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Geology and coal resources of Fence Lake 1:50,000 quadrangle, New Mexico 

11\TRUDL l llllN 

The Pence Lake 50 000 quudrangle (Sheet 1) s the sotthwest qt arter 
o th FC'n C' kf' 1 100 0 0 metn a le quadrangle 11 e u U e pa l of 
the Salt Lake coal f e d es w th n he Fen e L ke 1 liO 000 quadrang e 
whch verpart ~wnhipCJ15aJ.6tu aJRat;esl61 
18 9 20 and 1 v. e The purpose ot th s repor t s to de ermme str 
t graph} and structure as wei as to e alua e the quotl tv a U 4ua t y 
o I m tl s part ot he S lt Lake coal f eld C etaceo s o ks ex e nd over 

an CJ.rca of approxuna te lv 400 m 1 n tht:' ap d v tl oal bea g slr La 
p esen o er an area ot approx mate!) ??O m The olde exposed m 
mapp d 1 the T r a Ch nle J un a tun w le Ll e} ou e;esl onso dated 
urut IS a ba a t1ow dated at 1 41 + L 29m y ~La ghl net I 19 9) 

Hl:! r t:k (1900) traver ell ll a ea as pa lola e o na s a ce of Soco ro 
and C1bo a (hen \alene a) Coun es He no ed the pres n c f d k 
trend ng to the nor hwest n the Dat r~a J a exlt' s ve l:asal llo 
Coa ~ were repo ted and destgnated as the Fox H lls Format on b 
thi kne ses we e g1 e Staler 1SIU7) f des g aled I e oal bea 
strata near Zl n Salt Lake as a epara e o field n reconn 1 ClnCC' s 
o he Uu a g )----(;;all p oal field 51 ale noted t1 at the coa s were ess 
than 4 f th1ck and ass gned them n Cil ly Mf's vC'rdC' gf' HC' al o not d 
the prt:! e 1 e u basa t luw a1 d a u d e e l a ed Te I a } u I "'ke 
194 ) nap per d sc ss ng th rna o ran g rss1on and reg css ons of 
he Creta euu ea \Jew Mex o e og JZed he A arque S dstone as 

a member of the Mesaverde H s v.. ork ex ten ird so thv.. rd to thr' A <lT ll 
Lake ea o I of the Salt Lake f eld Mole aa ( 973) sed ome of 
Pike s st at graphy bv dropp ng the Horsehe d Tong nf he :Vff'sawrde 
and des g al b I e 4. a 1ue Me 1 l:e as 1 e basa n em be of the Gallup 
Sand one Molen aar also ten t ve } extended the T rr oM mbe of he 
Ga lup Sandst()nt' mtu tht' i:'t'n t' Lakt' area 
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Thee gh quadrangles that compose the c nt a! par on of the Sal L ke 
oat f eid were mapped JO tlv by U e Coal Resou es Bra ch of he U S 

Geolog cal Survey and the New Mex co B ea1 of M nes nd \-1 neral 
Re ur es Fig 1) 1 add t on lo s a e geolog1c da a geophys cal log 
from38drllholes\\creobtaned(Fg 2 Tbe1) '\lthoughf'mph3 v,;a 
plaLed ui Jr II ng t e Mo e o H U torn a bon some holes vere extended 
dov.. n to he Dak ot Sands one fo strllt g aph1c purposes 
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FIGLRE2 Gene alzed ge lop; mRpo he Fence Lake 5 OOq a:i an1le h w 
ng Joe ons of d ill hole f om h h geophy cal logs ere ob a ned Dr J h 
o a o salsoa"egven n lablc1 
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STRATI ( RA! H Y 

Th o:: stratig aphiC ruts mapped m the Fence L kc 1 10 ODD dr ngk 
a ge 10 1 f asstc to Quale narv n e ou nps are predom nantlv Cre 

taceo s marne nd nonm nr srd mf'n ovf'rlam bv Tert CJr) and Qua 
ler ar} un s 1 he descnpt ons of these un t <~nd the generalized ompos te 
geolog c ol mn or hf' Sa Lakf' mal f eld arc based on ou crop datu v,; th 
o e ole F eta 1ons fron g op ysJCallog 

1 uaSSIC 

The L n e Fo n at on (Rc Rep) unconfo mably underhes the Dakota 
Sand tone n the so 1 hwestc n p<lr of he tudv area n the nurth-t:entral 
part he Ch nle unconformably underl es the Zun Sands one The Ch nle 
ons1sts of gray1 h edt eddi':ih brown m J pu pie ud o es sills to es 

and claystones wtth scatte ed lenses of sandstones and cong omerates 
A mu has 210ft uf tl s for 1 at o are expo ed 1 the study a ea a d a e 
orre a ted v th the Per fied Forest Member of he Ch nJe Format nn ( 1'\n 

dcr on und Fru t 1982 !vt LeHan Rubu su <1 d Has ke 198o) 
n a small portion at the north central par of he study re<l he C'h nlc 

s o erla n by ?Q 4;:~ f of Rock Pont Member of the W ngate S nds one 
(Rw ) 1he Ro k Po I Me 1bet o s1sls of ve y line gra ned sill) ed to 
grEt) sh p nk sands ones The tpper 6 f of th s m tare cro sbeddt>d nd 
o 1La qua lz pebb es M Lellan Rob so a d Hasd ke 983) 

JuraSSIC 

The 7 n S nds~on (] s p f'srnt non m p on y m th north cf'n ra 
part ot the studv a ea (McLellan Rob nson and IIaschke SitU v,;here 
t n ontorm hlv n 1 f'S th C:h nlf' Forma nn o V\ nga S nd tonC' 

but tt :tas bee1 lapped n de ta o Ll e o 1 1 L e Mes La de Yeso quad 
mngle (Ande son 982) The Z n SC~nd s on s n I n wh te o p nk 
fi e to n ed u g a ned sa ds o e \!\ th n th s sa1 ds o e a e h gh angle 
c ssbeds n:l ew pebble conglome-ra con cn tT C'd long hC'dd ng 
pia es TIIs u II as a maxmmm th1ckness o 90 ft A geophys cal log m 
th e n po on of thf' m.1p a f'3 nd c3tes th prP en of 4S ft o Zun 
Sa dslo e al hough u ou c Of s are p ese t t s area 

Crf'taceou ~ 

Abo e he Zuru Sandstone 1s the mam bod ) of he Dakota Sandstone 
(Kd wh ch ons sts of bo h mar ne and nonm me s dunents n a 6 
85 t sequ nee McLellan Robmson and Hnschkc 1 og ) dcscr beth sun t 
as the upper 50 to 60 tt of] argely sott g av ve low wea he ng 
claystone cmd ston v.. th 3 fe v fa1 lv p tent er) t n t f n g a n d 
limy sand~ tone beds f om 1 to 5 ft n h ckne s Tl e sands one and s tstone 
bed ar c mm nly b oturbated <1 nd ar t fer u a m I al tie 
The lov..; er 15 2 ft of the mam bod) Dakota Sand tone are predommant} 
c o sb ddf'd f ne nco r " f!;fa nf'd rs1stant SCJnd nc beds as mu h as 
:J fl I Lk Tl e o vet pl L o I em bodv Dakota eludes a bo a eous 
siltstones sh les and coals s much as 1 ft thick Geoph~ s I ogs sh v. 
a sl g t coa se1 1g u pw d as wei as c ea e1 sa dsto es 1 ea t 1e lop of 
th e mt 

The Jo ve1 part of 
o d sky y llnw mil 
T ere are I eslo e o "Ct o s as a ge as 2 I 1 d a 1ete th s u 
ho vcver no os l were found Ccoph) en logs sho v a few th n h gh 
dens ty relat ely I gh gamma esp onses wh ch omb ned w h verv lo"vv. 
res 1 v t} readmgs may be md1cattve of b entomte beds 

ThC' Paguate Ton gue f th DBk ta Sand t ne (Kdp) s a rna s ve to 
rregularly bedded ne gra ned ) ello'A to 0r v sh ve o v poorly sorted 
poor) emen ed marme sand tone 20 55 ft th ck The un a t between 
the lower part f the Ma1 cos and the over ymg P g tate Tongt e of the 
D<1kota Sandstone a gradua hange f urn stales o sa.I U tOJ e fm;sds 
collected f om the Pagua e n Jude Pyc oi n f P '<ell n Pl la d 
P (. ru EXU'{I/Ta E t '{ A n r, e u sp 1 te sp a d l7 
t ps ssp The Paguate Tongue we her o pebble s ze n0 da fraome ts 
fur n ng sand} slope ab uvto tl e uwe Ma co~ S ale 

Geophys I logs penetrat ng th1s un t sh wan upv. rd-c arsen ng se 
quence v,; th several nterbedded s I stone::; The g;amma readmg; s h gt er 
at he bot om of the un t I an at the top nd atmg more day n the bas I 
Paguate T ngue and t ne and prug:ress1vely edu ed a I uu1 uf la) 
to v-ards the top o the un t h ch IS md cahve of a deane sand nea the 
top of he n Thf' h rp con w h the ov rl} 11g V\ h c v tcr \r oyo 
Tongue s v s1ble m both outcrops and res s tv y logs 

