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INTRODUCTION 
I 

The E l  Paso Geological Society welcomes you t o  i t s  Fourth Annual 
F i e l d  Tr ip.  This t r i p  i s  staged fo r  the purpose o f  viewing and studying 
the Cenozoic s t ra t igraphy of the Mesi l la  and Rincon Valley area. The 
age re la t ionsh ips o f  the various rocks and unconsolidated sediments w i l l  
be emphasized. Uni ts t h a t  form important ground-water reservo i rs  i n  the 
region w i l l  be seen i n  outcrop. Evidence f o r  es tab l ish ing times o f  major 
Te r t i a r y  s t r uc tu ra l  deformation and episodes o f  minera l iza t ion w i  11 be 
presented. F i n a l l y  , current  concepts o f  the geomorphi c evo lu t ion o f  the 
R i  o Grande Val l e y  and adjacent intermontane basins w i  11 be discussed dur- 
i ng  t h i s  tour.  It i s  my hope tha t  you w i l l  enjoy the t r i p ,  scenery and 
good fe l lowship  as we l l  as the geology. 

I wish t o  thank the ind iv idua ls  and organizations who have worked 
so d i l i g e n t l y  t o  make t h i s  f i e l d  t r i p  a success. I n  pa r t i cu l a r ,  g ra te fu l  
thanks i s  given t o  Dr .  John Hawley whose cont r ibut ion o f  time and e f f o r t  
made t h i s  t r i p  possible. The Society i s  also indebted t o  D r .  Frank E. 
Kot tl owski , Senior Geologist, New Mexi co Bureau o f  Mines and Mineral 
Resources, f o r  h i s  cont r ibut ions t o  the guidebook and assistance i n  lead- 
i n g  t h i s  t r i p .  Permission by M r .  Dean F. Stahmann and Mr .  Noel Castle 
t o  v i s i t ,  respect ively,  parts o f  Stahmann Farms, Inc. and the Johnson 
Springs area i s  g rea t l y  appreciated. 

Charles J. Crowley, President 
E l  Paso Geological Society 

This guidebook i s  bas ica l l y  a compilation o f  road logs and other 
techni  ca1 materi  a1 from several pub1 i shed sources, inc lud ing:  the New 
Mexi co Geological Society 4th, l 6 th ,  and 20th Fie1 d Conference Guide- 
books (Kott lowski  , et .  a1 . , 1953; Fitzsimnons and Lochman-Bal k, 1965; 
and Cbrdaba, et .  a1 . , 1969); DoZa Ana H is to r i ca l  Society Tour Guides 
(1968, 1969); and a Friends o f  the Pleistocene Guidebook (Hawley and 
G i  1 e, 1966). Sources such as technical  reports, journal  a r t i c l e s ,  
theses, and personal comnuni cat ions are ind iv idua l  l y  c i t e d  i n  the 
tex t .  

John W. Hawley , Ed i t o r  



E L  rPsn ~XCLQEICPL SOCIETY 
FOURTH AbiNUAL FIELD TRIP 
Saturday, Varch 14, 1970 

Leaders: John W .  Hawley, Je r ry  Hoffer, Frank E.  Kottlowski and William 
S. S t ra in .  

Assembly Points: Sun Bowl Drive, University of Texas a t  El Paso, e a s t  
of Schuster S t r ee t  Interchange; and Vado Interchange 
(15 miles south of Las Cruces), I n t e r s t a t e  10. 

S t a r t i ng  Times: 8:30 A.M. (UTEP); 9:00 A.M. (Vado Interchange). 

Registrat ion:  7:30-8:30 A.M.,  Sun Bowl Drive, North of Schuster S t r ee t ,  
University of Texas a t  El Paso. 

Late Registrat ion:  STOP 1 ,  Vado Interchange - East Frontage Road. 

Driving Distance: about 150 miles. 

SUMMARY 

Much of today's  route i s  i n  the Rio Grande Val ley of DoGa Ana 
County, New Mexico. This trip will  emphasize the s t ra t igraphy of Cenozoic 
rocks i n  the  area,  b u t  discussions wil l  a l s o  deal with older  un i t s ,  as well 
as the general geology of the region. Stops i n  the Mesi l l a  Val ley wi 11 be 
made a t  Vado H i l l ,  Santo Tomas Basalt Flow (Stahmann Farms) and Fort Selden. 
Outcrops of volcanic and sedimentary rocks i n  the Selden Canyon and Rincon 
H i l l s  and ancient  Rio Grande beds in  the Jornada del Muerto Basin wil l  a l so  
be examined. Many of the volcanic and sedimentary units t h a t  wil l  be seen 
have recent ly  been dated by several methods, including Potassium-Argon 
and Carbon 14 isotope dating,  vertebrate paleontology, and volcanic ash 
corre la t ion.  The K-Pr dating of igneous rocks i n  the DoKa Ana County 
region and the  emerging chronology of the important episodes of Tert iary 
tec toni  sm and mineralizat ion w i  11 he par t i cu la r ly  emphasized. 



Cumu 1 a t  i ve 
Mi leage Road Log 

Intersect ion of Schuster Avenue and Sun Bowl Drive. 0.0 
I 

Proceed on Schuster t o  In t e r s t a t e  Highway 10 North 
access road. 

0 .O5 

Turn  r i gh t  onto In t e r s t a t e  10 North access road. 
0.15 

Join In t e r s t a t e  10. Campus Andesite Hill a t  12:OO t o  
1:OO. Cerro de Muleros (del Cristo  Rey) a t  11:OO. Juarez 
Andesi t e  h i l l s ,  across the Rio Grande (Bravo) a t  10:OO. 

According t o  Hoffer (1 969d), "The Campus Andesi t e  
represents a small pluton t ha t  crops out on the campus of 
The University of Texas a t  El Paso. . . . The igneous mass 
i s  post-Cretaceous i n  age showing in t rus ive  contacts w i t h  
shale  and marl of the  Boquillas Formation and is surrounded 
by Quaternary a1 1 uvi a1 and 1 ake deposi t s ,  Textural ly  , the 
in t rus ive  is porphyritic..  . Phenocrysts , composed predominantly 
of pl agioclase (andesine) , comprise approximately 40% of the 
rock. . . . The mineralogy.. .consists  of phenocrysts of plagi o- 
c lase ,  b i o t i t e ,  and hornblende w i t h  groundmass consti tuents 
of plagioclase,  K-feldspar, and minor quartz and magnetite. 
Two chemical analyses.. . indicate  a chemical composition 
intermediate between andesite and dacite."  The rock has 
been potassium-argon dated a t  47.1 (t2.3) m i  11 ion years 
(F. E. Kottlowski, N. M. Bur. Mines % Min. Resources, 
wri t ten  comnuni c a t i  on, 2/16/1970). 

0.4 

0.6 C u t s  on r i g h t  i n  Campus Andesite. 9-10:OO Sierra  de Anda 
(Garcia, 1970, p. 2 )  andesite in t rus ive .  10:30 - l i g h t  
colored h i l l s  a r e  f e l s i t e  s i l l s  i n  upper Cretaceous shale. 

0.5 

C u t  on r i g h t  exposes Campus Andesite-Boquillas shale contact. 
0.5 

1.6 ASARCO s l ag  tramway underpass. 
0.5 

2.1 Executive Center Blvd. .Underpass. Frank1 i n  Mountains from 
1 :00 t o  4:OO. Reddish Precambrf an rocks ( rhyol i t e  and grani te)  
of North Franklin Peak a t  1:OO. The South Franklin Peak- 
Franklin Mountain-Ranger Peak ridge t o  the south i s  a complex, 
wes t - t i l t ed  f a u l t  block of  Precambrian and Paleozoic rocks. 
(See previous El Paso Geological Society Guidebooks). 



The upper, dissected benchlands along the west base 
of the mountains are primarily erosion surfaces cut  on 
Upper Santa Fe Group basin f i l l  (Camp Rice/Fort Hancock 
Formations - Strain 1969b), with thin gravel caps of mid- 
Pleistocene age forming the uppermost Santa Fe beds. I n  
the area crossed by In ters ta te  10, erosional surfaces on 
the Santa Fe Group are veneered w i t h  terrace and fan 
gravels which are associated with graded surfaces marking 
several stages of mid- to  l a t e  Pleistocene entrenchment 
of the Rio Grande Valley. The l a t t e r  surfaces include 
( in  arder of decreasing age and height above valley f loor )  
the Kern Place-Tortugas , Gold Hi 11 -Pi cacho and Fort Selden 
surfaces (Kottlowski , 1958; Ruhe, 1964; Hawley, 1965; 
Metcal f ,  1969). Concepts and terminology of pos t-Santa 
Fe val ley-f i l l  units are outlined in Table 1. 

0.4 

A t  3:00 Crazy Cat s l ide  block (with micro wave antenna on 
summit) extends along west side of Frank1 in Mountains from 
southernmost t o  northernmost T. V. antenna. According to  
Lovejoy (l968), t h i s  s l ide  came from the Franklins i n  
pre-Lake Cabaza de Vaca (ear ly Pleistocene) times. I t  
l i e s  across the western downthrown f a u l t  of the range 
and has not been appreciably displaced by tha t  f au l t ,  
hence the western border f a u l t  of the range has apparently 
not been active since the s l ide  occurred. 

0.5 

Road cuts in Upper Santa Fe Group basin f i l l  with thin 
veneer of Kern Place-Tortugas ( ? )  gravel. 

0.5 

Curve. Good panoramic view of La Mesa surface, the ancient 
f loor  of the Mesilla Bolson, on the west side of the valley 
from 10:OO to 2:OO. The Sierra de Muleros a t  9:00 to  10:OO 
are composed of hornblende andesi t e  porphyry (Garci a ,  1930). 

1 .o 
Paisano Drive (Loop 16) Underpass. Caution! Dangerous 
Intersection! Inters tate  10 conti nues north on the eas t  
side of the Mesilla Valley. 

0.5 

Sunland Park Drive Underpass. Road cuts ahead in Picacho 
(Go1 d H i  11 ) and Tortugas (Kern Place) arroyo-terrace and 
fan gravels. 

