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5. Badlands and badland catchment basins develop?d on Table l.--Estimated erosion, under post-mining conditions in the Navajo Mine
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~/The universal soil loss equation (U.S. Soil Conservation Service, 1977)
Medium sediment yield Sediment transport ratio (STR) is a qualitative suploye f%ve fact?rs e estiméte erosion: R, rainfall (from U.S. Soil
( P Conservation Service, 1977, fi 1); K, avera i i f hanical
value representing the amount of sediment carried Tves 2 1o e Ko B¢ Bpm 0 ol ran i cen
3 Alluvial plains, fans, 1.0-10.0 3.0 e2=105 35 .14-,25 completely through a channel reach. Numerically it e y81s'd?ta (table 3); LS, slope angle/slope length assumes IeCEnJUEICEion
e b i of pre-mining topography; C, a mulch cover factor, assumes 1 ton of straw
hillslopes with thick soil Quantity of sediment leaving a reach mulch per acre; and P, a contour-bench-spacing factor assumes post-mining
on Qnt, Qc, K1, Kf, and Kkf. Quantity of sediment entering a reach contogfing on slopes of 2-12 percent.
In the Piceance Creek Basin, Colorado, Frickel and Z‘Tons pe? deTe pet year rounded to twe O
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4 Allev sl slatos dhasserad 1.0-10.0 " &1 Bt 55 .39-:72 others (1975, p. 19) developed numerical values for i . ons per year) for each ol
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STR Channel Soridition Table 2.--Potential sediment yield from soil erosion units, Navajo mine area
High sediment yield [AF, acre foot; 1 AF=1,233 m’: soil welght estimated at L,750 tons/AF.
1.0 Both main and tributary channels See figure 1 for location of drainage areas and drainage basins.]
5 Badlands and badland drainage 1.0=-15:0 5.0 «6=.8 o7 +90=1.54 are raw gullies
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on KE, KkE, and Bt 0.0-0.4  No cheannels pullied plus evidence 1o L (5.4 mi?) 2 0.17 0.1 Intesips it e 2 aail
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This map shows estimated erosion and sediment The sediment-yield values for the Navajo Mine topographic, and geologic setting SiE e 3 {';6 '?;‘ ’23 Total for facet C/D (3.09 miz) ----------------- e B e 1.26~ 2.05 1553-2528 2204-3587
yields of an area designated for extensive surface area are a combination of two factors: (1) sediment : 4 1054 '57: .95 inag i
mining, in San Juan County, New Mexico. The results production in the source area based on the soil-loss D E Lo Geenpe s oleR B 5 1.S3 1.35 9.3 Trate ba513 %
of this study are important for the planning of future equation, and (2) a sediment-transport ratio (STR) il e Sﬁale ; 6 1.29 7.59: 5'0? T Ot e S g =
mining operations and will aid in developing suitable that compensates for in-channel storage of eroded - Raw gullies interspersed with : s = 7 4.67- 7.66 5992-9828 . 8172-13405 3 2.24 <31- .56
reclamation procedures. In addition, these data will material. The numerical values of sediment yield healed reaches on gentle Total for Area 1 (partial drainage basin; . 1o s 1.
