/N-99S, and N-99N. The list includes an overall 
recommended salvage depth for each map unit as well as differentiated "Topsoil" and 
"Subsoil" salvage depths as an additional option for some map units. Based on Peabody 
practice, salvage depths are listed to the nearest 0.5 feet. 

The following is a discussion of recommended salvage depths for each map unit. Table 5 
lists the 204 soil observations and soil characteristics from which the following data 
evaluation and salvage recommendations were generated. 

Map Unit 1AB {Dulce very channery fine sandy loam, 1 to 8 percent slopes) is 
composed of the shallow, residual Dulce soil and generally occupies sloping uplands under 
Pinyon-Juniper vegetation. Dulce was observed in 28 backhoe pits in Map Unit 1 AB and 
averaged 9 inches to the weathered bedrock contact. Dulce very channery loam ranged in 
depth from 5 to 18 inches. One soil inclusion (Pulpit) was observed in three backhoe pits 
wit · . Unit 1 AB, and averaged 28 inches to bedrock with soil depths of 24, 27, and 32 
· ~?E _; ·nclusions comprised about 10 percent of Map Unit 1AB. The recommended 

~"'soil salj)Je~. , ~h fo~ Map Unit 1 AB is 0.5 feet, with the concept that all soil to weathered 
(fi e§oc onta~ s su1table and could be salvaged where deeper than 0.5 feet. 
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Map Unit 1CD (Dulce very channery loam, 8 to 30 percent slopes) is similar to Map Unit 
1 AB except for slope. Dulce under these slope conditions was not observed in any 
backhoe pits in Map Unit 1 CD. The recommended salvage depth for Map Unit 1 CD is 0.5 
feet which is consistent with Dulce in Map Unit 1 AB. 

Map Unit 28 (Bond very fine sandy loam) is composed of the shallow Bond soil and 
generally occupies gently sloping upland areas under a sagebrush and mixed grasses 
vegetation. Delineations of Map Unit 2B are also mapped in gently sloping open Pinyon
Juniper woodland. A total of 13 backhoe pits were dug in Bond very fine sandy loam, and 
these averaged 14 inches to the weathered bedrock contact, with a depth range of 8 to 19 
inches. Soil inclusions were observed in another 8 backhoe pits (comprising 38%> of the 
total observation in Map Unit 2B) and these averaged 27 inches in depth with a range of 6 
to 72 inches. 

Bond has an overall recommended salvage depth of 1 foot, the rounded average depth to 
sandstone or shale bedrock. All soil parameters are suitable. The upper 0.5 feet (the 
surface "A" horizon and the underlying "Bt" argillic horizon) have higher organic matter 
content than below and could be salvaged as an upper or "topsoil" lift. The underlying 
0.5 feet to the bedrock contact could be salvaged as a lower or "subsoil" lift. The previous 
survey also recommended a salvage depth of 1. 0 feet. 

Map Units 3AB, 3CD, and 3DE (Zyme-Dulce complex) are composed of shallow residual 
soils under Pinyon-Juniper vegetation. Map Unit 3AB had 6 backhoe pit observations that' 
averaged 8 inches to the weathered bedrock contact with a soil depth range of 3 to 12 
inches. The total recommended salvage depth is rounded to 0.5 feet. 

Zyme and Dulce soils were observed in 28 backhoe pits in Map Unit 3CD and averaged 
8 inches to the weathered bedrock contact with a soil depth range of 3 to 17 inches. Two 
additional. backhoe pits had soil inclusions that were 24 inches to bedrock. The overall total 
recommended salvage depth of Map Unit 3CD is rounded to 0.5 feet. 

Zyme and Dulce soils were observed in 5 backhoe pits in Map Unit 3DE and averaged 12 
inches to the weathered bedrock contact with a depth range of 6 to 18 inches. The overall 
total recommended salvage depth of Map Unit 3DE is rounded to 0.5 feet to be consistent 
with Map Units 3AB and 3DC. Topsoil salvage may not be feasible in the steeper portions 
of this map unit that approach 40 to 50 percent slopes due to equipment limitations and 
operator safety concerns. 

Map Unit 3F (Ustic Torriorthents- Rock Outcrop Complex) Soils in Map Unit 3F are not 
recommended for salvage due to the high percentage of Rock Outcrop and very steep 
slopes. This map unit often has bedrock ledges and cliffs. 



range of 23 to 39 inches. Soil inclusions were observed in an additional eight backhoe pits 
(comprising about 42% of the map unit) and averaged 40 inches to bedrock. The total 
recommended salvage depth for Map Unit 5 is rounded to 3 feet. The previous survey 
recommended a salvage depth of 2.5 feet. The upper 1.0-feet (the surface "A" horizon and 
the underlying "Bt" argillic horizon) could be salvaged as an upper or "topsoil" lift. The 
underlying 2 feet to the bedrock contact could be salvaged as a lower or "subsoil" lift. 

Map Unit GAB (Sharps, ustic-aridic, very fine sandy loam) is composed of the 
moderately deep Sharps soil and is located on gently sloping to sloping uplands dominantly 
under a sagebrush and mixed grasses vegetation. Sharps was observed in Map Unit 6AB 
in 5 backhoe pits and averaged 25 inches to the shale contact, with a depth range of 23 to 
32 inches. A soil inclusion was observed in one backhoe pit (comprising about 16% of the 
map unit) with a depth of 14 inches to bedrock. The weighted average soil depth of Map 
Unit 6AB is 23 inches. The total recommended salvage of Map Unit 6AB is rounded to 2.0 
feet. The upper 1.0-feet (the surface "A" horizon and the underlying "Bt" argillic horizon) 
could be salvaged as an upper or "topsoil" lift. The underlying 1.0-feet to the bedrock 
contact could be salvaged as a lower or "subsoil" lift. The previous survey recommended a 
salvage depth of 2.5 feet. 

Map Units 7CD and 7E (Zyme - Travessilla - Rock Outcrop complex) are composed of 
shallow soils over sandstone and shale bedrock. They are located on weathered upland 
ridges with scattered rock outcrop and have dominantly Pinyon-Juniper vegetation. Soils in 
Map Units ?CD and 7E were observed in 2 backhoe pits and averaged 5 inches to bedrock 
with a depth range of 0 to 9 inches. The total recommended salvage depth of Map Unit 
?CD is rounded to 0.5 feet. Map Unit 7E is not recommended for salvage due to high 
amounts of Rock Outcrop and very steep slopes. 

Map Units 11AB and 11C (Blanding very fine sandy loam); G11B (Blanding very fine 
sandy loam, gravelly substratum); and X11AB and X11C (Blanding - Blanding, 
bedrock substratum) are composed of very deep local alluvial and reworked aeolian soils 
on alluvial fans, flats, sideslopes, and toeslopes scattered across the study area. Blanding 
generally has a sagebrush and mixed grasses vegetation. Blanding was observed in 19 
backhoe pits with depths ranging from 3.5 to more than 12 feet. Two backhoe pits were 
described for inclusions within these map units with an average thickness of more than 3. 7 
feet. 

The average depth for Blanding in Map Units X11AB, X11 C, and G11 B is 7.5 feet, and 10 
feet for Map Unit 11 AB and 11 C. All of this material is suitable and constitutes the total 
recommended salvage depths for these map units. The upper foot of soil is recommended 
for a "topsoil" lift and the remaining material for the "subsoil" lift. The previous survey also 
recommended similar salvage depths. 



encountered at depth in some areas .. This material, when encountered, is droughty and 
has high erosion hazard. The overall salvage depth is conservatively estimated to be 9.5 
feet. The upper 1.5 feet, including the surface "A" horizon and the underlying "Bw'' cambic 
horizon, could be salvaged as a "topsoil" lift. The underlying 8 feet, or the depth to the 
dominantly very gravelly loamy sand contact, could be salvaged as a "subsoil" lift. 

Map Unit 13A (San Mateo loam) is composed of fine-loamy material on nearly level to 
very gently sloping stream terraces, drainageway bottom lands, and floodplains. San Mateo 
was observed at 3 sites with depths ranging from more than 8 to 15 feet with an average of 
more than 10.3 feet. The overall recommended salvage depth is projected to be 14.5 feet. 
The upper 1.5 feet (including the surface "A" horizon and the underlying upper part of the 
"C" horizon) can be salvaged as a "topsoil" lift. The underlying 13 feet can be salvaged as 
a "subsoil" lift. Individual delineations of San Mateo may have high electrical conductivity 
(EC) and/or high sodicity (Sodium Adsorption Ratio - SAR) at depths between 8 to18 feet 
which could limit subsoil salvage to more shallow depths in these areas. 

Map Unit 14AB (Oelop very fine sandy loam) is composed of the deep Oelop soil on 
gently sloping valley sideslopes and bottoms. Oelop was observed at 14 sites with depths 
ranging from more than 4 to more than 14 feet with an average of more than 8. 7 feet. One 
backhoe pit was described for an inclusion within this map unit with a thickness of more 
than 5 feet. The overall salvage depth is conservatively estimated to be 9.5 feet. The 
upper 1.5 feet (including the surface "A" horizon and the underlying "Bt" argillic horizon),~ 
can be salvaged as a "topsoil" lift. The underlying 8 feet can be salvaged as a "subsoil" lift. 

Map Unit 15A (Las Lucas sandy clay loam) is composed of the very deep Las Lucas soil 
located on terraces and drainage bottomlands throughout the study area. Las Lucas was 
observed at four sites with depths ranging from more than 4 to more than 20 feet with an 
average of more than 11.5 feet. The overall recommended salvage depth is conservatively 
placed at 11.5 feet. The upper 1.5 feet can be salvaged as a "topsoil" lift, and the 
underlying 1 0 feet as a "subsoil" lift. The previous survey recommended a maximum 
salvage depth of 11.6 feet. 

Map Units 16C, 16CE, and 16F (Soil A- Soil 8 extremely channery very fine sandy 
loams) are composed of soils on crests, summits, and sideslopes of some hills scattered 
across the study area. These soils formed in porcellanite (scoria) and contain a very high 
volume of rock fragments. These soils were previously considered unsuitable for salvage 
due to their very high rock fragment content. However, these soils have been selectively 
salvaged at Black Mesa with positive results. Six soil backhoe pits were dug in Map Unit 
16C and eleven in Map Unit 16CE. Soil depth averaged 6 inches for Map Unit 16C, with a 
depth range of 4 to 6 inches. Soil depth for Map Unit 16CE averaged 9 inches, with a 
depth range of 2 to 27 inches. The total recommended salvage depth for these map units 
is rounded to 0.5 feet. Topsoil salvage may not be feasible in the steeper portions of Map 
Unit 16CE that approach 40 to 50 percent slopes due to equipment limitations and operator 
safety concerns. Unit 16F is not recommended for salvage due to very steep slopes, 
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Map Unit DL (Disturbed Land) is composed of various delineations of previously 
disturbed areas. There is no soil for salvage within these disturbed areas. 

Map Unit P (Pond) contains various constructed ponds distributed across the study area. 
There is no soil for salvage within these delineations although the pond and embankment 
"soil materials" will be tested for suitability when the ponds are reclaimed. 

Map Unit RL (Reclaimed Land, no topsoil) is composed of various small delineations of 
previously reclaimed areas. For various reasons, these areas are not presently topsoiled 
and therefore have no soil available for salvage. Although no topsoil is presently available 
for salvage, the current 6 inch surface layer may be suitable for salvage and used as a 
topsoil substitute material if these areas are projected to be redisturbed. 

Map Unit RL T (Reclaimed Land, topsoiled) is composed of various delineations of 
previously reclaimed areas that were topsoiled during reclamation activities. This reapplied 
topsoil was not sampled for laboratory analysis, but it is assumed that 6 to 12 inches of 
suitable topsoil can be salvaged from these areas if they are projected to be redisturbed. 

Map Unit TS (Topsoil Stockpile) is composed of some areas where stockpiled topsoil is 
located. This material will be used during overall reclamation activities, but it was not 
studied as part of the current soil survey. 

Map Unit RD (Reconstructed Drainage) is composed of a few areas where drainage 
channels have been reconstructed across reclaimed areas. Soil material is not available 
for salvage from these areas if they are projected to be redisturbed. 
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TABLE 1 

2003 Soil Survey Map Unit Legend 

1AB Dulce very channery fine sandy loam, 1 to 8 percent slopes 
1CD Dulce very channery fine sandy loam, 8 to 30 percent slopes 
2B Bond very fine sandy loam, 1 to 8 percent slopes 
3AB Zyme - Dulce complex, 1 to 8 percent slopes 
3CD Zyme - Dulce complex, 8 to 30 percent slopes 
3DE Zyme - Dulce complex, 30 to 50 percent slopes 
3F Ustic Torriorthents- Rock Outcrop complex, 50 to 80 percent slopes 
5 Pulpit very fine sandy loam, ustic-aridic, 2 to 8 percent slopes 
6AB Sharps very fine sandy loam, ustic-aridic, 1 to 8 percent slopes 
?CD Zyme-Travessilla-Rock Outcrop complex, 6 to 30 percent slopes 
?E Zyme-Travessilla-Rock Outcrop complex, 30 to 50 percent slopes 
X11AB Blanding - Blanding, bedrock substratum, very fine sandy foams 1 to 8 percent slopes 
X11C Blanding - Blanding, bedrock substratum, very fine sandy foams, 8 to 15 percent slopes 
11AB Blanding very fine sandy loam, 1 to 8 percent slopes 
11C Blanding very fine sandy loam, 8 to 15 percent slopes 
G11B Blanding very fine sandy loam, gravelly substratum, 2 to 8 percent slopes 
12AB Begay loam, 1 to 8 percent slopes 
13A San Mateo loam, 0 to 3 percent slopes 
14A8 Oelop very fine sandy loam, 1 to 8 percent slopes 
15A Las Lucas sandy clay loam, 2 to 6 percent slopes 
16C Soil A - Soil 8, extremely channery very fine sandy learns, 4 to 15 percent slopes 
16CE Soil A - Soil B, extremely channery very fine sandy I cams, 15 to 50 percent slopes 
16F Soil A - Soil 8, extremely channery very fine sandy loams, 50 to 70 percent slopes 
DL Disturbed Land 
p Pond 
RL Reclaimed Land, no topsoil 
RLT Reclaimed Land, topsoiled 
TS Topsoil Stockpile 
RD Reconstructed Drainage 
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1980 
EsP.ey Huston & 

Associates 

Fruitland 

Not mapped 

Clovis 

Not mapped 

Moenkopi 

lves 

Not Mapped 

Not Mapped 

Youngston 

Not mapped 

Moenkopi 

. Claysprings 

Not mapped 

Not mapped 

TABLE 2 

Current Correlation of Soil Series 
on the Black Mesa Lease Area 

1984 1985 
Mariah Associates Intermountain 

Soils 

Begay Begay 

Not mapped Bond 

Cahona Cahona 

Not mapped Chilton 

Dulce Dulce 

Mikim Las Lucas 

Not mapped Oelop 

Pulpit Pulpit 

San Mateo San Mateo 

Sharps Sharps 

Not mapped Travessilla 

Not mapped Zyme 

Not mapped Soil A 

Not mapped Soil B 

15 

2003 
Nyenhuis 

Begay 

Bond 

Blanding 

Not mapped 

Dulce 

Las Lucas 

Oelop 

Pulpit, ustic-aridic 

San Mateo 

Sharps, ustic-aridic 

Travessilla 

Zyme 

Soil A 

Soil B 

January 2004 



TABLE3 

Taxonomic Classification of Soil Series of the Black Mesa Lease Area 

Series Family 

Begay Coarse-loamy, mixed, superactive, mesic Ustic Haplocambid 

Blanding Fine-silty, mixed, superactive, mesic Ustic Haplargid 

Bond Loamy, mixed, superactive, mesic Lithic Ustic Haplargid 

Chilton Loamy-skeletal, mixed, calcareous, mesic Ustic Torriorthent 

Dulce Loamy, mixed, superactive, calcareous, mesic, shallow Ustic Torriorthent 

Las Lucas Fine-silty, mixed, active, mesic Ustic Haplocambid 

Oelop Fine-loamy, mixed, superactive, mesic Ustic Haplargid 

Pulpit, ustic-aridic Fine-silty, mixed, superactive, mesic Aridic Haplustalf 

San Mateo Fine-loamy, mixed, superactive, calcareous, mesic Ustic Torrifluvent 

Sharps, ustic-aridic Fine-silty, mixed, superactive, mesic Aridic Haplustalf 

Travessilla Loamy, mixed, superactive, calcareous, mesic Lithic Ustic Torriorthent 

Zyme Clayey, smectitic, calcareous, mesic, shallow Ustic Torriorthent 

Soil A Loamy-skeletal over fragmental, mixed, calcareous, mesic Ustic Torriorthent 

SoilS Loamy-skeletal over fragmental, mixed, mesic Ustic Haplocalcid 
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TABLE4 

2003 N-9, N-12, and N-99 Coal Resource Areas Soil Survey 
Recommended Soil Salvage Depths 

Symbol Map Unit Name Total Topsoii/S ubsoil 
Recommended Salvage Thickness 1 

Salvage Depth 1 (feet) (feet) 

1AB Dulce very channery fine sandy loam, 0.5 0.5/0.0 
1 to 8 percent slopes 

1CD Dulce very channery fine sandy loam, 0.5 0.5/0.0 
8 to 30 percent slopes 

2B Bond very fine sandy loam, 1.0 1.0/0.0 
1 to 8 percent slopes 

3AB Zyme - Dulce complex, 0.5 0.5/0.0 
1 to 8 percent slopes 

3CD Zyme - Dulce complex, 0.5 0.5/0.0 
8 to 30 percent slopes 

3DE Zyme - Dulce complex, 0.52 0.5/0.0 
30 to 50 percent slopes 

3F Ustic Torriorthents- Rock Outcrop 0.0 -
complex, 50 to 80 percent slopes 

5 Pulpit, ustic-aridic, very fine sandy loam, 3.0 1.0/2.0 
2 to 8 percent slopes 

6AB~ Sharps, ustic-aridic, very fine sandy 2.0 1.0/1.0 
loam, 1 to 8 percent slopes 

?CD Zyme-Travessilla-Rock Outcrop 0.5 0.5/0.0 
complex, 6 to 30 percent slopes 

7E Zyme-Travessilla-Rock Outcrop 0.0 -
complex, 30 to 50 percent slopes 

X11AB Blanding - Blanding, bedrock 7.5 1.0/6.5 
substratum, very fine sandy loams 
1 to 8 percent slopes 

X11C Blanding- Blanding, bedrock 7.5 1.0/6.5 
substratum, very fine sandy loams, 
8 to 15 percent slopes 

11AB Blanding very fine sandy loam, 10.0 1.0/9.0 
1 to 8 percent slopes 

11C Blanding very fine sandy loam, 10.0 1.0/9.0 
8 to 15 percent slopes 

G11B Blanding very fine sandy loam, gravelly 7.5 1.0/6.5 
substratum, 2 to 8 percent slopes 

12AB Begay loam, 1 to 8 percent slopes 9.5 1.5/8.0 

13A \~ loam, 0 to 3 percent slopes 14.5 1.5/13.0 
~ ~,~{'1?1.:7 . 
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Symbol Map Unit Name Total Topsoil/Subsoil 
Recommended Salvage Thickness 1 

Salvage Depth 1 (feet} (feet} 

14A8 Oelop very fine sandy loam 9.5 1.5/8.0 
1 to 8 percent slopes 

15A Las Lucas sandy clay loam, 
2 to 6 percent slopes 11.5 1.5/10.0 

16C Soil A - Soil 8, extremely channery very 0.5 0.5/0.0 
fine sandy loams, 
4 to 15 percent slopes 

16CE Soil A - Soil 8, extremely channery very 0.52 0.510.0 
fine sandy loams, 
15 to 50 percent slopes 

16F Soil A - Soil 8, extremely channery very 0.0 -
fine sandy loams, 
50 to 70 percent slopes 

DL Disturbed land 0.0 -
p Pond 0.0 -
RL Reclaimed Land, no topsoil 0.0 -
RLT Reclaimed Land, topsoiled 0.5 0.5/0.0 

TS Topsoil Stockpile 0.0 -
RD Reconstructed Drainage 0.0 -

1 Salvage depths are estimated to the·nearest 0.5 feet based on data presented in Table·S, List of Dug Holes and 
Soil Characteristics. Salvage depth information for each map unit is also presented on the Soil Maps for each 
Coal Resource Area. 

