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ABSTRACT

The southern part of the Fra Cristokal Range and adjacent paris
of the Cutter sag were completely re-maspped in the present study.
Although much of the maéter‘s thesis is corvecth, some questionable
information and therefore some erroneous intefﬁf@tations were included
previously. In this revislon, the sacrifice of a small smount of
strike-and~dip control, ﬁas more ‘than compsnssted by the sslection of
only high quality dats.

Precanbrian, Cambrian, Ordovieclan, and Pennsylvanian rocks are
exposed in the northern paxrt of the range. Permian rocks were mapped
in the southern part. Detailed sections weré re-meggured and esch
unit was sampled. The Abo is a typlcal red-bed formation (493 feet
thick). Four general members were described in the Yeso formations
1.) lower clastic, 2.) lower-middle‘limestone, 3.) Upper-
middle evaporite, and 4.) upper clastic (total 1239 feet thick).
Also the San Andres was subdivided into: 1.) Glorieta sandstone,

2.} transition member, and 3.) main limestone member (total mes-
sured. 369 feet thick, but top ls eroded; a more representative thick-
ness for the aves is about 500-600 feet).

Upper Cretaceous rocks were mapped"in the Cubtter sag. Sandstone,
shale, and conglomerate unlts oceur within the Dakoﬁa, Mancos, Masaverde
(main body and Ash Canyon member), and McRee (Jose Creck and Hall TLake
members) formstions. In Tertiary time, the Santa Fe formabion was

deposited in the Rlo Grande depression, and bssali dikes were intrudad.
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Quaternary development of pediment surfaces sloping westward to the Rlo
Grande Valley and eastward to the Jornada del Muerto was followed by
widespread exbrusion of basaltic lavas upon these gurfases.

Laramide normal faults, closed and overbturned folds, snd thrushs
(to east) trend northwest to north within the Fra CrisSchal uplifi.
Vertical movements during middle Tertlary produced normal faulhs gnd
opeﬁ folds with dominant north bo novthwest trends. Meost of the vellefl
of the uplift relative to the adjoining Jornsda dsl Mugrbo and Rio
Grande depressions culminated in this deformaticn. -

To the south in the Cutter sag, z prominent set of northeast
trending longitudinal faulits developed in uppsr Terbilary time. They
are n@rmal Taulbs down to the west, but maﬁy also show right-lataral
drag. The Hot Springs fault exhibits a suggestion of léft—lateral drag.

Force analyses are discussed for esch principal deformation in
this area. Diasbrophlsn probébly was continuous from the beginning
of the Cenozole era to the present day.

Strike-slip faulting may have been an important mechanism in the
formation of the Rio Grande g;aben. The fact that most of the largs
displacement faults are down to the west suggests that the structursl
higtory of this depression was more complex than that of the Jornais.
It is hoped that the dabta and interpretations pressuted in this raport
will be of help in predicting and deciphering structures in the adjein-

ing depressions.
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INTRODUCTION
Geography ) N

The Fra Cristobal Range is located in north-centrsl Sierra County,
Hew Mexico, and forms a part of the discontinucus chaln of northe |
. trending mountaing on the east side of -the Rio Grande. Elephant Bubte
Reservolr lies along the western base of the range (Fig. 1). Bounded
by longitude 107°00' west to 107?3. ! wegh and latitude 33°14' north to
33023'_ north, the nap aécompanying this report (Fig. 2) covei's gbou’o
140 square miles of the southern end of the range and adjoining lowlends,

A1l of the land in the eastern part of the map lies within the Pedro
Armendaris Grant, ovmed by the Victorio Iand and Cattle Company, Mre ‘

- Irving Goebz gave permission to enter this property. Land adjecent to
Elephant Bubtte Reservolyr is part of the Rio Grande Nationael Wildlife
Refuge. Surveyed land in the wesbern part of the map is Stabe and
Federal acreage. The map ares covers parts of Townshipg 1l and 12
South, Renges 2, 3, and b Weét«.

Accessibility is & major problem in the sbudy of the Fra (ristobal
Renge. Most all of the easbern shore of Elephant Bulbte Reservolr ig
accessible by boat except when the water level is low. A roqd on the
east side of the Santa Fe Railway intersects three "jeep" +trails
' (marked by sates in the fence) at 2.4, 6.6, and 11.k miles north of
Engle, New Mexico. Thege trails have been washed out in several places,
and are r;early impassable after & heavy rain or snowfall, The southern-
most route goes near the southern tip of the range, north of the lava
flows. The middle :.coute goes to the mouth of the canyon bebtween |

3
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Triangle Mesa and Shobgun Ridge » immediately soubh of Shumerd Cone.
The northern roube Jjoins g rough power line road which generally follows
the Abo/Magdalens contact across the northern part of the map avea to
the Rio Grande.

Fenneman (1930) shows the Fra Cristobel Range to lie within the
Mexlcen Highland Section of the Basin and Range Provinee. The Rio
Grande Valley, locally termed Engle Valley; lles to the west, and the
Jornads del Muerto Valley lles to the east of the range.A ‘Elevations
within the msp ares very from over 6200 feet on top of Triongle Mesa
o 4305 feet on the shore of Elephant Bubtbte Reservoir. The Santa Fe
Radlway generelly follows the 4800~foot topogrephic cdnﬁoﬁr. (Us8.G. 8.,
1958) | | |

Most of the mountainoué uplands c_:omprising this range conslst of
high limestone ridges and peeks separated by deep valleys. Drainage
seems ‘to be controlled not only by the form of the uplif’t, but aleo by
zones of structural weekness. However, because the structural frends
are seldom near right sngles to one anothér, rectengular drainsge
patterns are virtyally ebsent, with dendxiﬁic patterns predomlinating.
At 'bhé southern extyemity of the range the u;plsmd “Zone c:hémes rather
gbruptly into an area of Llow ridges and valleys capped 'by lava messs
and cones. It is here that the Cuchillo and Jornadas pediment surfaces
(vhich glope awey fvom the range to the wegt and ee,ét, respectively)
are belisved to be coextensive, The geomorphic expressions of certaln
structural features and each of the rock wnits arve Alscussed laber In
the text.

Bést condltlons for fleld work prevell in the fall end spring.
Sumer temperatures moy exceed 200° ¥, end the mean mopthly low Lox
the winter is 41° F. Most of the rain ocpurs in the swmoy, oub bhe

b,
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climate is definitely arid. Winter snow on the Jornada del Muerto
may not melt for several weeks in the shadows of the Sean Andres, Fra
Cristobal. and Caballo Mountains.

Cregote bush, cactus, and yucca are the dominant plant types in
the lowlands adjoining the Fra Cristobal Range. Some grasses are
present on hill slopes. A few sparsely scatiered trees, mostly
Juniper, gréw along the drainage areas. Salt cedar grows adjacent

to Elephant Bubtte Reservoir.

Previous Work

Whereas almost no detailed geologic work on the Fra Cristobal
Range had been published prior to 1954, mény references in the Llit-
erature were found on this small, bub not insignificant area. Results
of this research may be found in Thompson (1955).

Under the direction of Dr. V. ¢. Kelley at the Uniﬁersity of New
Mexlco, & mapping program was begun concerning the geology of the
| soubh~cenbral part of the State. Beginning with the bulletin by
Kelley and Silver (1952) on the cabéllo Mountains, the program has
been extended northward to include the Fra Cristobal Range. Bushnell
(1953) in the McRae Cenyon srea, Thompson (1955) in the soubthern part
of the range, Jacobs (1956) in part of the centrel western front, and

McCleary (1960) in the northern part, have all contributed to the

7
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mepping project in g series of magter's theses.

Much additional information of a regionsl nabture may be found
in the foregoing works, especially in Kelley and Silver (1952).
Specific references and credits will be made labter in this text where

necessary for perspective.
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In Novener, 1955, the New Mowlco Geclogizal Svelety Zeld thele
sixtz annual Field conference in the Slerye Counby ares. Tie guidehock
of this confersncz econtsins meny excellent articles, mers, and rocd

logs witich are us:..ful to the geclogists m“ﬂ@ are interested In ﬁ...is reglon.

Fregent Ihvestlgetion

Euchasis in this work hes been placed on the struchurel geslogy
of the southern part of the Fra (ristobsl Range. Ry may‘g;:.ng thisg come-
plex arza, it is hoped that .a betber un@e_rstanding of. the aé.j@ining
Rio Grande and Jornada del Muerto depressicns msy be resched. Strebin
graphic sectlions of the Permian formations were measured, bubt the
Cretaceoug and Tertiary rocks are so highly faulted that fow of the
units are in normsl contact.

though much of the originel investigation (Taompacn, 1955)

was correcht, some queshtlionzble daba and therefore ‘gome erronesus
interpretabions were included. The authcr believed thsh a complete
reviglon was necessary which would conbtain only selected data. A
large gain in high quality, cbjective information is cbbained for
the sacrifize of g small amount of conbtrol. Morsover, beszuse the
authcr acgpired an edditional five years ewperisnce, and had a |
cataract cperation fully correcting impsirved vision, the present ine
veatigation 18 a significant improvement over the esriler worlk.

Field dzbe were plotbed on combsct prints of serisl phobogrephs
to a seale of 1:3L,680 (2" = 1 mile), subsequently transferred o &
mosaic, =ad then to an overlay base mep of the same goslie. Stratl-
graphic sastlions of the Permisn roeks ware measurad with & Beunbon
clinometer, snd s;a@les of the undts were examined under & bincculsr

be



nicroscopes An sbundance of kodachrome slides were taken on the many
ground traverses and on one airplane flight. These pictures provide g
graphic record of the stratigraphy and structure.

In spite of the fact that the author had walked over all of it
previously, the entire area was re-worked. The southern half was
covered during the writer's vacation in the fall of 1959, and the
northern helf in his 1960 fall vacation. About twenty-five total

days were gpent in the fleld during this revision.
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STRATTGRAPHY
Nomenclature of the rock units discussed in this report conforms
1o that of Kelley and Silver (1952) and Bushnell (1953). Terminology
is congistent generally with defini‘tibns in the American Geological

Institute’s Glossery of Geology and Related Sciences(1957). However,

the beddedness terms of Kelley and Silver (1952, pp. 30-31) are used:
Lamineted--less than 1 inch thick '
Thin-bedded--1 inch to 1 foot thick
Mediuvm=-bedded-~1~3 feet thick
Thick-~-bedded--3-6 feet thick
Mesgive--b feet or more thick

Representative samples were collected from each measured unit in
the Abo, Yeso, and San Andres formations. Samples of the characteristic
lithologies of each of the o-bhe;r stratigraphic wilts expoged in the
mapped ares were also collected.

Textures and colors of the vocks deseribed below, especially in
the measured sechbions of the Permian, are as they appear on the
sample chips under & binocular microscope._ Colors of the. .fresh .sur- .
faces were déscribed wet under white light (end plotted on the
columnar section).

Correlation of the rock uniits was hindered by the complex faulting
in the mapped area. Gross lithology correlations were reliable within
the scope of the current project. If further detail is desired on &
larger scale, it would be possible to refine the formational units into

merbers or even beds thab may be traced for some dlsbance.
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Most of the statements in this section are objective and axe
intended mainly for description of the rock units. As the emphasis
in this work is on structural geoclogy, this discussion does not deal

with much interpretive stratigraphy.

Pre-Permian Rocks

Precanbrian, Cambrian, Ordovieian, and Pennsylvanian formetions
are exposed in ‘the northern part of the Fra Cristobal Range (Jacobs,
19563 and McCleary, 1960). They occur in the subsurface of the mapped
area, bulb Devonian and Mississippian rocks may also be present.

On the west escarpment of the northern part of the range (and
some small outerops on the east side), the Precambrian is composed
mogtly of granite gnelss. The dark éanibrian Bliss sandstone is T5
feet thick, bub is druncated such that Pennsylvanian rocks overlie
Precambrian in the latitude of Fra Cristobal Peak. Farther south
near Amphitheater Canyon, the Ordovician EL Paso group is present
above the Bliss and below the Pemnsylvanian.

In the EL Paso group, the Slerrite formstion consists of 123.5
feet of limesbone with some chert and shale. The overlying Bat Cave
formation ig T8 feet thick, and iz composed of a limestone, conglomer-
ate, dolomite sequence. The conglomerate is gtypical of the Bat
Cave. The truncatlion of the EL Paso group lies south of the Bliss
truncation.

The northern limit of the Devonian Perchs formation may lie
near the widdle of the Fra Crlstobal Range in the subsurface. Also
the Mississippian Iake Valley formation mey bhe present iln the form
of erosional remnants.

9.



Penngylvanlan rocks comprise most of the northern part of the Fra

Cristobal Range. In the lower Pennsylvanian, the Redﬂﬂpdgg"fbrmation

Lo
2]

consists of 530 feet of limestone and shale. Ovewlyiﬁgyit is the
Nakaye formation, 700 feet of limestone and chert. The youngest
Pennsylvanian wit is the Bar B formation, 256 feet of sghale and lime-
stone. Some Permian beds (Bursum ?) may be present in the upper part

of the Bar B.

Permian Rocks

Permian rocks of the sgouthern part of the Fra Cristobsl Rawe have
been subdivided conventionally into the Abo, Yeso, and San Andres for-
mations. Their first adequate definition was made by Iee and Givty
(1909, 1. 12) when they subdivided the Menzano group into these forma-
tions, but erroneocugly assigned them a Pennsylvanian age. Abo Canyon
in fhe Manzano Mountains, Mese del Yeso (12 miles northeast of Socorro),
and Rhodes Pass in the San Andres Mountalns are the respective type
localities of these formations.

Needham and Bates (1943) attempted to establish the definition of
these units more precisely by measuring detalled sectlons at each type
locality. Most all geologists use this nomenclaiture in discusgsions
of the Permian of west-central New Mexico.

For further detail than is found in the following pages, the
reader ig referved to the Descrlipbive Stratigraphic Sectbions in the

back of this report. A convenient reference is the columar sectlon,

Figure S

Abo formetion

Outcerop of the Abo formabion in the Fra Cristobal Range is confined
mostly to the northern and northeastern parts of the mapped area. A
few scattered outcrops are present in the northern part of the range.

10.



Many units of the Abo are slope-formers, but some prominent ledges
of sandstone occur in the lower part. Generally the softer units are
weathered and partly covered, but the mopé resistant beds are well ex-
posed. Faulbing disrupts the continuity of the Abo, yet this forma-
tion is relatively undeformed over much of the area.

Dark red claystone is the dominant and distinguishing rock type

of the Abo. This Lithology is found in the slope uvnits for the most

b

part, but some of the ledges contain interbedded clsystone , ;éome elay-
stone is silty and calcareocus. ‘

Red silistone and sandsgtone ledges are alsc charachterisghic of
the Abo. Thin-bedded siltstone units are mostly éozrgposed of quartz
with some argillacecus and calcareous cons“sg.tuents-. The red color is
probably due to staining by hematite cement. In the lower Abo,
chaleedony concretions and limestone nodules oc-cur within the silt-
gtone beds. Gray clay galls are present in the upper wmits.

Fine- to very fine-grained quartz and minor potash feldspar are
the principal mineral types comprisging the sandstone units. Most of
the sandstone beds are avgillacéous end calecareous, and again the red
color is due to the hematite cement. Some of the colors are orange-
red and purple-red, and many of the units weather red-brown. None
of the sandgtone is friable. ILaminated, thin~ and mediuvm-bedded
units are also festoon cross~bedded, but some parallel bedding is
evident. Current ripple marks Wrere not observed in the meé.sured
section, bubt are found on many of the sendstone beds in other parts

of the mapped area.



Only two thin conglomerate wnits sirs descriked in the lower pard
of the Abo measured section. The lower ledge is medium-bedded and i;;
composed of granuie to pebble size clayshbone pertisles which sre gub-
rounded to subangular. . The higher, more promdnent ledge is thin- to
medium~bedded, and 1s composed of cozrge-grainsd to gramile size
limestone particles with a red clsystone msbrix.

Long cla;w reptile tracks, sbout cne inch in leagth, were found
in Undt 12 of the measured sectlon. However, they zre anure abundant
near the Msgdslensa inliér to the north % abows e same stratigraphic
level. This cccurrence is described in some debail hy Thowmpson (1955).
These specimens ave on display at the University of New Mexdico Geologj
Museu.

To angular divergence ils perceptible ab the sharp conbact between
the dark red Abo cluystone and sandstone foraaticn ebove, sad the
gray limestone of the Bar B formation (of the Magdalens group) below.
This vivid contact is further accenmbusted by the duil yellow color
in the uppermost Bar B. Descending ground-waters have leached the
Abo and depogited a Limendte gtain oo the lizpstomes helow.

