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ABSrnCT 

!The southern part of the Fra Cristobd Eange and adjacent parts 

of the  Cutter sag were comljletely re-mapped i n  the  preeent  study. 

Although much of the  master's  thesis is  come&,  EO^ qmstionable 

inf'ormation and therefore some 'erroneous  interpretations were included 

previously. In this revision, the sacrifice of a smaU w u n t  of 

strike-and-dip  control, was more than compensated 3y the selection of 

only high quaLity data. 

. .  

Precambrian, Cambrian, Ordovician, and Pennsylvmian rocks are 

exposed i n  the northern par t  of the range. Permian rocks were mapped 

in   the  southern part. Detailed  sections were re-measured and each 

unit was sampled.  The Ab0 is a typical red-bed formation (493 fee t  

thick). Four genera  members were described in   the  Ye80 formation: 

1.) lower clastic, 2.) lower-middte.limestonep 3.) upper- 

middle evaporite, and 4,) upper c las t ic   ( total  1239 feet  thick). 

ALSO the Sari, Andre6 was subdivided into: 1.) Glorieta sandstone, 

2.) transition member, and 3.) main limestone mmber (totaL mea- 

sured 369 feet  thick,  but  top is eroded; a more representative  thick- 

neea f o r  the  area is about 500-600 feet) .  

Upper Cretaceous rocks were wpped'in  the  Cutter s%g. Sandstone, 

shale, and conglomerate &its occur within  the Dakota, Manaros, Msaverde 

(main body and Ash Canyon  member), and M c R a e  (&e Creek  and Hal Lake 

members) formations. In  %eri;iaty time, the Santpl. Fe formation was 

deposited i n  the Rio Grande depression, and bezsdt dikes wem intruded. 
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Quaternaxy development of pediment surfaces Slog&ng vestxmd t o  %le Eio 

Gran& valley and eastwmd to   the  Jornada del Muezto was foUmed by 

widespread extrusion of basaltic lams upoa these su;.ftzc:es. 

bxamide normal. faults, closed and overturned  folds, s;?cl. tknuats 

(to  east)  trend northwest to  north  within  the 3% C~!pi,s",,kS3 u2lif-L. 

Vertical movements during middle (CErtiaqy Fra3u.eed nmm2. Tav2ts ami 

open folds with dominant north t o  northwest trends. "c& 02 t3e  ralJ.ef 

of the upl i f t   re la t ive  to  the adjoining Jcrn- d.31 Werto md Rio 

Grade depressions culminated i n  this deformation. 

To the south in  the  Cutter sag, a promineflt set  of naz%e&at 

trending  longitudinal faults developed i n  upper R-rtiay time. They 

are normal fasts dawn t o  the west, but many &so skew ri&ht-.l&sra3 

drag. lfne  Hot Springs fault exhibits a suggestion of left-lateral drag. 
Force analyses  are  discussed for eweb pr inelpd deformatJon i n  

this area. Diastrophism  probably was eontinuous from the beginning 

of the Cenozoic era  to  the  present day. 

Strike-slip faulting may have been an imporizmt mrjehanism i n  the 

fomnation of the Rio Grande graben. lzle fact that most  c*f the  lasga 

displacement faults are down t o  the vess suggests that fae structural 

history of this depression was more complex tkan that  of the jrorn&&. 

It is  hoped that the data and interpretations  presented i n  this  report 

will. be of help in  predicting and deciphering  structures i n  the adjoin- 

ing depressions. 
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INTRODWTION 

oeography 

The Fra Crirgtobal,  Range is located in  north-central  Sierra Countya 

New W c o ,  and forms a part or $he discontinuous ChaFn pf north- 

trending mountains on the eaS% side o$ the Rio Grander aephant Bu+jtct 

Reservoir lies aLong the wesiern bape of the range (Fig. 1). Bounded 

by longitude 107000' yest t o  10'j015 * wes$ and la t i tude 33'h* nopth t o  

33'23' north>  the map accompanying this report (Fig. 2) coverg about 

140 square  mUes of the southern end of the r&e and adjaining lowlands. 

Au. of the land  in  the  eastern part of the map lies within  the Fed20 

Armendaris Gran t ,  w e d  by the Victorio Land and Cattle Company, Mr. ' 

Zrving Goetz gave permission e0 enter this property. Land adjacent t o  

Blephan+j Butte  Reservoir Is part of the Rio Grande National, Wildlife 

Refuge. Surveyed land i n  the wes%ern part; of the map is State an& 
Federal, acreage. The w p  axea cover8 parts of TownshLp~:.U, and l,2 . 

South, Ranges 2, 3, and 4 Weslj. 

Accessibility is a m50r problem i n   t h e  study of the ma C~is toba l  

Range. M s t  alL of the eastern shore of Elephant Butte  Reservoir is 

accessible by boat  except when the water level  is low. A road on the ' 

east side of the Smta Fe  RaiLway intersects  three "jeep" trails 

( w % d  by gates i n  %he fence) a$ 2,4, 6.6, and ll.4 miLee north of 

E&l,e, New Mexico. These t r&s have been washed out i n  several, placer+, 

and are nearly impassable after a heavy r d n  or snowf&l.  The souwern- 

most route goes near the' southern t i p  of the range, north of the lava 

Plars.  The middle route goea t o  the mouth 02 the canyon between 

3. 
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Figure I. Map of south-central New Mexico showing 
location of mapped area. 



TriangZe Mesa and SQotgun Ridge, immediately south of Shumard Cone. 

m e  northern route Joins 4 rough power l i ne  road which  gener- $allows 

the Abo/b&dalena contact  across  the r)orthFrn part of  *he map area t o  

the Rio G r a n d e .  

Fenneman (1930) shows the Fra Cristobal. Range to   l ie .wtthin  the 

Mexican 'Ughland Section of the Basin and Range Frovlnce. 3 3 ~  Rio 

Grwde Valley, localJ3r termed Engle Valley, l i e s  t o  the west, and the 

Jornads, del Yferto  Valley l i e s   t o   t he   ea s to f   t he  range. Elevations 

within  the map mea vary from over 6200 f ee t  on top of z(rimge ~ e s a  

t o  4305 f ee t  on the shgre of Ellephanc Butte  Reservoir. The Swta Fe 

Raizway generdily foUowg the It&O-foot tipographic contour. (U. S.G. S., 

. ,  

295.8) 

Most of the mountainous  upl,mds comprising t h i s  rqnge consist of 

high litnestoqe ridges and peqss  separated by deep &.Leys: Drainage 

seem6 t o  be contro;Ued not only by the form of the  uplift;,  but. elso by 

zones of strptural weakness. €rowever; because the  structwql JFreqd6 

w e  sel.&p near r i5ht  a@es Lo one another, rectanguJ.w  &ruinacre 

patterns %e virtyal.&y  absent, with dendqitic pat;$ernd pxe+r@nating. 

At the' sou?&ern extremity of the range thq upland zqne ch&ges rather 

qbruptLy into an we& of low r&dgqs and vaUeys capped by lava mesas 

and cones. X t  i s  -h@ro *hat the Cu~hiJ.3.o and. 50rnad.q pectlment surfaces 

(which SLOP& aweg Crom the raqe  t o  the wegt  and east, respectiveLy) 

are  believed t o  be coex%9nslvst The geomqF.lphic, eqreqrrions o f  certqin 

structural. features and each OT the rock units are d&scussed later i n  



:.I 

climate i s  definitely arid. Winter snow  on the Jornada del Muerto 

may not melt for  several weeks in   the shadows of the San Andxes, Fra 

Cristobal and caballo Mountains. 

Cresote bush, cactus, and yucca are  the dominant plant  types  in 

the lowlands adjoining  the  Fra  Cristobal Range. Some grasses  me 

present on hiill slopes. A few sparsew  scattered  trees, 'mostly . .  

juniper, grow along the drainage  areas. Wit cedar grows adjacent 

t o  Elephant mete  Reservoir. 

Previous WorE 

Whereas almost no detailed  geologic work  on the  Fra  Cristobal 

Range had been published  prior  to 1954, & references  in  the lit- 

erature were found on thLs smaJ.l, but  not  insignificant  Tea.  Results 

of this research may be found i p  Thompson (1955). 

Under the  direction of Dr. V. C. Kelley at  the  University of New 

Mexico, a mapping  program  was  begun concerning the geology of the 

south-central  part of the  State. Beginning w i t $  the  bulletin by 

Kelley and Silver (1952)  on the Caballo Wloyntainq, the  progrq has 

been extended northwmd t o  include  the Fra Cristobal Range. p shne l l  

(1953) in   the McRae  Canyon &rea, Thompson (1955) in   the souohern part 

of the range, Jacobs (1956) i n   p a r t  of the  central western front, and 

McCleary [19@) in  the  northere  part, have all contributed t o  the 

mapping project  in a series of master's  theses. 
J-. 

Much additional  information of a regional. nature may be found 

in   the foregoing works, especially ia Kelley and Silver (1952). 

mecific  references md credies w i l l  be made l a t e r   i n  $his t ex t  where 

necessary for perspective. 

5. 
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microscope. An abundance of kpiachrome slides were t k e n  on the many 

ground tray-erses and on  one airplane flight. These pictures provide e. 

eraphic  record of the  stratigraphy &I structure. 

In spi te  of the   fact  that the author had. walked over a31. of it 

previously,  the  entire  area was re-worked. The southern h a  was 

covered during the m i t e r ' s   w a C i o n   i n  the fa31 of 3.959, and the 

northern half i n  his 1960 fall vacation. About twenty-five t o t d  

days were spent i n  the Cield during this revision. 
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SPlATlGRAPHY 

Nomenclature of the rock units discussed i n  ehis report   confom 

to   t ha t  of JCelley and Silver (1952)  and Bushuell (1953). Terminology 

i a  consistent gener- w i t h  de f i z t ions   i n   t he  American Geological 

Ins t i tu te ' s  Glossary - of Geology Related Sciences (1957). However, 

the beddedness terms of Kelley and Silver (1952,  pp. 30-3i) are used: 

Laminated--less than 1 inch'thick 

Wn-bedded-1 inch t o  1 foot  thick 

Medim-bedded--l-3 feet   th ick 

Wck-bedded-3-6 feet   th ick 

~assive--6  feet  or more thick 

Representative samples were collected from each measured unit i n  

the Abo, Yeso, and San Andres formations. SampLes of the characteristic 

lithologies of each of the other  stratigraphic units exposed i n  the 

mapped area were also  collected. 

Tex.turcs and uolors of the rocks  described below, especially  in 

the measured sections of the Permian, are as they appear on the 

sample chips under a binocular microscope. Colors of: +he.Sre&mr-,  

faces ma.d8scrLbibed wet under white l i g h t  (and plotted on the 

columnar aection) . 
Correlation of the rock units was hindered by the compLex faultily 

in   the  mapped mea. Gross 1Lthology correlations vere reliable  within 

the scope of the  current  project. E further detail is desired on a ,  

larger sc&e, it would be possible  to  refine the formational units into 

members or even beds that may be traced  for some distance. 
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Most of the  statements i n  this section  are  objective and are 

intended mainly for  description of the  rock units. As the emphasis 

i n  this work is on structural.' geology, this discussion does not deal 

with mch interpretive stratimaphy. 

Pre-Permian  Rocks 

Precambrian, Cambrian, Ordovician, and Pennsylvanian formations 

are exposed i n  the northern part of the Fra Cristobal Range (Jacobs, 

19.56; and McCleary, 1960). They occur in  the subsurface of the mapped 

area,  but Devonian  and Mississippian  rocks may &LBO be present. 

On the west escarpment of the northern par t  of the range (and 

some small outcrops on the east  side), the Precambrian is composed 

mostly of granite  gneiss. The dark Cambrian Bliss sandstone i s  75 

feet thick,  but is truncated such that Pennsylvanian rocks  overlie 

Precambrian i n  the la t i tude of Fra Cristobal. Peak. Farther  south 

near  -hitheater w o n ,  the Ordovician El Paso group is present 

above the Bliss and  below the Pennsylvanian. 

' In  the El Paso group, the  Sierr i te  formation consists of 123.5 

f ee t  of limestone  with some chert and shale. Tne overlying Bat Cave 

formation is 78 f e e t  thick, and is composed  of a  limestone, conglomer- 

ate, dolomite sequence. The conglomerate is  atypical. of the Bat 

Cave.  The truncation of the El Paso group lies south of the  Bliss 

truncation. 

The northern limit of the Devonian Percha formation may l i e  

near the middle of the Fra Cristoba2  Range,in  the subsurface. ALSO 

the Mississippian Lalce VaJ.ley formation my  be present i n  the form 

of erosional. remnants. 

9. 
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Pennsylvanian rocks comprise most of the  northern  part of the Para 

Cristobal Rarge. I n  the  lover Pennsylvanian, the Red',H?Lise formation 

consists of 430 f ee t  of limestone and shale.  Overlyi&it i s  the 

Nakaye formation, 700 feet  of limestone and chert. The y o w e s t  

Pennsylvanian unit is the Bw B formtion, 256 fee t  of shale and lime- 

stone. Some Permian beds (Bursun '2) may be present in   the  upper part 

of the Bar B. 

$?,... .) 
. I .  : ' . .. 

Permian  Rocks 

Permian rocks of the  southern  part or the &a Cristobibal Har<;e haxte 

been subdivided  conventiona3ly into the Abo, Yeso, and San Andres for- 

mations. Their first adequate definition 6 s  made by Lee and Girty 

(1909, p. 12) rrhen they  subdivided  the Bfanzano group into  these forma- 

tions, but erroneously  assigned them a Pennsylvanian age. Ab0  Canyon 

in   the  Manzano Mountains,  Hesa del Yeso (12 miles northeast of Socorro), 

a d  Rhodes pass in   the  San Andxes Mountains are  the  respective type 

loca l i t i es  of these formations. 

Needhm and Bates (1943) attempted to  establish  the  definit ion of 

these units more preciseLy by measuring detailed  sections at each type 

locality. Nost a;U geologists use t h i s  nomenclature i n  discussions 

of the Permian of vest-central New Blexico. 

For further  detail  than i s  found in   the  fo l lmr iw  pages, the 

reader is referred  to  the Descriptive  Stratigraphic  Sections in   t he  

back of this report. A convenient reference i s  the columnas section, 

Figuxe 3. 

Ab0 formation 

Outcrop of the Ab0 formation i n  the ma Cristobal Range i s  confined 

mostly to  the  northern and northeastern  parts of the mapped area. A 

few scattered  outcrops are present i n   t he  northern  part of the range. 

10. 



Nmly units of $he Ab0 are slope-formers, but some prominent ledges 

of sandstone  occur i n  the lower part. GeneralJ,y the softer units are 

weathered and p a x l y  covered, but  the ~ Q T C I  resistant beds are & ex- 

Dosed. Faulting  Wsrupts  the  continuity of the Abo, yet this f o m -  

t ion is  relatively  uqdefowd over much of the area. 

Dark red  claystone i s  the dominant and distinguishing rock  type 

of the Abo. This  lithology is found in  the  slope u n i t s  for  the most 

part,  but some of the  le%es  contain  interbedded claystonet,+y.Some clay- 

stone is s i l t y  and calcareous. 

;jl...%i. 
.,;o, , 

.. . , (3 

xed sil tstone and sandstone leclgos are also characteristic of 

the Abo. Thin-bedded sil tstone units we mostly composed  of quartz 

with some argillaceous and calcareoqs  constituents-. The red  color is 

probably due to  staining by hematite cemenk. J i  the lower Abo, 

chalcedony concretions and limestone nodules  occur vithin the silt- 

stone beds. Gray clay gatLs are  present i n   t he  upper untts. 

\ ,  

Pine- t o  very fine-grained  quartz and  minor potash  feldspar are 

the  principal  mineral %Des comprising the sandstone units. , I @ s t  of 

the sandstone  beds are  argillaceous and calcareous, and again  the  red 

color i s  due to   the hematite cement. Some of the  colors are orange- 

red and purple-red, and many of the  units weather red-brown.  vone 

of the sandstone i s  f r iab le .   mnated ,   th in-  and medim-bedded 

units are also festoon cross-bedded, but some parallel  bedding is 

evident. Current ripple marks irere not observed in   the  measured 

section,  but me f o u d  on many of the swdstone beds i n  other  parts 

of the mpped area. 

u. 