2 Topsoil salvage may not be feasible in the steeper portions of this map unit that approach 40 to 50 percent 
slopes due to equipment limitations and operator safety concerns. 
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TABLE 5 

N9 COAL RESOURCE AREA, 2345 Acres 

0 Hole# Soil Name - surface texture Map Unit Depth to rock Comments I profile description 

1 Begay sandy loam 12AB 6'+ Profile description, valley fill 

2 Begay sandy loam 12AB 7'+ Drainage cut 
3 Begay sandy loam 12AB 10'+ Profile description, valley fill, major 

rooting depth 30" 
4 San Mateo loam 13A 15' Drainage cut 
5 Begay fine sandy loam 12AB 12'+ Profile description, major rooting 

depth 34" 
6 Blanding fine sandy loam 11C 50" toss 
7 Begay fine sandy loam 12AB 17'+ Drainage cut, coarse-loamy alluvium 
8 Begay fine sandy loam 12AB 17'+ Drainage cut, coarse-loamy alluvium 
9 Begay sandy loam 12AB 12'+ Middle of drainage 
10 Begay sandy loam 12AB 12'+ Middle of drainage 
11 Dulce channery sandy loam 3CD 1 0" to scoria 
12 Begay sandy loam 12AB 12'+ Middle of drainage 
13 Zyme clay loam 3DE 18" to carb SH 
14 Begay fine sandy loam 12AB 6'+ toSS 
15 Zyme clay loam 3DE 14" to 

weathered SH 
16 Begay sandy loam 12AB 15'+ Drainage cut 
17 Begay sandy loam 12AB 15'+ Drainage cut 
18 Begay fine sandy loam 12AB 15'+ Drainage cut 
19 Be_g_ay fine sandy loam 12AB 15'+ Drainage cut 
20 Begay sandy loam 12AB 15'+ Drainage cut 
21 Begay sandy loam 12AB 15'+ Drainage cut 

,',: 

22 Begay sandy loam 12AB 15'+ Drainage cut I: 
23 Begay fine sandy loam 12AB 15'+ Drainage cut 
24 Dulce channery loam 1AB · 18" to weath Profile description, ridge'~(crest flat (x), 

platy siltstone photos 
25 Pulpit fine sandy loam 1AB 32" to SH Profile description, photos 

(inclusion) 
26 Dulce loam 1AB 9" to tract. SS 
27 Dulce channery loam 1AB 6" to tract. SS 
28 Dulce channery loam 1AB 5" to fract. SS 
29 Dulce channery loam 1AB 13" to weath. 

SH over fract. 
ss 

30 Pulpit fine sandy loam 5 26" to fract. SS Profile description 
31 Blanding sandy loam 5 5'+ Profile description, photos 

(inclusion) 
32 Dulce channery loam 3CD 12" to weath. Shale Cr 12 to 24" with roots 

SH 
33 Soil A-B gravelly loam 16CE 8" to fract. SS Sideslope of scoria hill 
34 Blanding loam X11C 42" to weath. Major rooting depth 17", photo 

SH 
35 Pulpit fine sandy loam 5 30" to weath. Profile description, photo 

soft SS 
36 Dulce channery loam 3CD 12" to weath. 

sandy SH 
37 Pulpit very fine sandy loam X11C 24" to scoria - (inclusion) SH ..A111"Rr.JH "1!1 l:ll'i-. 
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Hole# 

38 

39 

40 
41 

42 
43 

44 

45 
46 
47 
48 
49 

50 
51 
52 
53 
54 

55 

56 
57 
58 
59 
60 

61 

62 

63 

64 

65 
66 

67 

68 
69 
70 
71 

TABLE 5 

N9 COAL RESOURCE AREA, 2345 Acres 

Soil Name -surface texture 

Dulce fine sandy loam 

Pulpit very fine sandy loam 

Pulpit sandy loam/loam 
Oelop very fine sandy loam 

Dulce channery loam 
Pulpit very fine sandy loam 

Sharps very fine sandy loam 

Oelop very fine sandy loam 
Oelop very fine sandy loam 
Oelop very fine sandy loam 
Dulce channery loam 
Dulce channery loam 

Dulce channery loam 
Dulce channery loam 
Blanding sandy loam/loam 
Oelop very fine sandy loam 
Pulpit fine sandy loam 

Dulce channery loam 

Blanding fine sandy loam 
Oelop very fine sandy loam 
Oelop very fine sandy loam 
Dulce channery loam 
Dulce channery loam 

Dulce channery loam 

Dulce channery loam 

Blanding fine sandy loam 

Dulce channery loam 

Blanding fine sandy loam 
Dulce channery loam 

Bond fine sandy loam 

Dulce channery loam 
Bond fine sandy loam 
Blanding very fine sandy loam 
Pulpit veJY..fine sandy loam 
~[\121(~ 

Map Unit 

5 
(inclusion) 
5 

5 
5 
(inclusion) 
3CD 
5 

5 
(inclusion) 
14AB 
14AB 
14AB 
3CD 
3CD 

3CD 
3CD 
X11AB 
14AB 
2B 
(inclusion) 
1AB 

11AB 
14AB 
14AB 
1AB 
1AB 

1AB 

1AB 

5 
(inclusion) 
3CD 

11AB 
2B 
(inclusion) 
28 

1A8 
28 
X11C 
5 

20 

Depth to rock Comments I profile description 

17" to hard, 
shaly SS 

27" to weath. 
hard SH 

30" to fract. SS 
7. 7'+ Profile description 

4" to fract. SS 
38" to weath. Contains old buried 7.5YR Bt 

ss 
28" to weath. Profile description 

fract. SS 
6'+ 
6'+ 
6'+ 

5" to fract. SS 
5" to fract. 

scoria 
5" to scoria SS 
5" to scoria SS 

6.8'+ 
6'+ 

39" toSS 

6" to fract. 
Siltstone 

7'+ 
10'+ 
10'+ 

5" to scoria SS 
6" to weath. 
scoria SH 

6" to weath. 
SH 

14" to weath. 
SH 

4.5'+ 

8" to tract. 
Siltstone 

Drainage cut 
Drainage cut 
Drainage cut 

Major rooting depth 18" 

Profile description, photos 

Photos 

Profile descripton 
Drainage cut 
Drainage cut 

Major rooting depth goes to 14" in 
weath. SH, photos 
Major rooting depth goes to 14" in 
weath. SH, photos 

Major rooting depth 16" 

7'+ Major rooting depth 26" 
18" to weath. 

SH 
14" to tract. 

Hard SS 
6" to fract. SS 
9" to hard SS 

40"+ 
35" to weath. Photos 

ss 
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TABLE 5 

N9 COAL RESOURCE AREA, 2345 Acres 

Hole# Soil Name - surface texture Map Unit Depth to rock Comments I profile description 

72 Dulce channery loam 3CD 6" to fract. SS 
73 Blanding very fine sandy loam 5 53" to weath. 

(inclusion) SH 
74 Soil A-B very channeryloam 16CE 16" to weath. Weath. scoria SS & SH from 16 to 40" 

scoria 
75 Begay sandy loam 12AB 6'+ Drainage cut 
76 Dulce channery loam 1AB 6" to fract. SS 
77 Dulce channery loam 3CD 1 0" to weath. Photos 

sandy SH 
78 Pulpit very fine sandy loam 2B 28" to hard SS Photos 

(inclusion) 
79 Pulpit very fine sandy loam 2B 29" to hard SS 

(inclusion) 
80 Bond very fine sandy loam 2B 18" to tract. SS Photos 
81 San Mateo loam 13A 8'+ 
82 San Mateo loam 13A 8'+ 
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TABLE 5 

N12/N99S COAL RESOURCE AREA, 2773 Acres 

Hole# Soil Name - surface texture 

1 Blanding fine sandy loam 
2 Blanding fine sandy loam 
3 Dulce channery loam 

4 Oelop very fine sandy loam 
5 Blanding fine sandy loam 
6 Blanding fine sandy loam 
7 Dulce channery loam 

8 Dulce channery sandy loam 
9 Dulce channery sandy loam 

10 Soil A-B very channery loam 

11 Blanding very fine sandy loam 
12 Oelop very fine sandy loam 
13 Dulce channery loam 
14 Dulce channery loam 
15 Dulce channery sandy loam 
16 Blanding very fine sandy loam 

17 Oelop very fine sandy loam 

Map Unit 

X11AB 
X11AB 
1AB 

14AB 
X11AB 
X11AB 
16CE 
(inclusion) 
1AB 
16CE 
(inclusion) 
16CE 

11AB 
14AB 
1AB 
1AB 
1AB 
14AB 
(inclusion) 
14AB 

Depth to rock 

11'+ 
6.5' toSS 

6" to weath. 
shaly SS 
14' toss 
9' toSS 

64" toSS 
5" to fract. SS 

5" to tract. SS 
16" to fract. SS 

4" to fract. 
scoria 

Comments I profile description 

Buried Btk at 6 to 7.5' 

Drainage cut, sage terrace 

Hard Bk at 30" 

12'+ Gravelly lense at 8 to 9' 
14' Drainage cut 

5" to tract. SS Slight scoria influence 
5" to fract. SS 
6" to tract. SS Photos 

63"+ to SS Profile description, photos 

8.3'+ Lower fan-valley sideslope, very 
channery loam lense at 4 to 5' 

18 Oelop very fine sandy loam 14AB 12'+ Drainage cut 
19 Oelop very fine sandy loam 14A8 8'+ Local alluvium from trib. drainage 
20 Oelop channery sandy loam 14A8 8'+ Drainage cut 
21 Oelop channery sandy loam 14A8 9'+ Drainage cut 
~--f-=-:--....l~--~---"-:----:------t-:-::-~~--+---~--~--__;_~-----------1 ..... 
22 Blanding very fine sandy loam X11AB 4'+ 
23 Blanding very fine sandy loam X11A8 5'+ 
24 Blanding very fine sandy loam X11AB 5'+ Drainage cut 
25 Blanding channery sandy loam X11AB 54" to whitish 

26 Blanding fine sandy loam 
27 Dulce channery loam 
28 Oelop channery fine sandy loam 
29 Dulce channery loam 
30 Pulpit very fine sandy loam 

31 Pulpit very fine sandy loam 

32 Dulce very cobbly loam 

33 Dulce loam 
34 Dulce loam 

35 Soil A-8 very channery loam 
36 Soil A-8 very channery loam 
37 Soil A-~efY channery loam 

~\J21((~ 

X11AB 
1A8 
14A8 
1A8 
5 

5 

1A8 

1A8 
G118 
(inclusiof'!} 
16C 
16C 
16C 

22 

gra_ySH 
9'+ 

12" to tract. ss 
4'+ Drainage cut 

12" to fract. SS 
32" to hard, 

tract. SS 
30" to hard, Photos 

tract. SS 
4 to 8" to fract. 

ss (6") 
12" to fract. ss 
9" to tract. SS 

5" Scoria hilltop 
6" Scoria hilltop 
6" Scoria sideslope, roots in upper 

part of scoria, photos 
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Hole# 

38 

39 
40 
41 

42 

43 
44 
45 
46 

47 

48 
49 
50 

51 
52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 
63 

64 

65 

66 

67 

TABLE 5 

N12/N99S COAL RESOURCE AREA, 2773 Acres 

Soil Name -surface texture 

Blanding very fine sandy loam 

Blanding fine sandy_ loam 
Bond channery loam 
Bond loam 

Bond loam 

Bond loam 
Dulce channery loam 
Zyme channery silty clay loam 
Soil A-B flaggy sandy loam 

Soil A-B cobbly sandy loam 

Soil A-B cobbly loam 
Begay fine sandy loam 
Dulce fine sandy loam 

Blanding fine sandy loam 
Begay fine sandy loam 

Zyme clay loam 

Dulce channery loam 

Dulce fine sandy loam 

Dulce fine sandy loam 

Zyme clay loam 

Zyme clay loam 

Zyme channery clay loam 

Bond fine sandy loam 

Dulce gravelly fine sandy loam 

Bond fine sandy loam 
Dulce fine sandy loam 

Dulce fine sandy loam 

Bond fine sandy loam 

Zyme clay loam 

Map Unit ;Depth to rock Comments I profile description 

X11 C 9.5' toSS Small saddle between 2 knob 
ridges, photos 

X11C 
2B 
2B 

2B 

2B 
3CD 
3CD 
16C 

16C 

16C 
12AB 
1AB 

G11B 
G11B 
(inclusion) 
3DE 

16CE 
(inclusion) 
3AB 

3AB 

3AB 

3CD 

3CD 

28 

2B 
(inclusion) 
2B 
2B 
(inclusion) 
2B 
(inclusion) 
2B 

3AB 

23 

4' toSS 
8" to SS Photos 

16" to weath. Weath. bedrock with roots from 16 
SS & SH to 25", photos 

15" to weath. Weath. bedrock with roots, photos 
SS&SH 

12" to scoria 
13" to SH 

12" to tract. SS Photos 
6" to tract. 
Scoria SS 
6" to tract., 
hard scoria 
4" to scoria 

12'+ 
5" to tract., 

hard SS 
54"+ 
8'+ 

12" to weath. 
SH 

8" to weath. 
scoria 

5" to fract., 
hard SS 

5" to fract., 
hard SS 

5" to weath. 
SH 

17" to weath. 
platy SH 

Slopewash alluvium, photo 

Profile description, photo 
Drainage cut 

5" to weath., Roots go intoSH to 12" 
platy SH 

17" to weath. 
sandy SH 

.,_,;··· 

14" to weath. Weath. SH with roots 14 to 24" 
SH 

12" to tract. SS 
7" to hard, 
tract. SS 

6" to hard, 
tract. SS 

13" to hard, Photos 
tract. SS 

9" to weath. 
SH overSS 
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TABLE 5 

N12/N99S COAL RESOURCE AREA, 2773 Acres 

Hole# Soil Name - surface texture Map Unit Depth to rock Comments I profile description 

68 Las Lucas sandy clay loam 15A 4'+ 
69 Soil A-8 very channery loam 16CE 3" to scoria 
70 Dulce channery loam 1AB 12" to fract. SS Photos 
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TABLE 5 

N-99N COAL RESOURCE AREA, 1645 Acres 

0 Hole# Soil Name -surface texture Map Unit Depth to rock Comments /profile description 

1 Pulpit fine sandy loam 5 39" Profile description 

2 Dulce channery loam 1AB 9" to fract. SS 
3 Dulce channery loam 5 17" to fract. SS 

(inclusion) 
4 Dulce channery loam 1AB 14" to tract. 

shaly SS 
5 Pulpit very fine sandy loam 5 29" to hard, 

fract. SS 
6 Pulpit very fine sandy loam 5 23" to hard, 

fract. SS 
7 Blanding fine sandy loam 5 7' to hard, 

(inclusion) fract. SS 
8 Zyme clay loam 3CD 4" to sandy SH 
9 Zyme clay loam 3CD 3" to sandy SH 
10 Las Lucas sandy clay loam 15A 6.3' Drainage cut 
11 Sharps very fine sandy loam 6AB 23"to SH & 

soft SS 
12 Sharps very fine sandy loam 6AB 24" to soft SH 
13 Zyme clay loam 3CD 13" to soft, 

sandy SH 
14 Sharps channery sandy loam 6AB 23" Residual material from scoria 
15 · Scoria Rock Outcro_g 16CE 2" to baked SS 
16 Dulce channery fine sandy loam 16CE 6" to baked SS 

(inclusion) 
17 . Zyme clay loam 3CD 3" to SH 
18 . Pulpit very fine sandy loam 1AB 27" to hard SS 

(inclusion) 
19 , Dulce channery loam 3CD 14" toSS 
20 Soil A-B very channery sandy loam 16CE 27" to. weath. 

baked bedrx 
21 Dulce channery sandy loam 6AB 14" to weath. 14 to 40" very weath. SH with roots 

(inclusion) SH 
22 Sharps very fine sandy loam 6AB 32" to weath. 

