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CONTRIBUTIONS TO GENERAL GEOLOGY 

SURFACE GEOLOGY OF THE NASH DRAW QUADRANGLE, 
EDDY COUNTY, NEW MEXICO 

ABSTRACT 

Outcro~lping rocalts and s~~rf icial  tlelrosits of the Nash Draw quadrangle were 
n~alrpetl to 11r11vide geologic inforni:~tion for the 1T.R. d to~i i ic  Energy Commission's 
I'lo~vsh:~re progrnlrl. The quadrangle is rletir the north 111argir1 of the 1)elaware 
basin antl about 15 niiles east of Carlshntl, N. Mrs. The region is sparsely 
inhabited :lntl has an arid climate. 

As n ~ n c l ~  as  4.000 feet of salt antl nnhytlritr of I'rrniian age is present below 
the surface, but does not crop out in nornial thickness in this area or elsewhere 
because of their high solubility. These rocks have been divided into the Castile 
forir~ntion I)elo\v antl the Salndo forlnntion ahove. Rocks exposetl a t  the surface 
orerlie tllese soluhle rocks ant1 incalutle the Rustler formation of Late Permian 
age, the l'ierce Canyon redbeds ~ ) f  I'erniian or Triassic age, the Santa Rosa 
sandstone of Late Triassic age, antl the Gntuna formation, caliche, and a 
variety of unc20nsolitlated tleposits of late Cenozoic age. 

The Rustler forlnation of Late Peri~iian age is sub(livitl~(1 into four easily 
distinguishable n~eir~hers, escluding about 120 feet of the lower part. which is 
not e s ~ ~ o s e d  a t  the surfnre in this area. The oldest n~euibrr esl~osed is the 
Culehra dololnite ~nember, nt)out 30 fer t  thick, itleritifietl only in erratically tlis- 
tributed olitczrops in collapse areas. The Clllel~ra consists of ii~icroc'rystalline 
gray dolon~ite or tlolomitic liinestone charncterize(1 hg nnliierous spherical cavities 
1 to 10 111111 in t l iamet~r .  I t  is c!oi~for'iiial)ly overlain by the Taillarisk member, 
naiiic~tl herein for exposures direc.tly east of Tmnnrisk Flat. I t  consists of about 
115 feet of iilnssive gy[)surn at the surface, changing to anhydrite in the sub- 
slirface, and a hetl, 5 feet thick, of siltstone near the base. Surficial deforn~ation 
caused by hydration and solution are chnriicteristica of all the outcrops. The 
Tanlarisk n~einber is conformably overlain l)y the Rlagrnta member, about 20 
feet thick :n~d c,onsisting of alternating wavy laniinae of pale-red tlolon~ite and 
1)ale yello\vish-green :~nhytlrite or  gylrsurn. The top inernher of the Rustler 
formation colifori~~alrly orerlirs the Magenta antl is here named the Forty-niner 
member after Forty-niner Ri(lge, where it cLrops out. In  surface exposures i t  
consists of al)out 40 to 85 feet of broken antl sInnil)ed ni:~ssive gy1)surn and a bed 
of siltstone in the lowrr part. The siltstone beds in the Tamarisk antl Forty- 
niner i i ie i~~l~ers  l~robat~ly represent the insol111)le residne of salt t~etls reported 
froin the subsurface to the east. 

B1 





tioil \\-as oil bellalf of tlie Ofice of Test Oper:~tions, Allbuquet.qr~e 01)- 
erxtious (Illice, 17.S. Lltonlic Ei1el.g~ ('onlmission. 

This 1.13port describes the wwface geologic features of the area. 
,111 intc.iis~\ r ill\-est ig:itioii of tlre subsllrface geology over a period of 
nbont l i )  j e:trs \v:ls co~~~ple te t l  197 ('. 1,. ,Jones ancl others in connec1tion 
11 it11 tlie 1-3. (;rolog~caal Su1.1 (&j's conlnlodity study of the potash 
del)osi(s, :l~ltl ~)~.elilllili:try lael)orts 1lit1-r been prepnised by Jones (1954, 
1959, :lnd l!)(iO), ,Jones alitl ;\l:ttlseii (193!) 3 ,  :xiid Jones, Bou-les. :rnd 
Bell (1!160). 

l'llc Nasll I)r:l\\- c]iladr:~ugIr is loc:~tetl in southenstern New Rlexico 
in eastc1.11 Eddy ('o1111ty (tig. 1). l'he city of Carlsbad lies about 

I'II:UHE 1.---Sollthc:~stern NPW I iI~?[icn alld nclj;lcent part of T i ~ x n s  s l l o \ ~ i n g  111c:ltion of tile 
N:lsh Drawr gnndramplc (h,.:l\.)- l i l ~ v ) .  H;tchures hliow ~ , o s i t i i ~ ~ l  of scarp. 

14 lrliles due \vest of the i~ortllcrn pilrt of tlle quadrangle. The only 
dl\-rlliilgs \v itllill tlie cju:ldr.il~lgle a1.e three ranchhouses. Nasli Draw 
is :L tol)og~*apllic~ deljression 4 to A nliles wide, and exte'iids the entire 
1c11gtli of tlw quadrangle. LZn cscarpri~ent on the north side of Nash 
1)1.:1\v is c:xllrcl ;\I:rl.oon Cliffs; one oil the east is called IJiviilgstoll 
I: itlgr, n lltl one 011 tlie \vest is Ql~alladn Ridge. An escarpment on the 
so11t11 side, is not n:liiled. Nasll Ih.a\v has no rxterli;tl surface drainage. 
Sevr~.:~l lillies, illclutli~lg S:llt I,nke i t 1  the sontli\vester~l part of the 
dt.p~.rssio~~, Ir:lve 11,) su~.filc*r or~tlet. Il semi:~rid to arid climate :uld 
infertile, si~litle, roc,l;y, o t  s n n t l ~  soils c.onll)i~le to make ;rgricultul'e 
i r r : i c : l .  (:ritzi~lg is tile o11l~- use ~liatle of tlie 1:lild surf;x,ce. 111 

co11tr:lst to 1)oor :~gi'i(*,llt~ir:ll (*ollditioi1~, :L great wealth of potash lies 
underground; it is localized chiefly in the nort,hwesterrl part of the 
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quadrangle and extrlids beyond the quadrangle to the north and 
northeast. 7Yitl1in the cln:rtll*angle the 17.S. Potash Co.'s principal 
mine entry is lorated in sec. 12, T. 21 S., R. 29 E., and the International 
Afinrrals :lnd ( ' l~en~icnl ('orp.'s principal mine entry and refinery 
are locatecl in secs. 1 ; ~ n d  1% T. 52 S., R. 09 13. The V.S. Potash Co.'s 
refinery is 1oc:ltecl on the west side of Salt  Lake about 2 miles west 
of the qu:~clr:~ilgle (fig. 2 ) .  Together tliese potash mines and four 
others n fev llliles nol.th of the quadrangle comprise the principal 
source of pot:rsh :r~~:til:rl~le n ithill the ITnited States and represent the 
principal il~c\ustri:~l enl1)loyrnent and iricolne within the Carlsbad 
region. 

5 0 5 10 MILES 
I 

FIGURE 2.-Map showing geographic features i n  the Nash Draw quadrangle and adjacent 
arc;is. H:~ch~ ire s  slro\v position of scarp. 

Access to the N:~sli Tlran qnadrangle is provided by two improved 
roads. New Mexico St:rte Roritr 31 crosses tllr northwestrr~r part of 
tlie area. I t  joins 17.S. TTiglrnay 283 :rbout 8 miles west of the 
quadrangle :lnd ahout i! 111i1rs nortliuest of I,oving, Pi. JIex. L2b011t 
3 nlilrs beyoncl tile nortli I,o~iilcl:~~~y Ken hlesico St:ite Route 31 joins 
T1.S. Highway ti2 and 180. An unnulnhered higllway from Ja l ,  
N. Alex., iri  the estl-enie sol~tlle:~st corner of the State, crosses tlir 



sontllenl part of the Nasll Dr:lw quadrangle and joins New Mexico 
State Route 31 about an eiglltli of n mile 11-est of the quadrangle 
boundary. ,111 access road, 5 rlliles loiig, to the Gnonle site wits con- 
structed from n ~)oiiit on the ,Jal road about 7y2 miles east of the 
junction wit11 New Mexico State Route. 31. 

Tlle 11-riter was niclecl ill the tield~vork and the interpretation of the 
field re1:ltioiis by otlier geologists and engineers in the area, especially 
George T7'. Moore and ('liarles B. Read, who accompained the writer 
in tlie field on sever:ll occ:tsions. Robert Fultoil and I3runo R. Allto 
cooperated by rnaking avai1:lble the records of wells drilled on Gov- 
ernment lands. The n-riter is especially indebted to Mr. TVilliam H. 
Atkinson, work unit conservationist 1T.S. Soil ('onserration Service in 
Carlsbad, for the loan of large-sc:ile aerial pl~otogrnplis of the Nash 
Draw quadrangle and adjacent areas. Robert E. Miller, 1J.S. Atomic 
Energy Commission, Albnqoercjne Oper-ntioils Office, provided office 
space and vehicles for field rise. Ray Hnrbert, Phillip D. Pack, aiid 
Michael 8. Uickers, Holmes arid Narver, Inc.;  Thomas Pearce, the 
U.S. Coast and Geodetic Survey: ('liarles E. Violet, Lawrence R:xdin- 
tion Laboratory, IJivermore, Calif.: arid TTTillianl R. Perret, Saiidia 
Corp., Albucjuerqiie, N. Mex., provided techilical discussion of spe- 
cific geologic features th;it nliplit be of interest in connection wit11 the 
Gnome experiment. E. G. Pattoil, Reynolds Electrical S: Engineering 
Co., Inc., provided necessary :ldministrative services. 

REGIONAL STRATIGRAPHIC SETTING 

The Nash Draw qn:idr:~ngle lies in the T)elan-are basin, n region 
of sedimentary rocks that is well knon-n to geologists fro111 exposures 
in the Guadalupe Rlonntnins sout1lr~-est of the cjuadrilngle and from 
exploratory bore holes drilled for 1)etroleurn and potasll. ii sunlnlary 
of the TJate Permian :uld yollliger strata and surficial deposits is pre- 
sented in tlie table belo~~7. Ti1 addition to tlie rocks tllat hare heen 
studied in surf:tce exposnres :IS :I p:lrt of the present iiirestig:~tio~~, 
two older rock forniations, tlie ('astile and the Salado, are listed in 
the table :lnd briefly described helow hecause of their iillportance in 
underst:tndiiig the outcropping rocks. As much as lo,000 feet of 
still older P:lleozoic str-at:\ 11:1s been yenetr:~ted by drilliilg but is not 
described i l l  t l ~ i s  report. 

The eastern escarl)nlelit of tlie ('r~iad:~l~ipe Ridge s o u t h ~ ~ e s t  of tlle 
Nash Dran- cjnnclrangle is forn~ed by n nlassive limestone, the Capitnil 
li~nestone, n-llicli II:IS long been considered to be an ancient harrier 
rref (T,loyd, 1929: Cr~n~lcl:ill, 1929). The limestone is as much as 9,000 
feet thick ;\lid can be traced for nrany miles; but it is very narrow, as 
i t  is generally oiily a few tl1ons:tnd feet to a, few miles TI-ide. The reef 

648712 0-63-2 
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Swnlmnr?~ op L a t e  P ~ m n i o n  and !/ovngcr s t ra ta  and depo.r.its, Saslr 1 ) ~ ~ r t r c .  r(1lat7- 
rcrnr/le, Scw J1e.rico 

Age Formation / hfnnher or zone 1 Dcscription 
--- - -- -- 
Sand.. ...... I .................. Windblown sand dcposits and conspicuous dunes as 

, much as 100 ft high. 

................ 1 Pla.valake ) Sand and silt; includcs aypsuln sand depositrd in 
deposits. 1 shallo\v intermittent lakes. 

Alluvium. ...... 1 .................. Sand and silt, locally conglomerutic, deposited on slopes 
and in dcpressions. 

pppp-- 

........................... I I Caliche Limestnnc, ranging from densp to trarcrt inelik~; 

1 includes sand grains and rock iragrncnts; 2 to 15 f t  
thick. 

................. Santa Rosa 1 
sandstone. 1 

........................... Gatnna 

_ _ _ I  

Pierce Canyon 1 .................. Siltstone, moderate reddish-orenee; conspicuous lami- 
redbcds. 

I I nae 1 to 5 mrn thick; poorly sorted: locally sandy or 
c lay~y;  200 to 250 f t  thick. 

Gravel, sand, silt, clay, and locally gypsum, deposited 
as allub ionl; poorly consolidated; dominantly rcddish 
orang?, grading to pink, gray, or yello~v; as much as 
1lX) ft thick. 

Rustler. ........ ! Forty-niner ..... whitc, massive, and siltstone: 40 to 65 ft thick. 

' Culchra Dolomite, light-gray, silty, thin-hcdded to mass iv~;  1 dolomite. contains spherical vugs 1 to 10 mm in diamet,er; 30 ft 
thick. 

Magenta ........ l- 

1 Cnnamrd ....... Siltstone, gypsum, and very fine graincd aray sandstone 
120 It thick. 

Salado .......... Upper leached Gypsum siltstone, and anhydrite, hreceiatcd; 50 to 200 
zone. 1- ft thici .  

Dolomite. pink, interlammated with pale-green anhy- 
dritc; 20 ft thick. -- 

Zone of massive Halite, anhydritn, siltstone, and polyhalite; soluhle 1 potash mincralslocullp; asmuch as 2.000 ft  thick. 

/ Tamarisk ...... Gypsum, white, massive, and siltstone; 115 f t  thick. 

Castile .......... I .................. Anhydrite, halite anhydritr interlaminated jvittl 
limestone; as mulh  as 2,000ft thick. 

passes ~ u l c l e r g r o u n d  i l l  t l l e  \-icinity of Cnrlsbad aiid from there it h:~s 
h e e l l  traced e;~st~v:~rcl  in tile s i ~ l ~ s n r f a c e  to the J i c i l i i t y  of IIohbs n ~ l c l  

fro111 lrobbs sout1 i1v: i rc l  into Tesns. In p l a i ~ ,  t l i e  C a p i t a i l  lin~estoiie is 
s l l a p e d  like :I 1 1 o r 5 e s l i o e  r ~ l o r e  t l l a l i  60 niiles n-ide (fig. 1) .  The ; r r e i l  

within tlie I ~ o i ~ s r s l 1 o e - ~ l 1 : ~ 1 1 e c I  ontline is lalo1111 :IS tlie 1 ) e l a n : l l . e  h a s i l l  

:111(1 t l l e  : i r e %  1 1 o r t l 1  of t l l e  reef as tlie 7 S o l . t l i n e s t  sllelf. Tlie Nash 
I ) i . : t n  q u a d r : l ~ l g l e  lies :i t  t l ~ e  i l o r t h  1 1 i ; t r g i n  of tlie L)el:~\\-are h a s i l l .  S c -  
( . o r d i n g  to  tlie Ixlrrier reef h y l ~ o t l l e i i s  :r.; it 11:ls b e e 1 1  d e i r l . i b e d  111 i i i o r e  

recent y e : t r s  (.idanls, 19-24, 11. 1598: King, 1942, 1). R 1 7 - ( i 2 k  ICiiig. 
1918: Kevell a i i d  o t l i e i ~ s ,  l953), tlie C:rpit:~n l i n ~ e c t o n e  reef enclosed :I 

cleep I ) a s i l l  of 1r:rter :rncl was s n r r o n i ~ d e c l  by :I sli:rllo~v shelf. Tlie cleep 
b : l s i i ~  n:ls wpnratrd f r o i n  t l ~ e  open sea, a n t 1  ~ ~ r e s u n i a b l g  f:rcilit:rted the 
accumulation a i ~ d  gr:~\-ity se1) : l r : r t io i i  of 11e;rvy b r i i i e 5  :111d the  c11eii1ic:ll 



111 fc.i])itat io11 of the r \  al~orite rocks that colnprise tlie Castile forma- 
tio~r.  l'lle b:~iili  e ~ e ~ ~ t u ; ~ l l y  filled, b ~ ~ t  the deposition of evnporites 
c o l i t ~ ~ ~ u r t l  :111(1 y,i,eatl across t l ~ e  shelf area, : ~ t  least to  tlie north and 
east, \\ 11t~i.e tlle S:~l;~clo fornl:~tioii is still preserved mlclel. colrer of less 
I o .  Ilocl\s of tlie IZustler fornlation represent coiltinl~ed 
tlrl'oqitiol~ of :~l~ol , i te  roclrs nit11 some iuterruptions. The interval 
of ev:~l)(wite c1cl)osition 11 as te~.n~in:~tecl fillally n - l~e~ l  tllr clast ic roclis of 
t 11e 1'1rrc.c ( ' : I I I JO~I  t.ecll)eds 11 ere laid c l o ~ ~ t ~ .  

Tlie t c ~  111 (':I>( ilr, :Is f i r i t  used by Ricllard.;on (1!)04, 1). 43) \\-as 
:~ppliccl to tllr se\ era1 Iiuntl~~ecl feet of craclied a11d cavernous u p s u m  
t11:lt ul~tlerlirs t11e Enstler forn~at ion and o~e r l i e s  the I)eln\\are Rlou11- 
t:lin gl.o~q, i ~ t  tlle surfac.~ in west Texas and so~~tlreastern Ne\\ RIexico. 
Ih'ill illp iil~dic:~tes t11:lt t l ~ r  illten a1 ~~cpresented by gyl)s~un a t  tlle s lu-  
face c o ~ ~ s i s t i  of :I t1r1t.k .cqlletlce of 11ipllly soluble e\ aporlte rocks in 
tllr sn l ) s~ l~  face, i t~cbl~~cl i~~g nnostlj ntrllyclrite, CaSO,, in the loner  part 
of t l ~ e  seqncncr ;~n t l  n~oi t ly  l~alltt., NaC1, in tlle upper part. JITells 
t11:lt 11:1vr ~)etletl.:~trd tlle el : ~ l ) o r ~ t e  ~,oclrs in tlie Nnsli Drau  quadrangle 
nrr listed in t l ~ e  table helo\\. T,:III: (193.5) restricted tlie tern1 Castile 
to tlre lo\\rt. [)at t of tlii5 tliicl; r \  :rimrite sequellee and applied tlle n:llile 
S :~ l :~ t lo  11:llite to  t l ~ r  111)pcr p:~t t. I<:~cli of the two formations 1s nbont 
2,000 f ~ t  tllicli. 