The \'\h tewatf'r Arroyo Tong C' of the Manos Sha (Km..va) ve I 
t w Pagua te To gue of t1 e D kola Sa ds o 1e Tl s 65 85 fl th k un 
con t la gely of med urn dark g ay shale w th a few l one and 
onla ns the la ge oys er E 0311 a l se A pe 'Sis ten l ft h k ben on e 

lilyer wh ch shows L p on geophys a lor;s h1gh den It) nd h oh 
gamma read gs as well as cone n one I mes one concre tons are men 
t nn d hy M C'llan H chkC' Rnh nsnn and Lands (19R3) 

The T vowel! Tongue of the D kota Sandstone (Kd) abo e the mar 1e 
shale o he Wh ewate Arrovo Tongue o he Mancos Shale sa sandstone 
sequence The T vow e Is Tongue s descr bed as n offsho e shall a v mar ne 
sandstnnc (I and s Pt nl 19 ) Th1s un t ha a mea u ed ut r p th kne s 
of ?7ft to the east Anderson 1982 however geoph)S ca log nd ca e 
39 f fTv v..ell ~ ngue Th unt mares upv..;a d tru ave y f e 
g amed sandstone o a medmm gramed vellow brov.. n t dark g ay sand 
st ne The Tv. uwt>l Tur gue ur s sib uf l e u ts (A de o 1982) Th~ 
lower un t IS a flat bedded very f ne to f ne gra ned andstone w h a e v 
bur ov,; an upv..;ard coarsen ng tend re O!;Jl zaUe or the es lt y 
log The m ddle un t of the Tv.o veils Tongue s n n ten ely b rowed 
and b tu rbCJted ve v f ne tu f ne ,!,'Tau ell a Jstu e an 1 as a b u ky 
res s v y s gnature The uppe urut a fme to med un gra ned p anar 
no bedded umt ap pruxrmatelv 6 8 tt t ut:k 11 e uppe u ut e ab upt 
contact v th the overlymg Rm Salado Tong e of the Mancos Shale The 
gamma log th oug:hout the T owe Is Tongue m er alu; low d a ~ uf 
a fatr y clean sand 
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II e ove lv g \JO Salado To gue of I e Ma cos Sha e (K n va es n 
th kness n me r d t on f nm 1 n ft to 2 1 ft ...., th thf' th ckcr 
sechons he northeaste n portion of the a t L ke coa e d G oph) s 
logs nd catc a mu h <1 ;on ft f R1 S lad ~ n~e Th un t mp ed 
p edommantly of ol e gra) to ye low bra vn nterbedded shales w h thin 
beds of fossil ferous limestone concre ons and calcarcmtc And..: on (1982) 
cor elates h s calcaren te zone"" th the Br dge Creek L mes one :\llember 

f th Greenh n F ma t! n The h n al are ute bed ften unta n s I 
vtth ammomtes n the upper part ot heRoS lado Tong e and T'yc d 
n u; be Andersu 1981) r tl e luwe pa t uf tl e u t 

The 1\tarque Sands one (Ka) s the } o ngest marme mt m he area 
Th s formation sa tegre~ e rna ne bea l depu t 1l e I kest se u 
of the At rq e S ndstone 120 tt (M T ellan Hll chkP Roh n~on Pt al 
19tB) a1 d the tl u es s 15 t 1 e Ala que ~a dslo e nol a! vavs a 
s ngle sandstone un In places t cons of as many s three s nds one 
bodteb o era 25 l vet l1cal eva The Ata que Sa ds 01 e s cha acle zed 
bv a sharp L p per ontact and grad tton I ower nt ct The lowe cont t 
shows a h gh de s tv ead 1g because o carbonate p esent 11 the tosstl 
ferous lower beds The es st Lv read ngs a y f om h gh n he upper 

port on olow n t1 e lower po ton ofth sun Th s at awn nres st v ty 
d1cates a coa semng t pward of the gra n s ze The gamma ead ngs are 

lowlo lleuppe patollleAtaqueSa done d altgalackof la)S 
n the m tnx The lower portiOn of he A arC] (' S nd one has h gher 

s It at d lay conte t wl ch s recog IZed by an nc eased gamma ead ng 
Ove lv nr; thi' \tarq1 !' Sandstone the C' f'tnceou Mor no H Fo 

mahan a name proposed for he maJor coal bear ng continental sed men s 
n the Salt I ake mal f eld by Me ell an H sch ke Rob nson ct a! (1983) 

The tvpe sec o fo th s forn at o s o a ed n se 7 T4N Rl8W v,;here 
19 ft ot Moreno H 11 Format on aff' p rC'sent The \-1oreno H1l Fo mailon 

(SW quadrant of Fence Lake 1 100,000 sheet) 

b) f rank Campbell 1989 

ons1sts o a SC'q C'ncc o f1 val hnnnd f lis ere <1 e p lay and flo d 
pian depos ts whtch 1s d 1ded nto three membe s based on out rop and 
u bsu face data Th upper mf'mber of th M ren H I F rna un km 

anangularunconform tyw htheove yngTe t a y un s thelo'Ae mem 
ber of the Moreno H Forma on decreases m thickness to the v.e t In 
the easte port on of I e Salt Lake coal f eld n the Cer o P cto q ad 
ranglc Cnmpbc l (1981) reported u th ckncss of 50ft tor tht' \Ito eno Hill 
format on 

The owe m mber of the Moren H 1 Form t on k.mh ) s h adf'r zPd 
by flu ml sa dstones w th s ltstones mudstones lay ones and coals 
ThP th ekes~ ect on or th s mcmhf' n hf' n po on nf thf' Salt 
Lake coal Leld ln he Ce o I e o quadrangle both geophys I nd 

u op d ta nd mt th ckn of 440 t to thf' lowf' m mb t h n 
to t e vest wl e e A de son (1981 apped 00 (t o u d ffe e I ated 
Mo eno Hill sediments The s<~ndstone g an n th s lo""- C mcmhf'r r 
suppo ted by a c1 y a d lL a x w cl ca a ou 1t o as much as 15 
nf th to ul ock Some o he s nd h w sha ph coni wh ch 

he res st l.' tv on a geoph cal log 
ng e s v y pward m the b e nd mt e fa hanne 

d ca es a g; eaters It on tent t he top of the 
member a would be cxp cd n a channc dcpos t Ind v dual channels 
altl ou0 h ol o e lat e fro I ole to 1 ole a1e pre ent nea lv a 1 hoes 
th t p nPtr te thf' low mf'mher of tlh M r n H F rm t n nd a ng 
a disco muous late al d st but on Th s type of sands one body geomet y 
IS ggcst of mca nd ng st C'a m dPpo Creva p a} a e 1 
ecog zable n th1s segue ce I he es st Jty patterns for these crev sse 

splays h vc sharp contacts both the ppC' n ::1 lov. f'T bo nda IC rc 
ilect g a abrupt ha ge g a 1 "'e I1 e ga n a ogs sl o"' sl ghtly 
h g her a e han o the ppe memher m1 d s ones nd dayst nes he 
a use L1 u e e ber 1 ud~tu e ta e a g eale 1g u f..ta l 01 v-1 I 

tends o concentra e ran m and t l or m There re no I mes one or 
do o ~i:i u he u ve e b r 1 d !Lal gage e al ab e e of la usl e 
depos ts The m dstones and clays ones probab} cprescn fl Xldpl<~ n 
depos Ls a d ll ose le als o la 1 g ca bonaceous s ales and coals 
p baby repres nt sv.. mp 

11 e 1 ddle e11be of ll e Mo eL o Hd For :tal o (K I has no been 
m<~pped throughout he western p tot the Salt Lake coal field A keJl 
(19R4)m ld ot C' gn h s n t nHH'r'il C' nmo port nof hcfeld 
nd at ng a pass ble eastern p nchout To he south m T1 and 2N R18 
OW the rr Udle member furm the dur a1 t tupog apl features Tl s 

member s predonunantly a me:l m to oa se gr med san:lstone "" th 
the 0 ra nb be ng angu ar quar z Nu It r da) rr atr x i:i p esent tl e ab 
s gran supported fe ldspar clasts some as arge as 0 ~ mch m dmme er 

c unt f a much <1 15w f he and t ne and o e ru oncret on 
a so are found This member s generally a p nktsh yellow co or probably 
be am;e uf he fe d~par last and rron m ret u ts Boll truugl a d pia ar 
crossbeds a e present The res stan na ure of h s t mt makes tt one ot the 
most prom nent edge tormer n the area The th kness uf tl 1 ei ber 
ran ges f om ?8 ft at he type sec on to a maxrmum of 80 f n the Cer o 
Pnet quadrangle B th the lith o! gt fea ure::; a veH a tJ e pre e e of 
the Torr o Member of he Gallup S nd tone to the nor h nd ca e hat 
th un t relat l.'e w h he I r v Samlstm e 

11 e geopl ys1callog s g-na lW"es (o l1 e n ddle nember of the Moreno 
H 11 Format on are d s met ve n:l re d ly dent t bl Th n hv ) pa 
tet o tl e ruddle n en ber IS h gl e than t s tor sandstone n e ther 
the upper or o ver membe s of the Mo eno H 11 Forma n Th s h gher 
~s st lv pa ler re 1~ lb he warse g a ned 1alu e of llus sa dstone 

