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WELCOME TO THE 1980 MEETING OF SOUTHWEST SECTION OF AAPG

The Southwest Section, American Association of Petroleum
Geologists, extends a most cordial greeting to all friends and
members of the Association. Welcome to the "Fabulous Southwest",
the City of the Sun and to our Sister City, Cuidad Juarea,
Chihuahua, which is located across the Rio Grande.

A diverse program has been planned for you; Technical sessions,
Seminars, and very interesting thought-provoking field trips on
both sides of the Rio Grande.

Entertainment and social events will provide opportunities to
renew old acquaintances and to make new friends.

May your stay in the EL Paso area be both enjoyable and profit-
able. Please see one of the Host Society members if you have any
questions.

Again, welcome---

&l

John H. Earl
Prasident
Southwest Section, AAPG



The El Paso Geological Society

January 10, 1980

Southwest Section
American Association of Petroleum Geologists

Welcome to El Paso for our annual meeting of the Southwest
Sectionl

Our theme "Energy Exploration in the 80's" is certainly
fitting as we enter a new decade facing a very serious
domestic shortage of energy. In this meeting there are
many excellent papers for your review which will help
educate and inspire the participant's more effective
work in the energy field.

The officers and members of the El Paso Geological Society
extend their sincerest appreciation to all those who have
made this meeting possible.

Thank you for a job well done.

Michael Shearn

President,
El Paso Geological Society
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@e Univcrsif/y of ‘Z-e)ras at E’ d’aso

Department of 015/747-5501
Geological Sciences EL PASO, TEXAS 79968

GREETINGS AND WELCOME

On behalf of the Department of Geological Sciences and the University
of Texas at E1 Paso, I am pleased to extend a warm welcome to all of you
participating in the 1980 meetings of the Southwest Section of the Aneri-
can Association of Petroleum Geologists. I believe that the Organizing
Committee has assembled an outstanding Technical Program together with
field trips which will prove to be both educaticnal and interesting.

I know that I speak for the entire faculty of the Department in ex-
tending to you our warmest greetings together with a hope that this sec-
tional meeting will prove enjoyable as well as informative for you.
Should we be able to assist you in any during your stay in El Paso, please
do not hesitate to call upon us.

Donald M. Davidson, Jr.
Chairman
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THE SIERRA DE JUAREZ CHIHUAHUA, MEXICO

EARL M. P. LOVEJOY

INTRODUCTION

The Sierra de Juarez, the subject of the field trip today, and part of the Cordilleran overthrust
pelt, are prabably the best understood range in northern Mexico because of the results of regional and de-
tailed mapping which has been undertaken in the past ten years. This guidebook and field trip will be con-
cerned with a summary of what is known and inferred to the present, based on the work of numerous workers.

The Sierra de Juarez are important because; first, they occur in a regional tectonic setting of con-
tinental importance, at the intersection of the Rio Grande depression and the Texas lineament, at the
north edge of the Chihushua tectonic belt, and near the east edge of the Basin and Range Province (Figs. 1
and 2); secaond, they ocecur in a regional stratigraphic setting at the edge of the Sonoran geosyncline where
the strata thin northward out of the trough; third, they contain excellent outcrops of Cretaceous units
which occur only in widely separated ranges in a region of general valley fill; fourth, of special signifi-
cance to geologists from the United States, the range lies near the international border, is easily acces-
sible by road, and lies within the frontier zone so that visas are not needed to examine it; fifth, because
the structures and strata are well exposed as a result of the complete absence of soil and biotic cover,
structural interpretation is minimal; and sixth, because of the great current interest in the petroleum
potential of the Cordilleran overthrust belt, of which the Sierra de Juarez may be considered a part, study
of the range is currently of more than academic interest to petroleum geologists.

SUMMARY OF EL PASO GEDLOGICAL SOCIETY'S INVOLVEMENT IN THE
STUDY OF THE GEOLOGY ©F THE SIERRA DE JUAREZ

Almost eight years ago, on April 8,1972, the £l Paso Geological Society held as its Sixth Annual
Field Trip, its first excursion te the Sierra de Juarez to review the work of three master's degree candi-
date students in the Department of Geological Sciences at U. T El Paso, Jorge Campuzanol, Herbert
Wackerz, and Douglas Swift>, They were then in the late stages of field work for their theses and only
preliminary data and conclusions were available. They prepared much of the Guidebook entitled "The Strati-
graphy and Structure of the Sierra de Juarez, Chihuahua, Mexico" (Lovejoy, ed., 1972). All three graduated
and are now engaged in petroleum exploration geolegy (Fig. 3}.

Six years ago, in February, 1974, the £l Paso Geological Society and the Department of Geological
Sciences at U. T. El Paso co-sponsored the Annual Meeting of the Southwestern Section of the American
Association of Petroleum Geologists and the West Texas Section of the Society of Exploration Paleontolo-
gists and Mineralogists. As part of that meeting, the second organized field trip to the Sierra de Juarez
was held utilizing the 1972 Guidebook alsoc as well as two map sheets, two sets of cross sections, one
strat igraphic column and a written addendum. The maps and cross sections were photo-reduced copies of
those prepared by Campuzano and Wacker for their theses; the stratigraphic section had been prepared by
Wacker for his thesis, The addendum described briefly the structural relationships determined by Campu-
zano, Wacker, and Swift since the April 1972 meeting, and contained a supplemental read log.

In 1975, Steven Nodelanda, a graduate student at Y. T. El Paso, undertook a detailed (map scale
1:6000) structural study of the complex northeastern part of the Sierra de Juarez. Although Campuzano and
Wacker realized the complexity of the region, they did not have the time to map this complex area in the
fine detail they knew was needed to solve the problem. Nodeland mapped this small, highly complex area for

lpresent address: Apdo. Aereo 3533, Exploracion-INTERCOL, Bogota, Columbia
Zpresent address: Amoco Prod. Co., P. 0. Box 3092, Houston, Texas 77001
3present address: 2823 Mesa, Midland, Texas 79703

4present address: Amoca Production Co., P. 0. Box 3092, Houston, Texas 77001



30 weeks and determined a history of the Sierra sligntly different From and more complete than that en-
visioned by Campuzano and Wacker on the basis of their broad but less detailed studies.

In 1978, Thomas Uphoff1, a master's candidate student at UTEP studying under Professor John M,
Hills, undertook a study of the subsurface data of the El Paso region, based on analysis of drill hole
data, some of which were just then becoming available. He synthesized data from those drill holes from the
finished work of Campuzano, Wacker, Swift, and Nodeland and from published sources and presented an inter-
pretation of structural development of the hasins in the region around the Sierra de Juarez.

E1 Paso Geological Society's 1972 Guidebook (500 copies printed) has sold out, and much new informa-
tion is now available concerning the structural evolution of the Sierra de Juarez. Therefore, the Society
has prepared this new guidebook to the stratigraphy and structure of the Sierra de Juarez to present those
data and concepts which have been developed since 1974. Included are the maps, cross sections, and strati-
graphic column of Campuzano and Wacker, to which have been added photo-reduced copies of Nodeland's maps
and cross sections; Nodeland's thesis, only slightly gbridged, constitutes a major part of this new guide-
book. Finally, Uphoff's major conclusion, parts of his Plates and a number of his illustrations, are in-
cluded in the closing section concerning the basin blocks adjacent to the Sierra de Juarez.

Cerra Bola i3

from the U. T. E. P. campus, of the central Sierra de Juarez.

View toward the southwest, »
, not shown in this sketch); anticlinal Colorado is exposed 1N -

high peak at left (it has the TV tower on it
the rugged cliffs at the right.




EVOLUTION OF GEOLOGIC CONCEPTS PERTINENT
T0 THE SIERRA DE JUAREZ

Steven K. Nodeland and Earl M. P. Lavejoy

Strain (1950, 1953) noted the general stratigraphy and structure of the Sierra de Juarez. The
pioneer work and geologic map of the structually complex Sierra de Juarez are thase of Cordoba (1968,
1969a, 1969b, 1970) and Cordoba et al (1970} who measured, briefly deseribed, dated and named the Lower
Cretaceous formations in the range. His map (original scale 1:100,000) and cross sections A-A' and B-B'
(original scale 1:100,000) also show the major folds which form the essential structure of the Sierra de
Juarez. The traces of the axial planes are shown to bear about N50°W, and numerous normal faults are shown
striking sbout N50°W. Thus, Cordoba determined much of the essence of Ehe range in this first map of a
complex area. The principal stratigraphic units in the range are shown to be the (cldest) Cuchillo Forma-
tion, and the Benigno, Lagrima and Finlay Formations of Cordoba's designated Chihuahua Group., A few small
localities of outcrop of the overlying Ojinaga Group are also shown in the nertheastern part of the range.
On this map are also shown: 1) a northeastwardly-striking fault, mapped as normal, down on the northwest,
near the southeast end of the sierra, and 2} a northeasterly-striking inferred reverse fault ("falla inver-
sa inferida") in the northeastern part of the sierra, which is also shown on cross sections A-A' and B-B'.
Cross section B-B' shows that this inferred reverse fault: i) does nat offset the "Ky" (probably the "Las
Vigas Formation™") which underlies the Cuchillo Formation (Kc); ii) offsets the Cuchillo Formation less than
100 m; and iii) shows no offset of the Benigno Formation. Cross section A-A' shows this same inferred re-
verse fault: i) offsetting the "Kv" no more than sbout half the thickness of the "Kv", and ii) offsetting
the Cuchillo Formation the thickness of that formation. Cross section B-B' also shows an interpretatianrof
cont inuity of the (Cretaceous formations between the Sierra de Juarez and the Sierra de Sapello 15 km to the
southwest; those continuous Cretaceous strata are interpreted ta lie beneath about 100 m of Santa Fe Forma-
tion strata. Garcia (1970) showed that the andesites in the Sierra de Juarez are petrographically similar
to other andesites in the Fl Paso area.

In 1971 Pemex (Petroleos Mexicanaos), the Mexican Federal petroleum organization, instituted an oil
explorat ion program (as part of its exploration of the Paleozeic strata of the Pedregosa basin) in the
Sierra de Juarez in the early 1970's and drilled its first oil well (Poza Numero Uno) in this then poorly
known and complex region on the southwestern flank of the Sierra de Juarez, starting in Santa Fe strata 50
m above the Cuchillo Formation in an attempt to explore Permian as well as deeper Paleozoic strata. How-
ever, after drilling through 240 m of the Cuchillo Formation, the materials that were recovered proved to
be a clay 262 m thick totally unlike that of any of the materials in known Permian strata in the region;
ultimately, fossil identification proved this eclay to be shale of the Boquillas Formation. The presence of
(older) Cuchillo Formation sbove (younger) Boquillas Formation had not been ant icipated and Pemex gecla-
gists aspproached the Department of Geological Sciences of UTEP and asked if there were any graduate stu-
dents interested in mapping the Sierra de Juarez to resolve the problem, In the meantime, the drill site
of Pozo Numero Uno was sbandened.

Work by the Petroleos Mexicanas remains unpublished except for a map (1:352,000) of northwest Chihua-
hua which includes the Sierra de Juarez compiled by Rodriguez (1975). The work of Wacker (1972) and Campu-
zano {1973) is not incorporated in that map. Rodriguez (1975) shows the Arroye Colorado thrust and La Ano
thrust es inferred high-angle normal faults and anticlinal Colorado as a large overturned syncline (cf.
Wacker, 1972, P1 2). An unpublished Pemex cross-section parallel te D"-D"' {(Wacker, 1972, Pl.s 2 & 3) and
dated 1970 shows the same interpretation as that shown on the Rodriguez map (cross-section donated te the
UTEP Department of Geological Sciences Reading Room by Pemex).

In 1972, two graduate students at UTEP, Jorge Campuzano (a scholarship student from Colombia, S.A.)
and Herbert Wacker volunteered to undertake the task of geologically mapping the Sierra de Juarez. They
were to examine together a southwestward-trending cress section in the center of the range so that they
might agree on the structure at that line, and then to begin mapping, one to the northwest and one to the
southeast. Wacker chose to map toward the northwest. Because of the complexity of the structure, rugged-
ness of terrain, excessive summer heat, and difficulty of access, they were advised to map as much as they




could in one field season only and to leave further mapping to subsequent students.

Campuzano and Wacker received logistical and scientific aid from Pemex. They were given aerial
phatograph enlargements, an Internat ional Scout, fuel and field assistants. They held numerous long dis-
cussions with Pemex geolagists concerning the stratigraphy. They benefited greatly from the discussiong
because almost identical strata in many instances were identifiable only by means of microfossils.

Wacker and Campuzano began their mapping b'y crossing the central part of the Sierra and agreeing gn
the common cross section. They then began the long, arducus, and tedious process of trying to learn to
identify the nearly identical limestones of the different formations (especially difficult when norma}
stratigraphic sequences were interruped by then unknown and unsuspected thrust faults and their associated
folds), determining their locations on gerial photograph enlargements {which lose detail and sharpness ag .-
compared with the original contact prints) in rugged and unfamiliar terrain, and unravelling the structural
complexity which slowly became apparent. Their devotion to the tasks, their struggle against difficulties
which would have deterred many and their determination to solve the problems they had set out only to out-
line led them to continue the mapping for many months beyond what had originally been considered adequate,
So determined were they that they continued mapping until they had resolved the stratigraphic and struc-
tural complexities. They had done far more than had been asked of them, far more than is expected of
Master's students, and had, in the process, solved many important structural problems.

The large scale {1:13,657) of the enlarged aerial photographs enabled Campuzano and Wacker to map in
detail greater than that which had been possible in the reconnaissance mapping undertaken by Cordaba.

At the same time, Douglas Swift, also a Master's candidate at UTEP, undertook an exhaust ively de-
tailed study of the complicated and important Cuchille Formation which helped to provide a stratigraphic
basis for Campuzanc and Wacker's structural interpretations. Swift's (1973) work provided data which
helped to solve the problems caused by numerous thrust faults in the Cuchillo Formation.