serve as a base line from which a long-term program (table 2) were derived from empirical equations slopes of Cretaceous shale north end of proposed minin aiea' 17 69 o o 4 : : 5 o
for determining rates of erosion and deposition could developed for the analog model areas at Bisti (U.S. L U e el R ol . > : g el s e e - . Feie e o . s e
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understanding the impact of surface mining on Shown, written commun., 1980) (fig. 2). Field Bl ls on STLLGa BE fon 4N I35 00555 miz) 2 02 <0.01 . : - b
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study lies within four 7-1/2-minute quadrangles (The of the U.S. Geological Survey; a numerical ratin i - i s i B i i 1 y e aw b i i
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Hogback South, Kirtland SW, Newcomb NE, and The Pillar method d?veloped by the U.S. Department of Agriculture area are shown in the explanation to the map. IL. (0.35 mi?) 2 .11 <0.01 6 .I7 .33 :
NW) in the northwest San Juan Basin (figs. 1, 2). The (U.S. Soil Conservation Service, 1968) which was 3 10 09- 15 : e . Lo e e
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the Chago Rlver'(flg. 1?. Approximately 41 mi = contribute to the sediment-yield values: surficial Sediment-yield equations commonly contain a ITI. (0.87 mi?) 3 .03 <0.01 4 42 12_ -
(106 km“) of this area is scheduled for surface mining geology, soils, climate, runoff, topography, parameter dealing with "average annual" stream 5 38 34 - : . : .16 .30
during the next several years as part of the southern vegetation cover, land use, upland and channel dischar i : : - .2 - 24- 41
ge. It is useful, however, to devel 6 45 91— % - =
extension of the Navajo Mine. Other factors also erosion, and sediment transport and storage. The nine numerical approximations’of stream dischaiggp - T G s - - = o = - - s
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1nformat1?n on bedro?k a?d S?tflClal geo}ogy,’(Z) soil anzlogd?reas to obtain soche—area sediTentTproduction basins in northwestern New Mexico, the discharge Interbasin facet A/B Interbasin facet D/E
maps sh?w1ng type, dlstFlbutlon, and engineering and 88 ment {ransport ratias. The derivative map of resulting from large magnitude storms recurring at 1t. (0.03 mi") 2 .01 01- .02 Trt. ((0.56 mi?) . 3 27 04~ 07
properties, (3) vegetation maps showing type, erosion potential and sediment sources (this report) intervals (t) of 2, 5, 10, 25, and 50 years was 6 02 04~ 06 05 08 62-99 5 .i9 .17 .29
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dlstrlbutlo?, and dens1t¥, (4) climatic information, represents an 1ntegrat10? and comp%latlon of data from estimated using equation (1) below. These values of IIT:: @252 miz) 3 .85 el 2= 21 - 6 10 20~ 31 41~ 67 505-826 717-1172
agg.(?) est}méies of dFalnage—basin discharge. In 1:24,000-scale topographic, .geologic, and soil maps. discharge (table 4) were then applied to the five 4 .01 <0.01 ' : ' . :
addition, similar studies have been done at two nearby drainage basins that intersect the southern part of 5 .66 50- 1.0 Bhtal For Facet DR (0,56 il )==om-—necn o ace oo = 41- .67 505-826 17-1172
sites which have nearly identical physical the Navajo mine (fig. 1). 6 68 1.37= 2.12
characteristics (fig. 2). These two studies, one at Soil ; ‘i - : e = s . — Drainage basin E
% : : oil erosion units : ge basin
2551&328 mi (:5 IIU;;()'):O tge SOUt:e;.Stb(U-S-Agureau of Q. = aab En® sed pg® 1f 18 : (1) Total for facet A/B (2.23 mi2)==tomommcmmomeei 5 14- 3,43 2639-4230 3744-6002 I. 1(2.39 m1%) 2 2.26 01- 04
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2 Six soil erosion units defined on the basis of 3 14 02- 03 03- 07 37-86 52-122
(67 km) to the southeast (L. M. Shown, written e 7 Drain: asi : : 2 - 5 3 :
commun., 1980) have served as effecti;e analog models. Ued Ay ond ?UrflCla% ge?logy, e an topagraphy, where: Q = discharge rilnd%g 235$52? 2 63 0 - le) : o o
This map is designed to be used in four ways: STt s T fa e t = recurrence intBeval of a high magultude 3 : . : e ¢ o
First, the natural or pre-mining sediment yield may be =T R Ve o i D aitean ot s storm measured in years (also defined as e E e : o 2 .
chlcutabed fir 300 i tvibeE T te. withL o (U.S. Bureau of Indian Affairs, 1971), six major a probability function) é 1-22 .g;— 1.76 6 .63 1.26- 1.96 2.14- 3,51 2639-4328 3745-6142
= ’ i hen the individual units are = i = g 01
downstrean fr th - STOUPIESS FUCIPE W a = regression constant
el andmsedzxented§§2EZiZi ?izlziniziaeveiizogg’ combined on the basis of thickness, texture, and A = drainage basin area - iy et i iR 4760-7787 (260 mi?) . =00 i =
Bl 6h YNl hus and froqubncy may be caleplated for structure (table 3). As might be expected, major soil Em = mean basin altitude 11 (3.97 miz) 9 s 5 1535 1.22- 2.08
different drainage basins. This information can - =l = 0l prop cbies of Ehele parcie St = area of surface water storage within the : . - o 2 e s e S ol i
inflilence the detlien s0d ploschent oFf water ond material and local topography. Soil erosion units, in basin : 1 s < .