Although the contact of the Abo with the overdylas Yeso is grada~
tional, dark red colors sre generally confined to the Abo. Also, the
Yeso 18 composed of more calecareous sandstong, gray elsystone, and
Limegtone, in predominently parallel beds.

A bobal of 493 feet of Abo was measured. This thickness, as Tf;relj,
as the lithologic types described, should be representative for the
Ira Cristobal ares.

Many of the sandgtone ledges are trecestie for some diasbance.
However, the Lbo was correlated over the mapped sres on a grogs
lithology hasis.

12.



Obviously, the Abo formation was deposited in & continental
floodplain environment. The rate of deposition must have been moder-

ate to slow as evidenced by the prepondersnce of Tine clasbics.

Yeso formation

‘All of the outecrops of the Yeso formstion in the Fre Cristobal
Range are confined to the northern part of the area mapped in this
woi'k. Of the three Permian formationsg in the Manzano group, the
Yeso is the most widely distributed in this area.

L Considering the fact that the Yeso ig s slope~forming unit
beneath the resistent San Andres mesas and ridges, it 1s relatively
well exposed, However, the high degree of incompetency exhibibed
by the Yeso where involved in folding or faulting (especially in
the western part of the mapped ares) makes stratigraphic studies of
this formation difficult to impossible.

For discussion purposes the Yeso may be divided into four
general lithologic mewbers. In ascending order they are: 1.) a
lower clastic unit, 2.) a lower-middle carbonate unit, 3.) an
upper-uiddle evagporite unit, and L4.) an upper clastic unite
These units nmay be equivalent to the Mesebs Blanca, Torres, Ca.ﬁas,
and Joyita members of the Yeso as usged by some workers.

About one mile north of Saddle Peak, two outliers of the lower

clagtic menber are exposed on prominent mesas. RElsevhere this unit

occurs in low hllls near stream level.

Ledges 1n this menber are formed by sandgtone and silbstone
beds. Quartz is the dominant mineral, bub sgome feldspar snd mlca
are pregent. Many of the sandstones and siltstones are calcareous

13.



and arglllaceous. A wide variety of colors includes dark red,
red~brown, pink, orange , yellow, green, gray, tan, and white.
Yellow limonite stain ls apparent ln places.

Grains re:mge from fine to medium in size and are rounded,
subrounded or subangular. Most of the sandstones are well indurated,
or even quartzitic, bu.’c. gome axe slightly friasble.

Stratification lncludes leminatbed, thin-beddsd, and medivm-
bedded types. In the lower part cross-bedding is present, bub
mostly even (perallel) bedding predominates. Some of the surfsces
are ripple-marked. )

Shale and claystone occur in the slopes of the lower clastile
unit, and are interbedded in some of +the ledges with the sandsitones
and siltstones. Red and light red claystone is confined to the
lower part. Some chammels (shout one-foot in relief) have been cut
into the claystones and Filled with siltstone. In the upper part,
green and gray shale is present.‘ Several covered intervals pro-
bably conceal additional claystone and shale units.

Boundaries are gradational w:.th both the underiying Abo formation
and the overlying carbonate member. TYet the lithologiec and bedding
differences make this a distinet unit.

Next above iz the lower-middle Limestone member. Many ledges,

gsome of which are prominent, characterize this member.

Limestone beds form the registant ledges. Brown and gray are
the most common colors on fresh surfaces. Some dark brown and
black units are present which weasther to brown and gray. Many of
the limestones are argillacdeous, and some are cherty, silby, or
sandy. A fetld odor is common on fresh fracture of the dark lime~
* gbones. In the upper pert of this member, some have dead oil stain.
| 1k



Densge to finely crystalline textures preveil in ke wizritle
limestones. Skeletal limestones are mindr. A calesreribte sorposed
of fine- o medium-grained, subrounded cslelbe pralings coours in the
lower part of the menber. .6oli”ces are foupd &b 163 haso.

Some of the limestones contain fractures voame £1RLed with
calcite. A slight amount of small vuggy porosiby caourg In a light
gray, dense, cherty limestone which is dolomdtic. Pecbsily the
dolomitization and solution porosity developed aa:ﬂinc, agenisis
and possibly during weathering of the present oxposure. HoOwWever,
one brown, finely granular, dolomite sequence with sssbberved vugey

poroslty is present.

Productid brachiopods, notably Dictyoolosbis 8p., and some

scaphopods, small cephalopods, and algae are found ozeasionaliy in '
the limestone beds of this lower-middle cerbonsite wnis of the Yeso.
Moreover, this unit contains the only foessils fouwd in the Yeas.

Interbedded with the limestone ledges axe sandstone ood claye
stone sglopes similar to the lower clastiz unit of the Yeso. Red,
orange, and light gray calcareous sandstones sre somposed of finew
to medivm-grained quartz. Most are well cemeched, bub some of the
sendstones are friable. The claystones are yellow, caloarecus,
and sllty with some limonite staln. '

Thin~ to medium~bedded limestones sltermedte wilth thin-tedded
sandgtones. ALL bedding in this member iz parailel &8 N2 SrOES-
bedding, irregular bedding or chamel-and-fiil surfaces were

chserved.

Outerops of the upper-middle evapordite meuher sre found In the

slopes below the cliffs of the San Andres forpsbion. Much of thisg

unit is covered, and good expogures are 1
. ,
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White to light gray, laminated gypsum ls the dominant lithology.
Both crysballine and {ibrous texbures are pressnt. Vertical furrows
on the yellow to tan weathered slopes are typlcal of the gypsunm
QCCUrrences.

Interbedded with %he gypsum are rock types simllar to those
found in the underlyins carbonate unit. Slight ledges are formed
by the thin- to medium-bedded Llimestone aml dolomite which are gray
and brown in color, and have & dense texbture. Some small vugs in
the argillacecus dolomite mey be due to dissolving of gypsum.

Yellow, fine-grained, quartz sandstones are & minor part of this
gegUENce.,

In the main line of the messured section, no gypsum was obw
gerved, To obtain & representation of this lithology it was nec-
esgary o move sbout 600 feet to the north. FHere the thickest
gsequence of gypsum in the vieinity of the measured section ls pre-
sent. However, actual tracing of beds back to the line of the
measured sect%on.was prevented by a small covered slope. Neverw
theless, & pronounced thimning of each gypsum ilnterval soubhward
was seen, and %he net thickness of 43 feet for the non-gypsum bédé
in the evaporite member corresponds very closely to the 4l feet
of limegtore end semdstone in what ls correlated as the eguivelent
it in the line of measured sectlon.

Probably the missing gypsum has been leached by ‘solution. In
other sreas, complicated folding mey squeeze gypsum oub of the
section, but it does not seem likely to have occuryed in the re-
latively undeformed rocks of thls locality. Also this is not ‘
readily explained by depositional differences because o? the abrupt
thinning of each gypsum unlbe. No faulting ls present In the.beds
above and below this member which can be traced ascross both localities.

16.,



At the top of the Yeso is the slope of the upper clastic member.

The entire unit is composed of thin~-bedded, Fine- to mediwm~grained
quartz sandstone. Red and light gray colors dominate the lower part
ofkﬁhe sechlon. Yeilow to white colors occur near the top, bub the
uppermost bed is red. A few of the sandstones arve frisble. Contach
with the overlying Glorieta sandstone member of the San Andres
formation is sharp bubt conformable.

The tobtal messured thickness of 1239 feet for the Yeso forma-
tion may be congidered as representative of the Fra Cristobal area.
Actually, the measured section is the only locality in the entire
range where both the top and base bound an unfaulted sequence. Tt
would he possible to méasure other sections of the individusl
members, but a great deal of faulting and folding hag deformed the
incompetent Yeso formation over much of the mapped area.

Correlstion of the Yeso was accomplished generally on a
gross lithology basis, although some beds were traced for congidersble
distences (even across faults). The light red, orange, yellow, and
gray clastics are easily differentiated from the dark red colors of
the Abo. The cerbonsbes are simllar to those of the San Andres,
but the presence of abundant interbedded clasgties servesto disbinguish
the Yeso limestones and dolomites. However, some of the prominent
limestone ledges in isolated fault blocks may be confused with the
San Andres.

Deposgition of the lower clastic member probebly occurred neaxr
a ghoreline trangition from continental to dominantly marine condi-
tlons. The absence of coarse clastics suggests that the rate of
depogition was moderate to slow. Furthef transgression of the Yeso
ses to the north ils evidenced by thé lower-middle limestone meﬁber.
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Shagnant conditions in a silled basin resulted in the deposition of
the upper-middle evaporite member. Finslly a minox regressicn is

suggested by the upper clastic menber.

San Andres formation

Perhaps the most striking exposures in the southern part of
the Fra Cristobal Range are those of the San Audres formation. Bold,
sheer egecarpments on the sides of rugged~topped ridges and pesks
leﬁd a very picturesque setbtting to this formation at the tepering
end of the range. Nonresistence to erosgion of the underlying Yeso
formation }kn\resulted in & most irregular plan view of the San
Andres oubcrops.

Three general lithologic units within the San Andreg formation
in ascending order are: 1.) Glorieta sandstone member, 2.) a
transition member, and 3.) a main limestone member. Because the
lower two uerbers usually crop out in the slopes below the cliffs
of the maln limestone, they are not mappable on the present scale.

Yellow to tan, very fine-grained, well sorted, and rounded

quartz graing sxe characteristic of the (lorieta sandstone membex.

However, some Tine~towmedlum size grains asre present in other
localities. The sandstone is usually well cemented with siliceous
and dolomitic material. Some limonite and hemabite staining is
rresent.

Bedding is usually not discernible in the ls-f.;b'h& Glorieta
sandstone menber, so 1t appears to be massive. The basal contach
with the Yeso formablon in the measured section on the north slope
of Bhotgun Ridge is not well exposed, but elgevhere it is sharp
yet conformable. The upper conbact is also fairly sharp, but the
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L
lithologic type is very similar o that of the sandstones in the

transition member.
Dolomlte, limestone, and sandstone beds form the ledges and

slopes of the trangition menber. In the lower part the brown to

dark brown dolomite is thin-bedded, finely crystalline, and

micritic. Some beds have fractures £illed with caleite, hematite,
and limonite. Intercalated are light gray or yellow, thin~bedded
sandstones which are composed of quartz grains that are very fine-
grained to fine-grained, well strted and rounded, and well cemented.

Near the middle of the transition member is a medium-bedded,
light-brown, fine . to medium -crystalline dolomite with inter-
calated brown to gray, dense to finely-crystalline limestone.
Limestone is more abundant in the upper part of this unit.

Next ebove is a very prominent sandstone ledge. The sands
stone is thick-bedded and is composed of white, well -rounded,
medium~ to coarse-grained guartz. Some calcareous cement is
present, but the sandstone is generally slightly friable. It
weathers a distinetive dark brown (hematite s*ba.’:}n) .

At the top of the transition member are some medium-bedded
ledges of limestone and sandstone. The sandstone beds are similar
to the ones immediztely below, bub the limestone beds are +tan,
fine- to mediuwe-aprystalline, and brown, dense to finely crystal-
line, slightly cherty, with minor calegrenite and replaced fossil
fragments. \

Most of the San Andres formabion is characterized by the main

limestone member. In the lower part is a very prominent cliff-

Torming ledge. Ib is medium~ to thick-bedded, brown to dark brown,
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dense tomedlwd crystalline Limestone, with minor chert nodvles.
Fraguental Limestone and calcarenite beds are presents Some poorly

pregerved nsutilolds, brachiopods (wostly Dictyoclostus sp.), and

gastropods occur in the sequénces

Overlying the cliff unibd are ledges and slopes of thinw- to
thick-bedded Limestone, Mosh of the limestone is brown to dark
brovm, and dense to finely crystallinegs Seversl fractures and some
vugs are present, bub they are filled with calcite. One tan o
white, chalky bed is distinctive. Some calcarenite and algal (7)
Progments oceur near the top of the measgured sechion.

Unfortunabely; the San Andyes formstion is eroded on top of
Shotgun Ridge. Therefore, the 369 feet of San Andres in the meas”
sured section does not represent the tobal thickpess of the forw
matlon in the Fre Oristobil aress However, the lithologic types
deseribed are vepwesentative of all the San Andres oubcrops in
the mapped aress

Down=feudted on the southwest slopes of Shotgun Ridge is the
upper part of the Sun Andges, which ip overlein disconformzbly by
the Cretaceous Dakota dandstonse Orlginally it had been hoped
that a marker bed (such as the Light colored, chalky limestone)
found in the weagured section would permit definite‘ correlation
with the seetion on the down side of the fault, and so that
measurenent of the San Andres could continue to the Dakota con-
tacts o such marker bed was observed, and the section in the
down-faulied block of upper San Andres is not well exposed.

20



Posasibly 500 to 600 feet of San Andres is exposed on Triangle
Mesa. However, one would heve to crogs meny faults to measure a
gection there, and no Dakota outcrops are present; therefore, such a
section would still be incomplete.

Maximum marine btransgression is represented by the dark, hasinal,
limestone Taclies of the San Andres formablon. Some geologists have
viewed the sheer cliffs from a disbance and have supposed that an
organic reef section was present. Upon close lasvection, the hedded
limestones are seen to possess a nearly egqual resistance to erosion,
cauging the illusion. Furthermore, all of the bedding in the Szn
Andres is perallel, with no mounding or irrggular bedding.

No Triassic, Jurassic, or Lower Cretaceous rocks axre present
in the mepped area. However, the Sun Oll Company No. 1. Viectorio
Land and Cattle Comparny well, located apvproximstely 12 miles north-
east of the mapped ares, encountered a 1l70-foout red shale interval

of possible Triagsic age.

Cretaceous Rocks

Upper Crebaceous rocks of the Dekoba, Mancos, Mesaverds, snd
McRae formations have heen mapped in the ares covered by this re-
port. Originally the Dekota was defined by Meek and Hayden (1862;
in Wilmarth, 1938) from a locality in Dekota County, Nebraska.
Mancos Valley in S>uthwest Colorado is the type locality of The
Mancos shale (W. Cross, 1899; in Wilmerth, 1938). Holmes (1877;
in Wilmarth, 1938) described the type section of the Mesaverde
formation gt Mesa Verde, also in Suthwest Colorado.
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Kelly and Silver (1952) applied this system of nomenclature to
the Czballo Mounitains area. Furthermore, they definesd a ney forma-
tion, the McRae, from old Fort McRae : (.eash of Elephant Butte
Reservoir). This formastion overlies the Mesaverde and may conbain
beds of Tertiary age.

In the McRae Canyon ares, Bushnell (1953) subdivided the Mesa-
verde formation into an uwmemed main body and overlying Ash Canyon
merber, and the McRas formation inbo the Jose Creek and Hall Laké:
members. The type sectiongof these named menmbgrs are scubh and
southeast of Kettle Mountain, immediately south of the boundary of
the present work. These members were found to be mgppable in this
sbudy.

Complete, unfaulited, and well exposed sections of the Cretaceous
formabions and members are lacking in the mapped ares of this report.
For this reason, no detailed sectblion measuring was abtempted, Only
descriptlions useful in field differentiabion of the units are stressed

in the following discussion.

Dakota sandstone

A few, swall outcrops of the Dakota sandstone are found at the
south end of the Fra Cristobal Range. One is an inlier on the Fra
Cristobal anticline. Obher small outerops may be present in this
area but were not mappable. As mentioned previougly, the Dakota
1s present on top of the San Aﬁdres exposure on the southwest slope
of Shotgun Ridge.

In these few outcrops the Dakota is a clear to light grey,
medlum-grained, quartz sandstone. The grains are subrounded to
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subangular and well sorted. With some whibte clay in bthe mabrix and
no calcareous cement, the sandsbtone is slightly friskles. Yhere
quertzitic, with a slight amount of calcarcous cement (azd no clay),
the sandstone is hard.

The Dakota is thin-bedded and some places weathers rusb-brown.
Its contact with the underlying San Andves formebion is cne of
apparent disconformity, for no dip divergence was seen on the soub. .-
west side of Shotgun Ridge. A faull surface cuss cut the top of
the Dakota in this locality, and the sandstone is overlein by a
dark, red-brown layer of chalcedony, which was probanly deposibad
by mineralized waters in the fault zone.

The contact with the overlying Mencos shale is shaxp bub confor-
mable at the inlier on the Fra Cristobhal anticline. About 50 feet of
Dakota is exposed, bub the total stratigraphic thickness may be much
greaber.

Correlation of the Dakota in the mep area is baszed on Llitaology
and position in the seguence. The Dakota is considered o be the basal

clastic unit of & marine transgression.

Mancos shale .

Outerops of the Mancos shale occur in glopes to the sovihwest of
chotgun Ridge, and on the axial portion of the Fra Cristobal anticline.
The soft shale valley lies south and west of the range proper.