Thr  (':~itile fotmla t ion, as 11111(blr :I\ 9,000 fret tliick in t 11e s~thi;llrfilcc 
il l  tlrr I icinity of t l ~ e  S: ls l~ I>I.:I\\ ( ~ ~ ~ : ~ d l . : ~ n g l e ,  is composed clrlefly of 
m:lisl\ r n~lllyclrite, linlrstonr intei I:~niil~ntrd nit11 a n l ~ ~ d t * i t e ,  ;lntl 1i:llite 
I I I  I d s  :IS n111c11 as sr] ~ 1 x 1  11111ldrrd S c ~ t  t l i i~l i .  Tlte Castile formation 
o\c.t.lics tlie T,:nl~ar lin~estone nrnlrh(1r of tlir I k l l  Canyon formation 
of t l i p  I )P~:III :lye RIowlt:~i~l proul), :~lso of  Per11it:rn ape. E x p o s ~ ~ r e s  
of t l ~ c  leis iol11l)le 1)ortiotls of t l ~ e  ('nstilr forurntion may be viewed 
in ro;~cl~ntb 011 I7.S. T l i ~ l l ~ \ : ~ j  (i:! :111(1 1hO s011t1i of C:lrlsl,nd ('averns 
I 1 I '  l o 1  T l ~ e  C : ~ s t ~ l e  fo~.niatiolr is laterally bo~ulded 
1)y t l ~ r  terf of C:ll)itn~r lin~estone, n l ~ i c l ~  is gener:llly interpreted as 
1)cillg 1:1t>grlj oltltar t l i :~n the Castile. 

1'11~ S:rl:~tlo form:~tio~l  consists of t l l i~ l i  beds of halite and nnhydritr 
1 t i  1 of i i l t s t o ~  I o 1 1 : i t  I (SO,),  .21T20. 
l(ci15 1oc:llly talc11 I I I  syl\ itr. KC]. : I I I ~  otller solnblr ~,otassium ~l~inernlc: 
collstitntr tile :tl11:11,lr ~)otnsli 01-es. Tlle upper p : ~ r t  of the Salndo is 
c lr :~~. :~ctc~*i~rcl  1)y :I leacl~rd zone that consists l :~r~rrljl  of mlconsoliclated 
~~rddiclr-:l.:~y to  1)1-o\\ 11 silt and clay I\ it11 varying : ~ t l ~ o ~ ~ i i t s  of brecciated 
gray o l  t.c.tl . r y p ~ n n ~ .  I t  i i  cqtimated tllat the thickness of the Iencl~ed 
zone is l~o11p11ly onc-tl~il.d to o~lr-tetltll tlic thicknrss of the original 
1.0cli t l l :~t  \\-:ls l)l,eicllt. l{rr.:r~~sc> t l ~ r  11:llitr 11ns been ren~ovecl, some 
grolooiiti Il:~vr i~lcl~tdcd t l ~ e  1(~:1(~11~d mt1e wit11 the Rnstlcl formation 
for  c 2 0 1 1 \  el~ic~~csc.: 1)nt tllr 7o11~ i i  111oit approl)riately incl~tded \\-it11 the 
S:ll:lclo f o ~ , ~ n : ~ t i o ~ l .  if not rr::r~.ilrd :I\ a separate unit. The zone has 
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variable thicl<ness and litliology, atit1 is of sig~iiticance hecanse i t  may 
Ije sat urxted n it11 brine and is locally :L prolific aquifer. Becanse it is 
irico~npeter~t :111cl 112s n tendency to slump o r  flou- illto cavities. special 
l'r~cautioils are advis:tble where this zone is encountered in shaft 
sinking or  otlier engineering works. 

W e l t s  d r i l l ~ d  b e l o w  Permian ecaporite roclis 

Name of operator and lease 

Ralph Nix, No. 1 Hall ............... 

Richardson an11 Bass, No. 1 Fidcl- 
Ped(>ral (oil acll). 

Stanolind Oil 91 Gas Co., No. 1 
Jluncan. 

I .  W. nosworth, No. 1 .-.....-....- . 

&I. D. Bryant, and others, No. 1 
\Villiamson. 

Richard~on and Bass, No. 1 Legg (oil 
well). 

Ohio Oil Co., No. 1 Workman .--.... 

II and W 1)rillinp Co., No. 1 l h n -  
ford. 

Shcll Oil Cn., No. 1 James Ranch 
(pas well). 

Ilnll and Kills 1)rillioy Co , No. 1-X 
Fogartv. 

TVills, and others, No. 1 hlontyo- 
mery. 

Continental Oil Co., No 1 Gar~lnvr 

C SEJ6SEg see. 21, T .  21 S., 
R.  29 E. 

C SW%SWf/l sec. 27, T. 21 S ,  
R. 29 E. 

C SE$/aSWl/a sec. 30, T .  21 S., 
R. 30 E. 

SE)/aSE1/6 sec. 8, T. 21 S., R. 
31 E. 

C NW56NWj'n sec. 10, T. 21 
S., R. 31 E .  

NWj/aNW!i sec. 27, T .  22 S., 
R. 30 E. 

SWl/aSW$/rSW$/a sec. 13, T.22 
S., R. 29 E. 

C SE!iSE$/a scc.9,T.Z2S., R. 
29 E. 

S\V'/aSE'/j scc. 36T.22 S., R .  

C2&,,s ,r W j .i sec. 14,l'. 23 S., 
R. 29 E. 

SW$/aSW$< NE$/l sec. 10 T. 
23 S., It. 30 F., 

NE>dNE;/rSV I.) sec. 34, T. 
23 S., K. 31 E. 

'Pop 1 Base 
---- 
3,420 2,870 1 I 345 1 3,334 

Elevation (feet) 

1 Permian 
Ground 1 massive stlt 
s ur face 

I 

1 'Pop of the "Delaware sand." 
2 l'op 01 the "Delaware lime." 
3 Top of the "Dell Canyon." 

Total 
dcpth 
drilled 
(feet) 

DESCRIPTION O F  O U T C R O P P I N G  R O C K S  AND DEPOSITS 

Rock exposures in the Xasli 1)rau quadrangle are relatively abun- 
dant, but colltr:~ry to w11nt might be expected, they are poor for  strati- 
graphic study. Tliis is partly because of the l o~v  relief, partly because 
of the slumping and xvarling that has acco~ripanied the formation 
of a karst topopraphy, nntl partly Iwcanse of the widespread nature 
of the late Cenozoic deposits. Fo r  these re:lsoiis it is nearly impossible 
to piece together s~lit:lhle \ t r :~t igrapl l~c set-tions from surface ex- 
posures alone. Drill data are therefore an important supplement to 
a study of these outcropping rocks. 

I n  coilnectiori with the srlection of :I site for the Gnome project, 
the TJ.8. Atorrlic Energy Commissioil drilled a test hole to a depth of 
1,500 feet near the center of sec. 34. T. 'LR S., R. 30 E. The  core re- 
covered from this hole was described by Moore, 1958. The  description 



of the upper 725 feet of this core was used as a standard of reference 
for many of the stratigraphic units as they were mapped in the field. 
The core log is therefore reprodllced 1)elo~v with minor modifications 
and she\\-n grapllically in figure 3. 

Dune sand with patches 
of caliche 

Gatuna formation 

. . .  . .  . . .  ... Pierce Canyon redbeds ... . . .  

Salado formation 
700' 

IXPLANATION 

Sandstone 

Siltstone 

Limestone 

Dolomite 

Gypsum 

Anhydrite 

Halite 

Total depth dr~lled 1500 feet Lowest forrnat~on 
found was the Salado format~on 

I~'IGTKI: 3.-Lithologic 109 of core from AEC dril l  hole 1, sec. 34, T. 23 S., R. 30 E 
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Log of  tlrc' rrppcr pnr-t of tlrc' curc frmil 71.R. d to~r l i c  Energy Conlmission drill 
holr 1, col ter  sec. 34, T.  23 ,R., I Z .  30 E. ,  Eddy Culcnty, AT. Vc.r. 

[Description modified after G. W. AIoore. Sce complete log in Moore (1958). Only 3 f t  
of core were rec~lrercd. from the top X5 f t  of hole. Drrcriptio~~s of that pi~rt  arc inter- 
preted mostly from cuttings nntl drilling sjlf*rds] 

D e p t h  
Snrficaial santl and caliche : ( f e e t )  

Bantl, fine-grained, light-t)ro\vn, ~vell-roundetl, unconsolidated------ 7. O 
I,imcstone, whi te :  contains fine-grained quar tz  s a n d ;  \\-ell in- 

d u r a t e d - - _ ~ - - _ - _ _ - - - - - - - - - - - - - _ - - - - _ - -  10.0 
Sand, fine-grainc.d, light-bron7n, fairly we11 rounded. w r y  friable_-_ 43. 0 

Gatnna forn1:rt ic~u of IJleistoc.ene ( ? )  age : 
Sandstonc, il~ediuin-grainec1. pale reddish-l)rolx7n ; svattered 1)ebhles 

3 rnm long: calcite. cement : yields water  _ - _ _ _ - _ - _ _ - - - _ - - - - - - - - _  45. 2 

Conglonlerate, pc1)hlt.. 11ale-red ; ~ r l ~ b l r *  5 nun long of linlestone, silt- 
stone, rlunrtzitt,: matr ix  of t.oar<e-gr:~ir~c,d \\ell-indllrnted snnd- 
s tone;  calcite carlent _----_-_--------_---_-------------------- 45.7 

Sandstone. me(li11n1- to t.O;irhe-qL'ained, l~ale-red ; sc'i~ttercd pebbles 3 
rnin long : friable:  yields water  -_-------_----------_----------- 53. 0 

Sandstone, 11lecliu111- to vo:trse-grained, moderate l)ro\vn, friable---- 80. 0 
Pierce C:tnycln redbetls of I'ermian or Triassic. a g r  : 

Si~ndstone, rery  fine grained.  noder rate reddish-1)rolvn ; h a s  light 
greenish-gray .:l~ots 2 nlnl long and about 1 ( ~ 1  ap:trt ; calcite r r ins  
O R  lnm thick : ~ ~ o o r l g  indurated exc2ept b:rsnl 0.Ti f t ,  which is fairly 
 ell indur;lted: ci11c;lreoua ce~nen t  -__--_--------------------- 81. .i 

Silt-tone, sandy. 11lotler;tte redtlish-t~rolvn: light greenish-gray s11ots 
1 to .i 111111 long :tnd i111o~1t 1 ('111 :tl)art: r :~ re  calcite vein4 0.5 n ~ n ~  
thick; fa i r ly  we11 indurate(1. slightly fissile, some ctllcare- 
ons c e ~ ~ ~ e n t - - - - - - - - _ _ - - - - - - - - - - - - - ~ - - - - - - - _ -  120. 6 

Clay'tone, silty, tnoc1er:tte rrddish-bron n ; light greenish-gray spots 
2 nlm long ; poorly i r ~ h ~ r a t e d  : plastic ......................... 120. 8 

Siltstone, s:rndy, moder.tte retltli.:h-11ron.n ; light greenish-gray s l ~ o t s  
1 to T, nlnl long and :tbout 1 c n ~  apar t ,  several light-green 1,tyers 
0.1 f t  th ick;  rare  cnlcite re in \  0.5 inm thi1.1~: fairlg well indn- 
rir ted : slightly fissile : some c:llcareous cenlent _----_-----_--_- 130. 0 

Silndctone. ~nedi~un-grained,  illoderate retldish-l~rolvn with light 
greenish-gray patcheu 5 (*111 long: sand grains :Ire lye11 rorn~ded, 
well horted: a few ralcite re ins  0.5 nlnl th ick:  fairly well 
i r i d ~ ~ r a t d  to  rery  f r ~ a b l e :  jields u u t e r  -_----_--------------- 166. .i 

Siltstone, qtndy. ~noder :~ te  reddish-l)ronn ; light greenish-gray 
spots 1 to 10 111111 lor~l: i111c1 abont 5 ('111 2tp:trt: sonle calcite rein.: 
1 inn1 thick: f ;~ i r ly  well intl l~ratrd.  slightly fissiltl. c>:tl(vite ceinent ; 
below 217 ft  a r e  b l ~ b s .  0.3 to  1 111111 long, of gy1)qurn about 5 

rnfn a p a r t  - - - - - -_--__--- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  291.5 
Rll.;tler fornlation of Pe rn l i , )~~  ajic: 

Forty-niner n~enlber : 
GYI 'S~I I I ,  oli~e-gr:l,v, crystals 1 rln long ; nlirssirely bedtled : 

nlassrq of t~nl~ydr i te .  5 c4m thick in basal 2 f t :  uI)per contact 
irregular hecnnse of solntioii ............................ 207.7 

Anhydrite, o l i v e - g r : ~ ~ :  crystals 1 Inn1 long: sonle gypsullt 
crystals t h r o u g h o ~ ~ t  especially near  top and bot ton~ ; massirely 
bedded ; contacbts a r e  gradational . . . . . . . . . . . . . . . . . . . . . . . . .  318.0 



SURFACE GEOLOGY, NASH DRAW QUADRANGLE, N. MEX. 

Log of tlrc t ~ p p o ,  ptr1.t o f  tlrc rorc f r o ~ n  U.B. Atoinic I<trcrgg Comnzis.uio 
Aole I-Continued 

Rustler for~~lat ion of I'enl~ian age--Continued 
F o r t y - r ~ i ~ ~ e r  iiienlber-Coritinued 

G y ~ ~ s u n ~ ,  olive-gray; crystals 1 cm long; masses, 3 cm thick, 
of anhytlrite in top foot ; massive .......................... 

Siltstone, greenish-gray, friable ............................. 
Siltstone, sandy, 111oderate reddish-brown, brecciated; contains 

breccia f r ;~gu~ents  of gypsum rock 5 nlm long; fairly 
~vel l  indurated __-_--_------------------------------------ 

Siltstone, sandy, nloderate reddish-brown with light greenish- 
gray s~jots 1 111111 long and 5 mm apart ;  upper 3 f t  fairly well 
indurated, basal part very friable; some calcareous celllent-- 

Siltstone I)reccia, moderate reddish-brown with irregular light 
greenish-gray spots 3 111111 long ; fragnients of siltstone 10 n1n1 
lo~lg, soule gypsurn f rag~r~ents :  fairly well indurated; cal- 
careous cement----------_~------------------------------- 

G y ~ ~ s u n ~  brrrria. grayish-purple : fl-agn~ents of gypsu~n and clay- 
stone lan~inae 1 to % c.111 long; well indurated; calcareous 
cSement ................................................. 

gyp sun^, gr;~yish-red; crystals 3 cm long; abundant patches 
of anhydrite 5 cm long : xrayish-retl stylolites ~v i th  amplitudes 
of 1 mn1 a1)ont 1 cm apart  ................................ 

Anhydrite, olive-gray ; grad~rtional with unit above; lower 6 f t  
has  thick 1 (*III fibrous veins of gyl)snll~, approximately 
~ ~ a r a l l e l  to the brcl(li11g ant1 5 ci i~ apar t :  lower 6 f t  has nlter- 
nating grayish-red and greenish-gray bands 3 cm thick ; grada- 
tional with uilit below ---------_--~_---------------------- 

BIageuta 111en1brr : 
I>olonlite, greenish-gray with some grxyish red-purple layers 1 

t.m thick; w r y  fine g r ; ~ i ~ ~ e t l  ; basal p;~rt  11:rs wavy lenticular 
or crossbedded t rx t r~re :  basnl 1.5 f t  porous with solution 
cavities 1 111111 lorig -----------__~---------------------~---  

Siltstone, dolomitic: upper 0.6 f t  greenish gray, lower part 
grxyish retl-pnr111e ; slightly fissile ------__-_-_------------ 

I)oloi~iite, silty, gr;~yish red-11nrl)le with some greenish-gray lay- 
crs 1 (a111 thic.1~ : I I : ~  wal'y 1entic.ul:lr bedding ; fibrous gy~)s lu l~  
veins, 1 cm thick, 11arallel to ktlding, avcr:lge 10 c111 apart-- 

c~~~l; l r is l i  iii~1111)er : 
,\nhydritr, grayish-red to greenish-gray; has a few veins of 

gyp.sunl, 1 calrl thick. ~ ~ n r a l l e l  to bedding and some masses of 
gypsiun, B ('In thick; solution c.:~vity 1 cm long at  432.9 f t  ; 
massive, il~i~~roc~rystalline~~-~~-~_--~.~~---~--~~----------- 

('laystoric. l)l.(~\vnish-l,lac.k: S ~ I I I I ~  fr:~gments of gypsum 5 nlnl 
long : plastic : slic,kensided --_---------------------- - - - -  

hnhydritr. greenish-gray: masscs of gypsum, 5 cnl thick, 
abundant in upper 2 ft and lower !) f t  : massive -------------- 

Siltstone. g r~ t~nish-gray ;  contains hrecc0ia fragments of ggpsll111 
;t11(1 c8l:~ystc~l~c 1 to .7 t.m lrjng : fairly well indurated : some 
c8n I(*:I rcons crx~i~cnt _ - _ _  _ - - _---_------  ...................... 