0.7 



A t  3:00 exposure of red Thunderbird rhyol i te  below FAA 
a i r c r a f t  guidance towers on south Frank1 i n  Mountain. A t  
4:00 Fortune-Life Building. Behind F-L Bldg., western , 
f ron ta l  f a u l t  t race  of  Franklin Mountain i s  v i s ib le  a t  
base of mountain from 3:30 t o  4:30. The lower Montoya 
dips west, opposite upper Cretaceous, f o r  a s t ra t ig raph ic  
separation of about 6000 fee t .  The Crazy Cat s l i d e  
block can be traced from remnants from Crazy Cat h i  11 
(5 :00, w i  t h  microwave tower) t o  the Thunderbi r d  (Love joy, 
1968). 

1 .I 

6.8 Cross arroyo. Westerner Rhyo-daci t e  (small pl uton ) exposed 
i n  arroyo walls a t  3:OO. 

0.4 

Mesa S t r ee t  Overpass. Road cuts  ahead s t i l l  mainly i n  
P i  cacho (Go1 d H i  11 ) and Tortugas (Kern Place) a1 1 u v i  urns, 
which form a t h i n  veneer on Upper Santa Fe Group basin 
f i  11. Molluscan faunas and s t ra t igraphy of various valley- 
f i l l  units i n  the  immediate area have recently been described 
by Metcalf (1969). St ra in  (1969b) i s  currently studying the 
s t ra t igraphy and vertebrate faunas of Santa Fe Formations i n  
the southern Mesilla Valley area. 

1 .o 
Underpass. Three S i s t e r s  peaks a t  1:00 t o  2:00 a re  andesite 
porphyry and a r e  in terpreted as  intrusions (possibly lacco- 
l i t h i c )  i n  Cretaceous rocks (Garcia, 7970). Complex of 
Picacho (Gold H i l l )  and Tortugas (Kern Place) surfaces 
ahead. 

0.8 

El Paso City Limit sign. A t  3:00, i n  l i ne  w i t h  Smuggler's 
Gap. A t  base of range is a small prospect, which  exposes 
a f au l t .  On the e a s t  s ide  i s  lower El Paso limestone. On 
the west s ide ,  according t o  Harbour (unpubl i shed map), are  
Cretaceous s t r a t a .  The displacement i s  i n  the  order of 
7000-8000 f ee t ,  down on the west. There i s  no evidence 
of the Crazy Cat s l i d e  here. The f ronta l  f a u l t  is not 
obvious i n  the surface topography on the west s ide  of south 
Franklin Mountain. 

0.2 

Cross bridge. North peak of Three S i s t e r s  a t  3:OO. East 
Po t r i l l o  Mountains-Mount Riley a t  9:00 on skyline beyond 
La Mesa. 

1 .o 
Underpass. 

1.4 



Mi le  post  7. Anthony's Nose a t  2:OO; North Frank l in  Mountain 
a t  3:OO. Smuggler's Gap a t  3:30. This pass, between North 
and South Frank l in  Mountains i s  crossed by the new In te r -  
mountain Highway (Loop 357). Precambrian rocks i n  t h i s  ' 
area o f  the Frank l in  Range have been described i n  E l  Paso 
Geological Society Guidebooks 1 t o  3. Along base o f  North 
Frank l in  Mountain are lower r o l l i n g  h i l l s  o f  Permian Huecs 
limestone. These beds l i e  west o f  the western boundary 
f a u l t ,  opposite B l i s s  sandstone and lower E l  Paso limestone. 
The border f a u l t  displacement here (perhaps about 4000 fee t )  
appears t o  be much less than t o  the south (see mileage 9). 
The sudden change i n  border f a u l t  displacement between 
Smuggler's Gap and North Frank l in  Mountain may be due t o  
fundamental changes i n  s t ruc ture  i n  the western (down- 
dropped) blocks o r  may be i l l u s o r y .  The l a t t e r  i n te rp re -  
t a t i o n  may be explained by assuming t h a t  the Hueco limestone 
has s l i d  over the Cretaceous beds and bur ied them here. 
Later, post -s l ide f a u l t i n g  displaced the Hueco beds about 
4000 feet. This s l ide,  e n t i t l e d  the Tom Mays s l i d e  (Lovejoy, 
1968) appears t o  be o lder  than the Crazy Cat s l i de .  Abdullah 
Kadhi i s  cu r ren t l y  studying the area f o r  a Master's thesis 
a t  U. T. E l  Paso. 

0.65 

Overpass ; new Canuti 11 o-Transmountai n Road (Loop 375)-Tom 
Mays Park Interchange. The sequence o f  graded surfaces 
from 3:00 t o  12:OO includes the high Jornada-Do6a Ana 
piedmont-slope complex (mid-Pleistocene) , graded t o  the 
La Mesa leve l ,  and the Tortugas-Picacho geomorphic surfaces. 
Sand and gravel o f  the Upper Santa Fe Group r i ve r - fac ies  
crops ou t  about 1 m i l e  east o f  I n t e r s ta te  10 along the 
Chevron Gas Products P i  pel  i ne. 

2.45 

M i l e  Post 4. Mount R i ley  and East P o t r i l l o  Mountains 
a t  9:OO. Anthony's Nose a t  2:30. 

0.8 

Vinton Ex i t .  Stops 6 t o  8 o f  the E.P.G.S. Second Annual 
F i e l d  T r i  p- dea l t  w i  t h  the excel l e n t  exposures o f  Upper 
and Middle PaleozoSc rocks i n  the Vinton Canyon area o f  
the Frank l in  Mountains a t  2:30. 

0.7 

Westway on r i g h t  and Border Steel Ro l l i ng  Mi11 t o  l e f t .  
Bishop's Cap a t  11:30. Organ Mountains a t  12:OO. 

1.85 



Texas Tourist  Bureau west s ide  of road. A t  2: 30 are  
low r o l l  ing h i  11 s of Hueco 1 imes tone. A south-trendi ng, 
gently south-plunging open syncline i s  formed by the  , 
Hueco limestone. The erosional slope formed on the west 
limb of t h i s  fold  i s  seen from t h i s  point. The s t r a t a  
do not extend north of the  Anthony Gap road (1:30). 
T h i s  may represent the north end of the  Tom Mays s l i d e  
( i f  t h i s  s l i d e  in te rpre ta t ion  i s  correct ;  Lovejoy, 1968). 
Thus the Tom Mays s l i d e  may extend from North Franklin 
Mountain (4:30) t o  t h i s  point. 

0.35 

Anthony Exi t .  Upper Santa Fe Group r iver-facies  (Camp 
Rice Fm.), w i t h  a th in  eolian and col luvia l  overlay, 
under1 i e s  low hi1 1s t o  r igh t  and crops out i n  road cuts 
ahead. 

0.45 

New Mexico-Texas S ta te  Line. Anthony Gap a t  2:30. Fresh 
cuts  of the new El Paso Natural Gas Pipeline can be seen 
a t  the  base of the North Franklin Range just north of 
the gap. The t h i n  wedge of gravels (uppermost Santa Fe) 
underlying the highest piedmont-slope surface (Jornada- 
DoRa Ana) r e s t s  on sands (pa r t l y  eo l ian)  containing lenses 
of white rhyol i t i c  ash. This ash i s  apparently correla-  
t i ve  w i t h  ash lenses i n  the Camp Rice which occur i n  i ts  
type area i n  Hudspeth County (Stra in ,  1966) as well as in 
northwest El Paso. The ash-bearing sand i n  turn r e s t s  on 
conglomeratic t o  non-gravel l y  piedmont-slope deposits 
t h a t  apparently overlap and intertongue w i t h  sand and 
gravel of the Upper Santa Fe Group r i ve r  facies .  

1.15 

Wholesome Dairy Farm a t  9:OO. North Franklin Range from 
1:00 t o  4:OO; Webb Gap a t  2:00, and North Anthony's Nose 
a t  3:OO. The dip slope of the range is on west- t i l ted  
(35 t o  45') Pennsylvanian rocks (Kottlowski, 1960). 
The "contorted pattern" on the  dip slope is  an erosional 
pattern on the wel l - s t ra t i f i ed  rocks and is not caused 
by folding. 

0.6 

0 '  Hara Road underpass. Road cuts ahead i n  Picacho fan 
a1 1 uvi um. 

0.5 

Cross El Paso Natural Gas Pipeline. Route from here north 
is  generally on Late Holocene alluvium associated w i t h  the 
Fi  1 lmore (valley border) surface. 

1.7 



North Anthony Exi t .  
1 .o 

New Mexico P o r t  of Entry - Welcome Center  Exi t .   bishop'^ 
Cap a t  1:OO. Organ Mountains 1:00 t o  2:OO. 

2.1 

Sign on r i g h t :  Las Cruces 18 ,  Tucson 292. Vado ( a n d e s i t e )  
Hill a t  12:15. 

1.35 

Vado E x i t  - 1 mile ahead. Prepare t o  leave  I n t e r s t a t e  10. 
0.9 

Vado Exi t .  Angle r i g h t .  
0.25 

Stop s ign .  Turn l e f t  on Frontage Road. 
0.05 

STOP 1. INTRODUCTION TO THE MESILLA VALLEY (FIGURE 1 ). 
The Vado Hills r ep re sen t  the northernmost pluton 

( o r  p lu tons )  o f  a series of  T e r t i a r y  andesi t i c  i n t r u s i o n s  
i n  t h e  Mesilla Valley (Garcia ,  1970) .  Four conica l  t o  
e l l  i p t i e a l  h i1  1s  o f  andesi t e  comprise the Vado Hi1 l s ,  
w h i c h  r i s e  o u t  of  the Quaternary  bas in  f i l l .  According 
t o  Garcia (1970) the outcrops a r e  s i m i l a r  i n  t e x t u r e ,  
c o l o r ,  mineralogy and j o i n t i n g .  The Vado rocks possess  
a shee ty  j o i n t i n g  p a t t e r n  w h i c h  t r e n d s  N 40° t o  N 87O E. 
Vesic les  a r e  abundant i n  the h igher  a r e a s  o f  outcrop.  

The Vado Andesite is  cha rac t e r i zed  by l a r g e  pink 
t o  white phenocrys t s  o f  f e l d s p a r  and p l  agi  ocl  a s e  and 
s p a r s e  phenocrysts o f  hornblende and b i o t i t e  set i n  a 
f ine-gra ined  1 igh t -purp le  groundmass o f  mostly plagio-  
c l  a s e  (Garci a ,  1970). Occasional we1 l -rounded qua r t z  
g r a i n s ,  up t o  3 m i n  diameter ,  occur  i n  the andes i t e .  