Characteristically, the Mancos is gray to dark gray, calcaraocus,
clean (not silty), and weathers with some limonite stain. A4 Ffew thin,

flagey limestones near the base contain pelecypods.
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Neaxr the top of the Mancos the shales are gresnish gray, and they
grade upward'into ‘the Mesaverde formstion. About 40O feet of Mancos
is estimasted as a maximum thickness for this arsa, bubt the relabively
poor exposures prevent accurate mesasurements.

No problem exists in distingulishing the dark Mancos shale from
any other formation in the Fra Cristobal sres. Following the Dakota,
the lower, dark gray shale of the Moncos represents marine transgression;
however, the thin, upper greenish gray shale suggesis a regression and

gradabtlon to the continental Mesaverde facies.

Mesaverde formabion

Main hody of the Mesaverde formation. Soubh of the Fra Cristobal

Range proper lies a series of alternating low ridges and valleys
where the moderately dipping main body of the Mesaverde formsblon crops
oub. This unit is the most widely distributed of the Cretaceous rocks
and probsbly underlies much of the Jornada del Muerto pediment gravel
to the east. A small exposure in the northern part of the area is on
the downthrown side of the Fra Cristobal fault, easgh of Massacre Gap.

Olive drab shale with intercalated buff to light gray sandsbone
beds is the main lithology of this strabigrephic unit. Fine~ to
medium~grained quarbz, with some.feldspar, is the dominant mineral
type in the sandstones. Most grains are subangular, but angular and
subrounded types occur. Sorting is fair, but some clay matrix, and
very fine-grained through cosrse-grained quartz is cobserved. Well
cemented and quartzitic, the sendstones seldom sxe only slightbly
friable or calcareous. Usually the sandstones weather olive to
reddish brown, but a few exhibit yellow limonite stain.
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In the upper part, some thin, granule-to-pebble conglomerate beds
alternate with the shale and sandstone beds. Some red shale is
pregent bub rare.

Giliecified wocd speclmens are locally abundant. Black and dark
grey are the usuai colord., A few fossil logs measure up to bwo feetb
in diameter and five feet in length.

The sandstones of the main body of the Mesaverde' are usually
thin-bedded, but some are medium-bedded in this area. Many of the
beds are lenticular, and cross-bedding is not uncommon. AL least
2,000 feet is exposed in the mapped area, bubt the total thickness
of this unit is estimated near 3,100 feet (Bushnell, 1953). Contacts
with both the underlying Mencos shele and overlying Ash Canyon con-
glomerate appear to be gradational.

The preponderance of olive-~drab shale and relatively clean sand-
stone disblnguwishes this stratigraphic ualt from the others in the
area. Further refinement may be accomplished by tracing individual
bads, but the interruptions due to faulting make this process diffi-
cult. Deposition rates epparently increased with bime as- this unit
was laid down in a near-shore, possibly swampy, continental environment.

Ash Ceanyon member. Only one ouberop of the Ash Canyon member of

the Mesaverde formabtion was mapped in the southevrn part of the area,
a synclinsl hill bounded by faults. Granule to pebble size chert
conglomeraté and. intercalated sandstone occur in thin to thick beds
with some sweeping cross-beds. |
Conglomerate fragments are subrounded to subangular, elongate
more than spherical, and composed of clear or gray chert which often
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appzaxrs kiszk in hand specimen. Poor soriizg s irdicated "y bze
presence of fine-grained quartz ssndsSone in e mebrig. The goaing
are well cemented with silica. Inbtergrzauiar porosihy mey Te poe-
sens, bud low permeshility is apparent.

Busneil (1953) measursd 112 fees of thls msmber &5 ¥ Hype
lecality. It is differentiated from the cosrse clasbias of obhew
undlts by ibs non-volecanie, and "clean" astach. The oonglomarahs
seguence marks an increase in rabe of dsposition end sugesshs thab

the syea was farther rsmoved from maring condibicng.

McRae formation

Jose (reck member. Nearly all the sxposures of the Josz Jreck

member are found in the southwest part of the srea. Only one small
fault block of the member is found in the northern parbt. Generzdly
this wls 1is non—résis'ban‘t to erosion and is fourd in vwalisys and
on slopes. MeCleary (1960) mapped an imporisact ouberop of Jos2
Creelr at the northern tip of the Fra Cristocbal Range.

Dsrk gresn, olive drab, gray, and some purple siale wniba with
intercaliatsd dark gresen or gray, "dirty" appesring sandsbine beds
are tha nmain lithologic types. Obher colors of the saxdsiones
ineiude red, whifte, and purple. Quardz is mincr as most 2f tre
grains are composed of plagioclase Peldspar ard chicsrits: howaver,
some crthocisse feldspsr and black fewomégnesiaa miversis are
presant.

Sorting of the very fine to mediue size grains Is uwswslly poor.
Most particies are angular to subrounded. Seleched samles swggssh
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‘that none of the sandstones i8. friable. In faet, most are well in-
durated, but calcareous cement is gbsent.

Rewely some clean, white, medium~ to coarse-grained quartz
sandstones appesr. Conglomerates of coarse sand o granule size
particles (with usual composition and bexture of the sandstones)
are Tound mostly in the upper part of the Jose Creek. Tain beds of
tan chert also occur in the upper section. Light gray silicified
wood fragments are locally asbundant.

The individual thin to mediuvm beds of sandsbone are separsted
by shale units. DBedding is regular but not exactly parallel; how-
ever, almost no cross~bedding is evident. Some beds are lenticular.

Bushnell (1953) measured 394 feet of Jose Creek at the type
locality. The contact exhiblting unconformsble relations with the
underlying Ash Canyon 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 grest deal of the Jose (reek member,
but corr‘ela.tions were based mainly on gross lithology because of
the complex favlting. Both the andesitic intrusive centers o the
south and the exposed Precanbrian terrvane to the north were source
areas for the clastics as inferred from theilr composibion. Tex-
tures suggest that the distance of transport was not great, and
that deposition rates were moderate. A continental environment

is indicated by the plant fossils.

Hall Take member. Outerops of the Hall Lake member of the

McRae formation are extensive in the southwest part of the mapped
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area {especially along the east shore of the ressr roiry, bub sre
absent in the northern part. Generally the wmeaber is foucd in velleys,
slopes, and Llow hills, but some of the more resistant units form
ridges.

Thick maroon and dark purple shale intervals are the most disg-
tinctive and conspicuous rock types in the Hall iake. Sandstone |
types are similar to those of the Jose Creek. Subangulsr, fine-~ bto
coarse-grains of white plagloclase feldspar, cream chert, and light
green chloritic materisl are dominant. Purple cley is often :E'oya;nd
in the mabtrix. In spite of the voor sorbing, some permeshllity is
indicated.

Both plaglioclase and orthoclase feldspar oceur with wlnor
quartz in the basal conglomerates of the Hall Iake. The particles
are subangular snd subrounded, and cosrse-grained to pebble ia size.
Green, purple, and red colors blend into an overall greenish cash
in hand specimen.

The clasbic units are thin- to thick-bedded, and also are
lenticular. No important anguler divergence is seen along the Hall
leke/Jose Creek con’bact, but it is not well exposed. In spite of
the presence of the basal conglomerate, the Hall Lake locally may
be gradational with the Jose Creek. Bushnell (1953) estimated the
thickness of the Hall Lake member to be at least 2,900 feet.

Correlation of the Hall Leke is dependent upon the presence
of the thick sectlons of mercon and purple shale. Although the
sandstones contain more plagloclase feldspar than those of the
Jose Creek, they are simllar otherwise. Rapid deposition is
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indiecated by the conglomerate beds, bub the thick shale units in
the upper paxrt of the Hall Lske suggest a moderate rate of subsidence.

The environment may have been in a conbinental floodplain.

Cenozoic Rocks

Tertiary and Quaternary rocks are found in the valleys and low-
lands adjacent to the Fra Cristobal Range. Down-faulibed on the
west side of the range ls the Miocene to Fliocene Santa Fe formation.
It was named originally by F. V. Hayden in 1869 (in Wilmarth, 1938).
Extreme variations in lithology and beddedness of the Santa Fe sug-
gest that it was derived from the hounding uplifts during the forma-
tion of the Ric Grande depresslon. Conglomerates of granule to
cobble size particles range in composition from dark, basic lgheous
types to light colored chert aﬁd quartz. A dark voleanic conglomerate
is present in the Sante Fe east of Black BEluff Canyon, adjacent to a
branch from the Hot Springs fault.

Farther north slong the Hot Springs fault, where 1t is downthrown
against the Yeso formstion, the Santa Fe is mogtly white to yellow
sandstone. Quartz and some white Teldeper compose the mediume-grained
particles, which are well sorted and subrounded, loosely cemented,
and very friable. DBroad, sweeping, festoon crosg~beds are geen in
exposures along the east shore of Elephant Butte Reservoir.

The eastward-sloping Jornads pediment surface exbends for many
miles beyond the northeast and sountheasgt boundaries of the mzpped
area. Included with the Jornade pediment gravel is some silt and
minor amounts of caliche. A dip of 22° south was taken near the
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Fra Cristobal fault zone on a conglomerste in ths Joraads pediment
which was derived from the Yeso formation. Busknell (1953, p. 53)
sbates that the thickness ranges from lezas than 50 feet to more than
200 feet. Jornada pediment gravel underlies the basalt flows in
‘the southe.

On the other hand, the pediment “r;lankets of the wesghward-sloping
Cuchillo surface on the west side of the Fra Cristobal RBange are seen
to occur "bqth above and below lave flows. In one ingbance bhisz 100-
to 200~foot thick blanket, containing layers derived from the San
Andres limesbone, is qu:lfhe extengive and conceals the Fub Spricgs and
other major faults. Over much of the area the Tertisry sud Guabecrnary
gediments were mapped together as 1t is sometimes difficult to separ-
ate the Santa Fe formation from the younger Cuchillo pediment gravels.

Three Tertiary basalt dikes are found in the vicinity of Ketile
Mountain. The nain one “_urends northwest-southeast and continues into
the McRae Canyon area. Eléhese diir.es are vertical. and show no baking
or drag where they have beén intruded into the Hall Ieke member 5 how-
ever, they have been disrupted by later faulting. .

Several Quaternary basallt cones and assoclabted flows are found
in both the Engle and Jornade velleys as well as on the lowlands
south of the Fra Cristobal Range. Composgition of these flows is
mostly olivine basalt. The large muliiple cone struchbure on the
Frs Cristobal fault, east of Trlangle Mesa, contains several volcan-
ic bombs sbout six inches In length. From his descripblons, 1t is
believed that this is the lava flow which greatly impressed Ge G
Shumard (1859) on his excursion through the Jornada del Muerto.
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Mineralization took place along many of the faults and left
deposits of hematlite and quartz. Some thin stringers of barite were
found northesst of Little I{e'b‘slé Mountain. OQne small, non-commeredisl.
deposit of botryoidal psilomelene was found on a low hill west of
this mountain.

Talus piles, lacustrine deposits, and alluvium are locslly
quite extensive. However, they were not mgppable on the present

scale.
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STRUCTURE
Mepping of the structursel geology in the southern part of the
Fra Cristobal Range was sccomplished by Brunton compass survey.

In the present work, nearly the entire area was traversed on foob,

and most of the structures were "walked-out" in the field. Although

detailed in scope, thils study ney be considered as reconnaissance
for plane-table, structure conbour mapping. However, Turther re-
Tinement of the stratigrsphic sequence would be necessary if such
8 project 'ig attempted.

The present map scale (2" = 1 mile) is sufflciently large for
adequate répresentation of most 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 shown on a map o¥
twice or even four times this scale.

One of the major improvements over the previous investigation
(Thompson, 1955) is the quality of the strike-and-dip contbrol.
This writer has been impressed by the fact that an athtempt to ac-
guire abundant control by integrating questionable values (:l;.e‘.a:‘n- i
possible cross~bedding, apparent dips, possible erosion surfaces,
poseible slump, etc.)with relisble datba can confuse structural
analyses.

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

within the accuracy limits of the Brunbton compass and clinomever.
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By far the great msjorlty of them were taken in dreinsgge notzhes
where true attitudes of beds are obvicus. ¥ed the cuabel still
crowds the cartographic space.

Another technique gained from the pReviius sxperlense conzerns
the selection of data to be mapped. Here sgain the geslie of the map
is the main limiting factor. Usuaelly the strikes-znd-diys recordsd
in the field were substantiated by phobtogecicgy. Values change
radically over very short distances in some arvess, mosily nesr fauls
zoneg. However, each attitude is representative of g% lesgh the
ares under the symbol, and many exbtend to the 1limihs cof the particular
fault block, or to some mid-point hebtween an adjazent asbtitude in the
same block.

Technical terminology and principles of interpretsotion generally
are consistendt with Billings (l95h5. Background material on regional
tectonics may be found in Kelley and Silver (1952}, Keliay (1952),
and Kelley (1955).

In following the ypresent discussion, constant rafesrence to the
geologic map (Fig. 2), and the supplemental structure sections (Fig.
4} ig strongly recormended. Principally with regerd to the descrip-
tion and inte@retation of the strike-glliy faulting discussed in
the earlier thesis (Thompson, 1955), this bext constibubtes & major

correction.

Regional Sebbing
The Fra Cristobal Range is one of the diszcontinuous ckain of
north~gouth trending uplifts which se:paran’:e's the Rio Grande and
Jornada del Muerto depressions. Generally the range msy be viewed
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a8 an eagt-tlilted fault block. The bounding faults intersect at
both the north and south ends. Specifically, the area wlthin the
range ig disburbed by overturned folds, thrusts and normal faulbs.

MeCleary (1960) mapped a lerge, north-south trending syncline,
overturned to the east (in the Paleozolc formations), along the
crest of the range. He postulates a companlon overturned anflcline
on the wesh sgide where Precanmbrlan granite is now exposed. Long,
west dipping thrust faults (parallel to the overturned folds) bring
Precanbrian granite over Pennsylvanisn Magdalena and Permian Abo.
The rest of“ the northern part of the range ls not complex, yet some
prominent normel faults and upright folds ave present. Strike-
glip movement s minor as only two right-lateral fauvlts were mapped
in this area.

North of the Fra Crisitobal uplift is the San Pascual, platform.
To the south lies the Cutter sag and the Caballo uplift.

Some overturned folds and minor thrusts were mapped during the
;preéent work in the soﬁtherﬁ part of the range, bub a grester number
and larger dlsplacements of the normal foults are apparent compared
to the northern part. Higheangle faulting with some pronounced
lateral movements compllcate that part of the Cubtter sag adjacent
to the Fra Cristobal upliit.

Farther gouth in the McRae Canyon area (Bushnell, 1953) normsl
faults, some open folds, and winor strike-sli;? faults are present,
bub the sbructural picture is somewhalt simpler in this porbion of
the Cubter seg. However, in the Cgballo uplift again are seen the
overturned folds, thrusts and normel faulis.
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Overall, the Jormada del Muerto d_epress&fall appears to be a large
syneline. On the other hand i1t is faulied o%l the west liuwb, and meny
complex folds and faults may be covered by the thin bolson deposits.

Structural. relief is more pronounced in the Engle basin to the
west of the Fra Cristobal uplift, than in the Jornada. The Engle
bagin is one of the many iIn elchelon, north-trending basing comprising
the Rio Grande depression. High-angle faulbs are the most common
structures in the depression. However, late.al components of novement
may be as nearly important as vertlcal ones. Indeed the bagins may
have been Forced down by shearing along the faults, as well as by
tensional movements.

In Peleozolce time, the stratigraphic record suggests that only
epeirogenic movements affected the Fra Cristobal avea. Although
dowrmvarping of geogynelinal proportions was attained ln the Cretaceous
period, the first evidencesof orogeny deforming the section in the
nmepped area are the overturned folds and thrusts believed to be
Taramide in age. In Miocene and Fliocene time, high-angle block
faulbing with lateral shearing, and broad, open folding occurred.
Recent earthquekes and fresh fault scarps suggest thet dlastrophism
may have continued to the present day.

Dating of the siructures is accomplished by analogy with other
arcas (e.g. the Caballo Mountainsg). For not only are the ages of the
rock sequences poorly defined, bub algo nearly all of the Tertiary
rocks have been removed by eroslon from the mapped area.

Some questlon exists as to whether the Fra Cristobal area should

be included with the Rocky Mountain system or the Basin and Range
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provinee. The Laramide folds and thrusts, and the trends, suggest the
former. Bub the high-angle, block faulting producing the uplifts
and depressiorsin middle and upper Tertlery time isv typical of the
Basin and Renge. Kelley (1955) recognize s the problem but prefers

to designate The area as a southern extension of the Eastern Rockies

belt.

Folds

Fey structures which can be mapped definitely as folds are found
in the southern part of the Fra Cristobsal Range. Many dip reversals
near Taults are classified as drag. It is possible that at cne time
many north-~south trending antlclines and synclines were present, but
have been so wodifled by later 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 assoclated with fawlbing.