Siltztc~nr. grayis11-rrtl : h:ls bret.c.iated gyllsrun bcds, 1 t7m thick, 
:~I,or~t .5 ( ~ 1 1  a1)nrt : poorly indurated : plastic -------------- 

B11 

IR dri l l  



I,oy of tRc' u p p e r  p o r t  of the core from U . S .  Atomic Enwrgl~ Conlmiss 
hole 1-Continued 

Kustler forn~at ion of l'erniian age--Continued 
Forty-ni~ier ~llemlwr-Continued 

Gypsum, greenish-gray : c r ~ a t a l s  mostly 2 mm long; some clay- 
filled fractures ; 1n:tssive ................................. 

Claystone, olive-gray, slickensided: contains breccia fragments 
of gy~)suni  2 111111 long .................................... 

Gypsum, olive-gray ; crys t ;~ls  1 mill long ; ~nass ive  ; some an-  
hydrite layers 10 em th ick ;  basal 0.4 f t .  has  clay-filled 
solution cavities_-_--_-----_------------------------------ 

Culebra dolo~llite ~ n e ~ l ~ b e r  : 
Dololllite, light olive-gray, n~icrocrystall ine ; cavities 3 IIIIU long 

and 5 niln apa r t  ; soluti011 cavities ; brecciated ; yields water--  
Unnamed lower iiieulher : 

Siltstone, clayey; rll>I,er 0.9 f t .  dark  greenish gray, lower pa r t  
grayish red : abundant breccia f r a g ~ n e n t s  of gypsum 1 cm 
long ; goorly ronsolidated ; plastic ......................... 

Gyl)su~n, olive-gray ; nloslly crystals 1 111111 long but some patches 
h a r e  cryst:tls 10 tSni long: massive _--_-----__------------- 

G y ~ s u ~ n  breccia, olive-gray: angular fragments of gypsum 2 
cnl long in a 111;rtrix of greenish-gray clay ---------------- 

Siltstonr. t.l;yiey,  noder rate redtlisti-bra\\-11 ; a few light greenish- 
gray spots 1 c111 long; abundant gypsum and siltstone breccia 
fraglnents P clll long: poorly consolidated ; plastic-_----_--- 

Gypsum, olive-gray ; crystals 0.5 mrll long: a few stylolites; 
massive -_-__-------_-------------------------------_- 

Siltstone, clayey, ~noderil t t  reddish-brown : f rag~i lents  of gypsmn 
1 c ~ n  long; 1)oorly consolidated; plastic 

C : ~ I ) S I I I I ~ .  silty : illternating layers of olive-gray gyI)siinl : ~ n d  
grayish-red siltstone 5 cm thiclr: fairly well indurated-----_- 

Sil tsto~le,  s:rrldy, grayish-rtvl to greenish-gray ; fairly well indu- 
rated in p a r t ;  some dolomite cement;  gradational with unit  
below --_----------_------_-------------.-----__~_-----.- 

Sandstontx. very fine grained, silty. greenish-gray, brc.c:c3iated ; 
fragments average 5 (.nl long, f r iable ;  basal 3 f t .  well indu- 
rated with tlolomite cement ............................... 

S;il:tdo for~llation of I'ernlian age  : 
17gper leached zone : 

Siltstone. gr:~yish-red: abundant breccia frngiilents of g2'I)snm 1 
cnl 111ng: g y ~ ) s u n ~  reins 1 min thick: poorly consolidated: 
plastic --------_-----___---_-------------------_--------- 

(:ypsurll, olive-grn y : crystals 2 mm long : massive _ _ - - - - - - - - - - _  

Siltstone, grayish-red; abundant ggpsurn fragments 2 11lm long 
Gypsarn, pale reddish-l~rown: crystals 1 Inn1 long: massive; 

1)robabl~ altered from polyllalite ~ --------- 

Siltsttrr~e, gr:~yish-red : snnle pale reddish-brow11 gy)silnl frag- 
ments 2 crn long - _ - - _ _ - - _ _ _ - - - -  ~ - - - - _ - - _ - - - - - - _ - -  

Gypslun, pale retldish-hro~vn -__------------------------------ 

Hiltstone. clayey, grayish-red; abundant gypsum fr:lgments 1 
crn long; very poorly indurated;  plastic. ------------------- 

ion. dr i l l  

D e p t h  
( fee t )  

482.6 



Log of t h c  I I P ~ C ~  p ~ r t  of t h c  core ft'orn I .S. Atomic' Eticrgy Comwti.~.si~ 
?tole I-('ontinued 

Salndo formation of Permian agr-Continued 
TT1)per leached zonr-Continued 

(iypsum. pale rrddish-brown; crystals 1 cm long ------------- 
Siltsto~le, grayish-red: abundant fragments of gypsum and 

sandstone 1 to 5 cm long; poorly indurated; plastic-------- 
Gypsu~n, moderate-red : bedding dips 30" in core _------------ 
Siltstone, rlnyey, grayibh-red: scattered fragments of moderate- 

red gypsum 1 rnl long: poorly indurated : plastic 
Gypsum. ~nodrrate-red : rrystals 1 cm long, brecciated in part-- 
Siltstone, clnyry, grayish-red ; some fragments of moderate-red 

gypsum 3 cnl long ; plastic --_------------------------_---- 
Sandstone, very fine grained, ~ ) a l e  reddish-brown to greenish- 

gray, massive; friable except basal 0.4 f t ,  which is fairly 
well indurated_----------------------------------------_- 

Siltstone, clayey, grayish-red : abundant fragments of gypsum 
and sandstonr 1 to Ti cm long; highly c.o~itorted; poorly 
indurated ; plastic ........................................ 

Gypsum, olive-grng; crystals 2 nlm long: bedding contorted; 
altered from anhydritr _------_-_----_-------------------- 

Gypsum, nlodrrate-red : crystals 1 mm long ; ~robatbly altered 
from polyhalite----_------~------------------------------ 

Siltstone. clayry, grayish-retl-----___-----__--------_-----_ 
Gypsum, olive-gray with grayish-rrd stains ------_--_-------- 
Siltstonr, clayr~y, grayish-red ; contacts ~Olltorted ----_------- 
Gypsum, olivr-gray, massive ................................ 
Siltstonr, cl:lyey, grny~sh-red; fragments 1 to 5 cm long and 

broken bed\ of sandstone and gypsum ; poorly indurated : 
plastir .................................................. 

Gypsniii. olirc-grny ; crystills 1 niln long ; ~nassive--_--_----_ 
LLnhydrite, grr~nish-grry,  ~uicrocrystalline ; basal 0.6 f t  silty ; 

I l l i l s S l v e - - - - - ~ - - - - ~ ~ - - - - - - ~ _ - - - - - - - _ - - - - - - ~ ~ - _ - - - - - - - - - -  

Siltstonr, clayey. dark greenish-grey, 1~oorl.v indurated. 
plastic : basal 0.2 f t  grnyish-red-- _------ - - - - _ ~ - _ _ _ - - - -  

hnhydrite: upper 0.4 f t  gr:iyihh red-purplr, lower ])art grern- 
ish-$ray: m:i~qivr-__------_-----------------------~---- 

J l a \d re  salt i ~ n d  solphate zone, ~ ~ n l c ; ~ c h e d  : 
Hnlitc, pale yellowish-l~ro\vn : c r ~ s t n l s  1 cm long; 2 percent 

1)olyh:tlite in blrhs 1 to 10 lnm long -----~-------___------ 

Interbrddcd h:~litt., anhydritr, l)olyhnlite, and siltstone. See 
drtniled dehcril)tiori in Jloore (1958) -------- --_--_- .-_ 

RUSTLER FORMATION OF PERMIAN AGE 

l'lw 12nstler form:~tion w:ls 11;tmed by Ric1l:lrdson (1904, p. 41) for  
c x ~ w ~ ~ r e s  oil the Rustler FZills in eastern Clllbel.son Connty, Tex., 
:lutl it w:rs descri1)ed as c.onsistiiig of 150 to 200 feet of calcareous bllff 
s:t~lclstol~r, overlain by fi~~e-text~lrrcl white 1nap1esi:ln limestone. These 
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units are t l io~~gl i t  to r~presen t  only the l o \ ~ e r  part of the formatioll 
;IS the name is no\\- used ill so11t1le:tstevn Xew JZexico. 111 the Kash 
l)ra\\ q ~ ~ a d ~ . a ~ ~ g ? . J e ,  the Rl~qtler forrll:~tion probably ranges from about 
200 to 400 f ~ e t  tllicl;, depeiiding in large part on llo~r- muc11 of the for- 
~natioii h a ~   en i.elri~\~ecl by soll~tioll :lt cleptll xncl t)y ei~osion at the 
surface. I t  co~~s i s t s  chiefly of gypsum (or  atihyclrite in the subsu~.f:~ce) 
iiiterbedded with dolomitic lirneslo~le, inter1nmiri:ited dolomite and 
anhydrite, siltstone, a i d ,  in tlte substurface, halite. The base of thv 
Rustler :IS it \\-as origi11:xlly deposited iq ~io\\- sel~arated from the tol) 
of the niassive salt in the Salaclo formatiolt by a 1r:tcltecl zone (about 
60 f t  thick in ,IEC drill hole I )  t l ~ n t  represents tlie inso111bIe residue 
left after rentov:tl of Iialite in the Salaclo by groulld water. 

The loncr  par t  of the Rl~stlei* formntioli, cousist~ng of about 120 
feet of siltstone anti \-cry tint1 gr:tine(l s:undstone n it11 several interbeds 
of g y ~ ~ s u ~ l ~  01- nnl~yclritc, JT-R\ not recognized in outcrops of tlie ?J:tsli 
Draw area but \v:ts prltetratecl in the -ZEC drill hole 1. Overlying 
the l o ~ r e r  part is the Culehra doloniite nlemher, consisting of about SO 
feet of uniformly fine textured niicrocrystalline gray dolonlite o r  
dolomitic. limestone. Xclnnls (1!)14, p. 1614) credits TIT .  13. L:mg with 
u:unii~g tho Cnlebt.:l for Culehra ISluiT on tlte east side of the I'ecos 
River, :tbont 4 mileq noltheast of 1,oving. The rock is characterized 
by IIUI~IPI'OIIS s~tiall itearly sp11eric:tl car-it~es that range fro111 about 1 
to  10 mm in dinnieter. Tllese csnvitiec, :we present bot11 in snrfac-e 
exposures of the Culel)r:~ xnd in core ta1;eii from the drill hole 1 
:tnd therefore arc, preslulied to  he eitller n pl-iniary or a diagenetic 
~ ) l ~ e n o ~ ~ i e n o n  and not related to surface \veatheril~g. Some of the 
cavities are parly filled wit11 serondary gyps11112 niid calcite, but most 
:Ire open. There seems to be little or no tendency for the cavities to 
be connected, as might be espectecl if they wcre formed by soliltion in 
:x Iio1noge1leous rock. These features supgest tlint they were formed 
by the solution of n Iliglily soluble millera1 aggregate or by the iu- 
c~lusicrn of a gas o r  liquid a t  the time the sediment n as soft. Locally, 
t l ~ e  Cule1)r.a is finely oolitic,  lid the indiviclual oolites are lrss t11:in 0.5 
n11n in diameter. 

Expo~ure s  of the C111ehrn dololliite member are in the southern part 
of the Nnsll Dr:l\\- clu:tdrangle, e:~st of Snlt Lake ~vhere the rocks are 
locally d(4ormed hy solutiorl collapse, ~ 1 1 i c h  has cailsed the outcrop 
pattern to be irregular. The Culehr:~ outcropcl are brecciated locally. 
Fo r  this reason the Culebra was not scen in normal stratigraphic se- 
quence with the underlying and overlying rocks in  the Nash Dran- 
qu:ldrangle. 

Overlying the Culebr:~ dololr~ite member is the Tamarisk rilcniher 
of the Rustler formation. Tlle Tamarisk con.;ists of about 115 feet of 



111ussive gyl)sluin in esposlwes but is chiefly xnhyclrite aiid locally 
gypst1111 i l l  tlle snbsr~rf;tcc, escr1)t fo r  :I lxd 5 feet thick, of siltstone 
:]bout 20 feet ;~l)o\-e the  IS('. 'l'l~e siltstolie is tho11ght to represent the 
insoluble ~ w i t l u e  from a I~al i te  bee1 in rllc s n h s ~ ~ r f a c ~ e  (.Jol~es :111c1 
t i e s  0 fig. 1 ) 'l'liis 11re111ber for l~is  u hroad expal~se of tjarrell 
outcrop 2 to 2 lniles wide illid  bout i 111iles 1 0 1 1 ~  exst of T : ~ ~ n a r i s k  
Flat ,  Sro111 ul1ic.11 tlie n:lllle is 11el.e tixlcen. 

'Lyl)ic.:~lly t 11e '~ ' : I I I I : I I .~s~< 111c31111)er is ~ ~ ~ : ~ s s i v e  ix11c1 (-o:xr.sely t:rystxlliiie 
i l l  o11tc~ro1). hl:lssi\.e I)ctls c.o~~sist  of K ~ ~ S I I I I I  rrysti~ls t l ~ a t  art. 0.5 t o  1.5 
r11t \vide, :111cl : I IY  :I \ \ .11i[  i ~ , l ~ - g ~ h : ~ y  (80101. 1oc:illy (i11tet1 ~ecl(lisli or grcleli- 
i s l~ .  Tro\veve~., i l l  I I I ; I I I ~  t'x1jos111.e~ W I I ~ I Y ?  tlie sloljc is gcutle, massive 
, ~ ~ I ) S I I I I I  II:IS l)eel~ :~ltel.etl : ~ t  tllc slli.S:~cc to a softer. testllred l ig l~t-gray 
gy11~111ii 1'0(*1c c ~ ) l ~ ~ l ) o s ( ~ l  of loosely l):~(*l<etl ,gj-l)s11111 gl't~ills nl~out 1 111111 

i~c~ross. Tltis s~~r . f i (~ i ;~ l ly  i l l tert~l gyIjslin1 gr:xdes i ~ l n ~ o s t  iiiipercc1)tibly 
illto : I I I I I T ~ : I I  ~ J - I ) S I I I ~ I  01. yyl)si1~3 i l l  \ v l ~ i ( * l ~  t11e i11(1ivicl11:11 gra,iiis have 
I)ecii re\vorlcetl l)y \ \ . i l ~ t l  :111tl I . I I I I O ~ ~  \v:~tel. illto ; I I I  allnrial s a ~ ~ d  com- 
posed ( a 1 1  icHg of g y l ~ s l u ~ ~ .  So surI:~cae sect ions of t l ~ e  1';xinnrislr me'lilber. 
\\-ore ~r~e :~snre t l  I)c.cbi~~lsc of tlrc. 1111ivcrs:11 elistortion i l l  ol~tcr.ol). Sllrfi- 
c*i:tl t I e l ' o r ~ ~ ~ ; t t i o ~ ~  I I ; I S  c':111sed t l ~ e  111e1111)er to 1)e dl.nped illto large i ~ . -  
1.t3glila1 t'olcls a l~ t l  t iltetl I)loc.ks \ \ . i t11  tliljs :IS great :IS 15'. (See fig. 1 . )  
111 ,yeiit>r:~l, t11(: tli1)s : I I Y  to\v;11~1 s~~rfittbe, clepr.essio~~s or  (lry lalces. 
T,oc:nlly, tlrc I I I ~ I I ~ I ) P I  Irt~s I)cel~ rt3111ovrd I)y s o l ~ ~ t i o n ,  and tile overlyi~ig 
I 1111It11yi i r  i s  o f  I f ~ ~ t i o i i  1 0  I ~ t t .  Hollow blisters 

IFrar~ns 4.-St~rpl> ti l ted Tnmnriqk mrmhrr  of the  Rustler format ion .  View looking south 
f rom a poin t  on th r  ridge in  the S \ V %  snc. 6. T. 23 S., K. 30 E. 
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J to 10 F(?c:t ill cli;i~llc>tcr ~ v i t h  :L ~l le l l  2.s niuc,l~ as  1 foot, t.llicli have 
forllic(1 I(~)c-:rlly, l)c>1'lr:i1)s rllr 1,esult o f  tlie vol~ltile iucrea.se tllat accolrl- 
])i111icls I l ~ r  I~ycll,:tt i o ~ ~  U S  ;~~riiyclrite ro gyl)suln. 

O v t ~ ~ ~ l y i i ~ g  t l ~ e  'I7:tn~:t~~is1< liie111I)er of tlie I{~istler f o r ~ ~ ~ : ~ L i o n  is the 
J lagr i r r :~  111t>111l)rl., ;~l)olit "I) feet thick. .hlanls (,1!)11, 1). 1614) states 
1 1 1 ~ 1 i ~  JA:tlry I I : I I I I ( Y ~  t Ilc? S1:1ge11ti1 1iir1111)er t ~ f t e r  A1:1ge11ta I'oi~lt, \vliicll is 
I ;  I o r  f 1 I o u e  of the best exposures in this area 
is i l l  a str1;111 (.:111y011 t11:lt. II:IS (wt 1);t~k illto tlle blnK nhout 1 ri~ile soutll 
of tile ] ) l i ~ i ~ t  site of t l ~ r  l ~ l ~ r r ~ ~ a t i o l ~ i l l  J l i ~ l e r a l  a i d  (Illrmical Corp. 
T I I ~  ~ S : I ~ ~ I I ~ : L  is ( ~ l ~ : ~ t ~ : t ( ~ t r ~ ~ i z e ~ l  1 ) ~  t t l t e r ~ ~ ; t t i ~ ~ g  li111li11:1c? of clo10111ite illid 
al~llytl~.i ie ( o r  fiypm111) :tl.l.allgrd i l l  \ Y : I V ~  or Ie1lti~u151. lan~i i lae  0.2 
I 5 I I f i g  . l i ~ i l t l i ~ ~ g  surfaces I i : l \ ~  :x botryoidal :Lppe;Lr- 
I .  1,:1111ir1:le of clolo~l~itc :tre 1):ile red to gr:~yisli orange pink, and 
I ; ~ I I I ~  iiitc of :t~lliy( lrit e o r  y11)sit111 a r e  l):~le yello\\-is11 gr-ee.11. Micro- 
sropic: r s ; r i ~ l i ~ ~ ; ~ t i o ~ ~  sllo~vs c l o l o ~ ~ ~ i t r  and it~lliydrite c.rystnls i11tergro\v11 
ill v : ~ r y i ~ ~ g  l)rop(~i.tiol~s. ' r l ~ e  cloIo111iLe Iwi~ig l i~orc  resistitl~t to  weatli- 
t i  t 1 1  I t l l r i t  r i s t 1 1 s  0 I I e l .  Tlle 
lit-ltology js so (list i11c:tivr that it is possihlt, to recognize tlle Illagelita. 
u1c1111)ri C ~ O I I I  \\.c:~t l ~ r r e d  l'r:tglllrnts in the soil. Il'liere snbjectecl to  
i l ~ r c ~ ~ ~ s e  le:~c:lr il~g :ts iu solllr, coll:lpse n.re:ls, the rocli. 112s I~eco~ue  1wrci.i- 

E ' 1 t : u R ~  5.-~3Iapenta mcmber of the  Rustler format i r~n shnl%-ing. characteristic n7avg lami- 
nation of clolomite and gypsum. View i n  narrow c:inj.on in aec. 13. T. 22 S. ,  R .  29 E. 



nted, and the  gypsum parfly tlissolt-ed a\\-:~y o r  ~~t~i:~~yat:rllizecl: i ~ l t  tilt. 
w a r y  Innri~i:~n of 1p:lle-rrtl tlolon~i t r  ( n r  tlolo~nii. ic. l i l ~ l e s t o ~ ~ e )  still pel'- 
mi t  a posit i r e  itlrntificatio~l of tlie. Jl;lgrnt:r nler111)er. 