sediment-control stroctures. Third, the approximate order of increasing erodability, and their Ps = average summer precipitation 2 ke I +ihi= -87 Total for drainage basin E (10.91 miz) “““““““““““““““““““ 5.16- 8.43 6363-10394 9029-14751
Touatilon and volune of mrtetlal suitable for re?resentative soil profiles are aﬁ follows (horizon I = maximum rainfall for a 24-hour period 2 'é? 'gg: o
stockpiling for redistribution during reclamation may FthkHES? s col?r L e all ainer over a Z-year interval : - = L - e e 2
be estimated. Fourth, variables in the reclamation information supplied by U.S. Bureau of Indian Affairs, T = mean minimum January temperature III. (1.80 mi?) 2 07 <.01 N : o . @ -
program such as slope reconstruction, mulching i b,c,d,e,f,g, = regression exponents derived 3 .54 08 '13 Z 1.72 5 o
practices, and terracing or contouring techniques can : ) from stepwise multiple regression : e - 1.0 -41- 75
be adjusted by using calculated pre-mining _sediment 1. &% §andy s B o Waah a?d C?ttOHWOOd Although the discharge values listed in table 4 are . s '32_ L . - e = = C e e
yields. For example, approximately 8.9 mi2 (23 km2) and Pinabete Arroyos. Parent material is Holocene only approximate, they represent the best estimates ) «26 w23= .39
of drainage basin C'Zfig- D 1ie with;n on alluvium in main stem channels of larger drainage currently availaGIe for drainage basins tributary to ;. e £ w =H5= L4 1085-1837 1540-2607 LT} (940 miz) 2 194 = o
area. In the unmined state, this area yields b:twgzse - - e the Chaco River. i i 12 . o . 4
12,800 and 20,900 tons of Sédiment - il 1 Quaternary alluvium overlain by unconsolidated : Total for drainage basin B (9.45 mi®)--------- B 4,61~ 775 5684-9556 8067-13561 4 .98 .38- .70
of’the _ diéferent S il e ugi syZi;oseg iﬁ ’ sand of the Chaco River channel has the following 5 3.62 326 557
Elils sved, wndis T and 3 cover 5.0 miE g ana propert}es: Interbasin facst B/C 6 1.18 2:35= 13,65 6.24-10.40 7694~-12823 10920-18200
foniats L il et = 0-14 in. (0-36 cm); Sandy clay loam; pale brown IIE: Caloim ) 3 =59 .08- 15
. P suitable for stockpiling. By (10YR 6/3) d % (10YR 5/3 et ACKNOWLEDGEMENTS i in;
applying the suggested guidelines for estimating 1 e ) mitat . heo Lo - e L 2
4 = : == : platy, blocky and prismatic structure when 5 13 ik 2 south end of d mini 16.1 {£)mmmmmm e . . = ( 2845~
n Uni =5 : s ! - 1 19- : ‘
Servids, 1977 o theesampigejreg qitsg;1w§2§§§r2§zlon fine pores and roots; strongly calcareous glCTaré F. Hadley, and RalPh R. Shr0b33 U.S. ; Y Area of drainage basin or partial basin tributary to mine
capabilities of existing reclamat;on practices to (pH 8.3). e? ?glcal SurveY, Eoz alece, §upporF1ng dats, and Total for facet B/C (2.12 mi“)—=—rr--m—mmmemecmoo o onn o .90- 1.58 1110-1948 1575-2765 3/ Area of drainage basin within the mine lease area
reduce sediment yields after mini = 14-30 in. (36-75 cm); Sandy clay loam; brown c?lt}cal suggestions for improving this report. . =/ Area of drainage basin west of mine and tributary to Chaco Wash
: ; ning to a point (10YR 5/3) dr dark brown (10YR 4/3 A Willie Kutek, U.S. Bureau of Indian Affairs, provided Drai 51
substantially below the pre-mining yield (table 1) 4 ) : 3 : . - rel . isin g
The universal soil loss equation factor sh : 'bl structureless and massive; hard when dry, field maps and samples of key soils in the area. L. (40.03 mi®) 2 6.03 .03- .12
Ll e e oW1 LT ;3 e sticky and plastic when wet; few, very fine Analysis of engineering properties was done by N. A. 3 .49 L07- 12