To lay a foundation in the descripbive part of this text for the
analysis to follow, it is necessary to meke clear the distinction
between open and closed folds. No generally accepted reference has
an sdequate definition of these terms. Rather than repeat the dis~
cussion from an ealier work (Thompson, 1955, pp. 33-34), only the
sallient points are mentioned.

Dr. V. C. Kelley (personal communication) suggests that if the
interior angle of a fold is greater than or equal to 90°, the fold
is open, whereas if it is less than 900, the fold is closged. To

define "the interior angle" the present writer suggeste that it be
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dasignated as the smaller angle formed by the inte;-aaction of the
bangents drawn to & simple fold at the polnts of inflection.

In most cases the interior angle is equal to the supplement of
the sums of the dips of the two tangents. (However, in the case
of an overturned £old, the cgleulation is slightly more complicated.)
This method is best employed when exandning folds from the map view.
For viewing unexageserated structure sectionsz, & 90° drafting triangle
may be used to judge the simple differentiation between open énd

closed folds.

Closed folds

Only one small area of closged folds ls indlcated on Strucbure
Section A~A' (Fig. 4). Adjacent to the Hot Springs fault a series
of closely spaced overturned synclines and anticlines are present
in the Yeso formation which cennot be shown exactly on the section,

- much less on the map.

The area of the closed folds is less than one~quarter of a mile
wilde end gbout one-half a mile long. The folds brend northwest-
southesnst and are overturned to ‘the northeast. The overturned linmbs
dip as low as 64° 4o the west. Average distanc.e between axes is
sbout 100 feet.

Much flowage has taken place on these lsoclinsel folds. Sand-
stone, shale, and limestone beds comprlge the Yeso in this area, bub
some gypsun mey have been squeezed oubt of the section. It is likely
that these folds ‘bend to die oubt with depth in the more compebtent
Abo formetion. Furthermore, they may not appear in reastored sectbions

of the overlying San Andres.



On the east side of the belt, the complex folds have been modi-
fied by later faulting down to the west. Farther east the rany faults
down to the west, with steep west dip on the upthrown sides, may have

been folds originally.

Open folds

Near the north end of the mapped area a synclinal axis is drawn
through the Mpgdalens Inlier in the asmphitheater outerop of the Abo
Tormation. The axial trace is sbout one mile long, trends northeast-
southwest, but curves to trend north-south. Plunge is to the south.
Gentle dips on the limbs are nearly symmetrical, ranging from 50 to
7

At the south end of the Fra Cristobal uplift, the bounding faults

intersect and die oub o the south in the Fra Cristobal anticline. Ibs

northwgouth trending axial trace is mapped for nesrly two miles in the
Dakota, Mancos, and Mesaverde formabtlons dbefore i£ plunges southward
benesth the Quabternary lavas. Dips on the west linb average 200,
whereas those on the east linb average over 300, producing a definite
asymmetry to the east (see Section ¢'-G', Fig. 4).

To the west is & one-half mile wide syﬁcline hill in the Ash
Canyon menber. Bounded by faults on all sides, £he axial, trace of
the fold trends northeagbt-gouvthwest for one mile paralleling two
major faulits down to the west., Near the wid-point of the axis, where
the syneline is best developed, the sxial surface dips slightly to
the west with dips on ‘the west limb up to 165 and on the east limb

up o 10°.
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From the general. convergence of dips on either side of this fold,
1t mey be supposed that most of the south-central part of the mapped
area was occupled at one time by a much largetsyncline. If so, it
has been modified by labter faulting bo such an extent that only the
axial portlon is preserved in the gentle downfold mentioned sbove.

An axial trace of less than one-half mile is mapped on & northeagh-
southwest trending syncline northeast of Kettle Mountain. This ghort
fold plunges rather steeply 40 the soubth wlth dips of 21° to 39° on
the livbs. Most of the length of the trace of the axlal plane is
in the upper Jose Creek, but the south end plunges into the basal
part of +the Hall Lake member. This syncline is also bounded by two

prominent faults downbthrown to the west.

Favlts

Evidence of faulting abounds In the southern part of the Fra
Crisbobal, wplift and adjacent perts of the Cubtter sag. A Tew fault
and fault-line scarps are present, bub most of the faulls were loca-
ted by mapplng struebural atbtlitudes and the distribution of s'bra.ti_.;-
graphic unite. Solid fauvlt symbols on the geologic map represent
those faults whose posltlon was debermined both in the field and on
aerlal photographs. Daghed symbols indicate approximeste positions
of those faults which could not be located accurately, bub which
ware necessliated by fileld data.

Well developed drag structures sre present along most of the
favlts, but other features such as slickensides, breccla, etc.
rerely were observed. Silicification and hamatite mineralization

mark many of ‘the fractures in the Permian rocks, bub are not
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definite evidences of faulbing. Geomorphic criteria are useful
in indicating possible faults; however, no fault wag drawn based
on them alone.

Selection of a significance level above which & given fault
is mapped and below which it is omitted was a difficult problem
in this area. On the other hend, it is a necessary considersbion if
the availsble cartographic gpace is to be ublllzed efficiently. In
general, if a fault has less than 50 feet of throw and/or is less
than one~half mile long, it was deleted. Displacement estlimotes
are only approximate because no detsiled topographic conbrol is
avellable.

The following discussion is mainly descripbive with interprete-
tions deferred to & later section. As a general order, the faults
on the west and south sides of the area (Cubtter sag) are discussed
first, and those on the north and east (Fra Crisbtobal uplift) are
deseribed toward the latter pert. Nearly all the faults are normal,

but some strike-slip and thrust faults are mapped.

Hot Springs, Double Canyon, and related faults
Originelly nemed by Kelley and Silver (1952, p. 159), the Hot

Springs fault has been mapped from the northern part of the Caballo

Mountains, through the McRae Canyon ares (Bushnell, 1953), through
the area of thig report (Thompson, 1955), to the northern end of
the Fra Cristobel Range (Jacobs, 1956, and McCleary, 1960) where

1t forms & prominent west-facing fault-line scaxp.
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Less than 7 miles of the 30-mile length is concealed by Elephant
Butte Reservoir. The Hot Springs fault trends N 25° E in the Caballo
Mountains, from N 20° E in the southern part of the Cubtter sag to N
35° E near the north end, sbruptly twoing to N 10° W in the southern
part of the Fra Cristobal wplift, and gradually back to § 30° B at the
north end of the uplift.

Measured dips of the normel fault surface range from 60° to 75°
to the west. On the upthrown side (east) in the Fra Crigtobal and
Caballo Mountains, Precambrian rocks are exposed. Progressively
toward the Cubter sag, younger formations from the Paleozoics to
the Hall ILake mewber of the McRae are exposed along the fault.
Throughout most of the length of the Hot Springs faullt, the Tertiary
Santa Fe formatlon is exposed (or is present beneath Quaternary
glluvium) on the dowathrown (west) side. Where Santa Fe abuts Pre-
cambrian, the stratigraphic throw is estimated to be 8,000 feet.

However, in the Caballo area some small outerops of Precambrlan
and Paleozoic rocks spre mapped on the downthrown side. Right-
lateral separation of these outcrops is apparent relative to the
uplift. On the other hand, Kelley and Silver (1952, p. 160) have
obgerved left-latersl drag on the upthrown side of the Hot Springs
fault.

Jacobs (1956) and MeCleary (1960) mapped local outcrops of
San Andres and Bar B downthrown against Precambrian in the northern
part of the Fra Cristobal Range. Steep dips t0o the west in these

ouberops suggest vertical drag on the Hot Springs fault.
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In the gouthern part of the range (Fig. 2), the Yeso formation
1s upfaulted against the Sants Fe. Here also vertical drag is indi-
cated by the dips to the west in the Yeso. Much of the length of
the Hot Springs fault in this area ig marked by silicification end
hematite mineralizabion. Although definite displacement is not
demonstrated, the map pattern suggests that this fault has dis-
rupted the Quaternary lava flows.

Farther south, part of the Hob Springs fault is buried by the
Cuchillo pediment gravel. East of Black Bluff Canyon in the northern
part of the Cubtter sag, the main body of the Mesaverde iz on both
sides of the fault;~(ﬁig. h, Section B~B'), but some left~lateral
drag is seen. (Note that in the earlier work, Thompson, 1955,
right-lateral drag was reported. More detalled mapping has shown
thig conclusion o be in error.) Two branch faults displace the
Jose Creek menber and the Sants Fe formsblon down to the west.
Sante Fe probably is faulited agailnst the Hall Lake member in
Elephant Butte Reservolr ag observed northwest of Little Kebtle
Mountain, on Long Point, and in the McRae Canyon area (Bushnell,
1953)

Nearly perallel to the Hobt Springs fauldt in the Cubber sag
is a series of northeast-southwest btrending normel faultbs, spaced
about one-halfl to three~quarters of a mile apaxrt, and downthrown
to the west.

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

minent wight-lateral drag features are present on both sides of the
Tault. Here Hall ILake sbubs Jose Creek with throw of about 2,500
Lo,



feet (Fig. 4, Section G~C'). Displecement is lezs st Doudle Canyon
where Hall Ieke is on both sides of the fault. Nobice thabt the
Tertiary dike is not offset appreciably.

Over two miles of the Double Canyon fault 1z mapped from the
reservolr to Little Kettle Mountain. North of that point it appears
to joinen east-northeast trending fauls, down to the southeast, thus
indicating rotational movement relative bo the main part of the
fault. On this short one-mile extension only a few hundred feet of
stratlgraphic throw is likely, for the Jose Creek is dowabhrown
against the upper part of the main body of the Mezaverde. Ih berai-
nates against the next of the principal faults.

Tais next northeast trending fault (immedistely west of the
northeast turn in Section B-B', Fig. 4) is mapped for only 1 1/2
miles, but ite north end is burdied beneath ths Cuchills pediment
gravel. To the south it terminates against one of the transverse
faults. A minimum of 500 feet of throw is estimated where the mein
body of the Mesaverde ls present ab the surface on both sides of
the fault. Prominent right—lateral\ drag is evident on the west
(down} side of the fault.

Farther east, the next medn fault forms the noriisrest boundary
of the synclinal hill in the Ash Canyon menbsr. As seen in Section
¢=C' (Fig. 4) about 500 feet of throw is estimated where the Ash
Canyon is faulted ageainst Joge Creek. This fault dies oub ab its
north end, or here becomes a strike favlt and is nobt cbvicus beyond.
However, it is mepped for nearly 4 miles to the south and conbinues
into the McRae Canyon area.
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The southeast boundary of the Ash Canyon outcrop is the next
main faulbt. Agein 500 feet or less is the estimated throw where
Ash Canyon is down-faulted against the main body of the Mesaverde.
Some smell right-lateral drég Peabtures are observed near the
north end before the fault terminabes against one of the soubh-
weat boundary faulbs of the Fra Cristobal wplift. It is about
4 1/2 miles long, bub continues also into the McRae Canyon ares
beneath the Quaternary lava. A dip of 81° W is recorded on the
fault surface immediately south of Double Canyon.

The easternmost of the maln faults lies to the west of the
Fra Cristobal anticline. The south end is covered by lava, but it
is mapped for over 2 miles before It is interrupted by an east~
west transverse Tault. An additional one-~mile extension is offset
about one~eighth of & mile to the west. The northern end curves
into another of the boundary faults of the ¥Fra Cristobal uplifi.
Again the throw is on the order of 500 feet where the main hody |
of the Mesaverde is on both sides of the fault.

Mawy short transverse favlis are present within the blocks
bounded by the main northeast trending set of faulis. Most of them
are lesgs than one mile long and have less than a few hundred feet
of ‘throw. Some trend northwest-southeast, others trend easbt-northeagtr-
wesb-southwest. Wo consistent displacement is obvious, for part of
then are dovnthrown to the south, the rest to the nowth. Both right-
lateral. and left-léteral offéets in the dikes are observed along
some short faults near Kettle Mountain.

Perhaps the most Important of these transverse fauvlts 1s the one
partly covered by the Revae on Little Kettle Mountain. Hall Iske is
down-faulted against the mein body of the Mesaverde suggesting a
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stratigraphic throw of at least 500 feet. Some boberyoidsl psilome-

lane mineralization ls associated with this faulb.

Faults in the Shotgun Ridge - Triangle Mess ares

At the south end of the Fra Cristobal Range is a set of uplifted
norwal, fauvlt blocks, the highest of which comprise Shotgun Ridge and
Trlangle Mesa. Boundary favlis include the Fra Cristobal fault zone
and the Massacre Gap fault which &re liscussed later.

The southwest boundery fault is slso a demarcation between the
Frea Crisbobal upldifs and the Cubier sag. 6 Loweads noedhorest-
southeast and is mepped for nearly 1 1/2 niles before its north end
is bhuried by the Cuchiilo pediment gravel., Vertical slickensgides
are found on the well exposed fault surface, which dips Tlo o the
west. Hematite mineralization and sillecification are abundant
along the fault. Although physoyrsphically prominent, the actual
digplacement along the fault is not great. On Section B-B' (Fig.

) only 250 feet of thrchis indicated where Mancos is downthrown
against Dakota. However, notlce the shteep west dip on both sgides
of the fault.

Whet happens to the northward extension of this fault benesth
the Cuchillo gravels? Unfortunately, the lergest ares of Quaternary
cover within the uplift-sag creates one of the most perplexing
structural problems. To the north and sasht are the Permian rocks
of the Yeso and San Andres. To the soubh are cuberops of the Mesa-
verde. Most of the dips are to the southwest, but the discordant

east dip of the Mesaverde on the wesht side suggests that a prominent
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fault lies beneath the gravels. For the sake of simplicity, the
fault descrived ghove is extended questicnably to the west-northwest.
Very probably the concealed structure is much mors complex.

At the northeast end of the gravel a northwesb-southeast trending
fault is mapped for one-half mile between its point of burlal and its
termination againgt the Double Peak fault. It is downthrowm to the .
west displacing complicated fault blocks of Yeso and San Andres. The
steep TOO W éip (in the San Andres) adjacent 4o the fault on the o
downthrown side is probably vertical drag.

Wext to the northeast is another northwest-southeast trending
normal. fault down to the west. It appears on Section B-B' (Fig. 4)
as the Tault east of the "soutlwest boundary fault" described above.

Less than 200 feet of throw is indicasted. San Andres limestone is
on both sides for most of the two miles of length, but one canyon
cuts dowm to expose a small inlier of Yeso on the upthrown side.

Yeso 1s also at the surface on the up side south of Shotgun Ridge.

- Nearly MO0 feet of throw is shown on the north-south trending
normal fault on the west.side of Shotgun Ridge (Section B~B', Fig.
L). This fault extends for nearly 2 1/2 miles, acrcss Triangle
Mesa, to the Mgssacre Gap fault. San Andres and Yego are exposed
on both the downthrown (west) and upthrown sides.

About one.guarter of a mile to the east is another northe /
south fault, subparalliel to the one described zbove over much of
its 2 1/2 mile length, but the two intersect at its south end.
Mostly this fault is down to the west about 150 feet (Section B-B',
Fig. 4). However, at the south end of Triangle Mesa the San Andres

46,



and Yeso beds on the east slde dip steeply boward the fault such
that here it is down to the east.

Three normal faults are downthrown toward the north, southwest,
and southeast sides of'Trianglgxybsa. They are one %o 1 1/2 miles
long, and displace only the San Andres and Yeso formationg at the
surface. On the southeast face of the mesa the fault is rotationgl

with the displacement inecreasing southward.

Faultes between the Hot Springs and Double Pesk faults

In the northwest part of the mapped area are several normal
Taults which trend northwesb-sdutheast, or north-south, and are
dovn to the west. Sililcification and hemsiite minerslization is
common along them. The Yeso formasblon is &b the surface over most
of this structural element west of the Double Pesk fault.

Only about 100 feet of throw is shown on the four faults at
the west end of Section A-A' (Fig. k). Note the contortions in
the plastic Yeso which are not reflected in the underlying Abo or
Magdalena. Although these faulia are oaly one-eighth to one-
quarter of s mile apert, steep drag is common on the upthrown
sides, vhereas relatively gentle east dip or west dip (drag?) is
present on the downthrown sides. One of the better exposed fault .
surfaces has a dip of 84° to the west. Iength varies Ffrom one-
helf to 1 1/h miles. The shortest one is terminated at its north
end by a transverse faulb.