Bishop's Cap (1:30) is t h e  h i g h e s t  peak o f  a series 
sf t i  1 t e d  f a u l  t -block r i dges  , which a r e  composed of  
Ordovi ci an t o  Pennsyl vani an rocks.  The 1 edgy s l o p e  
t h a t  o u t l i n e s  the Bishop's Cap i s  formed by t h e  Berino 
Formation (Magdalena Group, Pennsylvanian 1 ; t h e  r i dge  
and d i p  s lopes  extending nor th  and south  o f  the cap 
a r e  mainly under la in  by the massive west-dipping La 
Tuna Formation (Magdalena Group). To the e a s t  of 
Bishop 's  Cap, o l d e r  Paleozoic  rocks a r e  exposed i n  
s eve ra l  wes t -d i  pping f a u l t  blocks t h a t  a r e  out1 i ned 
by north-northwest ,  e a s t  and n o r t h e a s t  t r end ing  normal 
f a u l  ts . 01 d e r  exposed formations i nc l  ude Montoya 
Do1 omi t e ,  Fusselman Do1 omi t e ,  Canuti 11 o Formati on, Percha 
Sha le ,  Lake Valley ( ? )  equ iva l en t s  , Rancheria Formation 
and Helms Shale .  Bari t e - f l u o r i  t e  mine ra l i za t i on  i s  
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sca t te red  throughout the h i  11s b u t  i s  p r i m a r i l y  l o c a l i z e d  
along f a u l t s  w i t h i n  the Fusselman Dolomite o r  La Tuna 
Formation (W. R. Seager, w r i t t e n  communication, 2/17/70). 

Conklings Cave on the west s ide  o f  the Bishop's Cap, 
contained bones of Homo Sapiens associated w i t h  those o f  
e x t i n c t  s loths,  cave bears, and camels. Excavations 
there  were conducted by the Los Angeles County Museum 
i n  1928-1929 (W. A. Bryan, 1929). 

The Organ Mountains (1 :00 t o  2 ~ 3 0 )  are an elongate 
f a u l t  b lock  w i t h  the l a r g e s t  amount o f  u p l i f t  on the 
east  side, and w i t h  Precambrian through T e r t i a r y  beds 
and laye rs  d ipp ing general ly  westward. About 4700 
f e e t  o f  f a u l t e d  and l o c a l l y  metamorphosed Paleozoic 
s t r a t a  occur i n  the  range, i n  ascending order: B l i s s  
Sandstone 130 fee t ;  E l  Paso Limestone 750 fee t ;  Montoya 
Dolomite 370 feet; Fusselman Dolomite 100 feet a t  no r th  
end; Percha Shale 115 fee t ;  Lake Val ley Limestone 300 
f e e t  a t  no r th  end; and Pennsylvanian and Hueco limestones 
about 3000 f e e t  t h i ck .  

Above the  Paleozoic u n i t s  are (1) Love Ranch conglo- 
merate and red beds, 100 fee t ;  (2)  r h y o l i t i c  t o  andes i t i c  
t u f f s  and conglomeratic sandstone, 120 fee t ;  ( 3 )  Orejon 
andesite, 600 fee t ;  (4 )  Cueva Rhyol i te ,  250 feet ;  and 
( 5 )  Soledad Rhyol i te ,  about 2500 f e e t  t h i ck .  These 
T e r t i a r y  u n i t s  are in t ruded by the Organ Mountains monmo- 
n i t e  b a t h o l i t h ,  and a l l  o f  these igneous u n i t s  are cu t  
by l a t e r  r h y o l i t e  dikes (Dunkam, 1935; Kot t lowski  , 1960; 
Kot t lowsk i  , w r i  t t e n  comnun=i cat ion,  2/16/70). 

The Organ Mountains quar tz  monzoni te, co l  1 ected i n  
San August in Pass along U. S .  Highway 70, y i e l d e d  a K - A r  
date o f  27.0 p lus  o r  minus 1.2 m.y. The Ssledad Rhyol i te ,  
c o l  l e c t e d  i n  the  southwestern Organ Mountains by W i  11 i am 
R. Seager, i s  i n  the  prssess o f  being dated.9  

The a l l uv ium i n  the immediate area o f  t h i s  stop consists 
of l a t e  Quaternary fan and arroyo- terrace deposjts,  asso- 
c i a t e d  w i t h  the Picacho (Late Pleistocene) and F i l l m ~ r e  
( ~ o l o c e n e )  surfaces t h a t  form a t h i n  veneer on sandy Upper 
Santa Fe Group bas in  f i l l  (Camp Rice Formation). 

0.05 

Stop s ign.  Turn l e f t  onto Vado overpass. 
0.2 

IJ Dating of a number o f  the  igneous m c k  u n i t s  discussed i n  t h i s  guide- 
book i s  i n  progress by the  New Mexico Bureau o f  Mines and M i  nera l  
Resources. Dates obta ined i n  Feb. o r  March, 1970 w i l l  be added t o  
the  guidebook as a s h o r t  Addendum. 



Frontage Road in tersect ion.  Continue s t r a i g h t  ahead on 
State Hwy. 227. The route descends toward Mes i l l a  Valley 
f l o o r  on F i l lmore fan surface o f  Late Holocene age. 

0.7 

East border o f  Rio Grande f l ood  p la in .  
0.7 

Vado Domestic Consumers water tower and wel l  on l e f t .  
This i s  a new community water-supply development. The 
we l l  (500 f ee t  deep) i s  completed i n  sand s t r a t a  o f  the 
Santa Fe Group. I n  t h i s  area, Santa Fe beds are encountered 
beneath about 80 f ee t  of Late Quaternary va l ley  f i  11. 

0.2 

Stop sign; junc t ion  w i t h  Hwy. 478. Turn l e f t  on State 
Routes 478-227. Prepare f o r  r i g h t  t u r n  i n  0.3 mile. 

Vado v i l l a g e  l i m i t .  This community has var iously 
been known as Herron, Earlham and Center Valley. The 
present name probably r e fe r s  t o  an ea r l y  f o r d  near t h i s  
p o i n t  (Pearce, 1965). 

0.3 

Junction. Turn r i g h t  on Highway 227 a t  south edge o f  
Grace Company tank storage area. Cross A.T .S. F. Ra i l  road. 

0.2 

31 .O Rio Grande bridge. 
1 .o 

32.0 Stop sign; end o f  Route 227. Continue s t r a i g h t  ahead 
on State Highway 28. Mid-Pleistocene, La Mesa geomorphic 
surface (Mesi 1 l a  Bolson Floor)  on sky1 ine. This surface 
i s  a construct ional  p l a i n  formed on f l u v i a l  gravel and 
sand o f  the Camp Rice Formation (Strain, 1966, 1969b). 
A t h i ck  s o i l  w i t h  a very strong horizon o f  carbonate 
accumulation i s  normally formed dn the uppermost Camp 
Rice beds (Gi le,  1967; Hawley and Kott lowski,  1969). 

0.35 

Cross I r r i g a t i o n  Canal. Black Mountain, L i t t l e  Black 
Mountain and Santo Tomas Cinder cones (and associated 
basa l t  f lows), respect ive ly  a t  11:00, 12:30, and 1:30. 
According t o  Ho f fe r  ( 1969~ )  volcanic a c t i v i t y  i n  the 
Black Mountain-Santo Tomas region consisted o f  a t  
l e a s t  seven periods of a l ka l i ne  o l i v i n e  basa l t  ex t ru-  
s ion and development o f  c inder  and spat ter  cones. 
"The basa l t  flows, on the basis o f  phenocryst mineral- 
ogy, can be c l a s s i f i e d  i n t o  three groups; those w i th  
phenocrysts r i c h  i n  plagioclase, f lows r i c h  i n  o l i v i n e  
phenocrysts, o r  f lows w i t h  almost equal amounts o f  p lagio-  
c l  ase and 01 i v i  ne phenocrys t s  . Phenocryst mineralogy 



of the flows, along w i t h  K - A r  dates, has been used t o  
es tab l i sh  t en ta t i ve  co r re la t ions  from one center  t o  
another. P r e l  iminary K - A r  dates from fou r  i nd i v i dua l  
f lows suggest an age f o r  the ex t rus ive a c t i v i t y  o f  from , 
1.7 t o  2.7 m i l l i o n  years ago." (Refer t o  discussion a t  
Stop 2.) 

0.75 

Curve t o  r i g h t .  A mammoth jaw recovered from ancient 
r i v e r  beds t h a t  crop ou t  i n  the va l l ey  r i m  about 2 mi les 
southwest o f  t h i s  po i n t  i s  cu r ren t l y  being s tud ied by 
B i l l  Stra in.  These f l u v i a l  deposits d e f i n i t e l y  predate 
ex t rus ion o f  the Santo Tomas and San Miguel basal t s  
and are e i t h e r  p a r t  o f  the Camp Rice Formation o r  an 
i n s e t  o lde r  v a l l e y - f i l l  un i t .  On the basis o f  the 
f oss i  1  evidence, they must be Mid- t o  Late Pleistocene 
i n  age. 

0.5 

Enter La Mesa. This farming comnunity was founded i n  
1854-57. (Pearce, 1965). 

0.6 

Leave La Mesa. Santo Tomas cone and basa l t  f lows a t  
11:oo t o  12:oo. 

1.95 

San Miguel V i l l age  l i m i t .  This i s  another e a r l y  Mes i l l a  
Val ley farming community. 

1  .O5 

Leave San Miguel . Santo Tomas cone and flows from 10:30 
t o  12:OO.  San Miguel ( o r  F in  e r )  f low a t  9:OO. Accord- 
i n g  t o  Ho f fe r  (1969b, p. 1409 3 t h i s  " f l ow i s  a  p o r p h y r i t i c  
o l i v i n e  basa l t  erupted from a  small c inder  cone on the 
eastern edge o f  the La Mesa surface .... The elongate 
pa t te rn  o f  the f low and i t s  present pos i t i on  i nd i ca te  
ex t rus ion o f  the f low fo l lowed a  pre-ex is t ing drainage 
channel i n t o  the Rio Grande Valley. Tex tu ra l l y  the f low 
i s  d i v i s i b l e  i n t o  h igh ly  ves icu lar  and scor iacious top 
and bottom zones w i t h  a  more dense columnar i n t e r i o r .  
The phenocryst mineralogy cons is t ing o f  approximately 
equal amounts o f  p lagioclase and o l i v i n e  w i t h  subordi- 
nate pyroxene, suggests co r re l a t i on  w i t h  one o f  the flows 
from nearby Black Mountain," and Santo Tomas cone. 