The t pper and lower cant cts show sharp changes wh ch e rc9 d 
boll tl e res sl v IJ and ga na ead gs 11 e dens ty log ave ages 2 1 

g cc wh ch s nd ca ve of a c ean sand w th poros ty of apprnx m telv 
20 Gam n< ogs sl o v low a ues a d o svste at c at ation because 
of lack of pot s m be r ng mmerals spec fie llv } m the m3tr x 
1here 1s o ge era f 1 •g up ..... ad of g a1 s ze for Ll en e tbe as would 
be expe ed n a s ngle channel f II dcp t The o e all esiStiV v puttc n 

blocky w h sn all port o 1s of the pa tern sho vmg a f n ng upwa d of 
nd 1d 1al hannrls A th 1gh nd ducll chunnel cannot be urre ated 
from hole to hole the entue equence can be co rea ed nd a ng a 
heetl kf' structu f' hat r pr en a b mded stream depus l 
The upper member of he Moreno H II Format on (Km ) con a ns ve y 

few channel sandstones and s domma ed by mudst ne~ ami laystu e 
vtth some arbonaceous shales and a few th n coals Thts un t ts gene ally 

gtf'emsh yello"" o ght gmy n 1 r The few a d::;tones the upper 
member ha e h gh s t and clay on tent and are poor} cemented e 
ult ng man nre tant and ne I he upper e b of ll e Moe o 

Htll Format on s poorly exposed except vhe e t ts ove lam b) the Fen e 
Lake Format on The up per member of the Mon;no H l.Fu rr at un ar e 
n th kness from 250 ft n the Cerro Pr e o qu.:"'ld ang e to less than 10 ft 
n the R neon H()ndu quadra gle 1n tl e 1e a a \-tesa q uad a gle s u h 

of the Ce ro Pre o quadrang e Roybal (198?) reported a th kness of 61 
tt The I v n' t dy r 1 e uppe 1 e nber 1d ales p edo 1 a L) lUd 
stone:. claystones and s ltstones A few nterbedded sa dstones hn e h gh 
gcu I a lug ead ng~ beLau e of he abu dance of days e atnx 

Terttary 

O verlvmg th Moreno H 1 F rma h n he Fen e Lake f r dt u 1 (If) 
a Ter ary u mt cons st ng of basa tic boulders Th s format on vas de 

r bed r nf rma ly by Marr 1956) as he Fe e Lake gravel r.-k 
Lei an Rob nson et al (198"> renamed h s umt the Fence Lake Forma t on 
The ful u vm14 desu pt ur s ue fru n tl e1 p pe wl h l ey des1b a led 
a t)pe sect on n sec l T4N Rl8\'V where the fen e Lake Format on s 
221 ft h ck Thts format on com; ~ ~ ot t vo un ts a luwe mnglu erat 
un t and an upper andstone umt 1 he o v-er un t conta ns basaltic bo I 
dersthatrargeup u2ftmd ameter a dsuale da~tso Il)OlJe he t 
pet ed v. ooO nd Cretac·eo o; flmii one n fl fl ar nu s ndstnn m<l 
tr x At the type sect on the 1ov..e n s 41 f hick hov.ever no her 
ar as 1 s u t nay be as much as 100 f tJ k Ca n_f bell lYI:ll T e upper 
m t s RO ft th1ck and ons sts o ca caTf'ou gray p nk E!ndstone and 8. 

Lluck ap of vol a 1 boulde o 1glo nerate The base of th s forma 
t on s readdv apparent on geoph) stcal logs Calc reo s cement nd the 
o glomera! Ia e resu t lug! nes stan e ead t gs gene ally h gher 

th n the re dmgs of the sands ones m the underly ng Mo f'n o H II For 
nah o Uens t es n the 4 + g;cc r ge a e due o the a! te and basalt 

The y o ngest Tt'rt arv sed ment y m t m the Fence Lake 1 50 JOO quad 
a 1gle Ll e B1dal ocl Fo n al o 1 (TI Tv ) was napped by A derson 

(1981) nd Andersen and Frost )982) n hf' C ntar ln Spr ng and Twen 
tvtwo Spr ng quadrangles respe tivel) Tl ese wo west mmost q admn 
gles are the only p a es y,.here tt e Btd 1t ud J:<ur at on ops out m Lhe 
map rea maXllTlum th ckness there s 300ft Anderson nd Frost (1q82) 
J.esu bed he B dahud Forn at u as I ghly ar able ligl t brow sa 1ds 
light gray sandstones and pebbl} cong omera tes generally poor to faiT 
c mentat nn w h ense of calcareous cern nt and ukcimc last::; 
Tl e pebble 01 glo ne ales withii the D dahochi Forma ton are ma r x up 
ported an d cons1st o bas It nd rhyll)l te pcbhle th am no nm unt 
qua tz le pebb e 

In the east centr 1 po ton of th stt dy f'il here 1s an en echel n d ke 
( l d) co nposed ot oliv ne basalt The limbs of th s d ke svstem trend 60 
to the nor hv,;p Th s appmr o be a con muat on of he s me northwest 
t ei dmg d ke svste l:tat goes hrough Pte To vn Ea h I mb s app ox 
m8telv 1 m long and 15 ft v,; de v. th lcf lateral offset Th s d ke u ~ the 
C e aceous m 1ts n he a ea bu s O'li. erla n by the Pence Lake Format on 
l smg K A methods I a ghl n al (19"'9) p rt dan age t "7 6 
0 59 m) fo he }Sen near P1e Town plac ng t...., th n he Ohgocene 

C:erm PTIC'to (T) s a argc ba altlc ande e v l ar r e k t t e sou I 
eastern port on f the map area Cer o Pr eto ntruded he Cret21ceous 
sed men follow ng the r depos on and probab y was the aube ut the 
fold g flexu ng a 1d om mg as oc ted v th the e C etaceou un s J 
D Mm (pcrs nmm 191i ) rep d a K Ar age ot J 98 + 0 14 n;. 
th s r oce ne age makes Cerro P eto much younger han the nearb) d ke 
syste n 

Quaternary 

I e 1 o l e 1 o po I ot o ll e 11ap a ea IS covered by a 60 0 ft th k 
andes ne basEtl flo v the J ralosa Draw obe of th North PILl ns la Ll field 
(Qb Laug li el a! (1979) eportedl a K A.r age of 1 41 0 29m y for 
th s flow n T6N R17\V Bee use ot col lap tr ctures w hm the ba alt 
the u a e of th s Ho"" co 1tams numerous depress ons v.. hich co lee 
Q aternnrv allm urn Th s flov,; was no t observed o oe m contact v. th 
the Fence Lake For nat on The underlymg Moreno H II FormatiOn h ow 
ever does fo m an ang Jar Lm onfon:n 1ty w th the o lv ng ha al flow 

Other Qua e a } depos Is d \ 1d ually mapped are 1) unconsol dated 
sIt and sand (Qa wh h s restr ctted o hf' rf'a wh re he B dah ch 
Fo matm s prese t n tl e no ther 'lillOS par of map area 2) ol uv a 
dC'pos ts (Q ) th e1t ons s of large hlock of ba a that have broken fr m 
the Jaralosa Draw lobe of the North Pia ns lava f eld and that o erhe o der 
sedJmf'n s and (I) tream depos1ted ed ments (Qal) that arc found m 
val e) bo lo s T 1ese are gei e allv only a few feet th ck unconsol da ted 
m nnture nd ange n stzc from cl fl y o cobb f' 

o1 RUCTURE OF THE SALT LAKE COAL FIELD 

The sf uct re nf thP Salt l.Llkf' c al ld relat 1) s mp le \ ff':v.: maJO 
faults are p ese t t1 e most pro m ne t of wh c IS o a ed along NM 32 
n the veslcrn port on of thC' f dd F.x tr ns ve f hng IS nd at d n he 

Fe ce Lake a d Rmcon IIondo quadrangles n the cent al p ort on of he 
fiC'ld D1sp f'men 011 thf' " Ll 1t d ff ult o de term n <1 n d p 

reco ded fol th area and outcrops are sparse Calculat on of the d ps 
t 7. ng s h u t::J C' <1nd u fac data md c te that th d plac mmt n 

these aults a e onlv a few feet at max mum f g J a structural con ou 
map nf he np nf he Atarque Sandstone F m th t read } apparent 
tl a the eg o al d p of tl IS un t s to tl e southeas One p om en struc 
tural fe t e s b o<~d nor hw e t trend ng s~ncl n m thr aTf' il o S nta 
Rlla Mesa The o Ll eas et I b wh c I as t1 e best co t o ha a d p 
of pp ox mately 2 Th c stern po ton of th s rc has so hf'astf'rn 
d p of app uximatelv 1 fhe eg o a! d p s 3 o I e sou 1 east but 
T a y voknn sm h ~ ca sC'd loc ddorm Hon thm r,ho t the fwld 
esul mg u a v s all ilexures 
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COAL GEOLOGY 

N 

N 

V\ork by Campbell 1981) Ro)bal and C mpbell 1 31) Ro)bal 1982) 
Campbell and Ro} bal (1981) and Camp be l (1987) h s shov.. n tha t the ua ~ 
m the eas tew poi t10n of the Sal Lake coal f eld are b tum nous B and C 
n mnk Coal resources were calcu ted bv pro1ectmg h1s ank for on 