Thig one-elghth mile long transverse fault trends northeast-
soutinrest. Upper Abo is against lower Yeso, downthrown to the
northwest. This fault ends against a small Abo inlier which ig
on ‘the upthrown side of another northwest-goutheast trending normal
fault.
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The latter is sboub 1 1/4 miles long, is down to the west, and
only slightly displaces the Abo and Yeso formetions. Similarly,
another fault (sbout one-querter mile east) is one mile long and
down to the west, although it has a slightly more northerly trend.
These two faults abub the prominent northeagt-southwest trending
fault near the northwest end of the mapped area. Upper Msgdalena
is against middle Abo indlesting a stretigraphiec throw of gbout
200 feet, downthrown bo the southeast. It ends against the fault
described below.

Next is & fault which trends generally north-south, is ovexr
2 1/2 miles long in the mepped erea and conbinues for another 2 L/U
miles into the northern parbt of the renge (McCleary, 1960, Fig. 3),
At the surface to the north, the Magdalens is on both the up (east)
and down (west) sides. ¥Farther south the Msgdalena is upfaulted
against lower Yeso, indiceating a stratigraphic throw of over 500
feel. Some Abo is on the upthrown slde, but mosgtly Yeso outerops
on both sides slong the rest of the faulb. A horse of Jose (reek
appears on the down gide in Section A-A' (Fig. 4)e Here a throw
of gbout 150 feet is showm on the top of the Abo. Note that this
fault dilsplaces the "root" of the overthrust north of Double Peak.
Although the exact locatlon of the southermmost part is obscured
by the complex dips, this fault s belleved to terminate againsh
the Double Peak faulb.

A recumbent cloged fold in the Yeso, inclined to the easb, wos
geen on the downthrovm (west) side of the north-south -tfending
fauwlt forming the norithwest boundary of the Jose Creek horse. Only
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gbout 100 feet of throw or less is shown on this fault in Section A-A'
. (Flge 4). Over most of its 1 3/4 miles length the Yeso formation is
on both sides. Its Intersection with a one-half mile long, nortiwest
trending transverse fault was the locus for a Quaternary intrusive.
Two other short transverse faults (one bifurcates) are mapped on the
upthrown side of this fault, and may be displaced extensions of some
of the faults on the downthrown side. This prominent north-south
fault also ends againgt the Double Pesk fault.

AL 1/ mile long favlt in the south pert of this structural
element is terminated by the Hot Springs fault 2t its north end and
the Double Peak favlt at its south end. Thisf avlt generally trends
north-~gouth, and is dcwnthfown to the west. Probably less than 100
feet of throw is present, for lower Yeso is at the surface on both
sides except where covered by Quaternary flows. Much silicification

and hematite mineralization is seen along the fault zone.

Double Peak and related faulibs
Perhaps the most complex structure in the northern part of the

mapped. ares is the Double Pesk fault. Apparently the movement has

been rotatlonsl. South of the "pivot point", immediately east of
Double Peak, the fault is an upbhrust (down to the east). North-
ward it becomes a normel fault down to the west.

The upthrust (south) part trends northeast-southwest for 2 1/2
miles. Yeso is exposed on both sides over most of this length, bub
the south end is covered by Cuchillo pediment gravels. A small

triangvler fault block of San Andres is mapped on the upthrown side,
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but the exposure is not large enouvgh to deny the possibility that these
limestones are middie Yeso. Detalled mapping on & larger scale would
show more highly contorted and faulted relationships in this much
disturbed area.

A dip of 70° W is seen on this fault west of the prominent San
Andres cliffs on the downthrown side.. On the west side, Yeso 1g atb
the same Gopographic elevation as the lower San Andres on the east
side. These displacement and dip relationships, plus some small
drag features comprise the evidence for this porticn being mapped as
an upthrust.

Beyond Double Peak, the fauvlt trends northward and finally curves
northwestward. This normal displacement part is over 1 1/2 miles long.
Accurste dip of the surface wae not measurable, but it appesrs neaxly
vertical or dipping s*bee:p.:l.y to the west., Yeso is down on the west
sgainst Abo on Section A-A' (Fig. U4) where a throw of about LOO feet
is shown. Abo and Magdalena contacts are slightly displaced near
the north end before the fauli ends againet one of the north-south
trending fauvltes discussed previously. Some dreg also supportes the
conclusion thet this north extension is a normal feult.

The threw-quarters of a mile long overthrust trending northwest
from Double Peak may be congldered & hranch of the Double Peak fault.
Middle Yeso has been thrust eastward over middle and lower Yeso.
Relationships have been greatly simplified to be shown on Section
A-A' (Fig. 4). Although the fault surface is slightly undulatory,
it does have an average Aip of 35° west. Multiple comtartions in
the Fowm of closed enticlines and synclines (trending north~south)
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are peen benegth the thrust sheet where the prowinent drainasge cﬁ’cs
across the trace of the fault. Folding is nesxly abgent on the
upper side, but & small monoclinal f£old dipping o the west was ob-
served south of the drainege. As mentioned previously one of the
north~south faults displaces the nortlorest end from its "root”.
The many closed and overturned folds to the west may be related o
this overthrust. However, recall the highly plastic nature of the
Yeso lest the disastrophig significance of this deformsbtion be
over-enphaslized.

Less than a nmile north of Double Pegk is a three-guarters of
g mile long transverse fault which parallels the northwestward
trend of the north end of Double Peak fault. It dropsYeso down. to the
west against Abo, but where Section A~A' {Fig. 4) crosses it, the
fault only displaces Yeso at tllle surface. The throw here is shown
to be asboub 100 feet or less.

Algo parallel and down ‘bo the west, bub to the northeast of the
Double Peek faulb, is another three:»qu@ggters of & mile long feult.
Tt displaces the Abo/Magdalena contact, yet this fault apl.aears to

die out a short distance bobth to the north and south.

Faults in the Saddle Peak area

Most of the mapped area east of the Double Pesk fault and north-
west of the Massacre Gap fault ls relatively undeformed. However,
this is typical of the east side of jl:h.e Fra Crisbobal uplift.

An obvious exception to- the above generalization is the prominent
set of northeast trending normal faults. The first extends for 1 1/2
miles from the Double Peak fault (intersection is south of Double
Peak) and appears to die out to the north in the Abo outerop. In
Section A-A' (Fig. 4) the Yeso is down-dropped Lo the east against
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Abo with a throw of over 600 feet. One excellent exposure of the
fault surface shows it dipping 62° E.

The second fault curves westward into the first one (described
above) at its south end, but also trende northeast for over 2 1/2
miles, ending at the Fra Cristobal fault zone. Althoush some ¢otm-
plex contortions are seen ab the south end, the throw is sboub 200
feet on Section A~A' (Fig. 4) where the Yeso is displaced. On the
other hand the throw increases northward to possibly as much as 300
feet where Abo 1s downthrown against Magdsalena. Another excellent
dip wes measured on this fault surface; it is 890 .

Much of the Saddle Peak area may be congidered as a northeast
trending graben with these two faults forming the northwest bound-
ary and the Massacre Gap fawlt the southeast boundary. As seen on
Section A-A! (Fig. 4), this graben is asymmetrical with the greater
displacement on the northwest side.

A one-half mile long spley fault, located gboub one-gquarter of
2 mile north of Sadqle Peak, branches northeastward from the fault
set deseribed gbove. It only slishtly displaces the Yeso, probably
less than 50 feet down to the soubh, and dies oub before reaching
the line of the Yeso measured section.

Hortheast of Double Peal is an eash-west trending transverse
fault ﬁearly one~half mile long. Lower Yeso is down to the south
agalinst upper Abo on this normal faulk.

Three normal faults one~helf to three-guaribers of a mile long
are mapped to tﬁe west of Saddle Peak, within the graben area.
Because they trend northwest-southeast they are classified as trans-

verse faults. Displacements are slight as only the lower San Andres
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and upper Yeso are involved. AlL are downbhrown to the wesb. Many
other small faulis are present, bubt are not maposhle on the pressnid

scale.

Magsacre Gap fawlt

The Massacre Gap faulbt is nearly 3 wiles long, and 1s expressed

by a prominent northeagb-southwest trending drainsge which cubs
through the southern part of the Fra Cristobal uplifd. A projected
- bage of the San Andres from Triangle Mess and the ridge of Saddle
Peak to the Massacre Gap fault would probably sherr & theow of less
than 100 feet. On the other hend the displacewment down to the
northwest is unusual, and 1t forms the southeast side of the graben
in the Saddle Peak aree mentioned earlier.

Yeso is on both sides of the fault over much of its length.
Poor exposure does not permit religble extension of the Massacre
Gap fault to the southwesbt, but it sppears to end sgainst a
northweshb-goutheast trending fault. To the northeast 1t displaces
the Yeso sboub 100 feet or less as seen on Sechbion A-A' (Fig. 4).
The unususl situstion of Abo on the downthrown side adjacent to
the Yeso on the upthrown side is explained by the small displece-
men. and the fact that the Abo is much lower in elevatlon. Further-
more some small‘paﬁches of Abo are not mappeble on the up side. The
Massacre Gap fault terminates to the northeast against the Fra

Cristobal Tault zone.

Faults east of Massacre Gap
™o northeast~southwest trendlng normal Pfaulbs are seen on the
east end of Sectlon A-A' (Fig. 4) west of the Fra Cristobal faulb
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zone. They displace the lower and middle Yeso down to"bhe east less
than 100 feet. Each 1ls less than three-quarters of a wile long, bub -
they asre terminated at both ends by other faults.

An east-west transverse faulbt less than one-~-half mile long is
mapped south of the faults described sbove. It normally displaces
the Yemo only slightly and is down to the north.

To the southwest 1ls a northwest-southeast trending normal faulb
over one mile long. Although Yeso outerops on hobh gides, the strate
igraphic throw may he over 100 feeb. It ends against the Fra Cristobal
fault zone and the Masgacre Gap fault. No evidence was seen for its
egquivalent north of the Massacre Gap faulld, butb 'hara it may be a
strike fault and therefore hard to debtect. DPossibly it msy lie be~
neath the 166-foot covered interval (Unit 19) in the Yeso measured

section.

Fra Cristobal faull zone
The prominent eastern boundary of the Fra Crigtobal uplift was

named ‘the Fra Cristobal fault zone in the earlier work (Thompson,

1955). It inbersects the western boundary faults at both the north
and. soubth ends of the range. The fauwlt zone {trends noxfpheast and
north in the southern part of the Fra Cristobal Range for 6 miles.
MeCleary (1960) mepped it with & north and northwest trend for an
additional 10 miles in the northern part of the range. .

At lesse two normal faults are present in the Zone. The east-
ern one ig well expoged only at the south end where Mesaverde on
the east is downthrown against Sen Andres. Steep 81° dips to the
east indicate pronounced verticel drag. Much silicificabion and
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hematite mineralizabion are present. Northwaed this favlt is mostly
buried by Jornade pedimenbt gravels.

Fast of Shotgun Ridge the western fault emewvges from beneath
the Jornadae cover where it intersects or branches from the eastern
fault. Only the middle Yeso is displaced, bub sbundant silica and
hematite mark the fault trace. About 250 fest of throw is shown
on _Secjbion B-B! (Fig.l), whereas on the easbera faulbs probably
Mesaverde is ageinst "“‘.s.’eso with & posslble range df gtratigraphle
throw from 1000 feet to as much 3500 feet. e Quaternsry ln-
trugive ce.n'ber's agsociated with Shumexrd Cons appear to be ralated
to the Fra Cristobal fault zone.

North of Shumard Cone reworked Mesaverde is seen in the Jornads
bolson deposits near the position postulated for the burled eastern
fault. In some of the draineges a short distance to the east,
very small oubtcrops of east-dipping Mesaverds sandstone are observed.

The two faults msy be coincident west of the small ocuberop of
Mesaverde. However, they undoubbedly separabe sgain to the north.
Over 300 feeb o:E‘_ throw is shown on the western faulbt, Section A-A!
(Fig. 4), where Yeso is exposed on the upthrown side and seems
likely to be present on the downthrown side under the Jornada cover.
Here again the probability of Yeso against Mesaverde on the east-
ern one indicabtes a stra‘b.igraphic throw of 1000 to 3500 feetb.

At the northesst end of the mapped ares ths western member
of the Fra Cristobal faulld zone is exposed. Limestones of the
middle part of the Yeso are downthrown against Abo and Megdalens.
This suggests a maximum stratigraphic throw of sbout 1100 feet.
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In the northern part of the range the western fault dies out
into a synecline, The eastern fault remains burled, but probably
intersects the Hot Springs fault beneath the Quaternary lavas a

short distance north of the Fra COristobsl Range.

Other Strucbures

Some folds and a multitude of faults could not be mapped on
the present scale. Along sowme faults are many small definite
drag features and local weird contortions.

Joints were not emphasized in the present investigabion be-
cause of the abundant faulting. Moreover, the good exposures
eliminated any need for indirect evidence of major structures
from joint studies. On the other hand, many shear and tension
fractures were obsgerved vhose orlentatlons confirmed fold trends
and fault movements.

Several non-diastrophic structures are present. One of the
main advantages in re-mapping this area was the previous experience
with the possible slump, collepse, and solubtion structure dips.
These dips were eliminated wilth a great deal of certainty during

this revision.

Struetural Anslysis and Interpretation
Following the desecrdptions of structures in the previous sec-
tions, this pert is devoted to analysis and synthesis of the data
presenbed. Three major periods of deformation are distinguilshed
- Laremide (%), middle Tertiary and upper Tertiary. Age determina-
tion by analogy to the structures of the Caballo Mountains (sme
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Kelley apd Silver, 1952) is nécessit&ted by the fact that wost
of the rock unlts of nearly the same age as the fuldlog and

faulting have been removed by erosion.

Laramide folds and faults

Overturned folds and thrust faults are chavacteristle
structures of late Creftaceous to early Terbisry -- or Laramide
~~ age in this region. Trends are generally to the northwest
or north, and the usual direction of asymmetry and thrusting
is eastward.

Many of the closed folds in the northwestern part of the
mepped. area appesr to be of the Laramlde type (see Section A=AY,
Fig. 4). The northwest trending closed and cverturned folds
adjacent to the Hot Sorings fault are asymmetrical to the north-
eagh. Their vertical exbent is probably confined to the Yeso
formation, for they are too tight to be projected very far upward
or downward.

Also the northwest trending faults in this ares avre considered
as Iaramide, but the steep dips on the upthrown sides suggest
asymuetry to the southwest. They displace the folds, and therefore
are younger., On the other hand, these faults are displaced by K
north-south faults, and are probably older.

Movenents along the Double Peak fault may have heen complex,
but a simple explanstion is posalble. Initially it msy have been
an arcuste normel fault, convex to the east (as it is now) and down
to the west. Sevepral faults terminate against it, and because no
offsets are seen, the Double Peek fault is probably an older struct-

ure. ILster the overthrust (directed to the east) merged to produce
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the upthrust on the southern part of the Double Pesk faulbt. Ane-
other possible, but seemingly less likely, interprebstion Wou_de.
be for the high—angle? fault dipping west to have ‘béen subjected,
to rotational movement with the west slde displaced such thelt the
north end wag down, and the south end was up. The weakness lies
in the failure to explain the overthrust which developed north-
west of the pilvod point.

What significance is attached to the faet that above the over-
thrust 1s gentle folding, whereas below is conplex, tight folding?
Could be that the up side remained passive during an underthrust.
Comparatively, an underthrugi has a greater meclianical advantage
than an overthrush. However, the complex folding may be a resuli
of higher confining pressure beneath the thrust deforming the
plastic Yeso formation.

Later normal. feulting hes displaced the root of the over-
thrust. The small recumbent fold (asymmetrical to the east) west
of ‘the Jose Creek horse nay have been related o the overthrust.

Some of the north and northeast-trending faults between the
Hot Springs and Double Peak faults may he upthrusts. The few
east dips adjacent to the Taults may be drag. If so, these faults
should also be included in the Leramide age group. However, they
are mapped as normal feaults because they appear to dip steeply to
the west in the same general direction as most of the beds.

Objectively one may question the diastrophic significance of
these relatively low displacement faults and complex folds in +the
<pla.stic Yeso formgtion which are classified here as Laramide. If
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they appeared in more competent beds, definitely they would be
analagous to the other Laramide structures in the region. Pro-
blems of this kind may be solved if enough gquantitative data on
strength of materials were svailable, but such considerabions are
beyond the scope of the present work.

Could such overturned folds and thrusts be a mere byproduct
of Pertiary normsl faulbing? Ie it probable that the northwest
trending faults with steep drag developed es transwverse faulibs?
Because most of the Tertiary faults are of the normal gravity
type, very complex secondary forces (including horizonial com-
pression) would need to be postulated if all of these structures
were attributed to the same deformetional pericd. Therefore, it
seems more likely that a separate Taramide orogeny produced these
complex structures in the northwest‘ part of the mapped area.

The northwest trend of the overturned folds and the over-
thrust fault suggests that the principal Iaramide force axis should
be a horizontal compression oriented northeast-southwest. The
asymmetry and thrust direction to the northeast implies an unequal
stress ..digbribubion. Secondary dilatation following the compression
probably produced the tension perpendlicular to the northwrest trending

normal. faults.