Only Wo tbin conglomerate units e m  described i n  the lower part 

of the Ab0 measured section. me lower ledge 28 md.lum-bed&d and i s  

composed of granule t o  pebble size  claystone paxrbiol@.&~i wbieh  are sub- 

rounded t o  subangular. . The higher, more prmuinent ledge is thin- t o  

medium-bedded, and is composed of coaPse-gmLned ts grmule size 

Limestone particles  with a red clay&one mLt'*ix. 

Long claw reptile tracks, about one in& Ln Ieagkh, w e  found 

i n  U n i t  12 of the measured section. H r n ~ ~ ~  Xkwy w e  m m s  abundant 

near the MagasLLena inlier t o  the nor& a,$ abou'& &.e saw stra%igraphic 

level. piis ocemence is  described ia scm &%%3,3. by l?mqsoion (1955). 

These specimns are on display at the ~ v a r s ~ t y s r c f  Xev Xexico Geology 

MLlseum. 
No anga~m divergence is perceptible at the &mrp contact between 

the dark red Ab0 clsystone and. sand&one formtion a'com, aad the 

gray linestone of the Bar B formation (of t2Je bk+@.Lena grsup) belw. 

lfhis vivid contact is further accentmbed by the dul l  yeElJw eolm 

i n  the uppermost Bar B. Descending growid-wstera have lea&& the 

Ab0 am3 dqpo8iWd a 2Lmritm staSn on Um&mw below. 

Although the contact of the Ab0 with tk? ~:~v&&ing Yeso is  grad&- 

tiom& darlr red colors are generaXly codin&  to  t% Abo. Also, the 

Yeso is  composed of more callcareous sandstone, gray cleystone, and 

limestone, i n  prndorrLnmtly p a r d e l  beds. 

A t o t d  of 493 fee t  of Ab0 was measured. This thickness, as weU 

as the 1ithologie.types described, should bo repro8entative for tbe 

Fra Cristob& area. 

Many of the sandstone ledges a m  trawaV3 for some &Lstance. 

However, the P.bo was coxrelahd ov5r the mpged mea on a grow 

Lithology basis. 

12. 



Obviously, the Ago formation was deposited i n  a contineatal 

floodplain emironment. IPhe rate of deposition must  have  been  moder- 

a t e   t o  slaw as evidenced by the preponderance of fine  clastics.  

Yeso formation 

All of the  outcrops of the Yeso formation in   the Fra CristobaJ, 

Range are confined to   the  northern part  of the area mapped i n  this 

work. Of the  three Permian fonnations in   the  ~ u l z a n o  group, the 

Yeso .is the most widely distributed  in this area. 

L. Considering the  fact  that the Yeso i s  a slope-forming unit  

be'heath the  resistant San An&es mesas and ridges, it i s  relatively 

well exposed, Hotrever, the  hi& degree of incompetency exhibited 

by the Yeso where involved in  folding or  faulting  (especia3ly i n  

the  western  part of the mapped area) makes stratigraphic  studies of 

this formation d i f f i cu l t   t o  impossible. 

, 

For discussion  purposes  the Yeso may be divided into f o u r  

general  lithologic members. In  ascendring order they  are: 1.) a 

lower c las t ic  unit, 2.) a lower-middle carbonate u n i t ,  3.) an 

upper-middle evaporite  unit, and 4.) an upper c las t ic  unit. 

aZese units may be eqavalent to the Pkseta Blanca, 'Porres, Canas, 

and Soyita members of the Yeso as used by  some workers. 

c 

About  one mile north of Saddle Peak, two outl iers  of the lower 

c las t ic  member are exposed on prominent mesas. Elsewhere this unit  

occws  in  low hills near stream level. 

Ledges i n  this member are formed by sandstone and sil tstone 

beds. Quartz is the dominant minerd,  but some feldspar and  mica 

are  present. Many of the  qmdstones and sil tstones are calcareous 

13. 



and argUaceous. A wide variety of colors  includes &k red, 

red-brawn, pink, orange, yellow, green, gray, tan, and white. 

Y&ow limonite stain is apparent i n  places. 

Grains r&ge from fine t o  medium i n   s i z e  and are rounded, 

subrounded or subangular. Most of the sandstones are ~d.l indurated, 

or even quartzitic,  but some are slightly friable. 

Stratification  includes laminated, thin-bedded, and medium- 

bedded types. Xn the lower part cross-bedding i s  present,  but 

mostly even ( p a r U e l )  bedding predominates. Some of the surfaces 

are ripple-marked. 

91ale and claystone occur i n  the slopes of the lower clast ic  

unit, and are interbedded i n  some of the ledges with the sandstones 

and siltstones. Red and ligh5 red claystone is  confined to   t he  

lower part. Some channels  (about one-foot i n  reLief) have been cut 

into the claystones and f i l l e d  with siltstone. Tn t i e  upper part, 

green a.nd gray M e  is present. Several covered intervals pro- 

bably conceal  &ditionaL  claystone and shale units. 

" .  

. .. 

EoundmLes axe gradational. kith both the under3ying Ab0 formation 

and ' the  omlying carbonate member. Yet the lithologic and bedding 

differences make t h i s  a dist inct  unit. 

Next above is the lower-middle Lhestone meember. Nmy ledges, 

some of which are prominent, characterize this mmber. 

Limestone beds form the resistant ledges. Brown and gray me 

the most comon colors on fresh surfaces. Some dark brawn and 

black units are present w h i c h  weather t o  brown and gray. Umy of 

the limestones are argiUadeous, and some are cherty, s i l ty ,  or 

sandy. A fetid odor is c o m n  on fresh fracture of the dark lime- 

. ' stones. I n  the upper part of this member,  some have dead oil   s ta in .  
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White t o  LLght grw, laminated &ypsum i s  the dominant  1ithQlOgy. 

Both crJstaltine and fibrous  texture$  are  present. VerticElL furrows 

on the yellow t o  tan weathered elopes m e  typ ica l  of the gypsum 

occurrences. 

Xnterbedded with the gypsum are rock  types siinilw t o  those 

found i n  the underlying carbonate ULL'G. Slight  ledges  are formed 

by the  thin- t o  medium-bedded limestone an2 dolom2te  which are grey 

and brawn i n  color, and have a dense texture. Some small v u p  i n  

the  argillaceous dolomite may be due t o  dissolving of gypsum. 

Yellow, line-grained,  quartz sandstones are a ininor par t  of tMs 

sequence. 

In   t he   min   l i ne  of the measured section, no gypsum was ob- 

served. ZL, obtain a representation of this LPbhology it was nec- 

essmJ t o  move about 600 f ee t  t o  the north. Here the thickest 

sequence of gjpum in   the  vi.cinity of the measured section is  pre- 

sent. However, aqtual. tracing o f  beds back t o  the  l ine of the 

measured secWon was prevented by a smalt covered slope. Never- 

theless, a pronounced thinning of each gypsum intern& southwam% 

was seen, and ihe  net  thickness of '1.3 f ee t  for the non-gypsum beds 

in  the  evaporite member corresponds very closely t o  the 41 fee$ 

of limestone and sendstone i n  what is correlated as the  eqvlvalent 

unit i n   t he  line of measured section. 

I . .  

Frobably the missing gypsum has been leached by ,solution. I n  

other  areas, complicated foSding may squeeze gypsu@ ou% 0%' the 

section, bue it does not seem like@ t o  have occwed i n  $he re- 

la t ively undeformed ropks o f  this  Locality. Also this 2s noe 

re&Ly explained by depogitionaZ differemes because 02 the  abrupt 

thinnine; of each gypsum un2t. No faullting' is present i n   t h e  beds 

above and. below this member which can be traced acrosB both  ZocaLities. 

I 
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A t  the top of the Yeso is the slope of the upper c las t ic  member. 

The entire unit is composed of thin-bedded, f ine-  to medium-grained 

quaxtz sandstone. Red and light gray colors dominate the lower past 

of the  section. Yellow t o  white  colors occur neax the top, but the 

uppermost  bed i s  red. A few of the sandstones axe friable. Contact 

with the overlying  Glorieta  sandstone member  of the San Andxes 

formation is sharp Put conformable. 

Illle tota3. measured thickness of 1239 f ee t  f o r  the Yeso forma- 

t ion may be considered as representative of the Fra  Cristobal area. 

Actually, the measured section is the onLy locali ty  in  the  entire 

range where both the top and base bound an  unfaulted sequence. It 

would be possible Lo measure other  sections of the individual 

members, but a great deal of faultiru; and folding has deformed the 

incompetent Yeso formation over much of the mapped me?. 

Correlation of the Yeso was accomplished generally on a 

gross  lithology basis, although some beds were traced for considerable 

distances (even across faults). The light red, orange, yellmr, and 

gray clast ics  axe easily Mfferentiated from the dark red  colors of 

the Abo. The carbonates are similar t o  those of the San Andres, 

but the presence of abundant interbedded c l a s t i c s   s e r w t o  distinguish 

the Yeso l&estones and dolomites. However,  some of the prominent 

limestone  ledges in   isolated fault block$ may be  co&used with the 

San Andres. 

Deposition of %he lower clast ic  member probably  occurred  near 4.V.~ 
a shoreline  transition from continental to dominantly m i n e  condi- 

tions. me absence of coarse  claseics suggests that the rate of 

depoBition was moderate t o  SLOW. Further transgression of the Yeso 

sea   to  the north is evidenced by the lower-middLe limestone member. 

17 * 



Stagnant  conditions i n  a silled basin  resulted  in  the  deposition of 

the upper-middle evaporite member. Finally a minor regression is 

swgested by the upper c las t ic  member. 

San Andres f o m t i o n  

Farhaps the most striking exposures in   the  southern par t  of 

the Fra Cristobal Range are those of the San Andres f o m t i o n .  Bold, 

sheer escarpments on the sides of rugged-topped ridges and peaks 

lend a very picturesque setting t o  this formation at the tapering 

end of the rmge. Nonresistance to  erosion of the underlying Yeso 

formation I;hsa resul ted  in  a most irregular plan view of the San 

Andres outcrops. 
Y 

%ee general  lithologic units within  the San Andres formation 

i n  ascending  order are: 1.) Glorieta sandstone member, 2.) a 

transition member, and 3.) a main limestone member. Because the 

lower two members  us- crop  out i n   t he  slopes below the c l i f f s  

of the main limestone,  they are not mappable on the present  scale. 

Yellow t o  tan,  very  fine-grained, well sorted, and  rounded 

quartz  grains  are  characteristic of the Glorieta sandstone member. 

However,  some fine-tb”um size grains axe present i n  other 

locali t ies.  The sandstone is u s W y  well cemented with siliceous 

arid dolobitic material. Some limon5te and hematite staining i s  

present. 

Bedding is usmL3.y not  discermible i n  the lg-PpbZ; Glorieta 
. .! 

h 

sandstone member, so it appears t o  be massive. me basal contact 

with the Yeso f o m t i o n   i n  the measured section on the north  slope 

of Shotgun Ridge is not weU exposed, but elsewhere it is  sharp 

yet conformable. The upper contact is also fairl,y sharp, but  the 

1s. 



I " 

lithologic  type i s  verJ similar t o  that of the sandstones i n  the 

transit ion member. 

,* 

Dolomite, limestone, and sandstone  beds form the  ledges and 

slopes of the transition member. In   the lower part  the brown t o  

dark b* dolomite i s  thin-bedded, finely  crystalline, and 

micritic. Some beds have fractures f i l l e d  with calcite, hematite, 

and limonite.  Intercalated  are light gray or  yellow,  thin-bedded 

sandstones which are composed of quartz  grains that are very fine- 

grained t o  fine-grained, well Stnrted and rpnde& and well cemented., . 

Near the middle qf the transit ion member is  a medium-bedded, 

light-brown, f ine . t o  mediw ,crystalline dolomite with inter- 

calated brown t o  gray, dense to   f inely-xystal l ine limestone. 

Limestone i s  more abundant i n  the upper part  of t h i s  unit. 

Next  above is a very prominent sandstone  ledge. The sand- 

stone i s  thick-bedded and is composed of white, well,.rounded, 

medium- t o  coarse-grained quar tz .  Some  csLLcareous  cement is 

present,  but  the sandstone is generally slightly friable. It 

weathers a distinctive  dark brown (hematite stain). 

A t  the top of the  transition member are some  medium-bedded 

ledges of limestone and sandstone. 5 e  sandstone  beds are similar 

t o  the ones immediately below, bu% thi limestone  beds are tan, 

fine- to   medimxystal l ine,  and brown, dense to  f inely  crystal-  

line, slightly cherty,  with minor calcwenite and replaced fossi l  

fragments. 

Most of the San Andxes formation is characterized by the main - 
limestone member. In the lower part is  a ver~ prominent c l i f f -  

forming ledge. It is medium- t o  thick-bedded, brown t o  dark brown, 
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dense t o  m&hWeystalline  livestone, with minor chext nn8.taes. 

j?rae;tKtnt& Lhestone and c&carenite beds me  present. Some poorlg 

preserved  mutiLoids,  brachiopods (mostly - Dictyoclostus ap. ), and 

gastxopods OCCUT i n  %e sequencer 

Overlying the cliff   unit   are Ledges  and slopes of thi2- t o  

thick-bedded Limestoner Mos3; of the limestone is brmm t o  k l r  

brown, and dense t o  f inely cVySta;ll;ln& Sever& fractures and some 

vugs are present, bua they axe f m e d  wi%h cdc i t e .  O m  ' tm t o  

white, chalky bed is di$tinctive. Same cakarenile and ~Agal. (7) 

fragments occw? near the top of the measured section. 

Unfol-GunatieLyj the San An&%$ formation is eroded on top of 

Sho%gun Rid.ger Therefore, the 369 fee% of San &&res in the mea-:y 

sured Lwction does not represent  the total. thicltlrsss of the for- 

mation i n  the Fxa Cristobal, mea. However, the  Lithologic  types 

described are representative of & the s&n Andres outcrops i n  

the mpped area* 

Wwn-fadLted on the southwest slopes of Shokgun Ridge I s  the 

uppw pa& of the San Andrest,  which is overlain  dlscodormbly by 

the Cr?e*CeOuS Dakota sandstone. 0figinaU.y it had been  hoped 

that a marlcer bed (such as the l igh t  colored, &&I& limestone) 

found i n  the measured section would permit definite  comelation 

with the section on the down side of the fault, a d  so that 

measurement of the San Andres could  continue t o  the Dakota  con- 

tact. No such marker bed was observed, a??d the section  in the 

dQwa-fauLted bLock of upper San Andres 53 not wel t  exposed* 
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Possibly 500 t o  600 feet  of San Andres is  exTosed on Triangle 

Mesa.  However,  one  would have to  cross many faults t o  measwe a 

section  there, and no  Dakota outcrops  are  present;  therefore, such. a 

section would still be inconplete. 

laximum marine transgression is represented by the dwk, basinal, 

limestone facies of the San Andxes formation. Some geologists bave 

viewed the sheer c l i f f s  from a distance and have  supposed that  an 

organic  reef  section was present. Upon close  insgection, +&e bedded 

Limestones are seen t o  possess a nearLy erpd  res is tance  to  erosion, 

causing the  illusion. Furthermore, aU of the bedding in   the Sari 

Andres i s  parallel, with no mounding or irr,war be&ding. 

No Triassic,  Jurassic, or mrer Cretaceous rocks we present 

in   the mapped mea. Harever, the Sun O i l  Company No. 1 Victorio 

Laad and Cattle Company well., located  approximateQ 3.2 miles north- 

east of the mapped area, encountered a 170-foo: red  shale  interval 

of possible  Triassic age. 

Cretaceous Rocks 

Upper Cretaceous rocks of the Dakota, Iv€armxi, Yesaver&, and 

liIcRae formations have been mapped i n  %he area covered by tkis re- 

port. Origin- the Dakota was defined by Neck and Hayden (1862; 

i n  TJilmarth, 1938) from a local i ty  in Dakota  County,  Nebraska. 

Mancos VaJley i n  s,utlrwest Colorado is the type local i ty  of the 

blancos shale (W. Cross, 1899; i n  WiLmarth, 1938). Eolmes (1877; 

i n  W i l m a r t h ,  1938) described the type  section o f  the Mesaverde 

formation at  Mesa  Verde, &so i n  6,uthwest  Colora&o. 
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Kelly and Silver (1952) applied t h i s  system of nomenclature t o  

the Caballo Mountains area.  Furthermore,.they Mined a nm forma- 

tion,  the McRae, from old Fort NcRae :.(.:@as% of Elephant  Butte 

Reservoir). This formation  overlies the Mesaverde  and q? contain 

beds of Tertiary age. 