SH 
23 . Dulce channery loam 3CD 11 " to fract. SS 
24 ' Las Lucas sandy clay loam 15A 7'+ Drainage cut 
25 , Sharps very fine sandy loam 6AB 23" to weath. 

• SH 
26 Las Lucas sandy clay loam 15A 15' Drainage cut 
27 , Las Lucas sandy clay loam 15A 20' Drainage cut 
28 . , Zyme clay loam 3CD 7" to weath. Roots in SH to 24" 

SH 
29 Soil A-B extremely channery sandy 16CE 11" to baked 

; loam SH 
30 Sharps very fine sandy loam 3CD 24" 11 to 24" very weath. SH, photos 

(inclusion) 
31 Blanding very fine sandy loam 28 6' to weath. Major rooting depth to 38", photo 

/-~:(\/~]"'fi?;5'·1~r;~:~--~ (inclusion) carb.SH 
32 Bond ~lllfSilOjl~loam 28 19" to weath. Weath. SH 19 to 50", photo 

~- ~(':;) ' 9-{:~ SH 
" < ' 

R~ -~!$6! -1~~/ '~~ ~ r':\\ 

r~ f"'\.')J ,...... en 
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TABLE 5 

N-99N COAL RESOURCE AREA, 1645 Acres 

Hole# Soil Name -surface texture Map Unit Depth to rock Comments /profile description 0 
33 Bond channery fine sandy loam 2B 19" to weath. 

SH 
34 Bond channery fine sandy loam 2B 14" to tract. 

scoria SS 
35 Soil A-B channery sandy loam 16CE 12" to mixed 

scoria 
36 Dulce channery loam 3DE 6" to tract. SS 
37 Zyme clay loam to clay 3DE 12" to weath. 

SH 
38 Sharps loam 3CD 24" to weath. Major rooting depth 12" 

(inclusion) SH 
39 Zyme clay loam 3CD 6" to weath. 

SH 
40 Dulce channery loam 3CD 11" to weath. 

ss 
41 Zyme clay loam 3CD 9" to weath. 

SH 
42 Zyme clay loam 3CD 6" to weath. 

SH 
43 Zyme clay loam 3CD 5" to weath. 

SH 
44 Dulce channery loam 1AB 1 0" to weath. 

SH 
45 Dulce channery sandy loam 1AB 8" to weath. 

ss ~~ 46 Sandstone Rock Outcrop 7E 0" 
47 Travessilla channery sandy loam 7E 9" toSS 
48 Dulce channery sandy loam 3CD 4" to fract. SS 
49 Dulce channery loam 3AB 1 0" to fract. SS 
50 Dulce channery loam 3AB 12" to fract. SS 
51 Dulce channery loam 1AB 12" to weath. 

SH 
52 Pulpit very fine sandy loam 1AB 24" to fract. SS 

(inclusion) 
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ATTACHMENT 1 

Approval Letter from Office of Surface Mining (OSM) Regarding Proposed 
Soils Scope-of-Work (SOW); and OSM Soil SuitabilityTable 

"Topsoil and Topsoil Substitute Suitability Criteria for the Southwestern 
United States" 



United States Department of the Interior 
OFFICE OF SURFACE MINlNG 

Reclamation and Enforcement 

IN REPLY REFER TO: 
1999 Broadway~ Suite 3320 

Denver, Colorado 80202-5733 

June 25, 2003 

Mr. Brian Dunfee 
Environmental Engineering Manager 

· Peabody Western Coal Company 
P.O. Box 650 
Navajo Route 41 
Kayenta, Arizona 86033 

AZ0001 

RE: Baseline Wildlife, Soils and Overburden Studies-Black Mesa 
Complex 

Dear Mr. Dunfee: 

The Office of Surface Mining (OSM) is in receipt of Peabody Western Coal 
Company's (PWCC) letters dated June 3, 2003 and June 19, 2003. The letters 
described PWCC's proposals for gathering baseline data regarding wildlife, soils 
and overburden in un-mined coal resource areas. This data will be used for 
future mine pl·anning and permitting activities. 

We have discussed PWCC's approach to gathering this data during phone 
conversations and you have received, via email, OSM's Guidance for soil and 
overburden sampling. PWCC's previous sampling ( 122 deep cores) and the 
continuing regraded spoil sampling program, in the existing mining areas, has 
resulted in excess of 6,000 samples and analyses. The current proposal for soil 

·. and overburden sampling is less intense than is recommended in the OSM 
Guidance. However, based on the above information, OSM is confident that the 
proposed sampling schemes will provide the needed information as to soil and 
overburden quality. In addition, PWCC has committed to doing additional 
overburden S,ampling if the results of the initial sampling indicates there are 
unexpected changes in overburden quality from mined areas or areas currently 
being mined. 

PWCC has continued to monitor, on an annual basis, several threatened and 
endangered (T&E) wildlife species and species of special interest and has 
conducted wildlife studies on an ongoing basis within the leasehold. Therefore, 
focusing on T&E species and species of speciE;~I interest and .their critical habitat 
should b ry baseline for future mine planning and''~permitting activities. 

,~T 'lv~~. 
~~ ~ / l'" _('0/ ~ J .. ~ ~ 

fC\;' ~ ~ ~ ul 
J:~'-' Tf.;'!!} £'\~ f"""i. ....._ 
:.c\..1 \! __ y'llf ~ .--

' .-·- r· ., !Jif: (Jl 

t~R~ f~~~, :f: en 
··~·~·n ~ 
\._. . ...,.. ' 
\~?./ . (Q 

·'~.:'[/n . . ~ 
"=~/ C.t· -.• ··1\\\ '"-'t~l t.!J l [' l {., 

-......:;,~t;.,;..' 



Therefore, based upon PWCCJs description of proposed baseline studies for 
wildlife, soils and overburden OSM concurs with the proposals referenced in the 
above cited letters. · 

By copy of this letter, OSMJWRCC requests PWCC, other OSM offices, and 
other agencies to file the attached material appropriately. 

If you have questions or concerns please contact me at 303-844-1400 x1496. 

Sincerely; 

GJ.J~ 
erry D. avette, Leader 

Black Mesa/Kayenta Mine Team 

cc/with enc: AFO 
BIA-Navajo Regional Office 
BIA-Westem Regional Office 
BLM-Phoenix 
Forest Lake Chapter House 
Hopi Office of R~alty Services 
Hopi Office of Mining & 

Mineral Resources 
Navajo Minerals Department 



TOPSOIL AND TOPSOIL SUBSTITUTE SUITABILITY CRITERIA* 
FOR THE SOUTHWESTERN UNITED STATES 

Parameter - - - - - - - - Material Quality - - - - - - - - - - -
Good Marginal Unsuitable 

PH 6.0-8.4 5.5-6.0 < 5.5 
8.4-8.8 > 8.8 

EC mmhos/cm (1) <4.0 4.0-12.0 > 12.0 

SAR (2) 

sland 
coarser < 12.0 12.0-18.0 > 18.0 

1 and cl < 10.0 10.0-16.0 > 16.0 

40% clay <8.0 8.0-14.0 > 14.0 

Texture (3) Is, sl, 1, s, lcs, cl, >45%c 
sil, with sicl with 
35%c 45%c 

Saturation % 25-80 25-80 <25 or>BO 

CaCo3% 0-15 15-30 30 

Coarse Fragments (4) 
<3inch% 15 15-35 35 
>3inch% 3 3-10 10" 

Erosion Factor (5) <.37 <.37 

Acid-base potential +5TCaC03 +OTCaCo3 -5TCaC03 
equiv.IIOOOT equiv./IOOOT equiv.nOOOT 

Boron 5ppm 5ppm >5ppm 

Selenium (Total) ~0.8 ppm > 0.8 ppm 
Selenium (Extractable} ~0.15ppm > 0.15 ppm 



submitted data technically represent the site specific nature of the 
modification. 

1. When EC is less than 2.0, then SAR's can not be >18. 

2. SAR values can be modified if adequate data is submitted to support 
proposed modifications. 

3. ls=loamy sand; lcs=loamy coarse sand; sl=sandy loam; l=loam; sil=silt 
loam; scl=sandy clay loam; s=sand; cl=clay loam; sicl=silty clay loam; 
cl=clay. 

4. For topsoil substitutes/supplements, percentage can be increased if it is 
shown that the higher percentage will increase slope stability and/or 
vegetation establishment. Suitabilities will be determined on a site 
specific basis. 



ATTACHMENT 2 

Black Mesa Lease Area 
Map Unit Descriptions 

(Intermountain Soils, Inc. 1985) 



lA 
1, lB 
lC 
lD 

Order 1 and 2 Map Unit Descriptions 

Dulce very channery fine sandy loam, 1 to 4 percent slopes. 
Dulce very channery fine sandy loam, 4 to 8 percent slopes. 
Dulce very channery fine sandy loam, 8 to 15 percent slopes. 
Dulce very channery fine sandy loam, 15 to 30 percent slopes. 
The less steep phases of these map units are found on ridge crests and shoulders whereas 
the steeper phases are found on shoulders and sideslopes. The soils in these map units are 
reddish brown and have a surface layer high in rock fragments. Depth to soft or fractured 
sandstone bedrock is 2 to 10 inches with bedrock generally occurring at less than 6 
inches. Contrasting soils which may occur in these map units include Zyme soils found 
on sideslopes and Bond soils found on ridge crests, soils with bedrock deeper than 20 
inches found in concave areas and rock outcrop occurrit:tg as narrow escarpments. Similar 
soils which may occur in these map units include soils with over 35 percent rock 
fragments, soils that are non-calcareous throughout, and Travessilla soils. 

Dulce soils are marginally suitable for topsoil and are limited by the amount of rock 
fragments on the soil surface. The shallow depth to bedrock of these soils may restrict 
the amount of soil which can be salvaged. The included Bond soils have a good 
suitability for topsoil and should be salvaged where practicable. 

2B Bond very fine sandy loam, 1 to 8 percent slopes. 

3A 
3BC 
3C 
30 
3DE 
3E 

This map unit occurs on ridge crests and shoulders throughout the lease area. The Bond 
soils are reddish throughout and have a surface layer high in very fine sand Depth to hard 
sandstone bedrock is between 12 and 20 inches. Contrasting soils which may occur in 
these map units include Dulce soils on shoulders and Sharps soils near· the delineated 
boundaries of this map unit. Soils similar to Bond which may occur in these map units 
include soils with less than 18 percent clay, soils with less very fine sand, and soils 
underlain by soft bedrock. 

Bond soils are suitable for topsoil and have an average stripping depth of 12 inches. The 
high very fine and fine sand content make these soils susceptible to wind and water 
erosion. 

Zyme-Dulce complex, 2 to 8 percent slopes. 
Zyme-Dulce complex, 2 to 15 percent slopes. 
Zyme-Dulce complex, 6 to 15 percent slopes. 
Zyme-Dulce complex, 15 to 30 percent slopes. 
Zyme-Dulce complex, 15 to 50 percent slopes. 
Zyme-Dulce complex, 30 to 50 percent slopes. 
The less steep phases of these map units are found on ridge crests and shoulders whereas 
the steeper phases are found on ridge sideslopes. Generally, Zyme soils are found on the 
steeper portions of the map units. Zyme soils are variable in color, depending on the 
color of the underlying shale bedrock. They are clayey throughout and have numerous 
surficial rock fragments. Dulce soils are reddish brown and also have a surface layer high 

~=---
~ 
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s (.l ·28 ~ k fragments. Both these soils in these map units are extremely eroded. Depth to 

/~~'S · so actured bedrock is 2 to 10 inches with bedrock generally occurring at less than 6 
(f: ~ itL~S. ntrastin. g soils which may occur in these map units include soils deeper than 

/c;? ~ ~ ~nch~ ond soils, and Soils A and B. Bond soils and Soils A and B are found on 
1~~:::! ;; ~ge ere~ d sideslopes, and the soils deeper than20 inches are found in concave areas. 
f~).:: C>~~ ~ock ou p occurs as narrow escarpments. Similar soils which may occur in these map 
~'j, ,,.. f units in e those wit~ over .35 percent rock fragments, soils that are non-calcareous 
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The soils in these map units are marginally suitable for topsoil and are limited by clayey 
texture of the Zyme soils and high surficial rock fragment content of both soils. The 
shallow depth to bedrock of these soils may restrict the amount of soil which can be 
salvaged. The included Bond soils have a good suitability for topsoil and should be 
salvaged where practicable. 

3F Ustic Torriorthents-rock outcrop complex, 50 to 80 percent slopes. 
This map unit occurs _on very steep sideslopes of ridges. Because of the slope steepness 
and the interbedded nature of the bedrock, soils are quite variable and mapped only to the 
subgroup level. Rock outcrop consists of areas of exposed sandstone or shale bedrock. 
The soils in this map unit are not considered salvageable because of the steep slopes and 
high amounts of rock outcrop. 

4A Zyme very channery loam, 1 to 4 percent slopes. 
4B Zyme very channery loam, 4 to 8 percent slopes. 
4C Zyme very channery loam, 8 to 15 percent slopes. 
4D Zyme very channery loam, 15 to 30 percent slopes. 

The less steep phases of these map units are generally found on toeslopes or upper 
sideslopes, and the steeper phases are found on sideslopes. Zyme soils are variable in 
color, depending on color of the underlying shale bedrock. They are clayey throughout 
and have a surface high in rock fragments. Depth to shale bedrock is 2 to 10 inches with 
bedrock generally occurring at less than 6 inches. Contrasting soils which may occur in 
these map units include Dulce and Bond soils found on crests and sideslopes, and soils 
deeper than 20 inches occurring in concave areas. Rock outcrop, where present, occurs as 
narrow escarpments. Similar soils which may occur in these map units include soils that 
are non-calcareous throughout and soils with less clay. 

The soils in these map units are marginally suitable for topsoil and are limited by clayey 
texture and high surficial rock fragment content. The shallow depth to bedrock of these 
soils may restrict the amount of soil which can be salvaged. Tfte included Bond soils 
have a good suitability for topsoil and should be salvaged where practicable. 

5 Pulpit very fme sandy loam, 2 t9 8 percent slopes. 
This map unit occurs on valley sideslopes, and crests and sideslopes of ridges. The soils 

S2.1 28(g in this map unit are reddish brown and have a surface layer high in very fme sand. Depth 
J....SC.. J>o~ to hacd sandstone bedcock is 20 to 40 inches. Contrasting soils which may occur in these 

;J~ . Q Y ~ ap units include Cahona soils on sideslopes and Bond soils on crests. Soils similar to 
{~~ l' ~, ~ lpit which may occur in this map unit include soils with less than 18 percent clay 

~
C'0 · . C'\1, .S::S or a sand fraction with more than 15 percent fine or coarser sand. The J/7 mining 

. 
2; -~--~ ~ . as has more of these similar soils than the other mining areas. Sharps is also a similar 
-~) ~ g: 1. . 

~- .- ~ Cb ulpit soils are suit. able for topsoil and. have an average stripping depth of28 inches. The 
~~ · ~ (o high very fine and fine sand content make these soils susceptible to wind and water 
'Z~t\\ erosion. 

6 Sharps.very fine sandy loam, 2 to 8 percent slopes. 
6A Sharps very fine sandy loam, 1 to 4 percent slopes. 
6B Sharps very fine sandy loam, 4 to 8 percent slopes. 
6C Sharps very fine sandy loam, 8 to 15 percent slopes. 

The less steep phases of these map units are found on ridge crests and shoulders, and the 
steep phases are found on shoulders and sideslopes. The soils in these map units are 
reddish brown and have a surface layer high in very fine sand. Depth to soft or fractured 
bedrock is 20 to 40 inches. Contrasting soils which may occur in these map units include 
Cahona soils on sideslopes and Bond soils on crests. Similar soils which may occur in 

2 

0 



this map unit include soils with less than 18 percent clay and/or a sand fraction with more 
than 15 percent fine or coarser sand. The J/7 mining areas has more of these similar soils 
than the other mining areas. Another similar soil is Pulpit. 

Sharps soils are suitable for topsoil and have an average stripping depth of 28 inches. 
The high very fine and fme sand content make these soils susceptible to wind and water 
erosion. 

7B Travessilla-Zyme-Dulce complex, 2 to 6 percent. 
This map unit is found primarily in the J/7 mining area on ridge crests ~d sideslopes. 
Zyme and Dulce soils are generally-found on the sideslopes and the Travessilla soils on 
the crests. Zyme soils are variable in color, depending on the color of the underlying 
shale bedrock. They are clayey throughout Travessilla and Dulce soils are reddish brown 
and are coarse-textured. All of these soils in this map ~nit are very eroded. Depth to 
bedrock is 2 to 10 inches with bedrock generally occurring at less than 6 inches. 
Contrasting soils which may occur in this map unit include soils deeper than 20 inches in 
concave areas and Bond soils on ridge crests. Rock outcrop also is included. 

The soils in these map units are marginally suitable for topsoil and are limited by clayey 
texture of the Zyrne soils and high surficial rock fragment content of each of the soils. 
The shallow depth to bedrock of these soils may restrict the amount of soil which can be 
salvaged. The included Bond soils have a good suitability for topsoil and should be 
salvaged where practicable. 

7C Zyme-Travessilla-Rock outcrop complex, 6 to 15 percent slopes. 
7D Zyme~ Travessilla-Rock outcrop complex, 15 to 30 percent slopes. 
7E Zyme-Travessilla-Rock outcrop complex, 30 to 50 percent slopes. 

These map units are also found primarily in the J/7 mining area. They are found on 
sides lopes and include significant amounts of rock outcrop. Zyme soils are found on the 
steeper portion of the map unit. Zyme soils are vaiiable in color, depending on the color 
of the underlying shale bedrock. They are clayey throughout. Travessilla soils are reddish 
brown and are coarse-textured. Both these soils in these map units are very eroded. Depth 
to bedrock is 2 to 10 inches with bedrock generally occurring at less than 6 inches. Rock 

?l ?8 2g·"> outcrop occurs as narrow escarpments. Contrasting soils which may occur. in these map 
•• (,(',<"'~ -- vOJ;. units include soils deeper than 20 inches found in concave areas and Bond soils found 

_/:;::, ·. / domly throughout. Similar soils which may occur in these map units are Dulce soils. 