Middle Tertiary folds end faults
As in the Caballo Mounteins most of the normal faulting in the
Fra Cristobal area seems to have occurred during middle Tex:’ciary,

probably Miocene, time. High-angle, normal faults with vertical
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drag and slickensides eve characterisbice Trends sre usuvally
oriented north or northwesht, rarely northeast. The faulbs of
this age group displace the Daramide structures, and in bturn are
displaced by the upper Tertisry northeast trending Faulis. .

Uplifs of the Fre Crisbobal, ﬁorst and relative lowering of the
Rio Grande and Jorneda del Muerto depressions were the most sign-
ificant developments during this deformatlion intervel. Accompanying
the uplifbt, or slightbly preceding it, was 2 gentlie warping. Most
of the evidence has been masked by laver faulbing, but the broad
syncline in the Abo formation (near the north end of ke mapped
area) probably was formed then. | |

Also it is Likely that the Fra Cristobal anbicline beyond the
south end of the uplift is a soubhern remmant of a large fold which
wes later broken by the boundary faulbse The postulated large
syncline to the west is only expressed by ‘the general convergence
of dips in the Cretaceous beds, but it has been disrupted by
younger faulbs trending northeast. Even the gentle syneline in
the Ash Canyon, which may be a remmant of the axial porbion of the
larger downfold, trends parallel to the younger faulbs.

In spite of the rather small displacements along the favlt
limiting the southwesbt gide of the Fra Crigbobal uplift, this fault
does provide a deflnite physiographic boundary of the ranges The
pronounced southwest dips in the San Andres outcrops, and also the
less steep dips on the downthrown slde in the CGretaceous beds,
suggest a monocline or & west linb of a large anticline existed
prior to Laulbing.
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Consldering the view in Section B-B', Fig. 4, the southwes’
boundaxy fault and the parallel fawlt o the norbheast seem to have
displaced the west limb of an antieline. This fold was probably
the northward extension of the Fre Cristobal anbiecline discussed
previouslys However, farther norih, especially slong the parallel
fault o the northeast, the older structure may have been a mono-
cline. Genble southwest dips on the west slde of Twiangle Mesa
give way to much steeper dilps, and fionelly lLow dips in the Cubtber
802

Adjacent to the Jornada del Muerbo depression the east dips
along the southern part of the Fra Cristobel fauld zone iwmply
that here the east limb of the antlel tne was faulbteds Norbth of
Shumaxd Cone the dlps are more errvabic, less indicabive of a previous
folde The northwest (nowth part) and north (middle) trends of the
Fra, Cristobal feuld zone parallel other :E‘a.ul-‘bs of the wmiddle Teritiary
deformations Ab the south end the northeazst trend mey be explained
1f the pre-existing large anticline plunging 4o the soubth actually
controlled the posgition of Gthe Fra Cristobal faulb zone.

Locally the faults in the Shotgun Ridge - Trisngle Mess asvea
have large vertical sepsrabilons. On the whole, however, they are
relatively inslgnifilcant. They are consldered merely as adjustment
Peults of the main period of uplift. Possibly the fault on the
southeast side of Triangle Mesa is of much more recent origine. Ibs
rotablonal movemend, with the throw increasing soubthward, may have
resvited from slumping of the protruding edge of the San Andres
Limesbone outerope
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The only important noritheasgt trending fauvlts within the Fra
Cristobal uplift bound the Saddle Peak graben. More digplacement
is seen on the favlis to the northwest than on the Massacre Gap
fault. In the esrlier work (Thompson, 1955) these faulbs were
thought to have had sbrike-slip movemenbs. Re-examinabion of the
evidence demonstrates only veriical movements. Mainly for this
reason, they are idncluded in the middle Terbiary group. No explan~
ation is readily apparent for the anomslous northeast trend. The
short transverse faulte within the greben are of the small adjusb-
ment type.

In the northwestern part of the mapped arvea, the north-south
faults which disrupt the Leramide struchbures are believed to be of
middle Tertiary age. Nobt much displacement is indicabed, bub the
Jose Creek beds in the smell horse are over 4000 feeb below their
normal stratigraphic position. Just why the horse is located
immediately west of the Klippe is an enigma. Surely such results
of extreme tension and extreme compression are attribubable to
separate deformation pericds.

Movement along the Hob Springs faulh has been recurrent, bui
prqbably began in middle Tertiaxry. Vertical displacement is do-
minant where 1t forms the west boundary of the Fra Cristobal up-
1if%. Clearly it 1s younger than the laramide structures it disrupts.
On the other hand, no fanglomerate facles appears in the Santa Fe
formation {also reported to bé Miocene in age) where it sbubts the
Yeso formatlon along the Hot Springs fault. Therefore, the move-
ment here is judged to be post-Santa Fe in ege. Estimates of the
stratigraphic throw 1s compllcated by the likely possibility that
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the Santa Fe overlies ﬁifferent age rocks along the strike of the
fault. Actbually it may weli be part of a fault zone with several
blocks‘ dropped down o the wesb.

Unfortunsately the Cuchillo pedimend gravel conceals the south-
western end of the Fra Cristobel uplifte Many significant facts
conceraning the bounding faulbts, especlally the Hot Springs faultb
would be learned if ‘bthe cover were not present. The most serious
problem 1s the relationship with the younger faulbts in the Cubier
sag to the south. '

From the evidence aveilable, the principal force orientation
é.u:c‘i:lg niddle Tertlary was probably an earl: ueasb-west. horizonbtal
compregsion of Limited inkensity (producing the folds), Followed
by an effecbive easb-west horizonbal tension of much greatey mog-
nitude (producing the faults)s Differential vertical uplift could
have produced the tensions Several of the small faults formed
during This time were probably of near surface origin and only
extend to shallow depbthse However, some of bhe larger ones, es-
peclally the Hob Springs fault and the Fra Cristobal fault zone,
may displace Precambrian basement. DMoreover, some confining pressure
was needed to permit development of the pronounced dreg observed
along the faultse

Upper Tertlary folds and féml‘t‘.s
The lash important deformatlon within the mapped area probably
oceurred during upper Tertiary (Cascadian). Recurrent movements

along the middle Tertiary faults may have taksn place, bubt the most
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significant development was the orlgin of the northeast trending normal
faulbts with strike-slip components in the Cubler sags They displace
the older, northwest trending faulbts, but do not zppear to dlsrupt the
Quaternary lava flowss

South of the Cuchillo pediment geavel the Hob Springs faulbt brends
northeast, and this part ls interpreted &s upper Tertiarvy in aé;e. A
great deal of ibs length is covered by Elephant Bubie Reservoir.. Hewrw
ever, some lmportant reletionships were studlied east of Black Bluff
Ganyons

Two branch faulbs down-drop the Jose Creek and Santa Fe formation
to the west, but the main favlbt-line scayp and trend of the Hot Springs
fault continues northeastward and displacses only bthe Mesaverde. Thesge
two blocks mugh be loca.l. structures, for Santa Fe is faulted against
Hall Yeke south of Black RBiuff Qanyon, and Santa Pe is against Yeso
farther north on the west side of the Fra Cristobal uplift. On the
north side of Black Bluff Canyon, & volcapnle conglomerabte facies is
prasent in the Santa Fe adjacent to the westernmost of the branch
faultss The Lithology is very similar to pawbs of the Jose Creek. If
derived from the Jose COregk, the conglomerate could suggest a Santa Fe
(Miocene?) age for the breanch faulbss

On the other hand, strike~slip movement is indicated on the maln
part of the Hot Springs fauld in this areé,, and by enslogy is5 more
characteristic of upper Tertlary faulbing. In the earlier work (Thompson,
1955) righb-lateral movement was mepped. Although the evidence is not
as clear as on some other strike-slip fauvlis, this revision sbudied the
fault in deball and chenged the interpretation to left-lateral based
on drags
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Becuuse Kelley and Silver {1952) hed suggested lefb-laberal
direg on the Hob Springs fault in the Ogballo Mounbalns, the rlghb-
lateral. drag discussed in the earliler work appeared incongruous.
Howevar, several poasible explanstlions were given for the occurrence
of opposlte wovements along the same sbrike-slip fault. The gen-
eral loglc of these explansbions l8 gblll valid, bub this revision
of the date to show left-~lakeral, drag in both avess eliminetes the
need for the complex interpretations

Perhaps the best evidence of sbrile-slip movement in this ares
1s the large, obvious right-lateral drag structure (east of Flying
Eagle Canyon) along the Double Canyon faulb. The "synelinal" dvag
on the west (downthrown) side i more sbeeply and bightly folded
than the broad, south plunging "anblclinal" drag on the east {(up-~
thrown) side. The noptheast trend of the fault suggesbs the
laberal movement was upper Terbdizwy ia ages However, the amount of
horizontel displacemsnd 1s pro‘blema"hic..- Almost no offget 1s seen
in the trend of the Terbiary dike where it crosses the fault east
of Double G‘anyon-‘ Of asourse, the dike may be youngsr than the faulb.
No other structures are correiative on opposite sides to perwmit
estimates of the strike~plip separations

Another northeast trending fault, of probably upper Terblary
age, exhibits righbelateral drage On fhis Fault (abous 1 1/2 miles
northeast of Iitble Kettle Mountain) the "synclinel" drag is pro-
minent on the west (dowmbhrown) side, bub no corresponding "anti-
clinal" drag islaviden'b on the east (upthrown) side. An explanation .
of thig phenomenon must await more definitive data on the plastic bew
havior of rocks during deformablore
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Along this seme favld note bhe one-guarbter wmile right-latoral
geparetlon of en eagb-northeast trending brensverss feauld, with
Meggverde on ite upbhrown (northwest) side end Jose Creek on lbs
downthrown (southeast) sides It is uncertaln if the offset is due
to strike-5lip wovemend, because it mey be explained by normal
dipplacement and erosion along the longitudinel faelib.

Alluviel cover obscures the scbual relatlonships ab the south
end of this favlts I indeed it terminates agalnst the east-northeast
trending transverse fault the labter mey be considered as the older
structure. Some attention should be given to the possibdlity thab
this longlbudinal fault mey be en in eschelon (disconbtinuous) re-
lative of the Double Canyon fault, which seems to die oub nortiward
gt aboud the same labtltude as the soubhwerd termination of this
faulb,

No definite latersl dreg or offseb wae observed on the northe
sast trending longltudinel fault which forma the northwest boundary
of._‘ the Ash Canyon oubcrops On bhe obther hand, the somewhat involved
trangverse Laulting on bobth sides of the fault may confuse such
evidence, Nevertheless, ncte the generally consistent spuﬁhes,si; dip
on both slides. The obvious axception is the east Linb of the
steeply plunging syneline ian the Josge Creek northeasb qf Ketble
Mountain., Could 1t he thab bhis fold is an expression of righb~
lateral dreg? Although the possibility mmy not be denled, it zeems
untikely thet drag would be found only in one place along & faulb
unlass 8 complex structural history had oceurred. In sxny eventb,
this northeast brending syneline sppears to be releted to the bound-
ing faulte.
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Silmilarly ﬁhe syncline in the Ash Canyon itrends northeast,

perslleling ibts longitudinel boundlng fauliss Recall thet this gentle
‘ downfold was designated as a possible remmant of the sxial portion of
g much larger fold formed during middle Tertisay.

Along the southeast boundary fauls (of the Ash Ganyon ouberop),
small, right-laterel drag features are seen nesy its north ends This
fault does dlsrupt one of the noxthwest trending, middle Tertiary
faults, bub the amount of latersl separsbion ls insignificant.

The eagternmost (west of the Fra Cristobal anticline) of the
wpper Tertiary longltudinul faults does nob show any obvious suge
gestioxf;?trikeuslip movement. The factk that its south end, and
the offset o The norbth, btrend north-south could iwmply that atb
least parts of the fauld were originated in middie Tertiary tims.

Development of the transverse faulbs bebween the longitudinal
ones may have followed one of geveral patierns or counbinations of
theses Perhaps the moslh interesbing possibility pertains to an
origin associated with the strike-slip faulbing. Anslysis shows
the maximum compression axls o inbersect a given stiike-slip fault
such that an acute angle ils formed, with the apex on each gide
pointing in the same directlon as the relative labsral zﬁovement
arrowss Fracbures should develop parasliel. 4o the maximum coms-
pression, and therefore perpendicular to the meximum teansions Subw
sequently duming later uplift these frachures could become normal
fanlbs.

Note that the acube angle (although somewhat larege) formed
by the norbhwest trendlng transverse faulis, In the vieinity of
Little Xetitle Mountaln, polnts in the same direction as the left-
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Jataral wesow on the southeast aide of the Eob Sprlars D25,
Similaxrly, the branch favlts east of Rlack BLulff Canyon inbace
sect ab an angle also In accord with the left-lateral arsow.

Alzo the eaghb-northeast brending trensvercse Faulbs eash
of Litble Kebile Mounbtain make acube angles with the Double (anyon
feult, end 1ts in eschelon relebtive to the noriheash, corresponding
to the righit-laberal. ervows on these faults. Other @saumlies msy
be cited.

Conversely, many of the transverss faulbs form an aculte angle
polnbing opposite to the strike-slip geromrs.  Foend Lrdoummet oss

could explain this relationship as due B & segwmdsyy bension zesulbi

iy

from elagbic dllatation after the priwmucy compresslion. Foweser, wssy
other explanabtlons mey ssem just gs Likely.

The orilentation of transverse faulis may be uvsed to suggest ao
origin relabing to assoclated longitudinal sbrike-slip fexdbs. Cone
versely, it is 1llogical to abbempt to prove strike-siinp movement
A baged on the crlentabion of transverse feudis alone.

Some of vhe small faulbs mey have had a local development. The
three ghord strike-slip faulls near Kettle Mountain, dwo lefi-latersl
and one right-lateral, indicabe a local horizonbsl compression
oriented northwest-southeast.

In spite of the spectacular evidence of strilks-slip components
of movement along several. feulbts in the Cutber sag, the dominant
movement in upper Tertlary was veridical. Nearly sll the faults are

gprimarily normal faulbse
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Mony trensverse faulbs displace or terminabe sgalnst the longin-
budinal ones, and therefore the latber sre considered olders Never-
theless some of the transverf'se“‘:i‘aults are offset by the longitudinal
faulbts such that the latter are probably youngers However, it seems
likely that both the longitudinel and trensverse faulibs developed
more or less conbemporanecuslys

The main effectlve force ordentabion dueing upper Terbiary in
the Cubber sag is considered o have besn with the maximum compression
axis verbical (gravity), the intermedisbte axis trending northeast-
southwest (parallel to the longitudinel fewlts), and the least exis
trending northwestwsoutheast (meslmun tension). The origin of most
structures in this avea mey be explained by this principal Fforce
orientation, or resuliing seconds and third-order divechbions.

However, in at least two cases the in-bermeaié,te axis was
oriented northeast-soubbwests In one such case the effective maxi-
mm foree was directed northesouth or norihwestb-goutheast to produce
the lefb-~lateral drag on the Hob Springs faulbt. In the other, the
mekimum force was directed about eastenortheast -- west~southwest
to produce the wrighb-labersl drag on the Double Canyon faulbt and
1ts relative to the norbheasts It 1s Likely that these -Eheore'bical
orientetions moy be only possibllities, 1f the forces produced the
lateral, movements along previously exisbing faulbse ALuy of & nearly
o0° spread of foree divections could be used bo explain such move-

nentss

Quaternary faulbs
No wndissected fault scarps were observed wit. in the mapped aves.
Yot parts of several feaull or veseyuent fault-Lline scarps swe only
glightly modified.
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Possibly the entire Quaternary deformation was confined to move-
" ments on pre~exlsting :E'au.’l.ts; Few fauvlts disrupt the Quaternary lava
flows; however, note the displacement suggested by the map relation-
ships along the Hob Springs feult west of Double Peaks UNearly all
of the basalb e:';trﬁded from the intrusive ceaber has been eroded
from the upthrown side, whlereas flows ebub the fault or the downthrown
side. On Ghe other hand 1t 1s possible that these Tlows were extiuded
from the faulbe |
Origin of the Quaternary baselt cones and flows is believed to
be incidental to, rather then a cause of, faulting in this avea.
Fault zones appeéar %0 be the loei. for centers of lgneous activity
(esgs Shumerd Cone)y No radial patterns ave present to suggest thab
intrusion pleyed sny active pole in structural development. |
Finally, evidence that diastfophism has continuved to Recent time
1s glven by recorded Aea(ﬁthquékti in the x'egiori. A newsinaper aécdﬁnt
stabes that one ogcui*red Februaxy 22, 1904, 1:00 awns suggesting that
fissures iIn the Sgn Marclel lavs, flgw opened, up "large enqugh to
conceal a horge and rider" (mqmnréndqm from Dre Se As Northrop,

August 13, 1954)

Summary and Conclusions
During the Lervsmide orogeny nowbthwest trending normal faulis,
cloged and overturned folds, and thrusis were formed in the northe
west part of the mapped areas The principal direc’cion of thrusting
and agymnmetyy 18 to the east and norbtheasts However, much of the
complex structure mey exist oniy in the plastic Yeso formation, and
may nob be refleeted in the move competent older and younger bedss
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Yertilcal uplifd during piddle TPertisry bime produced open folds
and normal faulbs with dominant nowgh to northwest trends in the Fra
Cristobal uplifbe Mosb of the melief of the uplift relatlve to the
adjolning Jornads del Muerto and Rlo Grande depressions eulminated
in thig deformations '

In oviee upper Tertloxy ‘gime & prominent set of northeast trending
longitudinal I:f'aul"qs davelopad ln the Cubber sags ALl are normal faulis
down to ‘the west, but some show evidence of strike-slip movement.
Rightwlateral drag is obvious on three of ‘these faullts, and Lleft-
lateral, drag is falrly evident on ones Many transverse normal faults
(and a few open folds) were fowmed bebwaen the Longitudinal oness

The time divisipné quoted shove are arblirarily based on the
figld evidence avalleble and analogy with other aveams, Disstro-
phism mey achbually have baen conbinuous from the beginning of the
Cenozole era to the present Gays |

Trends wers useful In grouplng the major strucbupres of the
same agese Locel evidence ab intersectlons was generally employed
to determine the relative ages of dlffarent trendss, However, such
analysis 1s limibed by the fact that no one frend ls necessarlly
confined to one sge groups Furthermore, structures of the game age
groups mey heve had difffevent owientatlons in different éreas.