11 the wesle 1 po L on of t1 e fteld at d b) u g tl e m un tl ck ess 
of 1 2 t for b tununo s o s n the eso rce ale I ttons (Wood et I 
1983) Based o 1 1 e dat f on ll1s sludv t1 e coal esou 1:es fo he Salt 
lake o fie ld are 430 rrull on tons of wh:ich )42 m II on tons ha e 
str ppmg at o o JO 1 o less lhese resou ces aie d stnbuted among four 
coal be ng zon es n the Salt Lake oa f C']d Tnblc 2 hows the mmsured 
a d 11 dt a led to ages lo h ee dep ll a ego 1es a d a sl pf g at o of 
20 1 for the fo r oal zones m the Mo eno H I Form on 

u ccs fo th four coa zone n the Mo eno H J Fo mat on 
! on tons Amnmumthcknesof ftwa ued n he 

9 1 
8 

0 0 

8 
35 
00 0 

Mos of the oalresource are nTheDyke andCe roP e a quadrangles 
vhere he th ke t bt>d ( n ex e~s u Y tt) n the f eld ha e been found 

Ro) bal (1q8" nd ated south vard coot n tiGn of the coals th are 
pre e t n tl e suu l er por t 01 uf tl e Cerro P do quad angle u o l e 
Te1an Mes q dr ngle The Moreno 11 II Form ton h ns to the "'es 
thus reduc ng the thickne s of the potent a! cwl bear ng s tra a 

The olde outcropp ng coal zone s n he Dakota Format on n sees 1 
and ? T3N R19W and n e 18 T6N R1 SV.. These ua are pou lv 
exposed and appear to be only 2 3 ft thtck and genera ly d scant m ous 

l Dakota ua1 zune as pe tetra ted bv a d 111 o e n tl e Cer u Pr eto 
quadrangle No anal) se are ava able tor these coals and no reso rces 
were calculated 

Antelope zone 

Four mal zo es the Mo el o H 11 Fo mat1on Lhe A telope Cer u 
Pr cto Rabb t and Tv.. l ght zones are 1dent fable n ou crop and from 
geophvs cal og data The o vest zone the An elope zone s pre ent 1 
thf' 0 f th1c:k nter al abmC' the t p of the 1\ arque Sandstone Thf' coa s 
m th s one do not op o t n he e s ern po on of the Salt Lake co.1.l 
field howeve drilhng penetrated An elope zone o Is n his p t of he 
field In the v..;ee ern pur un ut the held the A.ntelupe :.wn~ U e u tlv 
o I zone present n he Mo en H 1J Forn M on RasPd on a\' a nhle da ta 

ll e 'e s no lre d lh k es fo the A elope zo e oals other tl a he 
th ckest coals a em the v..es ern port on ot the eld F g 4 shows the areal 
d st Ibut or aJ d tJ k es ut A1 e ope zon a! f1 e A Lelope zot e 
cons s ts of at mos two beds w th an average 0 f!f e th1ckness o 2 8 
+ 1 3 tl fl ese Lim beds average 1 9 0 9 ll Lluck a d rap d y g a de to 
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FIG! RF: 4 Map showmg d but n and I ckn ss e n feet Antel pe zone 
coa s n he Fen e l 11 ke 5 Q(JOq d ;mg t> 

carbonacrou hnles as nd c.atf'd by dnll h I and utcr p data The An 
telope zone coals are as much as 5 8 ft th ck n an au rop n sec 31 TSN 
RlRV\ but th th ckne d e n c n mue for anv d sta ce late allv In 
some outcrops these coal beds ha\ e th n kaol n t c lavers " h ch often 
extend throughout the ent re bed The ft'w ana yse ava !able for the~e 
coals (Table -') sho van ash content as htgh as 21 01 9 64"il and sho;.o. 
nn r C' ed heat ng l.' 1 C' n lnw <1 R R27 1 R9 BTU lb The mmst 
m neral matte free hea mg (MMPBTL) value s 11 496 ? BTU lb s nee 
th s mal agglomf'ra ng a rank f h gh v 1 t le C b tum n u f r these 
coals s md cated MMPBTU atues for resource cakulat ons fo a four 
c al z ne are ba ed n n n ulfa e bearmg al (Campbell 198 ) Sulfur 
content fo these coals s 0 88 0 5 X, and pvnt ulfur conten s 0 3, 
+ 0 34% The est mated measured and mdJCated resource n the Antelope 
zone are 10 m 11 on tons of wh ch 34 rrul on tons have a tr pp ng ra t o 

f le than 20 1 (Tab! 2) 

fABLE 3 Combust 

No 

Cerro Pr eto zone 

Abo e the An elope zone and approxrm ely ISO ft above !he Atil q c 
Sat dslo e tl e Cer oF 1 elo zo e II s zone IS o prese t m he weste I 
port on ot the Salt Lake co I field b t l n h cknc of 76 ft n th 
eas er port o of lhe 1 e d A n ax nu 1 ot tom oal beds co pose the 
Cerro Pr eto zon v.. th nd vtdual bed r ngmg from 1 to q Sf Lh k An 
1sopach map Fig 5 h ows the h1ckest L'Ual t have a northwest southeast 
trend One maJOr bed n the Cerro Pr eto zone ar es from 6 to 9 5 ft m 
th ckness and s re<1d ly r c gmzed by t vo hin ka 1 t pcir rr g e t' 

part ngs are uniformly 22 nches apart The upper pa t ng s 0 25 nch 
th k and lh 1 v r p<1rt n0 0 J n h th k Based n tl e r u lium 
th ckness the constant nte val be ween them and the r vtde geograph c 
extent the e pa t ngs Jre bel e ed o be tonste ns These two kaol n t c 
pa t gs o tons eu s a e the otly v s be m neral matter n hese seams 
except for those m ncmls prescn JS c cat f 1 ngs Th s coal bed s referred 
to as he Double T bed and s best exposed m a bulldozer cut m sec ~ 
T4N R17W v..;here t m au e ? , ft The D uble T ual ea t V\icl ured 
m sec 31 T4N R16W where 9 "if f oal v..;ere reo ered The hree 
reman ng oEtl beds n the Lerro Pneto zone a e d scant nuo and grade 
late all u tu mrbona ~ou s hales 
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F GU {E Jsop<1 nap how ng d st b on and h knes e n ee o Ce o 
l e o zone coal I e Fe e L ke 1 50 000 quad an, e 

Then rthv.: t p t n f he Cen [net 4uadran~le :on tam numer 
ous th n beds of coal These coals although Ia eral y con nuou rarely 
exceed 3 ft m th1ckness Coal m th area arto nte bedded w th hanne 
sands ones " h ch n many ases cut nto the coals The vertical nter als 
between sandstone bod es are general y less than 15ft Th1s h gh frequency 
ot h nne coals v.. th numerous hanne s md.icates a greater degree o 
channel ng e tr ct ng al swamp de elupmen I the area south ot H 1 
TGp Mesa the hanne sandstones occl r less freql entlv and ert c 
u erval of 30 + f a 1d the coa1s a e gene all ;.-, 6 f IJCk Whe e the 
th ckc>st coals ocCl r ec 1 T4:-J R16V\ there f' only th ef' sandstone 
w t n a 260 ft verh al n te d 1 e e t eke ual ctssuuated w tl U ker 
and strat gr ph all) If's treq ent sands ones are nd at1ve of a morf' 
stable e uo e L w lh less flu tual on of st ea n cl a l els wl1ch al 
]o.,.ed for thtcker o l de elopmen <\ :lr ll hole o ed n ec 31 T5N 
R17V\i pe elrates tl e entrre low e Mo e o Hd Format10 and the Ce ro 
P 1 to zone s reprc cntcd by thr th n ooal beds and only wo 1 ft th k 
sand ones ave a 40 t terval 1 h s s the westen bounda y for the 
Cerro Pr e to 7 ::me 

The ave age otal oal Lluckness o lhe Ce ro P e o zo e t L e Fe e 
I ake 1 SO 0()0 qua:Jrangle s 5 "> + "> tt nd the averaF;e md1v dual bed 
tltcki essts 3 6 1 9 t Coal f on th s zone ha e an ash co te of 18 44 

777(/f anae geml.Stureconcntof13R9 21~ nave gcsulft 
content of 0 67 0 2501: and a pyr t c sulfur on tent ot 0 19 0 15 
(TablP ::;) Thf' D ub e T bed doc not varv s gn fkant y from the ther 
Cerro P eto zone oals except n ash oonten vh h e ages 13 94 
6 71 01 C.:ua tru l t; zo e l a an a e age at; re etved J eat g a ue o 
9 04 + 1 ?01 BTUIJb and an a erage m t nuneral matter free heatmg 
value of 11 549 560 BTU lb nd a ng a rank of htgh volatile C b u 
n mou~ 11 e esll ated n easured a d d a ed Lesou ces fot the Ler o 
Pne o zone are 24 mill on tons o wh ch 7 6 m lhon tons h vc il stnppmg 
rat o uf e s ll a 20 1 (Table ? ) 