In  the McRae  Canyon mea, B U h e U  (1953) subdivided the Mesa- 

verde foxmation into an unnamed main body and overlying Ash Canyon 

member, and the KcRae formation in$o the Jose Creek  and H a l l  Lakb 

members. The type sectionsof  these named  members are  south and 

southeast of Kett3-e Nountain, immediately south of the boundary of 

the present work. l%ese members were found t o  be  mappable i n  t h i s  

. ..* ’ 

stutw. 

Complete, unfaulted, and well exposed sections of the  cretaceous 

formations and members are Lacking: i n   t h e  mapped mea of this report. 

For this reason, no detailed  section measuring was attempted. Ow 
descriptions useful in   f ie ld   different ia t ion of the  units  are  stressed 

in   the  following discussion. 

D&ota sandstone 

A few, small outcrops of the Dakota sandstam are found. at  the 

south end of the Fra CristobaL Range, One is an in l i e r  on the Fra 

CristobaL anticline. Other SIWXI. outcrops may be present i n  this 

area  but were not mappable. A s  mentioned previously, %he  Dakota 

i s  present on top of the San Andres exposure on the southwest slope 

of slot@;un Ridge. 

In these few outcrops  the Dakota i s  a Clem t o  light gray, 

medium-grained, quartz sandstone. The grains me subrounded t o  
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suban@;ula;c  and well  sorted. With some white clay 21 th,e matzix and 

no calcareous cement, the sandstone is sligh'oly fr5aU.e. @sre 

q u a r t z i t i c ,  with a slight amount of calcaxeous cemnt (and no clay), 

the sandstone is  hard. 

The Dakota i s  thin-bedded and some places  weathers sust-bro-m. 

Its contact w i t h  the underlying San &&es formation is one of 

apparent  disconformity, for no dip divergence was seen on '&e sou.%..- 

west side of Shotgun Ridge. A fault smface cnks uut -&e t o p  of 

the Dakota i n  this locality, and the sandstone is  overkin by a 

darlr, red-brown lager of chalcedow, whLch vas pob&X.y deposS%ed 

by mineralized wte r s   i n   t he  fault zone. 

The contact w i t h  the  overlying Mancos &-&-e is sharp but confor- 

mable at  the W i e r  on the Fra Cristobd  anticline. About 50 f ee t  of 

Dakota is  exposed, but  the  total  stratigraphic  thickness may be much 

greater. 

Correlation of the Dakota i n  the map area is  b%sed on litiiology 

and position  in  the sequence. The Ddsota i s  considered t o  ba %he basal 

clastic u n i t  of a marine transgression. 

W c o s  shale . 

Outcrops of the W-cos shale occw i n  slopes  to the sou'thwest of 

shoA~un Ridge, and on the  axial  portion of the Fra Cristobal  anticline. 

The soft   shale  valley  l ies south and west of t k e  range proper. 

Characteristically,  the Mancos i s  gray t o  k k  @;ray, calcaze3oizs, 

clean  (not  silky), and weathers w i t h  some limo-nite stain. A few thin, 

flaggy limestones neaz the base  contain peiec;y-pods. 



DTear the  top of the Nmcos the shales are  greenish gray, and they 

grade upward into  the Mesaverde formation. About 403 feet of m c o s  

is  estimated  as a maximum thickness for t h i s  area,  but  the  relatively 

poor exposures prevent  accurate measurements. 

No problem exists  in  distinguishing  the dark Mancos W e  from 

any other  formation in   t he  Fra  Cristobal  area. FoY.lowing the Dakota, 

the lower, darg gray shaLe  of the Mancos represents m i n e  transgression; 

however, the  thin, upper greenish  gray shale suggests a regression and 

gradation  to  the  continental Mesaverde f a d e s .  

Mesaverde formation 

Main  body of the Mesaverde formation. South of the  Fra  CristQbal 

Range proper l i e s  a series of alternating low ridges and &eys 

where the moderately  dipping main  body  of the Mesaverde formation  crops 

out. This unit is the most widely distributed of the Cretaceous rocks 

and probably underlies much of the Jornada del Muerto  pediment gravel 

to  the  east .  A small1 exposure in  the  northern  part of the  area is on 

the downthrown side of the  Fra  Cristobal fault, east  of Massacre Gap. 

Olive  drab  shale  with  intercalated  buff t o   l i g h t  pray sandstone 

beds i s  the main lithology of this stratigraphic unit. Fine- t o  

medium-grained quartz,  with some feldspar, is  the dominmt mineral 

type i n  the sandstones. Most grains  are subangular, but augular and 

subrounded types occur. Sorting is  fair, but some clay matrjx, and 

very  fine-grained  through  coarse-grained  quartz is observed. t7eY.l 

cemented  and quartzitic,  the sandstones seldom are ordy sligh$ly 

fr iable  or calcareous. UsmXLy the sandstones  weather o l ive   t o  

t reddish brown, but a few exhibit yellow limonite  stain. 
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In  the uppW part, some thin, granule-to-pebble conglomerate beds 

a t e r n a t e  with the  shale and sandstone beds. Some red  shale is  

present  but  rare. 

Sil icified wocd specimens are  locally abundant. Black and dark 

gray  are  the usuaL colors. A few fossi l   logs  measure up t o  two fee t  

i n  diameter and f ive   fee t  i n  length. 

The sandstones of the main  body  of the Mesaverde are USLEXL~ 

thin-bedded, but some are medium-bedded i n  this  area.  Many of the 

beds are  lenticular, and cross-bedding i s  not uncommon. A t  l eas t  

2,000 fee t  is exposed in   the mapped area,  but  the total  thickness 

of t h i s  unit is  estimated  near 3,100 f ee t  (BushneLl., 1953). Contacts 

w i t h  both  the  underlying Mancos shale and overlying Ash Canyon con- 

glomerate  appear t o  be gradational. 

The preponderance of olive-drab  shale and relatively  clean sand- 

stone  distinguishes  this  stratigraphic unit from the  others i n  the 

area.  Further  refinement  nay be accomplished by tracing individuaL 

beds, but  the  interruptions due t o  faulting make b h i s  process diffi- 

cult.  Dqosition  rates  apparently  increased  with time as this unit 

was l a id  dwm i n  a near-shore, possibly swampy, continental environment. 

Ash  Carnyon smber. O n l y  one outcrop of the A s h  Canyon  member  of 

the Iviesaverde formtion was mapped in   the souehern part of the  area, 

a synclinal h i l l  bounded  by faults. Granule t o  pebble size  chert 

conglomerate and intercalated sandstone occur i n  thin  to   thick beds 

w i t h  some sweeping cross-beds. 

Conglomerate fragments are subrounded t o  subangular, elongate 

m r e  than spherical, and composed  of clear or  gray  chert which often 
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tha t  none of the sandsOones i s .  fr iable.  In fact, most are weU in- 

durated,  but  calcareous cement i s  absent. 

Rwel.y some clean,  white, medium- t o  coarse-grained  quartz 

sandstones appear. Conglomerates of coarse sand t o  granule  size 

par t ic les  (with usual composition and texture of the sandstones) 

are found mostly in  the upper par t  of the Jose  Creek. Thin beds of 

tan  chert also occur in  the upper section. Light gray s i l i c i f i ed  

wood fra@;ments are  locally abundant. 

The individual. thin t o  medium beds of sandstone we separated 

by shale.units. Bedding is regular  but  not  exactly  parallel; how- 

ever, almost no cross-bedding is evident. Some beds are  lenticular. 

BushneU (1953) measured 394 f ee t  of Jose Creek at the type 

locality. me contact  exhibiting unconformable relations  with  the 

underlying Ash Cmyon member cannot be observed in   the mapped area, 

but was demonstrated in   the work of Bushnell (1953, p. 24). 

Beds may be traced  in a great deal of the Jose  Greek member, 

but  correlations were based min ly  on gross  lithology because of 

the complex faulting. Both the  andesitic  intrusive  centers  to  the 

south and the exposed Precambrian terrane  to  the  north were source 

meas for the   c las t ics  as inferred from the i r  composition. Tex- 

tures  suggest that the  distance of transport was not  great, and 

that  deposition  rates were  moderate. A continental enviconment 

is indicated by the  plant fossils. 

H a  Lake z&mber. Outcrops of the H a l l  &&e member of the 

McRae formation are  extensive  in  the southwest par t  of the mapped 
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area  (especially along $he east  shora or tke reszzmir), "c s;r% 

absent in  the  northern  part. Generally the .mfibw iis fw.& iir, \-&eys, 

slopes, a d  low hiLLs, but some of the more resistant uni t s  T o m  

ridges. 

Thick maroon and dark  purple  shale  intervals w e  Yne wst a s -  

tinctive and conspicuous rock  types i n  the H a  &&*. Smdstone 

types  are similar t o  those of thq Jose Creek. S L ? b ~ o . : l ~ ,  f ine-  to 

coarse-grains of white  plagioclase  feldspar,  ere&?  chart, md light 

green chlorit ic  weerial   are dombant. -le elw is  o%ten foaw? 

i n  the matrix. In spite of? the poor sorting, same peredbili ty '  is  

inwcated. 

:* 

Both plagioclase and orthoclase  feldspar occ'x with .&nor 

quartz i n  .the basal conglomerates of the Ha;ll L&e. %e particles 

are subangular and subrounded, and coarse-grained t o  pebble i n  size. 

Green, purple, and red colors blend  ir&o an overall  greenish  cast 

i n  hand specimen. 

The clast ic   uni ts  are thin-  to thick-bedded, a& &so are 

lenticular. No important  angular &iverS;ence is  seen almg the Hall 

-/Jose  Creek contact,  but it is  not  well ezcposed. In  spite of 

the presence of the bass conglomerate, the Hall bke locazly may 

be gradational  with  the  Jose Creek. BL?sh.nell (1953) estim3ed  the 

thickness of the I.iau Lake member t o  be at  l e a k  2,900 feet. 

Correlation of the HsXL Lake is dependent upon the presence 

of the  thick  sections of maroon and purple shale. X~though the 

sandstones conCain more plagioclase  feldspar  than  those of the 

Jose Creek, they  are sialar otherwise. Rapid deposi%ion is 
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indicated by the conglomerate beds, but  the  thick  shale units in 

the W e r   p a r t  of the Hall Lalre suggest a moderate ra ta  of subsidence. 

The environment have been i n  a continental  floodplaln. 

Cenozoic  Rocks 

Tertiary and Quaternary rocks  are found in  the  vdlleys and low- 

lands  adjacent  to the Fxa CristobaL Range. Down-faulted on the 

west side of the range i s  the Miocene t o  Pliocene  $anta Fe formation. 

It was named originally by F. V. Hayden i n  1869 ( in  Wilmarth, 1.935). 

Extreme variations  in  lithology and beddedness of the Santa Be s y -  

gest that it was derived from the bounding upl i f t s  during the forma- 

t ion of the Rio Grande depression. Conglomerates of granule t o  

cobble size  particles range i n  composition from dark> basic igneous 

types t o  Light colored  chert and quartz. A dark volcanic conglomerate 

is present i n  the Santa Be east of Black Bluff Canyon, adjacent t o  a 

branch from the Hot Springs fault. 

Farther  north  along  the Hot Springs fault, where it is  dmmehrown 

against the Yeso fomt ion ,   t he  Santa Be is mostly white t o  yellow 

sandstone. Quartz and s o m w W m  Teldspar compose the medium-grained 

p&icles, which are w e l L  sorted and subrounded, loosely ccmenteO., 

and very friable. Broad,  sweeping, festoon  cross-beds  are seen i n  

exposures dong  the east shore of Eaephant Butte Reservoir. 

me eastward-sloping  Jornada pediment suxface exbends for many 

miles beyond the  northeast and southeast  boundaries of the mapped 

area.  Included w i t h  the Jornada pediment gravel is  some s a 6  and 

minor  amounts of caliche. A &ip of 22' south was taken  near  the 
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Fra Cristobal fault zone on a conglomerate in  the Jorilr,dZ pedixnent 

which was derived from the Yeso formation. Bu&nell. (1953, p. 53) 

s ta tes  that the thickness  ranges from less than 50 f e e t   t o  more tW 

200 feet. Jornada pediment gravel  underlies  the basdt flmrs i n  

the south. 

On the other hand, the pediment blankets of t%e wes%wm%d.oping 

Cuchillo  surface on the west side of the Fra Wistobd =%?e are seen 

t o  occw 'bath above  and  below lava flows. I n  one instmice LOCI- 

t o  200-foot thick blanket,  containing  layers  &rived from the f5a.n 

Jndres  limestone, is Sate  extensive and conceas a e  F:..,t S+riw.g.?, and 

other major faults. Over much of the  area  the TertiarcJ and ~ m t a m a r y  

sediments were mapped together as it i s  sometimes dr i f f icd t   to  separ- 

a te  the Santa Fe formation from the younger CuchiUo pedLm%t gravels. 

lChree Tertiary basdt dikes are f o ~ d , , i n  the vi-cirLty of Kettle 

Mountain. The narin  on9 trend@  norlWest-southeast m d  cmtinues  into 

the Maae Canyon area. These diires are  vertical  m d  shm no baking 

or drag where they have been intruded  into the EIaU Take member; how- 

ever, they have been disrupted by l a t e r  faulting. 

Sever& Quaternary basalt cones and associated flows are found 

in both  the Engle and Jornada valleys BS well as on the lowlands 

south of the Fra Cristobal R a n g e .  Copposition ojf these flom is 

mostly olivine basat. The large multiple cone strucl1:re on Vne 

Fra Cristobal fault, east  of' llrie,qle &sa, contains sevemJ. volcan- 

i c  bombs about s i x  inches i n  length. From his descriptions, it is 

believed that t h i s  is  the  lava flow which g r e a w  imf12essed G. G. 

S h w d  (1859) on his  excursion through. the Jornada del Muerto. 
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Mineralization  took  place along wny of the faults and left 

deposits of hematite and quartz. Some thin  stringers of barite were 

found northeast of Li t t le   Ket t le  ivlountain. @e non-comrcial 

deposit of botryoiW psilomelane vas found on a low h i U  west of 

this mountain. 

?&us piles, Lacustrine  deposits, and alluvium are SocaLLy 

quite extensive. Emever, they were not mapilable on We present 

scale. 
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s m u c m  
i%pping 0% the SizructuraL geology in   the southern part  of the 

Fra  Cristobal Range  was accomplished by Wunton compass survey. 

I n  the  present work, nearly  the  entire  area was traversed on foot, 

and  most of the  stru.ctures were "wallred-out" in   the  f ie ld .  Although 

detai led  in  scope, t h i s  stud.y w y  be considered as recornaiqsance 

for plane-table,  structure contour mapping. Hmever, further  re- 

finement of the  stratigraphic sequence would  be necessary if such 

a pro jec t" i s  attempted. 

me  present map scale (2'l = 1 mile) i s  sufficientw  large for  

adeauate representation of q g t  of the  structures  in this area. 

Yet many folds and faults within the incompetent Yeso formation 

in   the northwest part  of the area may only be sham on a map a2 

twice or  even four times this scaLe. 

One of the major itnprpvements over the  previous  investigation 

(Thornpeon, 1955) is  the  quality of the  strike-and-dip  control. 

This  writer has been impressed by the  fact   that  an attempt t o  ac- 

quire abundant control by integrating  questionable Wwf; (%.@,:.- ,, : 

p o s s j , ~  ,croes-bemw, apparent  dips,  possible  erosion  surfaces, 

possible sLump, etc.)with  reliable data can confuse structural  

analyses. 

Nearly all the  strikes-and-dtps shown in  the  present work are 

within  the accuracy limits of the Brunton  compass  and clinometer. 



Ey fax  the  great  majority of  them were taken 3.n d _ x i r ~ a  a,c;';-k.es 

where true  att i tudes of beds are obviow. Ye: %.e cv'n%zT. s'cX2 

crowds the cartographic space. 

Another technique  gained from the p&%ri.w.n w r ~ e r 5 m m  ccxn3am3 

the  selection of data t o  be mapped. Hex  again "&e 8c&d of t?Le m q  

is  the main limiting factor. U s e  the atrik&-m&-&ps recorded 

i n   t he   f i e ld  were substantiated by photageolcgy. V&ma &mge 

radicaJ2.y over very short  distances i n  sane ~xcess~ mwb3-y ne% fault 

zones. Howover, each at t i tude is  representative ~2 t;", l&st tke 

area under the symbol, and many extend to   the limi$;s ~f t5e pmticulax 

fault block, or t o  some mid-point between an adjazent &iAit&e in  the 

same block. 