('01'0 fl.0111 .I14X1 t11.ill Iiole I c . o ~ ~ t n i ~ ~ s  nboilt "rut of dolomitic sill - 
:<toile, I I ~ > ; I I .  t l i c >  111iclllle of t l ~ e  J I : rge~ i t :~  1nei111)(:1., 1)nt. tlris 1)ecl was  I I O ~ ,  

l-cc!o,~tr ixccl i 1 1  1 llc 511 I .~ ' :IIY~ crposiires. 
'l'lrr IZor ty - i r i~~r~ .  I I I ~ > I I I ~ ) ~ I .  of tire. I<l~s t ler  f o r l r ~ a t i o ~ l  :ls n:lnlrti lit>rein 

ovc.1.1ies t lrc l l ag? . c .~~ t :~  1rre1n1)cr i111(l for111s tlie yon~rgest 111lii of tire Rust -  
ler i l l  tlro S : ~ s l l  I)1.;1\v clll:~(l~*a~rgle. T11e Ilniilr is t:tkeil fro111 For ty -  
11i1rr1 I'\icl,cr oir tllc c':lst .sitlr of K:~sll T)ra\v \vllel.c t.1ie ~ r ~ e ~ r i l ~ c t ~  is 
rxpose(1 0 1 1  21. ~ n i n o l  I ) l l ~ f  I)elo\v J l i r i ~ r g s t o ~ ~  I<itl<ge. Tn o11tcr.op i l l ( .  

Forty-11ilrr1. ~rrc.~ill)cl t.o~rsists of : r l )o~~t  10 to  (iT, fcrt of broken nllil 
s1111rll)t~l ~ J [ ) S I I I I I  :;"MI ;I I)rtl of nlassi\,r siltstolir I I C : ~ I .  the  bnsr. Tlre 
l)ctl of siltsto~rca, ; ~ l ) o i ~ t  3 to  10 Prel tllivl;. i s  srl):~i.at~eCI f1.01~1 tl1(3 J I i ~ g e ~ l l : ~  
~ircll~l)el. by :1l)o111 22 feet of gyl)s11111 :111(1 :x~llry(li.ite ill tlre A\I':(y clrill 
o l e  1 111 solilt. o ~ i t c ~ , o p s  tllr ~ypsi11ir 11:1s I ~ P I ~  :1111iost elit irely d i s ~  
solvet1 :x\vity. TIIP silt stone is rsl)rc*iallY c o ~ l s p i c . ~ l o ~ ~ r  l)ec.;x~~sr it is motl- 
crate. rcddisli-ornirgr ~vitlr l ight -g~.ay c i r c l~ la r  spots I t o  5 lnrri i l l  

( l i : r~li(~t(>~*, ;x11(1 l)t~*:1115(a it is l'~.i:il)lt> ; I I I ( I  \v t>:~t l~e~-s  111oix~ ritsily t11:11r t111, 
(loloi~iite : I I I ~  g y l ) s ~ ~ ~ l l  :ti)ove : t i r t l  1)elon-. ' I ' l~is  l)c(l is 1i~:l1.1y i111ii.q~ 
t i i ~ g ~ ~ i s l r : ~ l ) l e  1'1.0111 S O I I I P  (JII~I((JI .II :II .)-  ill111vi:ll ~ri:~tt-'~.i:il, t'x1:rl)t \ \ . l i ~ ~ . t '  

t i  I ~ I :  st I : I ~ I : I ~ I I  i I I C I S S ~ ~ I I  is s i l l e .  'Tllis 1)etl is tlloi~gllt t o  

1wp1.esc.111 tlrc, i l~soli~i)l t> ~,esitluc. fl.0111 ;I I)rd ol' 1i:llite tll:lt Ir:ls l.)cc.n re- 
l j O l ~ t ( > ( ~  ~ 1 ~ ~ ) 1 1 1  t l1(. . ~ l l i j ~ l l l ~ ~ ~ l ~ ~ t ~  t o  tile (>:xst ( , rO i l r s  : r l l c ~  O t ~ l r r s ,  I!N~O, fix. 1). 
-1 1)cltl of gyl)fi~rrr :rl)oiit 35 fwt  t11ic.l; o\~rrl i t .s  tire l)r(l nf uinssivc. silt- 

stoirc. j ~ ~ s t  dcsc.~.il)t!tl airtl for.i~rs tile to]) of tlle Fo l> ty - l i i i~ r~ .  I I I ( > I I I ~ ) P I .  of 
tllc, T'\iist 1e1. fo1,111;tt ioll. l~;xr(~l)t  f o ~ ,  tlre t l ~ i ( ~ l < ~ ~ c ~ s s  :llrcl ht I.:I~ i g r : ~ l ) l ~ i < -  
positioii, tlris , ~ J - I ) S I I I I I  I ) c ( I  is clifiiclilt to  (listi~rgliislr i l l  o i l ~ r ~ ~ . o l )  fl.0111 
t l r ~  ' ~ : I I I ~ : I I , I ~ ~ <  I I I ( > I I I ~ ) P I . .  111 o11tc.1.ol) it ( * o ~ ~ s i b t s  of ~li:~ssivt? :II!(I (,i);ll.s(~i,v 
t -~~ys t : i l l i~ i e  ,qyl)sli~rr \ v i t l ~  :I \\-Iri~isl~-y.:ry (~01oi. lo(~:illy t i l ~ t ~ , l  i~~vltlisli 
:l11(1 gl,tvi~isll.  1 ) t i t  oil ~ ( > ~ r t l t >  ~ Iop1>5  t11e ~ T ~ S I I I ~ I  I ) r ( ~ ) ~ r r c ~ s  :xlt~i.ta~l to  .sof! 
I'ri:~l)lr 1oosc.-t (.st11 l-etl ,qy1)s11111 5:; r1(1 pyl) ,~il  c1 111:1t ~ I . : I ( I c s  i l l 1  t )  :illl~\-i;ll 
~ J I ) S I I I I I  \\,I~icli 1 1 : ~ ~  I)erll 1~~11-01~li(~tl S IVI I I  t 1 1 ~  OI I~(SI 'OI ) .  T I I  t l l ~  ~ l i 1 ) -  

S I I I ' ~ : I ( Y ~ .  :11111yel1.it(! is r~)~liirrt)tily I ) I . C ( ~ I I ~  i1lste:ld of gy1)si1111. 
Sllrlivinl defo~*~rr:rtit)~r clr:~r:lctc.r.izes esposiirc!: ot' tllc , ~ ~ I ) : ; I I I I I  : i i 1 ( 1  

st~1.:1tific:ttio11 is o l ) , ~ c . ~ ~ ~ * c ( l  o r  oblite~*iltrd (lig. 6) .  S:ii:~ll ( a : ~ ~ T e r ~ ~ s .  
s o l ~ ~ t i o i l  -e1lla1ytltl joilits. :111(1 sil~lilloles ( 5 , .  13) 01. l ) l : i ~ - : l ~  
C . C ) I ! I I ~ I O I I ~ ~  (101 ~ I I C  , s t~rf : t (~l  ~ll l( lrr l : i i~i  by tlie F ~ ~ . t y - l i i l l ~ r  nlt3lil- 
I : I  I I I :  I I .  1 1 1  ~ ) l : ~ c ~ r s ,  I;t~.,q(. c.i~.c~ril:~i. clopr.cssic:11s 
:IS n~iic~li ns s(,\-r~.:tl I I I I I I I ~ I . ( Y ~  fet't :lcl'oss, [ ) :~r t ly  lilletl 11-it!) p!:xy;! '1+ 
l)osit-;, :11tcbsl to tlic :11rro111rt of i.oc.1; tll:~t 1r;ls 1)relr ~~cu io \ - t~ t l  11y :01111 io:~. 

TIie i*o~i t :~( , t  of t 11e F O I , ~ ~ - I I ~ I I I I I ,  111(~11ii)t>r of tllc 1l1ist f o ~ ~ i ~ : t t  io11 
: I I I ( ~  ljie t ) \ . ~ r l y i ~ ~ g  I'iel.re ( ' : I I I ~ O I ~  l.e(lbt~ls is oI)s(7111,rcl 1)y s \ v e i l i ~ ~ g  : i l i < l  
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F I G l l R E  6.- Broken and slrirnr)e(l ou tcrop  of gypsum in thc Forty-niuer 1nprnI)er of the 
Il~i-;tlrr formation. S o t c  that hetlding and at t i tude are ohstured. View looking nort11- 
rTl.rt across n:lrro\r- (~111yi1n in sec. 3.1, T. 22 S.. li. 29 E. 

cleforinntiol~ of the  gypsllni in ~ iea r ly  all exposures t h r o ~ ~ g l l o u t  tlic 
Xasll I)~.:I\\ q ~ ~ a d r a n g l e .  111 :I typical oatcrop of the colltnct, S I I C ~  :IS 

in tlie SE!?h see. 20, T. 2:; S., X. 30 E., n l o ~ ~ n d s  of gypsun1 3 to  10 
feet liigli :ind from 10 to  several 11niidrt.d feet :~c.ross project rlp\\-arcl 
into tllc I'ierre (':~ngoii rrd1)eds. Except fo r  tliis defo~.iilation, 1lon - 
ever, 110 evidtlnce \ \ns  seen t o  sliggest a11 ~ i l i c o ~ i f o ~ . ~ n i t y  at tlie 1)ase 
of t 11e I'ierce ("nllyorl ~rdbrcls.  Core f~.olli ,IF:(' t11.ill liole 1 slio\vr: 
:I s11n1.p Ilorizontal break : ~ t  the cLont:lc.t fl.om \\-ltitt. g y ~ ) a u n  t~elo\v to 
~~lotle~.: l te recldiqli-l)i~o\vii siltstollcl :ibovr. 

No fossils \\ere found in tlie l t ~ ~ s t l ~ r  fo ln~ : i t io~ i  cluring this ill\ esti- 
p:xtioi~, nntl 11o1ic lln\-e Iler11 ~.cpo~.tetl fi.ol11 t h r  forn1ntio11 in Nen 
Jlesico. I11 ( 'nlbc~~son ( 'o~inty ,  ?'ex., i'o+ils 11:l\ e I)t.cii ~ .epo~ , ted  from 
tl~cl lo\rcr p:trt of tllr Rustler in  :ind I)elo\\- roc3kh ecloi\-alnlt to t l ~ r  

r ,  ( ' ~ r l r b ~ . : ~  tlolo~nite ~ l c r n b r ~ .  (IT:tltrr, 1!)53). I lie S a u ~ i : ~  colisikts of 
3.; bpcc-ies of niollrlsks tli:~t lived i l l  , ~ l )~~orm: l l l )  ~ 1 1 1 n r  \v:lter. Tile 
i'allnn is t l i o ~ ~ g l ~ t  to I)c the  ~oul~g! . rs t  of 1'crlni:rll age so f:ir fo1111tl in 
K o ~ ~ t l ~  , l~ l i e r i c ;~  (n'nlter,  l!).i:;). Tlie uppe l  unfossiliferons pa r t  of 
t l ~ e  I t u s t l r ~  ~lligllt he I'ernli:tn o r  l'ri:~ssic. 

PIERCE CANYON REDBEDS OF PERMIAN OR TRIASSIC AGE 

Tile J'ie~,c-e ('anyoil 1.rtlbctl5 \ \ c ~ c  fiwt t1esrril)~tl hp 1,:lng (I!)::;). 
11. 264) froni a dril l  (-ore taken from the I l l r a ~ ~ s  S o .  I \?-ell ill Lo\ ing 
('ounty, Tes., as .'fine ~nncly to earthy reclbrds, polka-dottecl \\ it11 green 



reduction spots and usually ir~.egul:trly reined with thin secondary 
seleriite fillings." H e  further st:~tes that "a fair outcrop is present 
in tlie vicinity of Pierce Canyoll," a sinall tributary to the Pecos River 
about 5 miles south of the Nash I>ra\\- quadrangle. I n  a memoraudnm 
lo George V. Cohee, dated April  29, 1050, Tlallg states: bbTllis canyon 
was the only sig~lificant and suitable geographic feature then available 
for giving name to the formation, although better exposureswere 
knoun to exist along unnamecl ridges (Livingston, for exun~ple) ." 
Indeecl, excellent exposures are present xt many p1:xces along Living- 
stoil Ridge and Maroon Cliffs in tlie Kasll L)rx\\- quadrangle, and if 
these names had been arail:tble, 11-ould hare b ~ e n  n~llcli nlore suitable 
type localities because the exposures along Pierce Canyo11 are nearly 
all in tlie Gatuna form:ttion of Pleistocene( ?)  age, part of \~l i ic . l~ is 
red, and might easily be mistaken for the Pierce Canyon lbedbeds of 
Pernii:~n or  Triassic age. 

'l'he Pierce Canyon redbeds are probably about 200 lo 250 feet thick 
irl the Nasll 1)raw qnadrangle, though tliis thick~less \\-;xs not measured 
in  surface exposures. Except for a few places in tlie northern part  of 
tlie area, tlie upper part of the forniation is el.oded back fro111 the face 
of :I sc:trp tliat forms the eastern nlnrgin of K:xsli Dra~v .  ?'lie coiltact 
of the Pierce C:ulyon ~,edbecls \\ it11 tlle ove~alying Sxnta Rosa sandstone 
is ii~antled by :I co\ ? I .  of c-aliche and sand. 

T l ~ e  I'icrce C:tnyou redbeds nre charncteristically moderate redclis11- 
orange to modr~.:tte 1-ec1clisl1-bro\\-n sa~~ils tone and siltstol~e that is 
tliinly (0.5 to 1.5 nlnl) l a ~ l l i ~ ~ n t c d  and has w r y  sillall SC:IIP cross 
laminae \\-it11 sets ranging fl-on1 about 0.5 to 2 (-m thick (fig. 7) .  
Tlie grain size of tlie co:llaser particles is 0.03 to  0.3 111111; tlle particles 
are set in an abllndant clay nxltrir;. 111 some samples the 1nnlin:xe are 
forined by a1ternnti1l.g bands of silt (0.03 to 0.06 nlni) and fine sand 
(0.1 to 0.3 nlm). I n  other samples, hematite stained clay lx~ninae 
altel.n:ite wit11 lighter coloi.etl silt l a ~ ~ i i ~ ~ : ~ r .  Snl:lll clu.rent ancl oscilln- 
tion ripple ~i iarks are present in sonic 1:1niinae in tlle upl)e~' part of the 
fonnntion (fig. S) . Snbanguln~~ to sllbrolui~ded clear qunr t / :  is the most 
nl)llntl:ult single n1iner:rl g13:~irl  :tnd caliert :tncl feldspar the next most 
abnndant. Rlnsco\ ite, biotite, rock f~*:tgnlents, rind opaclutl miner:~ls 
togethel. gener:~lly lualie ~ ~ p l e s s  tl1~11 10 pet'('e~11 of the m i n e l ~ ~ l  grilil15. 
('l:~y. a n i o l l n t i ~ ~ ~  to  bout 15 to " percent of the rock. is stained red 
ant1 fornls the l)l.ilic.ipal rock criileiit thougli calcite an(i gypsum :we 
locally :tb~mtlniit. 1). N. lliller, ,TI-.,' gives furthei. dct:~ils ~ . e ~ t r d i n p  
t he texture, mineralogy, and petrology of the Pierce Callyon redbeds. 
Jlil lel (I!),%) ~lotes zones of liollo\\ s;~~lidiiie gr:tiits in the sanilsto~ie 

' Jli l lcr.  D. N . ,  .Tr. 1!JZ5,  Petrology of t he  l'icrce Canyon redbeds. Texas and I i e l ~  BIexico: 
1 'h .n .  r l i s s ~ r t n t i r ~ n .  Texas  Un i r .  
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which he regarcls as possible stratigraphic i n : ~ r k e r s .  T11~se were not 
observed i11 the present investigation. BZil le l*  a r i d  Folk (1055) suggest 
thal iunglietite  lid ilmenite are the source of the red color in o t l i r r  red- 
beds similar to tlie Piewe Canyon. 