Gull e ke od b b ercen% P 1men§ yie pores and roots; strongly calcareous with Haver,'H. D. Gomez, and T. J. Lindeman, U.S. 4 2.51 .98- 1.81
12 800 tons t5 7 ItD tovad p Lol 20Ut scattered CaCOj nodules (pH 7.9). Geological Survey. 5 9501 8.93- 15.28
8b—42 in. (75-107 cm); Clay; pale.brown (l?YR 6 21:09 42.17- 65.36 52+ B=82:69 64338-101957 91315-144707
6/3) dry, brown (lOYR 5/3) moist; massive to 2
Geology prismatic structure; very hard when dry, Ile. (893 mi%) 1 .06 <.01
very plastic and sticky when wet; few very 2 -85 <.01
The bedrock geology and coal beds of the Navajo fine pores and roots; strongly calcareous 3 1.51 2= .38
mine area were mapped in 1955 as part of a mineral (pH 7.9). REFERENCES CITED 4 2.38 93= - Li77
evaluation program in the western San Juan Basin 42-60 in. (107-152 cm); Clay; brown (10YR 5/3) 5 1.92 L.73= 2.96
(Beaumont and 0’Sullivan, 1955). The surficial dry and moist; structureless and massive; i Beaumont, E. C. and 0’Sullivan, R. B., 1955, 6 221 4.42- 6.84 7.31-11.92 9013-14697 12792-20860
geology was mapped in 1977 to assess the environmental very hard when dry, very plastic and sticky Preliminary geologic map of the Kirtland
impact of surface mining on the Cretacecus when wet; few very small pores and roots; quadrangle, San Juan County, New Mexico: U.S. I (213 miz) 1 .28 <.01
coal-bearing shales of the western and southern San strongly calcareous (pH 7.9). Geological Survey Coal Investigations M = Y 2 <
g g y g s Map C-32, 2 =27 <Nl
Juan Basin (0’Sullivan and others, 1979a,b; Scott and scale 62,500. 3 .45 -06- .11
others, 1979a,b). 1In general, the bedrock in the area 2. Gently sloping undissected upland surfaces covered Bauer, C. M., and Reeside, J. B., Jr., 1921, Coal in 4 .68 §26= .49
east of the Chaco River is interbedded sandstones and with sheet sands and linear dunes and local the middle and eastern parts of San Juan County, 5 «27 24— b2
shales of Late Cretaceous age that dip uniformly 3° to : patches of older sands and cobbles from terrace New Mexico: U.S. Geological Survey Bulletin 716- ) .24 48— S 1.06- 1.79 1307-2207 1855-3132
the east. These rocks are overlain by extensive deposits. Broad alluvial plains covered by sheet G, p. 155-237. :
sheets of Quaternary eolian sand, and are cut by broad sands. A typical soil profile formed in Fassett, J. E., and Hinds, J. S., 1971, Geology and Total for drainage basin C (51.09 miz) ———————————————————— 60.55-96.40 74658-118861 105962-168699
channels and embayments filled with Pleistocene and Quaternary eolian sand on Cretaceous Pictured fuel resources of the Fruitland Formation and
Holocene alluvium. Extensive headward erosion of Cliffs Sandstone has the following Kirtland Shale of the San Juan Basin, New Mexico
streams in the shale units has resulted in broad, characteristics: and Colorado: U.S. Geological Survey
aﬁcuate belts of.badland Fopogra?hy that alternate 0-10 in. (0-25 cm); Sand; pink (7.5YR 7/4) dry, . : Professional Paper 676, 76 p.
with shallow basins. Sed1ment§ in these basin§ are light brown (7.5YR 6/4) moist; structureless Etickels D G.,'Shown, P. M., and Patten, P. C., 1975, Table 3--Mechanical and engineering properties of erosional and sediment yield units, Navajo Mine area, New Mexico
too you?g to haYe developéd soils. Coal.dep051ts 5 single grain when dry, nonplastic and An evaluatlo? of hillslope and channel erosion [S, (surface samples within 18 in. (36 cm) of the ground surface; N, near-surface samples 18-36 in. (36-90 cm) depth