' Technical. terminology and principLes of intcr-r&et:tion g e m r f i y  

axe consistent  with B i l l i n g s  (1954). Background matcr id  on regicmd 

tectonics may be found i n  KeUey  and Silver (1952), KeEqy (L952), 

and KeUw (1955). 

Xn following the  present  discussion,  constant  r&erenza t a  the 

geologic map (Fig. 2), and the supplements s t r u e t m  ssstions {Fig. 

4) is  strongly recommended. Principally  with regizd. t o  tk deacrip- 

t ion and interpretation of the  strike-slip fauting dimxmsed i n  

the  ear l ier  thesis (Thompson, 1955), this t ex t  ccmsf5tu.tes a ma@- 

correction. 

Regional Setting 

The Fra Cristobal Range is one  of the  discontinuous c h i n  cf 

north-soutb  trending upl i f t s  which sepaxates t3.e R r i ~  G?aa& and 

Jornada del Muerto depressions. Generaw t2e range m y  be Vaead 
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as an east-t i l ted fault block. The bounding faults intersect at  

both the  north and south eads. SpecificaUy,  the  area  within  the 

range is  disturbed by overturnFd folds,  thrusts and normal faulim. 

McCleary (1960) mapped a large, north-south trendirg  syncline, 

overturned to  the  east   ( in  the  Meoeoic formations), along the 

crest  of the range. Ire postulates a companion ovesturned anticline 

on the west side where  Precambrian granite i s  now exposed. Long, 
west d$pping thrust  faultq (paraLle1 to  the overturned folds) bring 

Precambrian granite over Pennsylvanian MagdaLena and permiar? Abo. 

we rest of the  northern part of the range is  not complex, yet  some 

prominent normal faults and upright  folds  are  present. Strike- 

s l i p  movement is  &nor as only two right-lateral  faults were mapped 

i n  this area. 

North  of the  Fra  Crisfobal upl i f t  is the San Pascual platform. 

To the  south lies the Cutter sag and the Caballo uplift.  

Some overturnad folds and minor thrusts were mapped during %he 

present work in   the  southern pwb of the range, but a greater number 

and larger displacements of 'che  noMp&7. faults are apparent compared 

to   the  northern part. agh-angle faulting with some pronounce@ 

l a t e r a l  movements complicate %hat part  of the  Cutter sag adjacent 

t o  the Fra CristobaL uplift.  

Farther  south in   the  M c F i a e  Canyon area (BushnelJ., 1953) normal 

faults, some open folds, q d  minor strike-slip faults are  present, 

but  the  structural  picture is  somewhat simpler i n  this portion of 

the  Cutter sag. However, i n  the Caballo uplift  again  are seen the 

overturned folds, k h u s t s  and normal. faults. 
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OYerdLl., the Jornada del Muerto depressfon  appems t o  be a large 

syncline. On the other hand it i s  fault& on the west limb, and mny 

complex folds and faults may be covered by the thin boLson deposits. 

"8 

.. 

Structural  relief is  more  prrwounced in   t he  Engle basin  to  the 

west of the Fra Cristobal  uplift,  than in   t he  Jornada. The Engle 

basin is  one of the many ineqchelon,  north-trending  basins comprising 

the Ftio Grande depression. ' Wgh-angle faults are the most comon 

structures  in the depression. Hawever, 1ate;::il. components of movement 

mqr be as nearLy important as vertical  ones. Zndeed the basins may 

have been forced d a m  by shearing dong  the faults, a6 wen as by 

tensional movements. 

In Pdleozoic time, the  stratigraphic  record suggests that only 

epeirogenic movemen& affected  the  Fra  Cristobal  area. Although 

downwarping  of geosynclinal. proportions was a t t a h e d   i n   t h e  Cretaceous 

period,  the first ev$dencesof orogeny deforming the  section in   t he  

mapped area  are the overturned folds and thrusts  believed t o  be 

La;ramide i n  age. In Miocene and Pliocene time, high-m&e block 

faulting with later& shearing, and broad, open foldirys occurred. 

Recent emthquakes and fresh fault scarps  suggest that diagtrophism 

may have continued to  the  present day. 
Dating of the  structures is accompli*ed  by  an&ogy with other 

areas (e.@;. the CabaLlo Mountains). For not o n l y  are the ages of the 

rock  sequences poorly  defined, but  also  nearly s;U of the l?erkiary 

rocks have been removed  by erosion from the mapped mea. 

Some question exists as t o  whether the Fra Cristobal  area should 

be included  with the Rocky Mountain system or  the Basin and Range 
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province. The Laratnide folds and thrusts, and the txends, suggest the 

former. Bub the high-angle, block faulting producing the  uplifts  

and depressiorsin middle and upper Tertiary time is'? typical of the 

Basin and Range. Kelley (1955) recognize 8 the problem but  prefers 

t o  designate  the area as a southern  extension of the  Eastern Rockies 

belt.  

Folds 

Few structures which can be mapped definitely as folds are found 

in   the  southern  part of the Fra Cristobal Range. PBny dip reverqals 

near faults are  classified as bag. It is possible that at one time 

many north-south  trending  anticlines and synclines were present,  but 

have been so modified by htor faulting that  they can no longer be 

recognized. Finally, it should be stressed  that  there  are some 

folds which are  not mappable at the  present  scale,  but most of them 

are also associated  with fatiLting. 

To 1%~ a foundation i n  the  descript$ve  part of th i s   t ex t  for the 

analysis  to follow, it is necessary t o  make clear  the  distinction 

between  open  and closed folds. No generally  accepted  reference  has 

an adequate definition Qf these terms. Rather  than  repeat  the dis- 

cussion from an ealier work  (Thomp$on, 1955,  pp. 33-34) , only the 

salient  points are mentioned. 

Dr. V. C. ICelley (personal c o m i c a t i o n )  suggests  that if the 

interior angle of a fold is greater  than or  e q d   t o  goo, the %old 

i s  open, whereas if it is  less than Po, the  fold is closed. To 

define  "the  interior  angle"  the  present writer suggests  that it be 



designated as the sma31er ang&e  formed by the interwct3.on of the 

tangents drawn t o  a siwple fold  at   the  points of inilection. 

I n  most cases  the  interior angle is  equal. to   the supplement of 

the sums o f  the dips OS the two tangents. (However, i n  the case 

of an  overturned fold, the c$J.culation is  slightly nore complicated.) 

!iki,s method is best employed  when examining fold8 from the map view. 
For viewing unexaggerated structure  sections,, a 90' dra9ting triangle 

maiy be used t o  judge the simple differentiation betweeo  open  and 

closed folds. 

Closed folds 

GTQJ one small area of closed  folds is  indicated on Structure 

Section A-A' (Fig. 4). .Adjacent t o  the not Springs fault a series 

of closely spaced overturned synclines and anticU.nes.are.present 

i n  the Yeso formation which cannot be shown exactly on the section, 

much less on the map. 

The area of the caosed folds is less  than  one-qwter of a mile 

wide and about one-half' a mile low.  The folds trend northwest- 

southeast and axe overturned t o  the northeast. The overturned limbs 

dip as low as 64O to   the  west. Average distance between exes is  

about 100 feet. 

Ymch flowage has %&en place on these  isoclinal. folds. Sand- 

stone, W e ,  and limestone  beds comprise the Yeso i n  this mea,  but 

some gypsum may have been squeezed out of the section. It i s  likely 

that these  folds tend t o  die out  with  depth in   t he  more competent 

Ab0 formation. Furthermore, they may not  appear i n  restored  sections 

of the  overlying $an Andxes. 
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t On the east side of the  belt,  the courplex folds have been modi- 

f ied by l a t e r  faulting dam to  the vest .  FaPther east '&e n:';73~ faults 

d m  t o  the wes$, . w i t h  steep west dip on the upthrolm sides, may have 

been folds originaJ2.y. 

Open fold6 

Near the  north end o f  the mapped mea a syncLinaL ax is  is  drawn 

through the 34&gdalena inlier i n  the amphitheater  outcrop of the Ab0 

formation. 'uze axial  trace is  about one mile Long, trends  northeast- 

southwest, but curves t o  trend noi-th-sou.th. P lage  i s  to  the south. 

Gentle dips on the limbs are nearly symmetrical, ranging from 5' t o  

7Or 

A t  the  south end of the Fra Cristobal  uplift, the bounding faults 

intersect and die out t o  the south i n  the Frs Cristobal  anticline. Its 

north-south  trending axial trace is  mapped f o r  nearLy two miles in   the  

_I 

Dakota, Mancos, and Mesaverde formations  berore it plunges s0u.thwat-d 

beneath the Quaternary lams. Dips on the west Limb average EOo, 

whereas those on the  east limb average over 30°, producing a definite 

asymmetry to  the  east  (see  Section C'-C', Fig. 4). 

[Lb the west is a o n e - W  mile wide syncline h i l l  in   the  A s h  

Canyon  member.  Bounded by faults on all sides, the axial  trace of 

Me  fold  trends nartheast-sou.thwe& f o r  one mile pazrallelirq two 

maJor faults dam t o  the west. Near the mid-point of the axis, where 

the  syncline is  best developed, the axial surface dips sI.i&tLy t o  

the west wi6h dips on the west limb up t o  16; and on the east  limb 

up eo LOO. 



From the  general convergence of dips on either  side of this fold, 

it may be supposed that moa6 of the  south-central par t  of the mapped 

area was occupied at one time by a much large$-syncline. If so, it 

has been modified by l a t e r  f au l t i ng  t o  such an extent that  only the 

axisl  portion is preserved i n  the gentle damfold mentioned  above. 

An axial  trace of less  than one-half mile is mapped  on a northeast- 

soythwest trending  syncline  northeast of Kettle Mountain. This short 

fold plunges rather  steeply to the  south  with dips of 21° t o  33' on 

the limbs. Nost of the length of the trace of the 8xial plane is 

in   the  upper Jose Creek, but  the south end plunges into the basal 

par t  of the Hall La&e member. This syncline is  also bounded by two 

prominent faults dmthrown t o  the West. 

Faults 

Evidence of faul.ting abounds in   the southern par t  of the  Fra 

Cristobal upl i f t  and adjacent pests of the Cutter sag. A few fault 

md fault-line  scarps  we  present,  but most of the faults were loca- 

ted by mapping structural  attitudes and the  distribution of &rati: 

graphic units.  Solid. fault symbols on the geologic map represent 

those faults whose poqition was determtned both i n  the field and on 

aer ia l  photographs. Eqhed symbols indicate approximate positions 

of those faults which toad not be located  accurately,  but which 

wwa necessitated by f i e ld  data. 

WeYJ. developed bag structures  ese  present along most of the 

faults, but  other  features such as slickensides,  breccia,  etc. 

rarely were  obserl-d. Sil icification and hematite  mineralization 



definite evibnces of faulting. Geomorphic c r i t e r i a  are useful 

i n  indicating possible faults; however,  no fault was &am based 

on  them alone. 

Selection of a significance level above  which a given fault 

is  mapped and  below  which it i s  omitted was a d i f f i c u l t  problem 

i n  this area. On the other hand, it is a necessary  consideration if 

the available cartographic space is  t o  be utilized  efficient@.  Jn 

general, if a fault has l e s s  than 50 f ee t  of thr.0~ and/or is less 

than oAe-haLf mile  long, it was deleted. Displacement estima+es 

are o m  approximate because no detailed topographic cori(;rol is  

available. 

The following &Iscussion is  mainly descriptive with interpreta- 

tions  deferred  to a l a t e r  section. As a general.  order, the faults 

on the west and south sides of the area (Cutter sag) are discussed 

first, and those on the north and east (Fra Cristobal. upl i f t )  are 

described toward the   l a t te r  part. Nearly all the faults are normal, 

but some s t r ike -d ip  and %lux.& faults are mapped. 

Hot Springs, Double  Canyon, and related faults 

OriginaJly named  by  KeLLey and Silver (1952, p. 159), the Hot - 
Springs - fault has been mapped from the  northern pazt of the Caba3l.o 

kountains,  through the McRae  Canyon area (Bushnell., l953), through 

the  area of this report (9!hoq@on, l955), t o  the  northern end of 

the Fra CristobqL R a e  (Jacobs, 1956,  and  McCleary,  1960) vhere 

it forms a prominent west-facing fault-l ine scarp. 



Less than 7 miles of the 3O-mile length is concealed by Elephant 

Butte  Reservoir. The Hot Springs fault trends N 25' E i n   t h e  Caballo 

Mquneains,  from N 20" E i n  the southern part  of the Cutter sag t o  N 

35' E near the north end, abruptly  turning t o  N 10' W in   the southern 

part  of the Fca Cristobal  uplift, and gradudLzy back t o  N 30' E at  the 

north end of the  uplift.  

Measured dips of the n o m  fault surface ra re  from 60° t o  7 5 O  

to   the west. On the upthrown side (east) i n  the Fra CriStobaJ. and 

Caballo Mountains,  Precambrian rocks are exposed. Progressively 

toward the  Cutter sag, younger formations from the  Faleozoics t o  

the HdJ. Lake member of the McRae axe exposed along the fault. 

Throughout  most of the   l ewth  of the Hot Springs fault, the Tertiary 

&ta Fe formation is  exposed (or is present beneath  Quaternary 

aJluviu) on the darnehram (west) side. Where Santa Fe abuts Pre- 

cambrian, the  stratigraphic throw is  estimated to be 8,000 feet. 

However, in   the Caballo wea some small outcrops of Precambrian 

and Faleozoic  rocks me mapped on the d m t h r m  side. Right- 

lateral separation of these outcrops is apparent re la t im  to   the  

uplift.  O n  the  other hqnd, KeXLey and Silver (1% 2, p. 160) have 

observed Left-lateral drag on the upthrown side of the Hot Springs 

f ault . 
Jacobs (1956) and Mccleary (5960) mapped local  outcrops of 

San Andres and Bar B downtbm  against  Precambrian i n  the northern 

part  of the Fra  Cristobat Range. Steep dips  to  the west i n  these 

outcrops  swgest  vertical drap; on the Hot Springs fault. 
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In the southern part of the range  (Fig. 2), the Yeso formation 

i s  upfaulted  against  the Santa Fe.  Here also verticat dra& is ifldi- 

cated by the dips to   the west i n   t he  Yeso. Kuch of the  length of 

the Hot Springs fault in. this area is marked  by s i l ic i f icat ion and 

hzmatite  mineralization. Although definite displackment is  not 

demonstrated, the map pattern  suggests  that  this fault has dis- 

rupted  the Quaternary lava f lars .  

Farther south, part  of the Hot Springs fault is  bwied by the 

Cuchillo pediment gravel.  East of Black Bluff Canyon in the northern 

part of the Cutter sag, the main  bo* of the Mesaverde is on both 

sides of the fault,. (Fig. 4, Section B-B'), but some left-ls.$aral 

drag is seen. (Note that  i n  the ear l ier  work, Thompson, 19j5, 

ri&t-lateraJ. drag was reported. More detailed mapping has shown 

t h i s  conclusion t o  be i n  error.) TITO branch faults displace  the 

Jose Creek member and the Santa Fe formation down t o  the west. 

Santa Fe probably 1s faulted  against  the Hall Lake  member i n  

ELephant Butte  Reservoir as observed  northwest of Little Kettle 

Mountain,  on  Long Point, and i n  the M e R a e  C w o n  area (BushneU, 

1953) * 

Nearly paral le l   to   the Hot Springs fault in  the  Cutter sag 

is  a series 01 northeast-southwest  trending normal fauLts, spaced 

about  one-half to  three-quarters of a mile  apart, and damthrown 

t o  the west. 

Most important of these is the Double  Canyon fault. Very pro- 

minent right-lateral  drag features  are  present on both  sides of the 

fault. Here Hall Lake abuts Jose Creek with throw -of about 2,500 

- 

42. 



f ee t  (Fig. 4, Section C;C'). Displacemnt i s  Ica at DrJu3le Cmyon 

where Hall. Lake is on both sides of the fealt. iictice tl:a,t $be 

TeStiasy dike is  not offset appreciably. 