F10IJRE 7.-hrinute trough-type cross-lamination in red siltstone about 40 feet below the 
top of the Pierce Canyon redbeds, sec. 5 ,  T. 21 S., R. 30 E 

Frau~n 8.-Small-scale clsclllation ripple marks in n I lg l i t -~ra>-  s i l t % t o n ~  lamina :Ihcmt 20 
feet below the  top of the  Pierce C:irl.von redheds, scc. 5, T. 2 1  R..  1t. :10 1: 
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Tlle Pierce (':Inyon reclbeds crop out chiefly arou~ld tlie nortll and 
east nl:~rqi~is of Y:lrll Dran .  Tile hest exposures :we on the west tip of 
l,i\-lngsto~~ Jliclgt.: Iirar tile l > ~ i ~ l ~ d : ~ r y  1)etween secs. 28 n ~ l d  20, T. 93 S., 
1:. ::O : near the I)ound:~ry bet wee^^ srcs. 14 :~nd 15 of that same 
t o n ~ ~ s l i i p ;  ant1 along hI:\rooi1 ('liffs, ncaross tlie 1lortller.11 Ilnlf of T. '31 
S., R. :{C) E., a11d e ~ t r ~ ~ ~ l i l i ! :  for :11)out 2 miles illto t l ~ e  no r t l~  1i:llf of T. 
31 S., I?. 31 14:. Tlie forrnntion is ivell e~posed  in sec.10, T. 92 S., E. 
29 E., :LIIC~ OI I~CIOPS  O C C I I ~  ill SWS. 3, 10, 16, 17, 20, 21, 27, 28, :ind 23, T. 
9:: S., R. 30 li;., and i11 secs. 11, 1.3, :lnd 14, T. 21 S., R. 29 E. ,111 ex- 
cellertt exposure s l~on ing tlie disconformity bet ween the Pierce Cnn-  
yon redbecls ant1 tlle overlyir~g Snntn Rosa ~nnclstone is in the railroad 
c ~ t  i l l  the SEl/cSEJiSTTIx sec. 35, T. 20 S., R. 30 7. (fig. 9) .  I n  
homo of tllc smnller outcrops difliclllty \ \as enco~ultered in trying to 
ciist ~~lfiiiish brt~veel~ the Pierce C:tnyon redhrcls and red silt reworked 
fronl tlic Pier.ce C;\nyori into the G:itul~a f o m ~ a t  ion of Pleistoce~le ( ! ) 
:]Re :~rrd iclentification is not r ie ryn  here certain. On the \vest tip of 
Livingstoil Biclge, :ibout 75 feet of t l ~ e  loner part of the Pierce be nu yo^^ 
rcdbecls is exposed. The formation co~isists of u n i f o r ~ ~ l  riiodernte rrtl- 
cI is l i - l )r~\v~~ to modcrale recldisli-orn~~ge siltstone ~\-itll nunierous pale 
grceliisli-gray spots about 1 to 10 111111 ir i  dianieter. Tlle ~veatlie~.ecl 
exposure llns n distinctly papery :IpI)enr:rilce \\hen viewed from n dis- 
tn11ce of sereral fwt,  but tlie la lu i i l :~~ : ~ r c  dificl~lt to see at close r;ulge. 
Tlte rock \~e :~ t l~e r s  into c l l i p~  gr l ie lx l l~  less than 1 inch across, hut 

~ l < . I J r 4 l ;  !I, -T'i(,w (11. txiIr<,;tcl C I I ~  ,> ,> ; IT  ! ? I < %  C , > I ~ ~ I , I ,  of t 1 1 ~  . S O I I ~ ~ I  l i r ~ r . ,  WI.. :!.j, T 20  S., It. 30 E. 
.%rl'o\\ indiciltf-h r l i~c .c ,n f ,~ l .n l i~b l t~  curlt;lr.t  hi~l!r6*f1~~ thr. I'if.rce (.;~nyorr J'PIIJII ' (~E. 1lrls)\v, i~r)d  
thr S;llltii K . ~ , b e  s i i r id? to~ l (~ .  i l h o v ~ .  

648712 0-63----4 
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some beds break into fragments 6 inches or more across. Along 
Maroon Cliffs as n ~ ~ ~ c h  as  100 feet of the Pierce Carlylon is exposed. 
The following stratigraphic section of the upper. part of the Pierce 
Canyon redk)rds, nleaslwed about half a. mile north of the Nnsll Draw 
qu;~drungle in sec. 5, T. 21 S., R. SO E., is typical of most of the ex- 
posures along Jfaroon Cliffs. 

Ntrntigraphic ~(>ct ion of tkc  ztppcr par t  of the Piercr Canyon rrdbrds exposed In 
thc E1h SPC. 5 ,  7'. 21 P., R.  30 E . .  Eddy Colcntlj, N .  Wr.z'. 

Snntn Ros:~ r;rlldstone : 
Sandstone, fine- to coarse-grained, pale red, crossbedded: contains 

silty dololliite pebl~les. 
I;nc>onf ornii ty. Thickness  
Pierce Canjon ~ e c l l ~ r d s  . ( f e e t )  

Siltstone, sandy, modrrate reddish-orange; a l t r r~iat ing laminae coni- 
posed of silt and fine-grained sand:  individual laminae generally 
less than 1 111111 thick ; so~i i r  s t ra ta  characterized hp oscillatio~i and 
current ripple nlarlcs ranging from 3/H to 1 in. from crest to crest ; 
light-gray spots a s  much a s  10 uini ncross a re  abundant. and some 
thin s t ra ta  a re  light gray throughout ............................ 35 

Siltstone, n~odr ra te  reddish-orange a ~ l d  ~iiotlerate reddish-hrown in 
altrrnnting lnlllinae, different colors due to differences in  amount 
of he~natit iv utaininp in the r1:l.v-sized frartioll : l l~inute trough-type 
rross-laniini~tion with indiviclu:~l cross lamina generally 0.6 to 10 cm 
in length; forms ledge. A lentinllar .;et of medium-scale cross- 
l f~~ninated fine-grairird pale-red sandstone present locally about 3 to 
5 ft .  nhove t ) n s e - _ _ - - - - - - - - - _ - - - - - - - - _ - - - - - - - - - - - - -  15 

Claystone, silty. c node rate reddihh-hrown, nonfissile ---------------- 1 
Siltstone, sandy, ~notleratr reddish-orange. friable: weathers to slope 

covered with chills less than 1h in. across _-_-_-------------_----- 18 
Siltqtone, sandy, niodrrate reddish-orange, horizontally 1aniin:ited and 

locnlly crush la~niuat t t l  in sets a.; n ~ n r h  as  1 in. th i rk;  weathers into 
blocks : i s  niuch a s  2 ft. acrosq and A in thick -_-___--_-_--_------- 5 

Sandstone, very fine grained. hilly, nlotlcrate reddish-orange; lami- 
nated and interstratified with sillslone the same color: light-gray 
spot.: au 11iuch aq 10 nim acrosh ahnnd:lr~t,  forms slope; weathers 
tu t)locks aq 1n11c.h as 10 illches :tcross and 1% in,  tl~ick------------ 16 

Sillslone. sandy. moderate reddish-orange; horizol~tally laniinated 
and 1oc;~llv cross laliiinnted in sets as much a s  1 in, thick: \reathers 
to I)locsks as  n1uc.h a i  2 ft. r1cros.c and C, in thick-- -----_--------- 3 

Siltstone. nioderate reddiqh-l~ron~n. laminated; and very fine grained 
moderate rrtldish-ornng~ sarldsto~le : in beds a s  much a s  1 in. thick ; 
light-gray spots a s  much a s  10 mrn across ahundant : weather.: to 
papery  chi^^^ ;as much as  4 ill. across . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 

Siltstone. sandy, moderxtr reddish-orange; forms minor ledgr: 
weathers to  blocks as  muc!h as 4 in. thicli and 10 in. across--------- 3 

Siltsto~le, n~oderate  reddish-hro~v~l,  laminnted, locally ripple-marked : 
pale grerniah-gray spots as murh as  10 nnn across almndant: 
\reathers t(4 1l;lller callills a s  111111.11 its 4 in. :IC'I.OPS: Imse rol-rred_--_ 10 

Inter\-a1 to tol, of Rnstler forniation not es~)osed. 



The Pierce Callyon redbeds represent the beginning of c o ~ l t i n ~ ~ o u s  
depositioii of detrital sediment follo~ving the lung period of pre- 
dominantly evaporite depositiori in the Delaware basin and ncljacent 
shelf areas of soutlicastern New Mexico. IIoweber, the abrupt cliange 
in lithology does not necessarily signify a sudden tectonic or  eustatic 
movement, but only a p1du:ll decrease in the salinity or depth of the 
water plus :I new sol~rce for  tlie detrital sedinlents which were de- 
posited. Certain general features of the Pierce Canyon iL1.e especinlly 
noteworthy. The lithology and color appear to be remarkably nni- 
form. Vie~vecl from the distance of a few feet, the stratification nearly 
always appears to be parallel even though small-scale cross-lamination 
may be seen on close inspection. The sinall grain sizc, together wit11 
the minute scale of primary secli~llentary structures, sucll as cross- 
lamination in sets less than 1 cm thick and oscillation ripple irlarks 
less than 1 inch from crest to crest, si~ggests th:~t the silt was deposited 
in extremely shallow bbater extellding over n I~roxcl flat. Lenses of 
medinm-scale cross-laminated fi~le-grained sandstone or  siltstone in 
the npper part of the Pierce Ciuiyon (fig. 10) probably indicate :L 

gradual change toward fluvial tleposition ile:Lr the end of Picrcc 
Canyon time. Tlle deposit undoubtedly blanketed the Delaware basin 
and part of the shelf area to tlie nortll, but the source of the sediment 
is unknown. The pnleogeulogic setting is imperfectly k ~ ~ o w n  because 

I ~ I G U R E  10.-Vicw of t h e  u])per p a r t  of the I'iercc C a n y o n  redbeds  s h n ~ v i l ~ g  a lens of ledge- 
forming sand3  s i l t s t o n e  i n t e r s t r n t i f i r d  w i t h  typ ica l  l an l ina ted  s i l t s t n n ~ .  P h n t o g r a p l l  nf 
c;lnyon \v;111. NLVl"/s sec. 12. T. 21 S.,  R.  .':0 I,:. 
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the correlation \\it11 rocks in other areas has not been determined. 
T o  the 11 est of tlie Del:~n:ire basin, erosion has renioved the formation. 
To the enst, t l ~ e  rocks lnay bc contilllioll~ ~ ~ i t l i  sinlilar red siltstones 
in tlie Alldlwnd basin of Texas, Imt tlie co~.rel:~tion is u~~ce r t a in .  

A few na te r  \yells in the itma obtain s~ l f ic ie~l t  water from the Pierce 
Callyon red1)eds for  local clo~iiestic aricl stock use. 1)ut in sorne areas 
tlrc quality is very 1011 hcallse of dissolved salts. 

Esposnres of the Pierce C:i~iyon r e d l ~ d s  are comnioi~ly tilted or  
draped irito simple s t n l c t l ~ r ~ s  ws a result of tlre collapse nncl sne l l i~ lp  
that accon1l)aiiies solltt ion ancl hydration of the ~nlderly ing evaporite 
rocks. Some exposures of the Pierce Canyon along the margin of 
Kash Drnn sliow n downn arping into thr 1 opographic depression 
tlint is pre.;nmahly tlie result of remor:rl of solllble rocks (fig. 11) .  
For  this reason, strike and d ip  readings, even on the very apparent 
p:xrallel stratification of the Pierce Canyo11 redbecis, do not necessnrily 
reflect the structure of older rocks. 

F I O ~ R E  11.-Downwarping of the Piprce Canyon redhrds atid a th in  r a p  of cnlirhe along 
the nor th  margin of &ash Draw. Deforn~at ion is : ~ t t r i b t l t ~ d  to solut io~l  a n d  renloral o f  
so l t~hle  rocks. chiefly sa l t ,  in the  suhst~rfacr.. Vicw of hZ:rroon Cliffs looking southPast 
f rom a point in the  northern par t  of sec. 8, T. 21 S.. R.  311 E. 

The age anclcorrelatior~ o f  the Pierce ('any011 redlwds :tre uncertain. 
In the first pnblislied reference to the formation, Lang (1935) decig- 
lated the rocks as Pei.mi:~n in age. T \ \ o  ye:~rs later (Lang, 1987, 
footnote p. 876) t l i ~  desig~lation \\-as clianged to Triassic., I~canse ,  ac- 
(.orcling to TJang (IM'i), t l l ~  Pierce Canyon redbetls grade into, and 
:Ire in part c~ontenlpornneous ~vitli, tlle o~ ei,lyi~ig Sailta Rosa s:u~dstone 
in the Doclcnm group o l  Late  Triassic age. This iiiterpr-etation is 



believed to result from the fact that lenses of cross-laminated sand- 
stone, apparently of fluvial origin, are present locally in the upper 
part of the Pierce Car~yon redbeds (fig. 10).  These lenses are finer 
grained than typical lerises in the Santa Rosa sandstone. RIoreover, 
the Santa Rosa discoufor~n:~bly overlies the Pierce Canyon as shown 
in figure 9, so that L:~ng's correlation does not seem well substantiated. 
I n  this report the formatioil is regarded as  either Permian or  Triassic 
in age. 

-2inong l)etl*oleui~~ grologists tlie name T)ewey Lake redbeds is com- 
111o11ly :~pl)lietl to the roclrs here decignnted the Pierce Cariyoil redbeds. 
The  n:lrllr D e n q  I,;\lir \\:I$ first usecl Gy Page and hdanls  (1940) for 
rocks 1wnetr:lted by d l - i l l i~~g  i l l  tlie I\liclland basin of Te'xas that occupy 
nhout the same stratigr:~pl~ic position as the Pierce Canyon redbeds 
in the I)ela\vnre basin of qn~~tllenstern Nexv Mexico. The Dewey Lake 
redbeds were assigned a Perininn age because they were thought to  
lie co~~formnbly on tlie Rl~st ler  fo~.nlation and to be more closely re- 
I:lted in appenrance and n1iner:zI content wit11 the underlying Permian 
rocks than with the overlying Triassic rocks. The P ~ e r c e  Caiij on 
:I ntl neu-ey Lake r e d b d s  nlny possibly be equi\-ale~lt.' 

SANTA ROSA SANDSTONE OF TRIASSIC AGE 

The Santa Rosa s:~i~(l$tone ( l i s co~ l f~~ .~ t~ :~ l ) ly  overlies tlie Pierce Can- 
poll rerlbeds. Only t l ~ e  lo\\-el. 50 to 70 feet of the Santa Rosa sandstone 
1s present ul t l ~ r  ~ l o r t l i e r ~ ~  n ~ l d  northeastern part  of tlie Nash Draw 
qn:~tlmi~gle and tl~errfore the total thickness of the formation could 
not be determined. 1 1 1  gelle~xl, tlir Sniita Rosa co~lsists of large-scale 
trough-type crossbedded pale-red sandstone and conglomerate lenses, 
:I to 15 feet thick, se1,ar:ttecl by t l~ in  pt~rtinps of moderxte 1.eddish- 
brown siltstone and silty c l a ~ s t o ~ i r  (fig. 12).  The conglomerate lerlses 
c~outni~l hot11 silty dolomite pebbles and chert 01. c~ruartz pebbles. The 
s:~ndsto~le is cllnracteristically ~>oor.ly sorted. The  formation differs 
froni tllc lulderlying Pierce C:~~lpon i~etlhecls by beiug coarser grained, 
lrsi \vcll io~fet l ,  R I I ~  by l i i l \ - i~~g beds that :ire thicker and more 
lent icul:l~-. 

The liallie S:xnt:t l:oii~ sa~~ds tone  \\-:IS first used for  rocks of 'l'riassic 
: ~ g e  in e:~.t-c,ent~.:~l Sew Rfrsico a l o ~ ~ p  tlie Pecos River 1ie:tr the to\\-n 
of San t :~  Rosa (Ricli, 1021 ; Darton, 1822, p. 183). I n  the Nash Draw 
cl~~:lclr-:~~lglr : I I I ~  :\dj:\c.ent :\rr:is to the nortll and east, the S:ult:~ Rosa 
\:i~rtlsto~le is ~ i ~ o s t l ~  p:1111 1.0d to 1):lle retldisll bro\vn, n i ~ d  locally pale 
i.rtl p ~ ~ r p l e  to pale hlr~r  Ereen. Secondary alteration has locally 

' S u b r e q u e ~ ~ l  to the preparntion of this repor t ,  the U.S. Genlogicnl Sur r ry  drcided in 
faror of nsinz t h c  n a m e  Dewey Lake  redbede of Perminn ape i n  place of the  name Pierce 
Canyon rc.dbrds of P ~ r m i n n  o r  Triassic ;ICI?. 
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bleached the rocks to light gray, grayish pink, and light greenish gray. 
Bleaching is especially common near the base, in some of the coarser 
sandstones, ancl in places where tlre rocks have been recently deformed. 
The disconformity between the Santa Rosa sandstone and the under- 
lying Pierce Canyon is show~n in figlire 9. 

FIGURE 12.-Santa Rosa sandstone showing largp-scale trough-type crossbedding. View of 
hluff, northeast corner sec. 1, T. 21 S.. R .  30 E. 

Sand grains in the S:ulta Rosa mostly range frorn silt to  nlecli~uin- 
grained sand;  tlie tine s;ind (0.125 to 0.25 mnl) is most :~bundnnt. 
Quartz and cliert are the niost ab~u~cl:rnt nii~ieral grains and generally 
 mount to more than 60 perceiit of tlle rock. P1:lgiocl;lse and niicro- 
cline or  pertllite :Ire nlodertitely ablulldant and nlay constitute 15 01. 