0.8 

Enger Stahmann Farms (approximately 4000 acres), the 
l a rges t  producing pecan orchard i n  the world. 

2.1 



ASSEMBLY POINT - STOP 2. Santo Tomas; headquarters 
f o r  Stahmann Farms, Incorporated. Park on r i g h t  side 
o f  Hwy. 28. This i s  the s i t e  o f  a Spanish-American 
v i  1 lage, Santo Tomas de I tu rb ide ,  named f o r  a Mexican ' 
land grant of August 19, 1848. Possession of t h i s  
grant  apparently took place on August 3, 1853, shor t l y  
before the area was transferred from the Republic o f  
Mexico t o  the United States as p a r t  o f  the Gadsen 
Purchase (Pearce , 1965). 

Stahmann Farms consist  o f  two farming un i ts ;  the 
Santa Tomas Farm o f  approximately 2900 acres and the 
Snow Farm o f  some 1100 acres. The Santo Tomas Farm 
was acquired by M r .  Deane Stahmann and h i s  fa ther  i n  
1926, a t  which time there was about 150 acres i n  cu l -  
t i v a t i o n  and the r e s t  was i n  sand dunes and bosque. 
About 1933 the f i r s t  pecan trees were se t  out, and 
a t  about the same time a nursery was establ ished f o r  
the purpose o f  producing young pecan trees f o r  f u r t he r  
p lant ing.  The years 1937 t o  1942 saw a change from 
open farm land t o  an orchard se t t i ng  o f  young pecan 
trees. The average age o f  the bearing trees today i s  
about t h i  rty-one years. I n t e r p l  ant ing i n  more recent 
years has doubled the number o f  t rees i n  the orchard 
and there are now some 200,000 trees. Pecan she l l i ng  
a c t i v i t i e s  take place a t  the present time i n  two 
she l l i ng  plants.  These p lants  can tu rn  ou t  about 
15,000 16s. o f  shel led pecans a day and normally both 
p lants  operate during most o f  the year. 

Some "double cropping" i s  done a t  the farms w i th  
p l an t i ng  o f  cotton, and other  row crops such as le t tuce  
and onions, i n  the area between the trees. Research 
i n  cot ton q u a l i t y  goes on a l l  the time a t  Stahmann 
Farms. 

Stahmann Farms i s  a lso a major pou l t r y  operation, 
w i t h  350,000 lay ing  hens, and, about 175,000 young p u l l e t  
replacements. The Egg Packing P lant  cleans, grades and 
cartons over 20,000 dozen eggs every day. I n  connection 
w i th  the pou l t r y  operation, the Farm a lso operates a feed 
m i l l  where they convert the raw ingredients o f  m i lo  maize, 
corn and other  formulated ingredients i n t o  pe l l e t i zed  
high q u a l i t y  ra t ions f o r  the l ay i ng  hens and young pu l le ts ,  

Employees number about 450 dur ing most o f  the year, 
and a t  harvest time t h i s  reaches about 700. Housing i s  
provided f o r  most employees on the farm, so Stahmann 
Farms makes up a ra the r  s izab le  comuni ty  on itsown.. 
(This information was k i nd l y  provided by Mr .  John Chandley, 
Control ler ,  Stahmann Farms, Inc.). 



ESCORTED TOUR through p a r t  o f  Stahmann Farms t o  surface 
o f  t he  basalt-capped bench (Santo Tomas f lows)  on the  
west slope o f  the  M e s i l l a  Valley. Fol low i n s t r u c t i o n s  
o f  flagmen; and watch f o r  pedestr ians, vehic les,  narrow 
bridges, and sharp turns. On the steep ascent from the ' 
f l o o d  p l a i n  t o  the f l ow  surface, note the  l ight-brown 
( r i v e r )  sand u n i t ,  w i t h  interbedded reddish t o  brownish 
s i  1 t - c l  ay, exposed i n  road cuts. A reddish zone i n  the 
sand u n i t ,  immediately below the b a s a l t  contact  i s  l o c a l l y  
exposed a t  the  top o f  t he  sect ion. The sediments could be 
Camp Rice Formation o r  an inset ,  o l d e r  v a l l e y - f i l l  u n i t .  
The l a t t e r  i n t e r p r e t a t i o n  i s  p resent ly  favored by Hawley. 

STOP 2 .  The edge o f  the bench o f f e r s  a good vantage 
p o i n t  from which the M e s i l l a  Valley, southern Jornada 
del  Muerto and border ing mountain u p l i f t s  can be viewed. 
(Refer t o  Figures 1 and 2.) 

According t o  H o f f e r  ( 1 9 6 9 ~ ~  p. 109-110) the  Santo 
Tomas basal t s  comprise a major c inder  cone and three 
associated lava f lows (Fig. 2 i n s e t  map). The cone near 
the southwest margin o f  t h e  flows, i s  approximately 1000 
f e e t  i n  diameter and more than 150 f e e t  i n  height .  A 
quarry exposure extending i n t o  the  i n t e r i o r  o f  the  cone, 
shows an i n t e r n a l  s t r u c t u r e  o f  d ipp ing layers  o f  cinders, 
w i t h  inc luded fragments o f  l a p i l l i  and bombs. Near the 
center  o f  the  Santo Tomas cone t h i s  exposure shows the  
presence of a u n i t  o f  s t r a t i f i e d ,  red, ox id ized cinder- 
and brecciated- lava fragments, which d ips v e r t i c a l l y  
i n t o  the  center  o f  the cone. This zone, approximately 
40 f e e t  wide a t  the  base o f  t he  exposure, bu t  wider  
near the  top o f  the cone, probably represents one o f  
the ex t rus i ve  vents t h a t  was a c t i v e  dur ing  the format ion 
o f  t h e  cone, w i t h  the  red  c o l o r  caused by r i s i n g  gases. 

The Santo Tomas basa l ts  occupy the  northernmost 
p o r t i o n  o f  f o u r  e rup t i ve  centers comprising the eastern 
sec t i on  of the  P o t r i l l o  Volcanics (Fig. 1). Three 
d i s t i n c t i v e  per iods o f  e rup t i ve  a c t i v i  ty are present 
a t  Santo Tomas (Fig. 2) ;  each pe r iod  i s  represented by 
the  ex t rus ion  o f  a s i n g l e  basa l t  f low. The f lows were 
extruded from the southwest, near the v i c i n i t y  o f  the 
Santo Tomas cone, and f lowed northeastward from the La 
Mesa Surface i n t o  the Rio Grande Val ley. 

The th ree f lows o f  a l k a l i n e  o l i v i n e  basa l t  are 
d i s t i ngu ished  on the  basis o f  phenocryst mineralogy and 
topographic p o s i t i o n  (Fig.  2). Flow I, the oldest ,  i s  
the  most widespread occupying an area o f  about three 
square mi les  on the  La Mesa Surface and extending east- 
ward t o  the f lood p l a i n  o f  the  Rio Grande. The f low 
conta ins abundant p l  agi oc l  ase phenocrysts (averaging 
over 50%) ; o the r  phenocrysts, i n  o rder  o f  abundance, 
i n c l  ude 01 i vine and pyroxene. 



Flow 11, or  the middle flow, l i e s  direct ly  on flow I ,  
b u t  covers a smaller area; i t s  outcrop area i s  approximately 
one and one-half to two square miles. I t s  forward edge, I 

where i t  i s  in contact with flow I ,  i s  marked by a small 
b u t  d i s t inc t  break i n  slope. This flow contains abundant 
phenocrys t s  of 01 i vi ne (averaging over 70%) wi t h  subordinate 
phenocrys ts of pl agi ocl ase and pyroxene. 

The youngest flow, flow 111, res t s  direct ly  on flow I1 
i n  most areas, b u t  i n  the north and southeast i t  l i e s  
direct ly  on flow I. I t s  area of outcrop i s  the saa l l e s t  
of the three flows, covering an area of less than one square 
mile. The phenocryst mineralogy consists of almost equal 
amounts of plagiocl ase and 01 i v i  ne with minor pyroxene. 
This flow i s  thought t o  be correlative w i t h  the San Miguel 
flow located a short  distance to the south  offer, 1969b, 
p. 1409-1414). 

All flows show an upper and lower highly vesicular 
zone and a more dense in te r ior  portion with the develop- 
ment of crude columnar jointing. The approximate thickness 
of flows 1,  2 ,  and 3, as determined from measured sections,  
i s  10, 8, and 7 f ee t ,  respectively. 

Because of the di s t i  ncti ve phenocrys t mineralogy of 
the individual flows a t  Santo Tomas and a t  each of the 
three other major areas (Black Mountain, San Miguel 
and L i t t l e  Black Mountain) a tentat ive correlation has 
been attempted among the various flows (Figure 2 ) .  

According t o  Hoffer ( 1 9 6 9 ~ ~  p. 11 3 ) ,  the f i r s t  extru- 
sive ac t iv i ty  of the area i s  represented by the oldest 
flow a t  Santo Tomas, the plagioclase phenocryst-rich flow. 
The second period of basalt extrusion which produced the 
flow rich in olivine phenocrysts a t  Santo Tomas (flow 2 )  
i s  also represented by the oldest flow a t  Black Mountain. 
These flows were followed by simultaneous eruption of 
plagioclase-01 i vine phenocryst basalt  a t  a1 1 four centers. 
This third period of act ivi ty  i s  represented by flow 3 a t  
Santo Tomas, flow 2 a t  Black Mountain, and the single flows 
a t  L i t t l e  Black Mountain and San Miguel. Flows 1 and 2 a t  
Santo Tomas have been dated by K-Ar (whole rock), respec- 
t ively a t  2.65 + 0.35 and 2.35 + 0.20 m.y., whereas the 
single flow a t  'SBn Yiguel g i v e s  K-Ar age of 1.84 - + 0.1 m.y. 
(Hawley and Kottlowski, 1969, Table 11). 