Over two miles of the Double  Cwyon f a a t  5.8 mxgged from the 

reservoir  to  Lit t le  Kettle Mountain. North of thwt pxLnt it appems 

t o  joinan  east-northeast  trending fault, dmn t o  Yna southeast,  thus 

indicating rota;tionaL movement relative  to  the main p& of the 

faul t .  On this short one-mile extension only a few hundred f ee t  of 

stratigraphic throw is  likely, foy the Jose Creek is  d .omtkui ic  

against the upper p a t  of the main body of tb.e M?:wvvm3.e. Z t  temi- 

nates against  the next of the  principaL faults. 

W s  next  northeast  trending fault (immediately west UP the 

northeast  turn  in  Section B-B', Fig. 4) is  wpped f u r  only 1 1/2 

miles, but its north end is busied  beneath the Cuckzllo pe&L?nent 

gravel. To the south it terminqbes against one of the tramverse 

faults. A wlnimum o f  500 f ee t  of throw is  estimted r7hci-e the main 

body of the Mesaverde is present at the  smface on both sides of 

the fault. Prominent right-lateral  drag is evidefit oil the vest 

(down) side of the fault. 

Farther east, the next main fault forms the nor%mesl.  houndazy 

of the  synclinal h i l l  in   the  Ash. Canyon  member. As seen i n  Section 

C-C' (Fig. 4) about 500 f ee t  of throw is  estimaked where the Ash 

Canyon is faul ted  qainst   Jose Creek. This fault &ies out at its 

north end, or here becomes a strike f a u l t a n d  i s  not obvious beyond. 

However, it i s  mapped for qemly 4 miles t o  the south and continues 

into the McRw Canyon area. 
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t The southeast boundary of the Ash Canyon outcrop is the next 

main fault. Again 500 f e e t  or  less is  the estimated .tlrxoii, where 

Ash Canyon is  down-faulted against  the main body of Gne Mesaverde. 

Some snnU right-lateral. drag features are observed near the 

porth end before  the  fauLt teemninates against one of Gne south- 

west boundary faults of the Fra Cristobal  uplift. T t  i s  about 

4 l / 2  miles long, but  continues also into  the McRae Caryon area 

beneath the Quaternary Lava. A dip of 8I.O W i s  recorded pn the 

f a a t  surface immediately south of Double  Canyon. 

The easternmost of the main faults l i e s   t o  the west of the 

Fra Cristobal. wticl ine.  The south end i s  covered by lava,  but it 

is mapped f o r  over 2 miles before it is  interrupted by an east- 

west transverse faa t .  An addition& one-mile extension is offset 

about  one-eighth of a mile to   the west. %%e northers end CLWWS 

into another of the boundary faults of the Fra Cristobal upl i f t .  

Again the throw is on the order of 500 feet  where the main  body 

of the Mesaverb is on both  sides of the fault. 

h k n y  short  transverse faults me present  within  the bloclss 

bounded by the main northeast  trending  set of faults. Most of them 

are leas  than one mile  long and  have less than a few hundred f ee t  

of throw. Some trend northwest-southeast,  others  trend  east-northeast- 

west-southwest. No consistent displacement is  obvious, for part  of 

them are damthrown t o  the south, the rest t o  &e nor&. Both right- 

la ter& ard left-later&  offsets  in  the  dikes  me observed &on@; 

some short fau l t s  near  Kettle Mountain. 

: 
Perhaps the most important of these  trpasverse faults is  the one 

partly' covered by the Eava on Little Kettle Mountain. Hall m e  is 

dam-faulted  against  the main body of the Mesaverde suggesting a 
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stratigrsghic thrmr of at  least 500 feet. Some bo+LmJoi&-al psilome- 

lane  mineralization is  associated with this fault. 

Faults in   the  Shotgun Ridge - Triangle Mesa area 

A t  the  south end of the l;ra Cristobal Range is a set  of uplifted 

nomnd, fault bloclss, the  highest of which comprise Shotgu Ridge and 

Triangle Mesa. Boundary faults include  the Wa Cristobal fault zone 

and the Massacre Gap fault whLch We ,-liscussed later.  

%e southwest boundary fault is  also a demarcation between the 

p a  Cristobal ,qplifi, and the CutCes at. 2:'; 'aw-d.~ rmx*%h+-eaZ- 

southeast and is  mapped for newly 1 1/2 nLLes belure its north end 

is  buried by the Guchillo pediment gravel. Vertical  sliclrensides 

are found on the  well exposed faLilt surFace, which dips 71.' t o  the 

r?est. Hematite mineralization and si l ic i f icat ion  are  abudtwe 

along the fault. Although phy&yaphicdLly prominent, the actual 

displacement a,long the fauJ.t is not great. On Section B-B' (Fig. 

4) only 250 f ee t  of throw is indicated where W c o s  is downthrown 

q a i n s t  Dakota.  However, cotice  the  steep west dzp on both Bides 

of the fault. 

What happens t o  the northward extension of +&is falLL'c beneatla 

the CuchFuo gravels? UrtfortunateZy, the largcst mea of Quaternary 

cover within  the  uplift-sag  creates one of the most perplexing 

structural problems. To the  north and cast are the Perdm rocks 

of the Yeso  and San Anclres. To the south are  outcrops of the Mesa- 

verde. Most of the dips are t o  the southwest, but  the  discordant 

east S p  of the Mesaverde on the west side suggests that a prominent 
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fault lies beneath the  gravels. For the sake of simplicity,  the 

fault described above is extended questionably to   the  west-northwest. 

Very probably the concealed structure is mu.321 mor? complex. 

A t  the  northeast end of the gravel a northest-southeast  trending 

fault i s  mapped for one-h8.W mile be'zween its point of burial and its 

termination  against  the Double  Peak fault. It is  downtbrotm to  the 

west displacing complicated fault blocks @f Yeso and San Andres. IlZle 

steep 70' W dip  (in  the San An&res) adjacent t3  the fault on the 

downthrown side is probably vertical  &rag. 
N e x t  to  the  northeast is another  northvest-southeast  trending 

normal. fault down t o  the west. It appears on Section B-B' (Fig. 4) 

as the fault east  of the  "southvest boundmy fault" described above. 

Less than 200 f ee t  of throw is indicated. San Andres limestone i s  

on both  sides for most of the two miles of length,  but one  canyon 

cuts down t o  expose a small inlier of Yeso  on the upthrown side. 

Yeso i s  also at the  surface on the up side  south of Shotgun  Ridge. 

' Hearly 400 feet of throw is shown  on the  north-south  trending 

normal fault on the west:.side of Shotgun Ridge (Section B-B', Fig. 

4). This fault extends for  nearly 2 1/2 miles, across  Triangle 

Mesa, to   the Massacre Gap fault. San Andrea and Yeso are exposed 

on both  the damthrown (west) and upthrwm  Sides. 

About one-qvaster of a mile to   the  east is another nor%-! 

South fault, subparallel  to  the me described above over mch of 

its 2 1/2 mile length,  but the tr.ro intersect at i ts  south end. 

MostAy t h i s  fault is  aoWn t o  the west about L.50 f ee t  (Section B-B', 

Fig. 4). However, at  the  south end OS Triangle &sa the San  Andres 
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and  Yeso beds on the east side dip steeply torJard the fault such 

that here it is dam t o  ehe east. 

Three nom& Taults are downthrown toward the north, southwest, 

and southeast  sides of Triaigle Mesa. They are one t o  1 1/2 miles 

long, and displace o m  the San Andres and Yeso formations at the 

surface. On the  southeast  face of the mesa the fault is  rotations 

w i t h  the  displacepent  increasing southward. 

. . .II_ 

Faults between %he Hot Springs and Double Rak faults 

In the northvest pa% of the mapped mea are several nomnal. 

faults which trend northwest-sbwtheas-b, or north-south, and are 

down t o  the vest.  Silicification and hematite  mineraization is  

common d o q g  them. llhe  Yeso formation is  at the surface over wst 

of this structural element  west of the Double Peak fault. 

O n l y  about 100 f ee t  of throw is  sham on the four faults at 

the west end  of Section A-A' (Fig. 4). Note the contortions i n  

l;he plastic Yeso which are not reflected i n  the underlying Ab0 or 

M?@aLena. Nthough these faults are om one-eighth t o  one- 

quarter of a mile apart, qteep drsg is  common  on the upthrown 

sides, whereas relati* gentle ea6t dip or vest dip ( d r a g ? )  is  

present on the downthrown sideea. One of the better axposed faul tz  

surfaces has a clrip of 64' t o  the west. Length varies from one- 

hal t  t o  1 1/4 miles. The shortest one is terminated at its north 

end by a transverse fault. 

!T&is one-eighth W e  long transverse fault trends  northeast- 

southzest. vppar Ab0 is against lower Yeso, downthram t o  the 

northwest. W s  fault ends against a small Ab0 in l i e r  which is  

on the upthrown side of another  northwest-southeast  trending normaJ. 

f ault . 
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%e l a t t e r  is about L l/4 miles long, is down t o  the west, and 

only slight& displaces the Ab0 and Yeso formations. Similarly, 

another fault (about o n e - q W e r  mile east) is one mile long and 

d m  t o  the west, although it has a slightly m r e  norther3.y trend. 

mese %wo faults abut the prominent northeast-southwept trending 

fault near the norbhwest  end of the mapped mea. Upper M&al.ena 

i s  against addle Ab0 indicating a stratigraphic throw of EbOut 

200 feet, d m t h r m  t o  me southeast. X t  ends against the fault 

described below. 

Next is a fault which trends g e n e r w  north-south, is over 

2 112 miles long in   the  mapped area and continues Por another 2 l / b  

miles into  the nonthern part of the range (McCleary, L960, Fig, 3). 

A t  the surface t o  the north, &he Magdalena is on both the up (east) 

and down (west) sides. Farther south the Nagdalena is  upfaulted 

wains t  lower Yeso, indicating a stratigraphic throw of over 500 

feet. Some Ab0 is on the up.l;kram side, but m o s ~  Yeso outcrops 

on both sides aLon$ the rest of the fault. A horse of Jose Creek 

appears on the d m  side i n  Section A-At (Fig. 4) Here a throw 

of about 150 feet is sham on %he top of the Abo. Note khat thss 

f aa t  displaces the %oat" o f  the overtbmst  north of Double Peak. 
ALthouPJo. the exact location of the southernmost p a t  is obscured 

by the complex dips, this fault is believed t o  terminate against 

the Double Peak fault. 

A mamibent cloeed fold i n  the Yeso, inclined t o  the ea&, was 

seen on the dmthram (west) side of the north-south  trending 

fault forming the northwest boundary of the Jose Creek horse. Ow 
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about 100 fee t  of Wciw or l e s s  i s  shown on this fault i n  Section A-A' 

(Fig. 4). Over most of its 1 3/4 miles length the Yeso  fom&xiofl is 

on both sides. Its intersection vrith a one-half  mile  long,  northwest 

trending  transverse fauLt !was -$he locus for a Quaternary intrusive. 

!LVo other  short  transverse faults (one bifurcates)  are mapped  on the 

upthrown side of t h i s  faat, and may be displaced  &ensions of some 

of the faults on the down- side. !Phis prominent north-south 

fault also ends against  the Double Ped< Tault .  

A 1 1/8 mile long fault in   the  south par t  of this s tmctural  

element is terminated by the Hot Springs faul t  eat its north end and 

the Double  Peak fault at its south end. Thisfault gener- trends 

north-south, and is damthrown t o  the vest. Probably less 100 

f ee t  of thra? i s  present, for lmrer Yeso is at the  smface on both 

sides except  vhere  covered by Quaternary f l a ra .  Much si l ic i f icat ion 

and hematite  mineralization is seen along the fault zone. 

Double Ped< and related faults 

Perhaps the most' colsplex structure i n  the  northern par t  of the 

mapped m a  is  the Double Fealr fault. Apparently the movement has 

been rotational,. South of the "pivot  point", immediately east  of 

Double Bds ,  the fau l t  I s  an  upthrust ( d m  t o  the east). North- 

ward it becomes a normal fault d a m  to  the west. 

"- 

The upthrust (south) par+ trends  northeast-southwest for 2 1/2 

miles. Yeso is exposed on both  sides over most of thia  le&lfl,  but 

the  south end is  covered by OuchillQ  pediment gravels. A small 

triangular fault block 0% San Andras is  mapped  on the upthrown side, 



b u t   t h e   q o s u r e  is  not  large enough t o  deny Che possibility  that  these 

limestones are middle Yeso. Detailed mappir??  on a larger  scale would 

show more highly  contorted and faulted  reUtionships i n  t h i s  much 

disturbed  area. 

A dip of 70' W is  seen on t h i s  fault west of the prominent San 

Andres c l i f f s  on the downljhram side.. On the west side, Yeso is  at  

the same topographic elevation as the lower San Adzes on the  east  

side. llhese displacement and dip  relationships, plus some smal l  

drag features comprise the evidence for  this  portlon being mapped as 

an upthrust. 

Beyond  Double Pealstlr, the fault trends northward and fin- curves 

northwestward. This nomud. displacement part  i s  over 1 1/2 nliles lorg. 

Accurate dip of the  surface was not measurable, but it appems  nearly 

verticd. or dipping steeply  to  the west. Yeso is darn on the west 

against Ab0 on Section A-AI (Fig. 4) where a throw of  aboutt 400 f ee t  

i s  sham. Ab0 and Magdalena contacts  are slightly displaced  near 

the  north end before  the fault ends against one of the  north-south 

trending faults dispwsed  previously. Some dreg also supports  the 

conclusion that  this north  extension is a noma& fault. 

The thres-quarters of a mile long overthrust  trending r?orthwest 

from Double %ak may be considered a branch of the Double Peak fault. 

Middle  Yeso has been tl?rust eastward over middle and lower Yeso. 

Relationships have  been greatly  simplified  to be shown on Section 

A-AI (Fig. 4). Although the fault surface i s  slightly undaY..atory, 

it does have an average dip OP 35 vest. Multiple  contortions in  o.-. ._ 

the form of closed  anticlines and synclines  (trending north-southh) 
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are seen  beneath the thrust  sheet where the prominent drainage cuts 

across the trace of the fault. Folding is  ne?%& absent on the 

upper side,  but a s t d l  monoclinal fold dipping t o  the west was ob- 

served  south of the drainage. As mentioned previous& one of the 

north-south faults displace@  the  northvest end from its "root". 

The many closed and overturned folds t o  the west may be related  to 

this overthrust. However, T e c U   t h e  highly plastic nature of the 

Yeso lest  the  disastrophio  significance of this deformation be 

over-emphasized. 

Less than a mile north of Double Peak is a three-quarters of 

p mile  long  transverse fault which parallels the northwestward 

trend of the north end of Double Peak fault. It dropsyeso -.to the 

west against Abo, but where Section A-A' (Fig. 4) crosses it, the 

fault only asplaces  Yeso at  the swface. llne throw here i s  sham 

t o  be about 100 fee t  or less. 

Also parUe1 and down to  the west, but t o  the northeast of the 
\ 

Double Peak fault, is another three-qua$ters of a mile long fault. 

It displaces the Abo/Mae;dalena contact, yet t h i s  fault appears t o  

die  out a short  distance  both t o  the north and south. 

-.* 

Faults in   the Saddle Peak area 

Most of the mapped area  east of the Double  Peak fault and north- 

west of the Massacre Gap fault is  relatively undeformed. However, 

this is  typical of the east  si& of the Fra Crietobal  uplift. 

An obvious exception t o  the above generalization is the prominent 

s e t  of northeast  trending n o m  faults. me first extends for I. 1/2 

miles from the Double Peak fault (intersection is  south of Double 

Peak) and appears to  die  out  to the north in   t he  Ab0 outcrop. In  

Section A-A' (Fig. 4) the Yeso is  dm-dropped  to  .the  east  against 
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Ab0 with a throw of over 600 feet. One excellent ttxposure of the 

f au l t  surface shows it dipping 62' E. 

The second fault curves westward into  the first one (described 

above) at its south end, but also tirends northeast for over 2 l / 2  

miles, ending at  the  Fra  Cristobal. fault zone.  Although some com- 

plex  contortions  are seen at the south end, the throw is about EO0 

fee t  on Section A-A' (Fig. 4) where the Yeso is displaced. On the 

other hand the throw increases northward t o  possibly  as much as 300 

f e e t  where Ab0 is damthrown against Magdalena.  Another excellent 

dip was measured on this f au l t  surface; it i s  Ego E. 

Much of the Saddle Peak area may be considered as a northeast 

trending graben with these two faults forming the  nortbxest bound- 

ary and the Massacre Gap f a a t  the  southeast b o u n q .  A s  seen on 

Section A-A' (Fig. 4), this graben is  asymmetrical w i t h  the greater 

displacement on the northwest side. 