Force analyses were dlsoussad for each important deformatlon.
Wide deviations of the axis orlentations in both time and space are
noteds Couplaes could have besn gubsbliutad for effective compressions,
In most cases 1% was asswned that the forees producing the inltial
fractures were the same ones that produced subsequent fawulbing.
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Judzing by the low amounts of wvertical displacement on many faults,
they may nob exbend to basement. Tension probazbly was move imporbant
than shearing as inferved from the consplcuous absence of breceis,
mylonite, et

One of the most lmporfent lessons learned by the pi'eaemt guthor
during this revision is that there is no substitute for good vision
and experience in field worke Quality of such elemental dats as the
strike~and-dip depends upon one's abllity to ascertain true bedding,
slunp, eroslon and many of bhe other pitfalls confronting the beginning
geologiste Furthermore, thg mere lndigeriuinabte gathering of field
deta does not copstitute an end In lteelfs Depending primerily on the
scale of the wap and the grade of structures to be shown, careful
abtention must be glven to the data selected for mapping, lest a
disborblon of very locel slgniflcance be included which would confuse
structural, analysess Orly through exgperience can such judgment be
deve:!:opedo |

In splte of the tremendous increase in quelity of data, the map
of the_ current report is qulte sindlser to that of the original work.
Aldhough many of the previous. Interprebations still hold true, several
ware reviged or dia:ca.rcled, espeelally wilth regasrd bo strike-glip
Faulting.

One of the most inkerastlng structures within the mapped ares isl
the Hot Springs faulte vhere it forms ﬁhe wesbern boundazy of the
Fra Celstobal uplift 1t teends north snd northwest, parelleling the
shrustures of wmiddle Tertlary ssde Clearly the faulb is younger
than the Levamlde folds and faulbts thabt terminste sgainst its Here
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also bhe Hot Springs fault ls probably younger then the Sanbe Fe
formatlon it dipplacess Movement may have been recurrent in Quater-
nexy time, for the basalt flows appéar to have been displaced.

Farther soubth the Hob Springs fault burns to trend northeast,
paralleling the structures of upper Tertiary sges Here it separates
the Cubter sag frow the Rlo Grande depressione Movement on this
apparently youngaer part of the fauld msy have begun in SBanba Fe time,
for a voleanic conglomerate on the downthrown side of a branch faxdt
seems bo have been derived from the Jose Creek on the upthrown side.
Some lateral displacement is indicsted on the wmain part of the Hob
Springs faulbe The previous interpretstlon of right-lateral drag is
discarded in favor of the later dlscovered lefb-laberal evidence,
However, ‘the drag 1ls nob ag clearly developed as on the wight-lateral
feulbs bo the easbe |

Gragtar displacémenﬁs {both normal snd sbrike-slip) on the faulis .
on the west side of the area, and bhe fact that meny of them sre down-
thrown to the west, suggest thak’tha Rio Grande depwession (Bngle
basin) has had s more complicabed structural history than that of'
the Jorneda bo the easts Perheps the date end interpretations given
in this texbt on the Fra Cristobal. uplift and Cubber sag will be of
some help in prediebing ond wdsrgtanding the structures of these

adjolning depresslons.

T3



GEOLOGIC HISTORY

Afger the Precarbrian orogeny, metamorphlswm, and intrusion,
the Ira CGristobal, ares was sublected to seversl broad warpings bo
the south which gave rise to local unconformities in the dominantly
carhonate pre-~Permlan Paleozolc rockss The sharp change from a
marine environwendt in the Pennsylvanian period to a conbinental
Tloodplain enviromment In Permlen Abo biwe sppears bto have been one ¢t
conformitys A gradual change back to marine-conditions is indicated
by the Yeso aad San Andres formetiongs

If depogition rneurr@d during Teisssic, Jurassic, or Lower
Cretaceous, the evidence has been rvemoved by subsequent eroslion.
Clastlic sedimentztion dominated in Upper Cretaceous and Tertiary
times The Dakoba sandstone is the basal wnit of a narine trans-
gfessions Dark gray shele in the lower Mancos is & conbtinuation

of the transgression,buv the green shale in the upper part suggests

| a regresgion and trénsitiqn 1ubo the continental facies of the
Mesaverds,

Conglomeratic wnibs in the upper part of the main body of
the Mesaverde formation and in the Ash Canyon member reflect the
begimnings of the Tarawide disburbances Rapid subsidence allowed
for deposition of orogenic sultes of mediments contained in the
Jose Creek wember of the McRae formatlon. In Hall Ioke time flood-
plain sediments ware depositéd at a glower rate. Finally the
deformation reached 1ts peak producing overturned folds and
thrustse

Tha



In middle Tertisry, uplift of the Fra CGplsbtobal Fmnge elong the
Hob Springs fault was smccompenied by the deposition of the Sanke Fe
formation 1a the Rio Grande depression. Open folding snd normal
Fauliing ocourred during this period as did the broad warping of the
Jorneda del Muertos '

The upper Ferbvlayy deformation in the Cubber sag consisted of
high-gngle fauliing, horlzonbal shearing, end local cpen folding.
Dissipation of this diaghrophisn probably has conbinued to the pre-
gent daye -

Dagalt dikes were intruded in lebte Terblary tims. I ssxly
Quatiernary, pediments began bo Lform on the slopzs of the Fra Ceistobal
uplifhs Bosalbic cobgs erupbing along major faults covered the ped-

iment suvrfeces wlth lave flowss



DESCRIPTIVE STRATIGRAFPHIC SECTTIONS

Southern Part of the Fra Cristobal Range
Slerrs County, New Mexico

Sho‘tgun Ridge Sectlon
Sece 1, T.28, R3W (projected)

Tocated about 8:5 mlles northwest of Engle, New Mexico, accegsible
by following the road along the Santa Fe Railway north of Engle 6.6
miles and turning left (west) onto a jeep srail; section begins (Unit
1) aboubt half way vp the north slope of Shotgun Ridge, traces around
to the east side, and ends ab the top of the ridge; messured from
bobbom up; traced across one emall fauvld; dips range frop 13° to 70
to the southwest and wesh: semples were collected from each wit.

Top Eroded (Crebaceous Dskota sandstone overlies Permlan San Andres
limestone on down-favlted block west of Shotgun Ridae,)
Sen Andres formation (Permien):

Tnit Mo .
¥Moin limestone members (fop eroded, esbimabted 200!
: o below base of Dakata)
L LibmgtONE:  medlumebedded: upper part -~ dark
brown to brown, dense o finely crystalline,
some algal fragments; middle pawrt <= dark
brown, dense to Linely cyrystalline, slightly
fractured, browny dense to finely crystalline,
sucrosicy, and tan, finge o mediuvmwgrained
calcarenite; lower part -« ton to white, dense
to Linely crystalline, "marker bed", chally,
fragmenial, fractured, and dgrk brown, dense
o Linely crystaelline, slightly fractured,
some large vugs filled with celelte; entire
- wlt weathers browm, dark hrown, and forus
glope on top OFf P1dZQesevvairseviisvaavrnnes 821 6’

Thickness  (um.

3 LIMESTONE: medium~ bo thick-bedded; dark
brovn; dense, micritie, slightly fracbured,
caleite filling; deep weathering; ledge..... Lot 12zt

2 LIMESTONE¢ +thine to mediumwbedded; lightbrown,
broyn, and dark brown; denge to finely
erystalline, nieritic; several fractures
and some vugs f1lled with caleite; slopeecs. 361 160!
{aliift bo north end of Shotgun Ridge)

L- LIMESTONE: medium- $o thlckwbedded; upper
pexrt -- Light browa to brown; dense to finely
crystalline, micritic, slisghtly fractured,
with calelte £illing; middle part -~ brown,
denge to finely crysballine, fracbured, and
dexk brown, dense to finely crystalline,
fragmental, slightly skeletal; lower part —=
brovn to dark brown, fine %o medium crystalline,
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Undd No.

Thlokness

Cuam,

some calearenite and replaced fossil frege

ments, minor chert nofule concretions; entire

vnlt weathers davk brown; very prominent -

ledze; some poorly preserved naublloidSess. 96!

Trangition meuber:

7

LIMESTONE AND SANDSTONE: interbedded, med-
ium-hedded; linestone -- %an, fine to medium
crystalline, and brown, dense bo finely ceye
stallive, slightly cheriy, some calcarenite,
some skeletal (replaced ywith caleite); sand-
store (near base) -~ white, weathers brown,
guartz, calcareous cement, medlium- Lo coBrgew
grained, well rounded, slightly friable,
weathers hrovn: ledsCBesvsvssravassenssnsns ot

SANDSTONE: thick-bedded: white, weashers

dark brown; quarbz, caliareous cement;

medium- Lo coarse-grai.ed, well rounded,

slightly Trisble; very prominent lodgeecess 13!

LIMESTONE AND DOLOMITH: dinberbedded, medlume
bedded; limestone -- browvn to gray, dense w0

finely crystalline, mleritilc, slightly frac-

tured, calelte £illing; dolomite (increasing

in lower part) =~ light brovn, fine to med-

ium crwysballine, slizghbly fraetured, with

some small veinlets and vugs filled with

CalCite; ledges‘n.nun-..o-.-.un.-...... 33‘

DOLOMITE AND SANDSTONE: {poor exposure)
interbedded, thin-bedded; dolomlite -- hrown

to dark brown, finely crystalline; sandstone

-~ yvellow Lo ban, gquartz, calcareous cement,
limonite stain, subrounded, well sorided, well
cemented; SloDRessentvesvserssssverscssnnne 8!

DOLOMITE: +thinebedded; browvn to daxk brown,
finely crystalline; fractures filled with
limonite and hematite; noduler weathering,

ledgeunuunuuu.....n.a............. 3!

DOLOMITE AND SANDSTONA: (poor exposure),
Interbedded, thin-bedded; dolomite -~ browa

to dark brown, finely crystalline, slightly
fractured; sandstone -~ lLlght gray to tan,

quartz, with dolomitic and siliceous ceuent,

some hemstlte dve to weathering, very fine-

grained, rounded, well sorted, well cemented;
SJ.OPBOOUUOGlt.qi.t..titll(.d#o.cb‘tildtilf. 1L

e

2567

obh

297"

336"
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Undt No Thickness Cuine

1l DOLOMEUTE:  bhin-bedded; brown to dark brown,
finely crystalline, mieritic; vertical, frac-
tures £1illed with calelbe and hemsbite;

lodgCeasvssssrgrsrarseanssatsnvavonssravavy 21 3541

(lorieta membeps: :
1 SANDSTONE: (poorly exposed, bedding nob
discernible); yellow to tan; quaritz, sil-
iceous and dolomitic pemen®, some limonite
and hematibe stain due to weatherlng; very
flnewgrained, rounded, well sorted, well
cemenbed; ledg@rssssvvinsseorsrsvanvevevess 151 369!

A rmave———

Bage of San Andres formabion Tobal San Andres  369°
(top eroded)

Yeso formation below (contact mostly covesed by

dalug, bub well exposed ln steep ¢liff on
north side of canyon),

TC



Saddle Peak Seetion
Secss 19, 30, TLLS, R2W (projected)

Located about 1L miles northenorthwest of Engle, New Mexico,
accessible by following the road glong the Sanba Fe Rallway north
of Engle Lle4 miles and turning left (wast) onto & Jjeep trail;
section begins (Unit 1) on south side of main NWeSE canyon (access
trail), follows gouwdl.estward elong msin tributary drainage,
finally turns plght (west) uwp #lde canyon o near bop of ridge
northwest of Saddle Pas™; measured from bobtbom~up; crossed pos~
sible fault; dips range ILrom 8%, to 14°, back to 9°, to southw
west; samples weres collected from each wilts

Han Andres formatlon, (lorieta sandstone mewber sbove, conformeble
with Yeso belows
Yeso formabion (Pemmien):

Unlt Nos Thickness (e

(upper clastic werber)

36 SANDSTONE: thin<beddsd; quevbz; red ab
topy yellow to white, Licht gray, snd red
again near bage; fine= Ho mediumeareined,
gome Irieble; sloPBrssvesscasivrssnssvrvnee 1167 116!

. .o :
(upperemiadle avaporite member)

35 In Line of sectlong
LIMESTONE AND SBANDSTONES inberbedded, thine
beddad; Llimegnione ee pray o brown, some
argillacaous, gandy, snd chewby, fetid odorw,
dense, nicrlile; sandsitone ew Light gray,
red, quarbtz, calcareous cemgnt, Llne-grained,
l@d@es, (’-ll' 'bhiCR}Q EraANF R

However, sbout onswalghth mlle to norihi
GYPSUM, LIMESVONE, SANDSTONE AND DOLOMITE:
(poor to falr exposwre) inberbedded; Limew
stona (LL') -w thinebedded, gray bo brown,
dense, slight ledge; gypswn (43!) we lamine
ated, white to Light gray, weathers yellow-
tany some oryetalline, nome fibr-ig, vere
tleoal, furrows on slope Lowm Algtinative
weathering patiern; limestone (L6') ~- thine
to madlumebedded, ag above, with some inber-
laminated gyosunm, a8 above, slight Lledge;
gypoun (59') == ap above, with some inter-
bedded dolomite, thinebacqmd, dark brown,
dense, very argillaceous, wlth some vugs

O



Tnit Nos Thickness CuM.

TGy be due to dissolved gypsum), and some
interbedded sandstone =» thinebedded, yellow,
quarts, argillaceous, very fine-grained, well
comented, slope; limestone (15') -~ thin-
bedded, as above, with some inberlawminated
gypsun, a8 shove, slight ledse; gypsum (227)
-~ 85 gbove, with minor limestone, thin-
hedded, as above, SlODCswsrssesvesanibsnvivs lé?l 283'

(Lower~middle Llimesbone meber)
3k ‘SANDSTOVE AND LIMESTONE: dinterbaedded, thine
bedded; sandstone -~ red-orange, quartsz,
slightly caleareous, {ine-gralned, friable; '
limestone -- gray bo brown, sygillaceous
near base of unib, dense, micritlc; elight
led.gefiu-u-ﬁ&wu-notilcibhouinbloatnuaicuu-uo- 281 311

33 LIMESTONE AND DOLOMITE: thin- to medium-
bedded; limestone -- daxl brown, dark gray,
fetid odor, some dead oil sbain, dense to
{inely crystalline, some brachlopod molds
(productids 2); near top -~ pome dolomite,
light brown, very silty, Uinely granvlar;
Pﬁ:ﬂminen“b ledgGSnv--aoinniiqoqeluutyuotuoo 39' 350'

32 LIMESTONE AND SANDSTONE: interbedded,
sernabling in L0 to 15' wmibs, thin-
to medlumehedded; limestone -~ dark gray,
dark brown, some deed olil sbain, dense
b0 finely crystalline, some grentlar;
sondstone -~ Lipght red, orange, quartsz,
fineﬂgx‘a.ineds ledgeSi--a-s-aaoduccuuas-o--o 7’-!-' Lot

31 SANDSTOWE AND LIMRSTONE: +thin-bedded; sand-
stone (upper part) -- red, some Light gray,
slightly ealcareous, quartz, fing- o med-
ium-grained, some friable; limesbone (lower
party) «- brown, some siliy,dense to finely
crystalline, slightly skeletal; slopGsssiese 33t L5

30 SANDSTONE:  thinebedded; wed, some Light
grey; quertz; fine-grained, well cemented;
BlODCesvseecsouvtnsiuvsrrbnesrinsavrnnssnre 25! 14-85’

29  LIMESTONE: thin- to mediwm~bedded (thin-
bedded ab Gop); dexrk gray, blacks brown;
some sandy, srgillaceoud, fetid odow;
denge to finely crystalline, some skeletal
{fossil hash); fracbures F1lled with celcite;
promn@n‘t ledgeﬁiﬁtdfﬁuioclooitiisoov'saocoa 25' 53.0’
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Uﬂi‘b _ Ho.