Hawley and Kottlowski (1969, Table 11) report that  
Irvingtoni an vertebrate remains found in ancestral Rio 
Grande gravels (Upper Santa Fe Group-Camp Rice Formation) 
that  under1 i e  the Black Mountain-Santo Tomas volcanics 
show tha t  the basal t s  are middle Pleistocene o r  younger. 
Irvingtonian vertebrate faunas should be defini te ly younger 
than 2.2 m.y. and possibly younger than 1.36 m.y. (Evernden, 
e t .  a1 . , 1964). Thus the K-Ar ages reported above may not 
represent "absolute dates". Further dating of these basal t s  
is  i n  progress, in cooperation with the New Mexico Bureau 
of Mines and Mineral Resources, and paleomagnetic studies 
are  planned. 
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FIGURE 2 .  CORRELATION OF LA MESA BASALTS (2A) ,  

WITH INSET OF SANTO TOMAS FLOW (28'). 1 



Resume m i  leage count a t  Santo Tomas. 
0.8 

Rio Grande bridge. Organ Mountains on skyline from 1:00 ! 

t o  3:OO. Tortugas Mountain (Hueco Limestone f a u l t  block) 
on e a s t  s ide  of valley a t  1:OO. 

4.65 

Four Points; Mesi l l a  Park t o  r igh t ;  Mesilla Dam road t o  
l e f t .  Robledo Mountains a t  12:OO. 

0.6 

Entering La Mesi 1 la .  Historic southwest comuni ty ,  
s e t t l e d  i n  1850 by residents of the valley who chose t o  
remain i n  the  Republic of Mexico a f t e r  the  Treaty of 
Guadal upe Hidalgo. Rati f i  cat ion of the  Gadsen Treaty 
on April 25, 1854 placed the e n t i r e  Mesilla Valley i n  
the United Sta tes .  Mesilla was county s e a t  from 1856 
t o  1882, and But terf ie ld  Overland Mail s t a t i on  from 
1858 t o  1861. The town was occupied by Confederate 
forces from July 1861 t o  Auguf t 1862 and served as 
capi to1 of the "Arizona Terri tory" during t ha t  period. 
Location of the ra i l road  i n  1881 along the  e a s t  s ide  
of the  valley a t  Las Cruces caused abandonment of Mesil l a  
as a major s e a t  of comnerce and government. However, 
i n  recent decades the  commun i t y  has become recognized 
as an important h i s to r ica l  landmark and t o u r i s t  center. 
I t  i s  noted f o r  i t s  shops, res taurants ,  museum, f i e s t a ,  
and re1 igious pageants of the Christmas season (Mi 1 l e r ,  
1953; Pearce, 1965; WPA, 1940). 

0.45 

Highway curves t o  ea s t ;  leave Mesill a. 
0.65 

Pebble Pups Rock Shop on r igh t ;  New Mexi co Geological 
Society Guidebooks f o r  s a l e  here. Prepare fo r  l e f t  
turn a t  in tersect ion ahead. 

0.65 

Traf f ic  l igh t .  Junction Hwy. 28 and Valley Drive (Hwy. 
80-85). Turn l e f t .  Las Cruces (population about 47,000), 
s e t t l e d  i n  1848 and county s e a t  of Dona Ana County from 
1853 t o  1855, and 1882 t o  present (WPA, 1940), is  pro- 
gress ively  expanding i n to  t h i s  par t  of the  Mesilla Valley. 

1.55 

T ra f f i c  l i gh t .  Junction U.S. Highways 70, 80, 85 and 
180 (Val ley Drive and P i  cacho S t r ee t ) .  Continue s t r a igh t  
ahead on Hwy. 85. Figure 3 i s  a cross section extending 
along U. S. Highway 70 from San Augustin Pass, across 
the  Mesilla Valley t o  the Las Cruces Airport.  The section 
i s  reproduced. from Hawley, and others (1969, f igure  3). 

0.55 



Ria Grande Alluvium 

Late Quaternary Val IeySlope Deposits, 
Mainly Fillmore and Picacho Alluviums 

> 5 Late Quaternary Basin Fill, Mainly Organ 
and Pre-Organ--Past Jornada Surface Fans 

[ 
Upper Alluvial-Fan Facie.; Including Thin, .. .-- . . . Sandy to Clayey Basin-Floor Deposits 

0 

Graund-Water Surf ace Profile. 
Dots Show Where Measured - 

Sari 6:; Augustin 6000 
Peak g 

FIGURE 3. CROSS SECTION OF MESILLA VALLEY 
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Cross road (McCl ure Road). Bureau o f  Land Management Bui 1 d ing 
and o f f i c e  o f  W. D. ( B i l l )  Tipton on l e f t .  Picacho Peak a t  
9:30. The upper p a r t  o f  the peak i s  i n t r u s i v e  flow-banded I 

r hyo l i t e ;  the lower slopes are o f  gray t o  purple t u f f -  
breccias o f  andesi t e - l a t i  t e  composition and vo lcan ic las t i c  
sedimentary rocks. The andesi te-1 a t i  t e  sequence i s  wide- 
spread i n  the southern Robledo Mountains areas, as we l l  as 
t o  the northwest i n  the h i l l s  and canyons westward t o  
S ier ra  de l as  Uvas. From outcrops i n  Box Canyon on the 
nor th  side o f  Picacho Peak, t h i s  u n i t  has been dated by K - A r  
method as 43.3 plus o r  minus 1.6 m y .  ; t h i s  date i s  reasonably 
near t h a t  o f  the Campus andesite. Age o f  the Picacho Peak 
r h y o l i t e  i s  no t  known f o r  certa in;  s i m i l a r  r hyo l i t es  west 
o f  the Robeldo Mountains have a K - A r  age o f  19 m.y., bu t  
the i n t r us i ve  r h y o l i t e  s i l l s  t ha t  are comnon throughout 
the Robledos are 35 m.y. old. Dating o f  r h y o l i t e  t u f f s  
from the Be l l  Top Formation, a r h y o l i t i c  u n i t  t h a t  unconform- 
ably over l i es  the Box Canyon andes i te- la t i te ,  i s  i n  progress 
(F. E. Kott lowski,  w r i t t e n  comnunication, Feb. 16, 1970). 

The B u t t e r f i e l  d Overland Mai 1 Route (1858-1861 ) from 
the va l ley  t o  the surface o f  La Mesa v i a  the second canyon 
nor th  of ~ i c a c h o  Peak, Apache Canyon (Conkling and ~ o n k ' i i n ~ ,  
1947, V. 11). 

Mayfield High School on l e f t .  Robledo and Lookout Peaks 
of the Robledo Mountains a t  11 :30. The Robledos are a 
south ti 1 ted, wedge-shaped hors t  o f  Paleozoic sedimentary 
and Ter t ia ry  volcanic rocks. 

Dofia Ana Mountains from 1 :00 t o  1 :30, Southern San 
Andres Range from 1:30 t o  3:00 and Organ Mountains from 
3:00 t o  4:30 on the eastern skyl ine.  The lone h i l l  on 
the va l ley  r i m  south o f  Doiia Anas (about 1 :30) i s  another 
i n t r u s i  ve rhyo l  i t e  body. 

The o ldest  exposed volcanic rocks i n  Dofia Ana Mountains 
are l a t i t e  t u f f s  and breccias, somewhat s i m i l a r  t o  the Box 
Canyon vol  cani cs ; these are unconformabl y over1 a i  n by 
rhyol  i t i c  t u f f s  which are in t ruded by rhyol  i t e - l a t i  t e  dome- 
l i k e  masses and by syeni te-monzoni t e  s i  11s and dikes t ha t  
form the highest  peaks. Dating o f  the basal r h y o l i t e  
welded t u f f ,  co l lec ted i n  the western f o o t h i l l s  o f  the 
DoKa Ana Mountains i s  i n  progress. The monzoni te-syeni t e  
in t rus ives  appear t o  be petrographi cal  l y  simi 1 a r  t o  the 
Organ Mountains monzoni te,  and may be o f  the same age, 
about 27 m i l l i o n  years (F. E. Kott lowski,  w r i t t en  communica- 
t i on ,  Feb. 16, 1970). Limestones o f  the Hueco Formation 
and an Abo red-bed tongue crop out  along the northwest 
f lank o f  the Dona Anas. 

2.5 



School on r i g h t .  Black H i l l  a t  9:30, j u s t  no r th  of 
Picacho Peak, i s  a basa l t  neck o f  Te r t i a r y  ( ? )  age. 
The low mesas of the southern Robledo Mountains from 
9:30 t o  10:30 expose about 1715 feet o f  Hueco Formation1 
o f  Wolfcampian age, inc lud ing an Abo tongue o f  interbedded 
limestone, ye l low sandstone and red c l a s t i c  beds, 475 feet  
th ick ,  which occurs j u s t  above the middle o f  the Hueco. 
Above the Hueco are 1 imestone conglomerates, red s i  1 ts tone 
and gypsum cor re la ted w i t h  the  e a r l y  Ter t ia ry ,  Love Ranch 
Formation o f  Kott lowski and othess (1956), and Kot t lowski  
(1960). A t h i c k  sect ion o f  l a t i t i c - andes i  t i c  volcani-  
c l a s t i c  rocks and flows overlap t h i s  sequence i n  the southern 
p a r t  o f  the area. South and west o f  Picacho Peak, conglo- 
merates t o  sands o f  the Upper ( ? )  Santa Fe Group bury the 
volcanic and o lde r  sedimentary rock sequence. The Santa Fe 
thickens from a feather edge on the south f l ank  o f  the 
Robledos t o  about 3800 feet ,  seven mi les  south o f  Picacho 
Peak (King, e t .  a l . ) .  

Northward i n  the Robledos (from 11:OO t o  11 :30) 
the exposed sequence beneath the Hueco ranges from Wolf- 
campian t o  Ordovician i n  age. The sequence w i  11 be des- 
c r ibed i n  more d e t a i l  a t  m i l e  points 57.6 and 59.85. 