A one-halt  mile long splay fault, located about  one-quarter of 

a mile north of Saddle Peak, branches  northeastward from the fault 

se t  described above. Xt only slightly displaces  the Yeso, probably 

l e s s  than 50 f ee t  down t o  the south, and dies  out  before  reaching 

the  l ine of the Yeso measured section. 

Nwtheas% of Double Peak is  an east-west trending  transverse 

fault nearly one-half' mile long. Lower Yeso is dom t o  the south 

against upper Ab0 on t h i s  nor& fault. 

'Phree normaL faults one-half' t o  three-o_uarters of a mile long 

are mapped to   the  west of $addle Rank, within thz graben area. 

Because they  trend  northwest-southeast  they  are  classified as trans- 

verse faul$s. Displacements are  sl ight as o r a  the lower San &&es 

52. 



and upper Yeso w e  involved. Al l   we  downtbmmn t o  the west. Many 

other small fauLts are present,  but  are  not  mppable on the present 

scale. 

Massacre Gap fault 

%be Massacre ” Gap fault is newly 3 rdles long, m d  is  expressed 

by a prominent northeast-southwest  trending  bainage which cuts 

ehrough the southern part  of the  Fra CristobaJ. uplift .  A projected 

’ base of the San Andres from Triangle Mesa and the ridge of Saddle 

Wak to   the  Massacre Gap fault w p d d  probably s h ~ i  a throw of l e s s  

than LOO feet. On the  other hand the  displacemmt down t o  the 

northwest is  unusual, and it forms the  southeast  side of the graben 

in   the  Saddle Pee& area mentioned ewl i e r .  

Yeso is on both  sides of the fault over much  of i t s  le-. 

Poor exposure does not p e M t   r e l i a b l e  extension of the Massacre 

Gap fault t o  the southwest, but it appears t o  end against a 

nomest-southeast  trending fault. To the northeast it displaces 

the Yeso about LOO f ee t  or l e s s  as seen on Section A-A’ (Fig. 4). 
me unusual situation of AGO on the a a ~ r ? ~ ~ o w n  side  adjacent t o  

the Yeso  on the upthrown side is  explained by the sma33. dieplace- 

men’; and the  fact  tha6 the Ab0 is  much lower i n  elevation.  Further- 

more some sm2.l patches of Ab0 are  not mappable  on the up side. The 

Massacre Gap fault terminates t o  the  northeast  against  the Fra 

Cristobal  fault zone. 

Faults  east of Massacre Gap 

Two northeast-southwest  trending norma3. faults we seen on the 

east. end of Section A-A’ (Fig. 4) west of the ma CristobaL fault 
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8 zone.  They displace the lower and middle Yeso d m  to the  east   less 

than 100 feet. Each is  less  than  three-qumters of a mile  long, but 

they  are  terminated at  both ends by other faults. 

An east-west  transverse f a u l t l e s s  than 0ne-hdi.f mile long is  

mapped south of the faults described above. It n0rma.U.y displaces 

the Yeso only slightly and is dam to the north. 

zb the southwest i s  a northwest-southeast  trending normal. fault 

over one mile long. Although Yeso outcrops on  boeh sides, the strat- 

igraphic throw my be over 100 feet .  It ends wains t  tke Fra Cristobal 

fault zone  and the Massacre Gap fault. No evidence was seen for its 

equivalent  north of the Massacre Gap fault, but hare L% a 

st r ike f a a t  and therefore hard to  detect. P0ssibl;Y it my l ie  be- 

neath the 166-foot covered interval ( U n i t  19). in   the Yeso measured 

section. 

Fra Cristobal fault zone 

%be prominent eastern boundmy of the Fra CristobaJ. &lif t  was 

named the - Fra Cristobal fault zone in   the   ear l ie r  work  (Thompson, 

1955). It intersects  the  western boundary fau l t s  at both  the  north 

and south ends of the range. %be fault zone trends  northeast and 

north in   the  southern par t  of the Fra Cristobal Range for 6  miles. 

" 

McCleary (1960) mapped it w i t h  a north and northwest trend for an 

additional 10 miles in  the  northern p w t  of the range. . 

A t  lease two normal. faults are  present  in the zone. The east- 

ern one i s  w e l l  exposed only at the south end  where  Mesaverde  on 

the  east  is  downthrown against San Andres. Steep 81' dips to   the 

east  indicate pronounced ver t ical  drag. Much s i l i c i f ica t ion  and 
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hematite  lnineraLizationarepresent. Northwwd this fault is mostly 

buried by Jornada pediment gravels. 

East of shotgun Ridge the western fatiLt emerges from beneath 

the Jornab cover where it intersects or 'branches Prom the  eastern 

fault. O n l y  the middLe  Yeso is  displaced,  but abundant silica and 

hematite mark; the fault trace. About 250 f ee t  of throw is shown 

on Section B-B' (Fig. 4), whereas on the  eastern fault probably 

Mesaverde is  agRinst Yeso w i t h  a possible range of stratigraphic 

throw from lQ00 f e e t   t o  as much 3500 feet. !Elfie Qmternwy  in- 

trusive  centers  associated wieh S h w d  Cone a p p a r  t o  be ralsted 

t o  the Fra Cristobal fault zone. 

North of shumaxd Cone reworked  Mesaverde is  s e w  in the Jornada 

bolson deposits  near the position  postulated for the  buried  eastern 

fault. In some of the drainages a short  distance to  the  east, 

very smaU outcrops of east-dipping Mesaverde smdstone me observed. 

'phe two faults may be coincident west of the small outcrop of 

Mesaverde.  Iiowever, they  undoubtew  separate  again  to  the north. 

Over 300 feet  of throw is  shown  on the western fault, Section A-A' 

(Fig. 4), where Yeso is  exposed on the upthrown side an& seems 

l ike ly  t o  be present on %he downtbom side under ehe Jornada cover. 

Here again  the  probability of Yeso against IvBsaverde on the  east- 

ern one i n a c a t e s  a stratigraphic throw of 1000 t o  3509 feet. 

A t  the noreheast end of the mapped area the western member 

of the Fra Cristobal fault zone is  exposed. Limestones of the 

middle part of the Yeso are downthrown against Ab0 ad. Wdgdalena. 

'phis suggests a maximum stratigraphic throw of about U.00 feet .  
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In  the  northern par t  of the rmge the weseern fault dies  out 

into a syncline. The eastern fault remains  buried, but probabw 

intersects  the Hot Springs fault beneath the Quaternary lavas a 

short dAstance north of the Fra Cristobal Range. 

Other Structures 

Some folds and a multitude of fasts could  not be mapped  on 

the  present  scale. Along some faults are many sm&l definite 

&a@: features and local  weird  contortions. 

Joints were not  eqhasized  in  the  present  investigation be- 

cause of the abundant faulting. Moreover, the good exposures 

eliminated any need f o r  indirect evidence of major structures 

from joint  studies. On the other hand, many shear and tension 

fractures were observed whose orientations cbnfirmed fold trends 

and fault movements. 

Several  non-diastrophic structures  are  present. One of the 

main advantages i n  re-mapping this   area was the  previous  experience 

with the  possible slunrp, collapse, and solution  structure dips. 

These dips were eliminated  with a great deal of certainty during 

t h i s  revision. 

Structural AnQsis and Interpretation 

Following the  descriptions of structures  in the previous sec- 

tions, this part  is devoted to  analysis and synthesis of the  data 

presented. m e e  major periods of deformation are  distinguished 

-- Laramide (?), middle Tertiary and  upper Tertiary. Age determina- 

t ion by analogy t o  the  structures of the Caballo Mountains (%e 
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KeUey  and Silver, 1952) is necessitated by th? f8ct  that most 

of the rock units of nearly  the same age as tke f&S.ag and 

faulting have been removed by erosion. 

Laramide folds and faults 

Overturned folds and thrust faults are  chaxactwistic 

structures of late Cretaceous to  early  Tzrtiwy -- a?? Wamide 

-- age i n  this region. Trends are gener- t o  the northwest 

or north, and the usual. direction of asymmetry  and t h m s t i n g  

is  easlnrard. 

Many of the  closed folds i n  the northwestern par t  of the 

mapped area appear t o  be of the Laramzde type (see Section A-A', 

Fig. 4). The northwest trending  closed and overturned folds 

adjacent t o  the Hot Springs fault are asymmetrical to   the north- 

east. Their vertical  extent is probably  confined to   the Yeso 

formation, for  they  are  too  tight t o  be projected very far upward 

or downward. 

Also ehe northwest trending faults i n  this area  are considered 

as Laramide, but  the  steep  dips on the upthrown sides suggest 

asyrometry t o  the soumest .  llley displace  the folds, and therefore 

are younger. On the  other hand, these faults are  displaced by 

north-south faults, and are probably older. 

Movements along the Double Peak fault may have been complex, 

but a simple explanation is pasBible. Initially it may have been 

an arcuate n o m  fault, convex t o  the east (as it is now) and down 

to   the west. Several faults tewnate against it, and because no 

offsets  are seen, the Double Peak fault is probably an  older  struct- 

ure.  Later the overthxrust (directed to   t he  east) merged t o  produce 
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the   upthust  on the so.&hern part  of the Double Peak fault. An- 

other  possible,  but seemingly less  likely?  interpratehion would 

be for the high-angle fault dipping west t o  have been subjected 

to  rotational movemnt w i t h  the west side  displaced such th& the 

north end was  dam, and the south end was up. 5 e  weakness l i e s  

in  the failure t o  explain  the  overthrust which developed north- 

west of the  pivot  point. 

What significance i s  attached  to  the  fact that above the over- 

thrust i s  gentle  folding, whereas below is complex, tight folding? 

Could be that the up side remained  passLve during  an under"chrust. 

Comparativew, an underthrust has a greater mechanica.l advantage 

than an o W h r u s t .  However, the complex folding my be a result 

of higher  confining  pressure  beneath  the  thrust deforming the 

plast ic  Yeso formation. 

Later normal faulting has displaced  the  root of the over- 

thrust. The small recumbenb Sold (asymmetricaJ. to   the  east)  west 

of the  Jose Creek horse may have been related  to  the  olwthrust .  

Some of the  north and northeast-trending faults between the 

Hot Springs and Double Peak faults may be upthrusts. me few 
east  dips  adjacent  to  the faults my be drag. If so, tthese faults 

should also be included in   the Liramide age  group. However, they 

are mapped as normal faults because they appear to  dip  steeply  to 

the west in   the  same genera  directton as most of the beds. 

ObJectively one may question  the  diastrophic  significance of 

these  relatively low displacement faults and complex folds in   the  

plast ic  Yeso formation which are  classified  here as Laranride. If 
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they appeared i n  more competent  beds, def ini tew they would be 

SJnalagous to  the  other Laramide structures  in  the  region. Pro- 

blems of this kind may be solved if  enough quantitative data on 

strength of materials were available,  but such considerations axe 

beyond the scope of the  present work. 

. .  

Could such ovehurned folds and tbrusts be a mere byproduct 

of Tertiary norma3 faulting? Is it probable that the northwest 

trending faults with  steep drag developed as trmsvcrse faults? 

Because  most of the  %rtiary faults are of the noTmaIL gravity 

type,  very complex secondary forces  (including  horizontal com- 

pression) would need t o  be postulated i f  all of these structurces 

were attr ibuted  to  the same deformational  period.  Therefore, it 

seems  more l ikely  that  a separate Laramide  orogeny  produced these 

complex structures i n  the northwest par t  of the mapped area. 

me northwest trend of the overturned folds and the over- 

thrust  fault suggests that the  principal Lasmide force  axis should 

be a horizontal compression oriented  northeast-southwest. The 

asymmetry and thrust  direction  to  the  northeast  implies an unequal 

stress  ..&skibution. Secondary dilatation following  the compression 

probably produced the  tension  perpendicular to   the northwest trending 

normal faults. 

Middle Tertiary  folds and fault@ 

A0 in the Caballo Mountains  most of the normal faulting  in  the 

Fra  Cristobal  area seems t o  have occurred  during middle Tertiary, 

probably Miocene, time. High-angle, nomal,faults  with  vertical  
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drag and sliclcensides me  characteristic. lfsends we  ~~u&.ly 

oriented noTth or nortkrest, rar- northeast. %-e faults of 

6hi.s age group displace  the Laramide structures, and in  turn  are 

displaced by the upper l?ertissy northeast  trending faul$s. 

Uplift of the Fra CristobaL horst and relative larering of the 

Rio Grande and Jornada del Muerto depressions were %e most sign- 

ificant developments during this  deformation intervaY.. Accoqarying 

the  uplift, or sligh%ly preceding i%, was a gentle w a r p i n g .  Most 

of the evidence has been masked by l a t e r  fauLtin& but the broad 

syncline in   the Ab0 f o m t i o n  (near the north ecd. ~f t&e mppea 

area) probably was formed than. 

A2.s~  it i s  Likely tha t  %he &a  CristobaZ ar t ic l ine  beyond the 

south end of the  upl i f t  i s  a southern remant of a Lwge fold which 

was l a t e r  broken by the boundary fauLts. ,The postdated laxge 

syncline %o the we& is on& expressed by the  genera convergence 

of dips in the Wetaceous beds, but i k  has been disrupted by 

younger faults trending northe&, Evdn the  geit le syncline in 

the Ash Canyon, which may be a rem-mt of the axis portion vf the 

larger  darnfold, Grends par&el t o  the younger faults. 

I n  spite of the  rather SmaLl &isplacements song tb f auLt 

Limiting the southwest side of  %he Era Cristobal uplift, th is  fault 

does provide a definite  physiowaphic boundary of the range, %e 

pronounced southwest dips  i n  %he  San Andres outcrops, and also the 

Less steep  dips on the dmtbxown side in  the (1retaceou.s beds, 

suggest a monocline or a west Limb of EL Lnrge anticline  existed 

prior t o  fau2eirg;. 
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Considering the view i n  SecCion B-B', Fig. 4, VIe southwest 

boundary fau3.C and the p a r a e l  fau3.t Co the northeast seem Co have 

displaced  the wesC limb of an anCicl,ine. 'This fold was probably 

the northward Wens&on of the Wa CrisCobal anticline  discussed 

previou&y+ Irwever, farther nor%h, especially along the p w U e L  

fau3.C t o  the norbheast, the  older stm~.ctwe may have beex a mono- 

cline. Gentle southvest dips on Che Ve& && of W W e  Ma 

give ww eo much steeper dtps, and fi~~alLy Low dips in 'che CutCer 

Sa$- 

Pdjacent t o  the  Jornada del. NmrCo &g2ess:im the east dips 

song the souehern pare of the Fra Wistobal fa;Lfi& zone  irrphy 

tha6 here We east  limb of thq anU& :.ne was faul6ed. North of 

Shwmrd Cone %e dips a m  more arrabic, Leas indica6ive of a previous 

fold. The northwest (north pa,&) and north (midd2.e) trends of ehe 

Fra Cris-bobd. fault zone pard.LeL other faults of the mise ICertiq 

deforrwtion. A% the sou+& end the noreheas% $rand ma;y be explained 

.is the pre-exisbing Largo anticLine  pLuqing t o  the souah actmUy 

con-LroUed the  position of +&e FTa Cristobal. fauU eone. 

Loc- the PauLCs in %he Shotgun Ridge - Wim@J.e IWsa area 

have large  ver'6ical  separations. On %he whole, however, ehey are 

reLativeLy Lnsignificmt. They are considered merely as adjustment 

fau3.h of the main period of upLifbt pO&bly the Paul6 on the 

southeast side of VriangLe Mesa is of much more recent  origin. Its 

roCa6ional. moveren$, wiih the 'chow increasing southward, nwy have 

r e s a t e d  from slumping of the  protruding edge  of Che San Andres 

limes/cone outicrop~ 
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'ke onLy inportant  northeast  tcending fa&bs within  the &a 

CristobKL upl i f t  bound the Saddle Peak graben. Mora displacement 

is seen on the faults t o  the northwest than on ehe  Massacre Gap 

fault. X i i  the ,   ewl ie r  work ('kompson, 1955) these faults were 

thought eo have had strike-slip movements. Re-examinaeion of tke 

evidence  demonstrates  only ver t ical  moveraelles. Mainly for t h i s  

reason, they  are  included i n  '6he middle Teri;iary grow. No explan- 

ation is readily apparent fon +he anomaLous northeast  trend. 

short  transverse faults within ehe graben are of the small adjust- 

ment type. 