cgmme;glal quality and thickness, overla}n by less nonsticky when wet; no pores and few very reléted to oil-shale development in the Piceance Statistical Measures: R, range; M, mean; SD, standard deviations. NT, not tested; ND, no datal
than 0 ft (69 m) of overb§rden, occur in the Upper fine réots; slishtly calearveous (pH 8.1). Basin, nortvwestern Colorado: Colorado Water
Cretaceous Fruitland Formation. The bedrock and 10-22 in. (25-56 cm); Sandy loam; reddish yellow Resources Circular 30, 37 p. Mechanical porperties Engineering properties
surfl?la% units are outlined in th? 1%st of lithologic (7.5YR 7/6) dry, reddish yellow (7.5YR 6/6) Hack, J._T., %942, The ?hanging environment of the Particle size distribution Number of
g:ss;zitiggséoaTO;Zoiomp1ete qescrlptéons Og the ; moist; very weak prismatic structure when gzgéoind;ans OfAﬁrl%ona; ﬁarvird Unige;sity Soil OE material less than 4.76mm in diameter samples
' ogy are in reports by Bauer an dry, friable, nonplastic and slightly sticky y Museum erica Archaeology an thnology 501 A.S.T.M. classification in percent) Organic tested for Number Plasticit h teri i
Reeside (1921), Fassett and Hinds (1971), 0Sullivan whe; o fe;, vl Fine Boval and ponis: Paper, v+ 35, no. 1, 85.p. erosion Landform and Type and No. of Statistical Sand Silt Clay ‘matter engineering nonplastic & LiquidClp{agt?zacpigéigégiy (SXZ%??E chingsure) 22u§§§a
and others (1972), Reeside (1924), and Shomaker and SEeghEly o Hihion (ol B0 Lambe, T. W., 1960, The character and identification unit principle bedrock samples tested measures (4.76-0.075mm) (0.075-0.005mm). (<0.005mm) (in percent) properties noncritical limit limit? index" inngF2 Call les)
others (1971). Surficial deposits and Quaternary ®-56 in. (564150 em): Bands pinkieh giav (7.5%R of expansive soils: Washington, D.C., U.S. (see Lithologic Description) samples
stratigraphy are discussed by Hack (1942), and 7/2) dry, light brown (7.5YR 6/4) moist; Federal Housing Administration Technical Studies 3
Richmond (1965). structureless single grain when dry, friable » Rgport FHA-701, 51 p: . Wlde sandy channels
nonplastic and nonsticky when wet; no pores - Sulllsa;, e 3-,GRepT;;;ng, C. A., Beaumont, E. C., ;n 2&1, agd ?nt; i . = Bl e 8-19 N 2 1 22 20 2 0 USGS
: i 1/ 3 : . or roots; slightly calcareou H 8.3)-. o S8y e By » Stratigraphy of the S B
Lithologic Components—' of Soil Erosion Units 2 g i ) Cretaceous rocks and the Tertiary Ojo Alamo N2 R 93-95 1==3 4 ND 7 2 ND ND ND 0
Qal o T 3. Alluvial plains, terraces, channel deposits of Sandstone, Navajo and Hopi Indian Reservations,
5 i dc efl kd 13? S older alluvium, undissected fans of sheet wash Arizona, New Mexico, and Utah: U.S. Geological 2 Mesa surfaces and low R 52-97 1-23 2-17 0.07-1.24
grzzge o b e alluvium, and depositional aprons, flats, and Survey Professional Paper 521-E, 65, p. alluvial plains with s 33 M 85 8 7 0.36 3 2 19 18 1 0 USsGS
o LandSlizieze e (HOlocene)z/_—A . W.ccctel 00 o vetaceous shales CHsiefes 0’Sullivan, R. B., Scott, G. R., and Heller, J. S., sand dunes (Qes, Qgs) SD 102 5.8 4.6 0.2 (4)
e o ph : 0 4 g“ fngu ii Formation, Lewis Shale, Fruitland Formation, and 1979a, Preliminary geologic map of the Kirtland R 30-95 1-23 4=47 . BIA
Clng Housz gaidzz nza?KihgnZ dr;m fe Farmington Sandstone Member of the Kirtland shale) SW quadrangle, San Juan County, New Mexico: U.S. B : 0 v L] ne ! . o ND Lo, g (60)
St e Oth ot n ; ;ne eef that have soils more than 20 in. (50 cm) thick. A Geological Survey Miscellaneous Field Studies Map SD 14.9 6.4 10.7
o Hogchk $ nozqinee Sousleds 2 eco typical soil profile formed on Lewis Shale has the MF-1080, scale 1:24,000.