J#~ }ij;,' · soils in these map units are marginally suitable for topsoil and are limited by the 
f~: \ 4~ ~ ey texture of the Zyme soils and the high surficial rock fragment content of both 

{f sm s. The shallow depth to bedrock of these soils and the amount of rock outcrop 
~ ~oe urring in these map units may restrict the amount of soil which can be salvaged. The 

~o-;- ~ r (; eluded Bond soils have a good suitability for topsoil and should be salvaged where 
"'~~9.- . .., \~~ racticable. 

! Jilll £i ~\ '\ 
" Cahona very fine sandy loam, bedrock substratum, 2 to 8 percent slopes. 
lOA. Cahona very fine sandy loam, bedrock substratum, 1 to 4 percent slopes. 
lOB Cahona very fine sandy loam, bedrock substratum, 4 to8 percent slopes. 
lOC Cahona very fine sandy loam, bedrock substratum, 8 to 15 percent slopes. 

These soils are found on valley sideslopes. The soils in these map units are reddish 
brown and have a surface layer high in very fine sand. Depth to bedrock is 40 to 72 
inches. Contrasting soils which may occur in these map units include Cahona soils 
which are deeper than 72 inches on sides lopes, and Sharps soils on crests. Similar soils 
which may occur in these map units include soils with less than 18 percent clay and/or a 
sand fraction with more than 15 percent fine or coarser sand. The J/7 mining areas has 
more of these similar soils than the other mining areas. 
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Cahona soils are suitable for topsoil and have an average stripping depth of 58 inches. 
The high very fine and fine sand content make these soils susceptible to wind and water 
erosion. 

11 Cahona very fine sandy loam, 1 to 6 percent slopes. 
llA Cahona very fine sandy loam, 1 to 4 percent slopes. 
llB Cahona very fine sandy loam, 4 to 8 percent slopes. 
11 C Cahona very fine sandy loam, 8 to 15 percent slopes. 

These soils are found on valley sideslopes. They are reddish brown and have a surface 
layer high in very fine sand. Depth to soft or fractured bedrock is 72 to more than 180 
inches. Contrasting soils which may occur in these map units include Cahona, bedrock 
substratum, soils on upper sideslopes and Sharps soils on crests. Soils similar to 
Cahona which may occur in these map units include soils with less than 18 percent Clay 
and/or a sand fraction with more than 15 percent fine·or coarser sand. The J/7 mining 
areas has more of these similar soils than the other mining areas. Oelop soils are also 
similar. 

Cahona soils are suitable for topsoil and have a weighted average stripping depth of 10.0 
feet. The high very fine and fme sand content make these soils susceptible to wind and 
water erosion. 

G 11 C Cahona very fine sandy loam, gravelly substratum, 8 to 15 percent slopes. 
This soils occurs on valley sideslopes and alluvial fans in the area of the proposed Wild 
Ram Dam. It is very similar to the Cahona soil in map unit 11, but is underlain by 
material high in rock fragments at a depth of 24 to 40 inches. Depth to soft or fractured 
bedrock is 40 to more than 72 inches.Contrasting soils which may occur in this map unit 
include Sharps on the upper slopes and Chilton soils on the steeper sideslopes. Similar 
soils which may occur in these map units include those with less than 18 percent clay 
and/or a sand fraction with more than 15 percent fine or coarser sand. 

These soils are suitable for topsoil and have an average stripping depth of 2.5 feet. The 
high very fine and fine sand content make these soils susceptible to wind and water 
erosion. 

4 

Xll Cahona-Cahona, bedrock substratum, very fine sandy loams, 2 to 10 percent 
slopes. 

X11A Cahona-Cahona, bedrock substratum, very fine sandy loams, 1 to 4 percent slopes. 
X 11B Cahona-Cahona, bedrock substratum," very fine sandy loams, 4 to 8 percent slopes. 
XllC Cahona-Cahona, bedrock substratum, very fine sandy loams, 8 to 15 percent 

slopes. 
These soils are found on valley sideslopes. The soils in these map units are reddish 
brown and have a surface layer high in very fme sand. Depth to soft or fractured bedrock is 
40 to more than 72 inches. Contrasting soils which may occur in these map units include 
Sharps soils on crests. Similar soils which may occur in these m·ap units include those , 
with less than 18 percent clay and/or a sand fraction with more than 15 percent fine or 
coarser sand. The J/7 mining areas has more of these similar soils than the other mining 
areas. Oelop soils are also similar. 

These soils are suitable for topsoil and have an average stripping depth of 7.6 feet. The 
high very fi · sand content make these soils susceptible to wind and water 
erosion,. 1.~1,S · · ?g<h . 
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12 Begay loam, 2 to 10 percent slopes. 
12A Begay loam, 1 to 4 percent slopes. 
12B Begay loam, 4 to 8 percent slopes. 
12C Begay loam, 8 to 15 percent slopes. 

These map units are found on valley-filling sideslopes. These soils are reddish to reddish 
brown and are coarse-textured. Contrasting inclusions which ·may occur in these map 
units are soils with bedrock between 40 and 72 inches~ primarily in the J/7 area. Similar 
soils which may occur in these map units include soils with over 18 percent clay and 
soils lacking a structural B horizon. 

Begay soils are suitable for topsoil and have an average stripping depth of 9.8 feet The 
high verj fine and fine sand content make these soils susceptible to wind and water 
erosion. 

13, 13A San Mateo loam, 0 to 3 percent slopes. 
This map unit is found on stream terraces and remnant floodplains. The soils in this unit 
are very deep and are brownish in color. There are no contrasting soils included in the 
mapping. Soils similar to San Mateo which may occur in this map unit are the·Las 
Lucas and Oelop soils and soils with a sand fraction of less than 15 percent fine or coarser 
sand. 

San· Mateo soils are suitable for topsoil and have an average stripping depth of 14.7 feet 
These soils are affected by salinity and/or sodicity at varying depths. Most of these soils 
which are saline or sodic are in or near Reed Valley. Depth to high salt or sodium levels 
ranged from 8 to more than 18 feet 

14A Oelop very fine sandy loam, 1 to 4 percent slopes. 
14B Oelop very fine sandy loam, 4 to 8 percent slopes. 

These map units are found on valley sides lopes and bottoms. These soils are brown and 
are high in very fine and fine sand. These map units tend to occupy relatively small areas 
but they occur commonly throughout the Black Mesa lease area. No inclusions of 
contrasting soils were observed within these map units. Soils similar to Oelop found in 
the study area are the Las Lucas and Cahona soils and soils With a sand fraction of less 
than 15 percent fine or coarser sand. 

Q> 

Oelop soils are suitable for topsoil and have an average stripping de.pth of 9.8 feet These 
soils are affected by salinity and/or sodicity at varying depths. Most of these soils which 
are saline or sodic are in or near Reed Valley. Depth to unsuitably high levels ranged 
from 20 to more than 120 inches. The high very fine and fine sand content make these 
soils susceptible to wind and water erosion. 

15, 15A Las Lucas sandy clay loam, 2 to 6 percent slopes. 
This map unit is found on lower valley sideslopes. The soils in this unit are very deep 
and are brownish in color. No inclusions of contrasting soils were observed within this 
map unit. Similar soils which may occur in this map unit include the Cahona, San 
Mateo and Oelop soils. Other similar soils included are those with a sand fraction with 

.... ~f\zff(gjj more than 15 percent fine or coarser sand and those lacking a structural B horizon. 

'{;;~'")T 
17<17-y as Lucas soils are suitable for topsoil and have an average stripping depth of 11.6 feet 

1..:..;-;'v . St· ~ ese soils are affected by salinity and/or sodicity at varying depths. Most of these soils 
fj\.· lf' ~- ch are saline or sodic are in or near Reed Valley. Depth to unsuitably high levels 
r2f rt~ ' ed from 31 to more than 120 inches. The high very fine and fine sand content make 
b:)

1 
-r:;r g;: soils susceptible to wind and water erosion. 

C''· \~~i~ ~ r 
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16C Soil A-Soil B extremely channery very fine sandy loams, 4 to 15 percent slopes. 
16E Soil A-Soil B extremely channery very fine sandy loams, 15 to 50 percent slopes. 
16F Soil A-Soil B extremely channery very fine sandy loams, 50 to 70·percent slopes. 

These map units are found on the crests of hills throughout the lease. The soils in these 
map units formed in porcellanite, and as a result, contain a very high volume of rock 
fragments. Other surface textures found in this map unit are very channery, very cobbly 
or extremely cobbly very fme to fine sandy loams. Since these soils are unsuitable for 
topsoil because of high rock fragment content, they were not sampled or described. 

17C--Chilton very gravelly fine sandy loam, 6 to 15 percent slopes. 
This map unit occurs only at the proposed Wild Ram Dam site and is very limited in 
areal extent It occurs on the sideslopes of the alluvial fans in .this area. The soil in this 
map unit were not sampled or described. Based on field observations, this soil has a 
gravelly fine sandy loam surface layer and a very gravelly sandy loam substratum layers. 
Because of high rock fragment content in· all but the surface layers, these soils are suitable 
for topsoil down to six inches. 

RW Riverwash. 
The riverwash map unit was mapped along the channel of some of the drainages in the 
permit area. Most of the areas are very narrow. These soils are affected by salinity and/or 
sodicity and are not suitable for topsoil. 

DL Disturbed land. 
This map unit consists of land disturbed by activities associated with mining. It is 
similar to map unit 34 in the Order 3 survey. 

RL Reclaimed land. 
This map unit is composed of areas that have been disturbed by mining and subsequently 
reclaimed. It is similar to map unit 35 in the Order 3 survey. 

TS Topsoil Stockpile. 
This map unit consists of stockpiled soil material.to be used in reclamation. 
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ATTACHMENT 3 

NRCS Official Soil Series Descriptions 

Begay 
Blanding 

Bond 
Cahona 
Dulce 

Las Lucas 
Oelop 
Pulpit 

San Mateo 
Sharps 

Travessilla 
Zyme 
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LOCATION BEGAY 

Established Series 
Rev. RLM/GWLIRLB 
10/2002 

UT+AZ CO 

BEGAY SERIES 

Page 1 of4 

The Begay series consists of very deep, well drained, moderately rapidly permeable soils that formed 
in eolian deposits and alluvium, derived mainly from sandstone. Begay soils are on structural 
benches, broad mesas, fan remnants and have slopes of 0 to 30 percent. The average annual 
precipitation is about 12 inches, and the mean annual temperature is about 48 degrees F. 

TAXONOMIC CLASS: Coarse-loamy, mixed, superactive, mesic Ustic Haplocambids 

TYPICAL PEDON: Begay loamy fine sand, rangeland. (Colors are for air-dry soil unless otherwise 
noted.) 

A--0 to 3 inches; yellowish red (5YR 5/6) loamy fme sand, yellowish red (5YR 4/6) moist; single 
grained; loose; very slightly effervescent, carbonates are disseminated; moderately alkaline (pH 7 .9); 
clear smooth boundary. (2 to 5 inches thick) 

Bw--3 to 16 inches; yellowish red (5YR 5/6) very fine sandy loam, yellowish red (5YR 4/6) moist; 
weak medium subangular blocky structure; soft, friable; common fine roots; few fme pores; slightly 
alkaline (pH 7.8); clear wavy boundary. (11 to 17 inches thick) 

Bkl--16 to 28 inches; yellowish red (5YR 5/6) very fme sandy loam, yellowish red (5YR 4/6) moist; 
weak medium subangular blocky structure; slightly hard, firm; few fme roots; common fme pores; 
vecy slightly effervescent, carbonates are dfsselninated; moderately alkaline (pH 7.9); gradual wavy 
boundary. (10 to 14 inches thick) 

Bk2--28 to 42 inches; yellowish red (5YR 5/6) very fine sandy loam, yellowish red (5YR 4/6) moist; 
weak medium subangular blocky structure; slightly hard, firm; strongly effervescent, moderately 
alkaline (pH 8.0); gradual wavy boundary. (12 to 16 inches thick) 

C--42 to 60 inches; yellowish red (5YR 5/8) very fine sandy loam, yellowish red (5YR 5/8 or 4/6) 
moist; massive; soft, very friable; few fme pores; very slightly effervescent, carbonates are 
disseminated; moderately alkaline (pH 8.1 ). 

TYPE LOCATION: San Juan County, Utah; 7 miles ·~ ~d\~7fi«1. ·- .,rth of Navajo Mountain 
School; SW 1/4, SE 1/4 sec. 31, T. 42 S., R. 17 E. ;l0::-· 'W # . · ~;., 

t,!\; r-~ N\ 
RANGE IN CHARACTERISTICS: rc:.-=-> <·,.."':; u:s ~ 

ff;-~ ~·v ~I 
\..,:--
\'~ ., 

Soil moisture: In 7 out of 10 years the soils are dry i~~~parts of the mo · Q)· e control section for 50 
to 75 percent of the time (cumulative) that the soil tem~Y · eat de.o· · 20 inches is above 41 

http://ortho.ftw.nrcs.usda.gov/cgi-bin/osd/osdname.cgi?-P 
I~· . .. 'J.t \\\S\· .:;;;._£.6 . 
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degrees F. The soils are moist in some part of the moisture control section for 30 to 40 days during 
the summer and are dry in some part of the moisture control section for 60 to 90 consecutive days 
during winter and early spring and are moist in some parts between July and October. 

Mean annual soil temperature ranges from- 47 to 57 degrees F 

Mean summer soil temperature at a depth of20 inches ranges from- 61 to 65 degrees F. 

Combined thickness of A and B horizons is- 35 to 50 inches. 

Depth to secondary carbonates accumulation ranges from - 7 to 22 inches. 

Particle-size control section ranges from - 15 to 40 percent fme sand or coarser 

Rock fragments: 0 to 15 percent 

A horizon 

Hue: 2.5YR to 1 OYR 

Value: 4 to 6 dry, 3 to 5 moist 

Chroma: 3 to 6 dry or moist 

Reaction: slightly alkaline or moderately alkaline 

Calcium carbonate equivalent: ranges from 0 to 3 percent. 

Bwhorizon 

Hue: 2.5YR to 7.5YR 

Value: 4 to 6 dry, 3 to 5 moist 

Chroma: 4 to 8 dry or moist 

Texture: ranges from very fine sandy loam, loamy very fme sand, fine sandy loam, sandy loam 

Reaction: slightly alkaline to strongly alkaline 

Calcium carbonate equivalent: ranges from 0 to 3 percent. 

Bk and C horizons 

Hue: 2.5YR to 7.5YR 

Value: 5 to 8 dry, and 4 to 8 moist 

6/18/03 
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Chroma: 4 to 6 dry or moist 

Textures: ranges from very fine sandy loam, fme sandy loam, or sandy loam, and thin strata of 
gravelly fme sandy loam, or loamy fine sand, below a depth of 40 inches 

Reaction: ranges from slightly alkaline to strongly alkaline. 

Calcium carbonates equivalent: ranges from 0 to 5 percent. 

COMPETING SERIES: These are the Delvrule (NM), Ignacio (NM), Kitsili (NM), Koshare (NM), 
Oiito (NM), Parida (NM), R~mmit (CO), Sandspring (T AZ), and Tumback (WY) series. 
Delvalle soils have a lithologic discontinuity at 27 to 60 inches and contain 55 to 70 percent sand; 
Fine sand or coarser content: more than 50 percent. 
Ignacio ap_d Turnback soils have bedrock at depths of 20 to 40 inches. 
Parida soils have more than 15 percent rock fragments in the particle-size control section. 
Remmit and Sandspring soils have hue yellower than 7 .SYR. 
Koshare soils contain 10 to 25 percent mica content in the coarse silt to fme sand fraction. 
Kitsili soils are effervescence throughout the entire profile and contain less than .6 percent organic 
matter. 
Ojito soils are moderately deep to bedrock. 

GEOGRAPIDC SETTING: Begay soils occur on fan remnants, structural benches, broad and mesa 
tops at elevations of 4,700 to 7,400 feet. Slopes are 0 to 30 percent. These soils formed in deep eolian 
deposits and alluvium from sedimentary rocks. The climate is semiarid and the average annual 
precipitation ranges from 8 to 14 inches. The mean annual temperature is 44 to 55 degrees F. The 
mean summer temperature is 59 to 63 degrees F. and the freeze-free period ranges from 110 to 17 5 
days. 

GEOGRAPIDCALLY ASSOCIATED SOILS: These are Anasazi, Aneth and Sogzie soils. 
Anasazi soils have calcic horizon and lithic contact at 20 to 40 inches. Aneth soils do not have 
cambic horizons but have a sandy particle size control section. Sogzie soils have calcic horizons. 

DRAINAGE AND PERMEABILITY: Well drained; very slow to medium runoff; moderately rapid 
permeability. 

USE AND VEGETATION: Used only as rangeland. Potential vegetation is needleandthread, big 
sagebrush, blue grama, Indian ricegrass. · 

DISTRIBUTION AND EXTENT: Southeastern Utah and northwestern Colorado. ·Begay soils are 
moderately extensive. MLRA 34, 35 and 48A. 

MLRA OFFICE RESPONSIBLE: Phoenix, Arizona 

SERIES ESTABLISHED: SanJuan County, Utah, 1976. ,,/fj:.<t~cS?.D27?B;g 
/~'-'\_·' ~..) 

REMARKS &f~,· ~ ~ v~ 
: ,6£~~~--- ·~. ~ ~ / 

i.S="' ,g't';;~ ~ ~ 
These soils have been correlated to semidesert range sites in Utah..~~ ~~~:>/. ~ . g:'+ 

http://ortho.ftw.nrcs.usda.gov/cgi-bin/osd/osdname.cgi?-P \~~ ~ ~ 
{,;~:(s:;.,;~, (\\ c....,co v. 