1.6 

Junction, N. M. Hwy. 320 ( D o h  Ana Road) t o  r i g h t .  
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Junction; M. M. Hwy. 430 (Shalem-Picacho Road) t o  l e f t .  
The prominent complex o f  graded piedmont ( fan  and pediment) 
surfaces t h a t  slopes from the base o f  the Robledo-Picacho 
Mountains t o  the low b l u f f s  a t  the edge o f  the f l o o d  p l a i n  
was the  "type" Picacho surface o f  Dunham (1935). Subsequent 
work (Kot t lowski  , 1958; Hawley, 1965; Metcalf ,  1967; Ruhe, 
1967; Hawley and Kott lowski , 1969) shows t h a t  two major 
surfaces can be delineated. The lower surface graded t o  
an ancestral Rio Grande f l ood  p l a i n  70 t o  90 f ee t  above 
the va l ley  f l o o r  i s  now designated the Picacho surface. 
The higher and o lder  surface, the  Tortugas surface, i s  
apparently graded t o  an ancient  120 t o  130-foot f l ood-p la in  
leve l .  Refer t o  Table 1 f o r  an o u t l i n e  o f  post-Santa Fe 
v a l l e y - f i l l  subdivisions and t o  comments a t  mileage 57.0. 
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Low b lu f fs  a t  9:00, west of the r i v e r  expose as much as 
66 feet  o f  Tortugas al luv ium ( I l l i n o i a n  t o  e a r l i e s t  
Wisconsian (? )  age) t ha t  f i l l s  broad channels cu t  i n t o  
Upper Santa Fe Group basin f i l l .  Srra t ig raph ic  and paleon- 
to1 ogi  c studies o f  mid- t o  1 ate-Quaternary val l e y - f i  11 uni t s  
have been conducted i n  t h i s  area by Hawley (1965), Hawley 
and G i l e  ( l966),  Metcal f  ( l967), and Hawley and Kott lowski  
(1969, Appendi x, Sections 1-3). Tortugas A1 l u v i  urn (possib le 



TABLE 1.  OUTLINE OF POST-SANTA FE GROUP VALLEY FILL SUBDIVISIONS i 

Undifferentiated Arroyo-Ri ver Channel and Fl ood-Pl a in  Deposits 
Latest  Holocene; l oca l l y  f i l l  val leys cu t  in to ,  o r  overlap: 

Fort Selden A1 1 uvi ums (maximum thickness about 80 f e e t )  - 11 

Fi 1 lmore A1 1 uvi um--arroyo-terrace and fan deposits  graded t o  local 
base l eve l s  near the  present  flood-plain surface;  mid- t o  
1 a t e  Holocene (< 7,500 years before present) .  

teasburg Alluvium--minor arroyo-terrace and fan deposi ts ,  and major 
buried flood-plain deposits  ; ear ly  Holocene t o  1 a tes  t Pleistocene 
( l a t e  Wisconsinan, < 22,000? years B.P. ) . 

Three un i t s  pa r t l y  f i l l  val leys cut  i n to ,  o r  overlap: 

Picacho A1 1 uvi um (maximum thickness about 70 f e e t )  - 1 / 

Fan and t e r r ace  deposi t s  , and eros i  on-surface veneers, w i  t h  upper 
surfaces  graded t o  local  base l eve l s  about 70 f e e t  above present 
flood plain;  e a r l y  (? )  t o  mid-Wisconsinan ( 7 22,000 years B.P. ) ; 
par t ly  f i l l s  valleys cut into. 

Tortuqas Alluvlum (maximum thickness 100 t o  125 feet)lJ - 
Fan and t e r r ace  deposi ts ,  and erosion-surface veneers, w i t h  upper 
surfaces graded t o  local  base l eve l s  120 f e e t  o r  more above the 
present  flood pla in ,  b u t  below the ancient  basin f loors  (La Mesa 
and Jornada surfaces ) ; I1 l inoian t o  Sangamonian o r  e a r l i e s t  Wis- 
sonsinan; pa r t ly  f i l l s  valleys cut  i n t o  Upper Santa Fe Group basin 
f i l l .  (Note t h a t  th ickes t  f i l l s  of this morphostratigraphic u n i t  
are assoclated w i t h  fan surfaces  graded t o  an ancient  flood-plain 
s t a b i l i t y  level  about 120 f e e t  above the present  valley f loor . )  

1/ Morphostratigraphic Uni t s ;  a special  s t r a t i g r aph i c  category (Frye - 
and Wi 1 lman, 1962) proposed f o r  Quaternary subdivisions of the 
geologic column t h a t  a r e  d i f fe ren t ia ted  on the bas is  of primary 
surface  form £i posit ion i n  topographic sequences, r a t he r  than by 
l i t ho log i c  cha r ac t e r i s t i c s .  Units o r ig ina l ly  defined by Hawley 
and Gile (19661, Metca'lf (1967, l969), Hawley and Kottlowski 
( I  969). 



I 1  1 i n o i  a1 -Sangamoni an age), w i t h  a th ickness o f  a t  
l e a s t  100 f e e t  measured i n  a composite sec t i on  about 
0.5 m i l e  southwest o f  t h i s  po in t ,  here cons is ts  o f  
coarse-grai ned piedmont-sl ope deposits t h a t  i n t e r -  
f i n g e r  val leyward w i t h  a t  l e a s t  two tongues o f  r i v e r -  , 
l a i d  mater ia l .  Picacho A1 luv ium ( e a r l y  ( ? )  t o  mid- 
Wisconsinan) i s  as much as 44 f e e t  t h i c k  i n  the  i m -  
mediate area. Near the  v a l l e y  border, i t  comprises 
a s i n g l e  ( ? )  tongue o f  g r a v e l l y  t o  sandy r i v e r  sedi- 
ments i n t e r  s t r a t i f i e d  w i t h  fan  gravels. F o r t  Selden 
A1 1 u v i  um (1 a te  Wisconsi nan and Holocene) comprises 
the bu lk  o f  the  l a t e  Quaternary f i l l  beneath the present 
f l o o d  p l a i n  as w e l l  as contemporaneous fan and te r race 
deposi ts  associated w i t h  t r i b u t a r y  arroyo systems 
(Table 1) .  Me tca l f ' s  (1967, 1969) s tud ies  o f  f o s s i l  
s n a i l  faunas i n  the  v a l l e y - f i l l  u n i t s  i n d i c a t e  t h a t  
major times o f  v a l l e y  c u t t i n g  and p a r t i a l  back f i l l i n g  
occurred respec t i ve l y  dur ing  the  waxing and waning par ts  
of mid- t o  1 a te-P le i  stocene g l  ac i  a1 -p l  u v i a l  subcycles. 
A l l u v i a l  chronology o f  t he  Holocene (pas t  10 o r  11 
thousand years ) i s  re1 a t i  ve l y  we1 1 es tab l ished by carbon 
14 d a t i n g  of charcoal recovered from arroyo and r i v e r  
depos i t s  . 
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Junct ion; N. M. Hwy. 320 ( H i l l  Road) t o  r i g h t .  Robledo 
Peak a t  10:30; Lookout Peak a t  11:OO. Robledo Peak i s  
capped by 260 f e e t  o f  t h e  lower beds o f  t he  Hueco For- 
mation, below which are 190 f e e t  o f  Bursum Limestone, 
665 f e e t  o f  Pennsylvanian s t r a t a  ranging from V i  r g i  1 i a n  
t o  Atokan (Derryan) i n  age, and along the  east  Robledo 
f a u l t  zone a T e r t i a r y  r h y o l i t e  s i l l  (35.2 + 1.3 m i l l i o n  
years)  complex, 450 f e e t  t h i c k ,  w i t h  p a r t  Ef t h e  Fussel- 
man do1 omi t e  beneath the  s i  11 . (See s top 3 comnents 
on da t ing  o f  r h y o l i t e  i n t rus ion . )  L i g h t  brown, Upper 
Santa Fe Group cong lomera tes~ fom c l f f f s  on the  south- 
eas t  f l a n k  o f  Robledo Peak. Gray brown r i v e r  sand t o  
sandstone w i t h  lenses o f  s i  l i ceous gravel  under1 i e s  
the  conglomerates. Th is  sequence (about 200 f e e t  
exposed th ickness)  i s  c o r r e l a t e d  w i t h  the  Camp Rice 
Formation and i s  l o c a l l y  d isplaced as much as 200 f e e t  
along the  Robledo f a u l t  zone. 

2.25 

Leasburg Mercant i le  on l e f t .  Lookout Peak a t  10:OO i s  
capped by the 1 i g h t  redd i  sh-brown rhyo l  i t e  s i  11 complex. 
Highest dark-brown double c l i f f  i s  o f  Fusselman Dolomite; 
i t  i s  o v e r l a i n  by nonassimi l a t e d  patches o f  Percha Shale. 
P ink ish  l i g h t - g r a y  rock below Fusselman i s  sequence of 



intertonguing rhyol i te  si 11s and Cutter Member of Montoya; 
lower dark brown c l i f f  is  Aleman and Upham Dolomite Members 
of Montoya Dolomite. Upper par t  of El Paso limestone 
exposed i n  canyons along the Rob1 edo faul t zone. Upper , 
Santa Fe conglomerate, overlying poorly consol idated r i ve r  
sands, form prominent c l i f f s  on the  lower slopes of Lookout 
Peak on the downthrown s ide  of the  f au l t .  

3.45 

63.55 Junction Hwy. 85 and Fort Selden-Interstate 25 access road. 
Turn  r igh t  f o r  stop a t  Fort Selden. 

0.15 

63.7 Fort Selden Ruins on l e f t .  Tu rn  l e f t  and par t  between Fort 
and highway. 

0.5 

63.75 STOP 3. Fort Selden S ta te  Park (under development). 
Figure 4 (sketch map) shows the location of major points 
of i n t e r e s t  t ha t  can be seen Prom t h i s  stop. The f o r t ,  
named a f t e r  Col. Henry R. Selden (1820-1865) i s  located 
on a low (Picacho-Leasburg) r i v e r  t e r race ,  near the s i t e  
proposed i n  1770 f o r  Spanish Presidio Robledo. The post 
was never constructed, however (Christiansen, 1964). 
Ft. Selden was garrisoned from 1865 t o  1879 and from 
1881 t o  1892 (Bieberman, 1964). El Camino Real ascended 
from the Rio Grande Valley t o  the Jornada del Muerto 
Basin f l oo r  a shor t  distance from t h i s  point. I n t e r s t a t e  
25 closely fol lows the ancient t r a i  1 , blazed by Onate 
i n  1895 (Moorehead, 1958). 