In %he northwestern part of the rmpped area,  the  north-south 

faults which disrupt  the Zaram3.de structures  are  believed  to be of 

middle Tertiary age. Not mucb displacemnt i s  indicated,  but  the 

Jose Creek beds i n  the SW horse  are over 4000 f ee t  below the i r  

n o d  stratigraphic  position. Just why the  horse is Located 

iknebSai;ely west of the kuppe is an e n i w .  Surely such resul ts  

of extreme tension and extreme compression are attributable t o  

separate deformation periods. 

Movement dong the Hot Springs fault ha$ been recurrent,  but 

probably began i n  middle Tertim. Vertical.  displaceuent is do- 

minant  where it forms %he we& boundary of the @a CristobKL  up- 

L i f t .  CharLy it is younger than the Zaramide structures it disrupts. 

On the  other hand, no fanglomerate facies appears i n  t h e   a n t a  Fe 

formation (also reported  to be Miocene i n  age) where it abuts the 

Yeso formation along the Hot Springs fault. Therefore, the move- 

ment here is judged t o  be post-Santa Fe i n  age. Estimates of the 

stratigraphic throw is conrplicated by the  l ikely  possibi l i ty  that 
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the Santa r e  overLies W f e r e n t  age rocks song the  str ike of the 

fault. Actually it may weU be par t  of a fault zone wiJ& several. 

bLocks  dropped down -bo the west. 

UnfortunateLy the CuchiUo pediment gravel. conceal.s the south- 

western end of "che Fra Cristobal  uplifts Many significant facts  

concerning the bounding faults, especiaLUy the Hot Springs fault 

would be Learned i f  We covex were not  present. The most serious 

problem is  the relationship w i t h  the younger fasts in  the  Cutter 

sag to  the south+ 

From the evidence avaiLabLe, the  principal.  force  orientation 

during mldc3J.e Wrtiaxy was probably an eml:. .!easJo-west. horizontal 

compre$sion of Limiked intensity (producing the folds), foUowed 

by an effective eas%-west horizontal  tension of much greater r a g -  

nitude (producing the fau2.i;s). DifferentiaJ.  vertical. uplift could 

have  produced. @e  tensiom Several. of the SmaLU. faults formed 

during W s  time were probably of near surface  origin and 0nl.y 

&end t o  sh&Low depthse However, some of the Larger ones, es- 

peci- the Hot Springs fault and the Fra Cristobal. fault zone, 

nay displace Precambrian  basement.  Moreover, some confinin@;  pressure 

was needed t o  permiti  deveLopment  of the pronounced drag observed 

d o n g  the faults* 

mper mrtiary folds  and & ~ t s  

!&e Last  important  deformation  within  the mapped area probabLy 

occurred aurin@; upper Tertiary  (Cascdan),  Recurrent movements 

SJong khe mAdd.le Terbiary f a d t s  may have taksn place,  but the most 



signrlficanij  developnent was W e  origin of t h  norijceast  trending normal 

faults wi-bh skrilse-slip components i n  the  Cutter sag. Tkey displace 

%e older,  northwest trendAng faults, but do not appear t o  disrupt the 

Quaternaty lava flows* 

South of *e  Cuch3Xl.o pediment gravel  the Bot Springs fault trends 

northeas%, and ehis part is inijexpreted $8 upper IPcrtiazy i n  age, A 

great dead  of its Length is covered by  ELephant  Butije Reservoir. How- 

everJ some importmt relationships were s-l;vrdied east of Slack BLuff 

Can;yon. 

liko brmch faults down-dxop the Jose Creek and Santa Fe fornation 

to  the west, but the main faul t - l ine scaxp md trend of We Hot ,Springs 

fau l t  cont;i.nues northeastward and displaces 0nl.y the Nesaverde.  These 

two blocks must  be ZocaL structure@, for Eanta Fe i s  faulted  against 

H a U  W e  south of' Black IXLufP Canyon, and h % a  Fe is against Yeso 

farther norW on the west sitle of the Fra Cristobal upplift. On tfie 

north side of Black Bhff Canyon, a volcanic congLomerats facies i s  

present; i n  %e  San6a r e  adjacent t o  bhe wes%ermost of the branch 

faults* llhe Lithology ic, vew sS!xilar t o  parts of: the  Jose Creek. If 

derived from We Jose Creek, the congLoimerak couJ,d suggest a Santa Fe 

(Miocene?) 8ge f o r  the branch faultsr 

On the other hand, strike-@ip movement is  indtlcabd on the main 

par t  of the Hot &rings fadlt i n  t h i s  area, and. by &oggr is wce  

characteristic of upper IPertiwy Padting.  In the ear l ie r  work (Thompson, 

3.955) righb-LafaraJ, movernent  was  mapped.  PL%hom& Yne evidence is  not 

as clear as on some other  strike-slip faults, %his revision  studied  the 

fault i n  detail and changed %he interpretation la lePt-Lateral based 

on d r a g s  



Ncwse  KeUey and Si3,wr (LL352) had segested &ePb-bteiial. 

tCrag on +&e Eo0 Springe faul.0 i n  +&e CabaUo MOW~K~XAS, the right- 

La%era& discussed i n  +&e ear l ie r  work appeared inco.?@;ruous. 

Hawever, several, possible eq&an&ions were given for %he occurrence 

of opposi%e movements dLong bhe same strike-slip Paul.%. The gen- 

eral. Logic of Wese expl.ana%ions is &ill vaY.id, but W s  revision 

or" We data t o  show lefblakera3. bag i n  b o a  weas eLjminaks the 

need f o r  the c o ~ ~ l e x  in%erpm$atione 

Perhaps the best evidence of s t r i le -s l ip  mmveinent i n  this area 

i s  the Lap, obvious r i&k-htera l  dxag structure (ea& of Plying 

&@;le  Canyon) &Long the Double  Canyon faa t .  The "syn&inal" drag 

on %he wesfr (down%bmwn) side i s  more s$eeply and tightly folded 

than the broad, souW1 plunging "anticlinal." drag on the east (up- 

thrown) side. Yhe northeast trend of  $he f au l t  suggests the 

lateraL movement was upper %x.Gia SA age+ I{oFrever, the mount of 

horizon%&  displacement is problema+xLo,~ KLmost no offset  i s  seen 

i n  the trend of the '&rtiary dike where it c ~ o s s e s  the fadL% east 

of DoubLe Canyon. Of aowse, the diKe may be youngsr than the fault. 

NO other structwes  me  correiative on opposite sides t o  permit 

e&ima%ss of tihe strike-@lip  separation* 

Another northeast  txendlng fad%, of probably upper Tertiary 

age, exhibi%s righh-Latera;l, bag+ Ofl '&is P a a t  (about L l / 2  miZes 

northeast of Li t t l e  Ke.tliAe Mountain) the "syncLinaZ" d;c8g is pro- 

minen%  on the %est; (downthrown) EL&, but no correspondirg "anti- 

c l ind,"  bae; is evidenfr on the  east (up+&mmn) side, An explmation . 

of this phenonlenon mus6 await more definibLve data on +he plast ic  be- 

havior of rocks during defornphion. 
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Allox .i;his 8&mt? fault note  the  one-gwker rdle ri&t-lal;srjL 

sepwavion of an east-northeasb  %rending trawvarss fwLt, w i t h  

wesaverde on ies upkkrown ( n o r w e s t )  s i b  and Jose creek on i ts  

dam%lrown (southeas%) side. X t  is uncertain if the offset is  due 

t o  strike-slip movement, bec8use it may be exphined by n o d  

c2isplacement and erosion atone; %he  loollgiturlinal. fa&%. 

AUuvial. cover obscures %he actual relakitonships at Ghe south 

end of a i s  fault. 3 3  indeed itt kernhates agains% a e  east-norm-east 

krending bansverse fault the   la t ter  may bc? considered as th6 older 

structwe. Some attentisn sliould be given t o  +2:e possit i l i ty khat 

%his Loine;i$udindL f a a t  may be an in cqehelon (discontinuous)  re- 

Laeive of Ghe Double  Canyon fault, wWch 8eems to die o ~ %  nortlmard 

at abouG  bhe s a w  lat;itude as a e  southwmd tesznimtion of this 

$atO.h 

No definite LateraL drag or offsek was observed on the  north- 

east  %rending longituc2intZ1 f a u t  which form the norbhwesk boundmy 

of the Ash Cawon  outcrop^ On the o a e r  hand, %he somewzlat involved 

transwrse f&vJ.ting on bobh stdes of %he f a a t  m y  coduse such 

evidencer  Nevertheless, nt  Ce ..f;he generaUy  consistent  southeast dip 

on both sid-es. The obvious exception is the  east limb of %he 

steepw $lunging syncxne i n  %he Jose Creek northeast yf Ke%tLe 

Moun4%Lnl Cou2.d it be that  kh is  fo ld  is  an earess ion  of right- 

later& a;t.e,g? &L~ough the  possibiLity nmq not be denied, it seems 

uiLike3.y %ha% dxag wovJ.& be found oyily i n  one place dong a favY.6 

unless a compLex struc%u~a.l hlstozy had occwred. Xn any even%, 

t h i s  northeast;  %rending syncLfne appews t o  be reLa&d to the bound- 

ing faul t s*  
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SizrLlwl~ the syncline i n  %he P s h  Canyon Lrerdd; noz%heasG, 

p a r a e l i n g  its LongitudinelL bountllng faults, I3ecaJ.l khat this gentle 

downfold was designated as  a possible rUrmane of the axial. portion of 

a, much &ger foLd fomed during midXLe Tertiary. 

ALow the  souweast boundmy f a d %  (of the Ash Camvon oukrop), 

8maU right-laterd,  Wag fea6ures are seen new its north end" %is 

faLiLt does disrupt one of %he no&kwast  bending,  midae  Tertiary 

T 4 u Y . t ~ ~  but  the amun'~ of lateral  separation is  insigilificant. 

The easkernmost (west of the  Fra  Cristobal  anticline) of the 

upper !?eri&wy longitudind $auLts does not &ow any obvious sug- 

gestio$strike-&ip movementr Illze f ac t  khat its south end, and 

the  offset  t o  %he norm,  trend npr%h;h-soueh could inply  that at  

l ea s t  p a r k  of the fault were or2gina.bed i n  mise 'krtiary time. 

IloveLopment of the transverse faLl_aLl_aLl_aLl_aLI_aLl_aLl_aLl_aLl_aL1s between the LongitudinaL 

ones may have followed one of sever&  pateerns, or combinations of 

%hesee Perhaps %he mosji interesking possibili.t;y pertains t o  an 

origin  associated  Vith 'che strike-slip faatingo Anal;ysis shows 

the naxirriom compression ex is  t o  ineersecL a given atzike-slip 2aLiL-k 

such that an acute angle is formed, wihh the apex on each si& 

pointiing i n  *e same direction as a e  relative la%rd kvement 

arrows. Fractures sh0uY.d develop pwaY.l.el t o  Vize naximun corn- 

presgion, and therafore perpendioLiLar eo tke wimm tension. Sub 

sequene3Jr during b e e r  upLiff these  fractures toad become norm& 

f al.ilts. 

Noee bhat the  acute at@e (al;(;hou& somewbat large) f o m d  

by ehe no rWes t  trending  trmsverse f&utbs, i n  the viciniLy of 

U%We UtUe Momfain, poines i n  the same direction as "&e left- 
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Wqy transverse fau3.W dispLace or terminate  ag&nst the Longi- 

t u d i n a  ones, and therefore %e latker axe consiaiexed older. Never- 

%heless some of %he transverse".fauJ;t;s axe offset by the  Longitudind 

faV;tts such %hat 'the  Lattey axe probably younger. Bowever, it seems 

Likely %hat both %he 3,ongitudinaL. and transveme fasts developed 

pore or Less  contenrporaeously. . 

i 

The  main effective  force  orientation dwing upper lCestiary i n  

'the Cu'tter sag i s  considered t o  have been with the maximum compression 

axis v e r t i c a  (gravdty), W i n t emdia t e   ax i s   t r enang  nor-bheast- . 

$ouUWest (pml.al;leL t o  l+e Longi.t;udinsS. faults), and %he Least  axis 

%rending norbhwestwoutheast (- tension). The origin of most 

s t w c t w e s  in this are8 nay be eXp3ained by &his principal. force 

orientation, or resuJ,%Lng second- and. %Mrbrorbr directions. 

However, i n  at  Least eWo oases %he intermediate  axis was 

oriented  northeast-soubhwesh Xn on+ SUI& case %he effective maxi- 

mum force was direcixd north-eoufh or northwest-sou+&east t o  produce 

bhe Left-lateral. drag on W Ho% Springs faulh I n  the other, %he 

maximum force was d3,xecded aboub ea&-northeast I- west-southwest 

t o  pfoduce the right-Laterall drag on the Double  Cmyon f a u l t  and 

ils rolative t o  the northeasfh It is  Likely  these  theoretical. 

orientabions my be only posaibiLibies, if the forces pzoduced the 

La+seral. movemnts along previousLy existing fauLtse Any of a nemw 

POo spread of force  directions cou2.d be used t o  explain 6uch  move- 

menbss 

Quatermry f a a t s  

?lo undissacted. f a d *  scarps were observed WSK b mmd 

Ye% paxts of sever& Pad!.% or reeeluent PauX-Line scarps me ody 

sLi&$Ly modified. 
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-%sgibl+r We ent i re  Quatelinasy de fomt ion  was confined t o  move- 

rnents  on prevexisting  faQts. F q  faults disrupt  the Quaternary Lava 

flows; howqver, npU -&a d$splaqement svggested by %he map relation- 

ships &2oq %he noli Sprlrys fault vest of Double Pe&. Neaxw all 

o f  the basat  e$m,&d from the  intrusive  center has been eroded 

from the upthrown sLd.e, whereas flows ab%% the fault on -&e dowpthrown 

side, On the o.i;ller hand it is possible thpt Wese flars'were 

from %he fau$lic 

Origin of the Quaternary basalt cones and flows is bexiwed t o  

be incidental to, rather  than a causa or, fauJ.tim i n  wrts area, 

Fault zones appear t o  be the Loci Soy centers sf igneoue activity 

(e.g, Ebnwd Cone), No rad$& patterns  we  present t o  suggest $hat 

intrusion plaged a,ny active cole i n  structural dev&pmentr 

F h i U y ,  e&lmce $$at d.$agtrophism has continued t o  Xecent tfrp 
i s  g twn by recorded e@thquak*# in, $he region. A new&aper &caw$ 

states %ha?, one occu&ed February 22, LpOlt, 1:OO alms suggesting t;ha'o 

fissures i n  kQ? $q +r;ial lava ily opened up "3aTGe  enovg'n to 

concea;l a horse and ri@er" (ppmmmd~ from Dr. SI A. NOPtjhpQp, 

August 13, l 9 5 4 ) r  

S w r m y  and Conclusions 

During %he W&$e orogeny norawest $renll.ng normal. faults, 

slosed and overturned folds, and kbruste were formed i n  the north- 

west par t  of the mapped weas The principal  directlon of t€xmsting 

and asyrmnet;ry I S  to We east al$ norWleast. Howwtw, much of the 

compley, stmcturg may =$st only i n  %he plastic Yeso Torntion, and 

my not be reflected  fn the morg competent o.l.der @,nd youqer beds. 



t 

: 

'&rticdL upl i f t  dming pidK!.e [Certiary tima produqced  open fqLds 

and norm& fa&& with doninan6 nor+& bo northwest  erends i n  Wze Wa 

Cristobjt  uplift.  Mosb of Dhe relief pf the uplift   relative t o  the 

adjoining Jornada dol. Rhterto and pia  Grade depressions culminated 

in  thiq dePomtion. 

XQ .uO upper Tertiwy time a prominent s e t  of northeast  trending 

Zongitudinbl fariL.4s devcslopsd Ln %e Cutler sag. AJ3. are qomna2 fasts 

d m  t o  %he west, but som show evi%nce of strike-slip movement. 

Ri&$t-3.ate?@ drag is  obvfoys on Wee of these faults, and Left-  

Later& d-rag; is  fairly  evident on one* N m y  +zansverse nor& faults 

(and a few open f oLds) were f o m d  between the Longitudina2 ones. 