- : A2 0 o - S ; S 2
LE Bl TSN S X 7] following characteristics: 1979b, Preliminary geologic map of the Hogback 3 Alluvial plains, fans, R 17-94 2-52 4-58 0.§0~0.53 22-50 = =
e . : il g : : . . 18-23 4=27 2050-3500
, Qfa Fagrziiiz;uzigﬁoizze2§;y onCiaviiiZSsand to 0-3 in. (0-7 cm); Very fine sandy loam; light South quadr?ngle, San Ju?n County, New Mexico: c?tchme?ts ang hlll§lopes S 23 M 64 16 19 0.92 9 4 33.4 19.4 14.0 2575 USsGS
Base from U.S. Geological Survey, Erosional data compiled 1979-80 Qc Shestwash. allvrium (Holocene)zf——Sand e YeIIOW}sh brown (10YR 6/4) dry, dark U.S.‘Geologlcal Survey Miscellaneous Field with thick soils (Qj, Qgs, SD 2702 4 15.4 0%k3 11.8 241 9.9 803 (16)
The Hogback South, Kirkland SW, SCALE 1:50 000 e U e yellowish brown (10YR 4/4) moist; weakly : Studies Map MF-1093, scale 1:24,000. Qt, Qmt, Qc, K1, Kf, Kkf) R 8-94 2-45 4-62 25-47 19-25 2-28 1250-3550 BIA
Reuesnl BB, e the BLTIAE 0, i 1 . 1 > 3 MILES & e drgina =2 y platy to granular structure when dry, Reeside, J. B., Jr., 1924, Upper Cretaceous and N 21 M 56 17 27 ND 7 1 3545 2145 14.0 2050 (28)
1 1124{000 e : : — s Olger alluviumg (Holoceni)——z/Str Sl plastic and sticky when wet; numerous very Tertiary formations of the western part of the SD 28.6 134 17.6 7.4 255 8.8 885 §
2 : 1 E o 1 2 3 KILOMETERS Gandl El11t, and peavel fiizgn zld e fine pores and roots; slightly calcareous San Juan Basin, Colorado and New Mexico: U.S. i 5
e drai;age nétworks Lk ke beirock o e (pH ?%3§; i . - ggologlcal Survey Professional Paper 134, p. 1- 4 ?IIUV133 i%?i“iy dissecied i R 35=76 7=31 10-34 20-26 13-16 7-10 500-1075
HH P ! A : E ~14 in. -35 cm); Fine sandy loam; yellowish 5 ans an illslopes wit M 59 19 22 NT 5 3 1S
égiilziizrSii%zV;ETiezogmogide;zg Zizl (10YR 5/4) dry, dark yellowish brown (1OYR Richmond, G. M., 1965, Quaternary stratigraphy of the thin soils (Qes, K1, Kf, SD 17.0 9.9 8.8 ii$f
A E PG 108%922" 30" B G y 4/4) moist; prismatic and blocky structure Durango area, San Juan Mountains, Colorado in Kkf, Kch, Kpe) R 12-75 7-45 L7=43 ‘ 30-36 16-19 11-20 1175-2500 BIA
- : e e L 108 pres b Qes Eolian sand (Holocene and Pleistocen )2/__ when dry, plastic and sticky when wet; Geological Survey Research 1965, Chapter C: U.S. N5 M 49 26 25 ND 3 3 (05
= puD T | T z S abundant small pores and roots; slightl Geological Survey Professional Paper 525-C, D 26.3 17.6 10.8 h
36°37' 30" 3730 — | an A Linear dunes and sheet sands composed of calcareous (pH 8.3) b y p. C137-Cl43
Ua e e J0)e . .
I e :ﬁi;:ﬁegoaggaEisozagfa?:Sflat’ Hpind 14-24 in. (35-61 cm) Very fine sandy loam; . Scott, A. G., 1971, Preliminary flood-frequency 5 Badlands and badland
| : yellowish brown (10YR 5/5) dry, yellow relations and summary of maximum discharges in catchments with gentle N 2 R 7-67 16=25 17-68 NT 2 1 61 29 3
1 eCortez Menefee K Qgs Gravelly sand (Pleistocene)--Coarse sand and S : New Mexico-—-A % : . el
I anced LRt & Gt SRauife Bl besvhean Aol il il brown (10YR 6/6) m01§t, massive structure, x1ico = _progress report: U.S. Geological slopes (Qgs, K1, Kkf, : USGS
A Bty e e " hard when dry, plastic and sticky when wet; : Survey Open-file report, 76 p. Kch, Kpc) N 2 R 2-5 =40 53-67 ND 2 0 44-59 20-29 24-30 3050-3800 4)
I: Cot st g anclen rainage networks no roots, small pores common; strongly Scott, G. R., 0’Sullivan, R. B., and Heller, J. S.,
= Mg Usier Crat . calcareous (pH 8.2). 1979a, Preliminary geologic map of the Pillar NW 6 Badland escarpments and R 13-95 1-33 4-56 0.07-4.53
DI kﬁm§4 PP etaceou 24-33 in. (61-84 cm) Sandy clay loam; yellowish quadrangle, San Juan County, New Mexico: U.S. - badlands with steep slopes S 7 M 53 19 27 1.35 3 2 ND ND ND 0 USGS
! & -~ Rl St J brown (10YR 5/6) dry, dark yellowish brown Geological Survey Miscellaneous Field Studies Map (Qgs, KRf, Kkl, Kkf) SD 29.8 11.9 20.1 2.3 (5)
COLORADO i (10YR 4/4) moist; massive structure, hard MF-1077, scale 1:24,000. R I8=9i1 3-38 4b-44
ool e e T s o S N o e Kk f Farmington Sandstone Member--Interbedded Bef d 1 : d : g 19796, Prelimi : o
NEW MEXICO // RIS w e Bl o when dry, plastic and sticky when wet; no , Preliminary geologic map of the Newcomb NE N 3 M 51 25 23 ND 2 2 ND ND ND 0 @55
! i e e - = roots, small pores common; strongly quadrangle, San Juan County, New Mexico: U.S. SD 38.2 19.4 30.0
1 ie P e tyr nl iag Y mg stone calcareous (pH 8.2). Geological Survey Miscellaneous Field Studies Map
; ntercalated sandstone, 33 in. (84 cm) Lewis Shale bedrock weathered to MF-1092, scale 1:24,000. ~Liquid limit--percent water content at which the sample passes from plastic to liquid state.