RabbJt zone 

The next coal zone n the Mo eno II lll'ormat on ts he Rabb t zone 
Th e ba e of h1s zone s lo a ted approx ma ely 'J90 ft above the top of the 
Atarque Sa dstone and approx rna ely iiO ft below he base of the mtddle 
memhC'T of thf' Morrno H 11 Format 011 n the m stern p L1 of h Sat Take 
coal f eld L ke the Cerro Pneto zone the Rabbit zone thiCken from ... es 
to east bem!-; 3 0 ft th1ck at t ...., e ternm t extent and 70 f th k n the 
east The Rabb1t zone has as manv as our coal bed gene ally he second 
bf'd from th bo tom thf' thwkrst Th s bC'd r0ferred to as tl e lagus 
bed has a SI gle kaolm IC par mg I ch d s mgu shes th s zone f om 
the low e CPr o P eto 70ne The kao mtlc part ng has a un form th ckness 
of 0 5 l at d s fou d 1ea I e Lop of t1 e ted T e Lagt s bed has a 
m xtm 1m o tcrop th kness of "> 0 f n sec 27 T1I\ Rl 7V\ n d r I 
hole 1 sec 30 T;.-,N R 6¥\i l u s bed s :J ft I ck ho veve n sec 23 
TSN RJ6W t b cn t nd a mg ap d eastv..; d h nn ng Coa n sec 
33 T6N R16W also con tams a smg e tonste n n d cat ng a nor heast trend 
fortheRabb tznr Tn hsd llhoe 11f of o are pres( n nthree 
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FIGURE 6 lsopa <~p I w g dit;tr b o a d tJ k e e fee f{ l: 
u I;' ual e f ~ Lakt;> 1 0 000 l[U J a gil;' 

beds over a 60 ft vertical ntervnl Drdl ng far her nor h hawed no con 
t nuat1 n t th a! 

Isopach mapp ng of the to a! coal th ckness m the fu bb zone (F g 6) 
h w an hea t u hv..e trend u t f7ea es ~.:oal w.:k e s 1 o 1l as 
vtth Le ro Pr eto zone coals he thtckest Rabb t coals a e located no th 

of Flat Top Mesa The Rabb zon docs not ext nd northwest ot ec 12 
IS!\ Rl7W vhe e t s p esent as a 2 ft th ck bed To he south Rabb t 
zone o Is reo ndilsa?ft h cko cop nscc 31 T4N R1fiW R ybal 
(11;1~2) no led ll e p "Cse1 ce of Rabb t coa n the TeJana Mesa quadrangle 
so th of the Fence L ke 10 000 q• adr ng 

I eave age total coal thtckness n he Rabb t zone s 4 4 3 1 ft and 
the ave ge bed h ckncs s 1 9 tt The average as rece ved a h 1s 
15"7 + 611 a d heaveagenoiStme ontetts1440 24m Sulfu 
averages 0 69 0 ?10f and he pyr tic ulfur content average 0 14 
0 U~ Table 3 TIe ave age as ece ed hea ng ue for this zone JS 

9 ?34 + 1 S11 BTU lh flnd th ve age m t mme a! matte free heat ng 
value s 76 199 Billlb nd tng r nk of h bh olat e C b 
n ous Tl e es m ed measu ed arud nd ca ed resources fo the R bb t 
zone are approXlmate y 130 mill on ton of vh h 3? rr 1J.1 u tuns I a e <t 

st ppmg ra tiO of less han 0 1 Table 2) 

TYIO tl ght zone 

The h ghcst on zone n he Moreno Hill Format un he Tv. hg t zone 
s found Vlth n a 50 ft m erva n the upper member of the Moreno Hill 

Formatwn Th s zone con t f f m net th ee bed ea t as ud a::; 

5 tt th ck Prom the data ava table no beds m the Tw gh zone are 
traceable II anv ex ent PL t of he kn 1 uut TO)Jb of I s ZOI e F b ~ 
sho v that s restr ed to the eastern port on of the Sa Lake oal fed 
Contour ng w:as not attempted because of the b Ia ed mrre es of1hebe 
coals The a e age bed th ckness s 1 8 0 5 ft Coals from h1s zone have 
an avemge as r ce ed a h c nten ot 21 91 + 3 85o/r a1 a erage nu sture 
con ten of o (f7 0 39 and a heat ng value o 8 926 1 136 BTU lb 
(Table ) The e vah e however e b d on out rop dat and do not 
efled fresl oal a alyses Tl e eshma ed n easUied at d mdtcated e 

so rces v.;e e not cal lated because of he k of dat 

CJMa nens 

CJsasA F ov 

F CURE - Mup bd bu o at d I k sses ee l ilig zo e oal 
n It;> Fl;' e L ke 150 OJO quad a gle 

Companson w1th continental and regressive coals 

Table 4 com par s the c mbust on am lvsC's f thC' M rf'no H 11 FormCJt on 
coals v..1th the combust on analyses of coals from the regress ve Cleary 
M mher of thC' Mf'n ft' f' Fnrmat1on mnd w h the mbu mn analy es uf 
coals fron the conhnental G bson C eary Member n the G llup oa field 
The as re f' ved mo ure con ten for the Moreno Hill F(o)rmatton coals IS 

g fi a t} lo"vv.er than that fo n:l fo e her the Clear} Member CGa!s o 
th G l: on Cleary uals A 1.:0 e l o t eo l er I a d s uc I gl e 

the Moreno H ill F rmat on coals even h ugl tl ~ ur ly ~ ble pa l 1 gs 
re tonstens Th s nd caes hat hemoncleat m neralma te nthr o s 
'Vas a ned du t g pea depos on rathe than du ng overbank or 

crev sse spl ) depos hOI1 v,; hwh WO'l d b r flec:tC'd bv VIS ble part ngs 
The vo a tile mater n he Murenu llill .fu 1 a hun wls s lo e tl a t al 
m e her the Clea } Member oa s or the coals of the Gallt p f eld on e1the 
an a reL'eiV€d or a dry a h fee bass. T e heal 0 value for the Salt Lake 
Moreno H U Forma on coals near y 1 000 BTU 1b ower th n the heat ng 
value~ lu t e oals fun lhe olhe t vo a eas whethe hey a e compared 
on an as rece1ved or dr) ash trel' b11s ln g nf'r 1 thC' u m.1 C' nna y s 
are stg f ut tlv luwe I a v. hal s lou d fo ll e o l e l vo coal popu 
lat ons Pyr t c If conten ot the Moreno Hill Format on rolll!'l mo P 

m la tu tha ut he G bsurvCiea v Me be oals n I e Gallup eld ll a 
to the regresstve coals from he Cleary Member of the Menefee Forma on 
Like u;e he L gan ulf ur o ten l of 1: olh Mo e o H and tl e Gtbso 
Clear) Member coals s lowe h n t he organ c s 1ft r ontent of the re 
gre s e Clear) Menter al Fo both lhe Moe o H l fo I a o oals 
and the G bsoruClea y coals m he Gallup area the I k of manne n£1 ence 
has kept he pyr t c sulfu and the total sulfur I w Ca!:iag aide (1977 1 as 
shov. n that peats formed w th no mar ne nt uen e have a Jower st lf 1 
nn ent th3n pmt formed w1th mar ne nt:luent:e 

CHEMICAL t.,NALYSES 

n 
us 
534 
044 
0 6 

' 0 0 36 
0 04 5 
0 40 36 

Thf' chf'mlc.Jl 3nalvses un n th 3! fr m the Sal Lake a! f eld 
cons s of the ma or ox des (S 0 t\.1 0 Fe 0 TO CaO MgO Na 0 
K 0 P 0 ) and the ater soluble a kalies (Table 5) Only three samp es 
ftc n I e Antelope zone were an lyzed not enough for mean ngful om 
par ons v h hf' nthPr tv.;o zone Th ave age f th e mal r ox de 
for he hree zones do not d ffer great! The Cerro Pr e o and Rabb t zone 
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DESCRIPTION OF UN ITS 

Collvv urn 
od d MC 

0 g b of a a hJ h b ok em o.v G.bo do 

R o Salado Tongue of the Mancos Shale--oft h 
o b OOd 

9 
be ded !em 

Lowe po rt of he Man o Shale-----ceo 

3 

3 
3 

b dJ ..s ._., e 

9 
2 88 
1 03 
0 ' 
0 J 
0 54 
0 09 

JJ 
0 7 

l 
UUB 

003 
0 19 
0 08 

81 10 

44 
44 
44 
44 
44 
44 
44 
44 
3 
32 
44 
11 
11 

07 
0 5 
0 2 

0 ' 
0 4 
0 05 
00 
0 05 
0 003 
0 
0 08 

85 40 

0 46 
00 
0 40 
0 05 
001 
0 03 
0 (]03 
0 06 
004 

luble alb! e and ulf de n 

p k ' 

d wa e S( luble kal e 

Robb n 

0 34 
0 34 

0 
04 
0 03 
03 
0 05 
001 
00 
000 
0 3 
00 
800 

diffe only m the amounts o S 0 and o\.1 0 piesent 1owe e L1 e a u 
of AI U o S U s s Jar t dt a l g U a ll e arne amounts of davs and 
qu trtz are present m these two zone The total ron m two of the 7ones 
s s m ar ho veve the hree samples from the Antelope zone co a n 
o 1s de ably u 1 u H a e tf t t e Ce u l e o or Rabbit zones Cau 
IOn must be exerc sed here because of the pauctty of samples tram the 

lower 1 ost AI teloFe ual zone Re nu a! t the n presen n he form 
of s fides does not reduce the nonpyr c tron ontent s gmf can lv Th s 
o relates w I he low pvr te marcabtte content found n hese coa s 