In 1975, Steven K. Nodeland undertook a 30-week study of the structurally complex northeastern part
of the Sierra de Juarez, plotting his data on enlarged (1:6000) aerial photographs obtained from the Texaa
Department of Highways. The intense heat of the field season (June to Uctbber), personal -losses from
thefts, the perplexing difficulties of deciphering the structural complexities, impscuniosity {he had no
financial support other than teaching assistantships), and the large amount of time-consuming drafting he
felt necessary to explain his ideas were some of the major difficulties which he managed (he doesn't kno
how) to surmount. His severe doubts concerning his conclusions induced intense depression before the da-
fense of his thesis and things seemed darkest indeed before the dawn. But a kindred spirit, Herb Wackef, .
hired Steve to work for Amoco and the dawn followed brilliantly.

Nodeland determined that the three thrust faults (La Cruz, La Ano, and Arroyo Colorada)} had been
faulted down 0.7 km to the east by the City Line Fault; earlier Jorge Campuzano on the basis of reconnaid~
sance study anly, had interpreted one of those thrusts as a different and lower fault, the Viaducto thruaty ..
but that tentative interpretation is no longer accepted. Steve also determined a reasonable interpretat iof
of the mechanics of thrusting and corroborated Campuzane's and Wacker's interpretations that the highet
thrust faults were folded, but he further concluded that the sole thrust was also folded.

In 1977 Thomas Uphoff undertook a study of the subsurface geology of the EI Paso region. Numel‘ﬁ'-’?‘—r
wells had been drilled in the 70's most of the data from which were obtained with the help of Proft’-f‘»?‘—‘
John M. Hills. Uphoff {1978} synthesized the subsurface data and attempted to interpret those data utiliz
ing concepts which had been developed by those studying the Sierra de Juarez and the other ranges in the
region. He interpreted the age of 7,000 ft (2134 m) of continental red beds in the Grimm well in Ehe “':_""-‘
thern Mesilla bolson as Eocene, thereby showing that the Mesilla bolson had subsided 5& percent of 1!555_,
tatal in the Eocene. If to this are added the total thickness of volcanic rocks considered by uphoff te b
Oligocene, then the basin subsided up to B6 percent of its total subsidence by the end of the paleogen®e .
Uphoff also discovered the presence, beneath Clint, Texas, in the southern Hueco balson, of the north“eit
striking Clint fault, downthrown on the southwest 9,621 ft (2934 m) as determined by offset PFB‘HE?M";
strata, He also discovered beneath the Rio Grande valley a thrust fault, up on the southwest, h1s
Grande thrust, which emplaced allochthonous Cretacecus on autochthonous Cretaceous. These three discov®
ies have greatly aided in the tectonic interpretation of the region.




NOTES
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ROAD LOG FOR SIERRA DPE JUAREZ FIELD TRIP

Prepared (1972) by Jorge Campuzano, Herbert Wacker, Douglas Swift, and Earl M.P. Lovejoy
with modifications by E.M.P. Lovejoy, 1975 and 1979
aided by Donald M. Davidson, Jr.,
and William C. Cornell, 1979

BRIEF DESCRIPTION OF FIELD TRIP STOPS IN THE SIERRA DE JUAREZ REGION

Stop Number 1 -- in the Rio Grande flood plain. Discussion of the structural geology of the Hueco basin
and the two major Pleistocene terraces and inter-terrace pediment,

Stop Number 2 -- in the southeastern Sierra de Juarez. Discussion and examination of the Cuchillo Forma-
tion and the Southeastern transverse strike slip fault Zone where it right-laterally offsets Las Flores
syncline 1400 m.

Stop Number 3 -- in the central Sierra de Juarez. Discussion and examination of the La Ana thrust which
splays out into a complex imbricate fault zone on the north side of the Southeastern transverse fault,

Stop Number 4 -- in the central Sierra de Juarez. Discussion and examination of the Arroyo Colorado thrust
fault, which places the middle member of the Cuchillo Formation over the Del Norte Formation for a strati-
graphic separation of about 1 km, and of the Finlay Formation and middle member of the Cuchillc Formation.

Stop Number 5 -- in the central Sierra de Juarez. Discussion and examination (from a distance} of the geo-
logy of the northwestern part of the Sierra mapped by Nodeland.

Stop Number 6 -- in the piedmont slope of the northwestern Sierra de Juarez. Discussion of the regional
structure including the Rio Grande rift, Texas lineament, Mesilla basin, and the Neogene geomorphic history
of the region around the Sierra de Juarez and southern Franklin Mountains.

Stop Number 7 -- in the northern Sierra de Juarez. Discussion and examination of the Benigno and Lagrimas
Formations and lLas Flores syncline.

NOTE: Different vehicles have been used to log different parts of this trip, therefore, mileages may vary
and are approximate., Large vehicles with oversized tires may have mileage errors of as much as
10%.

MILEAGE MILEAGE
CUMULATIVE BETWEEN

00.0 G0.0 Start at Pronaf parking lot on south side of Pronaf in front of Centro Artesenal

and across from Decor shop. Franklin Mtns. to north.and Sierra de Juarez to
southwest, Present location in flood plain of the Rio Grande,, elevation 3700 ft
above sea level by altimeter. Go to southwest corner of parking lot to get onto
circle drive around parking lot and continue to southeast past hospital on left.
Get in RIGHT lane immediately {see Fig. 4).

00.2 00.2 RIGHT turn onto Avenida Lopez Mateo. Get into left lane immediately.
00.3 0.1 LEFT turn at light onto Paseo Triunfo de la Republica. Stay in middle lane,

00,7 00,72 Plaza de Toros at 2:00.
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MILEAGE MILEAGE
CUMULATIVE BETWEEN

0l1.8 gl.1 Triunfo de la Republica curves.

03.0 0l.2 Calzada del Valle intersection. Continue south on vhat is now. Avenida Technolo-
gico. Past this intersection Paseo Triunfo de la Republica becomes Avenida Tech-
nologico. Calzado del Valle is a continuation of Avenida del Raza.

03.3 00.3 Sign: Villa Ahumado 125 km (see Fig. 5 for road log beyond here).

05.7 02.4 STOP 1. Discussion of bedrock structure in Hueco bolson and geomorphology. Ele-
vation 3700 ft by altimeter. Discussion of terraces. Wisconsin age -- about 80
above wvalley floor. 3:00, Sierra Juarez; 4:30, Cerro de Cristo Rey and ASARCO
stack; 4:00, Franklin Mtns.; 8:00, Cerro Alto in the Hueco Mtns. The first stop
in the Sierra de Juarez will be located at 2:00 (STOP 2). The second and third
stops in the sierra (STOP 3} will be located at aout 3:00 near us on the south-
east side. The fourth stop in the Sierra de Juarez (STOP 5) will be located at
about 3:00 on the northeast side. The fifth and last stop in the Sierra (STOP 7)

— will be located at about 3:00 on the northwest end of the sierra,

06.3 : 00.6 Start up valley scarp. Wisconsin Terrace, (Gold Hill Terrace).

0s.6 08.3 Elevation 3730 ft, ¥rom 6.9 mi to 8.8 mi, gently sloping pediment surface modi-
fied by gullying. Wind blown sand lies on top of Fort Hancock Fm. (Santa Fe Gp.)
sediments.

08.2 Cl.6 Lecheria Zaragosa to west.

08.8 00.6 Industrias Zaragosa.

é 08.9 00.1 Elevation 3830 ft, 11:00, Juarez Airport; 3:00, Cerro Bola; 7:00-8:00, Cerro
Alto and Hueco Mtns.; 11:00, Sierra Presidio; 11:30, Sierra Samalayuca. Mid-
! Pleistocene Terrace, probably Kern Place equivalent, 130 ft above the river.

09.3 00.4 Entrance to Juarez Airport.

11,7 02.4 Road to Casas Grandes, turn RIGHT. Follow curve and then make RIGHT on Casas
Grandes highway, Rt. 10.

11.9 00.2 Sign: Palomas 148 km.

l 12.3 00.4 RR track elevation 3855+ ft by altimeter. 9:00 Sierra Samalayuca; 8:30, Sierra
Presidio. The high level surface is the La Mesa surface. 3:00, Franklin Mtns;
2:00, Cerro Bola. Note structure in Sierra de Juarez to northwest. This is the
best location to see the folds and replicated middle member of the Cuchillo, The
massive cliffs are either middle member of the Cuchille fm. (forms Cerro Bola on
which TV tower is built) or Benigno Fm. The view is N50W along the traces of the
axes of the major folds of the range.

13.2 00.9 Second set of RR tracks (see sketch on p. 45).

13.5 0.3 Pemex on left.



MILEAGE

CUMULATIVE

13.8

15.9

16.0

16.4

16.5

l6.7

16.8

17.1

17.7

18.3

18.4

18.7

18.9

18.95

15.0

19.4

19.5

22.2

23.1

MILEAGE
BETWEEN

02.1

00.1

00.4

00.1

00.2

00.1

00.3

00.6

00.6

00.1

0o.1

00.2

00.05

00.1

00.4

g0.1

2.6

00.9

1l

Driving on pediment surface which descends from La Mesa surface to the Kern Place
surface. ’

Edge of La Mesa surface.

Turn RIGHT onto dirt road; follow fence and turn 90° RIGHT. The frontier guard
station is sbout 1/2 mile farther slong the Casas Grandes Highway. IF we went
any farther we would need visas and car permits.

Keep on road to left of fence posts.

Take RIGHT-hand fork.

Take LEFT-hand fork.

Wash. This and next small wash have sharp drops. Cars with long front and back
overhangs will scrape; use short cars.

Take LEFT-hand fork.

STOP 2, Discussion of Cuchille Fm. and Southeastern transverse fault zone
{Figs. 6 and 7). We shall make a fairly strenuous climb and a lang walk here.
Allow 1 1/2 hours. We are on the south edge of the area shown on Campuzano's
Plate 1, between the southwest ends of cross sections M-M' and N-N' about 3250 ft
(scale distance} S45W from the "N" of cross section N-N'. This is on the south-
west end of the dashed continuation of the southeastern transverse Ffault zone.
Turn around. Return to highway.

Take RIGHT-hand fork.

Sierra de Sapello at 12:00 to southwest.

Take RIGHT-hand fork.

Take LEFT turn on Autaobahn.

Sierra de la Presidio at 11:00 to 12:00; at 12:30, Sierra de Samalayuca in dis-
tance (rugged peak); 1:00, Sierra Mesquite; 3:00, Sierra de Sapello. Kern Place
(Illinoisan) surface near airport at 10:00 and La Mesa surface (Kansan) at 12:00

to 3:00.
Keep to right of fence,

Turn LEFT on Casas Grandes highway.
Edge of La Mesa surface.
AR tracks.

RR tracks.
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MILEAGE

CUMULATIVE

23.5

25.5

27.1

32.9

34.1

34.3

34.5

4.4

34.45

34,55

MILEAGE
BETWEEN
00.4

2.0

03.6

03.2

00.2

00.8

00.35

00.45

00.2

00.6

00.2

0.05

0.05

0.05

0.1

Traffic circle. Go counterclockwise. Continue around, cross Chihuahua Highway
twice and then take a RIGHT on Rt. 2. Franklin Mtns. at 12:00. This road is
also called Carre Terra Juarez -- Casas Grandes.

Aeropuerto at 3:00 on Kern Place (Illinoisan) surface. At 12:00, Franklin Mtns.;
2:00 to 3:00, Hueco Mtns.; 10:30, Cerro Bola; note complex structure in Sierra de

Juarez.

Power substation. 9:00, Cementos Chihuahua plant in frant of Sierra de Juarez
(of f of Fig. 5, back on Fig. 4).

Bridge over arroyo. Speed limit B mph.

Fin Velocidad Restricto.
River flood plain.

Left at Lopez Mateo at traffic light. GCoing southwest. "Coloso" (big building)
on northeast corner of intersection.

Over RR tracks.

Under RR tracks. Leaving Rio Grande floedplain. Road cuts along highway are in
Fort Hancock Fm. and older alluvium. ’

Top of hill., Elevation 3790+ ft by altimeter. Wisconsin Terrace (Gold Hill
eguivalent?). Caliche; interfingered gravels and silts. Lopez Mateo becomes
Perimetral.

Turn LEFT onto Calle Tepostlan opposite Pemex station at the end of the median.
Here we leave pavement —- please drive slowly. BE CAREFUL. WATCH FOR PEDES-
TRIANS. Follow the power line on Tepostlan for 2 blocks. We are now on
Nodeland's Plate I at H-14 turning W off the end of Avenida Carlos Amaya. We are
also on Campuzano's Plate I; at top of map. Follow road te southwest between
cross sections H-H' and J-J'.

LEFT at Calle Coral. On trace of fault FS-southeast transverse Ffault zone,
according to Nodeland's Plate I. )

Turn RIGHT, 3rd pole (with transformer)

Bear left at fork, follow power line.

Bear right at fork, follow power line.

fop of hill, continue straight down into Arroyc Tepeyac Brazo Izquierdo on Node-

land's Plate I (J-13). Leave power line. Cerro Bola at 12:00. Quaternary ailu-
vium in road cut. Note fault scarps at 9:30.



MILEAGE

CUMULATIVE

34.65

34.8

34,85
34.9
35.0

35.1

35.35

35.45

35.75

35,75

35.9

MILEAGE
BETWEEN
0.1

0.15

0.05

0.05

0.1

0.1

0.2

0.10

0.3

00.15

13

In Arroyo Tepeyac; several aemall springs (Autumn Spring on Nodeland's Plate I,
J-12) in wash 100 m upstream, probably along a fault zone bounding eastern fraont
of the range. Finlay beds at 3:00 on ridge part of allochthon III. Above wash
follow powsr line, go straight.

Bear right, end of power line. Road shown on Nodeland's Plate 1. Continue on
"Cerro Bola Access Road".

" os Ultimes" -~ "7 Up" at 9:00
Bear right past fork.
Fort Hancock Formation in cuts at 9:00; Finlay on ridge at 12:00,

Power line joins road, Cerro Bola with TV tower at 11:00; natural bridge on sky-
line at 1:00 in Benigne Farmation. Approximately at K-11 on Nodeland's Plate L.

On spproximate strike with Nodeland's City Line Fault at 3:00,

Pass under high power line trending SE toward Cementos Chihuahua plant. At 2:30
on skyline SW dipping middle member of the Cuchillo rests on thrust coentact on
SSW dipping Finlay. To NW of power line most of ridge formers are replicated
middle member of the Cuchillo; brown outcrops are andesite sills.