| Shi siltstone, mudstone; and coal : : 2 ; @ ’ i .
! iprock ; ’ 5 small, angular, platy chips. Shomaker, J. W., Beaumont, E. C., and Kottlowski, F. Plastic limit--percent water content at which the sample passes from solid to plastic state.
R oot Kpc Pictured Cliffs Sandstone--Crossbedded, E : : i 3 i i ' i imi i tmi
I ! Lo eyl i ol R el R ., 1971, Strippable low-sulfur coal resources of Plasticity index: numerical difference between the liquid limit and the plastic limit.
! e ing Siatiid eaniiEch el it b 4 Alluv%a} plains, terraces, older channel deposits, the San Juan Basin in New Mexico and Colorado: Potential volume change (pounds per square foot)--a measure of the potential for a soil to expand when wet. Values are derived from the plasticity index and, if greater than 1700 psf, indicate a potential
| MINE JUAN K1 Liats Bl dassikay: shils ard Titerhedasd Ehin depositional aprons, flats, and dissected fans New Mexico Bureau of Mines and Mineral Resources problem if the soil is used to support foundations (Lambe, 1960). Values shown here computed by USGS. g / 3
l S il e (8 supporting thin soils. A typical soil profile Memoir 25, 189 p. Source of data--USGS: N. A. Haver, H. D. Gomez, and T. J. Lindeman; BIA: Willie Kutek. Number of samples shown in parentheses.
| 5 Keh CILEE House Sandet A s fhs formed on Lewis Shale has the following Shown, L. M., 1970, Evaluation of a method for Standard deviation--measure of the spread of the data around the mean. Of the samples tested, 68.3 percent should have values that fall within plus and minus one standard deviation of the mea
Sevapiis i ) e e slone i in= to thic characteristics: estimating sediment yield: U.S. Geological T heiigs
_ Sanostee Wash edded, Lenticular and crossbedded 0-3 in. (0-7 cm); Clay loam; light yellowish Survey Professional Paper 770-B, p. B245-B249
8 sandstone that intertongues with the : : S
l e age leveigegini iy brown (10YR 7/4) dry, dark yellowish brown [1973].