20 pel-cent of tlie rock. (:rains, granules, and locnlly pebbles of 
quartz and chert as much as several centimeters in dinmeter and light- 
p l y  silty dolomite ])ebblee i~anging from a f r v  millimeters to  several 
centimeters across :ire also conlinoil. Loc:llly, some beds are mado 
up almost entirely of n~o t  tlctl rcddidl : l id  bluisl1-g1.re1l silty doloniite 
granules and pebble+. Tllc larger fr:lgnlents tend to br ~vell rolmded; 
(lie fine- nncl niediu~~~i-sn~ltl  particles are :~ngnlnr.. Locally, some 
grains are cruslied a n d  fractured. Jlniiy grains are enlbayed and 
illterlockecl with :ldjncent glxi~is .  ,Iutl~igenic q11ni.t~ overgrowtlis 
are fairly coururlon. ,\ccessor-y nliurrr:~ls i~iclucle biotite. nluscovite, 
magnetite, ilnle~lite, piilk garnet, arid zil-c>o~l. Tlle accessory minerals 
co1npr. i~ less tl1;11l :thollt 5 perceilt of the rock. Fossil plant impres- 
sions, cnrbonnceous plant frrtg~nents, and fossil reptile bones arrd teetli 



ihongllt to be from phytosaurs characterize some of the  beds. Clay 
1s :I relati\.ely n ~ i ~ l o i  coi~stitueilt i11 111ost of tlle S:xnta Rosa sandstone. 
Sc(.oirtl:lry doloniite \\-:is identifiecl by H. M. Jladson (oral conlmunica- 
t ioli, Jailnary I!)(iO) :IS tilt. most al)uilclnnt cement, and it probably con- 
st itntes at least 10 perceilt of the rock. 

The  Sailta Rosa sandstone represents a change in the environment 
of deposition as coliipared \\-1tl1 tlle Pierce Canyon redbeds. The  
large-scale tllrongh-tylw crossbedding probably indicates s fluvial 
environment. The  lack of sorting, arkosic composition, and angular- 
i ty of the grains suggests rapid deposition by streams descending from 
:I predonlinantly crystalline terrain. 

Outcrop5 of tlle S:liltn Wosa sni~clstoi~e in normal str:ltigraphic posi- 
tioil :Ire fonncl only i l l  the extreme northensteril corner of the Nasll 
I)r:l\\- cluadrangle, and tlle exposures there are poor. More faror- 
: ~ l ~ l e  e2tpoinrc.s are fonnd wit l~in :I rliilr or  two of tlie nortll boundary 
of the qu:idrangle south of U.S. Highway 62 and 180. There the 
S:lilt:~ 1Zosa b:llldhtolle forms ;1 C O I I S ~ ) ~ C I I O I ~ S  5outll-f:1cing escarpment 
(fit. Id) that estencls from sec. 4, T .  21, S., R. 31 E., almost contin- 
11o1iil~. to tlle J lnrool~ Cliffs in seca. li, T. 21 S., R.  :3O E. The  Sn~l tn  
1Zoi:~ sandstolle is :llw preser\ ed 011 tlic fl;~nli? :rirtl in breccinted down- 
clropped cores of several domal karst features near the north boundary 
of tlie clnadr:l~rgle. 'l'o\\er Hill, oil the north boundary of the quad- 
r;rngIc. 11:1-, :I tilted block of Sailtn Rosa sniidqto~~e exposed on the 
.on111 51tlr of tlle 11111 tllat probal)ly rq)re.ients  art of a dounclropped 
(Vl't'. 

'Tho S a n t : ~  Hos:r s:ri~tll-tollc probably co~ltaiils I\-ater locally in areas 
iloi*tIr t111t1 e:rbt of the K:~hll I)rn\\ cl~~:~drallgle. hut lnost of tlle records 
of' \\ : ~ t c r  \\-ells :1i.e i1l:ldcqu:lte to dist iilguislr k~etweeil tlie various red 
I)t.tl, tllat 111;1y I)e 1)reicllt. 

On tlle b : ~ h ~ s  of tllc rcl~lailis of p1lytos:lurs (Vase, 1014), the forma- 
t 1011 i i  ;~ssig~lctl  to the 1,:rte Tri:ls\ic :rnd is co i i~a io~~ ly  regarded as  the 
1):15:11 foi-ill:lt ion of t l ~ e  I)ochnin gronp of T,;~te Triassic age. 

GATUNA FORMATION OF PLEISTOCENE(?) AGE 

Tlre Gatuna fo~.nl:ttioil rrilconformably o~7erlies the Permian and 
Ti.i:issi~ i . o ~ k ~  ill t I IC q~ii~drilngle, except \\liere it h :~s  been renloved by 
ei.osioll. 111 il~oht of t l ~ e  :lre:a the (intruia formation is only about 3 to 
5 feet tlricl; :~i ld  is dil,ectly o \  erlni~r by Recent caliclle that is more 
iwi\t:ult t ban tlre Gatrula : I I I ~  inasks tlre ui~derlyiilg rocks. There- 
fore. except u l ~ e r e  t l ~ r  Cratl~nn is thicl; or forms :r broad eilougll eu- 
1)0~11i.e to III:II> sep:~r:~tely, it is s11o\x-i1 together wit11 tlle caliclle on the 
geolocic illap (1'1. 1 ) . I l l  g(~iiera1. the Ga t~ rn :~  formatioir coilsists of 
irlodcratc reddiqlr-orallge l'rial)le sandstone, siltstone, and conglom- 
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erate, but locally includes gypsum, gray shale, and clxystone. The  
Gatuna is as mucl~  as 100 feet thick locally. 

Tlle fornlntioir talies its name from Gatun:~ Canyon, about 7 miles 
11orth of the Nash Draw quadrangle (Robinson and Lang. 1038, p. 84- 
85). Sorne of tlie best exl)osulbes in Gatulia. Cyanyon :ire in the Sy2 
sec. 35, T. 19 S.. R. 30 E., directly south of tlle point nllere New Mexico 
State Route 31 crosses t l ~ e  escarpment of Nimenim Kidge. The 
Gaturia is a t  least 80 feet thick in a gravel pit : ~ t  this locality ; it 
consists of pale-red conglonl~ratic sarrdstorie in t l ~ e  Ion-er pnrt, grading 
npxr-ard into inoderate reddisli-orange niassive snnclstone :~nd  siltstoile 
: ~ t  tlie top, n11e1.e it is overlain by c:~licl~e. Tlle base is not exposed 
because of s l ~ ~ n ~ p i n g  and Inndsl iclillg along tlie steep slope. 

Sonth of Salt Tlnlie i l l  the ex t r e l~~e  sol~tl~n-est corner of tlre Naslr 
Drnn qlladraiigle, the G:~tilna formation forms a ~iortli-f:~cirig escarp- 
ment 80 to 100 feet lliglr, corri.cd at tllr 101) by :I cap of c:~lic.lie. Tllc 
color and lithology are quite r;lriahle 1oc:illy. The roclc is cliiefly 
~lioderate or :~ngi~h-red friable fine-grained sandstolie :111d siltstone, 
but contains sonie lenses of gray to yello1ris11-gray laniillated clay and 
silt intcrhedded nit11 Irdges of pale-red s:iildsto~ie a ~ ~ d  c-ong1omer:rtic 
s:lndstone 6 iilclies to 9 feet thick. Tllree stratigral)liic sections of t l ~ r  
G:~tnnn were mrnsurrd in Pierce Canyon, one of R series of r:~sterii 
tril)ut:~ry cnnvons to tlie I'rcos River. :tl)ollt 4 nliles south of K:lsl~ 
Draw q~~:lclr:~nglr,  to sllon the lanllge :~nd  variability of tlic litllology 
locally. 

Strcrfiqrn)111 ic srcf ion of cr ptrrt of t11c Gut?1)1u forn~( t t io?~  t ~ r a r  tll ? I . c . P ~  ~ 1 1 ' 1  o f  
fllc nortlr hl l r f f  o f  Picrcc' ('nrr!/u?i rn SWli scc.  22 ,  7'. 64 S., R. 9 E. 

Thickness  
G n t l ~ n x  formntion ([ ,ar t )  : ( fee t )  

Siltstonr. ~i~otleratr redtlisli-orange. c.rnsqbrdtlet1. ni:~.;sire-\reathering-- 5 

Sandstone, pale-red. ~riedilunn-grained : f o r l i ~ ~  ledge--_ -------------- 2 
Snntlstone, nlo(1erate-pink to way. n~etlimn-grain~tl,  fri:~ble-_--_--- 8 
S;lntlstonr, pale-retl. c~onglon~rrnfir crossbeddetl----_-------------- .?-lo 
Siltstone, lnotlrrnte reddish-or:lnpr, t~rosshr(ltlet1, ~nnssi\-r-lveathrring : 

base corrrctl by :~llurinrn ~ 15 

35-10 

The next section was nlr:lsi~red nhont lialf a lnilr e:lst of tlie first. 
>I t  the base of t l ~ r  slope on \~-1iicI1 the sectin11 was ~neasnred is a tilted 
hlocli of I)edded rock at leabt 20 fret tl~icli and err-era1 t in~es  as lollg 
~;i~rroiincled hy nllnr-iuni. Tlir block sliows the rliarncteristic color 
rind v-:~vy 1aniin:ltion of dolomitr of the Ririgrntn rnrn~ber. hilt it hns 
I)ern fractured. recrystallizrd, an(l rnost of the gypsum 1e:iclled nwap. 
Scrernl 1:lrge erratic blocks fi*oni tlie Riagenta inrrnber of t l ~ e  Rust- 
Irr for~rlation and the Pierce Canyon redbeds are imbeddeci in the 
Gatnna within a mile to the east, and it seem.; likely that this block 
was also incorporatrd in the Gatuna. 



Strc~t~gruli l t ic  .sc'cfzon of  n part o f  thc  Gotuna formation r m p o s ~ d  along the  north 
blu f f  of Pirrce Catlt/orb in SEX .\c.c 22. T. L/r S., R. 29 E. 

C'alic.l~e. Thickness 
G a t ~ ~ n n  forn~;ltion (par t )  : ( f e e t )  

S:~ntlstone. 11;lle-rctl t ~ )  rnotlerate reddish-orange. medium-grained ; 
1oc:llly coul:~ir~s grnr1111es and l~ehbles ; becomes calcareous a t  the toll, 
grading 111)~vard into thr caliche ................................ 40 

(''ongloil~rrate, grayish-pinl< to pale-red, crossbedded ; contains vari- 
ously c.c~loretl rounded quartz and chert pebbles and rounded to 
angular siltutone l)ehblt~s - ~ _ - - ~ - - - - - - - - - _ - - - - - - - - - - - - - - - -  22 

Sil ts to~~e.  ~nodernte reddish-orange, and pale-red conglomerate con- 
tiliriing rountletl 111l;rrtz imd chert pebbles and angular fragments of 
1)irlk dolomite : ~ ~ ~ l ~ n r e n t l y  derived from the hIagentn n~rnlber of the 
Rustler for~nution. Bart> covered by allnviu~n _-_--------------- 10 

'I'lie third section, its sllo\\-n below, was measured on the west point of 
:I prolr~inent iXeeritr:~iit into the nol.th bluff of Pierce Canyon about 500 
feet east of tlie second section. 

St~.rctic[raph rc .cc'r'tion of  11 pnrt of thc Gatrrno fornlcrtion rrposerl alowq t h f  north 
b l r ~ f f  o f  P t r ~ c c  Cor~!/ort t l i  S 1 I V 1 ~  six.. 23, 7 .  2 $  S., R. 29 E. 

C:lliche. 'I'l~icknt~xs 
Gntnna for~nation : ( f r e t )  

Siltstone. pinkish-gray. snntly. friiible: no risible bedding; ul~per  part 
grades into ovt~rlyilip c.alicahe __-_-__-- - - -_- - - -_- - - - - - - - - - - - - - -  22 

Siltstonc,. and very tine grtrined sandstone, moderate orange-pink: 
some t1li11 1a1ni11:~e 11>c.:llly ; weathers massive, escept for a few 
ledges of sandstollr 3 to 6 in. thiclr 25 

Siltstone and clapstone, grasish-yellow to yellowish-gray, possibly 
tnff:~c.eous: c . o ~ i t : ~ i ~ ~ s  s ~ ~ n r s e  plant fragments. Ease covered by 
:illuvinn~ 33 

80 

Several sinkholes and clomal karst featnrwes contain thick fillings of 
Gatnna in the Nash Draw quadrangle and adjacent areas. Good ex- 
amples of such fillings associated with karst features are (1) a promi- 
nent bluff of red siltstone about a quarter of a mile north of the .Jal 
road on the section line between secs. 33 and 34, T. 22 S., It. 29 E.: (2) 
r.ed sil tstolie about n qn ; t r t e~  of a mile southeast of New Mexico State 
Ronte 31 near tlie center of the SEl/q set. 15, T. 22 S., R. 29 E.; (3)  
red siltstone near the center of the large island in Salt Lake a t  the 
nor-theast corner sec. 16, T. '23 S., R. 29 E.; and (4) a red siltstone 
knob near the north end of t,he prominent hill in t,lle S E l h  sec. 24, 
T. 23 S., R. 29 E. Al l ~ i l l  about half a mile west of the quadrangle near 
tlie iritei.sectio11 of New Mexico State Route 31 and the J a l  road is 
cut by the U.S. Potasli Co.'s narrow-gauge railroad to the mill and 
contains an unusually good exposure of red beds thought to  be part 



B30 CONTRIBUTIONS TO GENERAL GEIOLOGT 

of the Gatun:~ formation. The lower 30 feet of this outcrop consists 
of poorly bedded moderato reddish-brown siltstone 11-ith light-gmy 
spots, several beds. 3 to 6 inches thick, of medium- to coar-se-grained 
sandstone, and large angular erratically distributed blocks of lamin- 
ated siltstone probably derived from tlie Pierce Canyon redbeds. This 
unit is overlain with slight anmla r  unconformity by 8 to 15 feet of 
conglon~eratic moderate reddish-orange mudstone containing chert and 
quartz pebbles as much as 4 inches across. The upper unit apparently 
Iias no bedding and weathers into a nearly vertical cavernous ledge. 
Rocks at the top of the outcrop grade in color and t e x t ~ ~ r e  into caliche, 
~ ~ l i i c h  forms :I resistant cap 5 to 10 feet thick at the top of the hill. 
The examples of Cratunn. core-fillin,rr mentioned earlier are mostly 
similar to the lower siltstone unit. 

I n  some areas where the exposures are small or partly covered, it is 
difficult to distinguish the Gatuna form:~tion from the Pierce Canyon 
redbeds and the Santa Rosa sandstone. I n  other places where much 
gypsum is present, the Gatuna resembles the Rustler formation. I n  
general, hon-ever, the bedding or lamination is more obscure in the 
Gatuna than in the older rocks, and many outcrops of Gatuna ]in\-e 
veinlets of gypsun of carbonate minerals not so common in the older 
rocks. h chert- and quartz-pebble conplomer.ate lens overlying tlie 
Pierce Canyon redheds in sec. 10, T.  22 S., R. 29 E., is too friable and 
has too m:Lny pebbles to be repnrded as Snntn Rosa and therefore is 
indicated as Gatuna. Similar reasoning was used to designate other 
outcrops shown as Gntuna on the geologic nlap (pl. 1) in tlie NEIL 
sec. 32, T.  23 S.. R. 30 E., and several outcrops of Gatuna along Liv- 
ingston Ridge. An outcrop of gypsum on the large island i r ~  S:dt 
Lake is shown on the map (pl. 1) as Gatuna formation, but it is pos- 

a ion. sibla that some of the gypsum represents tlie Rustler form t '  
Qnnhada Ridge in the northn-estern part of the Nash Draw quad- 

rangle is covered by ~ i n d b l o ~ l - n  sands, but ri ell records show that the 
sand is underlain by red beds. Tn his description of the Fletcher 
potash core t,est in sec. 1, T. 21 S., R.  28 E., Ilang (1942) suggests that 
the Simta Rosa snndstone may he 55 feet thick, the Pierce Canyon 
redbeds 505 feet thick, the Rustler formation 320 feet thick, and tlie 
Salado formation 490 feet thick. He fl~rtlier states that the Rustler 
formation lacks about 100 feet of its top beds and that it lies on t111n- 
cated Salado formation of ~1-1lich the upper half has bee11 removed by 
solution. Consiclerinp the abnormally tliick unit assigned to tlie 
Pierce Canyon redbeds, tlie evidence for sohltion, and tlie history in 
adjacent areas, it seenis reasonable to assign at least 300 feet of tlie 560 
feet of red beds in this well to the Gatnna format ion. I t  then foll011-s 
that Qnahada Ridge \\-:IS forlnerly tlie site of :t depression, oot unlike 



the present Nash Draw depression, that became filled with alluvial 
matel-ial in Gatuna time (pl. 1 ) .  

I t  seems likely from a consideration of the local variation and rapid 
changes in thickness of the Gatuna formation that its deposition fol- 
lowed immediately after, or in part accompanied, a period of a c t i ~ e  
solution in the Rustler and Salado formations. Either the Pecoe 
Eiver or a major triblitary of the Pecos probably flowed across the 
area in ;L position nearly p:irnllel to the present Pecos River. but offset 
several rniles f:xrther east, which caused both the undergrou~id solu- 
tion of the older rocks and the filling of tlie reslllting depressions arid 
sinkholes with locally derived sediments. 

The Gatuna formation n7as orginally indicated as being simply 
Quaternary in age (Robinson and Lang, 1938), but is now considered 
Pleistocene ( 8 )  by the 1T.S. Geological Survey. Fossils bearing on the 
age of the Cratuna formation have not been reported. Physiographic 
relations would seem to indicate that the Gatuna is deposited on n 
burface of erosion that is younger than the Ogallala formation of 
Pliocene age on the High Plains farther to the east, because the pre- 
Gatunn surface lies at  a lo\\-er level. However, the pre-Gatuna sur- 
face has been warped by solution of the underlying soluble rocks and 
gradual sinking of the ground surface as much as hundreds of feet so 
that the usual methods of correlating physiographic surfaces by their 
elevations is not necessarily valid. As  much as 2,000 feet of salt has 
been removed from the formations of Late Permian age throughout 
large areas west of the Pecos River, but i t  is not known how much of 
this solution and sinking had taken place by the time the Gatunn \%-as 
deposited, and how mllcll took place in post-Gatuna time. I f  mllcll of 
the solution was post-Gatuna, then the Gatuna might actually re- 
present rocks equivalent in part to t,he Ogallala formation of Pliocene 
age. 