STOP 3. Approximately L-9 on Nodeland's Plate I at road fork. Also shown on
Campuzano's Plate I. Elevatien at 4180+ by altimeter. Cerro Bola with TV tower
at 11:00 is on middle member of Cuchillo Fm, TV tower is on SW flank on vertical
beds of a syncline; little white house on slope is on NE flank of the same struc-
ture on gently SW-dipping middle member. Axial plane strikes NSO°W, dips 55°SW.

Fold axis is horizontal.

At 1:00 on skyline is an anticlinal fold in Cuchillo Fm. with the NE flank cov-
ered by eroded middle member of the Cuchillo. The high skyline ridge (1:00-
2:00) which contains the natural bridge, is formed on the Benigno Fm. Andesite
sills have intruded the upper part of the Cuchillo fm, at several horizons just
below skyline ridge.

Qutcrop at 3:00 replicated middle member of Cuchillo containing andesite sills.
At 4:00, subparallel to power line, is the City Line normal fault described by
Nodeland. Great black east of power line has been draopped 0.7+ km down to the
northeast.

At 7:00 sre outcrops of stair-stepped Lagrima Fm. At 9:3( is the pass formed on
Southeast tranaverse fault examined at STOP 23 10:00, Lagrima Fm. outecrops.

Begin descent into Arroyo Palo Chino.

In wash, turn LEFT in fork 100 ft ahead., Ridge at 1:00 to 3:00 is Benigna fm.



MILEAGE
CUMULATIVE
35.9

36.2

36.3

36.4

37.1

37.3

37.4

37.8

40.6

40.7

41.2

41.2

41,2

MILEAGE
BETWEEN
00.15

0.3

0.1

0.1

0.8

0.2

0.1

0.4

2.8

0.1

0.3

0.2

0.5

0.2

In wash, turn LEFT in fork 100 ft ahead. Ridge at 1:00 to 3:00 is Benigno Fm.

Arroyo Palo Chino, a strike valley, at 1:00 to 3:00,, has been cut at this local-
ity on Lagrima and Finlay Fms. overlying the Benigno (which is a dip slope-former
on the northeast side of Arroyo Palo Chino). The Lagrima and Finlay are overlain
by deposits of alluvium in the arroyo. Finlay Fm. forms the skyline at 2:00.

Steep hill; Fort Hancock exposed along left-hand side of road; Arroyoc Palo Ching
from 12:00-5:00; note complex outcrop pattern produced on upright anticline along
skyline at 12:00. Leave Nodeland's Plate I. Still on Campuzano's Plate I.

At 1:30 in distance is divide between Arroyo Palo Chino and Arroyoc Colorado,
Rocks from 7:30 to 1:30 are in allochthon 1III; those from 1:30 to 5:00 are in
allachthon II; the Arroyo Colorado thrust fault lies along the base of the cliffs
of allochton III,

Bear left; road is on top of pediment gravels. At 9:00, outcrops of Finlay Fm.
in an anticline plunging NW; axial plane dips moderately SW. Arroyo Colorado at
1:00 is cut on Del Norte through Boquillas Fm. Ridge to right of Arroyo Palo
Chino is a dip slope of Finlay fm. with stair-step lLagrima Ffm. forming the
erosion slope. Hills forming allochthon III above Arroyo Colorado thrust are
mostly middle member of Cuchillo Fm. Bear LEFT at fork.

LEFT at fork. Right fork goes up to TV tower on Cerro Bola.

STOP 4. On buff-colored Del Norte Fm., of allochthon II overlain by middle member

of the Cuchillae of allochthon I1I; Arroyo Colorade thrust fault is along
abandoned road uphill to SW =bout 200 ft. We are precisely on cross section H-H"
of Campuzanc's Plate I. Ffranklin Mtns. are just visible over skyline of Henigno
Fm., to north. Skyline ridge to NW to right of Arroyo Colorado is formed on the
Finlay fm.; the ridge line forms the upper limb of the Anticlinal Colorado fold
which can be seen fram El Paso and which we shall be near at STOP 5.

Turn around and return to Avenida Carlos Amaya.

Looking SE at 12:00 down the valley of the Rio Grande. Uphoff's Rio Grande
thrust and Clint Ffault are below valley fill.

LEFT turn onto pavement of Avenida Carlos Amaya Sur.

TV transmitter on cliff of Benigno Fm. of dropped block, hanging wall of Node-
land's City Line fault.

Cerro Bola at 8:00; 8:30, Benigno cliffs on skyline.
Fort Hancock forms hill at 9:00.
fort Hancock Fm. in road cuts and wash.

LEFT onto Avenida Division del Norte -- follow powerline,
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Continue on Avenida Divisien del Norte.

Pass through automobile museum and ossuary.

Arroyo.

Continue straight shead on Avenida Division del Norte along power line,
LEFT from Avenida Division del Norte onto Calle Pedro de Alba.

RIGHT onto Calle Professor 0.E. Montana.

LEFT onto Calle Ingeniero J. Covarubios and go up hill.

RIGHT onto Calle Ixtapalapa at Medico General sign.

LEFT onto Calle Francisco Pimental. At 12:00 Cerro Bola; 11:00, Cerro de la
Cruz; and 2:00, Anticlinal Colorado.

Playground (basketball courts} at right. Continue on Calle Francisco Pimental.

Iglesia Catolico de San Vicente at left, School at 2:00. TURN RIGHT and follow
curve. You are now on the area shown on Nodeland's Plate I at church at A-B, 7.

LEFT around shool yard., Keep school yard on left. School is shown on Nodeland's
Plate I.

BEAR RIGHT ({Be careful, streets have no names from here on}.
LEFT TURN., at arroyo and power line.
LEFT TURN at bright blue house; blue house will be on your right after the turn.

SHARP RIGHT up Ffar side of Arroyo Tiradores del Norte and follow small power
line.

Top of hill, This is road "Y" shown at C-6 on Nodeland's Plate I on 5W side of
Colonia M. Escobeda. We will return to this vantage point after we stop for STOP
5, Turn LEFT and ‘go down steep hill and prepare for an immediate left turn.

SHARP LEFT TURN off of hill and park on right side of road. Snuggle up close --
room is at a premium!

STOP 5. This road is not shown on Nodeland's Plate I. Climb back up hill to
saddle for discussion of Anticlinal Colorada, Nexus Plexus, autochthon, City Line
fault and other aspects of local structure.

Begin return trip to city. Go straight down steep hill along minor power line.
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MILFAGE MILEAGE
CUMULATIVE BETWEEN .
Franklin Mtns. at 12:00; 1:00, Hueco bolson; 2:00, Hueco Mtns.; 12:00 to 3:00,
Rio Grande Valley.
44.4 0.1 Turn LEFT across Arroyo Tiradores del Norte.

44,5 0.1 Turn RIGHT. Blue house {(seen at 43.9) on left. At 12:00, Franklin Mtns.; 11:00,
: Cristo Rey; B8:30, Anticlinal Colorado.

46,55 g..05 Turn e /?-;4-/

44.6 0.05 BEAR LEFT at yellow house before school yard. School is shown on Nodeland's
Plate I.
44,7 0.1 Turn RIGHT, sharp uphill around school yard.
Gl renss coros - -
44.75 0.5 Bear at Iglesia Catolico de San Vicente onto Calle francisco Pimental. We

now leave Nodeland's Plate I.

45,00 0.25 Playground (basketball courts) at left.

45.25 0.25 RIGHT onto Calle Ixtapalapa.

45.3 0.5 LEFT oﬁto Calle Ingeniero Covarubios at Medico General sign (on building at
right).

45.4 0.1 Continue down steep hill on Calle Ingeniero Covarubios. At 12:30, Franklin Mtns;
11:00, Cerro de Cristo Rey; 9:00 to 12:00, pediment from northern Sierra de
Juarez.

45,55 0.25 RIGHT onte Calle Professor Montano.

45.6% 0.1 LEFT onto Calle Pedro de Alba,

47.7 0.5 RIGHT onto Avenida Division del Norte (under power line).

47.8 0.1 LEFT at schaol (?). (School? will be on your right after you make your left
turn).

47.9 0.1 LEFT on paved road and go down hill very carefully to intersection withAViaducto.

48.0 0.1 Viaducto. Turn RIGHT.

48,1 0.1 Academia de Policia at 9:00.

49,2 1.1 Prison on right.

49,4 0.2 UTEP Campus and Campus Andesite pluton at 11:00 teo 12:00.

49,9 0.5 End of Viaducto. Take up ramp to right.

S
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Turn LEFT at second turquoise-colored bridge and go along road which follows
irrigation ditch. Keep ditch on left, BE CAREFUL!!! THIS IS NOT A ONE-WAY ROAD
EVEN THOUGH IT LOOKS LIKE IT.

ASARCO stack at 12:00. To the right of the stack is the Campus Andesite pluton,
to the left is Cerro de Eristo Rey. Paso del Rioc Brave del Norte lies between

the two andesite plutons. We are now off of Fig. 4 and onto Fig. 9.

Fort Hancock Formation forms the outcrops along the river. The Rio Grande is
about 100 yards to the right.

Recent al luvium,
Park and water metering statinn.

Diversion dam at right and andesite outcrop at left, Dam was placed here because
of secure abutment. Recent alluvium overlies andesite,

La Chiripa grocery store at 9:00. Continue on paved road.

Arroyo.

Low pass on road. iASARCU stacks at 12:00; 11:00, Cristo Rey; 9:00, Cerro de la
Mina andesite pluton. Andesites are 45-59 m.y. old. They intruded Cretaceous
strata from Del Neorte to Boquillas; Lovejoy interprets Cristo Rey to be a
laccolith intruded alaong the Finlay-Del Norte Contact.

Andesite pluton at 3:00, prabably a minor sill emplaced in the Boquillas Fm.
leaving Rio Grande Fflood plain, Head northwest up wash. Note older alluvium
which contains an sbundance of light-colored felsite from the Loma Blanca felsite
sills which crop out around the south side of Cerro de Cristo Rey The older al-
luvium is overlain by younger alluvium. Ages have not been determined. Cerro de
la Mina is at 9:00. This is an andesite sill intruded into the Boquillas Fm.
Crest of hill, Loma Blanca felsite at 12:00 to 4:00.

Pavement ends; follow gravel road to left.

Quarries of Loma Blanca felsite at 9:00. Loma Blanca felsite is of same age as
Cristo Rey andesite.

In artoyo. Lloma Blanca felsite at 9:00. Road forks, bear LEFT.
Contact metamorphosed Boquillas Fm. at 9:00 along road.

Sand and gravel operation. Continue straight through center of activity. Andes-
ite sill in Boguillas Fm. at 2:00; 3:00, Loma Blanca felsite; 4:00, Cristo Rey.
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RIGHT fork into arroyo. . We are now aon Wacker's Geologic Map (Plate II) at co-
ordinates 11.5 North and 12 East along dashed road at fork.

In arroyo., Benigno Fm. at 9:00.

STOPLET. This is a good opportunity to meke a quick examination of the Benigno
Fm. without taking too much time or effort. Let's try to keep it brief. Las
Flores syncline at 11:00.

Bear LEFT at fork and go up and out of wash. We are following a strike valley
formed on the upper Benigno and lower Lagrima. Dip slope of Benigno at 9:00,
12:00, Cerro Bola. The upper part of Las Flores syncline is Finlay Fm., the
lower slopes are the upper part of the Lagrimas, A lower massive unit down the
slope is the middle member of the Lagrima.

S10P 7. Park in the turnaround by the adobe wall. Pull up close. To north are
Organ Mtns., Three Sisters andesite hills on the east side of the Rio Grande Val-
ley, Mesilla Valley, Rio Grande cutting into Fort Hanceck Fm. below La Mesa sur-
face. Discussion on Lagrima fm., Las Flores syncline. Short walk into the Las
Flores syncline., Note that it forms both a synclinal mountain and a synclinal
valley ‘(see cover sketch and p. viii),

Turn around and return to Ciudad Juarez.

At concrete monument "Adjudicacion...." Continue straight across road.

Andesite outcrop begins at 9:00.

In gravel pit; turn LEFT and go uphill around andesite.

Begin descent into gravel pit in arroyo. Flagpele at 9:00; 3:00, quarry in Fort
Hancock.

Still in gravel pit. Turn LEFT and go down hill at two sand/gravel screens ard
descend into arroye floor.

Return to paved road. Follow this road all the way back to the Viaducto.

Bridge over Viaducta. Turn LEFT and stay in right-hand side of road. This 1S a
one-way road,

Bear LEFT at fork and remain on river road in right lane.

Under Santa fe Street Bridge. CAREFUL!! The next turn is hidden.

RIGHT turn just past bridge; railroad tracks on left after turn.

STOP! Make 90° right turn and continue straight across rosdway which goes under

bridge. (Do NOT turn a sharp right and go under bridge). Go straight toward
Toll Station for Santa Fe Bridge. Toll Fee, 2 pesos or 10¢,
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MILEAGE MILEAGE
CUMLATIVE  BETWEEN -

£9.1 0.1 Right turn onto Santa Fe bridge.
£9.2 0.1 Return to USA. Be prepared to declare citizenship, have passports ready if you
are a foreigner, and NO JOKING!!!! These peaple have heard them all and can't

stand reruns. Make it short ard sweet so that we can all get back without any
problems., ADIOS y VAYA CON DIOS.

END OF ROAD LOG

View southwest, from the southern end of the Franklin Mountains, of the central Sierra de Juarez. Cerro
Bola is high peak at left; Las Flores syncline forms high peak at right.
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FIGURE 3 — Edge of Jurassic(?}evaporite basin
postulated by DeFord and Haenggill970).
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STRATIGRAPHY OF SIERRA DE JUAREZ
Steven K. Nodeland (1977)

with modifications by E.M.P. Lovejoy

INTRODUCTION

Marine strata in the Sierra de Juarez range in age from Aptian to Cenomanian (Cordoba, 1968, p. 85).
Detailed stratigraphic descriptions of Cretaceous Fformations are given by Wacker (1972) and Campuzano
(1973) for strata of the north-central and southeast parts of the range, respectively. Formation contacts
proposed by Wacker {1972) were selected for mapping instead of those used by Cordoba (1968, 196%9a) and Cor-
doba et al (1970) to maintain consistency with areas mapped by Wacker (1972) and Campuzano (1973).