ThP vate sol ble alkal es d ffer ons1derablv between the Cerro Pr eta 
a d Ratb l "'01 es I ,..,a er solutle sud urn m the Ce ro Pr eto zune s 
s gruf antly h gher and mo e ar ab e (0 0~ + 0 0301 ) han that present 

he Rabl: zo e (0 01 U (1 ) II e a ou tot suJ. WI att Ibu tab e to 
atcr sol hi sod urn m he Cerro Pr eto zone s 45"" wh le n the R bb t 

zone only L '-7. ot the sod un s att butable to L e v..;aler soluble or 
Wa e lub potas urn fo both zones s pproxtm elv eqt a v,; th an 
a etage of 0 L03 L 003 to the Cerro 1 r eto zon and an av age of 
0 004 0 00301 fo he R bb t zone The v.. ater soluble p otass un s 6 
of l e to a polass u n t e Cerru 1 eto z ne and lO.:Z f the to Lli po 

s m n the Rabb t zone The otal a kah con ent of the water n the Salt 
Lake coa fteld ave ageb 0 02 + 0 01 M Gu k and St ne 19Rti c n d 
e bly less han he vater so uble alkal con ent o he coals Thus the 
lo o.l vate ou d be U!>ed tc remove some of the alkal content of the coa 
n Pstn bl sh bette control o the ash f son char cter s cs of these oa s 

Tht' e t ma edt mperaturcs at vh ch the oal a h caches a v c sty of 
50 pose are un fo m ave ag ng approx n ely 2700 P wh cl eflect he 

ur urm untent t the rna r ox1de n th Cer Pneto <1nd Rabb mnl 
zones Remo a ot the v. ater soluble a kal es as veil as the su f de ron 
t'liu~.: he b e od atu on 't'.l t bu nu e mpurta lv reuu e he 
a abltyofth ra ta"' th n lhe co s pro dngamo eLmfo my fou ng 
sh m p wer plants 

S1x seams n the Cer o Pne o and Rabb1t coal zones v,;e e cored nd 
sa 1p ed 1 deta tJ ee LO e~ vere t< ke fron tl e {abb t zu e aid three 

ere ken from the Cer o Pr eto zone Samp les v.. ere t ken at 1 ft m erva 
ove1 l e e l1 e lh k ess ol Ll e bed I able 6 s ows I e verl al d but 01 

:lf th m ]Or ox ics s wei s the water sol ble lkal es hlorme end 
fluor ne I he op f nterval of seveta o I e o es Jour ou t o[ s x) s 
enr1ched m eH' al Plf'ments (Fe Ca Nil and K Th s enr hment s not 
s n p y a ttr butable to a I 1gl er lsh co e1 t as a be see wo d d 
hole n the C'P ro Pnf'to co I mne n sec tl T3N R16W nd se 21 T4N 
Rl7W where low ash samples have a htgher oncen at 01 o( these ele 
ml:'nt The upper Bmpl nth two co es arC' gre tly n hed n snd m 
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TABLE 6-Vertical distribution of the major oxides, chlorine, fluorine, and water-soluble alkalies in the Moreno Hill Formation coals, Salt Lake coal 
field. All elemental analyses reported on a whole-coal basis. - indicates analysis not run. 

Location 

Cerro Prieto 
coal zone 
sec. 31, 

T4N, R16W 

Cerro Prieto 
coal zone 

sec. 6, 
T3N, R16W 

Cerro Prieto 
coal zone 
sec. 23, 

T4N, R17W 

Cored interval 
(in feet) 

48.0- 49.0 
49.0- 50.0 
50.0- 51.0 
51.0- 52.0 
52.0- 53.0 
53.0- 54.0 

48.2- 48.9 
48.9- 49.8 
49.8- 50.7 
50.7- 51.6 

31.0- 32.0 
32.0- 33.0 
33.0- 34.0 
34.0- 35.0 
35.0- 36.0 

No. of samples analyzed 
Mean 
S.D. 

Rabbit 
coal zone 
sec. 14, 

T4N, R17W 

Rabbit 
coal zone 
sec. 30, 

T5N, R16W 

Rabbit 
coal zone 
sec. 33, 

T6N, R16W 

138.0-139.0 
139.0-140.0 
140.0-141.0 
141.0-142.0 
142.0-143.0 

180.0-181.0 
181.0-182.0 
182.0-183.0 
183.0-184.0 
184.0-185.0 
185.0-186.0 
186.0-186.5 

42.8- 43.7 
44.1- 45.0 
89.0- 90.0 
96.6- 97.4 
97.4- 98.7 
98.7- 99.8 

No. of samples analyzed 
Mean 
S.D. 