INTRODUCTION TO THE CENOZOIC ROCK 
SEQUENCE EXPOSED IN THE SELDEN CANYON- 

RINCON VALLEY REGION 

The following tables  ( 2  and 3) are  based on published work by Kottlowski 
(1953, 1960), Hawley ( l965) ,  Hawley and others (1969) and King and others 
(1969; and on unpublished work by Seager, Hawley and Kottlowski. Relation- 
ships between various middle and 1 a t e  Cenozoic uni ts  are  diagramnatical l y  
shown i n  Figure 5 (prepared by W. R. Seager, 1970). Proposed s t ra t ig raph ic  
names and corre la t ions  given below are  t en ta t ive  and are  not t o  be formally 
ci ted.  Publication of the Geologic Map of the  San Diego Mountain-North 
Selden Hil ls  area (Seager, e t  a l )  i s  scheduled f o r  l a t e r  i n  1970. Many of 
the uni ts  described below w i  11 be formally defined i n  the t e x t  accompanying 
t ha t  map. 

After discussion a t  t h i s  s top,  re t race  route t o  Highway 85. 
0.2 





Camp Rice Formation (S t ra i  n, 1966, 1969a, 1969b; Hudspeth County Texas, Hueco Bolson-type awa)  
( p a r t i a l  thickness 282 fee t  i n  southeastern Rincon Valley) 

I 

Basin-f loor facies - mainly r i v e r  (ancestral Rio Grande) sand and gravel, general ly 
unconsol i dated o r  discontinuously- cemented wi th  1 ime; bu t  l o c a l l y  we1 1 -cemented wi th  
lime, s i l i c a  o r  i r o n  oxide. The u n i t  i s  l a t e r a l l y  t rans i t i ona l  to, and overlapped 
by : 

Piedmont-slope facies - p r imar i l y  grave l ly  a l luv ia l - fan,  coalescent fan, and pediment- 
veneer deposits , unconsolidated t o  l o c a l l y  indurated w i t h  1 fme, s i l i c a  o r  i r o n  oxide. 

Rice i s  ear l y  t o  mid-Pleistocene; i t  contains l a t e  Blancan and I rv ington ian 
The verte - rate faunas and lenses o f  r h y o l i t i c  volcani c ash. I f  derived from the Bandalier 
eruptions (Doell, et. al., 1968), the ash i s  about 1 o r  1.4 m i l l i o n  years old. 
Basal contact ranges from angular unconformi t y  t o  disconformi t y  on : 

Rincon Val l e y  Fomat i  on (proposed name) 
( p a r t i a l  thickness 535 f ee t  i n  southeastern Rincon Valley) 

Basin-f loor facies - f ine-  t o  medium-grained deposits o f  ephemeral ( ? )  lakes and broad 
a l l u v i a l  f l a t s ,  l o c a l l y  gypsiferous, general ly weakly consolidated; l a t e r a l l y  t rano i  t i ona l  
t o  : 

. Selden Canyon Conglomerate Member (piedmont slope facies - proposed name) - Dominantly 
coarse-grai ned fan a1 1 uvi  um; weakly consol i dated t o  moderately consol i dated. 

The Rincon Valle i s  thought t o  be l a t e  Miocene t o  l a t e s t  Pliocene i n  age. The Selden 
(oli-Tongue (Kott lowski , 1953) i n  the Selden Canyon Member has a K-*-of 
13.2 + 0.5 m i l l i o n  years (whole rock analysis, Geochron Labs., Inc., RO-621). 
Basal-contacts range from conformable t o  angularly unconformable on: 

Hayner Ranch Formation (proposed name) 
( p a r t i a l  thickness 2622 f ee t  i n  southeastern Rincon Valley) 
Primari 1y conglomeratic sands tone, conglomerate, sandstone and minor mudstone; we1 1 con- 
sol  i dated t o  weakly consol i dated. Miocene. 
Conformable t o  angularly unconformable basal contact. See Table 3. 

The above three formations are described i n  de ta i l  i n  Hawley and others (1969, 
Appendix, Measured Sections 1 and 2). I n  tha t  report, the Hayner Ranch Formation 
i s  designated by Units A-E, the Rincon Valley by Un i t  F, and the Camp Rice by 
Units G & ti. Measured thickness o f  the Santa Fe exceeds 3567 f ee t  near Tonuco. 
The terms "Upper" and "Lower" Santa Fe Group, respect ively designate the Camp Rice 
Formation, and Rincon Valley-Hayner Ranch Formations. The Lower Santa Fe Group 
represents the major per iod o f  deposit ion associated wi th  formation o f  the present 
basins and ranges a t  the southern end o f  the Rio Grande Depression. 
The upper pa r t  o f  the Camp Rice basin-f loor ( r i v e r )  facies can be physical ly traced 
i n t o  the Mesi l la  and Hueco Bolsons, where i t  demonstrable forms b a s i n - f i l l  un i t s  
i d e n t i f i e d  as Camp Rice Formation by St ra in  (1966, 1969b). The lower par t  o f  the 
Camp Rice as described i n  the Rincon-Selden area appears t o  intertongue wi th  (o r  
grade to )  upper For t  Hancock Formation s t r a ta  described near Anapra by St ra in  (1969b). 
The basin-f loor facies o f  the Rincon Valley Formation may be p a r t l y  equivalent i n  
age t o  the lower exposed par t  o f  the For t  Hancock Formation i n  i t s  type area i n  
Hudspeth County, Texas (Strain, 1966). However the "Rincon Valley Fm." cannot be 
physical ly traced as a continuous u n i t  i n t o  the For t  Hancock type area, o r  f o r  that  
matter, w i t h  ce r ta in ty  i n t o  the Mesi l la  Bolson. During deposit ion o f  the "Rincon 
Valley Fm. ," the Jornada-Palomas Basins and the Mesi lla-Hueco Bolsons may s t i  11 
have been essent ia l ly  separated by now-buried bedrock highs. 



TABLE 3. OUTLINE OF PRE-SANTA FE, CENOZOIC ROCK UNITS IN SELDEN CANYON-RINCON AREA 

Unnamed "Transi t ional  Uni t "  i n  the Rincon H i l l s  and Tonuco U p l i f t  
(maximum thickness 1658 fee t )  
Reddish, tuffaceous sandstone, muds tone and conglomerate, loca l  l y  w i th  two o r  three t h i n  
beds o f  fresh-water 1 imestone. Gravel c las ts  derived i n  pa r t  from underlying Uvas-Bell Top- 
Thunan volcanics. Local ly gradational w i th  both the Hayner Ranch and Thurman Formations. 

Uvas Basal t i c  Andesi te, and Bel l  Top and Thurman Formations 
The f i r s t  two un i t s  have t v ~ e  areas i n  the Sierra del l as  Uvas (Kottlowski. 1953); while 
the type area o f  the l a t t & '  formation i s  i n  the f o o t h i l l s  o f  the southern c a b a l l o - ~ a n ~ e  
(Kelley and Si lver ,  1952). 

Uvas Basal t ic  Andesite (thickness a t  l eas t  300 fee t  i n  lower Broad Canyon) 
Flows capping the Sier ra  de las  Uvas; flows, dikes, and cinder cones (buried) i n  Selden 
Canyon-Tonuco area; and flows and dikes i n  the Rincon H i l l s ,  where flows are interbedded 
wi th  Thurman tuffaceous sedimentary rocks. I n  Selden Canyon, p a r t  o f  the u n i t  has been 
dated a t  31.0 + 1.5 m i l l i o n  years (whole rock analysis. Geochron Laboratories, Inc., 
R0-287). The b a s  intertongues w i th  the uppermost Be1 1 Top Formation i n  t h e i r  type area. 

Be l l  Top Formation (thickness a t  l eas t  880 f ee t  i n  type area) 
L i  ght-colored r h y o l i t e  t o  quartz 1 a t i  t e  we1 ded t u f f s ,  t u f f s ,  tuffaceous sandstones and 
minor conglomerate. Dating o f  the basal welded t u f f  along Faulkner Canyon i s  i n  progress, 
as we l l  as o f  a welded t u f f  from the middle o f  u n i t  on the north side o f  Be l l  Pop Mountain. 

The Uvas-Bell Top sequence appears t o  intertongue t o  the north wi th  the Thurmaas Formation, 
and i s  general ly disconformable on the underlying "unnamed andesi t i c - l a t i  tdc sequence." 

Thurman Formation (thickness a t  l eas t  3000 fee t  i n  the Johnson Springs area, northwest o f  Rincon) 
Two th ick ,  r h y o l i t i c  welded t u f f  un i t s  i n  the lower part, over la in by a th i ck  sequence o f  
water- la id tu f f s ,  tuffaceous sandstones and interbedded basal t i c  andesi t e  flows (Uvas-1 i ke) . 
The u n i t  i s  l i g h t  colored, except f o r  the basa l t i c  andesites. B i o t i t e  from a massive 
r h y o l i t i c  t u f f  breccia i n  the lower Thuvman i n  Apache Valley, east o f  Caballo Dam ( f i g .  7), 
has been K-Ar  dated a t  33.6 m i l l i o n  years (Mobit Research Lab., Dallas, 8190). 
The Thurman i s  conformable (? )  on the Palm Park Formation i n  i t s  type area. 

Palm Park Formation (Kelley and Si lver ,  1952; Kott lowski and Tipton - i n  Kottlowski, 1953) 
(thickness a t  l eas t  885 fee t  i n  Apache Valley) 
Red t o  purple, l i g h t  gray t o  greenish andesi te- lat i te-der ived conglomerate and tuffaceous 
sandstones t o  claystones; and andesi t e - l a t i  t e  t u f f s  and loca l  flows. Large l en t i cu l a r  bodies 
o f  fresh-water limestone are also l o c a l l y  present. 
The Palm Park i n  i t s  type area (west o f  the southern Caballos) i s  angularly unconformable 
on Paleozoic rocks. 

Unnamed andesi t i c-1 a t i  t i c  sequence, volcanic and vol canic-derived sedimentary rocks 
(thickness as much as 2034 fee t  i n  the southeastern Tonuco Uol i f t) 
 his very extensive u n i t  f lanks the southern and western ~obledos; underl ies the Was-Bell 
Top sequence, and i s  the major u n i t  i n  the eastern Selden H i l l s .  I n  the Tonucet Up l i f t ,  
Seager has separated the andes i t i c - l a t i t i c  sequence i n t o  three members on the basis o f  
ve r t i ca l  changes i n  co lo r  and 1 i  tholsgy. Volcanics f r o m  the u n i t  i n  Box Canyon, northwest 
o f  Picacho Peak, have been K-Ar dated a t  43.3 + 1.6 m i l l i o n  years (F. E. Kottlowski , wr i t ten  
communication 2/16/70). The andes i t i c - la t i  t icsequence i s  i n  pa r t  equivalent t o  the Orejon 
Andesite (Dunham, 1935) and the Palm Park Fonat ion.  The u n i t  i s  disconformable on the Love 
Ranch Formation and equivalents i n  the eastern Tonuco U p l i f t  and north o f  Picacho Peak. 