Seventeen basic map units were recognized but most of the range consists of only four units:
Cuchillo, Benigno, Lagrima, and Finlay Formations (Tables 1 and II}. Descriptions include only character-
jstics most useful in mapping. Changes in unit thicknesses in the different allochthons sre shown in Table
I111.  Alsc, see Wacker's Plate I in map attachment.

Names for Middle Comanchean and Gulfian Series formations were informally proposed by Strain (1968a)
and formally proposed by Strain (1976, p. 77-82} for strata cropping out around the Cerro de Cristo Rey
pluton {Fig. 4). Strain's formation contacts are based on beds first described and numbered by Bose (1910)
around Cerro de Muleros {Cerro de Cristo Rey). These formations were measured by Wacker (1972) and Campu-
zano (1973) in the Sierra de Juarez (Table IV). However, Upper Albian-Cenomanian strata lithologically
similar to those at Cerro de Cristo Rey were first noted by Cordoba (1968, p. B6). Fformations proposed by
Strain {1968a; 1976} were utilized for detailed mapping. However, small outcrop width and human habitation
of outcrops made mapping these formations for this thesis difficult te impossible. Undifferentiated  forma-
tions younger than the Finlay Formation are designated as supra-Finlay formations.

PRE-CRETACEOUS STRATIGRAPHY

In the Franklin Mountains there are sbout 1219 m (4000 ft) of Precambrian sedimentary rocks on an
unknown thickness of older units {Harbour, 1972), and about 1828 m (6000 ft) of primarily massive Paleozoic
limestones (Richardson, 1909; Harbour, 1972). Folded and faulted Precambrian sedimentary rocks in the
Franklin Mountains were deformed during the Grenville Orogeny (1000 m.y.a). In the Chihushua tectonic belt
the pre-Cretaceous units are highly deformed (Bridges, 1970). Pre-Pennsylvanian rocks underlying the
Sierra de Juarez were probably deposited in the Sonoran geosyncline; Pennsylvanian and Permian strata were
deposited in the Pedregasa basin. Triassic rocks are sbsent in the El Paso area indicating a period of
erosion. Jurassic rocks are reported from the Sierra de Samalayuca (Berg, 1969) (Fig. 3) south of the
Sierra de Juarez. Jurassic strata have also been reported in the subsurface near Clint, Texas and from the
Grimm well northwest of E1 Pasa, Texas (Uphoff, pers. comm., 1977}.

CRETACEQUS STRATIGRAPHY

Cuchillo Fermation

The Cuchillo Formation is considered as an informal Ffield term by: a) Wacker (1972) who informally
divided it into eight "lithologic units" (informel rock- stratigrsphic units, including two members), b)
Swift (1973) who divided it into nine units included in three members, and c) Campuzano (1973) who divided
it into three members.
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TABLE I -- Major Cretaceous Formations in the Sierra de Juarez

Cordoba {1969a)

Wacker (1972)

Thrust Sheet III

Formation -

Finlay 130 m 180 m

Lagrima 339 m 448 m

Benigno 206 m 115 m

Cuchillo 280 m 278 m

955 m (3,153 ft} 1,021 m (3,369 ft)

TABLE II -- Major Cretaceous Formations in the Northeast Sierra de Juarez
Formation Thrust Sheet [ Thrust Sheet II
finlay 183 m (603 Ft) 186 m (613 ft)
Lagrima 191 m (630 ft) 186-430 m (612-1,420 ft)
Benigno 117 m (385 ft) 1117 m (385 ft)
Cuchillo 144 m (475 ft) 182 m (600 ft)

635> m (2093 ft) 671-915 m (2,210-3,018 ft)

TABLE III -- Changes in Formation Thicknesses Between Thrust Sheets I, I1I, and III

Thickness
difference
Formation (III-1)
Finlay CONSTANT THICKNESS 0 m*
Lagrima 455 m 186-430 m 191 m 260 m*
Middle member 40 m 23-27 m 13-17 m
Benigno CONSTANT THICKNESS 0 m*
Cuchillo 275-455 m 180 m 144 m 131-311m*
Middle member 21 mm 8 m 13 m
TOTAL 391-571 m
¥Used in calculation of Total
TABLE IV -- Comanchean and Gulfian Series Formations in the Northeast Sierra de Juarez
Formation Wacker (1972) Bose (1910) Bed
Boquillas 10m (33 ft) 11
three different places 110 m (363 ft) 11
265 m (873 ft) 11
Buda 10 m (33 ft) 9
Del Rio Om (100 ft) 8
Anspra 67 m (220 ft) 7
Mesilla valley 47 m (140 ft) 6
Muleras 21 mm (70 ft) 5
Smeltertown 140 m (470 fFt) 4
Del Norte 27 m (50ft}) 2, 3
minumum total 347 m (1,156 ft)
447 m (1,486 ft)
602 m (1,996 ft)

maximum total
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Lower Member

Unit one consists of interbedded dark gray oolitic limestones, shales, yellow-brown calcareous
quartz sandstones; it contains Irigonia sp., Dstrea sp., Nueula sp., and Pecten sps Unit two consists of
red-yellow to brown Ostrea packstone (banks and quartz sandstones)., Unit three consists of marcen shales
with green micrite nogu.es occurring 47 m (155 ft) below the base of the middle member, a limestone bed
with sbundant gastropods and silicified wood and Exogyra quitmanensis packstones. Unit four contains 3
chert pebble conglomerate and a course white quartz sandstone which grades upward into Exogyra quitmanensis
packstones below the base of the middle member, -

Middle Member

Unit five is a light gray, massive-bedded, ridge-forming biostromal resf limestone with colonial
coral heads, razor clams, Orbitolina sp., brachiopods, and solitary corals, Corals include: Isastrea
whitneyi, Stephanocoenia sp., Astrocoenia, Monastrea sp., and Diploastrea sp, (Swift, 1973). This wnit is
not a reef limestone throughout the range and does not form massive cliffs in thrust sheet I as it does in
thrust sheet III,

Upper Member

Unit six consists of reddish brown, hemat ite-stained, cross-bedded, quartz- pebble conglomerates and
coarse sandstones overlain by brown oolitic limestones. Unit seven consists of olive-gray shales and
interbedded yellow limestones. The lower contact of unit seven is at the Aptisn-Albian boundary (Wacker,
1972, p. 26). Unit eight consists of thin-bedded light gray shales, blue-gray limestones, and gray marls
with echinoids, solitary corals, and sabundant QOrbitolina sp. and Dictyoconus sp. below the base of the
lower massive reef unit of the Benigno Formation. Units seven and eight are thin or asent in thrust
sheets I and Il (Table ITI, p. 15). The upper contact was arbitrarily chosen below the massive limestone
cliffs of. the lower reef unit of the Benigno Format ion (Wacker, 1972, p. 27).

Benigno Formation

The Benigno Formation consists of three members {Wacker, 1972),

Lower C1iff Member

The lower 10-80 m (33-264 ft) is a massive-bedded biostromal-biohermal, caprinid-rudistid reef lime-
stone which grades upward into the wackestones and packstones. Although this forms massive cliffs in
thrust sheet III these cliffs diminish in height as its thickness decreases in successively lower thrust
sheets (Table III, p. 15). A marker bed of gray- green mottled limestone with black and gray-green mottled
limestone with black and brown chert nodules occurs 2 m (7 ft) below the top.

Local Coral-Rudisted Bioherm Member .

A well-developed coral-rudistid bicherm crops out on the northwest side of the map area in
thrust sheet I (Bl in Fiq. 5; D-6, Pl. 1). Common fossils include: Toucasia sp., Exogyra sp., Nerinea
8p., Turritella sp., razor clams, solitary corals, and miliolid foraminifera.

Upper Member

This consists of about 21 m (69 ft} of Orbitolina sp. packstones and wackestones alternating with
shale. Common fossils include: Pecten sp., Joucasia sp., Trigonia sp., and Lunatia sp.; Hemiaster sp. is
abundant, The upper contact of the Benigno is at the highest of as many as seven Orbitolins sp. packstones
(Wacker, 1972, p. 32). However, this contact is difFicult to identify because of the lithologic similarity
of the upper member of the Benigno with the lower member of the Lagrima.




Lagrima Fermation

The Lagrima Formation consists of three members (Wacker, 1972).

_ Lower Member

Seventy-five percent consists of intercalated light gray to dull yellow calcareous shales and thin
limestone beds. Orbitolina sp., is rare at the base but becomes more common upward. Fossils which are com-
mon include: Trigonia sp., echinoids, pelecypods, and gastropods.

Middle Member

In thrust sheet 1II this consists of a massive-bedded rudistid-reef limestone (Wacker, 1972, p. 36).
This rudistid reef limestone does not occur in thrust sheets I and II (Table III}. A biostrome containing
Toucasia sp. and an unidentified branching coral occurs below a zone of red-brown chert nodules in thrust
sheets I, II, and III (Fig. 5). In thrust sheets I and II this member consists of at least three major
limestone beds separated by shaley limestones., Small cuestas have formed in places on the middle member,

Upper Member

This consists of shaley limestone and several thick limestone beds. Common fossils are: Gryphaea
mucronata, Serpula sp., solitary corals, gastropods, and pelecypods. A stair-step sppearance is a charsc-
teristic of the Lagrima Formation in thrust sheets II and III but not in thrust sheet I. The change in
thickness between thrust sheets III and I is greatest in the Lagrima Formation (Table IIi}.

Finlay Formation

The Finlay Formation consists of massive-bedded olive-gray to blue-gray rudistid reef limestones and
light blue-gray Gryphaea sp. packstones and wackestones. Caprinid-Toucasia sp. banks with corals are com-
mon. Dictyoconus sp. wackestones and packstones are diagnostic. Although Dictyoconus sp. are readily vis-
ible in light- gray limestones they are inconspicucus in dark-gray massive beds.

Del Norte Formation

The Del Norte Formation was divided into the Brick Plamt Member and the Refinery Member by Strain
(1968a) which he later designated as the Lower Clay Member and the Upper Calcareous Members, respectively
{Strain, 1976, p. 77).

Lower Clay Member
This is a calcareous shale interbedded with fine-grained sandstone and nodular limestone.

Upper Calcareous Member
This is a fossiliferous medium gray limestone interbedded with dark yellow- brown shale. Fossils
include: ammenites, echinoids, Turritella sp., Texigryphaea sp., Exogyra sp., Pecten sp., Ostrea sp., Pho-

lodomya sp., and corals.

Smeltertown Formation

The Smeltertown Formation consists of medium dark gray to light olive-gray shales and silty calcar-

eous chales interbedded with fossiliferous nodular limestones with abundant Texigryphaea sp. and fine--
grained ferruginous sandstone beds near the top. Common fossils include: ammonites, Pecten sp., and
Ostrea sp.
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Muleros Formation

The Muleros Formation may be divided into three members {Lovejoy, 1976a, p. 19): a lower irregu-
larly-bedded nodular to argillacecus limestone with sbundant Texigryphaes sp., a middle olive-gray shale
and an upper member of interbedded layers of shale and thin-bedded, fossiliferous, light-coléred, chalky
limestone with sbundant Jexigryphaea sp. The occurrence of abundant Texigryphaea in bank-like layers is
diagnostic. The upper contact is arbitrarily chosen as the highest member containing the greatest number

of Texigryphaea (Strain, 1976, p. 80).

Mesilla Valley Formation

The Mesilla Valley Formation is primarily shale with two members {Lovejoy, 1976a, p. 19); they are:
a lower carbonaceous black shale and an upper shale with siltstone, fossiliferous limestone, and, near the
top, fine-grained ferruginous sandstone, Diagnostic fossils include Trigonia sp. and Cribratina texana.

Anapra Formation

The Anapra Formation may be divided into five members (Lovejoy, 1976a, p. 19): three thin- to
massive-bedded, yellow-orange, cross-bedded, coarse-grained, quartz sandstone members separated by two
thin- bedded, bluish to purplish siliceous shaley siltstone members, The Anapra weathers red-brown,
Lignite is loecally present in the shale member.

Del Rio Formation

The Del Ric Formation consists of yellow-brown calcarecus shales and interbedded limestone, nodular
near the top.. Exogyra whitneyi, a thick-shelled oyster, is diagnostic.

Buda Formation

The Buda Formatien is pale-blue, medium to massive, fine-grained, nodular limestone with thin clay
seams, Serpula sp. and Turritella are sbundant.

Boquillas Formation

The Boquillas Formation is a dark-gray, unfossiliferous, calcareous shale containing thin-bedded
limestone laminae. Based on ammonites near the base of the formation, this formation was dated as Cenoman-
ian (identification by Cobban; LeMone, pers. comm., 1977). It unconformably overlies the Buda Formation
and is unconformably overlain by the Neogene Fort Hancock Formation.

CENDZOIC STRATIGRAPHY
The northeast Sierra de Juarez is bordered by the Hueco bolson on the east and the Mesilla bolson on

the north-northwest (Fig. 4). They contain fluvial and piedmont deposits of the Blancan Fort Hancock For-
mat ion.
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Bola Andesite

Garcia (1970, p. 10-12) called the rock type in four andesite porphyry sills in the northeast and
northwest Sierra de Juarez the Bola andesite, the name used here for all porphyritic andesites in the
Sierra de Juarez. ’

Fresh porphyritic Bola andesite is medium gray with phenocrysts of light-gray plagioclase (andes-
ine), subhedral hornblende laths, euhedral biotite, and scattered anhedral quartz set in a microcrystalline
ground mass of plagieclase laths, K-feldspar, hornblende, biotite, and magnetite (Garcia, 1970). Magnetite
and apatite accur as accessory minerals; alteration minerals include sericite, kaolinite, chlorite, and
hematite (Garcia, 1970). The average mineral composition given by Garcia (1970) is: plagioclase, 74.3%;
K-feldspar, 10.4%; hornblende, 5.9%; magnetite, 3.1%; and quartz, 0.8%.

Intrusive contacts are sharp. Minor thermal metamorphism is indicated by chill margins consisting
of hornfels, garnet, and epidote. Xenoliths and coarse digrite inclusions are common. Andesite intrusion
Ts20 (Campuzano, 1973, Pl. 1) is bordered by hematite, limonite, jarosite, native sulfur, gypsum, and psil-
omelane. This gossan-like material locally contains gold and silver with values as high as 1.5 oz/ton and
4.0 oz/ton, respectively {Goodell, pers. comm.).