underlyin 10YR 4/4) T f 3 . . " i i i i
| BASIN M : ( moist; prismatic structure; U.S. Bureau of Indian Affairs, 1971, Navajo Ar Table 4.--Discharge values, in cubic feet per d lting f
: : raras Mamitio : ; : ; : : 3 ea, arg 5 per second, resulting from large
%l = 9 (o) N P B T e Al BRI R Kmf iat e Sostits i i i iy Ao gra?ular when dry, plastic and sticky when Shiprock Agency, District 13 Soil and Range magnitude meteorological events by drainage basin'/
S g 3 .£ dndabore, ile, Badsbeis. Liestons, ahd wiy,hrtl({ poris and feV(J ;egyoimall roots; Inventory: U.S. Department of Interior,
< e s g e slightly calcareous (p «Y). Technical Report, 151 p., and atlas of 17 i Drainage basins
| S Chaco | Kimbeto EMRIA Area i ?oal 3-9 in. (7-23 cm) Clay loam; brown (10YR 5/3) quadrangles : = gecurrence 1nterYa%, 2
= pl Point Lookout Sandstone-—Crossbedded, q HEE adaoin (10YR 4/4 R g R in years (probability) A B C D E SE (percent)z/
: ~ T R T ou ry, dark yellowls rown ) moist; U.S. Bureau of Land Management, 1976, Resource and
il iy | 18 21 Cuba Tr Ul i el b Wiakiy Plagy to Elocry SthCtUEE Zhen dry, potential reclamation evaluation, Bisti West
g | a i ti te s . . . = i
. ! o s Km Henass Ghelac—Bile claveeene Sith sandstons zndsveiyaZmaillioth}e21ZZh;la :21i2§ezzges study.SLte, Bisti coal field: U.S. Department of 2 122 209 531 1320 891 555 86
H 22 |''23+24 | 25 lenses and containing limestone ‘ (pH 8.2). 2 i U.s ézgirégiéeifii?oie22§siig1gigéslog p; > 125 348 786 1792 1288 841 83
: .S. actor :
I e 1/ s COHCERL RS 9-13 in. (23-33 cm) Clay loam; yellowish brown affeciting cedigent yleld 1% the’Pacif(i)cSSo thwest s o oy <o o . . -
S — From 0’Sullivan and others (1979a,b); Scott and : P 2d 1:25 3096 6349 14492 10411 6800 72
: lers (19798,5) (10YR 5/4) dry, dark yellowish brown (10YR area: U.S. Department of Agriculture, Report of 50 1:50 3956 8983 20503 W
85Units Q1 éf i ¢ d b B 4/4) moist; massive structure; hard when the Water Management Subcommittee, PSIAC, 24 p. : Loy Gl i
I | 14 | = s, Qfa, Qc, Qnt, and Qes may be, in part, dry, plastic and sticky when wet; abundant U.S. Soil Conservation S : 1 ’ Py 1/ ;
coeval. e ervation Service, 1977, Preliminary —'Location of drainage basins shown on figure 1; si f drai i
- . . . . 2
g 10 20 30 40 50 KM 3/ pores and very small roots; strongly guidance for estimating erosion on areas sho in table 2 b e P
, % L é - . ! ;* T s —'The Upper Cretaceous section has an exposed calcareous (pH 7.6). disturbed by surface mining activities in the an}gE e é d i i
e -""_,—— //: o 29 Y thickness of approximately 4,700 ft (1,430 m) in the 13 in. (33 cm) Lewis Shale bedrock weathered to interior western United States: U.S. Department hi ﬁ—.b Bt EF ok Value.ls i ik Fhe s
—~——.. 2 vicinity of the Navajo Mine. small, angular, platy chips. of Agriculture, 26 p. ieéiesiiiitetZZtgo;rds of Frecerimates will Tl
(No drainage ) S . :
,/":T‘ List of quadrangles
«+? abe
—.. 7 pind
o RIS S 1. Waterflow 14. Tanner Lake
2. Fruitland MF-1089 15. Pretty Rock
3. The Hogback South MF-1093 16. Pueblo Bonita NW MF-1117
4. Kirtland SW MF-1080 17. Kimbeto MF-1118
5. Kirtland SE 18. Kin Klizhin Ruins
6. Newcomb NE MF-1092 19. Pueblo Bonito MF-1119
7. The Pillar NW MF-1077 20. Sargent Ranch MF-1120
8. The Pillar 21. Fire Rock Well MF-1124
9. Newcomb 22. Pueblo Pintado ‘
i ot Mk P » MAP OF EROSION POTENTIAL AND SEDIMENT SOURCES IN THE NAVAJO MINE AREA,
11. Burnham Trading Post MF-1076 24, Star Lake
12. Bisti Trading Post MF-1075 25. Ojo Encino Mesa J )
13. Alamo Mesa West MF-1074 SAN JUAN COUNTY, NEW MEXICO
i
LS B
36°22'30" Ll L 1 : J
Figure l--Drainage basins A through E, interbasin facets, and the Navajo Mine property. Runoff and sediment from these streams Figure 2.——Index‘map showing location of this Stl}dy (stippled) DaVld L Welde INTERIOR—GEOLOGICAL SURVEY, RESTON, VIRGINIA— 1982
impact the mine. Streams are tributary to the Chaco River (stippled). Areas of soil erosion units (table 2) are based on and other adjacent quadrangles along the Fruitland coal
belt in the western and southern San Juan Basin, New Mexico 1982 For sale by Branch of Distribution, U.S. Geological Survey,

drainage basins A through E and interbasin facets A-B through D-E.
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