PLEISTOCENE AND RECENT DEPOSITS 

CALICHE 

I n  tlle Nasll Tlran- (qlladrangle, a f i~ir ly continuous mantle of caliche 
n-as deposited uncomformably oil the Gatuna formation and older 
rocks. This caliclle has been overlain, in  tun^, by yomiger deposits 
and is therefore tllouglit to liave stratigraphic significance. Though 
generally less tlian 10 feet tliick,-its resistance to weathering in the 
dry clirnntr Iias allowetl it to forrn extensive surfaces that can be 
mapped in clefinitr stratigr;~pllic sequence with other rocks and 
deposits. 

Caliclle is a near-snrface nccurnulation of calcareous and clastic 
material that forms n resistant mantle. I t  is characterized by an 
excess of calcareous material over that required to cement the clastic 
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grains, with the result that the grains appear to float in the matrix. 
I n  many areas the caliche is characteristically brecciated and rece- 
mented. I n  addition to sand and calcareous material, pebbles are 
locally abundant, :11id silica in the form of chalcedony or opal also 
forms part of the cementing matrix. Other soluble minerals, inclnd- 
ing gypsunl, are probably locally present. Where the top surface 
of caliche has long been exposed to weathering, it almost invariably 
has :x very hard clense limestone surface that could easily be mis- 
interpreted as an outcrop of massive limestone similar to those in 
some older formations. Close inspection, 1101%-ever, generally reveals 
sand grains, chnlcedony, and brecciation. Commonly the dense layer 
at the top is only 1 or 2 feet, thick, and the rock becomes Inore friable 
and shows a greater proportion of sand grains to matrix within a few 
feet of the surface. The less calcareous zone in turn grades down- 
ward within 5 or 10 feet into the underlying bedrock, which generally 
is broken into angular fra,ments recemented with calcareous material. 
I n  many areas caliche has concentric lamination or  colloform struc- 
ture suggesting calcareous algal strnctures. The widespread mantle 
of caliche has much the same composition throug1:hout the area regard- 
less of whether the underlying bedrock is red snnclstone and siltstone 
from the Gatuna formation, 8anta Rosa sandstone, and Pierce Can- 
yon redbeds, or gypsum from the linstler formation. 

Locally, younger caliclle occurs as sn~all irregular masses within 
the younger deposits, but these patches of caliche are too small to be 
mapped and are not stmtigmphically significant. 

Most of the caliclle is t l~ought  by Brown (1956, 11. 12) to have 
formed during the Quaternary period, probably from subsurface 
evaporation of soil moisture in an eolian nggrading soil profile. 
According to Brown, both the sand and the calcareous material were 
deposited by wind. I n  many areas erosion and solution are, destroy- 
ing the caliche. Sinkholes, including both small cavernous openings 
enlarged by small animals and shallow circular depressions or wallows 
up to several hundred feet in diameter, are common in areas where 
caliche is exposed on broad flats. I n  some areas where these features 
are most conspicuous, the caliche is underlain by gypsum that is 
locally dissolved away, as shon-n by figure 13. 

Mounds and broken flexure ridges of caliche where the surface of 
the caliche has been buckled upwards 10 to 15 feet high along narrow 
zones for distances of 50 to several hundred feet are common locally. 
These features were noted especially in the southwestern part of the 
quadrangle within a distance of 3 miles east of Salt Lake (fig. 14). 
Broken flexure ridges differ from mounds in having open tension frac- 
tures that extend parallel to the axis of the structure. Many caliclle 



mounds and  broken flexure ridges protrude through a l l u ~ i a l  material, 
but are too srnall to distinguish individually from the slluviuni a t  the 
scale of the geologic map. 

B'IGDRE I:%.-Sinkhole in t l ~ e  For t s -n inw mcnlher of the Rustler fornlation. B y p ~ l l m  and  
o ~ e r l y i n g  caliche have c~)ll:~l)srd along the margin of the depression wllich occupies the  
foreground. View in SW1/: sec. 3, T. 23 S.; R. :SO E. 

F I G U ~ E  14.-Iirolien flexure ritdge of cnliche siloming steep dips away from the axis of the  
ridgc. View in hec. 23. T. 23 S., K, 29 E. 
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The origin and significance of the caliche mounds and ridges is 
uncertain. "J'lley may be similar to the pseudoanticlines described by 
Price (1025) from central Tamnulipas, Mexico, which he attributes 
to the accretion of caliclle at shallo\\- depth in the joints of slabby 
bedrock. Tlie pressure of crystal growth \\-as considered by Rlortensen 
(1930, p. 487) to explain the origin of similar ridges in the salt de- 
posits of Chile. Consideration might tdso be given to thermal expan- 
sion and contraction with deposition of material in open fissures. This 
process is regartled as iniportant in the formation of polygons and sim- 
ilar patterned ground in polar regions (IYnshburn, 1956, p. 851). The 
expansion of anhydrite as i t  alters to gypsum is n frirther process that 
should he considered because of tlle occurrence of these ridges in areas 
where caliche directly overlies the Rustler formation. Probably a 
combinntion of more tltan one process is involved in the formation of 
caliche mounds and broken flexure ridges in this area. The present 
mapping was illsufficiently detailed to determine IT-hetlier the ridges 
and niounds forni a regular arcnl pattern. 

13retz and 1Iorbe1.g (1949, p. 4!)2) recognize four sl~rfaces on which 
calicl~e is developed. They are, from oltlest arid highest to youngest 
and lowest: ( I )  the High Plains of the Llano Estacado in extreme 
eastern New 3lexico : (2) the Jlescnlero plain, nllich extends \\-est\\ ard 
from the TTigll Plains to the rim of Nasll Draw and includes areas east 
of Livingston Ritlge nrtd hl:~roori Cliffs, east of Nash Draw, and the 
top of O,n:thada Ridge, nest of K:tsl~ Draw; ( 3 )  the I3lackdom plain; 
arid (1) the Orclinrd Par.1~ plain. The two lowest snr-faces are west 
of the Pecos River. ,2ccording to this classification, most of the broad 
areas of caliche in the Xash Draw quadrangle are formed on the 
Mescalero plain. Possible exceptioils would be the areas of caliche 
within Kash Draw which are loxer tlian tlie surrounding ridges, but 
these might represent parts of the hlescalero plain that have beer1 
let do\\-n by solution. Differcnces of relief of as much as 400 feet of 
caliclle on sloping surfaces and c:~lic.l~e-covered slopes as steep as 10" 
apparently liave resulted from tilting c~aused by recent solution. 

All thougl~ tlie relative age of these surfaces is generally accepted, 
correlation of their ages n-it11 late Tert iary :tnd Qilaternary events 
else\vhere is difficult to establisll. The Rleic:tlero plnin is developed 
largely on the &tuna forn~ntion. The age of the Gatnna is uncertain, 
llowever, ancl rriay be as old as Pliocene. Tlte cnliche, accordingly, 
inay be Pliocene, I'leistocene, or Recent, but it is cari-iecl as Recent on 
I he accompanying geologic map. 



ALLUVIUM I 
Because there are no t l i ro~ig l~goi~ lg  streams in the Nash Draw 

q~~aclrangle, tliere are no allu\ iixl stream deposits of the kind f:lniiliar 
to iliost geologists. Instead, :~lluviuin that has been mapped over large 
1):u.t~ of tlie Sash  I)rn\v qn:td~*nngle is locnlly derived material de- 
posited by sheet \\ ash on 111e slopes of depressions and hy iilterrriittent 
streanis that  discharge their load into the  depressions as  alluvial fans 
during rare periods of flasli flooding. Many of these deposits might 
1ogic:~lly be termed "pediment" or  "holson" deposits. The kintl and 
size of material varies gre:~tly, depending on the local sou~.ce. Allu- 
viuni :~loilg tlie hase of RIaroon ClifYs consists irlostly of reworked 
rcd s:~ad and silt nntl rock fi,:~gments from tlie I'ierce Canyon redbeds 
arid S:mta Tlosn saiitistoile riiixed 11 ith liillestone f rag~nents  froill the 
calicl~o. 111 tlle soutll~vestern part of the area the alluvium includes 
t.onsidcrnble gyps~irii antl doloirlite tlerivccl froin tlie Rustler fornlation 
mixecl with s:rr~d : ~ n d  silt illat is pro1)ahly of eoliat~ origin. As mapped, 
the contac-t of tllc a l l ~ ~ v i u ~ r r  conr~rlonly merges against hedrock froni 
which it  mas tlerived. Alluviuni comrilonlp also gr :~des into, or inter- 
torigueswitli, p1:iya deposits 11e:11. tlie cer~tei  of the tlel)ressions or 
bol sons. 

PLAYA DEPOSITS 

T'laya tieposits conqists of :11111vium : ~ n d  eolian sallds re\\-orked by 
sh:~llo1v-lake maters. Norm:illy, lakes form in depressioiis after periods 
of heavy runoff a i d  evaporate soon thereafter.. Par t s  of sonle depres- 
sions are occupied hy nio1.e or less pereniiiiil lakes, of which tlie largest 
is Salt Lake (also called L : l g ~ n ~ a  Grande de la Sal on many maps).  
The level of some of tlie lakes is maintained, a t  least in part, by the 
tiischarge illto then1 of water and brine from potash 1.efii1er.i~~ in the 
area. The playa deposits \\ere not exaniinetl in detail, for there are 
no natural cuts through them. The surface of some at the time they 
were seen W:IS :L water-satnrated nlitdflat. Exan~ples  of this sort nre 
Reinundn J3asi1l in sec. 30, T. 2 1  S., N. 30 E., :lnd the depression in 
sec. 28 of tlle snnie t o w ~ s h i p  \\here tlie margin of the depr-ession has 
heen built np to increase its capacity as  :x 1v:iter tnrik for  cattle. Playa 
deposits at hig11c1. PIP\-:~tions are tirained hy sinkholes and are appar-  
ently dry most of tlie year k)ecalisr they support :L growtll of grass. 
Ex:~niplcs of this type :Ire in secs. 7 ,  17, antl 18, T. 23 S., R. 3 0  E. 
Others that arc tl:~rup most of the time support ix clense growth of salt 
cedar (Tn~nn~. irr ) .  Examples of this sort are Tamarisk Plat ,  in secs. 
26 :~ild 3;). 7'. " S., r\. 29 E., ant1 the intermittent lakes in secs. 12 and 
1 .  2 . R. 2 . Playa deposits along the lilargins of Salt  Lake 
consist locally of gray mud with local concentrations of carbonate 
minerals, prob:~hly derived frwn the Rustler formation, and saline 
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minerals, including both clilorides and sulfates, derived from the 
evaporation of brine from tlie I:&. S o n ~ e  of these deposits are con- 
solidated into a hard rock s i n~ i l a i  to  caliclie but with a more coarsely 
gramilar texture. 

WINDBLOWN SAND 

Nore tIia11 1i:llf tlie Nnsli I)rxlv c111:ldr:ingle is covered by surficial 
dcl'osits of s:li~d. Sinii1:lr c1el)osits csteilt ~vest~v:lrd from Mescalero 
Ridge ( the west-f:~ci~ig esc:l~.l)ine~~t of tlle H igh  Plains) for  20 to  30 
ir~iles to tlie I'rcos IZirer aiid for many tens of-miles north of the Texas 
I)onndary. T l ~ e  sa~icl is locally Iino~v11 as tlie Rlescalero sands. 
Tliougli ~vitlesl,re:ld, tlie santl is very erratic ill its clistribution and 
tllickrress. It is I)lo~vn nbout co~itinnonsly and forms dune ridges 
and hummocky dune :Ireas separated by broad flats. On the flats the  
sand is stabilized by mesquite, bunchgrnss, and o t l~e r  veget:ttion. The  
]nost pro~io~iiiced dune ridges :~i id  11u111mocky dunes occupy areas ~ v l ~ e r e  
t l ~ u  s:~nd is sliifting, aiid they :I1.e c1e:lrly ~ l i o n n  on the aerial plloto- 
prnplis I)y t l ~e i r  relief :ind by tlie :~l)sence of vegetation. Dune ridge:, 
a i~ t l  I~um~nocliy (1u11e areas were mappet1 sep:~rntely from tlle broad 
flats (p1. 1). I n  general, the areas ontlined :IS dunes are nlso underlain 
by tile greatest tliickness of sand, probably as much as 100 feet locally. 
r 7 1 l ~ e  :il.e:t\ i11:1 j)l)ed si11ll)ly :li s : l ~ ~ d ,  proI):lt)ly are undtr1:tin by only 10 
to 1.7 fret of s:liirl on t l l t  :lvc1rage ; ~ n d  tlle deposits feather out at tlieir 
i i ~ .  T l ~ e  Ioiig din~tiisioii of t l ~ e  c1111le ridges appears to  parallel 
tile prcvailiiig clirect ioii of tlie strongest 11 i i ~ds  at t l ~ e  time the dunes 
Irere formed. It is interesting to note thnt the orientation of the 
ridges is not u ~ ~ i f o r r r ~  t l~rougl~out  t l ~ e  area. 

No petrogral)liic stltdy \T:IS ~ i lade  of tile sniid: 11011 ever, from field 
observation it appears to  be fairly uniforn~ly fine grained light-brown 
to 1):lle r e d d i s l ~ - b r o \ ~ - ~ ~  cl~~:xrtz. Xaily of tlie grain5 are  rounded and 
frostctl. Tn defi:~tetl nre:ls or "l)lo~vouts" among tlie (lil~ies one sees 
Inany s~iinll 1)ocl;ets n.11er.e polisl~ed cllert nltd qn :~r tz  pebl)les up  to 
several iilcl~es across are concciitrntcd :lt tile surface. Rarely, India11 
:irtifacts o c c ~ ~ r .  anloiig the pcl)bles, intlicnting all :~rtificial source for 
sollie. I t  is o t h c r ~ r ~ s e  difficult to \.isli:~lizc lion. t l~ese pebbles could 
1)ecome mixed wit11 t l ~ e  eoli:111 sa~icl. Perll :~ps some pebbles were re- 
worl;ed ant1 let do~v11 froiii :L once l ~ i g l ~ e r  forni:ltioli, sllcli :IS tile Ogal- 
l n l : ~ ,  niicl l)erli:~ps t l ~ e  \ant1 also n-:IS derived from tlie Ogallala 
forn~ation, I ~ o v i ~ i g  1)eell i.en orkecl, wi~~liowed,  and let down as the Mes- 
c.;~lei.o Ridge reti-rated to its prese~lt pohition serei.:ll ~iiiles to tlie east. 

Sa11t1 n1:l.y 1)c derived from cleposits of different ages i l l  different 
parts of the area. IAocnlly. ;~llovial and play;' deposits may make 
c,ontributions to t l ~ e  e o l i : ~ ~ ~  s:~ncl tluring dry  periocls. S:uild deposits 
a t  t l ~ e  northwest end of Tamarisk F l a t  in secs. 23 and 2'1, T. 22 S., 



R. 29 E., are intermediate in position between alluvium and playa de- 
posits, ant1 niost of the sand is stabilized in nearly circular mounds, 
each centered about a clump of mesquite and other vegetation, rather 
than in dune ridges or  hummocky dune areas. This suggests tha t  the 
sand is currently being derived from the adjacent deposits and held in 
place by the vegetation. Patches of sand similar to  this are  present 
east of Salt Lake. Sands a t  the base of a dune may remain stationary 
for many years locally before being uncovered and reworked, while the  
ul)l)er layers s l~ i f t  a l ) o ~ ~ t  wit11 excl~ change in tlie wind. T l~e re  seeins 
to be little jl~stificatioii i l l  t l ~ e  K:2s11 1)raw quacirangle for s~tbdividing 
ant1 ~ i a n i i ~ ~ g  ditYer.c~lt t ~ ~ ~ i t s  mi t l i i~~  the s:tnd, as llns been done on a part  
of tlie I-Tigll P l : l i ~ ~ s  of western Texas (Huffingto~l and Allbritton, 19-11) 
because the a r i o ~ ~ i  1:lyers 1i:lre iiot been observed to have regional 
sig11 ificance. 

STRUCTURE 

Tlle tectonic s t r~~ctu l .e  of the Pu'asll Draw quadrangle is thought to 
1)e a relatively sir~rple I~on~oclinnl dip to the east. This interpretation 
is I):lsed (.hiefly on sllbsurface clntn in, and adjacent to, tlie quadrangle 
i r ~ ~ d  to :L lesser extent oil tlle outcrol). I n  ge~iernl, tlie outcrop data are 
not regartled as snfiic.~iently re1i:thle for  the detel.mination of specific 
.strnctllral fe: t t~~res o t l~er  than surficial because of the ~ ~ i d e s p r e a d  
w: i rp i~~g : L I ~ C ~  subsiclence. Tlle surficial stnlctnre is described under 
"Geomor~)liology ." 