Colonia Andesite

Non-porphyritic andesite, here called the Colonia andesite, was First described from the southeast
part of the thesis area by Campuzano (1973, p. 33). The Colonia andesite is lead-gray to olive-gray,
aphanitic to felty-textured, highly altered andesite. A fresh sample teken from dike Ta2 (Pl. 1) shaws a
salt and pepper sppearance (hornblende and plagioclase laths}. This andesite is difficult to trace in the
field because of its dark color, alteration, and small outcrop width. Alteration minerals include chlorite
and calcite. Intrusive contacts are sharp and contact metamorphism is negligible.

Colonia Andesite dikes cut Bola andesite sills, so the Colonia andesite is younger than Bola Andes-
ite {e.g., Tal cuts Ea2, K-7, Pl. 1). Dike Ta3a crops out in sb extension fractures in the hinge of syn-
cline 51 (Pl. 1) suggesting emplacement while S1 and the range were still under compression. If early
Paleogene tectonism in the Sierra de Juarez ceased 45-49 m.y.a. as suggested by Bola andesite dikes occur-
ring in fold-related ac fractures, then the Colonia andesite is mid-Eocene.

View southwest, from the U.T.E.P. campus, of thee northwestern Sierra de Juarsz. The northwest end of
Arroyo Colorado is at left and Las Flores syncline is in center.
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REGIONAL TECTONIC FRAMEWOREK
Steven K. Nodeland (1977)

with modifications by £. M. P. Lovejoy

Introduction

The Sierra de Juarez lie in the Basin and Range Province near the northeast margin of the Chihuahua
tectonic belt. The Sierra de Juarez are part of the southern Cordillera of North America, separated from
the central Cordillera by the Texas lineament (Albritton and Smith, 1957; King, 1969) and on trend with the
southeast branch of the Rio Grande tectonic rift (Fig. 2).

Chihushua Tectonic Belt

Laramide Thrust Faults and Folds

Cretaceous strata in the Sierra de Juarez were deposited in the northwest-trending Late Jurassic-
Cretaceous trough which is flanked by the stable Paleozeic Aldama and Diabla platforms. The Chihuahua
tectonic belt contains strata, now complexly deformed, which accumulated in this trough (Gries and Haengyi,
1970, p. 45).

Northeast directed thrust faults and overturned folds characteristic of the Chihuahua tectonic belt
formed during the Laramide orogeny (post-Cenomanian to pre-Late Eocene, [Gries and Haenggi, 1970, p. 41).
In southwes! New Mexico initial phases of the Laramide orageny occurred in Late Turonian (Hayes, 1970, p.
5). In the Sierra Madre Oriental, Vera Cruz Province (Mossman and Viniegra, 1976) stratigraphic, paleonto-
logic, and structural drill hole data indicate a middle Eocene age for thrusts and folds. In Big Bend,
Texas major folding and thrusting accurred in Early and Middle Eocene (Wilson, 1970), and Cretaceous strata
in the Sierra de Juarez {Wilson, 1970) were deformed between Early Turonian and Middle Eocene (Wacker,
1972, p. iii). 1In the Sierra de Juarez andesite dikes in ac fractures suggest that deformation ceased 45-
49 m.y.a., in the middle Eocene (Lovejoy, 1975b).

Gravity-Glide Faults

Vertical tectonism in the Mexican geosyncline (now the western Sierra Madre Oriental) beginning in
the Late Cretaceous initiated northeastward directed gravity- gliding over decollement surfaces; this cul-
minated in early Eocene in folding and thrusting of Mesozoic-Paleocene strata (DeCserna, 1969, 1970, p.
42-44). Laramide overfolding and eastward thrusting of Cretaceous rocks in the eastern Chihauhua tectonic
belt was probably along a decollement of Jurassic evaporites shove Paleozoic rocks (Fig. 3; Deford, 1969,
p. 63; and Gries and Haenggi, 1970, p. 123, 135). Cretaceocus marine strata lying on Jurassic salt may have
slid northeast against the pre-mid- Eocene Southern Franklin Mountains to form the Sierra de Juarez struc-
tural assemblage (Lovejoy, 1975b, p. 1177- 1178). .

Basin and Range Structural Province

Basin and Range Faults

Regional extension producing normal faults and the present mountains and basins occurred after the
deposition and emplacement of Eocene-Oligocene extrusive and intrusive ignecus rocks, Late Cenozoic basins
such as the Hueco and Mesilla bolsons {Fig. 4) contain Pliocene-Pleistocene strata. Quaternary fault
scarps along Tertiary faults indicate that 8asin and Range faulting continued into the Recent. For ex-
ample, there has been 121 m (400 ft) of post-Blancan movement on the Eastern Boundary fault of the Franklin
Mountains (Lovejoy, 1971). A fault scarp 30 m (100 ft) high in the Fort Hancock Formation near Cementos
Chihushua Plant in the southeast Sierra de Juarez may be the surface manifestation of a range boundary
fault (Campuzano, 1973, p. 52). [Note: EMPL does not accept the concept of "regional extension producing
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normal faults ... after the deposition ... of Eocene-Oligocene extrusive ... igneous rocks." This peint
will be discussed later,]

Franklin Mountains

The tectonic style of the Sierra de Juarez contrasts sharply with that of the Franklin Mountains
(Figs. 2 and 4). The Franklin Mountains, 8 km (5 mi) north of the Sierra de Juarez, are a narrow, north-
trending, west-dipping, tilted fault block range typical of Basin and Range structure. The range is com-
posed of Precambrian and Paleozoic rocks; there are no Cretaceous rocks in the range. There are no major
thrust faults or folds in the Franklin Mountains. Harbour (1972) assumed that uplift began in the Miccene,
but Lovejoy (1972b, p. 24; 1972¢, p. 387; 1973, p. 1774; 1975b) suggested that Franklin Mountains uplift
and Basin and Range faulting in the El Pasc area began in the mid-Eocene or earlier.

Rio Grande Rift

The Miocen—-Holnnene Rio Grande rift is a series of north-trending grabens arranged en echelon
north-northeasterly at least 720 km (450 mi} in New Mexico and Colorado (Kelley, 1952). Near Hatch, New
Mexico (Fig. 2) the rift splits into southwest and southeast branches around the Sierra de las Uvas dome
(Seager, 1973, p. 3624). The southeast branch is on trend with the N20OW-trending Mesilla Valley fault
zone which ends at the Texas lineament and may be the southern end of the eastern border of the Rio Grande
rift (Lovejoy, 1975c, p. 2663 1976c; Fig. 4).

Mid-Eacene andesite porphyry plutons (e.g., Cerro de Cristo Rey laccelith, Fig. 4) were intruded
along a N20W-trending lineament from the Sierra de Juarez northwest to the Vado Hills andesite (Vado, New
Mexico, Fig. 4}. These plutons sesm ln be structurally controlled and may be genetically associated with
Rio Grande rift or Franklin Mountains tectonism {(Lovejoy, 1972c: 1976a).

Texas Lineament

The northern erosional limit of Laramide thrusts and folds extends from the northeast margin of the
Chihuahua tectonic belt through El Paso, Texas and along the northern margin of the Cordilleran foldbelt of
southwest New Mexico and Arizona, parallel to or coincident with the N60W-trending Texas lineament (Corbitt
and Woodward, 1973, p. 2215) (Figs. 2 and 4).

The Texas lineament either is a pre-Mesozoic right-lateral shear zone (Muehlberger and Wiley, 1970,
p. 14) or a left lateral shear zone (Moody and Hill, 1956)., There is no evidence of major Cenozoic slip on
the order of miles on the Texas lineament (Lovejay, 1975a, p. 95) because Cretaceous strata of similar
thickness seem to be continuous across this zone between the Franklin Mountains and the Sierra de Juarez
(Lovejoy, 19763, p. 64).
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RESUME 0f THE STRUCTURAL GEOLOGY AND TECTONICS
OF THE STIERRA JUAREZ AS INTERPRETED BY
JORGE CAMPUZAND AND HERBERT WACKER

Earl M. P. Lovejoy

The Sierra de Juarez may be separated longitudipally and transvecsely into four sections. The Arroyo
Colorado thrust Ffault longitudinally separates the Sierra into southwesteen and northeastern divisions.
The Southeastern transverse fault transversely separates the Sierra into northwestern and southeastern
parts.

Stop Number 2 is in the southwestern division, northwestern part along the Southeastern ltransverse
fault. Stops 3, 4, and 5 are in the northeastern division, northwestern part near the Southeastern trans-
verse fault and the Arroyo Colorado thrust. Stop 7 is in the southwestern division northwestern part, in
Las Flores syncline. The major structures of the southwestern division are asymmetric folds, axial planes
dipping steeply southwest. The principal fold is Las Flores syncline, S3z.  The majur slructures of the
nartheastern division are the following thrust faults (highest on top):

Southeastern transverse

fault
Northwestern Part l Southeastern Part
Arroyo Celorado ----4 ---- Minitas ’ highest; westernmost
La ANQ  —<=—mmm—mmm | ---- Chihuahua Plant

Northeastern Division La Cruz |

Wacker has determined the stratigraphic separations on the above thrust faults:

Arroyo Coleorado 1200 m
La Ano 700 m
La Cruz 1300 m
Total 3200 m {dip slip is considerably more)

Campuzano has determined that several thrust faults in the southwestern division have been intensely
folded, indicating that thrusting preceded folding., Campuzano has determined that the Arroyo Colorado-
Minitas thrust fault (which he considers to have been originally one thrust fault), and La Ano-Chihuahua
Plant thrust fault {which he considers to have been one thrust fault) have a right separation of 2000 m on
the Southeastern transverse fault hut right separation of Las flores syncline is 1400 m. Campuzano be-
lieves that this suggests that strike-slip faulting followed thrusting and folding but thrusting, folding
and transverse faulting may have overlapped. The northwestern division of the Sierra moved northeast with
respect to the southeastern division. Campuzano and Wacker concluded thal! lhe oldest thrust is lowest and

the youngest thrust is highest.
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Numerous unfaulted andesite dikes and sills intrude the complexly folded, thrusted and faulted
strata. An andesite dike empiaced in the Southeastern transverse fault zone is fresh and wunfaulted. Only
very minor high-angle, normal faults cut a few dikes and sills. Thus the andesites sppear to be post-
orogenic.

However, several long dikes strike normal to the folds and thrusts. This suggests that the dikes
were intruded late in the compressional phase and should be considernd as late-synorogenic to post-

orogenic.

The age of the Campus pluton iu 45-50 m.y. Thus, thrusting and folding in the Sierra de Juarez ended
45-50 m.y. ago, in mid-Eocene time.

Along the northeastern front of the range, between the cement plant and Stop 3, is a piedmont fault
scarplet with maximum height of 30 m and a length of sbout 3.2 km. This may extend to the spring in Arroyo
Palo Chino (road log mileage 34.65).

iy,

B
HL I e h

View southeast, taken from near road log mileage 56, parallel with axis of Arroye Colorado in center; Anti-
clinal Colorado is at left; Cerro Bola is right of center in distance. Arroyo Colorade thrust extends
along foot of slope at right.
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DETAILED ANALYSIS OF THE CENOZOIC TECTONICS
OF NORTHEASTERN SIERRA DE JUARE?Z

Steven K. Nodeland
with modifications by E.M.P. Lovejoy

INTRODUCTION

Early Paleogene thrust faults, folds, and strike-slip faults probably developed from a single grav-
ity-glide thrust sheet. Thrusts and folds developed from northeast to southwest and were probably simul-
taneously drag-folded {(?} along a major right-lateral strike-slip fault,

From oldest wp, the imbricate thrust sheets I, II, and III overlie La Cruz thrust (F1), La Ano
thrust (F3), and Arroyo Colorado thrust (F11), respectively (thrusts are odd numbers) {Figs. 6 and 7).
Higher thrust sheets may have existed. Analysis suggests that the autochthon lies beneath La Cruz thrust
(F1) which is the exposed part of the folded and thrusted basal detachment surface.

The northeastern sierra is bounded on the northwest by the Arroyo del Panteon (FX) and Loma Linda
(F2) tear faults and on the south by the concealed continuation of the Southeastern transverse right- lat-
eral strike-slip fault (Fig. 7; P1.1).

The northeastern sierra forms part of the northeast limb of the Sierra del Paso del Norte synclinor-
ium which constitutes most of the range. Major early Paleogene folds include: Synclinal Tiradores del
Norte {51}, Anticlinal Colorado (Al), Anticlinal Palo Chino (A2), and Anticlinal Nordeste (AN) (Fig. 7).

The Nexus plexus (Fig. 7; C, D-3, 4, Pl, 1) is a complex area where major structures and intrusions
including F1-FX, Al, S1, F2, Eal, Ea3, and the Nexus dike connect, intersect, or lerminate. The Nexus
plexus is a key structural center in the determination of the sequence of structural development in the
northeast Sierra de Juarez,

Late syntectonic mid-Eocene andesite dikes cut and intrude thrust faults and folds. Andesite sills
may be gently folded.

The largest dip slip (0.6 to 0.7 km) normal fault in the northeast Sierra de Juarez, the N5W strik-
ing, 50ME dipping, post-andesite City Line fault (Flé) (Figs. 6 and 7), divides the northeast Sierra de
Juarez into two blocks, footwall {A) and hangingwall (B). It is the major fault in a 2 km-wide zone of
northwest-striking, post- andesite normal faults {(F4-24, 28, Pl, 1 and Fig. 7).

EARLY PALEOGENE TECTONICS

La Cruz Thrust Fault (f1), and Arroyo Del Panteon Tear Fault (FX)
and Southeastern Transverse Fault (FS)

La Cruz thrust fault (F1), the structurally lowest and oldest exposed thrust fault in the northeast
Sierra de Juarez (Figs. 6 and 7), merges laterally northwest with tear fault FX indicating that they are
parts of a single fault (Fig. 7; P1. 1).