.,<,~.:£, ... f.·; ? I \ \ u"' ;;:;/' 
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Diagnostic horizons and features recognized in this pedon are: 

Ochric epipedon- from 0 to 3 inches (A horizon). 

Cambic horizon- from 3 to 16 inches (Bw horizon). 

The Bk horizon is assumed to have too little carbonate to be a calcic horizon. 

In December 1994 the classification was changed from Ustollic Camborthids to Ustic Haplocambids. 

Classified according to Soil Taxonomy Second Edition, 1999. 

National Cooperative Soil Survey 
U.S.A. 

http://ortho.ftw.nrcs.usda.gov/cgi-bin/osd/osdname.cgi?-P 6/18/03 
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LOCATION BLANDING 

Established Series 
Rev. TBH/AJE/MJD 
7/97 

OT+NM 

BLANDING SERIES 

Page 1 of3 

The Blanding series consists of very deep, well drained soils that formed in eolian deposits derived 
mainly from sandstone. Blanding soils occur on gently sloping and rolling uplands, and have slopes 
of 2 to 10 percent. The average annual precipitation is about 12 inches, and the mean annual air 
temperature is about 50 degrees F. 

TAXONOMIC CLASS: Fine-silty, mixed, superactive, mesic Ustic Haplargids 

TYPIC~ PEDON: Blanding very fine sandy loam, rangeland. (Colors are for air dry soil unless 
otherwise stated.) 

A--Oto 4 inches; reddish brown (5YR 5/4) very fine sandy loam, reddish brown (5YR4/4) moist; 
weak thin and medium platy structure; slightly hard, friable, nonsticky and nonplastic; many fine 
roots; moderately alkaline (pH 8.1 ); abrupt wavy boundary. (3 to 8 inches thick) 

Bt--4 to 16 inches; yellowish red (SYR 5/6) sandy clay loam, yellowish red (5YR 3/6) moist; weak 
co'arse prismatic structure that parts to very weak medium subangular blocky, slightly hard, friable, 
slightly sticky and slightly plastic; many fme pores; slightly alkaline (pH 7.7); clear wavy boundary. 
(9to25 inches thick) 

Btkt'~-16 to 50 inches; reddish yellow (SYR 4/6) very fine sandy loam, yellowish red (SYR 4/6) 
moist; moderate medium subangular blocky structure; extremely hard, firm, slightly sticky and 
slightly plastic; few fme roots; few fme pores; moderately calcareous; moderately alkaline (pH 8.1 ); 
clear smooth boundary. (15 to 35 inches thick) 

Btk2--50 to 60 inches; reddish yellow (SYR 6/6) sandy clay loam, yellowish red (SYR 4/6) moist; 
moderate medium subangular blocky structure; very hard, firm, slightly plastic; moderately 
calcareous; moderately alkaline (pH 8.2). (8 to 15 inches thick) 

TYPE LOCATION: San Juan County, Utah; about 6.5 miles south of Blanding; 200 feet south of 
trail and 0.4 miles west of Utah Highway 47; NWl/4 NEl/4 sec. 33, T.37S., R.22E. 

~GE IN CHARACTERISTICS: The depth to carbonate accumulation ranges from 9 to 30 
inches. Organic matter in the upper 15 inches ranges from .4 to .9 percent. The mean annual soil 
tetpl?erature at depth of20 inches ranges from 52 degrees to 55 degrees F., and the average summer 
soli t~mperature ranges from 68 degrees to 73 degrees F. In more than 7 out of 10 years, the moisture 
c?ht:f9lsection is dry in some parts 25 to 45 consecutive days d · . ., ~2 rand is dry in all 
PartS,50 to 75 percent of the time when the soil temperature isl~:"~~e 4.1 degr ~ 

A~- ~ ~ n ::....-
~~Y--. i"Fii'J> «\~ .v '-
lt,l?\..~ ,.,~-v ~ 

http://ortho.ftw.nrcs.usda.gov/cgi-binlosd/osdname.cgi?-P [~ "'~§~;,» ~ 6/18/03 
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The A horizon has value of 3 or 4 moist, 5 or 6 dry, and chroma of 4 through 6. It is dominantly very 
fme sandy loam but ranges to fme sandy loam. The A horizon is neutral to moderately alkaline. In 
some pedons thin BA horizons are present above the argillic horizon. 

The Bt horizon has value of 3 through 5 moist, 5 or 6 dry, and chroma of 4 through 6. It is dominantly 
sandy clay loam, but includes very fine sandy loam or loam. This horizon has 18 to 27 percent clay 
and less than 15 percent coarser than very fine sand. It is neutral to moderately alkaline. 

The Btk or Bk horizons have value of 4 or 5 moist, 5 or 6 dry, and chroma of 4 through 6. It ranges 
from very fine sandy loam to sandy clay loam. This horizon has 3 to 12 percent calcium carbonate. It 
is slightly or moderately alkaline. 

Buried horizons occur in places at depths below 40 inches. 

COMPETING SERIES: This is the Snapill (T) series. Snapill soils have a calcic horizon. 

GEOGRAPIDC SETTING: Blanding soils are on uplands and plateaus, at elevations of 5,000 to 
6,500 feet in a semiarid· climate. Slopes are 2 to 10 percent. These soils formed in eolian deposits 
derived mainly from sandstone. Average annual precipitation is 8 to 13 inches. The mean annual 
temperature is 50 degrees to 54 degrees F. The mean summer temperature is 70 degrees to 73 degrees 
F. The frost-free period is 130 to 150 days. 

GEOGRAPIDCALL Y ASSOCIATED SOILS: This is the the Northdale series. Northdale soils 
have mollie epipedons. 

DRAINAGE AND PERMEABILITY: Well drained; slow runoff; moderate permeability. 

USE AND VEGETATION: Used mainly for rangeland. Some areas are used for irrigated or 
nonirrigated cropland. Vegetation is dominantly blue grama, galleta, Wyoming big sagebrush, Indian 
ricegrass, and snakeweed. 

DISTRIBUTION AND EXTENT: Southeastern Utah, western Colorado, northeastern Arizona, 
northwestern New Mexico. These soils are of moderate extent. 

MLRA OFFICE RESPONSffiLE: Phoenix, Arizona 

SERIES ESTABLISHED: San Juan County, Utah, 1952. ~··;:"'1 ~J,(.Sc.n27 c9ct> 
/~ '(:; \.- V' <-b 

REMARKS D. . h . d .c: • d . hi d ~~, )J ~\X. t"'-~ : tagnostic onzons an .teatures recogmze m t s pe on ar .·. ~~ ~· ~v :; 
c.~ ~" ~v rv 
en · ~ ,_ (JJ 

Ochric epipedon- the zone from 0 to 4 inches (A horizon). >SS -A 

~
-::. CJl ..-v?- "'" ,, 0) 

Argillic horizon - the zone from 4 to 16 inches (Bt horizon) :: ,f/ ce, V. 
·Pfpl~l tt\l\ ~. 

Ustalfic feature- dry in all parts of the moisture control half to three-fourths of the time, and soil 
moisture regime is aridic bordering on ustic. 

http://ortho.ftw.nrcs.usda.gov/cgi-bin/osd/osdname.cgi?-P 6/18/03 
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National Cooperative Soil Survey 
U.S.A. 

http:/ /ortho.ftw.nrcs.usda.gov/cgi-bin/osd/osdname.cgi?-P 
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LOCATION BOND 

Established Series 
Rev. TLP/CDLILWH/SAZIWWJ 
04/2002 

BOND SERIES 

NM+AZ CO UT 

Page 1 of3 

The Bond series consists of very shallow and shallow, well drained, moderately permeable soils that 
formed in alluvium, slope alluvium, and eolian deposits derived from sandstone on cuestas, mesas, 
hills and ridges. Slopes range from 0 to 50 percent. The mean annual precipitation is about 11 inches 
and mean annual temperature is about 51 degrees F. 

TAXONOMIC CLASS: Loamy, mixed, superactive, mesic Lithic Ustic Haplargids 

TYPICAL PEDON: Bond sandy loam - on dipslopes; northeast aspect of cuesta with 4 percent 
slopes- rangeland. (Colors are for dry soil unless otherwise noted.) 

A--0 to 3 inches; brown (7.5YR 5/4) sandy loam, brown (7.5YR 4/4) moist; weak fine granular 
structure; soft, very friable, nonsticky and nonplastic; few medium, fme and very fine roots; few very 
fme irregular pores; neutral; clear smooth boundary. (2 to 4 inches thick) 

BA--3 to 7 inches; brown (7.5YR 5/4) sandy loam, brown (7.5YR 4/4) moist; weak medium 
subangular blocky structure; soft, very friable, nonsticky and nonplastic; few very fine and fme roots; 
common very fine irregular pores; neutral; abrupt smooth boundary. (0 to 4 inches thick) 

Bt--7 to 13 inches; reddish brown (5YR 4/4) sandy clay loam, reddish brown (5YR 4/4) moist; 
moderate medium subangular blocky structure; hard, friable, sticky and slightly plastic; common 
moderately thick clay films on faces of peds and lining pores; common very fme and few fine roots; 
common very fme and fme tubular pores; neutral; abrupt smooth boundary. (5 to 12.inches thick) 

C-..:13 to 16 inches; light brown (7.5YR 6/4) sandy clay loam; brown (7.5YR 5/4) moist; massive; 
slightly hard, friable, slightly sticky and slightly plastic; few very fine roots; common very fine 
ttt:egular pores; strongly effervescent; moderate S. '!} brupt smooth boundary. (0 to 4 inches 
thick) .f~}~ ~~ 

e:! -::~.,;'.,) J;S .& 
':"• -...1 J,- ~ 

2R--16 inches; sandstone. i~/ '1: /~'*' ~~ ~ 
TYPE LOCATION: Cibola County, Ne~TMexico, out 7 ·.· north of Milan; Bluewater 
Quadrangle; 300 feet south and 2,600 feet ~J~the north~~ omer, sec. 8, T. 12 N., R. 10 W. 

RANGE IN CHARACTERISTICS: ~~~ 2l \\ \~ 

Soil Moisture: Usually dry, dry in all parts of the soil moisture control section in late spring and early 
summer, but moist intermittently in some part of the soil moisture control section from July to 
October. 

http://ortho.ftw.nrcs.usda.gov/cgi-binlosd/osdname.cgi?-P 6/18/03 
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Soil Temperature: 51 to 55 degrees F. 

Depth to lithic contact: 6 to 20 inches 

Rock fragments in the profile: 0 to 35 inches 

Clay content in the particle-size control section: 18 to 3 5 percent 

A horizon 
Hue: 5YR, 7.5YR or lOYR 
Value: 4 to 6 dry, 3 through 5 moist 
Chroma: 2 to 4 
Texture: loamy fme sand, sandy loam or fine sandy loam 

BA horizon (where present) 
Hue: 5YR or 7.5YR 
Value: 4 to 6 dry, 4 or 5 moist 
Chroma: 3 or 4 
Texture: sandy loam, sandy clay loam or fine sandy loam 

Bthorizon 
Hue: 5YR or 7.5YR 
Value: 4 or 6 dry, 3 to 6 moist 
Chroma: 3 to 6 
Texture: sandy clay loam, loam, sandy loam or clay loam 

C horizon 
Hue: 5YR or 7.5YR 
Value: 5 to 8 dry, 5 or 6 moist 
Chroma: 4 through 6 dry and moist 
Fine earth fraction: sandy clay loam, loam, sandy loam or clay loam 

Some pedons have Btk horizons 

Page2 ot3 

~OMPETING SERIES: These are the Barboncito, Bondman, Frontier, and Kech series. series. The 
Barboncito soils have cooler mean annual temperatures and receive more effective winter moisture. 
Bondman soils have soil temperatures ranging from 4 7 to 50 degrees F, and receive more winter 
moisture. Frontier and Kech soils have horizons with segregated secondary carbonates. In addition, 
Frontier soils have hue yellower than 7.5YR in the argillic horizon and are in LRR-G and are moist in 
May and June. 

GEOGRAPffiC SETTING: Bond soils are on cuestas, mesas, hills, and ridges with slopes ranging 
. from 0 to 50 percent. They formed in alluvium, slope alluvium, and eolian deposits from sandstone. 

Elevations are 5,600 to 7,200 feet. Typically, the average annual precipitation is 10 to 13 inches, but 
ranges to 15 inches in some areas; mean annual temperature is 49 to 54 de ees F. The frost-free 
period is 110 to 160 days. In Colorado, the temperature ranges as I . . ?d . F. In Arizona 
elevations are as low as 4,500 feet, temperatures as high 55 degr~·/, ·" ·· d fr~ fre~· ~ _ ng as 165 days 

~ "'~ ~.;v :;..;>,\ 

·~ ·.~v •"' ~~ 
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GEOGRAPIDCALLYASSOCIATED SOILS: These are the Aparejo, Hagerman, Penistaja and 
Skyyillag~ soils. Aparejo and Penistaja soils are deep. Hagerman soils have lithic contact between 20 
and 40 inches. Skyvillage soils do not have argillic horizons. 

DRAINAGE AND PERMEABILITY: Well drained; medium runoff; moderately permeable. 

USE AND VEGETATION: The major use of this soil is for livestock grazing. The present 
vegetation is blue grama, sideoats grama, New Mexico feathergrass, Indian ricegrass, scattered 
oneseed juniper, and winterfat. 

DISTRIBUTION AND EXTENT: West-central New Mexico, Northern Arizona, southwestern 
Colorado and southern Utah. MLRA 36, LRR-D. The series is of moderate extent. 

MLRA OFFICE RESPONSffiLE: Phoenix, Arizona 

SERIES ESTABLISHED: Zuni Mountain Area, New Mexico; McKinley County, New Mexico; 
1964. 

REMARKS: Diagnostic horizons and features recognized in this pedon are: 

~ Ochric Horizon- The zone from 0 to 3 inches (A horizon). 

Argillic Horizon- The zone from about 7 to 13 inches (Bt horizon). 

Lithic contact - the boundary with sandstone at 16 inches 

The type location of the Bond series was moved from McKinley to Cibola County in 1984 to better 
reflect the present concepts of the Bond series. 

Classified according to Soil Taxonomy Second Edition, 1999. 

National Cooperative Soil Survey 
U.S.A. 
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LOCATION CAHONA 

·Established Series 
Rev. DKR/JWHIWWJ 
06/2000 

CO+UT 

CAHONA SERIES 

Page 1 of4 

The Cahona series consists of very deep, well drained soils that formed in eolian material derived 
from sandstone. Cahona soils are on hills and mesas. Slopes range from 1 to 12 percent. Mean annual 
precipitation· is about 14 inches and the mean annual temperature is about 48 degrees F. 

TAXONOMIC CLASS: Fine-silty, mixed, superactive, mesic Calcidic Haplustalfs 

TYPICAL PEDON: Cahona loam, on a south facing, 4 percent slope in rangeland at an elevation of 
6,800 feet. (Colors are for dry soil. unless otherwise noted.) 

Al--0 to 1 inch; reddish brown (5YR 4/4) loam, dark reddish brown (5YR 3/4) moist; single grain; 
loose, loose, nonsticky and nonplastic; slightly effervescent; slightly alkaline (pH 7 .5); clear smooth 
boundary. (1 to 8 inches thick) 

A2--1 to 5 inches; reddish brown (5YR 4/4) loam, dark reddish brown (5YR 3/4) moist~ moderate 
fme granular structure; slightly hard, friable, slightly sticky and slightly plastic; common very fine 
roots throughout; common very fine discontinuous tubular pores; noneffervescent; slightly alkaline 
(pH 7.4); clear smooth boundary. (0 to 6 inches thick) 

Bt--5 to 15 inches; yellowish red (5YR 4/6) clay loam, reddish brown (5YR 4/4) moist; moderate 
medium prismatic structure parting to moderate medium angular blocky; hard, friable, slightly sticky 
and moderately plastic; common fine roots throughout; common fine discontinuous tubular pores; 
slightly effervescent; slightly alkaline (pH 7.8); gradual smooth boundary. (4 to 16 inches thick). 

Btk--15 to 25 inches; yellowish red (5YR 5/6) clay loam, reddish brown (5YR 4/4) moist; weak 
medium prismatic structure parting to moderate medium angular blocky; hard, friable, moderately 
sticky and moderately plastic; common fine and medium roots throughout; common fine 
discontinuous tubular pores; common fme irregular soft masses of carbonate; violently effervescent; 
moderately alkaline (pH 8.0); clear wavy boundary. (3 to 15 inches thick). 

Bkl--25 to 38 inches; pinkish white (5YR 8/2) loam, light reddish brown (5YR 6/3) moist; weak 
coarse prismatic structure parting to moderate medium subangular blocky; hard, firm, slightly sticky 
and moderately plastic; common medium roots throughout; 43 percent calcium carbonate equivalent; 
violently effervescent; strongly alkaline (pH 8.6); clear wavy boundary. (6 to 20 inches thick). 