Structure co1ito111.s on tlle Precanibrinil-Paleozoic contact of soutli- 
eastern Nen- Mexico (Flawn, 1956) show the deepest part of the 
1)el:tn:tI.e 1)asin 13,000 feet 1)elow sea level in the northeast corner of 
the Nash Draw quadrangle. Evidence for the -13,000-foot contour 
s l~onn  on this 1iii11) is 1):~sed 011 :L single drill hole t1i:xt penetrated Pre-  
ca~nl)rian rocks nt 12,881 feet belonr sea level about 4 miles north of 
tlle quaclrangle. Nortllrrest froni this point the basement is shown to 
rise at n. rate sligl~tly less tllan 200 feet per mile. The gradient to the 
east of this drill hole is nearly t l ~ e  same as to tlie northwest, but is 
some\rliat ir~.rcnl:tr. More 1-ece1itly, within the Nas l~  Draw quad- 
r:~~igle, tlle Sliell Oil Co. Ko. 1 ,Jnnies Rancll gas well in sec. 36, T. 22 
S., R. 30 E., n:ls tlrillecl to :I tleptll of more thail 14,000 feet below 
sc:t level ~vitliout l )e~~eti-at  ilig Pi.rcambrii~n rocks. Structlire contours 
tlr:~\vn on top of tlie "Yates i a ~ ~ d "  (St ipp and H:~igler, 1956), which 
nntlerlies t l ~ e  S:~lndo fornii~tion in t,he shelf area nort l~ arid east of the 
C:L~~itan limestolle, sliow n decrease in elevatioli from :xbollt 3,000 
feet in tlie :tren nolet11 of (';~rlsbad to about 500 feet 70 miles to the east 
near tlie cast l~otlndary of Ken. hIexico. Superimposed on this average 
dip of about 3.i feet per mile to the east are n number of gentle domes 
wit11 n relief of 100 to 300 feet. Except for surficial deformation, tlie 
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91 I - I I , I ~ I I I - ( ~  9o11tli of t11v  ~ ~ i r t ' : ~ ~  t~,:ict> of tire (':11)il:i11 l i~~~es ton t> ,  i ~ ~ c l ~ ~ ( l i ~ i g  
~ l e : l ~ l y  all tlrth S : I ~ I  I)I.:I\\- (111:1(11~;111:1e. is F C I I ~ I ' : I ~  Iy I)elie\-ed to l)e siiii- 
i1:tl.l~ o.c~ltlc otr tlic I) : l i i ,  o f  ~-el:lti\.ely i1):ll.i~ tirill infornl:l t io~~  rail- 
:~l)le l)clo\v 111~ I ' t~l~l~~i,l i i  (~v:tl)ot'itt~ rO('lii in 111e 1lol.ll1er11 nel:l\\.;l~-e 
1)ayin. 

GEOMORPHOLOGY 

Nash Draw is tlic principal s~rrface structure and ,qeo~~ro~.[)hie fen- 
r e  in 1 . T I I  very gener:ll outliile the ontc~'ol) p n t t e r ~ ~  is t1i:lt 
of a, 1:trgt: :t~lticlinc ~ c n t l y  p11111fiin~ to the ~lol*tll ~vitl t  tlle oltlcst ro~l is ,  
tlle Rustlei- f o r ~ n : ~ t i o ~ ~ ,  esposed i l l  t l ~ e  ( s e ~ ~ l e r  :ind tlle yoni rpr  Picwe 
Canyon re11I)etls ant1 8:lntn Rosa s:u~dstone es1)osed on tlle fl:~nks. A t  
least locally, tlie roclis csposetl :~loiig tllc m a ~ - g i n ~  of K:lsh Dra\\- es -  
hil,it, dips in to\\-:il.tl tllr c r ~ ~ t e r  of the topogr;tpllic tlepi*essiori, con- 
t rary to  :L s t r l~c tur :~ l  pic.tlir*e eo~~sis tent  \\-it11 an allticline (fig. 11). 
Tllcr structn~.e of tllc ln:l~*lit>r hctls I\-itllin the S:~l;tdo for1n:ltion :ts re- 
\,e:~lcd I)? well rc.co1~1s i~~clic-:~trs :t ?elit lc 11onloclill:ll structure (p1. I ) . 
Tho :tnornalol~s dips seen in snl.f:lc-e csposilres :Ire interpreted to rep- 
rese'nt surfici:ll clcfol.lnatior~ 1:tlcr. tl1:ln 111r tecto~licz s t r u c t n r ~  as :I, re- 
snit of ~*ollapsc illto the N;lslt T)r:l\\. tlepression. Sash  T)ra\\- is. 
ilici~efoi-e, t l ~ o ~ ~ p l r f  l o  1)e all i ~n t l r ;~ i~ l cd  physiogr:il)hic 11~l)l'cssioli s11- 
perimposed o m .  :l ,o.enlle 1lo111oc~lin:tl s t ~ , r ~ c t ~ ~ r c .  The tlepl-ession 1,rob- 
:~l)ly resultetl from region:ll cliffert~~rli:t,l solution of hetls in the i ~ p p c ~ .  
['art of tlie Snlado forniation. Nnsll l)r:l\\- is scp:lr.ated 1)y a g e ~ ~ t l e  
cliride :lre:l froni a sinlilar 1:rrgrt.c dcpressio~l to t l ~ c  noi.tl~ c*:illeil Clay- 
ton J3asin. Tliese ( i e p ~ ~ s s i o ~ i s  are pro1)uljly silnilnr i l l  origin to the 
solution-snhsicleiice tror~glis of the, Gypsunr P1:lin in so11t11er.n Rdcly 
County, K. Rlrx., :tnd :idj:tc,ent 1):trts of Tes:ls, tlescrihctl I)g Olive 
(1957). TTo~~evcr ,  the sol~~tio~l-s111)siclence t r o ~ ~ g h s  of Olire  are nio1.r 
regn1:lr in  o~ltl ine, smaller, and :1re forr~~ecl i l l  tlic. C:lstile forn~ntioii. 

111 the northern part of Kasll Dra~v ,  hetlrock is lar,qely covcred 1)y 
a mantle of TI-indblo\~-n sand, dnnes, c~:tlic~lir, :lllil : t l l ~ l ~ ~ i ~ i n ~ .  Tn t11r 
cent,ral and sontller~l part  of Nash Dran- Iro~\-rrer. tlre Knstler form:l- 
tion is 11ifi111y ciefor~netl in ontcrol)~. T ~ I P  dcfo~.nlatioii is tl~onglit to  
1.w t h ~ o  prini:u-ily to large-sc.:~le c.ollal)se of tile Rllstlor fo~ .~r ln t io~i  as :I 
1.rs111t of soliltio~l ~vit11i11 tire : ~ n l i y d ~ ~ i t r .  gyps11111, nncl 1i:ilite h c ~ s  of tlir 
Rilstler, :rnd at t l ~ e  top of tlie Sal:ldo forn~:ltion. Ericlence for  soln- 
lion 1x-ii11i11 t11e R ~ ~ s t l e r  ~ - : L I I  fou11(1 : t l~i~ost  ~ ~ ~ r ~ ~ y \ \ - l ~ c r r  t11at it is ex- 
pose(1. S i ~ ~ l i l ~ o l r s  of all sixes a l ) o ~ ~ ~ l d  in tllc I<llstlcr for~n:ltion. r m p -  
inp from small c:lvernoils joints that t r;lp I I I I \ \ . : I I . ~  1 i\.esto('l< to  l w r p  
sllnllon~ depressions, partly fillc(1 \\-it11 :11111vinl 01. pl:ly:l dcposits 1)nt 
csommonly wit11 itlent i f  able, si111is ~\- i i l l i~i  tlie del)res~ed ;ir.e:i (fig. 13). 
\There dips in tlie Rnstler cS:ln t)e cleterminetl, tliey are geurmlly i l l  

t he  direction of the larger depressions. I n  plan, these depressions 



1.ange f r o n ~  snlall c i r c ~ ~ l a r  features a few tens or linndrecls of feet 
across to lnrpe irrezular, or  arcuate. features more than a mile across. 
Many of the 1:trger depressions, illcluding the basin tliat liolds Salt 
Lalre, are prol)nl)ly formed by the coalescing of smaller ones. Some 
of the depressions tend to line up. Tllese niay indicate the probable 
location of subterranean c:lvernons water courses. 

Contol~r  lines drawn at the top of the massive salt in tlre Salado 
formation (171. 1) help s h o \ ~  tlie degree of correspondence betxvren 
topography, surficial s t r u c t ~ ~ r e ,  and solution at the top of the salt. 
Data for tlie contour. lines were compiled by Bruno R. Alto, 1T.S. 
Geological Survey from Government records of oil and gas wells ancl 
potash test wells.? Surficial s t r ~ ~ c t n r a l  features rorrespo~icl nit11 tlre 
attitude of the surfilce of tlle lilassive salt ill some areas, but the sur- 
face s t r ~ ~ c t u r e  is quite clifferel~t from \vli:~t wonld be expectecl if it 
were caused only by sol~ttion at this one zolie. Salt T,:ll<e barin is n 
closed depression on tlle top of tlre Salado formation. Ho\~e\-er ,  a 
larger and more pronouncrd closed clepressiou on tlie surface of tlle 
ialt comprising sereral square n~i les  that center on the KE1/1 sec. 36, 
T. 62 S., R. 29 E., corresponcls in ~ e n e r a l  to tlie largest continnol~s 
outcrop of the Tan7:11-isk member of t l ~ e  Rustler for~nation. Tllis 
large outcrop is for tlw lnost part surrounded by playa depressions, 
sonie of whiclt corrrspoiid closely to tlie marpin of tlir depresqion in 
tlre salt: 1)nt tlle cclltcl. of tlte outcrop is topograpl~ically arrcl, judging 
f r o n ~  t l ~ e  snrfnce dips, strilcturally higher than the playas that snr- 
ro1111cl it. A\  similar disn~reenient i l l  snrfnce and su1)hurf:xc.r strnc- 
tn1.c is founcl along the sontllrast ~riargin of Qna1i:ldn Ridye, whicli is 
iel):u~:ttecl f18o1i1 the ~ ~ i : t i ~ l  ~ i ( . : ~ r l ) i ~ ~ ~ l r t  of N:~sli Draw 1)-y a slight topo- 
cn~pl~ica tlel>rcsiiol~. The topo~rnl)hic  depression ore1.1ies a riclpe on 
the surface of tlie salt, :lnd C,)n:il~ada Ridge olerliei :x trongh on  tlic 
s ~ ~ r f a c e  of tlle salt (111. 1 ) .  I n  its 1)rondrl. outlines; Nnsli Draw is not 
\.el.) c.le:lrly tlcfined by tlir s t r ~ ~ c t n r e  co11tonl.s 011 the top of the salt, 
t l lo~ie l~  tlic c20~ltour lines, in genrl.nl, teild to l):~r:rllel tlir outli~le of 
t llr topoyl.:~l)l~ ic (1eprel;sion. 

F'lwil tl1i5 tliic~l~ssion it 1ii:ly I)e infer1.ed t l ~ a t ,  although solution oil 
tlro top of t l ~ e  ~rr:iisirc ~ l t  in tlrc. S:llndo forlnntio~r r.esult~d in ratlrcl- 
~~rriforiii l o ~ r c r i l ~ ~  of t l ~ r  1a11(l surf:~c.e, s~~rf icinl  s t r~ lc tnr :~ l  feat~ires are 
n1.r:ltl.v ri~otlificd i l l  det:lil 1)y difTer.enti:~l solntio~r of tlie mol-e soll~ble 
1)ortion.i of tlre Rn~tlcl .  for*lnation. A\l)precinl)lc 1oc:xl 5ollltion in tlre 
I?ustlrr for~n:lt ion is s h o ~ ~ - n  in secs. 15 n n c l  22, T. 23 S., R. 99 E., where 
tlle Rlarent:~ ~ l~enlbcr  n11t1 C~llel)r:t dolorrrite melnl~er are in contnct, 
\\lrercns i l l  rrormal str.:~tipr:tpllic. sllc~cession tliey are separated I)?. 
:\l)olit 1%) fret of gyps11111 in tlle Txmarisk member. 

3T11e ncll ~ r r o r d ,  include those listvd in t h v  tahlc on page 8 plus m a n y  others,  espr 
c1al1.1 pot.1.h test wells tha t  are  cloqe1.1 qpnccd and qlute numeroll? In some areas 



R40 CONTRIBUTIONS TO GENERAL GEIOLOGY 

Areas of rock deformation that are circular or  semicircular in plan 
and rango fro111 a few hundred to a few thousand feet in diameter are 
a common form of solution or karst feature in this area. Sedimen- 
tary strata including caliclie are well exposed on tlie flanks of some of 
these features and dip alvay from the center giving them the appear- 
ance of structural domes. Generally, such domes contain a core of 
brecciated or randomly rotated rock that has been displaced down- 
ward with respect to the flanking rock. Typically the brecciated rock 
in the core is overlain by a greater thickness of the Gatuna formation 
than is present in the adjacent areas. The core of brecciated rock and 
Gatuna is overlain by an unbroken arch of caliche on several of these 
features, which suggests that the brecciation predates the deposition 
and doming of the caliche. The breccia probably formed as a result 
of collapse into a sinkhole. Examples of several well-exposed domes 
directly nortli of tlie Nash Dram quadrangle have been described in 
n separate report (Vine, 1960). 

The depth and type of deformntioll are not generally known for the 
circular and semicircular surficinl karst features in the Nnsh Draw 
qiladrnngle. Of two such surficial featnres noted near the potash 
~vorkinps nortli of the Nash Draw quadranrle, one is represented by 
a dome and the other by a, depression of the marker beds in the Salado 
formation at depth. 

A semicircular domal karst feature occupies the center of sec. 18, 
T. 23 S., R. 30 E. Tlle west flank of tlie dome is down faulted so as 
to place tlie Forty-niner member of the R~lstler forrr1:~tion where it 
forms the flank of the dome opposite to tlie Tamarisk member on the 
side away from the dome. Tlir otherwise circular plan of the dome 
is interrupted on the east side by a Inrge depression in which the 
structure is masked by the nccllmulation of surficial deposits. 

A hill in the SElL see. 24, T .  23 S., E. 29 E., consists chiefly of an 
anomalously located outcrop of recrystallized and highly contorted 
Magenta member of t l ~ e  Rustler formation. The general structure of 
the llill appears to be a dome on wllicll ninny minor folds are super- 
imposed. Near tlle iiorth end of the liill all outcrop of massive red 
siltstone, tllouglrt to he part of the Gatt111:~ formation, is probably a 
si~ikl~ole filling. Near t l l ~  center of the hill an outcrop of the 
Tnlnnrisk member of tlir Rustler form:itio~i is about 100 feet structnr- 
ally higher tllnn in the snronnding areas. I f  :I ravernous opening in 
the lower part of tlie Eustlel- formation I)ec:\ni~ filled wit11 silt from 
the Gntuna formation, tllr sinkhole filling may 11:1vr relnxii~ed sta- 
tionary while all the surrou~~ding area rollapsed by later soli~tion. 
The sinkhole filling would then llold np  n hill sue11 as the one described 
above. 



An isolated outcrop of red siltstone thought to be part of the Pierce 
Canyon redbeds (but corlceirably froin the Gatuna formation) lies 
against the Forty-niner member of tlle Rustler format,ion along a 
vertical contact in the SEX sec. 29, T. 23 S., R. 30 E. This appears to 
be a simple example of tlle younger rock having been let down into a 
sinkhole. The conclusion is the same regardless of the stratigraphic 
interpretation of the red siltstone. 

A circular hill on the large island in Salt Lake contains an exposure 
of interbedded red siltstone and sandstone believed to be the Gatuna 
formation surrounded by massive gypsite that is separately mapped 
as an informal gypsum rnernber of the Gatuna formation. The  hill 
is anomalously located in the middle of a lake that is a large playa 
and is surrounded by alluvial and playa deposits. As there is little 
to suggest a domal karst feature, the hill probably represents the 
exposed residual core of a sinkhole in the Salado formation, left 
standing when the surrounding more soluble rocks were removed. 

On the west side of Nasll Draw are several circular and semicircular 
karst features that contain exposed cores of red siltstone or sandstone 
from the Gatuna formation, Pierce Canyon redbeds, or Santa Rosa 
sandstone. These include a dome that forms a prominent red hill 
about half a mile west of tlle quadrangle ne:tr the junction of New 
Mexico State Route 31 and the Ja l  road; an elongated donlal struc- 
ture on tlle line bet\\-een secs. 38 and 34, T. 99 S., R. 99 E.; a dome 
in the SEX sec. 15 of that same township; a small dome near the 
center of sec. 11, T .  21 S., R. 29 E., another a t  Tower Hi l l ;  a karst 
feature on the line between secs. I1 and 12 of the same township; and 
an elongate dome on the east line of sec. 12 of the same township. 
Others may form sonle nearby smooth rounded hills, but caliche masks 
tlle bedrock. 

These doinal karst features shorr- defornlation of the Recent caliche, 
but tlle exposlires are not adequate to determine the extent of deforma- 
tion in older rock. Like tlle domes to the north, however, all are 
probably sllperimposed over sinklloles or depressions that formed 
before the deposition of the Cratuna formation and before the forma- 
tion of tlle extensive caliche. Perhaps they are not all formed by 
a single process. Probably differential solution and collapse sui,- 
rounding a silikhole core is most important in some, plastic flow of 
ialt important in others, and hydration of anhydrite to form a gypsum 
a factor in all. 

Horberg (1049, p. 475) recognizecl solution as an important factor 
in the late Ceilozoic history and geomorphology of the Pecos Valley; 
Rlaley :lnd ITllffingtoli ( l j f . 53 )  enll,ll:~sized that as much as 1,900 feet 
of Cenozoic fill in some parts of the T)elawnre basin has been localized 
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I)y solution, especially of salt. The large n11rnl)er of incliridnal 
fc:lt~lres wllcre ~olu t ion  01. liydr:~tioil has tlefornied rocks as young as 
caliclie ill(1ic:ltcY t11:lt Recent soltition of salt :111cl gyps11111 isof primary 
in~port:~lrce i l l  the geolllor1)llic 1listot.y of the Kash nr:r~v q~~:ldrangle.  
Local n : r r p i i i ~  :111d depl.essioi1 of the caliclle 1~11e1-e tlle bedcling 
renlnii).; l )n~*:~ l l r l  11 it11 the luiderlying G:~tmlx and olcler formntionr 
:rluonl~ts to loo to 150 feet i l l  illally p:lrts oi' the Nnsll Dm\\- qu:ld- 
rangle. 011 ;I 1n1.gc1 sc7:lle n itlliii the clu:rdrangle, the caliche appears 
to be n.:rl~~)rd : r i  in11r1~ :IS ::OO or 400 feet, tlioogll it niay be argued that 
sncll tliffei~ci~ces in ultitutlv :Ire clue to i1iiti:ll differences in tlle altitude 
at nllicll t llc c:~lichr IV:IA tle1)osited. I f  the cnlicl~e formed chiefly on 
tlle JIescalero plain :IS s~lg~estecl  by Rretz :111d ITorberg (1040). then 
there has been at leust 100 to 150 feet of ~varp ing  and clel~ressioli ill 
relat i~.ely recent t inle. 
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