27

20
2k

22

Thickness Cume

LOMETS, SANDSTONE, AND CLAYSTONE: upper
2! w claystone, laminated, yellow (Limondie
pbain), silly, caleavsous; nexbt 20! w= dolo~
wite, thin-bedded, brown, ban, soume sandy,
finely granuvlar, somg pesbtered vuggy poro-
sitys bobtom 4! es pandstone, light gray,
quantz, calcareoup, finesgralned, frlisble;
slope (in BﬁrﬁaMJouoccooococcooqn-o-otoo--a 26!

SANDSTONE AND CLAYSIONH: Intarbedded, dhine
bedded; sandstong e« red, ovanze, quartz,
fine-greined; cluystone {some) =~ yellow
Limonite stain, calesreous; slope (mesnder

BOOT) eeeeesatsonressroreretscossacrorvssves 27

LIyEgmaNs, OATOARENEDE, AND SANDSTONE: Inber-
badded, thine to medium=bedded; Lilmeshone ==
brown, derk grep dense to finely crysbaiidne,
some Light gray, dolomitic (dolomitized
during weathering), cherty, dense, slight
amount of small vuggy porosliy, calcarenite we
elear calolbe, mediume to cosvse-gralaed,
subrounded; sondston® (minor) w- Light grey,
qu.e.r’szj finew-grained; ledges (in stresm

DOLEOM)seeeresecssevraseersssrsscessscsnre L
COVERED: GlODEGeassevssesscesnesrsssrsvase 51

LIMESTONE:  Shine o mediunwbedded: dark gray,
brown, weathers brown B0 gray; fetid odor,

dense o flnely crystalline, Dinewgzrained

oolitic ab bese, some sparoely skeletal heds;
frs.c%vred; ey Pwmt led@;es o8 sssuee 26’

(Lower clastic member)
SANTETONE AND LIMESDONE: dInberbedded, thin-
teddad; sandstone e plnk, Lisght gray, duersz,
calosreous, flne- o mediumezreined, roundad,
some Friable; limestone (wlnor) == gray, med-
lum GWS'bmiﬂij lea@eﬁlttttoqoocooo-oot.- 261

COVERED: BLODBSesesssssasesssosvresarsvaes 551

SANDSTONE:  thins 0o medlumebadded; yellows
querts, calcareous, sbundant limonite staln;
fingegrelned, well cemeniad; p:oominen’q ledgees A2'

SANDSTONE:  thinebedded; Light redwbrown;

quertz, arkosie » potesh feldspar, slizhily
celearenus; Dineegrained; ledszeseescesvesess 27!

&l

536

eLe!
617!

&h3*

671!
o6

736’



Undt Nos

19

18

L7

16

»

b

L3

L2

(cross fault in Unit L9%2)

MOSTLY COVERED WITH SOME SITASTONE AND
SANDSTONEs interbedded, bedding indlstinct,
probebly thinebeddad; siltstone -« tan to
Aight gray, quarbz, argillacsous; sande-
shone e~ cloar o white (soms Llght red-
brown), quarbs, calesweous, fines Lo med-
ivm-{grained, mghm’ rm.blei BloDBesenrae

SANDSTONE AND SILUSTONE; interbedded, thine
beddad; sandstone e= Light redebrown, guarbz,
slightly argllleaceous, fine-grained; silt-
sbone (some) e light gray, quarbtz, very
calcareous, argillacecus; LadedBesessersess

SANDSTONE AND SHALE: interbedded (alternating
in 2' 4o 5' unlts), laminsbted o thin-bedded;
gandsbone =« white to light gray, querts,
slightly ealecaprecous, fira-greined, slightly
foiable, some interbvedied = ped-brown,
argillaceous; shale (some) == gray; slicht

LodgBtesanseessssotseeserseaesanvscnrsares

COVEREDS probebly redebrown sandsione;

SLODBssverssersecatsosvtevecarersassrssves

PANDETONE:  laminated o thinebedded; Light
gray, quartsz, sllghtly ealoaraous, querbzitlc,
finewgrained; intesbedded (in elternsting 2!
wnlts) ee predebrown, quertz, sllghtly cale
caraous, sligh arglllaceons, flnee 4o
medlunegrolngd; 160z0sesasecssesssasencrosy

GOVERED (by stweam debris); probebly shale
and sendstone, thinebedded, rade-brown, Llight

Bray; BLODSsssssesevescnosssorosssrrornvuss

SANDSTONES thine to medium~badded; rede
brown, quarbtz,; finge 4o madiumegrained,
subangular, pitted; and Light gray, quariz,
ghaly, :E‘inn-gz'ainedj promlnent ledgResesess

SANDSTONE, SILISTONE, AND SHALE: interbedded,
leminated to thinebadded; sandstone -« Light
gray, quarbs, minor ferromsgnesian Llakes,
some llmonlie ataln, caleareous, fine-~ o

medlumegradined, subrounded, well cemenbted;

sllistong e= tan, quarbis, vy calcaraous;
shole e= dight ErROn; J0ZBSeesveenssevases

824

'.Bk_tickness Cuane

166"

5l

33!

l:L|

L3

1"1_!

e

o3t

985"

018"

lozgh!

1035*

Llo78!

1089¢

" 2306?



Unit No Thicknesg Cum.

LT CHATE, SILISTONE, AND LIMESTONE: interbedded;
shale == grayegreen, coleargous; silbstone ==
lawinebed to thinebedded, gray-greea, calcareous;
Limestone -~ varved, ban, gray, dense, scalew
Llike bexbure; slope (meander SCAT)sesvesrses 12!

10 CLAYSTONR: wed; S:LOPEOi‘ii’h!‘_oiiibohiuio.t &1

9 SINESTONEs laminated to thin-redded (very
even, pacallel bedding); orangewred; qusrtsz, .
argillaceous, slightly calcsreous) ledzesSyse. iz

5 CLAYSTONE AND SILTSTONE: ilonterbedded; clay-
stone -« red; siltstone ww= thin~bedded, red,
some minor channele-snd-fill deposits; slopes. 31!

T SILISTONE: thin- to medium~bedded: red;
quarss, ey avgillaceous, calcareous;
ledgEiQo-bct.btoi!tatdtd!ii!!iOtnootlioatnl 3'

6  CLAYSTONE AND SILISTONE: cleystone -~ Light
ved, silby; wminor silistone ~- Light red, in
chanael~and-fill deposits; some low dipping
frecbures filled with green clay; sLoPSesees 61

5 GANDSTONE: thinpebedded, slishily cross-
bedded; pink to white; quartz, slightly cal-
careous, limonite shain; fine-grained, sube
rounded, well cemenbed; ledgGessessvveevoes et

i3 CLAYSTONE AND SITTSTONE; claystone -- light
red, silty; some silbstone e Light red, in
thannel~and-I'1i11 deposits, one-foot reliefl;
Elopeuoaoiiiunottviiccciv!a%uiilpivovteoioio 6!

3 SILISTONE: thin-bedded; dark red; gquarbsz;
argillaceous, calcareous; ledgessssessveves 2!

2 (}WSTONE: ligh‘h :L‘ed.s BlOPEiObonii:Q-QO-ul 3’

1 SILISIONE: laminated to thin<bedded, mostly
parallel. bedding with minor cross-bedding;
red-brown; quartzy; sygilleaeous, slightly
calcaa“eouﬁ; ledge-t'!htilaioaqcoucoucﬁuo-cu o5t

Base of Yeso formation Total Yeso  1239°

Abo formabion below: gradational contacht with Yeso
is ab top of dark red claystone and silbstone
overlylng prowlnent sandstone ledge in botiom
of glream.

83

11181
1126¢

138!

1169

72!

178

1203

1.209°

1z

1oLkt

12397



Norkh Tesll Section
Sece 19, TLLS, REW and Sece 24, TS, R3IW (projected)

Iocated about L2 miles norbthenorthwest of it@gle » New Mexico,
accessible bﬂ Tollowlng the road along the Senta Fe Rallway north
of Engle Llet miles and tuwrning left (west) onto a Jeep trail and
thenae right (northwest) onlo & vowereline roud; section begins
{Unit 1) sbout 300 fash soubh of power~line moad, conbinues up
glope o wash, proceads %o east side of high messe to soubth, and ends’
about L75 feet balow top of mess; measured Loom bobbomeup; on east
linb of synaline; dip 7° to south; ssmples were colleched from each
unibe

Yeso formation above, gradablonal coniact with Abo below {Yeso
sandstones are lighter colored « pink, orange, ebce, and
moxe evenly bedded than Abo, shale is light gray, calcareous)

Abo Formatlon (Psrmisn)s

Unib Now ' Thickngss  (uil
37 CLAYSTONE AND SLLISTONES dnterbedded,

thin -badded; cluysbons e« orange to red,
non-calearaous; gome sllbubone -—w wad,

quertz; BLODGsesssssssrcasesrssresssenivsne m 17!

36 SIIMSTONE:  dam'nebad bo thinebedded; red;
quartz; varbtlieal Joinbds, blocky wesbhope
Ing; lodpeeevesaosecscnssssrencoseensvennes ot 19!

35 CLAYSTONES 6d; aloDBesssssvesscceessnanee 10t 29!

3k SLLISTONE AND CLAYSTONE: interbedded, {hine
bedded; sllistone e rad, quartzy large gray
clay gells, velnlets of siliocn, bloeky
weathering; ‘olaystons (in middle of unih, e
2ad; 1ladgotssevessssrssevrresrcoevovrressne gt 37!

33 CLAYSTONES rod; sLOD3cesessecssssursvecsens io! h—?’

32 SILaons:  thinebedddd; ved, guertz, upper
perd 1 slighily colosreous with light gray,
gilicaous clay galls; velnlets of gilica,
verbloally Jolnted; Ladgedessecssrsssosanss 3¢ 501!

3L CLAYSTONE AND SILESTPON®S dnterbeddad, thine

baddad; cloystone == vad, sendy; siltsbone e
rad, q_wa.rtz, exgi].’l.aceous, 8lOpPBessessavsas gt 58 !

Elia



Ut Ho. Thickness Cuile
o (trace to northwest)
30 SANDSTONE: Jlaminated o thin-bedded;
orangs-red, quarbz, slighbly srgillaceous,
slightly calcarecus; fine-grained; siight

ledge-..-.u......;-...-¢.¢.--.-............ l’ 59'

29 COVERED: ©probebly claystone, red; slope... 6! 65!

28 SANDESTONE: medivmebedded; dark red; guarts,
argillsceous, slighbtly calcesrsous; fine-
gralned, very well cemented; vertleal frac-
tures filled with caleite: prominent ledge.. 2! 67!

27 CLAYSTONE: red; celcaraous, silby; slopSses 6! 73!

26 SANDSTONE: Jleminsted to thin-bedded, cross-
bedded; purple Lo -red; quartz, calcareous;
prominent ledgCevesosnrssartrvavvevosernnvene 6! 79!

25 COVERED: probably claystone; red; slopSe.. T! 861

2l SANDSTONE: thine o medlum-bedded; orange-red;
guartz, slightly calcasreous; fine-gralned;
ledSEvac-nooovfotcvtt-s-toq:-voooa----onoc zat 108!

23 (Bamﬁ as Unlb E5)I!llt!ctl.0!.nlci.ovatotyo- 18! 1261

22 SILESTONE: thin-bedded; dark red; arzillaceous,
non=galeareous; slight 1oGgeescsvsvescecens 6! 132!

21 (same as Unlt 25)o|io'tnqoiv¢-o-uoou--aovoo 26' 158'

20 SANDSTONE: +thine to mediumebedded, parallel
bedding; orangee~red, weathers red-brown;
guartys, slightly celecarecus; fine-grained;
fairly pronlnent ledge'co‘vOcuuq--eooo-ciat 3N io7!

l9 (same as Tait 25)-0-.1-0.00-0--0--oo-ooo--c 28’ 225'

18 SANDSTONE: thin- bo medium-bhedded, hig ly crosse
bedded, festoon; orangsered; quartz, sii hbly
calcareous, slightly srgillaceous; prominent
ledge (%op of blUff)tu-UUuoo-tc--ooo¢-ocoqo 161 oht

X7 (Same as Unith 25)ououtctoctotttooootoo-o-o- R 2501t

16 SANDSTONE AND CLAYSTONE:; sandstone =« thin-
b0 medium=-bedded, some cross-bedded, orange-
red, quartz, cslcarsous, sllghtly arzillaceous,
much vertical Joluting; intercalsted in middle
of unttew 3 claystone «e red; LedgCecscesees 12! 264

I- 85-



Unlt Nos

13
14

13
12

10

Thickness

Cunme

(S&mﬁ as Unit 25)0---.-00-.-.--o-oohoonnao- po!

SILISTONE AND CLAYSTONE: silbtsbone -- thin-
bedded, red, srgillaceous, calcareous;

intercalated in middle of unlt == 2% clayw

shone == red; ledgesseseensorsvvavasonveves 61

(same as Unlb 25)ncooovlhib-o-.ou--n-iuatoo 13!

SANDSTONE: laminasted to thin-bedded; redw

orange; quartz; potash fedlspar, arglll-

ageeous, slightly calcareous; prominent

ledpes; repbile trackSssvssesevsevsvacnsnen 1at

(S&m& as Unit 25):ovi.c.tnobutuonu-booeooo' 161

CONGLOMERATH, CLAYSTONE, AND SILTSTONE: bhine

to redium-bedded; conglomerate of limestong --

tan, gray, very inely crystalline in coarse-
grained bo granvle size particles; claystone

-~ red, Iin mabtrix of conglomersite; some invei
bedded silbstone == red, argillaceous; pro-

minent ledgecdvvpdrplu.lf.vtvtncvuan-olo-nt 7?

CLAYSTONE: (partly covered) red; calesreous;

Slopeahitio‘honotovoiooootitiuvu-.uby-ooq-o 39'

SANDSTONE AND CLAYSTONE: inberbedded, thine
bedded; sandsbone -~ red, quartz, argillaceous,
caleareous, with sericlte flekes, very fine-
grained; claystone -« red, calcarecus; ledzes.. O

CLAYSTONE: (partly covered) red, caleareous;

BlODCvesssvsanvvssvsssatvseinncnsssstsvonsy 66!

SILESTONE, LIMESTONE, AWD CLAYSTONE: thine

bedded; silitsbone -~ ved, asrgillaceocus,

colcareous, some gray lLimestone nodules;
intercalated claystone, red; ledzCeevssoses b

OLAYSTONE:; red; very slightly calcareous;

SlOPEio)vOu-vueau-tooulooaooauco--.----‘-oc Gt

CONGLOMERATE: medium~bedded; gray; sile

leceous claystone particles, cslecareous,

with red-brown claystone in mabrix

granule to pebble slze, subrounded %o

subangular; some fractures £illed with

sparsy calcite; ledrCevivastvssavrencaserena B

E6.

286!

2921

305"

317!
3337

340!

379°

k5T

Losy

466¢



Unit No. Thickness Cume
K] CLAYSTONE AND SILISTONE: dnterbedded,
claysbone = rad; siltstone -- thinebedded;
red (weathers gray), argillaceous, with
tan chalcedony concretions, some lime-
shone granules near base of unit; slopSiesse 23! LEg?

2 SILTSTONE:  thinebedded; pred, weathers redw
brown; argillaceous; soml gray lime cone

cretions; lﬂngGWOCOQOQta.lbioic‘ouutsocauco l’ !-1-90’

L CLAYSTONE: arey, wed; some nodules of gray .
Linestone! slopBeeveesvveesssvssssvesvasnsss 3! 11-93'
Base Abo formation Total Lbo 493!

Bar B formasion (Permsylvanian) below: sharp, bub
cornformable conbact with Abos 3! silistone
immadiahely below contact; next below is a
thinebedded pray Limestone sequence with yellow
limonite staln in upper part {stain dve to
leaching of overlying Abo).

ETe
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Figure 4. Structure sections of the southern part
of the Fra Cristobal Range
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