Bk2--38 to 60 inches; pinkish gray (5YR 7/2) loam, light reddish brown SYR 6/3) moist; massive; 
hard, firm, slightly sticky and ~lightly plastic; common medium !,.-\S. 1ltt0u ; violently 
effervescent; moderately alkahne (pH 8.4) ,£~'' ~ 

~(·;·C\···;\- ~ ~ Lf:' ~ j~· !:>'\? 'l7 ~ ~ 
1,~ .("' rr:~ <A 
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TYPE LOCATION: Dolores County, Colorado; about 5 miles northwest of Dove Creek; located 
about 500 feet south and 1500 feet east of the northwest comer of sec. 9, T. 41 N., R. 19 W.;Dove 
Creek USGS quad; lat. 3 7 degrees 4 7 minutes 12 seconds N. and long. 108 degrees 56 minutes 24 
seconds W., NAD 

RANGE IN CHARACTERISTICS: 

Soil moisture regime: ustic bordering on aridic 

Soil temperature regime: mesic 

Mean annual soil temperature: 48 to 52 degrees F 

Mean annual summer soil temperature: 63 to 67 degrees F 

Particle-size control section: 18 to 35 percent clay 

Depth to calcic horizon: 20 to 40 inches 

Depth to secondary calcium carbonate: 5 to 30 inches 

Depth to the base of the argillic horizon: 20 to 30 inches 

A horizon: 
Hue: 5YR or 7.5YR 
Value: 4 to 7 (3 to 6 moist) 
Chroma: 2 to 6 
Texture: fine sandy loam or loam 
Rock fragments: 0 to 5 percent 
Calcium carbonate equivalent: 0 to 1 percent 
Reaction: neutral or slightly alkaline 

Bt and Btk horizon: 
Value: 4 to 7 dry (3 to 5 moist) 
Chroma: 3 to 6 
Texture: loam or clay loam 
Calcium carbonate equivalent: 0 to 10 percent 
Rock fragments: 0 to 5 percent 
Reaction: slightly to strongly alkaline 

Bkhorizon: 
Hue: 5YR to 7.5YR 
Calcium carbonate equivalent: 15 to 50 percent 
Reaction: slightly to strongly alkaline 

COMPETING SERIES: This is the Plugb_m and Yillegre~_n series. Plughat soils are deep. Villegreen 
soils are moderately deep. 

http://ortho.ftw.nrcs.usda.gov/cgi-bin/osd/osdname.cgi?-P 6/18/03 
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GEOGRAPIDC SETTING: 

Parent material: eolian material derived from sandstone 

Landform: hills and mesas 

Slopes: 1 to 12 percent 

Elevation: 6,200 to~7,400 feet 

Mean annual temperature: 46 to 50 degrees F 

Mean annual precipitation: 13 to 16 inches 

Precipitation is fairly evenly distributed throughout the year with July and August being slightly 
wetter and June being slightly dryer. 

Frost-free period: 100 to 120 days 

GEOGRAPIDCALLY ASSOCIATED SOILS: These are the Wetherill, Pulpit and Sharps series. 
All these soils are on the same landscape positions as Cahona. Wetherill soils have a calcic horizon 
below 40 inches. Pulpit and Sharps soils have bedrock above 40 inches. 

DRAINAGE AND PERMEABILITY: well drained, medium to very high runoff, moderately slow 
or slow permeability 

USE AND. VEGETATION: These soils are used for dryland and irrigated cropland, and for grazing. 
The native vegetation is scattered pinyon and juniper, big sagebrush, Indian ricegrass, muttongrass, 
and western wheatgrass. 

DISTRIBUTION AND EXTENT: Southwest Colorado and southeast Utah. LRR D, MLRA 36. 
This series is of moderate extent. 

MLRA OFFICE RESPONSffiLE: Phoenix, Arizona 

SERIES ESTABLISHED: Canyonlands Area, Utah - parts of Grand and San Juan counties Utah. 
August 1983. · 

REMARKS: This OSED reclassified the Cahona series into the 13 to 16 inch precipitation zone in 
southwest Colorado and Utah. Change results from the Four Comers Climate Conference of 10/92. 
Type location was moved to better reflect the central concept of the Cahona series. 

Diagnostic horizons and features recognized in this pedon are: 

Ochric epipedon: The zone from 0 to 5 inches. (Al, A2 horizons) 

· Argillic horizon: The zone from 5 to 25 inches. (Bt, Btk horizons) 

http://ortho.ftw.nrcs.usda.gov/cgi-bin/osd/osdname.cgi?-P 
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Calcic horizon: The zone from 25 to 60 inches. (Bkl, Bk2) 

Particle size control section: The zone from 5 to 25 inches. (Bt, Btk) 

Particle size control section: The zone from 5 to 25 inches. (Bt, Btk) 

Soil Taxonomy Second Edition, 1999 

National Cooperative Soil Survey 
U.S.A. 

-~ ~ - . - -~ - ... ------ -- ···------- -·----------··-····-· - ------- - - - -- -- ------ ---- -··· --- ·----·-

http://ortho.ftw.nrcs.usda.gov/cgi-bin/osd/osdname.cgi?-P' 6/18/03 

() 



vinciat ;::,enes uescnptton- UULC.h ~enes 

LOCATION DULCE 

Tentative Series 
Rev. GB/JPP 
02/2003 

co 

·DULCE SERIES 

Page 1 of3 

The Dulce series consists of shallow, or very shallow, well drained soil that formed in residuum from 
sandstone. Dulce soils are on foothill slopes and ridges. Slopes range from 6 to 60 percent. Mean 
annual precipitation is about 14 inches, and mean annual temperature is about 49 degrees F. 

TAXONOMIC CLASS: Loamy, mixed, superactive, calcareous, mesic, shallow Ustic Torriorthents 

TYPICAL PEDON: Dulce sandy loam- native range with pinyon-juniper (Colors are for dry soils 
unless otherwise noted). 

A--0 to 4 inches; brown (lOYR 5/3) sandy loam, brown (10YR 4/3) moist; weak medium granular 
structure; soft, very friable; nonsticky and nonplastic; 2 percent stones; moderately alkaline (pH 8.0); 
clear smooth boundary. (2 to 6 inches thick) 

AC--4 to 9 inches; grayish brown (1 OYR 5/2) sandy loam, dark grayish brown (1 OYR 4/2) moist; 
' very weak medium subangular blocky structure parting to weak fine granular; soft, very friable; 

nonstick nonplastic; 2 percent stones; slightly effervescent; moderately alkaline. (3 to 10 inches thick) 

Ck--9 to 13 inches; very pale brown (lOYR 7/3) sandy loam, pale brown (lOYR 6/3) moist; massive; 
soft, very friable, nonsticky and nonplastic; violently effervescent; moderately alkaline (pH 8.2); clear 
smooth boundary. (2 to 5 inches thick) 

Cr--13 to 17 inches; soft sandstone and interbedded sandy shale that can be dug with an auger and a 
spade. 

TYPE LOCATION: La Plata County, Colorado; 700 feet south and 300 feet west of the northeast 
comer of Sec. 4, T. 32 N., R. 10 W. U.S.G.S. Long Mountain quad.; Lat. 37 degrees, 03 minutes, 05 
seconds N., and Long. 107 degrees, 55 minutes, 49 seconds W. 

RANGE IN CHARACTERISTICS: Mean annual soil temperature ranges from 47 to 52 degrees F. 
Depth to the paralithic contact is 8 to 20 inches. Bedrock is soft sandstone or sandy shale. Coarse 
fragments range from 0 to 20 percent and are typically sandstone chips ranging from pebble to stone 
size. Typically, these soils contain free carbonates throughout, but some pedons may be leached as 
much as 5 inches. Clay content of the particle-size control section ranges from 5 to 18 percent, sand 
from 50 to 80 percent, and silt from 5 to 45 percent. The moisture control section is dry for 15 
consecutive days from May 15 to July 15 when the soil temperature at 20 inches is greater than 41 
degrees~., (5 degrees C). It is not dry in all ~arts ofthe moisture X\ . -. r~~g. for at le~t 45 
consecutive days folloWing the summer solstice to October 20, "'~'(t-· or at leas ulattve days 
during that period. //(>· ~ ~. b. .~f:.) ~"" 

h-.._ "' . €'~) - 'v ,~ 
.{:::-' .. .) " ~""'<~ ~ 
{:r::=-J _.,.~'t:,.) ' 
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The A horizon has hue of 1 OYR or 2.5Y, value of 5 or 6, 4 or 5 moist, and chroma or 2 or 3. It is 
slightly alkaline or moderately alkaline. 0 
The AC horizon has hue of 10YR or 2.5Y, value of5 to 6, 4 or 5 moist, and chroma of2 or 3. 
Reaction is slightly alkaline or moderately alkaline. 

The C horizon has hue of 1 OYR or 2.5Y, value of 6 or 7 dry, or 6 moist, and chroma of 2 through 4. It 
is slightly alkaline or moderately alkaline. 

COMPETING SERIES: These are the Canyon (NE), Epping (NE), Eslendo (NM), Fairburn (SD), 
Gerst (UT), Kinusta (AZ), Klondike (AZ), Picante, (CO), Redarrow (WY), Sandoval (NM), Shingle 
(WY), Spearfish (SD), Taluce (WY), and Tassel (NE) series. The Canyon, Eslendo, Fairburn, Gerst, 
Picante, Sandoval, Shingle, and Spearfish soils have more than 18 percent clay in the particle-size 
control section. Epping and Tassell soils are dry less than 15 consecutive days throughout the soil 
moisture control section between May 15 and July 15, and are in a climatic setting that receives over 
half of the precipitation between April and August. Kinusta soils have particle-size control sections 
that are very fine sandy loam or silt loam. Klondike and Redarrow soils have hue of 5YR or redder. 
Taluce soils are dry in all parts of the moisture control section for at least 60 consecutive days from 
July 15 to October 25, and for at least 90 cumulative days during this period. 

GEOGRAPIDC SETTING: Dulce soils are on foothill slopes and ridges. Slope ranges from 6 to 60 
percent. The soils formed in residuum from sandstone. Elevation ranges from 5,000 to 7,500 feet. 
Average annual precipitation ranges from 13 to 16 inches and about half comes as snow. The 
precipitation is distributed fairly evenly throughout the year with May and June being the driest 
months. Mean annual temperature ranges from 45 to 50 degrees F., and mean summer temperature 
ranges from 60 to 66 degrees F. P.E. Index is about 42 at the type location and ranges from 35 to 50 
for the series. 

GEOGRAPIDCALLY ASSOCIATED SOILS: These are the Lazear, Mikim, Travessilla, and 
~soils. Lazear and Travessilla soils are shallow, loamy soils over hard sandstone. Mikim soils 
are deep, loamy soils on gently sloping to sloping alluvial fans, toe slopes, and foothill valleys. Zyme 
soils are shallow, fine-textured soils over shale. 

DRAINAGE AND PERMEAB~ITY: Well drained; slow to medium runoff; moderately rapid 
permeability to bedrock. 

USE AND VEGETATION: Dulce soils are used primarily for rangeland and wildlife habitat. Native 
vegetation consists of western wheatgrass, Indian ricegrass, junegrass, sand dropseed, 
needleandthread grass, blue grama, Red three-awn, big sagebrush, pinyon pine, and Rocky Mountain 
juniper. 

DISTRIBUTION AND EXTENT: Dulce soils occur in southwestern Colorado and possibly 
adjacent parts of Utah. The series is of moderate extent. 

MLRA OFFICE RESPONSIBLE: Phoenix, Arizona 

http://ortho.ftw.nrcs.usda.gov/cgi-bin/osd/osdname.cgi?-P 6/18/03 
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REMARKS: Diagnostic features include an ochric epipedon from 0 to 4 inches. Particle-size control 
section with 5 to 18 percent clay. A paralithic contact at 13 inches, and a mesic temperature regime. 
Last updated by the state 3/95. 

National Cooperative Soil Survey 
U.S.A. 
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LOCATION LAS LUCAS NM 

Established Series 
Rev.~VVJ I 
10/2002 

LAS LUCAS SERIES 

The Las Lucas series consists of deep, well drained, slowly permeable soils that formed from gray 
and olive shales on alluvial fans and valley fill side slopes. Mean annual precipitation is about 15 
inches, and mean annual temperature is about 50 degrees F. 

TAXONOMIC CLASS: Fine-silty, mixed, active, mesic Ustic Haplocambids 

TYPICAL PEDON: Las Lucas clay loam 

A--0 to 8 inches; pale brown (lOYR 6/3) clay loam, brown (lOYR 4/3) moist; weak medium platy 
structure in the upper 1 or 2 inches, moderate fine granular structure in the lower part; slightly hard, 
friable; abundant roots; weakly calcareous in upper 4 inches becoming strongly calcareous in lower 
part; clear boundary. 5 to 10 inches thick. 

Bw--8 to 15 inches; brown (1 OYR 5/3) heavy clay loam, brown (1 OYR 4/3) moist; moderate medium 
and coarse subangular blocky structure; hard, friable; roots are common; very strongly calcareous; 
clear irregular boundary. 5 to 9 inches thick. 

Bk--15 to 22 inches; yellowish brown (lOYR 5/4) clay loam, dark yellowish brown (lOYR 4/4) 
moist; weak angular and ·subangular blocky structure; very hard, flrm; very strongly calcareous; this is 
a weak ca horizon with a few small calcium carbonate concretions; gradual boundary. 5 to 10 inches 
thick. 

Ck--22 to 40 inches; pale olive (5Y 6/3) light clay loam, light olive brown (2.5Y 5/3) moist; massive; 
hard, friable; strongly calcareous; this is a weak ca horizon with a few small calcium carbonate 
concretions and thin seams; gradual boundary. 8 to 14 inches thick. 

R--40 to 50 inches +; Gray and olive shales, laminated and with common salt crystals between the 
laminations. 

RANGE IN CHARACTERISTICS: 

A horizon 

http://ortho.ftw.nrcs.usda.gov/cgi-bin/osd/osdname.cgi?-P 6/18/03 
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should not exceed 4 inches in thickness) 
Texture: loam or clay loam 
Calcium carbonate: noncalcareous to weakly calcareous 

B horizon 
Hue: 1 OYR to 5Y 
Chroma: 3 through 4 
Value: 5 to 7 dry and 3 to 5 moist 
Texture: clay loam 
Clay content: 27 to 35 percent 
Silt content: 20 to 60 percent 
Sand content: I 0 to 45 percent 
Depth to shale bedrock: greater than 40 inches 

COMPETING SERIES: There are no competing series. 

GEOGRAPIDC SETTING: Nearly level to sloping alluvial fans and valley filling slopes. 

GEOGRAPIDCALL Y ASSOCIATED SOILS: 

DRAINAGE AND PERMEABILITY: Well drained; slow permeability; runoff is rapid. 

Page2of2 

USE AND VEGETATION: Western wheatgrass, alkali sacaton, blue grama and galleta. Rangeland. 

DISTRIBUTION AND EXTENT:· Central and north central New Mexico. 

MLRA OFFICE RESPONSffiLE: Phoenix, Arizona 

SERIES ESTABLISHED: The Upper Puerco Reconn. Survey, SCS, 1937. 

REMARKS: Diagnostic horizons and features recognized in this pedon are: 

Ochric Epipedon- The zone from the surface to a depth of 8 inches. (A horizon) 

Cambic horizon - The zone from 8 to 15 inches. (Bw horizon) 

Classified according to Soil Taxonomy Second Edition, 1999. 

Series name after a small village in Bernalillo County, New Mexico. Soil at type location differs from 
typical proftle for series description by having a light clay texture at 8 to 15 inches and having 
slightly coarser structure throughout the horizon. 

National Cooperative Soil Survey 
U.S.A. 
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LOCATION OELOP 

Established Series 
Rev. JER!RJA/LWH 
11/2000 

NM 

OELOP SERIES 

Page 1 of3 

The Oelop series consists of very deep, well drained soils that formed in alluvium and eolian material 
. derived from sandstone and shale. Oelop soils are on stream terraces, mesas, plateaus and alluvial 

fans. Slopes are· 0 to 10 percent. The mean annual precipitation is about 11 inches, and the mean 
annual temperature· is about 51 degrees F. 

TAXONOMIC CLASS: Fine-loamy, mixed, superactive, mesic Ustic Haplargids 

TYPICAL PEDON: Oelop loam--rangeland. (Colors are for dry soil unless otherwise stated.) 

A--0 to 3 inches; dark yellowish brown (10YR4/4) loam, dark yellowish brown (IOYR 3/4) moist; 
weak fine granular structure; soft, very fiiable, slightly sticky and slightly plastic; few fine and 
medium roots; few fme irregular pores; slightly alkaline; abrupt smooth boundary. (3 to 6 inches 
thick) 

Btl--3 to 8 inches; dark yellowish brown (10YR 4/4) clay loam, dark yellowish brown (IOYR 3/4) 
moist; moderate medium subangular blocky structure; slightly hard, friable, slightly sticky and 
slightly plastic; few very fine and medium roots; few fine tubular pores; common moderately thick 
clay films on faces of peds and in pores; slightly alkaline; clear smooth boundary. ( 4 to 9 inches 
thick) 

Bt2--8 to 16 inches; dark yellowish brown (IOYR 4/4) clay loam, dark yellowish brown (lOYRJ/4) 
moist; moderate medium subangular blocky structure; slightly hard, friable, sticky and plastic; few 
very fme and medium and common fine roots; few fine tubular pores; common moderately thick clay 
films on faces of peds and in pores; slightly alkaline; clear smooth boundary. (3 to 15 inches thick) 

Bkl--16 to 34 inches; dark yellowish brown (lOYR 4/4) clay loam, dark yellowish brown (10YR3/4) 
moist; massive; slightly hard, friable, sticky and plastic; few very fme and fme roots; few fine 
irregular pores; slightly effervescent with disseminated calcium carbonate; moderately alkaline; clear 
smooth boundary. (3 to 26 inches thick) 

Bk2--34 to 44 inches; dark yellowish brown (lOYR 4/4) loam, dark yellowish brown (10YR 3/4) 
moist; massive; slightly hard, friable, slightly sticky and slightly plastic; few very fine and irregular 
pores; strongly effervescent; calcium carbonate occurs as few fine irregular filaments; moderately 
alkaline; clear smooth boundary. (3 to 30 inches thick) 

Bk3--44 to 64 inches; dark yellowish brown (I OYR 4/4) loam, dark yello · 
moist; massive; slightly hard, friable, slightly sticky and slightly pl. . -~ G · . e irregular pores; 
strongly effervescent; calcium carbonate occurs as few fine irre. ,.~ ~ lilam~nts; m. · · _ ately alkaline. 

;Jf:_~· ~ ~ ~ ~ 
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TYPE LOCATION: Cibola County; about 4.5 miles southwest of south Garcia; 2,480 feet east and 
100 feet north of the southwest comer of Sec. 33, T. 8 N., R. 3 W. 107 degrees, 10 minutes, 00 
seconds west longitude; 34 degrees, 52 minutes, 28 seconds north latitude. 

RANGE IN CHARACTERISTICS: 

Soil moisture - The soil moisture control section is typically dry in all parts during April, May and 
June and are moist in some part periodically July through October. It is dry in all parts 50 to 75 
percent of the time that the soil temperature is above 41 degrees F. 