Ash 
% 

10.73 
8.39 

12.71 
9.44 

15.67 
12.36 

33.61 
37.31 
10.46 
13.25 

14.63 
36.72 

7.34 
14.47 
11.31 

15 
16.56 
10.39 

37.97 
7.93 

24.25 
6.34 

10.00 

12.78 
31.45 
13.73 
8.93 

12.42 
7.69 

12.39 

18.39 
13.49 
19.13 
18.53 
9.48 
4.66 

18 
15.22 
9.02 

5.59 
4.32 
6.83 
4.46 
9.60 
6.93 

17.68 
19.41 
5.31 
6.23 

4.51 
19.20 
4.02 
7.66 
4.47 

15 
8.41 
5.57 

19.50 
3.35 

12.27 
2.84 
4.79 

7.93 
20.21 
8.05 
4.89 
7.18 
3.75 
7.13 

11.61 

11.71 
9.71 

1.99 

16 
8.56 
5.47 

2.29 
1.55 
2.61 
2.43 
2.89 
2.81 

5.65 
5.90 
1.95 
3.31 

2.93 
12.30 

1.17 
3.88 
1.59 

15 
3.55 
2.78 

6.35 
1.43 
7.66 
1.35 
2.22 

3.51 
7.48 
3.93 
1.46 
3.56 
1.78 
3.22 

3.04 
2.23 
5.69 
4.82 
2.46 
0.92 

18 
3.51 
2.10 

0.16 
0.14 
0.21 
0.17 
0.20 
0.37 

0.46 
0.31 
0.18 
0.17 

0.25 
0.30 
0.08 
0.46 
0.03 

15 
0.23 
0.13 

0.32 
0.01 
0.20 
0.06 
0.24 

0.18 
0.38 
0.26 
0.15 
0.27 
0.10 
0.19 

0.28 
0.21 
0.30 
0.32 
0.16 
0.04 

18 
0.20 
0.10 

0.62 
0.18 
0.53 
0.15 
0.71 
0.19 

1.79 
2.06 
0.78 
1.46 

0.82 
0.68 
0.15 
0.26 
1.37 

15 
0.78 
0.62 

1.07 
0.62 
0.62 
0.32 
0.43 

0.21 
1.69 
0.42 
0.33 
0.54 
0.47 
0.78 

0.54 
0.40 
1.14 
0.49 
0.25 
0.19 

18 
0.58 
0.38 

MgO 
% 

0.08 
0.08 
0.07 
0.04 
0.06 
0.04 

0.44 
0.45 
0.08 
0.08 

0.10 
0.08 
0.05 
0.05 
0.11 

15 
0.12 
0.13 

0.21 
0.05 
0.06 
0.05 
0.04 

0.09 
0.02 
0.08 
0.07 
0.09 
0.07 
0.12 

0.08 
0.06 
0.09 
0.05 
0.02 
0.06 

18 
0.07 
0.04 

CaO 
% 

0.50 
0.49 
0.53 
0.56 
0.46 
0.12 

3.43 
4.21 
0.78 
0.52 

2.70 
0.97 
0.48 
0.61 
1.21 

15 
1.17 
1.24 

4.55 
0.54 
0.93 
0.57 
0.60 

0.64 
0.84 
0.68 
0.54 
0.61 
0.79 
0.67 

0.48 
0.35 
1.12 
0.43 
0.22 
0.50 

18 
0.84 
0.95 

0.02 
0.01 
0.02 
0.01 
0.01 
0.01 

0.13 
0.11 
0.03 
0.08 

0.13 
0.07 
0.01 
0.12 
0.08 

15 
0.06 
0.05 

0.43 
0.02 
0.04 
0.01 
0.02 

0.02 
0.25 
0.02 
0.00 
0.01 
0.01 
0.06 

0.01 
0.01 
0.03 
0.03 
0.02 
0.01 

18 
0.06 
0.11 

0.04 
0.04 
0.05 
0.05 
0.07 
0.08 

2.73 
0.29 
0.06 
0.10 

2.13 
0.10 
0.04 
0.03 
0.03 

15 
0.39 
0.84 

0.14 
0.05 
0.07 
0.05 
0.05 

0.02 
0.03 
0.01 
0.02 
0.02 
0.03 
0.02 

0.02 
0.02 
0.03 
0.02 
0.01 
0.02 

18 
0.04 
0.03 

0.05 
0.02 
0.06 
0.12 
0.17 

0.03 
0.04 

0.06 

8 
0.07 
0.06 

0.06 

0.06 
0.06 

0.01 

0.17 
0.04 
0.05 
0.02 

0.34 

0.05 
0.02 

11 
0.08 
0.10 

Cl 
ppm 

101 
41 

159 

175 
134 

123 
201 
164 
117 

375 
63 
93 

299 
168 

14 
158 
89 

266 
115 
138 
145 
102 

115 
156 
132 
121 
159 
135 

123 

106 
248 

284 

15 
156 
59 

F 
ppm 

156 
136 
159 

152 
110 

113 
100 
115 
177 

149 
98 
73 

165 
150 

14 
132 
31 

298 
139 
143 
151 
155 

94 
155 
145 
163 
105 
149 

87 
97 
83 

100 

91 

15 
138 
53 

HNa 
ppm 

423 
531 
273 
980 
506 
342 

848 
555 
478 
353 

867 
853 
540 
437 
548 

15 
569 
216 

576 
444 
560 
417 
481 

593 
462 
405 
356 
318 

192 
276 
248 
276 
147 
213 

16 
373 
141 

HK 
ppm 

50 
89 
23 

130 
39 
20 

48 
36 
57 
55 

85 
103 

74 
62 
48 

15 
61 
30 

94 
22 
62 
43 
55 

39 
51 
38 
55 
39 

26 
48 
35 
60 
14 
26 

16 
44 
19 

TABLE ?-Vertical distribution of the trace-element compositions of the Moreno Hill Formation coals, Salt Lake coal field. All analyses reported on 
a whole-coal basis. -indicates analysis not run. 

Location 

Cerro Prieto 
coal zone 
sec. 31, 

T4N, R16W 

Cerro Prieto 
coal zone 

sec. 6, 
T3N, R16W 

Cerro Prieto 
coal zone 
sec. 23, 

T4N, R17W 

Cored interval 
(in feeU 

48.0- 49.0 
49.0- 50.0 
50.0- 51.0 
51.0- 52.0 
52.0- 53.0 

48.2- 48.9 
48.9- 49.8 
49.8- 50.7 
50.7- 51.6 

31.0- 32.0 
32.0- 33.0 
33.0- 34.0 
34.0- 35.0 
35.0- 36.0 

No. of samples analyzed 
Mean 
S.D. 

Rabbit 
coal zone 
sec. 14, 

T4N, R17W 

Rabbit 
coal zone 
sec. 30, 

T5N, R16W 

Rabbit 
coal zone 
sec. 33, 

T6N, R16W 

138.0-139.0 
139.0-140.0 
140.0-141.0 
141.0-142.0 
142.0-143.0 

181.0-182.0 
182.0-183.0 
183.0-184.0 
184.0-185.0 
185.0-186.0 
186.0-186.5 

42.8- 43.7 
44.1- 45.0 
89.0- 90.0 
96.6- 97.4 
97.4- 98.7 

No. of samples analyzed 
Mean 
S.D. 

Ash 
% 

10.73 
8.39 

12.71 
9.44 

15.67 

33.61 
37.31 
10.46 
13.25 

14.63 
36.72 
7.34 

14.47 
11.31 

14 
16.86 
10.61 

37.97 
7.93 

24.25 
6.34 

10.00 

31.45 
13.73 
8.93 

12.42 
7.69 

12.39 

18.39 
13.49 
19.13 
18.53 
9.48 

16 
15.76 
8.96 

As 

0.8 
1.1 

1.1 

1.9 
2.3 
1.5 
1.8 

1.8 
0.5 
1.0 
0.8 
0.9 

12 
1.3 
0.6 

1.2 
1.0 
0.7 
1.2 
7.0 

1.1 
1.4 
1.0 

0.8 
1.1 

1.8 
0.9 
1.0 
0.8 
1.8 

15 
1.5 
1.6 

Be 

2.0 
6.0 
0.3 
0.2 
0.4 

0.7 
1.0 
1.0 
4.0 

1.0 
0.2 
2.0 
0.7 
4.0 

14 
1.7 
1.8 

0.1 
0.8 
0.2 
2.0 
3.0 

0.3 
1.0 
0.6 
0.8 
0.6 
2.0 

3.0 
4.0 
2.0 
5.0 
2.0 

16 
1.7 
1.4 

Cr 

5 
10 
6 
3 
8 

1 
17 
8 
8 

23 
4 
6 
9 
3 

14 
8 
6 

26 
2 
4 
3 

11 

22 
3 
9 

12 
7 

11 

6 
11 
9 
6 
1 

16 
9 
7 

Cu 

7 
19 
11 
7 

15 

7 
29 
9 
9 

16 
16 
24 
15 

8 

14 
14 

7 

14 
5 

15 
6 
9 

8 
9 

11 
12 
3 

10 

18 
12 
24 

9 
8 

16 
11 
5 

Hg 

0.33 
0.18 
0.03 
0.20 

0.09 
0.02 
0.11 

0.26 
0.14 
0.60 

0.20 

11 
0.14 
0.10 

0.12 
0.10 
0.18 
0.04 
0.19 

0.19 
0.23 
0.18 
0.16 
0.26 

0.11 
0.10 

0.28 

13 
0.16 
0.07 

Li 

4 
3 
4 
3 
4 

11 
11 
5 
3 

I 
2 

11 
2 
2 

14 
5 
4 

1 
6 
3 

11 
3 

7 
4 
4 
6 
2 
2 

12 
7 
8 

12 
5 

16 
6 
4 

Mn Mo 
(values in ppm) 

23 
76 
36 
63 
41 

168 
209 
104 
60 

439 
104 
14 

123 
249 

14 
122 
115 

106 
18 
70 
14 

160 

42 
91 
89 
75 
45 
99 

19 
40 
39 
66 
25 

16 
62 
40 

24 

30 
24 
34 

57 
70 
24 
32 

55 
122 

5 
33 
23 

13 
41 
30 

74 
9 

74 
16 
24 

63 

20 

42 
36 
22 
55 
16 

12 
38 
24 

Nb 

5 

3 
2 
2 

7 
9 
2 
4 

10 
2 

3 

11 
4 
3 

6 
1 
5 

10 

2 
3 
6 
7 
1 

12 
4 
3 

Ni 

2 
3 
1 
1 
1 

6 
11 

5 
6 

1 
0.0 
5 
2 
3 

14 
3 
3 

1 
4 
3 
8 
5 

3 
3 
3 
3 
3 
7 

6 
9 
4 
4 
2 

16 
4 
2 

Pb 

7 
12 
5 
2 
3 

9 
11 
6 
4 

5 
1 
1 
6 
1 

14 
5 
4 

2 
0.0 

26 

8 
10 
6 

10 
2 
7 

5 
5 

23 
9 
2 

16 
8 
7 

Sb 

0.40 
0.27 

0.47 

0.31 
0.27 
0.70 
1.87 

0.18 

0.51 
0.54 
0.39 

11 
0.5 
0.5 

0.27 
0.21 
0.61 
0.49 
0.82 

0.55 
0.26 
0.35 
0.23 
0.24 
0.70 

1.41 
1.50 

1.10 
0.45 

15 
0.61 
0.42 

Sr 

12 
155 
35 
6 

29 

132 
173 

39 
28 

89 
3 

17 
41 
25 

14 
56 
57 

16 
45 
6 

93 
38 

47 
93 
89 
89 
27 
88 

34 
36 
42 
20 
41 

16 
50 
30 

v 

12 
25 
10 
3 
5 

11 
19 

8 
8 

5 
1 
9 

13 
4 

14 
10 
6 

3 
59 

3 
9 

21 

18 
27 
22 
36 
6 

30 

11 
11 
28 
21 
6 

16 
19 
15 

Zn 

4 
5 
3 
2 
1 

11 
22 

8 
8 

2 
1 

3 
5 

13 
6 
6 

2 
5 
4 

14 
4 
3 
3 
2 
5 

4 
4 

15 
10 

3 

16 
5 
4 



The chlorine content of these two coals is similar, the Cerro Prieto zone 
coals being slightly higher (158 ± 89 ppm) than those from the Rabbit 
zone (156 ± 59 ppm). Fluorine values are essentially the same; the Cerro 
Prieto zone coals average 132 ± 31 ppm, and the Rabbit zone coals average 
138 ± 53 ppm. 

Ash-fusion temperatures based on base/acid ratio calculations (Sage and 
Mcilroy, 1960) were calculated from the core presented in Table 6 and are 
similar for the Cerro Prieto and Rabbit coal zones. The greater range of 
base/acid ratios for coals from the Cerro Prieto zone, averaging 0.21 ± 
0.18, is reflected in a greater range of fusion temperatures. The temper­
atures needed for the ash of these coals to reach a viscosity of 250 poise 
range from 2800° F to 2200° F. Coals from the Rabbit zone with an average 
base/acid ratio of 0.15 ± 0.07 have much more uniform ash-fusion tem­
peratures, ranging from 2800° F to 2650° F. These base/acid ratios differ 
from those presented in Table 5 because they represent the fluctuations 
within a few seams and not over the entire field. 