Southeast of the thesis area (Pl. 1) thrust sheets I, II, and III and thrust faults Fl, F3, and F11
are bounded by and merge southeast with the concealed northeast continuation of the N30E-striking, right-
lateral, strike-slip fault FS (Fig. 7; Pl. 1), The strike separation of thrusts along FS is about 2100 m
(7000 ft) (Campuzano, 1973; p. 41 and Pl. 1). Thus FX-F1-FS is probably a scoop-shaped Ffault bounding
thrust sheet I; the bottom of the scoop is thrust Fl, the southeast side is right-lateral strike-slip fault
FS, and the rorthwest side is the left-latecal tear fault FX (Figs. 7 and 8; Pl. 1}.
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Fort Hancock Formation

In the El Paso area the Fort Hancock Formation (Strain, 1968b) consists of three major facies in-
cluding quartzose sands, clays, and piedmont carbonate gravel (Lovejoy, 1976b, p. 141). The clay facies
(red clay mixed with sand) and the piedmont carbonate gravel facies occur in the thesis area. During the
period of bolson filling the Fort Hancock Formation covered the northeast Sierra de Juarez below elevations
of 1224 m (4040 ft) the elevation of La Mesa surface (see Fig. 4; elevation from Lovejoy, 1976a, p. 128;
note 2). The base of this sequence could be as old as Miocene, so the Fort Hancack Formation is of Ter~
tiary-Quaternary age (Lovejoy, 1976a, p. 21},

The thickness of the Fort Hancock Formation in the northeast Sierra de Juarez is 1-100 m. Bolson
£ill east of the Franklin Mountains is 2743 m (9000 ft) thick (Mattick, 1967). Strain (pers. comm., in
Lovejoy, 1976a, p. 21) noted that unsubstantiated drillers' reports for wells drilled on the La Mesa sur-
face in Mesilla bolson record a minimum thickness of 1219 m (4000 ft).

The Camp Rice Formation which consists of poorly sorted gray river gravels and sands (gray gquarts
sands with pebbles) unconformably overlies the Fort Hancock Formation {Strain, 1966) but was not recognized
in the thesis area.

Quaternary Alluvium and Colluvium

Alluvium comsisting mainly of quartz sand, chert pebbles, and limestone cobbles was mapped in major
arroyos and intermittent stream beds. Colluvium crops out on steep slopes adjacent to topographically high
features. Colluvium was mapped where it covers structural complexes.

IGNEQUS ROCKS

Two distinct types of igneous rocks crop out in the northeast Sierra de Juarez; porphyritic Bola
andesite and non-porphyritic Colonia andesite. A felsite dike similar to the Loma Blanca felsite at Cerro
de Cristo Rey (Lovejoy, 1976a) intrudes Bola andesite and craps out in a N50-65E striking normal fault
{Callahan, 1972}, This normal fault offsets the fold axis of Las Flores syncline and is probably an ac
tension fracture related to early Paleogene compression.

Kottlowski {pers. comm. in Hoffer, 1978, p. 2132) obtained a whole rock K-Ar radiemetric date for
the Campus andesite (andesite petrographically similar to those in the Sierra de Juarez; Garcia, 1970) of
47.1 + 2.3 m.y.. However, it remains to be demonstrated that all of the andesite ages in the El Paso area
are the same; there may be minor differences (Lovejoy, 1976a, p. 71).

Structurally cantrolled regional emplacement of andesite is suggested by a N2OW-trending andesite
porphyry pluton lineament extending from La Mina andesite (Garcia, 1970} to the Vado Hills andesite (Fig.
4). Local guiding controls for emplacement of the andesite in the El Pao area are primarily stratigraphic
because it has not been found in strata older than Cretaceous (Lovejoy, 1976a, p. 17)}. In the Sierra de
Juarez, andesite intrusions appear to be controlled by: 1) early Palecgene fold- related fractures (ac and
ab fractures}, thrust faults, and some normal faults; and 2) early Paleogene pre-thrust (?) faults in the
autochthon. The Nexus dike in the Nexus Plexus may have intruded a northeast striking fault in the auto-
chthon (Fig. 5; Pl. 1),

Non-porphyritic andesite dikes Tal, 2, 3 (P1. 1) are similar to the Franklin Mountains basalt dike
described by Lovejoy and Hoffer (1971, p. 1117). Both strike NBOE-E and dip 805-90. These intrusions may .
be temporally and genetically related.



DETAILED ANALYSIS OF THE CENOZOIC TECTONICS
OF NORTHEASTERN SIERRA DE JUARE?Z

Steven K. Nodeland
with modifications by E.M.P. Lovejoy

INTRODUCTION

Early Paleogene thrust faults, folds, and strike-slip faults probably developed from a single grav-
ity-glide thrust sheet. Thrusts and folds developed from northeast to southwest and were probably simul-
taneously drag-folded (?) along a major right-lateral strike-slip fault.

From oldest up, the imbricate thrust sheets I, II, and III overlie La Cruz thrust (Fl), ia Ano
thrust (F3), and Arroyo Colorado thrust (F11), respectively {(thrusts are odd numbers) (Figs. 6 and 7).
Higher thrust sheets may have existed. Analysis suggests that the sutochthon lies beneath La Cruz thrust
(F1) which is the exposed part of the folded and thrusted basal detachment surface.

The northeastern sierra is bounded on the northwest by the Arroyo del Panteon (FX) and Loma Linda
(F2) tear faults and on the south by the concealed continuation of the Southeastern transverse right- lat-
eral strike-slip fault (Fig. 7; Pl.1).

The northeastern sierra forms part of the northeast limb of the Sierra del Paso del Norte synclinor-
ium which constitutes most of the range. Major early Paleogene folds include: Synclinal Tiradores del
Norte (S1), Anticlinal Colorado (Al), Anticlinal Palo Chino (A2}, and Anticlinal Nordeste (AN) (Fig. 7).

The Nexus plexus {Fig. 7; C, D-3, 4, Pl. 1) is a complex area where major structures and intrusions
including F1-FX, Al, Sl, F2, Eal, Ea3, and the Nexus dike connect, intersect, or lerminate. The Nexus
plexus is a key structural center in the determination of the sequence of structural development in the
northeast Sierra de Juarez.

Late syntectonic mid-Eocene andesite dikes cut and intrude thrust faults and folds. Andesite sills
may be gently folded.

The largest dip slip (0.6 to 0.7 km) normal fault in the northeast Sierra de Juarez, the NSW strik-
ing, 50NE dipping, post-andesite City Line fault (F16) (Figs. 6 and 7), divides the northeast Sierra de
Juarez into two blocks, footwall (A) and hangingwall (B). It is the major fault in a 2 km-wide zone of
northwest-striking, post- andesite normal faults (F4-24, 2B, Pl. 1 and Fig. 7).

EARLY PALEOGENE TECTONICS

La Cruz Thrust Fault (F1), and Arroyo Del Panteon Tear Fault (FX)
and Southeastern Transverse Fault (FS)

La Cruz thrust fault (F1), the structurally lowest and oldest exposed thrust fault in the northeast
Sierra de Juarez (Figs. 6 and 7), merges laterally northwest with tear fault FX indicating that they are
parts of a single fault (Fig. 7; Pl. 1).

Southeast of the thesis area (Pl. 1) thrust sheets I, II, and III and thrust faults Fl, F3, and F1ll
are bounded by and merge southeast with the concealed northeast continuation of the N30E-striking, right-
lateral, strike-slip fault FS (Fig. 7; Pl. 1). The strike separation of thrusts along FS is about 2100 m
(7000 ft) ({(Campuzano, 1973; p. 41 and Pl. 1}. Thus FX-F1-FS is probably a scoop-shaped fault bounding
thrust sheet I; the bottom of the scoop is thrust Fl, the southeast side is right-lateral strike-slip fault
FS, and the northwest side is the left-lateral tear fault FX (Figs. 7 and 8; Pl. 1).
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Loma Linda Tear Fault (F2)

F2 (c-3, 4, Pl. 1), probably a near-vertical, left-lateral tear fault with vertical and horizontal
separations, and parallel to FX, cuts only the overturned limb of Al in thrust sheet II and does not sppear
to extend into the autochthon (Fig. 9; Pl. 1). It may be a high-angle normal fault down on the northwest
(Fig. 9). Throw is indicated by the overturned limb of Al {thrust sheet 11) which lies opposite FX {thrust
sheet 1) although FX is separated from F2 by a thin wedge of autochthonous (?)} supra-finlay strata (Fig.
9).

Thrust sheet II (including the upright limb of the overturned anticline Al) lies above both FX and
F2 but is unfaulted, thus Al may be a drape-fold overlying FX and F2Z (Figs. 8 and 9)., F2 is not exposed
southwest of the Nexus plexus and probably dies out in Al. Thrust sheet I is not exposed north of FX where
it is probably covered by the overturned anticlinme Al.

Ancestral Antieline (A3), Synclinal Tiradores Del Norte {51},

Overturned synciine Sl forms the footwall of thrust F3 (Fig. 7; Pls. 1-4), Sl and F3 have parallel
map traces which change trend from 530E te east implying cogenesis.

The fact that F3 cuts Sl (E-4, P1. 1, Block A) implies the existence, prior to F3, of two anticlines
bounding $1. - The overturned southwest limb of Sl was the northeast forelimb of one of those anticlines,
asymmetric bounding anticline A3 {(Fig. 10); the other anticline is probably Anticlinal Nordeste (AN)}.

If A3 and S1 were cogeretic and adjacent folds, map traces of their axial planes should be parallel.
The parallel map traces of F3 and S1 imply that La Ano thrust, S-shaped in cress-section -(Fig.. 10; Pls.
2-4), probably developed by upward extension from F1 along the curved axial surface of A3 during the over-
turning of thrust sheet I. So, La Ano thrust appears to be intermediate between a break thrust and a
stretch thrust. Intermediate stages between asymmetric anticlines and thrust asymmetric anticlines ana-
logous to F3 and A3 occur southwest of the thesis area {e.g., AZ and F17, 19, 21, and Al0 and Fl6, see
Wacker, 1972, Pl. 2 and 3). So, although F3 was cogenetic with S1 and A3, the initial formation of F3 as
an imbricatijon of Fl was dependent on folding.

Folded and Thrusted La Cruz Thrust Fault (F1)

The tight core of 51, characterized by the telescoping southeast of intensely fractured and folded
Lagrima, is exposed at the surface, suggesting that S1 extends downward into the autochthon below F1 (Pls.
2-4), Therefore, the autochthon and F1 are synclinally folded in Slj F1 is older than S1. F3 which cuts
5l and F1, is, therefore, younger (Figs. 7, 8, 9, 10; Pls. 2-4),

Anticlinal Cross Fold Palo Chino (A2)

Anticlinal Palo Chino (Fig. 7 and 113 Pl, 1) is a large anticline which diagonally crosses S50E-
east-striking thrusts and folds in the northeast Sierra de Juarez. In map view the fold axis of A2 con-
nects the points of maximum curvature in the bent map traces of the axial planes of folds (Fig. 7 and 1l).
The fold axis of A2 bears 525W and plunges 45SW (?). The fold axis of A2 is almost parallel to the strike
of FS.

Synchronous development of A2 and folds, thrusts, and strike-slip faults in the northeast Sierra de
Jusrez is suggested by the parallelism of the changes in the strikes and dips in and between Blocks A and B
from S30E, 45SW to East, 455 of the: 1) fault surface of F3 and adjacent strata (of Figs. 5, 7, and 12;
Table VI); 2) axial planes of Sl and minor folds en the limbs of S5l (Fig. 11); and 3) axial planes of folds
southwest of the thesis area (Fig. 7; s=e Campuzano, 1373, Pl. 1).
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The position of the fold axis of AZ is also indicated by an axial culmination along the fold axis of
Sl. Deeper structural levels of Sl are exposed at approximately the same elevation southeast from Al along
F3 (Pls. 2-4). Sl plunges northwest from the fold axis of A2 in Block A and East from A2 in Block B (Fig.
11; Pl. 1).  Arcuate S30E-east-trending monoclinal ridges and valleys are the dominant geomorphic expres-
sion of A2 (cf Figs. 5 and 12). Andesite sills also change strike from S30E-east between Blocks A and B
and may have been gently folded in A2 (e.g., Fal, 2, 5, and Tal-7; Table VII),

Counterclockwise Rotation of Thrust Faults along Strike-Slip s

Rotation of structure along FS is suggested by minor diagonal dip-slip rotational thrusts Fla, Flb,
F3a, F3b, F5, and F13 (Fig. 7; Pl. 1) whose stratigraphic separations all increase southeast taward FS. To
the northwest these thrusts are either cut by higher thrusts or die out (see F3b, J-7, 8%, Pl. 1; cross-
sections I, J, K, L, M; Pls. 3 and 4). Fl is cut off northwest by F3 which appears to be cut northwest by
F11 (Figs.. 3 and 13},

Northeast to Nerth Tectonic Transport

Major N30-50W trending folds and thrusts in the Sierra de Juarez indicate that overthrusting, in
general, was toward the northeast (N40-50E). However, the change in the strike of F3 and bearing of the S1
fold axis from S30E to east suggests that the direction of tectonic transport changed there from northeast
to north {Figs. 6, 7, lI, and 12). Southeast from Al slickensides on the F3 fault surfa:s trend S60W to
south, always parallel to the dip direction of F3 implying that:

.\\\
1) the direction of tectonic transport changed progressively southeast toward FS and N&OE to north
during folding and thrusting synchronous with the development of AZ.

2} the change in strike and dip of F3 to east, 455 was due neither
to subsequent superimposed folding nor rotation of F3 Ffault surface in Block B during normal
faulting along F16.

Minor thrust faults indicating a transition in the direction of tectonic transport from N6OF te north in-
clude fla, Flb, F3a, F3b, FS, and F13 (see Table VI).

The change in the direction of tectonic transport may be the result of two differently oriented com-
pressional stresses: 1) the primary N40-60E directed compressional stress, and 2} a secondary N65W direc-
ted compressional stress acting normel to the N25W-trending A2. This N65W directed compressional stress
may represent local stress reorientation due to strike-slip movement along FS. Finlay Formation strata
{(H, 1-13, P1. 1) strike about N4OE and may indicate NSOW directed compression (Fig. 12). The area north-
east of the exposures of Cretaceous rock is covered; however, the direction of tectonic transport in the
northeast Sierra de Juarez may have changed from N6OE to N&5W on the north side of FS.

Folded Basal Detachment Fault and Folded Thrust Faults

Subsurface data, a folded autochthon, and folded thrust faults (Plates 2, 3, and 4 and Figures 10
and 14) seem to demonstrate a fFolded basal thrust:

The Pemex Pozo Juarez No, 1, drilled west of the thesis area, on the Oasis anticline, passed
through 50 meters (167 feet) of Santa Fe Group, 240 meters (800 feet) of Cuchillo Formation and
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then through 262 meters (873 feet) of Upper Cretaceous shale (Boquillas Formation) (Tavar, J.,
pers. comm, in Wacker, 1972, p. 62).