Soil temperature - 50 to 55 degrees F. 

Depth to the base of the argillic horizon - 15 to 30 inches. 

Particle-size control section- Texture: loam, clay loam or silty clay loam. Clay content: 18 to 35 
percent Sand content: 15 to 40 percent with less than 15 finer than fme sand. Rock fragments: less 
than 5 percent dominantly pebbles. 

A horizon- Hue: SYR through lOYR. Value: 4 through 6 dry, 3 through 5 moist. Chroma: 3 or 4. 
Texture: loam, silt loam, fine sandy loam, or sandy loam. 

Bt horizon- Hue: 5YR through 10YR. Value: 4 through 6 dry, 3 through 5 moist. Chroma: 3 or 4. 
Lower subhorizons have fine seams of carbonate in some pedons. 

Bk horizon- Hue: 5YR through 1 OYR. Value: 4 through 7 dry, 4 through 6 moist. Chroma: 3 through 
6. Texture: sandy loam, loam, sandy clay loam, clay loam or silty clay loam. Calcium carbonate 
equivalent: less than 15 percent. 

COMPETING SERIES: These are the Balon(AZ), Barx(UT), Bowbac(WY), Buckle(NM), Cambria 
(WY), Cerrillos(NM), Clovis(NM), Cushman(WY), Decolney(T)(AZ), Fattig(MT), Femando(NM), 
Flaco(NM), Forkwood(WY), Fort Collins(CO), Gaddes(AZ), Gapbutte(T)(AZ), Hagerman(NM), 
Harbord(CO), Hiland(WY), Los Alamos(NM), Maysdorf(WY), Millett(AZ), Olney(NM), Palacid 
(NM), Penistaja(NM), Pokeman(WY), Potts(WY), Progresso(CO), Pugsley(WY), Rauzi(T)(WY), 
Scholle(NM), Spangler(WY), Spenlo(UT), Stoneham(CO), Sundance(CO), Tapia(NM), Threeton 
(WY), Toluc@:(MT), Tuweep(AZ), and Y enlo(CO) series. Balon, Decolney, Gaddes and Rauzi soils 
are noncalcareous throughout. Barx, Cerrillos, Clovis, Fernando, Hiland, Los Alamos, Millett, 
Scholle, Sundance, Tapia, Toluca and Tuweep soils have calcic horizons. Bowbac, Cushman, Fattig, 
Flaco, Gaddes, Gap butte, Hagerman, Pokeman, ·. Progresso, Pugsley and Spangler soils have bedrock 
at depths between 20 and 40 inches. Buckle, Maysdorf and Palacid soils are deeper than 40 inches to 
the base of the argillic horizon. Cambria and Stoneham soils are 10 to 15 inches to the base of the Bt 
horizon. Forkwood, Fort Collins, Harbord, OJney, Potts and Threetop soils are moist in some fi _ 
periodically, during April, May and June. Penistaja and Yenlo soils have more than 40 pe _ , ~ . l?o<'g_ 
Spenlo spils ~ deeper than 30 inches to the base of the argillic horizon and are noncal <\; Ol)tto ~ .. ·~ 
depths of 30 mches. , ~ ~ --~~ ~. 

~c;n '\)~ D"' rv. 
GEOGRAPHIC SETTING: Oelop soils are on stream terraces, mesas, plateaus and:!--vial :fi 
with slopes ofO to 10 percent. Elevations range from 5,900to 7,500 feet. The mean ~ ,, ~- .~ 
precipitation ranges from 10 to 12 inches. The mean annual temperature is about 48 to 5 · ~~ur. ees F., n __ .. ~ 

"f. rf'· ~ <o-~ 
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and the frost-free period is about 120 to 160 days. 

GEOGRAPIDCALLY ASSOCIATED SOILS: These are the Shingle, Skyyillage and competing 
Penistaja soils. The Shingle and Skyvillage soils are both shallow to bedrock. 

DRAINAGE AND PERMEABILITY: Well drained; medium runoff, moderately slow 
permeability. 

USE AND VEGETATION: These soils are used mainly for grazing. Present vegetation is sage, blue 
grama, galleta and Indian ricegrass. 

DISTRIBUTION AND EXTENT: Northwestern New Mexico. Series is moderately extensive. 

MLRA OFFICE RESPONSffiLE: Phoenix, Arizona 

SERIES ESTABLISHED: Cibola County, New Mexico, 1985. 

REMARKS: Diagnostic horizons and features recognized in this pedon are: 

Ochric epipedon - The zone from the surface to a depth of about 3 inches .. (A horizon) 

Argillic horizon- The zone from about 3 to 16 inches. (Btl, Bt2 horizons) 

U stollic feature - organic carbon content and soil moisture regime meets the requirements for 
"Ustollic". 

In October 2000, taxonomic classification was converted to the closest match found in Soil 
Taxonomy, Second Edition 1999. No update was made to horizon nomenclature, competing series 
section, etc. Other placements may be more appropriate after a complete update. 

National Cooperative Soil Survey 
U.S.A. 

http://ortho.~.nrcs.usda.gov/cgi-bin/osdlosdname.cgi?-P 6/18/03 
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LOCATION· PULPIT 

Established Series 
Rev. DKR/JWHJWWJ 
06/2000 

co 

PULPIT SERIES 

The Pulpit series consists of moderately deep, well drained soils that formed in eolian material 
derived from sandstone. Pulpit soils are on hills and mesas. Slopes range from 2 to 12 percent. Mean 
annual precipitation is about 14 inches and the mean annual temperature is about 48 degrees F. 

TAXONOMIC CLASS: Fine-silty, mixed, superactive, mesic Aridic Haplustalfs 

TYPICAL PEDON: Pulpit loam, on a southeast facing slope, in nonirrigated cropland at an 
elevation of 6,680 feet. (Colors are for dry soil unless otherwise noted.) 

Ap--0 to 7 inches; reddish brown (5YR 5/4) loam, dark reddish brown (5YR 3/4) moist; moderate 
medium granular structure; soft, very friable; neutral (pH 7 .2); clear smooth boundary. (3 to 8 inches 
thick) 

Btl--7 to 10 inches; reddish brown (5YR 5/4) loam, reddish brown (5YR 4/4) moist; weak medium 
subangular blocky structure parting to moderate fine granular; slightly hard, very friable, slightly 
sticky and slightly plastic; few faint clay films on faces of peds and in root channels; few fme pores; 
slightly alkaline (pH 7.4); clear smooth boundary. (0 to 4 inches thick) 

Bt2--10 to 20 inches; reddish brown (5YR 5/4) clay loam, reddish brown (5YR 4/4) moist; weak 
medium prismatic structure parting to moderate medium subangular blocky; slightly hard, friable, 
slightly sticky and slightly plastic; common faint clay films on faces of peds and in root channels; few 
tubular pores; slightly alkaline (pH 7.6); clear wavy boundary. (7 to 30 inches thick) 

Btk--20 to 25 inches; reddish brown (5YR 5/4) loam, reddish brown (SYR 4/4) moist; weak medium 
subangular blocky structure; hard, friable, slightly sticky and slightly plastic; few faint clay films on 
faces of peds and in root channels; common medium calcium carbonate threads and soft masses; 
strongly effervescent; moderately alkaline (pH 8.2); gradual wavy boundary. (3 to 8 inches thick) 

Bkl--25 to 30 inches; reddish brown (5YR 5/4) loam, reddish brown (5YR 4/4) moist; massive; hard, 
firm, slightly sticky and slightly plastic; common medium calcium carbonate threads and soft masses; 
strongly effervescent; moderately alkaline (pH 8.2); clear wavy boundary. (0 to 29 inches thick) 

http://ortho.ftw.nrcs.usda.gov/cgi-bin!osd/osdname.cgi?-P 6/18/03 
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TYPE LOCATION: Dolores County, Colorado.; about 6 miles northwest of Dove Creek; located in 
the northeast quarter of sec. 24, T. 41 N., R 20 W.; Northdale USGS quad; lat. 37 degrees 48 
minutes 21 seconds N. and long. 109 degrees 01 minutes 41 seconds E., NAD 

RANGE IN CHARACTERISTICS: 

Soil moisture regime: ustic bordering on aridic 

Soil temperature regime: mesic 

Mean annual soil temperature: 49 to 53 degrees F 

Mean summer soil temperature: 66 to 70 degrees F 

Particle-size control section: .18 to 35 percent clay 

Depth to lithic contact: 20 to 40 inches 

Depth to secondary calcium carbonate: 6 to 20 inches 

A horizon: 
Hue: 2.5YR to 7.5YR 
Value: 5 to 7 and (3 to 6 moist) 
Chroma: 2 to 4 
Texture: loam, fine sandy loam, silt loam, or sandy loam 
Rock fragments: 0 to 10 percent gravel 
Calcium carbonate equivalent: 0 to 1 percent 
Reaction: neutral or slightly alkaline 

Bthorizon: 
Hue: 5YR to 1 OR 
Value: 5 to 7 and 3 to 6 (moist) 
Chroma: 3 to 6 
Texture: clay loam, silty clay loam, loam, silt loam, or sandy clay loam 
Rock fragments: 0 to 10 percent gravel 
Calcium carbonate equivalent: 0 to 5 percent 
Reaction: neutral to moderately alkaline c

1 28 tS1~ 29Jo 
Bkh . ·<~ 0: onzon: ~~ Q /" 
Hue: 5YR to 7.5YR ~~, Y, ~~ ~ ~ 
Value: 5 to 8 (4 to 7 moist) ~ §t ~ -P> 

Chroma: 2 to 4 ~ ~ ~ ;;] 
Texture: loam, fine siindy loam, or clay loam~, , _ Q; 
Rock fragments: 0 to 10 percent gravel ~ r.' <'\~;-
Calcium carbonate equivalent: 5 to 10 percent ~fJJJ3J>~"J~7 

Reaction: slightly or moderately alkaline 

COMPETING SERIES: These are the Buick, Keiser, Klinedraw, Qshoto, Roubideau, Sharps, 

http://ortho.ftw.mcs.usda.gov/cgi-binlosd/osdname.cgi?-P 6/18/03 
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Verde, Wetherill, and Wiley soils. Potential competitors that do not yet have CEA class assigned are 
the Amal, Chita, Ebledro, and Moncha series. Amal, Buick, Chi~ Elpedro, Keiser, Moncha, Oshoto, 
Wetherill, and Wiley soils are very deep. Klinedraw and Sharps soils are moderately deep over soft 
sandstone or shale. Roubideau soils lack carbonates in the lower part of the sol urn. Verde soils have a 
fragipan-like horizon. 

GEOGRAPIDC SETTING: 

Parent material: eolian material derived from calcareous sandstone 

Landform: hills and mesas 

Slopes: 2 to 12 percent 

Elevation: 6,200 to 7,800 feet 

Mean annual air temperature: 46 to 50 degrees F 

Mean annual precipitation: 13 to 16 inches 

Precipitation is fairly evenly distributed throughout the year with July and August being slightly 
wetter and June being slightly dryer. 

Frost-free period: 100 to 120 days 

GEOGRAPIDCALLY ASSOCIATED SOILS: These are the Cahona, Gladel, Wetherill, and 
Sh~ series. All soils are found on the same landforms. Glade! soils are shallow over hard bedrock. 

DRAINAGE AND PERMEABILITY: well drained, low to high runoff, moderately slow 
permeability 

USE AND VEGETATION: These soils are used for grazing and for dry or irrigated cropland. 
Native vegetation is predominantly sagebrush, pinyon, juniper, western wheatgrass, and Indian 
rice grass. 

DISTRIBUTION AND EXTENT: Southwest Colorado. LRR D, MLRA 36. This series is of 
moderate extent. 

MLRA OFFICE RESPONSIBLE: Phoenix, Arizona 

SERIES ESTABLISHED: La Plata County Area, La Plata County, Colorado. 1982. 

REMARKS: Reclassified due to moisture regime change resultin (iji'ji(i· . ·1{. h19~KJ1~ 
Conference 10/92. \:!<:? .· 

/'):;' ~~ 
~:'\: .~ ~ 

Diagnostic .horizons and features recognized in this pedon are:/&' ~~'>Y t'~. 
r~;;; 
\C'-J 

Ochric epipedon: The zone from 0 to 7 inches. (Ap) '\(:;2- y6~ Cb 
'i<:::S~ r ..... 
\(, -"/ . ~ "4J 

http://ortho.ftw.nrcs.usda.gov/cgi-binlosd/osdname.cgi?-P ';;,~·7·i~L2\ \\ ~ 6/18/03 
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Argillic horizon: The zone from 10 to 20 inches. (Bt) 

Lithic contact: The zone at 36 inches. (R) 

Particle size control section: The zone from 10 to 25 inches. (Bt, Btk) 

Soil Taxonomy Second Edition, 1999 

National Cooperative Soil Survey 
U.S.A. 

http://ortho.ftw.mcs.usda.gov/cgi-binlosd/osdname.cgi?-P 
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LOCATION SAN MATEO 

Established Series 
Rev. TLP/RJAIL WH/SAZ/WWJ 
04/2002 

NM 

SAN MATEO SERIES 

Page 1 of3 

The San Mateo series consists of very deep, well drained, moderately slowly permeable soils that 
formed in alluvium, fan alluvium and stream alluvium from mixed sources on alluvial fans on valley 
sides and flood plains on valley floors. Slopes are 0 to 5 percent. Average annual temperature is about 
52 degrees F. Average annual precipitation is about 11 inches. 

TAXONOMIC CLASS: Fine-loamy, mixed, superactive, calcareous, mesic Ustic Torrifluvents 

TYPICAL PEDON: San Mateo loam-- rangeland. (Colors are for dry soil unless otherwise noted.) 

A--0 to 2 inches; light yellowish brown (2.5Y 6/4) loam, olive brown (2.5Y 4/4) moist; moderate fine 
granular structure; soft, friable, nonsticky and nonplastic; common fine and very fine roots; strongly 
effervescent; slightly alkaline; abrupt smooth boundary. (1 to 12 inches thick) 

Cl--2 to 12 inches; light olive brown (2.5Y 5/4) loam, olive brown (2.5Y 4/4) moist; massive; 
slightly hard, friable, nonsticky and nonplastic; common fine and very fine roots; 5 percent pebbles; 
strongly effervescent; slightly alkaline; clear smooth boundary. 

C2--12 to 29 inches; light olive brown (2.5Y5/6) sandy clay loam, olive brown (2.5Y 4/4) moist; 
massive; slightly hard, friable, slightly sticky and· slightly plastic; common very fine and few fine 
roots; common very fine irregular pores; 5 percent pebbles; strongly effervescent; slightly alkaline; 
gradual smooth boundary. 

C3--29 to 70 inches; light olive brown (2.5Y 5/6) sandy clay loam, olive brown (2.5Y 4/4) moist; 
massive; slightly hard, friable, slightly sticky and slightly plastic; few very fine roots; few very fine 
irregular pores; 5 percent pebbles; strongly effervescent; slightly alkaline. (Combined thickness of the 
C horizoJt is greater than 40 inches.) 

TYPE LOCATION: Cibola County, New Mexico, Moquino Quadrangle; about 1 mile northwest of 
Moquino, New Mexico, at 35 degrees, 11 minutes and 10 seconds north latitude, and 107 degrees, 18 
minutes and 21 seconds west longitude . 

RANGE IN CHARACTERISTICS: 

Soil Temperature: 51 to 57 degrees. 

http://ortho.ftw.nrcs.usda.gov/cgi-bin/osd/osdname.cgi?-P 6/18/03 
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Reaction: slightly to strongly alkaline. 

Carbonates: Calcareous throughout. 

Salinity: EC of 1 to 8 mmhos/cm 

Control section: weighted average- 18 to 35 percent clay and more than 15 percent fine sand or 
coarser. 

A horizon 
Hue: 1 OYR or 2.5YV alue: 5 or 6 dry, 3 through 5 moist 
Chroma: 2 to 4 dry and moist 
When the surface mantle has colors and organic carbon content of a mollie epipedon, it lacks the 
thickness requirements. 
Chroma: 2 through 6 
Texture: sandy loam, fine sandy loam, loam, sandy clay loam, silt loam, silty clay loam, and clay 
loam 

Chorizon 
Hue- lOYR or 2.5Y 
Value: 5 or 6 dry; 3 through 5, moist 
Chroma: 2 through 6 
Texture: Stratified sandy loam, fine sandy loam, loam, sandy clay loam, silt loam, silty clay loam, and 
clay loam. 
Sodicity: SAR of 5 to 30 

COMPETING SERIES: Current competitor is the Hamburn, Haverdad, Haversid, and Manikan, 
series. Potential competitors that do not yet have the CEA class assigned are the Barnum, Panitchen 
and Suwanee series. Manikan and Suwanee soils are redder than 1 OYR. Hambum and Panitchen soils 
have gypsum accumulations. The Barnum, Haversid, and Haverdad soils are more moist in May and 
June. 

GEOGRAPIDC SETTING: The San Mateo soils formed in alluvium, fan alluvium and stream 
alluvium from mixed sources on flood plains on valley floors, and alluvial fans on valley sides. 

0 

Slopes are 0 to 5 percent. Elevations range from 5,200 to 7,800 feet. The mean annual tempera · 21 "'?& 
49 to 54 degrees F. The average annual precipitation is 9_ to !3 inches. Peak precipitation occ , tih '?.9~ 
July, August, September and October. The frost-frel; penod IS 120 to 180 days. · {f)"!) )r ~· ~% 

. ~ ~COC ~~ N 
GEOGRAPIDCALLY A~SOCIATED S~ILS: These are the S_p~ank soils. Sparank s :~ ha~ R~ ·~ 
more than 35 percent clay m the control sectton. c_ ~ Vi 

~~, ~ . ..- 0) ··% ..-•. ~ 

DRAINAGE AND PERMEABILITY: Well drained, low to medium runoff, and moderate _ ~w~y . ~\ (Q CO 
permeability. £l,(; l \.\ 

USE AND VEGETATION: This series is used for rangeland. The present vegetation is alkalai 
sacaton, western wheatgrass, blue gram, fourwing saltbush, and galleta. · 

DISTRIBUTION AND EXTENT: Northwestern New Mexico, Arizona and Utah. MLRA 36, LRR-

http://ortho.ftw.nrcs.usda.gov/cgi-bin/osd/osdname.cgi?-P 6118/03 
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D. This series is of large extent. 