The vertical distribution of the trace-element compositions in the Cerro 
Prieto and Rabbit coal zones is presented in Table 7. These two coal zones 
do not differ in the average whole-coal concentrations of trace elements 
except in manganese and vanadium. The Cerro Prieto zone has a notably 
higher average (122 ± 115 ppm) of manganese than the Rabbit zone (62 
± 40 ppm). However, the Rabbit zone is significantly higher in vanadium 
(19 ± 15 ppm) than the Cerro Prieto zone (10 ± 6 ppm). Barium was run 
on all 1-ft intervals but was not detected. 

The relationships of the trace elements within each zone show some 
interesting differences. In the Rabbit zone strontium, manganese, and 
nickel have a negative association with the ash content of the coal, indi­
cating an organic affinity. Whereas the Cerro Prieto zone coals have only 
manganese and beryllium associated with the organic fraction of the coal. 

Carbon tetrachloride was used to separate the minerals from the organic 
fraction of these samples. The mineral content of the Moreno Hill For­
mation coals, as determined by x-ray diffraction, consists of carbonates, 
sulfides, kaolinite, quartz, and sulfates. The kaolinite and quartz occur as 
finely disseminated grains within the coals. The diffraction patterns did 
not show any clay minerals except kaolinite. The absence of other silicates 
would then indicate that the silica present after removal of what is needed 
for kaolinite essentially represents the quartz in the sample. No vertical 
trends were observed for the nonkaolinitic silica. The iron presented in 
these tables reflects the nonsulfide iron in the coal. Pyrite, calcite, and 
gypsum are found largely as sheetlike growths along cleat surfaces. Gyp­
sum is present on coal outcrops and in shallow cores, probably the result 
of weathering (Campbell, 1987). At present, none of the zones can be 
characterized based on mineral content. 

A statistical summary of the major-oxide and trace-element contents of 
the Salt Lake coals is presented in Table 8. Averages for both the Cleary 
Member coals of the Menefee Formation and the Gibson/Cieary Member 
coals in the Gallup coal field are provided for comparison. The Gibson! 
Cleary Member was chosen because there are no marine influences from 
either an overlying or underlying marine unit. The Cleary Member of the 
Menefee Formation is a regressive sequence, which is underlain by the 
Point Lookout Sandstone. The only coal zone in the Moreno Hill Formation 
that has been influenced by marine deposition is the Antelope coal zone, 
which rests on top of the regressive Atarque Sandstone. 

Total Si02 and Al20 3 content for the Moreno Hill Formation coals of the 
Salt Lake field is much higher than that found in the coals of the Cleary 
Member or the Gibson/Cleary Member. However, the ratio of Al20 3 to 
Si02 is similar for all three groups of coals, indicating similar amounts of 
free quartz. The total iron content for these three groups of coals is similar, 
but the proportion of the different components is not the same. Removal 
of the iron in pyritic sulfur does not reduce the amount of iron significantly 
in the coals from the Salt Lake coal field, and this nonpyritic iron is similar 
to the amount of nonpyritic iron present in the Gibson/Cieary Member 
coals. Coals from the Cleary Member of the Menefee Formation have a 
much greater percentage of the total iron in the pyritic form. The concen­
tration of titanium is significantly higher in coals from the Salt Lake coal 
field than what is found in coals from either the Cleary Member or the 
Gibson/Cleary Member. Like titanium, calcium and phosphorus are more 
abundant in coals from the Salt Lake coal field than they are in coals from 
the other two populations. Total sodium and potassium, however, are 
lower in the Salt Lake coals than they are in the other two coal-bearing 
areas. Water-soluble sodium in the Salt Lake coals is significantly lower 
than what is found in either the Cleary Member coals or the Gibson/Cleary 
Member coals (Table 8). Even though the total amount of water-soluble 

TABLE 8-Major-oxide and trace-element analyses for the Moreno Hill Formation 
coals of the Salt Lake coal field, coals from the Cleary Member of the Menefee 
Formation, and Gibson/Cieary Member coals of the Gallup coal field . 

Moreno Hill Gibson/Cieary Member of 
Formation Cleary Member Crevasse Canyon/Menefee 

(Salt Lake coal fieldl Menefee Formation (G~IIup coal fieldl 
No. of No. of No. of 

samples Me~n S.D. samples Mean S.D. samples Mean S.D. 
analyzed 'To " analyzed 'i'o 'Yo analyzed " % 

Major-oxide composition 
(whole-coal basis) 

Si02 76 9.06 3.96 73 7.25 3.99 17 6.59 4.62 
Al203 76 4.02 1.94 73 2.65 1.88 17 2.63 1.84 
Fe;z03 76 0.69 0.43 73 0.77 0.57 17 0.59 0.33 
Fe:z03-51 76 0.67 0.46 73 0.58 0.40 17 0.48 0.26 
Ti02 76 0.23 0.12 73 0.13 0.06 17 0.15 0.09 
CaO 76 0.73 0.44 73 0.45 0.40 17 0.39 0.25 
MgO 76 0.10 0.05 73 0.12 0.08 17 0.12 0.06 
Na20 76 0.13 0.39 73 0.21 0.08 17 0.27 0.10 
K10 76 0.05 0.05 73 0.10 0.10 17 0.07 0.09 
PzOs 76 0.02 0.01 73 0.004 0.002 17 0.003 0.002 
HNa20 44 0.04 0.02 47 0.12 0.05 17 0.09 0.03 
HK20 44 0.003 0.003 47 0.005 0.003 17 0.004 0.001 

Trace-element composition 
(ashed·coal basis; all values in ppm) 

Be 30 14 12 89 25 27 38 17 10 
Cu 30 81 39 89 59 32 38 61 30 
Cr 30 58 37 88 156 101 38 45 14 
Li 30 42 18 89 36 15 38 39 18 
Mn 30 745 647 89 276 324 35 210 446 
Mo 13 229 69 39 151 71 24 14 10 
Ni 30 32 19 79 71 48 34 43 20 
Pb 30 58 48 89 65 40 38 30 19 
Sr 30 455 307 84 826 465 34 BOO 508 
v 26 137 99 80 181 66 33 119 27 
Zn 30 41 17 77 125 110 33 138 100 



sodium is different, the percentage of the total sodium in the Salt Lake 
coals attributable to the water-soluble form is similar to that of the Gibson/ 
Cleary Member coals, approximately one-third of the total sodium value. 
Coals from the Cleary Member have nearly half their total sodium in the 
water-soluble form. The water-soluble potassium, as well as the water­
soluble component of the total potassium is similar for all three coal groups. 
The amounts of beryllium and vanadium in the Salt Lake coals are similar 
to the amounts found in the Gibson/Cleary Member coals but significantly 
lower than the amounts found in the Cleary Member coals of the Menefee 
Formation. Copper, manganese, and molybdenum, on the other hand, 
are in notably higher concentrations than for either of the other two pop­
ulations. Nickel, strontium, and zinc are lower in the samples from the 
Salt Lake field than what is present in either of the other two populations. 
Lead concentrations are comparable to those found in the coals of the 
Cleary Member of the Menefee Formation but higher than what is present 
in the Gibson/Cleary Member coals. 

CONCLUSIONS 

Stratigraphic units in the Salt Lake coal field range from the Triassic 
Chinle Formation to a Quaternary basalt flow. Some of the oldest Creta­
ceous coals in New Mexico are found in two of these units. While the 
oldest coal is a zone in the Dakota Sandstone, the Moreno Hill Formation 
contains four coal zones. The regional dip for the Salt Lake field is ap­
proximately so to the southeast. Only a few major faults are present in 
the western portion of the field, and they have little effect on the coal­
bearing areas. Minor flexures because of Tertiary volcanism, however, do 
affect the coals. 

The Moreno Hill Formation is the major coal-bearing unit in the Salt 
Lake coal field. It is a sequence of continental sediments containing flu­
vially deposited coals. In the northern portion of the Salt Lake coal field, 
Moreno Hill sediments may•be as much as 700 ft thick. The Moreno Hill 
Formation can be broken down into three members; three coal zones are 
in the lower member, and one is in the upper member. 

The ash content is among the highest for New Mexico coals, and this 
mineral matter is finely disseminated, making it difficult to remove by 
conventional coal-cleaning methods. The rank of these coals is high-vol­
atile C bituminous. Both the total sulfur and pyritic-sulfur contents are 
low for coals in the two major coal-bearing zones, the Cerro Prieto and 
Rabbit zones, and resemble those values found in the Gibson/Cleary coals 
in the Gallup field. Only in the Antelope zone are these two values sig­
nificantly higher, resembling the values for the regressive Cleary Member 
coals of the Menefee Formation. The chemical and mineralogical charac­
teristics of these coals are uniform, indicating a consistent behavior of the 
ash in a power plant. 

The northern half of the Salt Lake coal field contains an estimated 480 
million tons of coal. These resources are present in three of the four coal 
zones. The Antelope zone has only 103 million tons of coal with a high 
stripping ratio of 66:1. The Cerro Prieto zone has a resource of 247 million 
tons with an average stripping ratio of 23:1. The Rabbit zone has a resource 
of 130 million tons with an average stripping ratio of 21:1. 
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