Wacker (1972, p. 62-63) suggests that Pemex drilled through F1l and that there might be more
thrusts below the bottom of Pozo Juarez No. 1. I believe that Pemex drilled through the folded low-angle
basal detachment surface (F1} of which F11 is a major imbrication. In the northeastern sierra (Pl. 1)} and
in the Oasis anticline (Fig. 15) the Cuchillo Formation overlies a thrust and supra-Finlay strata., The
amplitudes of large wavelength, first order folds and second order drag-folds extend below the elevat ion .f
the thrust in Pozo Juarez No. 1 indicating that this thrust is folded (Fig. 15). If these thrusts overlie
supra-Finlay strata in the sutochthon then both are part of the folded basal detachment fault. If the
basal detachment surface is folded then the autochthon may alse be folded, although a decollement surface
beneath the thrust may have been unaffected by the folding of the overlying allochthons. Neither Wacker
(1972, P1. 3) nor Campuzano (1973, Pl. 2) extended their cross-sections deep enough to show a folded thrust
and possibly folded autochthon interpretation (Fig. 18).

Low-Angle Basal Detachment Thrust Fl

The combined stratigraphic separation on the major thrusts F1, F3 and F1l of over 3.1 im (1.9 mi)
implies slip un the order of tens of kilometers (Table V). Gravity-gliding or overthrusting of a wedge of
Cretaceous strata 1.2-1.8 km (0.7-1.1 mi) thick (Tables I, II, IV) over a distance of tens of kilometers
implies -a low- angle slip-surface {detachment fault) (based on the theories of Hafner, 1951 and Hubbert,
1951). As previously suggested, the low-angle detachment fault Fl was probably subsequently folded (Figs.
10, 14, and 15; Pls, 2-4).

The minimum combined slip on the thrusts F1, F3, and F11 in the northeast Sierra de Juarez, measured
from cross-sections, is about 14.0 km (8.4 mi} (Figs. 14, 15, and 17). The minimum combined slip on FI,
F3, and F11 for the whole range, measured from cross-sections, is greater than 22.0 km (13.2 mi} (Figs. 14,
15 and 17). The 10 km (6 mi) width of the Sierra de Juarez is 41% of the 22 km (13 mi) width of Cretaceous
strata comprising the range. Therefore the original width of Cretaceous strata in the Sierra de Juarez was
decreased by 59% percent due to thrusting and folding.

Pre-thrust High-Angle Fault (?)

The primary slip-surface for thrust sheets in the El1 Paso area consists of supra-Finlay shales.
Southwest of Arroyo Colorado the basal fault (Fl} overlies the Boquillas Formation (Pemex well data), but
northeast of this arroye, in the zone of imbricate thrusts (Fig. 13), it overlies the Anapra Formation.
The decrease of 364 m {1200 ft) in stratigraphic separation on F1 in 3.0 km (1.8 mi) suggests that thrust
sheet I wmay have over-ridden a prethrust, northwest-striking, down-on-the-southwest high-angle fault or
faults in the autochthon.

Anticlinal Nordeste (AN)

Anticlinal Nordeste is a large, poorly defined anticline which is difficult to analyze because it
has been deeply eroded, complexly deformed, and offset by normal faults (Fig. 14). It is superimposed on
thrusts and folds and confined to the block between FS and FX suggesting: 1) it is, in part, strike-slip
induced; and 2) its development took place over the whole period of early Paleogene tectonism in the Sierra
de Juarez.
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Sierra Del Paso Del Norte Synclinorium

The Sierra de Juarez are the geomorphic expression of a large, complex, composite, sbnormal
synclinorium bounded on the southwest and northeast by two anticlinoria (Fig . 18). From northeast to
sauthwest the anticlinoria are composed of the following large wavelength first order folds: Anticlinal
Nordeste (AN), Synclinal Centro {SC), and Anticlinal Sudoeste (AS) (Fig. 18}.

La Ano and Arroyo Colorado thrusts (F3 and Fl1} may be axial plane thrusts which developed
sequentially northeast to southwest from anticlinal drag-folds on the northeast Fflank of SC (e.q.,
ancestral anticline A3} (Fig. 18).

MIDDLE EQCENE EVENTS

As much as 3.9 km (13,000 ft) of strata comprising thrust sheets I, II, and III were eroded from
Block A but preserved in the topographicalty lower B8lock B. Preservation of strata in Block 8 once
continuous with those strata eroded from Block A indicates that most of erosion of those Ethree thrust
sheets in the northeast Sierra de Juarez occurred after down- faulting of Block B along the post-andesite
City Line normal fault (F16)}.

Bola andesite sills in thrust sheets I and II (Blocks A and B) ({Fig. 17; &al, 2, 5, Pls.l-4}
indicate that prior to the time of F16 faulting thrust sheet III (highest known thrust sheet) had at least
not yet been eroded to a great extent from the northeast Sierra de Juarez. There has, thus, been erosion
of 3.9 km of strata of the three thrust sheets subsequent to the intrusion of Bola Andesite 47 m.y. ago.

Ta3a crops out in ab extension fractures in the hinge of Sl suggesting that the range was still
under compression in the mid-Eocene {P1l, 1}.

POST-MIDDLE EOCENE FECTONICS
Introduction

Major northwest-striking normal faults offset andesite sills in the northeast Sierra de Juarez (P1.
1, 2, 4), although Wacker (1972) and Campuzano (1973) reported no major offsets of andesite dikes and sills
elsewhere.

City Line Normal Fault Flé

High-angle dip-slip normal fault Fl6 is the largest post-andesite normal fault in the Sierra de
Juarez (Figs. 6, 7, 11, 12; Pls. 1-4;), Evidence that it is a post-andesite dip-slip, normal fault
includes:

1) The left-separation and repetition in the structurally lower Block B of identical sequences
of strata, structures, and inktrusions found in Block A (Fig. 19). Repeated structures and
intrusions include: Fl, FX, F3, F23, Sl, AN, A2, minor folds, the overturned limb of Al
(c-9, P1. 1), Eal, 2, 3, 5, Colonia Andesite dikes and sills.

2) The repetition in Block 8 of the same change in strike and trend of strata, structures, and
intrusions from S30E to east observed in Block A.

3) Sills and strata in Block B are N85E-east of their counterparts in Bleck A. The dip-slip
direction of N5W-striking F16 is N8SE (Fig. 19).
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4) Drag folds $2, S7, and AN are parallel to the strike of Fl6 (Fig. 11).

Strike separation on F16 varies according to the orientation of different structural planes; for
example, there is little strike separation of FX (because of trace-slip), but there is about 1600 m (5280
ft) of left-separation of F3. In Block B some strata and structures adjacent to and offset by F16 do not
crop out in Block A adjacent to F14,

Other Post-Andesite Normal Faults

High-angle normal faults F4-24 and 28, which form a horst-graben system (Figs. 20 and 21; Pls. 2-4)
and offset Bola and Colonia andesites (Fig. 20; cf Figs. 17 and 21) have dip-slips of 8 to 67 m (25 to
220 ft).

Northwest-striking normal faults of the Puerta del Norte fFault zone, in a zone 2.0 km (1.2 mi) wide
in the northeast Sierra de Juarez, are on strike with the northwest trending: 1) andesite porphyry pluton
lineament (Figs.. 4 and 13); 2) the Rio Grande rift; and 3) Mesilla Valley fault zone. These faults may
be: 1) extension faults (keystone faults) parallel to the fold axis of AN; 2) tension faults associated
with FS; 3) Basin-Range faults; 4) mid-Focene normal faults; or 5) Rio Grande rift faults.

View northwest, taken from near road log mileage 13,3, parallel with fold axes in the range. Cerro Bola is
high (synclinal) peak at right of center. Complex structure of northeastern Sierra can be contrasted with
the simple structure of the southwestern Sierra in this view.




CHIFUNEUA

Hzna.

Fobledo

2
5
3
GE
“
f
g
8
%
é
:
a
. B
"ire g8
g &
s g 2
sz
s 4
" i
tE
o dle § i
&
P

3. Mattick, 1967

4. Davls and Leggett, 1967

5. Babers, Cook end Saithsan, 1978

Quit=sn Mtos.

{Rase cooplled fren Xobtloeskl, 1963 and Vecker, 1972)

Figure 2, Geophysicel Coversge of Study Ares

suosipg 033Ny pud
oiisa 0 dop xepuj | mbiy

A, ANSIAIN 10N BIRWAKS
WINQIIWIM-SI5DIOR 1'ON IKION L
JBsinG 'ON  Apouuay @ S10QWDND'Y
ybnosog 1'ON HAONG

1=6L-€Z 994 050d |3 I'ON 090XdL 'y
[0JpI4 - 10ADIM {'ON 000¥IL'E

2%

9N I'ON 10 9 wwligZ

VIHYNHING _ cuinfs3anuo
Buoaiswiy 'O "99°0 aIpodld D (et SYI@
S73M _
: i
03N MIN i oy
oucg
1 saipiy vog

BN
Seiuta

Swx3al

0aI1X3N M3N

TLOT ‘dexdupn PUU §5ET ' IAASTIINL B04d FATFAZID avng

9z 0SO0¢
LU oo -]
[l — o ]
gl o S0 &

opesy
"y

arlotowns
g

e

2

LI

FIGURES 1 - 12 ARE FROM UPHOFF (1978)

- - 2
& =] [ 2
= = o o D) o
-] o =] o < a
[ 1 g1 K - a
=] &) 7] 4 3 @ -
o] g » @ o 4 @
& Q 2 3 a - [ 7] -
o k-3 M % = - bl
© @ = o S - b2 =
2 =] B o | & = @i m &
9u~ = o
= 18
-
b
1..._...........[11 o
8
0
2]
_ ‘m v =
- - -
a (2] £ o @
=] 2 o - o = o | o S
S ] @ = - 4 o o
: m 3 | 8 als|s| s & A
o S @ 2 9 gloste 83| 4 o
@ i o & B El ] o 1 oo
o @ G H = 1] =] e Q
o o 2 4 f 3 g | 3 Bl o | = o 3
= ] b= = [ o | B = (=0 ¢ =
2 = i1 & g1y ¥
2 i %«
= (23
o =3 —
9 oQ ol
® | @
e | a Eis 2
Elgioidle a [ D
a = < = ) o ] 3 o e [4) [£) ﬂ
I -t o [+ - o ~ o
151918 8]alal 5| i 315083 3
Blolol| 8t a8 M 2 tA | 8219 8| 3] @
= Q H 2] - <= - ] 3] =3 0 - ~ n
Sl3|18l8| 8148 d|lslal Bl Gl Al 8| alm &
o1 = | o ES Al @t om 3 - - 3 [ o | & 2| mi M °
i : 5
[isd *dn o28ny ~dn eusTepiey k)
=
afy “uxad ruuag *28TH ‘A9q ['TTS px0  [0-D
SUON suoy Syowwidl,
snawid =0 Aussqy
WeTRIOIXO ayoFwanp 2TQUQDA | SyEITING
b3 wudyA GV >
e - — —— oTTIUMY 3
g [TEERECES S e & I Q1TIUIND
SpIHY
BACHITITFT [ D o P
ROl 13uoy Tosve
Ca| H
x0) 00 RO L —d — — 143w aroug o sfe]
Fmemmrmnd %00 -
. ElEIT 18
Awgutd AnTurg rpIunpg ARTHTY vorqTy AeTutd m g m m
218 |8
gL azen 182G HEE
opTAsuay| GRPRASUAG = e o gl
3
UAOI103 TG M M
)
amd wson Adzz 8033TOR m m
3
L RTIVA 3! 1
: TTIEA cF
I
= g
RUSC] ow 13 vaduuy a = H
° &
3
oTd 130 E
4
ophg upng wpng opng
b &
Jquums vHOUL (O cuttinhog serinbog ER R
vy i e
€961  |oLsT gsuor|oguitsasnng 46T 1o 7 ‘TG 'BuS -o3-19g
* poonappun LTt rsuap 17 30 ‘HUTR|ZLET *aadup
~gugy a1Fvd| wewanyh rglotTianod @] suim cosny [zadunp ap t5| spIqpeu-cRYIAVIN ausoen
8
sXo0H JTUBITO, [
SHOTIVIZNAOY SNOIIVIIUD XO0H STUOITOA VIo-ed W
vaog—rup | O
(2L61 *49%9TH WGLl P37, IPOR) | T4 Ao1T0A 134 K2tta Sog=" UK
|
|
cuosTog ooty BuD TTLINSN ‘Audwaigiedis | uesien wITIENM uogieg 03NN
SYroua) UM IJOTAOAY 40 TIWEI UO]INIIII0Y CE IADTY H {oioay) STHL) amy
! aonganrang
1




47

THE STRUCTURAL GEBDLOGY AND TIMING OF FAULTING O8F THE BASIN
BLOCKS ADJACENT TO0 THE SIERRA DE JUAREIZ

Thomas Uphoff and Earl M.P. Lovejoy

INTRODUCTION

The name of the Basin and Range Province evolved because mountain ranges and topographic basins alter-
nate over a large region of the western United States. The terms basin and range thus used are geomorphic
as is the term bolson. Structural geologists have used other terms, such as horst and graben, to describe
the structural blocks on which the geomorphic units developed. However, the terms horst and graben have
been defined as fault blocks that are bounded by normal faults. Lovejoy does not consider the use of these
terms applicable to fault blocks whose major bounding faults have not been observed. Therefore, for the
purposes of this paper, the structural terms range block and basin block are used. Thus, ranges {geomerphic
term) have formed on range blocks (sktructural term) and basins or bolsons have formed on basin blocks.

The Sierra de Juarez are bounded on the east by a long and complex basin, the Texas half of which (be-
tween the Franklin and Hueco Mountains) is called the Hueco bolson. The Sierra de Juarez are bounded on the
north by the much broader and somewhat more complicated Mesilla bolson. Hawley (1969, p. 132, Fig. 1} ex-
tends the name Mesilla bolson to the southwest and south of the Sierra de Juarez.

The subsurface geologic structure of the Hueco and Mesilla basin blocks is partly known on the basis
of well (Fig. 1) and geophysical (Fig. 2) data, fault scarps, and observed stratigraphic throw measured in
the field.