The time dlvlsipns quoted above are arbitrmilq based on the 

field evidence 'available and an&$y vith oWzex areas, Diast;ro- 

phism may actua3ly have been copbinuous Prom the beginning of Wze 

Cenozolc era t o  +he present d a y r  

LYsnds !rem UISful. . i n  grouptng W maJor s k u c t w s  of +$he 

aame ages. ZOcaJ. evidenae &t intwmotions was genexcilJ3r  employed 

'GO detenrdne the r@.a%lve p.@s of differen+ iirends8 However, such 

anaJ3rsis is  Zimrtted by ehe fact tha% no  one kpnd is necessariLy 

confined t o  one age groups $Ywbhemioore, sbructures of the ~ a m e  age 

groups mq~' have had difl$erpn% orientations  in  @fferen% weas. 

Force an$Lyses wefe .d.tsc&wml for each imporbant &formationr 

Vide devLabions of the &s orienta'clons i n  bobh  %ime and space are 

noted. Couples toad hrucio been aubstitu$ed f o r  effective compL.esfilons. 

Zn most; cases It w5s asswned that the  forces producing %he init;iaL 

fractures were %e sarm o y s  W& produced subsequent faU%Sng. 
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?Xiso the Hot b3rirgs fault i s  probably yawgar %he,n %he Smta Fe 

formation it displaces, Movement may Ix*ve been recurrent i n  Qua$er- 

nary ttm, for   the bas&% flvtrs appear t o  have been displaced. 

PWher  south the Hot springs Pafit twns t o  trend nort.heast, 

pwaJJ.eling the $$ructures of upper %rtiw age.  Rere it separates 

the Cut$er sag froq the Rlo Grande depreosionr Momnent on '&is 

appareni2.y younger part of the fafit may have begun i n  Santa Fe time, 

f o r  a ~ L c a n i c  congLorncrate on m e  dmmbhrmm side of a branch f ad t  

seems t o  have been derived from the Jose Creek on W &ma side. 

Some Lateral displacement is indicated on the m i n t  part  of the ?Tot 

@rings fadlih 'ke pre?doqs interprakbion of right-lateral  drag is  

discarded Ln favor of .the i a t e r  discovered Left-lateral  evidence. 

Emever, -bhe &rag is not as claarLy developed as on the 3ight-lateraZ 

fauLts t o  W e  easJG. 

Greater displacai'tlents (bow normdl md S'crike-slip) on -khe fauLts . 

on %he we& side o l  the area, ami %he fac t  tht many of %hem are dam- 

Wam t o  Wne weat, suggest Wati tlm Bio Grande m s s i o n  (Engl.e 

basin) h s  had a mope compLicated sCructu*at his'tjory thm tb&% of 

the Sornada t o  the  east6 Perhaps the data and interpretations given 

i n  W s  t e x ' b  on the Fra CristobaZ upi,if% and Cutter sw wiz1. be of 

some  he3.p i n  precUakbg and undmsbanding the strmtLu-es of these 

adjoining depreesiona. 



GEIOLOGIC €lXSIcORY 

Af%w the Pl’ecmbrian orogeny, metaI’Aorphism, and intrusion, 

the lVa GrisCobaL area was subjected t o  s e w m l  broad wwpLis  to 

ths south rrhhich. gave rise t o  L o c a  amonformities i n  the daminantly 

carbonate  pre-Brmian Paleozoic roclis* %e sharp c h a e  from a 

marine environmerit in the %nnsyLva.nj.an period t o  n ContiTmfltaJ, 

floodplain environment i n  Pormiw Ab0 time  appears t o  have  been  one ti4 
confo&.ty, A 6gadu.a.L chanGe bgck t o  marine coadieions i s  indicated 

by the Yeso and San &&res Eorma’i;Sopgr 

If deposition “d dwins Triassic,  Jurassic, or  Zo-urer 

Cretaceous, -the evidence has been removed by subsequent  erosion. 

Clqstic sedimentqtion dominated i n  Upper Cretaceous and Tertiary 

time* me Dakota sandstone is %he basal unit of a rmine trans- 

gressiofle D a r k  gray s h d e  ‘in the Lower  3iancos is & continuation 

of the tran@rsssFon,bir:, the greea M e  in ‘the upper par t  suggests 

a regressiou and $ransStign ixto  the contineritaJ. facies of tfle 

&W saverde , 
Congl.ormra$i.c uni ts  La the upper p w t  of the m i n  b o 9  of 

the Nesaverde forma’;ion and i n  -me Ash Canyon member rePLect the 

beginnings of the Lararcrlde disturbance. Rapid subsidence aWm?ed 

for dwposi%ion of orogenic suites of s e ~ m e n t s  contzined in   t he  

Jose Creek member of the PfcRae fomtioii. I n  iIU bke time flood- 

p la in  setllaxwts were deposiWd at; a slower rate. FSmJ.2.y the 

defommkion reached its pea$ produ.cing overturfled folds and 

thTu3ts “ 
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DESCmPTXW STRATIGFUWICCC Ei%.XTONS 

Southern Icy.$ of the p a  Cx’istobal  Rmge 
Sierra Couney, New 3eXico 

shotgun alage +ction 
See. 1, Tl.L2S, R3ti {projected) 

- 
by f oUowing the road &oag the  %ea Fe Railway north of Engle 6.6 
wiles zmd turning JRPG (west,) onto a jeep $rail; section  begins  (Unit 
1) about haJ3 way up the noi-tjh slope of Shotgun Ridge, traces around 
t o  the east side, and ends at  the Cop of the  r iQe;  measwed from 
b0ttQm up; traced  across one fad t ;  dips rmge f r o p  3.3’ t o  7’ 
t o  the southwest and rrest; smp1es were collected from each unit. 

!Top Eroded (Cretaceous Dako’ta sandstone ovarlies W&an Sari Pnbes 

 an &&es formation (~emnian): 

Located about 615 miles  northrest of EngLe, W e w  &Wxico, accessible 

IJmestone on dawn-fadted  block  vest of Shotgun Ridge,) 

Unit No. 
Main limestone member: [top eroded, estimated 200’ 

Thickness 

. I  be- base bf D a k s c a )  
-~ - 

iUv~W20JTi3: mediwa-bedded; upper par t  -- dark 
brown t o  brown* dense t o  f inely  crptal l ine,  

brown, dense $0 fin&& eyysLtXlline, sl.ight3.y 
some @al fragments; ixLddle p w t  p- dark 

fractured, brown, dense t o  Tinew  crystalline, 
sucrosic, and tan, Tine- Lo medium-grained 

to   f ine ly  cryst&ine, “mq*ker bed”, chalky, 
calcweaite; lower pwf, -- tan t o  vhite, dense 

fragment,a;l, TracLurcd, and wlc brawn, dense 
t o  finely cxyst@ine,, sLSghKLy fractured, 
K O ~ I  large m s  filled wLbh calcite;  entire 
unit weatbrs  brawn, dark Qrown, and forms 
dope on b p  02 xi~e.rr.r.p.l*.rr.r...r..l. 62 ’ 
LIl@E!TOIiE: medium- to L&ck-bedded; dark 
bram; dense, micritio, sZlghtLy fractured, 
caLcite filling; deep weathering; ledge..... 40 ’ 

brown, and dark brown; &nse t o  finely 
LDBSMm: twn- t o  mediw’bedded; l igh t  brown, 

crystaUine, rdqritis; semsal.  Practures 
apa some v q s  fi;Lled Mth calcite; slope.. . . 38 

6 d 1 i ~ G  t o  north end of Shotgun Ridge) 

part -- Li&$ brwn eo byown;  ciense t o  finely 
IXMESMW: medium- t o  thick-bedded; upper 

crystalline, micriGic, sLight3.y fractured, 
with calcike frtlling; mtddle par t  -- brown, 
dense Lo finely  czystalline,  fractured, and 
datk brown, &nse t o  finely crystalline, 

brown t o  b l f  brown, fins ibo uedium c r y s W i n e ,  
frsvqnental, sLighKLy skelet&; Lower part -- 

76 * 
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62 

122’ 

160 ’ 



meirts, minor chert nodGe  concretions;  e;?tlre 
wnLt treathers dark brown; very pcowt~.eo.t 
ledge; s o m ~  poorly  preserved  naubiloids,... 96' 256' 

7 

6 ,  

5 

4 

3 

2 

Transition meniber: 
~?EEVONE AND UUDSTOiT3: interbedded, me& 
iurn-bedded; 1irest;one -- tan, f ine  'GO niedidm 
crystalline, and brown, dense t o  fine3.y cry- 

sorw skeletal  (replaced pith c d c t t e )  ; s a n -  
stalline, slightly dxvby, sorm calcaredte, 

s tme (near  base) -- white, veathers  hram, 
q&z, calcweous cement, medhnn- t o  coarse- 
grained,  well rounded, sli@bly friable, 
wesbhers brmrn; le~es..................... - 95 ' 264 ' 

dark brqtm; quartz: ca ls reous  ceren'c; 
~NHT!O3E: thick-bedded;  white, weathers 

me&im.- t o  coarse-grai.led, w e l l  rousded, 
s1ightI.y Priable; very prominent ledge.. ... 13 ' 297 ' 

LECEXYNE AND DOLOECTE: interbedded, medlum- 
bedded; limestone -- brown t o  way, Clense iio 
T-LneJsr crystalline,  &critic, slightly frac- 
tured, calcite filling; dolordte  (increasing 
i n  la?w part) -- Ugh% prom, flm t o  red- 
ivm clystalline,  sLightly  fractured, wit;h 
some sm8J.l. yeinlets and w&j fi l led vith 
calcite; ~e~es,........................... 33 ' JJ  310 I 

DOLOTrlITE P,vD S.43lDS'Ly)NE: (poor exposure) 
iiiterbedded, thin-bedded; dolomite -- brmm 
t o  dzrk brown, finely cryst&lJ.ine; sandstone -- yeUw t o  tan, q~uwte, calcareous cement, 
limonite stain, subrounded, weU. sorted,  veU 
cemented; ~lope......~..................... 6' 336' 

DOLOMXTE: thin-bedded; bmYm $0 darlr. brm, 
finely  crp?t&lJ.ine;  fractwres fiUed 1e6h 
;ZJmonite a d  hematite; nodvlax veathering, 
l e ~ e r . r . r * . . . r . r . l . . . . . . . . r . . . . . . . . . . . . . . . .  3' 341 ' 
DOLOMXTE RND W S T 9 N X :  (poor exposure), 
interbedded, ehin-bedded; dolomite -- brocurl 
t o  dzrk brown, finely  crystalline, sSi&tly 
fractured; sandstone -- l igh t  gray t o  tea, 
gumte ,  vi'& dolornltic and sU.iceou.s  cermnt, 

grained, rounded, well sori%@., well cemented; 
some hematite due t o  weathering, very fine- 

~ o p e ~ r ~ . . . . r r . r . t r r . . r . . r . . r . . . r r r . . r . , . l .  u.' 352' 







IJdt Nor - 
be due t o  dissolved m s u m ) ,  a& smie 

interbedded smds%one -I GMn-bedded, TyelLo?r, 
~ ~ m v t z ,  argillaceous, very fine-grained, veU. 

bedded, as above, rri th some interlaminated 
co'(ncnted, slope; Limestone (3.6') -- 'chirp 

gypsurn, as above, slight Ledge; gypsum (22:) -- as above, with rninor limestone, thin- 
bedded, as above, s lopeT)e . . . r lr . . . . . r .~ . .r . . .  

34 

33 

32 

3L 

30 

2.9 

Thickness cum. - 

167 

28 ' 

2&3 

3U'  

39 ' 350' 

74 ' 424 

33 ' 

2s 

457' 

4&5 





54' 985 
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Base of Yeso fornmeion Zbt3J Yeso  2.239' 

Ab0 format5on below: gradational.  contact wit& Yeso 
i o  a% Cpp of dmk red claystone and silkstone 
O W & y l n e :  prolnlnent sqxd.s-bone ledge i n  bottom 
of  fitxeatl!. 
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(trace t o  northwestA 
SANDSTONE: - laniea$ed t o  &inlbadded; 
ormge-red, q w t z ,  slightly argilLawws, 
sli&%Ly c&Lcweous; f'ine-graAne8; sLi&% 
ledge...................................... L' 

CO?JERJ39: probably CLeystone, red;  slope.. . 6' 

SANDSTO'ONE: medbu-bedded; dar& red; q.mta, 
argillaceous, sLight3.y caLcaraous; fine- 
grained, very weU cemented; verticjl   frac- 
tures PiLled wi%h calci'ce; prominent ledge.. 2' 

CUXSTONE: red; calcmeous, siLty; slope.. . 6' 

SANDSTONE: laminated t o  tlin-bedded, cross- 
bedded; purple t o .  red; guartz, cellcareous; 
prominen% ledge..r.......,................. 6' 

COVERED: probably  claystone; red; slope.. . 7' 

SPNLSWm: thin- t o  medLm-beaded; orange-red; 
qw%, slighKly  calcareous;  Tine-grained; 

22 ' 
(sane as L W ~  25)s....s.................... . 18' 

SILTSTONE: %hin-bedded; dark red; mgiLtaceous, 
non-calcareous; slight ledge............... 61 

(same as  Unit  25).....................*.... 26 

XANDSICOm: %bin- to medium-betided, parallel  
bed&ing; orangecred, weathers red-brown; 
gw+z,  s1ightl.y ca2careous; fine-grsined; 
fairlypromtnent l e~e . . . . . . . . . . . . . . . . . . . . .  39' 

(same as TJALL 25) .......................... 28 ' 
SANDSTONE: thin- t o  medium-bedded, hig:!&y CFOBS-~ 
bedded, qestoon; oran@-sed; qusste, sli,;htLy 
calcareous,  sli@t&y  mgillaceous; pronclnent; 
ledge (top of bluff). ...................... 16 

(sone as Unit 25) .......................... Lt' 

t o  medium-bedbed,  some cross-bedded, orange- 
SANDSTONE hM) CLAYSTONE: sandstone -- thin- 

much ver65qal jointing;  intercellated i n  middLe 
red, quartz, calcareous, sLigh*ly mgiuaceous, 

uf WI$%R- 3' claystone .. red; Ledge.. ....... 12 ' 



SnTSmm CLAYSTONE: sil tstone -- a n -  
bedded, red,  arrgillweous, c~Acarreous; 
intercalated  in  midue of unit -- 2' clay- ' 

stone .. red; Ledge........................ 

3.3 

12 

u. 
3.0 

9 

6 

7 

6 

5 

4. 

(sane as Unit 25)......1b1..*... ........... 
SCWDSTONE: laminated t o  thin-bedded; red- 
oraze ;  q u & + ~ ~  potash feuspar,  axgill.- 
aceous, sl.i&-tw cnlcrtreous; prom?a,ent 
ledges; reptile ...................... 
(same as U n i t  25)................ .......... 
C0NGMm.W. CLAYSTONE, JJD Sm2Smm: *Ai11- 
t o  mdLwn-bedded; conglomerate of L2ms3xe -- 
tan, gray, very finely  crystallrlne i n  cr,a;tso- 
grained Jco granule size particles;  claystone -- red, 9n inatr& of coilgLomnerate;  some in-bec- 
bedded siltsfone C- red, argi2.Laceoe.s; pro- 
minent Le~eI . r+rr . r . r t . r . . . t . l r . . . . . . . . . . . .  

CLAYSTONE: (parrfly covered) red;  calwweous; 
SXope......*r.......,..r..rl.......r,...... 

SRNDSTONE AXD CWYSTQNE: interbedded, thin- 
bedded; sandstone -- red, q w t z ,  rtrgiUaceous, 

grained;  claystone -- red,  c&careow; Ledges.. 
cal.careous, wiW senicite  flakes, my fine- 

CWSWm: (p"b3.y cowfed)  red, c&carreous; 
sloper.r.lr..r.....r.r.~.r.r......r.r...... 

SnmTOm, LD@STO%E, P;nlD CWSTQNE: thin- 
bedded; si l tstone -- red, wgillaceous, 
c&car.eous, saw gray Limestone nodules; 
inteicaAa-bed chysLone, red; ledge.. ....... 
UUYWJ?ONE: red;  very sl.ighQ.y calcarreous; 
 ope.........^............................ 

CONGLO"l!G: medlum-bedded; gray; sil- 
iceous  claystone  particles,  calcareous, 
with red-brown chyslone in m&rix; 
grandle t o  pebble  size, subrounded t o  
subangular; some fractures fUJ.ed with 
s p w i i ~  cdc i t e ;  ledger.. ................... 
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305 ' 

317' 

333' 

3lkO 

379 ' 

367' 

453 ' 
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