MLRA OFFICE RESPONSIBLE: Phoenix, Arizona 

SERIES ESTABLISHED: Cibola County, New Mexico, 1956. 

REMARKS: Diagnostic horizons and features recognized in this pedon are: 

· Ochric epipedon: the zone from 0 to 2 inches. ( A horizon) 

Fluventic feature - An irregular decrease in organic carbon due to stratification. 

Classified according to Soil Taxonomy Second Edition, 1999. 

National Cooperative Soil Survey 
U.S.A. 

http://ortho.ftw.nrcs.usda.gov/cgi-bin/osd/osdname.cgi?-P 
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Established Series 
Rev. DKR/JWHIWWJ 
06/2000 

CO+NM 

SHARPS SERIES 

ragCj 1 01 't 

The Sharps series consists of moderately deep, well drained soils that formed in eolian material 
derived from sandstone overlaying shale. Sharps soils are on mesas, ridges, and hills. Slopes range 
from 2 to 12 percent. Mean annual precipitation is about 14 inches and the mean annual temperature 
is about 48 degrees F. 

TAXONOMIC CLASS: Fine-silty, mixed, superactive, mesic Aridic Haplustalfs 

TYPICAL PEDON: Sharps loam, in a cultivated field. (Colors are for dry soil unless otherwise 
noted.) 

Ap--0 to 6 inches; light reddish brown (5YR 6/4) loam, reddish brown (5YR 4/4) moist; moderate 
medium granular structure; slightly hard, very friable, slightly sticky and slightly plastic; neutral; 
clear smooth boundary. (4 to 8 inches thick) 

BA--6 to 9 inches; light reddish brown (5YR 6/4) loam, reddish brown (5YR 4/4) moist; weak 
medium subangular blocky structure parting to moderate medium granular; slightly hard, very friable, 
slightly sticky and slightly plastic; few faint clay films in root channels; slightly alkaline; clear 
smooth boundary. (0 to 6 inches thick) 

Bt--9 to 19inches; reddish brown (5YR 5/4) clay loam, reddish brown (5YR 4/4) moist; moderate 
medium prismatic structure parting to moderate medium subangular blocky; hard, friable, slightly 
sticky and slightly plastic; common faint clay films on faces of peds and in root channels; slightly 
alkaline; clear wavy boundary. (4 to 32 inches thick) 

Bkl--19 to 25 inches; light reddish brown (5YR 6/4) loam, reddish brown (5YR 5/4) moist; weak 
medium subangular blocky structure; hard, friable, slightly sticky and slightly plastic; few faint clay 
films on faces of peds and in root channels; common calcium carbonate threads and soft masses; 
strongly effervescent; moderately alkaline; gradual wavy boundary. (4 tn 8 inches thick) 

B~--25 to 3.0 inches; p!nk (5YR 8/4) loam, pink (5.YR 7/4) m2,:,"·:-clliJs~¥?g}fM 
stlc~ and slightly plastic; many soft mass~s of calc!um carb?~te; str~gly ~;llll'ktl!>riiP 
alkahne; gradual wavy boundary. (0 to 28 mches thick) r,:~~~ l' ~ ~ , " .. _: '{: ,, A;) 

.. c·""'' (""-' ~ 

2Cr-30 inches; shale and soft sandstone. ~~~ ~" ,f" '"" 
·~:--_ . . Cb 

TYPE LOCATION: Dolores County, Colorado; about 6 mile"('U:Fl .h,we~t o @ e Creek; located in 
the northwe~t quarter of sec. 18, T. 41 N., R. 19 W.; Northdale - A : · :\ t. 39 degrees 49 
minutes 19 seconds N. and long. 109 degrees 00 minutes 46 seconds E., NAD27 

http://ortho.ftw.nrcs.usda.gov/cgi-bin/osd/osdname.cgi?-P 9/16/03 
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RANGE IN CHARACTERISTICS: 

Soil moisture regime: ustic bordering on aridic 

Soil temperature regime: mesic 

Mean annual soil temperature: 49 to 52 degrees F 

Mean summer soil temperature: 58 to 64 degrees F 

Rock fragments: 0 to 15 percent gravel 

Particle-size control section: 18 to 35 percent clay 
with 15 to 70 percent sand, most being very fine sand 

Depth to paralithic contact: 20 to 40 inches to soft shale or sandstone 

Depth to secondary calcium carbonate: 10 to 36 inches 

A horizon: 
Hue: SYR to 10YR 
Value: 5 to 7 and 3 to 6 moist 
Chroma: 2 to 6 
Texture: loam, silt loam, or fine sandy loam 
Rock fragments: 0 to 20 percent gravel 
Calcium carbonate equivalent: 0 to 1 percent 
Reaction: neutral or slightly alkaline 

Bthorizon: 
Hue: 5YR or 7.5YR 
Value: 5 to 7 (3 to 6 moist) 
Chroma: 3 to 6 
Texture: loam, silty clay loam, or clay loam 
Rock fragments: 0 to 15 percent gravel 
Calcium carbonate equivalent: 5 to 10 percent 
Reaction: Neutral to moderately alkaline 

Bkhorizon: 
Hue: SYR to 1 OYR 
Value: 4 to 8 (4 to 7 moist) 
Chroma: 4 to 8 (moist) 
Texture: loam, silty clay loam, or clay loam 
Rock fragments: 0 to 15 percent gravel 
Calcium carbonate equivalent: 10 to 15 percent 
Reaction: moderately alkaline or strongly alkaline 

.t'age L OI 4 

COMPETING SERIES: These are the Buick, Keiser, Klinedraw, Oshoto, Pulpit, Roubideau, Verde, 
Wetherill, and Wiley series. Potential competitors that do not yet have CEA class assigned are the 
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Amal, Chita, Elpedro, and Moncha soils. Amal, Buick, Chita, Elpedro, Keiser, Moncha, Oshoto, 
Wetherill, and Wiley soils are very deep. Klinedraw soils have hue of 1 OYR or 2.5Y. Pulpit, 
Roubideau, and Verde soils are moderately deep over hard sandstone. In addition, Roubideau soils 
lack carbonates in the lower part ofthesolum, and Verde soils have a fragipan-like horizon. 

GEOGRAPIDC SETTING: 

Parent material: eolian material derived from sandstone and shale. 

Landform: mesas, ridges, and hills 

Slopes: 2 to 12 percent 

Elevation: 6,200 to 7,400 feet 

Mean annual temperature: 46 to 50 degrees F 

Mean annual precipitation: 13 to 16 inches 

Precipitation is fairly evenly distributed throughout the year with July and August being slightly 
wetter and June being slightly dryer. 

Frost~free period: 100 to 120 days 

GEOGRA.:PIDCALLY ASSOCIATED SOILS: These are the Cahon~ Pulpit, and Wetherill .series. 
All th~se soils are on the s~e landscape position as Sharps. Cahona soils have a calcic horizon. 
Wetherill soils are very deep. 

DRAJNAGE AND PERMEABILITY: well drained, low to high runoff, moderate and moderately 
slow permeability 

USE AND VEGETATION: Sharps soils are used for grazing or as irrigated or dry cropland. Native 
. veget1tttion is mainly sagebrush, cactus, pinyon, juniper, western wheatgrass, and Indian ricegrass. 

DIS~RIBUTION AND EXTENT: Southwest Colorado and New Mexico. LRR D, MLRA 35, 36 
and 39. This series is of moderate extent. 

MLRA OFFICE RESPONSIBLE: Phoenix, Arizona. 

SERIES ESTABLISHED: Lincoln County, NM. 1981. 

RE~S: Classification changed due to the change in moisture regime due to the Four Comers 
Climate Conference of 10/92. Diagnostic horizons and features recognized in this pedon are: 

/fsc:0cl 2BZ9Jo 
{.\;:t J/ 

·'-'' /~ 

l-0"' ·sr ,9 ~ 
~~~~~ ~ ul 

Argillic horizon: The zone from 9 to 19 inches. (Bt) l~ :..Ji ~ ~ 

''· ~~) ,,,~ 0) 

Parti·c·l·e size control section: ~e ~one from 9 to 19 i~ches. (Bt) 1:, '\ ~ ~ 
http://ortho.ftw.nrcs.usda.gov/cgt-bin/osdlosdname.cgt?-P '{~ ~- ~~\o 
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Ochric epipedon: The zone from 0 to 6 inches. (Ap) 
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LOCATION TRAVESSILLA 

Established Series 
Rev. VGL-AJC-RJA-ACT 
05/2002 

NM+AZ CO KS MT OK SD UT WY 

TRA VESSILLA SERIES 

Page 1 of3 

The Travessilla series consists of very shallow and shallow, well drained soils that formed in 
calcareous eolian sediments and material weathered from sandstone. These soils are on hills, cuestas, 
scarps, and mesas with slopes ranging from 0 to 75 percent. Mean annual precipitation is about 11 
inches. The mean annual temperature is above 53 degrees F. 

TAXONOMIC CLASS: Loamy, mixed, superactive, calcareous, mesic Lithic Ustic Torriorthents 

TYPICAL PEDON: Travessilla stony sandy loam- rangeland. (Colors are for dry soil unless 
otherwise noted.) · 

A--Oto 4 inches; light brownish gray (1 OYR 6/2) stony sandy loam, dart grayish brown (1 OYR 4/2) 
moist; weak fine granular structure; slightly hard, very friable, slightly sticky and slightly plastic; 
many fine and medium roots; common fine pores; 15 percent stones; slightly effervescent; slightly 
alkaline; clear smooth boundary. (2 to 6 inches thick) 

C--4 to 8 inches; pale brown (10YR 6/3) channery loam, brown (10YR 4/3) moist; massive; slightly 
hard, very friable, slightly sticky and slightly plastic; common fme and medium roots; common fine 
pores; 20 percent channers; slightly effervescent; moderately alkaline; abrupt smooth boundary. (2 to 
14 inches thick) 

R--8 inches; hard sandstone with some fractures. 

TYPE LOCATION: Union County, New Mexico; approximately 1,560 feet north and 4,200 feet 
westofthe southeast comer, sec. 24, T. 31 N., R. 36 E. 

RANGE IN CHARACTERISTICS: 

Soil Moisture - Typically, moist intermittently from April 30through October in some part of the soil 
moisture control section and dry in all parts periodically from November 1 to April 30. 

Soil Temperature- 50 to 58 degrees F. 
Depth to lithic contact: typically 4 to 10 inches but ranges to 20 inches. 

src~?J 2BZ9Jo 
Particle-size Control Section: ~ t 0' 'l 
Clay Content: 5 to 18 percent. fj ,c. ~ ~ ~ 
Silt Content: 5 to 50 percent. . ~, ,ti/ .~ ~ 
Sand Content: 40 to 90 percent With more than 25 percent fine s ,

6 
r coarse . ~ 

Rock fragment content: 0 to 10 percent stones, 0 to 10 percent cob J~ and 0 ~ 25 perc~ pebbles 
\~0 '(::),~' 

http://ortho.ftw.nrcs.usda.gov/cgi-bin/osd/osdname.cgi?-P :"-~~~/:!' /? 1 c: 
1 
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but weighted average is less than 35 percent. 

A and C horizons - (an AC horizon is present in some pedons) 
Hue: 7 .SYR to 2.5Y 
Value: 5 to 7 dry, 3 to 5 moist 
Chroma: 2 to 4 
Texture of the Fine Earth Fraction: sandy loam, fine sandy loam, loam or very fme sandy loam~ 
Rock fragment content: 0 to 35 percent 
Reaction: slightly alkaline or moderately alkaline. 

COMPETING SERIES: These are the Hideout (UT), Kenzo (T UT), Lazear (CO), Redspear (WY), 
Rimo (UT), Rizozo (NM), Simel (UT), Skyyillage (NM), Tesihim (AZ), Travson (WY), andZukan 
(UT) series. · 
Hideout soils: have a mean annual temperature of 4 7 to 50 degrees F. 
Kenzo soils: have hue of7.SYR or redder. 
Lazear soils: have more than 18 percent clay. 
Redspear, Rizno and Rizozo soils: have hue of 5YR or redder. 
Simel soils: average 27 to 35 percent clay. 
Skyvillage soils: are dry in all parts of the soil moisture control section periodically from May l to 
June 30. 
Tesihim soils: are derived from soft volcanic tuff. 
Travson soils: are dry in the soil moisture control section July through September~ 
Zuchan soils: have accumulated carbonates in the form of a Bk horizon. 

GEOGRAPIDC SETTING: 
Parent material: calcareous eolian sediments and residuum weathered from sandstone and shale. 
Outcrops of sandstone with a minor amount of shale are common on steep slopes. 
Landform: hills, cuestas, scarps, and mesas 
Slopes: 0 to 75 percent. 
Elevation: 4, 700 to 8,000 feet. 
Mean annual precipitation: 10 to 16 inches, but has ranged higher. 
Mean annual temperature: 50 to 57 degrees F. 
Frost-free period is typically 115 to 170 days. Utah has a frost-free period t\ ~ . 8 .. ·days. 

/ ... cl"' J :gff) 
{<';'\~,-- (7~ 

GEO~~~CALLY ASSOCIATED SOILS: These are the BeL~):c-:?~H~a ~~ 
and Pa1anto sods. t:=J .,..,,) ~ 
Bernal and Hagerman soils: have an argillic horizon. r~'r~ <,.')v 
Camero soils: have bedrock at depths of 20 to 40 inches. t~~ 
Quay and Pajarito soils: do not have bedrock within a depth of 40 inc~ ,'" -

_Quay soils have more than 18 percent clay in the particle size control set( flP./ftd ~~\\~ 
zone of lime accumulation L2l 

DRAINAGE AND PERMEABILITY: Well drained; runoff is high on slopes less than 1 percent 
and very high on slopes greater than 1 percent; moderate or moderately rapid permeability. 

USE AND VEGETATION: Rangeland. Juniper, pinyon, squawbush, oakbrush, blue grama, sideoats 
grama and snakeweed are the principal plants. 

DISTRIBUTION AND EXTENT: Northern New Mexico, Arizona, Colorado, Montana, western 

http://ortho.ftw.nrcs.usda.gov/cgi-bin/osd/osdname.cgi?-P 6/18/03 
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Oklahoma, Utah and Wyoming. LRR E, G; MLRA'S 49, 67, 69, 70, 77. The series is extensive. 

MLRA OFFICE RESPONSIBLE: Temple, Texas 

SERIES ESTABLISHED: Eastern New Mexico Reconnaissance, Harding County, New Mexico, 
1937. 

REMARKS: Diagnostic horizons and features recognized in this pedon are: 

Ochric Epipedon - 0 to 4 inches. (A horizon). 
Lithic Contact- 8 inches. (R horizon). 
Particle-size Control Section - The zone from the surface of the soil to about 8 inches: (A, C 
horizons). 

Additional data: None 

Taxonomic Version: Second Edition, 1999 

National Cooperative Soil Survey 
U.S.A. 
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LOCATION ZYME 

Established Series 
Rev. JPP/JWH/DKR/SAZIWWJ 
09/2001 

ZYMESERIES 

CO+UT+AZ 

Page 1 of4 

The Zyme series consists of shallow or very shallow, well drained soils that formed in residuum 
derived from shale. Zyme soils are on ridges, knobs, and hills. Slopes range from 3 to 80 percent. The 
mean annual precipitation is about 13 inches and the mean annual temperature is about 46 degrees F. 

TAXONOMIC CLASS: Clayey, smectitic, calcareous, mesic, shallow Ustic Torriorthents 

TYPICAL PEDON: Zyme clay loam, on a southeast facing, simple, 30 percent slope in pinyon and 
juniper woodland at an elevation of 6760 feet. (Colors are for dry soil unless otherwise noted.) When 
described on 7/12/79 the soil was dry from 0 to 10 inches. 

Al--0 to 1 inch; gFayish brown (10YR 5/2) clay loam, dark grayish brown (10YR 4/2) moist; medium 
fine granular struciure; loose, friable, sticky and plastic; violently effervescent; moderately alkaline 
(pH 8.2); clear smooth boundary. (0 to 2 inches thick) 

A2--1 to 4 inches; grayish brown (1 OYR 5/2) clay loam, dark grayish brown (1 OYR 4/2) moist; 
massive; very hard, firm, sticky and plastic; violently effervescent; moderately alkaline (pH 8.2); 
clear smooth boundary. (2 to 5 inches thick) 

C--4 to 10 inches; grayish brown (1 OYR 5/2) clay loam, dark grayish brown (1 OYR 4/2) moist; 
massive; hard, firm, sticky and plastic; 10 percent shale chips; violently effervescent; moderately 
alkaline (pH, 8.2); clear smooth boundary. (4 to 14 inches thick) 

Cr--1 0 to 14 inches; gray platy calcareous shale. 

TYPE LOCATION: La Plata County, Colorado; west of the cemetery on the west side of Durango; 
located about 2,700 feet west and 300 feet north of the southeast comer of Sec. 19, T. 35 N., R. 9 W.; 
Durango West USGS quad; lat. 37 degrees 16 minutes 40 seconds N. and long. 107 degrees 53 
minutes 34 seconds W., NAD 27 

RANGE IN CHARACTERISTICS: 

Soil moisture regime: Ustic-aridic. The soil moisture control section is dry for 15 consecutive days 
from May 15 to July 15 when the soil temperature at 20 inches is greater than 41 degrees F. It is not 
dry in all parts of the moisture control section for at least 45 consecutive days following the summer 
solstice to October 20 and for at least 90 cumulative days during that ~'~~I ~,11 ?f1 ;;g > 

/1:~.('C'._~..- v~~ 
Soil temperature regime: mesic ~~'::/' ~i$1 rfl.. ~ Y~ 

http://ortho.ftw.nrcs.usda.gov/cgi-bin/osd/osdname.cgi?-P ~ ~s'fl<i) * 
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