Mesilla Basin Block

The Mesilla basin block, which contains Cenozoic continental and volcanic rocks, and Cretaceous ard
Paleozoic marine strata {Figs 3 and 4), is cut by three major north-trending faults of known surface expres-
sion, from west to east, the Robledo, Fitzgerald, and Mesilla Valley faults. Woodward et al (1978) refer to
the basin block as the Mesilla basin.

The Robledo fault, downthrown to the east, westernmost of the three, and the western boundary of the
Mesilla basin block, forms the eastern boundary of the East Potrille Mountains {Bowers, 1960) and Robledo
Mountains (Kottlowski, 1958} and passes into the Aden Crater area (Kottlowski, 1958). It extends southward
as manifest by volcanic features and small fault scarps (Hoffer, 1976).

The Fitzgerald fault, downthrown on the west, trends north-northeast through Hunt's Hole, Kilbourne
Hole, and Gardner Cones (Hoffer, 1976} and probably joins the Roblede fault to the south at the south end of
the East Potrillo Mountains (DeHon, 1965}, south of which point it is termed the Potrillo fault (Reeves and
DeHon, 1965). The Fitzgerald and Robledo faults bound the Aden graben on the east and west, respectively
(Hoffer, 1976}.

The Mesilla Valley fault, downthrown on the west, the easternmost of the three faults and the eastern
boundary of the Mesilla basin block, extends beneath the river alluvium and has structurally guided the Rio
Grande flood plain of Mesilla Valley from Cerro de Cristo Rey to Las Cruces (Lovejoy, 1976c).

The Aden rift is a northwest-trending lineament that crosses the central Mesilla basin block, defined
on the basis of alignment of a zone of fault blocks in the northern West Potrillo Mountains, Aden Crater,
Gardner Cones, and a number of smaller volcanic features (Hoffer, 1976).

The andesite plutons which intruded and deformed Cretaceous strata west of the Franklin Mountains are
not in the Mesilla basin bloek, although they are considered to be in the Mesilla bolson. Those at Cerro de
Cristo Rey (Lovejoy, 1976a), at and surrounding the University of Texas at El Paso {Campus Hills) (Hoffer,
1970), and in numerous other small isolated hills (e.g. at Vado Hills, Three Sisters, and Coronado Hills)
(Garcia, 1970) lie in an elevated block between the Mesilla Valley fault and the Franklin Mountains. A
similar petrography implies common oriyin and age, dated at Mid-Eocene radiometrically (Hoffer, 1970).

West and southwest of the Sierra de Juarez the Mesilla bolson sedimentary fill is interpreted by Cor-
doba (1969, Geologic Map, cross section B-B') to be about 100 m thick.
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Hueco Basin Block

The Hueco basin block, which contains Cenozoic continental sediment, Hueco limestone, and Paleczoic
strata, is bounded on its west side, along the east side of the Franklin Mountains, by the largest throw
fault in the region, the Eastern Boundary fault zone of the Frankin Mountains (Richardson, 1909; Harbour,
1972; Mattick, 1967; Lovejoy, 1975a, 1975c)

Woodward et al. (1975, 1978) show a north-trending, down-to-the-west, normal fault buried beneath and
separating "alluvium, generally thin"™ on the east from "generally thick synorogenic sedimentary deposits in
Rio Grande rift; Miocene to Holocene" on the west; for purposes of this discussion, this fault is called the
Hueco boundary fault. It is shown to end at a point due east of the central Franklin Mountains.

Strain (1966, p.14) noted a nerthwest-trending fault downthrown on the southwest, along the south side
of Campo Grande Mountain in Hudspeth County. This, the Campo Grande fault, may be the southeastern contin-
uation, as manifest at the surface, of the Hueco boundary fault.

Woodward et al. (1978) also show six north-trending normal faults in the central part of the Hueco
basin block between the Eastern Boundary fault zone and the Hueco houndary fault, Mattick's (1967) map
shows that these faults are inconsequential; they are apparent in the field only as minor scarps. They may
be due to compaction associated with dewatering of thick clay sequences of the Fort Hancock Formation in the
central part of the block.

Woodward et al. (1978) show the Eastern Boundary fault zone of the Franklin Mountains extending south
along the east front of the Sierra de Juarez, thence curving southeast along the southwest edge of the Hueco
bolson, and extending about 20 mi south of El Paso. It may join another fault which they show as bounding
the northeastern side of the Sierra de los Frailes.

Thus, although there may be many faults in the Hueco basin block, only two which may be regarded as
major faults have been reported in the published literature.

The bedrock surface of the Hueco basin block slopes westward in the northern- part of the basin from
about 4000 ft (1220 m)} (msl) at the Hueco Mountains to about -5000 ft (-1525 m) about 2 mi east of the
Franklin Mountains {Mattick,1967). In this deepest part of the northern Hueco basin block, bolson sediments
(Fort Hancock Formation?) are approximately 9000 ft (2745 m) thick (Mattick, 1967}, lying on west-dipping
bedreck which is probably the Permian Hueco Limestone {Cliett, 1969).

The bedrock surface of the southern part of the Hueco basin block southeast of El Paso, is an irregular
floor formed on thrust-faulted Cretaceocus strata {Figs. 5 and 6). The Humble No. 1 University "DW" well
drilled 5 mi (9 km) east-northeast of Fabens, Texas, penetrated 8950 ft (2730 m) of bolson fill, indicating
a deep trough of bolson sediments in this area; this has been confirmed by gravity studies (Covert, 1976).
Exposed balson sediments in the Hueco basin block consist of about 400 ft of Fort Hancock Formation (Blan-
can; Strain, 1966} fluvial and lacustrine deposits, and a thin overlying veneer (generally less than 60 ft
thick) of Camp Rice (Blancan and Irvingtonian; Strain, 1966) fluvial deposits. These have been dissected by
the Rio Grande Valley which contains modern river alluvium about 80 ft thick (Richardson,1909).

Davis and Leggatt (1947) (Fig. 5) published gravity, seismic and electrical resistivity data and pro-
duced a map showing depth to bedrock in the southern Hueco basin block. As does Mattick's map (1967), their
work indicates a west-sloping bedrock surface east of the Franklin Mountains. Southeast of the range, how-
ever, near Clint and Fabens, their work indicates a much more irregular bedrock surface. Covert (1976)
indicates another deep trough of bolson sediments which deepens abruptly at Fabens and extends to the south-
east into Hudspeth County.

INTERPRETATIONS OF PUBLISHED DATA PROPOSED BY UPHOFF (1978)

Studies of deep test wells in the Mesilla and Hueco basin blocks, correlated with known surface data
and geophysical data, led Uphaff to important interpretations.
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Mesilla Basin Block

In the Grimm, Hunt, Brown and American Arctic Limited No, 1 Mobil 32 well (Fig. 7), a wildcat drilled
in Dona Ana County, New Mexico about 20 mi {32 xm) south-southwest of Las Cruces, 700 ft (213 m) of light
and dark shales and sands with coal stringers were dated paleontologivally as late Paleocene to tocene (Jack
Grimm, pers. comm. te Uphoff), Overlying this section are 6330 ft (1930 m) of dark red to maroon and grey
calcareous sandy shales and siltstanes and fine-grained sandstones considered by earlier workers to be allo-
chthonous Abo Formation overthrust from the southwest, but which Uphoff considers to be <continental {fluv-
ial) deposits of Eocene age. This is overlain by 3850 ft (1174 m) of volcanic rocks of Oligocene age,
Thus, there was an accumulation of over 10,000 ft (over 3 km) of continental material in the Mesilla basin
block in the Paleogene. The volcanic rocks are overlain by about 1200-1600 ft of bolson fill, probably Fort
Hancock and Camp Rice Formations.

Hueco Basin Block

From data obtained from six wells drilled in bedrock, and from geophysical data, Uphoff determined that
a northwest-trending, high-angle fault, down on the sohthwest, exists beneath the El Paso Valley of the Rio
Grande southeast of El Paso, Texas (Fig. 8). Termed by Uphoff the Clint fault, it trends nacthwest through
the bedrock beneath Clint and may continue beneath downtown F1 Pasa. Uphoff believes that throw on the
fault at Clint is about 9600 ft (3 km), measured by throw of the Permian Hueco Formation (Fig. 9). uphoff
notes that the Clint fault lines up with the Aden rift.

Uphoff shows that Cretacecus beds lie on Mississippian strata in the Mobil No. 1 Dorough Well on the
upt hrowa block of the Clint fault (Fig. 10). Uphoff believes that the Ciint fault formed in the Permian
because Permian beds were offset and the amount of erosion of the fault scarp seemed to require a great
length of time. UphofF considers the Cretacens beds to rest unconformably on the Mississippian beds.

Uphaff shows duplication of the Cretaceous section in the Chambers el Kennedy No. 1 Surratt and Mobil
N. | Dorough wells and interprets and names this as the Rio Grande thrust (Fig. 11), “

Uphoff  indicates that there had been no fault displacement of the Cretaceous section by the Clint
fault.

Uphoff's evidence for the Rio Grande thrust consists of a Cuchille through upper Cretacenus seqience oa
top of a Del Norte through Boqui'las sequence in the Chambers well, and of an upper Cuchillo-Benigno se-
quence on top of Boquillas on top of a lower Cuchilln-Benigno sequence. He considers the lower Cuchillo-
Benigno sequence to be autochthonous, the Hoquillas to lie on the autochthon on an wnconformity, and the
upper Cuchillo-Benigno sequence to be part of an allochthon thrust aver the Boquillas.
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A REINTERPRETATION OF THE TIME OF HUECO BASIN BLOCK FAULTING AND ITS IMPLICATIONS
FOR THE AGE OF RIO GRANDE RIFT AND/OR BASIN RANGE FAULTING NEAR EL PASO

Earl M.P. Lovejoy and Thomas {iphoff

The data obtained by Uphoff for the Hueco basin block structures are herein reinterpreted (Fig. 12).

First, the lower Cuchillo-Benigno sequence in the Mobil No. 1 Dorough well is reinterpreted as part of
an allochthon (allachthon 1) lying above the toe end of a gravity glide fault. The Boquiilas lying on that
alluchthon is reinterpreted as a fault slice beneath the next allochthon (allochthon II) which consists of
the upper Cuchillo-Benigno sequence.

Second, the lower Del Norte through Boquillas sequence in the Chambers well is reinterpreted to be
part of the lower allochthon (I); the higher Cuchille through upper Cretaceous sequence is still interpre-
ted as a higher allochthon (II).

Thus, the reinterpretation involves two thrust faults and two allochthons of the Rio Grande thrust
fFault. :

Third, the Clint fault offset Permian beds and enaugh time ensued to produce erosion down to the Mis-
sissippian beds on the eroded fault scarp of the upthrown block., However, there has been no known Permian
faulting in the region, and the only recognizable, regional post-Husco period of faulting occurred in the
Cenozoic. However, if allochthon I lies on Mississippian beds on the upthrown block northeast of the Clint
fault scarp, then the Clint fault formed a “long" period of time prior te thrusting. As has been deman-
strated, thrusting probably occcurred in the lower Eocene. Thus, the Clint fault occurred in the late Cre-
taceous to early Cenozoic or Laramide. Had the Clint Ffault occurred 65 m.y. ago and had the Rio Grande
thrust occurred 50 m.y. ago, then there would have been 15 m.y. in which to produce the deeply eraded fault
scarp on the upthrown side of the Clint fault, The Clint fault may also have cut allochthon I; there is
not enough evidence to prove the relative amounts of pre-thrust and post-thrust mvement on the Clint
fault, but most of the throw must have occurred prior to emplacement of allochthon I.

The deep Hueco basin black has been lowered by the Clint fault on the northeast and by the Eastern
Boundary fault zone on the southwest. The Clint Ffault is reinterpreted here to be of Laramide age. The
Eastern Boundary fault zone began to form and had major movement in the Paleogene according to Lovejoy
{1977). Thus, according to these interpretations, the deep Hueco basin block began to form in the Paleo-
gene.

The Hueco basin block is considered to be part of the Rio Grande rift by Chapin and Seager (1975) and
to be part of the Basin and Range Province by Hunt (1967), If the evidence presented here is valid, either
or bLoth Rio Grande rifting and Basin and Range faulting began and had progressed greatly in the early Pale-
ogene in the vicinity of the Sierra de Juarez.

The Mesilla basin has been lawered by mavement on faults which have not been precisely dated. How-
ever, the presence of 700 ft (213 m) of Paleocene to Eocene nan-marine beds, 6330 ft (1930 m) of Eocene
continental beds, and 3850 ft (1174) of Oligocene wvolcanic rocks implies that a basin between 7000 ft (2.1
km} and 11,000 (3.3 km) deep had formed i1 !'w Paleogene. }

Nodeland also notes that the lowest allochthon (I) in the Sierra de Juarez may have crossed a high-
angle fault in the authochthon, where that fault cuts upper Cretaceous strata. Such - a high-angle fault
formed in the Laramide.

Detailed mapping of structure along the reverse Western Boundary fault zone (8800 ft of throw) of the
Franklin Mountains indicates that perhaps only a few feet of slip have occurred in the Pleistocene
(Lovejoy, 19764 and 1976e)

Detailed mapping of structure in the Cerro de Cristo Rey uplift indicates that pre-intrusion folds and
thrust faults were deformed by the pluton; they include north-striking reverse faults which trend parallel
with the boundary faults of the Franklin Mountains {Lovejoy, 1976a}.

All of the above evidence indicates that the Mesilla basin block began to form in the Paleocene ard
had been greatly formed by the end of the Oligocene.
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Volcanic rocks of the Organ caldera, of late Oligocene age (Seager, 1975) lie on lower Pennsylvanian
strata (Dunham, 1935); all of the Cretaceous, Permian, and upper Pennsylvanian strata had been removed
prior to emplacement of the volcanic rocks, implying uplift of the range of about 5000 ft (1525 m) prior to
the end of the Dligocene. -

All of the &bove evidence indicates that in this region Basin and Range faulting had begun in the
early Paleogene and was more than 75% completed by the end of the Oligocene.

Nodeland's City Line fault and the Puerto del Norte fault zone may represent early Cenozoic landslide
faults formed as the northeastern Sierra de Juarez slid into the depressed Hueco basin block.
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