Love Ranch Formation (Kott lowski, et. al., 1956) 
(thickness i n  the Tonuco U p l i f t  a t  l eas t  189 feet )  
A t  Tonuco, the Love Ranch comprises reddish-gray boulder conglomerate, derived from under- 
l y i n g  E l  Paso Limestone, B l i s s  Sandstone, and Precambrian g ran i t i c  rocks. Minor red shale 
and a s ing le  ostracod-bearing limestone bed are a lso l o c a l l y  present. Cretaceous (??)  and/ 
np. e r p . 1 ~  Tar+l=rw i n  % m a  l l n i +  -r+e t.ri4.h - m . . , . . l = r  ~.nsrn+.-.-;+.. r a  n-l..---.a- .--..Ir- -+ T.......... 
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Stop sign. Turn r i g h t  onto U. S. Hwy. 85 North. 
0.3 

Rio Grande Bridge. 
0.65 

Enter ing  v i  11 age of Radium Springs. La Casa Simpati ca 
Hotel  and Spa across the r i v e r  a t  1:30; Leasburg Dam 
a t  3:OO. The dam i s  i n  p a r t  anchored on r h y o l i t e  t h a t  
forms low b l u f f s  eas t  o f  t he  r i v e r .  The r h y o l i t e ,  
which i s  pe t rog raph ica l l y  s i m i l a r  t o  the Lookout Peak 
s i l l  (35.2 my.), in t rudes l a t i t i c  t u f f s  and breccias 
o f  Eocene t o  Oligocene (? )  age. The "spr ing  water" a t  
La Casa Simpatica i s  from a very shal low w e l l  and var ies  
i n  temperature from 140 t o  ZOO0 F. The s l i g h t  rad io -  
a c t i v i t y  i s  poss ib ly  from ~ ~ 0 ,  b u t  n o t  from radium. 
Road cuts on l e f t  are i n  Picacho Al luv ium ( r i v e r  fac ies ) .  

0.45 

Leave Radium Springs. Selden Canyon o f  the Rio Grande 
ahead. The canyon i s  cu t  through the  Selden H i l l s ,  which 
are dominantly composed o f  rocks o f  the Eocene t o  Ol igo-  
cene (? )  andesi ti c-1 a t i  t i c  sequence. Tortugas and 
Picacho ( fan  and te r race)  al luviums exposed i n  road cu ts  
f o r  the next  3.75 miles. These v a l l e y - f i l l  u n i t s  r e s t  
on erosion surfaces cu t  i n t o  s o f t  andesi t i c - l a t i  ti c 
t u f f s ,  tuffaceous sedimentary rocks, and brecc ia  t u f f s .  

0.45 

Cross Faulkner Canyon Arroyo. On opposite s ide  o f  v a l l e y  
(1 : 30-3:OO) sou th - t i  1 ted  conglomeratic sandstones o f  t h e  
"Rincon Va l ley  Formation (Selden Canyon Mbr.)", w i t h  a 
Sel den Basa l t  tongue, over1 ap 1 a t i  t i  c vol  cani cs. This 
same sequence i s  repeated several times on the  l e f t  si'de 
o f  t he  Highway ahead. 

1.05 

Bridge over  Foster  Canyon Arroyo; e n t e r  Selden Canyon. 
Sel den H i  11 s andesi ti c-1 a t i  t i c  sequence a t  12:OO-2:OO. 
A t t r a c t i v e  banded t r a v e r t i n e  has been quar r i ed  from 
low r h y o l i t e  h i l l s  about three mi les  t o  the southwest. 
The c a l c i t e  occurs as e s s e n t i a l l y  v e r t i c a l  veins, i n  
places more than 25 f e e t  wide, and l o c a l l y  more than 
1000 f e e t  i n  length. The c o l o r  bands are a few m i l l i -  
meters t o  several cent imeters i n  width, range from 
opaque t o  coarsely c r y s t a l l i n e ,  and w i t h  shades o f  
pink, brown, gray, black, and green. A1 though the  
stone has a tendency t o  s p l i t  along laminae o f  i m -  
p u r i t i e s  t h a t  separate the  c o l o r  bands, i t  i s  a strong, 
s o l i d  ornamental rock t h a t  can be c u t  i n t o  p leas ing 
slabs f o r  facing, t a b l e  tops, and s i m i l a r  items 
(F. E. Kot t lowski  , w r i t t e n  communication, Feb. 16, 1970). 

1.4 



Curve t o  r ight .  Cl i f f  exposure of th ich  a n d e s i t i c - l a t i t i c  
t u f f  breccia and "fanglomerate (mud flow)" u n i t  on l e f t  
f o r  the  n e x t 0 . 3 m i l e .  I t m a y  c o r r e l a t e w i t h  the Palm 
Park Formation of the Rincon Valley area.  The u n i t  dips 
about 21' west and is c u t  by N-S high-angle f a u l t s .  
OPTIONAL SHORT STOP. 

0.45 

End of  curve. From 10:OO t o  12:00, small benches and 
mesas capped w i t h  Selden Basalt  and rounded h i l l s  capped 
w i t h  Uvas Basa l t i c  Andesite form the west wall of t h e  
canyon. Reddish conglomeratic sands tone t o  mudstone of 
the  "Selden Canyon Member" of t h e  Rincon Valley Forma- 
t ion  underl ie  the  basal t flows. The basalt-lower Santa 
Fe sequence is  l o c a l l y  repeated due t o  f a u l t i n g  (slumping). 

0.4 

A small knoll of Uvas b a s a l t ,  w i t h  a "Selden Canyon Member" 
overlay,  t o  the  surface  of the highway. Selden Basalt  
c l i f f s  from 9:00 t o  12:OO. 

0.5 

Bridge over small arroyo. Prepare t o  s t o p  about 0.3 
mile ahead. Road cuts ahead i n  conglomeratic "Selden 
Canyon Member' of  the Rincon Valley Formation. 

0.2 

Road c u t  t o  r i g h t  shows Uvas Basa l t i c  Andesite i n  f a u l t  
contact  w i t h  "Selden Canyon Member". Pull over onto 
r i g h t  shoulder f o r  Stop 4. 

0.2 

STOP 4. West s lope  of small "Uvas" h i l l  a t  mouth of Broad 
Canyon; basal t i c  andesi te outcrop a t  1 : 00. Broad Canyon 
arroyo is  the l a r g e s t  Rio Grande t r i b u t a r y  i n  this area. 
Soi l  Conservation Service Dam (sediment and f lood con t ro l )  
under construction a t  9:00 t o  11:OO. The north and south 
abutments of the  dam a r e  anchored on poorly consolidated,  
conglomerati c sandstone t o  muds tone of the  "Selden Canyon 
Member". About 70 f e e t  of unconsolidated Tortugas a1 1 uvi urn 
(beneath Tortugas fan surface  from 10-12:OO) r e s t s  on the 
"Selden Canyon" beds a t  the  north abutment. The former 
comprises a bouldery fan u n i t  (60 f e e t  th ick)  and basal 
sandy t o  si 1 t y  beds t h a t  may be r i v e r  deposits .  Patches 
of Picacho ( fan- ter race)  A1 1 uvi um a r e  preserved as  inset 
f i l l s  below the  Tortugas sufrace  near t h e  mouth of Broad 
Canyon. 



The type area of the Selden ( o l i v i n e )  Basa l t  i s  
located about 0.75 m i l e  south and west of t h i s  stop 
between the dam and the rounded h i l l  (9:00-10:30) 
which i s  capped w i t h  Uvas Basal t i c  And& te. The 
no r th  end of a l a rge  Selden f l o w  i s  exposed i n  Broad , 
Canyon several hundred yards upstream from the dam- 

' 

The flow i s  interbedded w i t h  conglomerat ic s t r a t a  of 
the  "Selden Canyon Member" on the  n o r t h  wa l l  o f  the 
canyon, and pinches o u t  several  hundred f e e t  n o r t h  
o f  t h a t  point .  H o f f e r ' s  comments (2-17-70) on a t h i n  
sec t ion  o f  the  sampled rock are as fo l lows:  

The Selden b a s a l t  i s  a p o r p h y r i t i c  01 i v i n e  b a s a l t  
wd t h  a f ine-gra ined groundmass. Phenocrys t s  comprise 
approximately 15% o f  the rock and cons is t  o f  o l i v i n e ,  
p l  agi  o c l  ase , and pyroxene, i n  order  o f  abundance. 

01 i v i n e  shows p a r t i a l  t o  complete replacement t o  
i d d i n g s i  te; t he  i d d i n g s i  t e  formed as a deu te r i c  mineral 
by the  escape o f  gases. A h igh  2V (85') and negative 
s i  gn i n d i c a t e  a magnesi um-ri ch 01 i vine o f  approximately 
Fo75. Plagioc lase phenocrysts are subhedral t o  euhedral 
w i t h  1 abrador i  t e  composition. The f ine-gra ined ground- 
mass i s  composed o f  predominantly p lag ioc lase and pyrox- 
ene w i  t h  l esse r  amounts o f  a1 t e r e d  01 i vine ( i dd ings i  t e )  
and magnetite. 

The dated sample o f  Uvas B a s a l t i c  Andesite (31.5 
m.y. ) was c o l l e c t e d  from the  road-cut exposure a t  t h i s  
s top (near m i l e  p o i n t  69.8). H o f f e r ' s  comments (2-17-70) 
on a t h i n  sec t ion  from the sampled u n i t  are as fo l lows:  

The mater i  a1 i s  a f ine-gra ined,  non-porphyri ti c 
b i o t i t e  basal t i c  andesi t e  w i  t h  i n t e r g r a n u l a r  tex ture .  
I n  order  of abundance, the mineralogy o f  t he  rock consists  
of $1 agi  oc l  ase, pyroxene, magnetite, b i o t i  te,  and apat i te .  

P l  agi oc l  ase o f  andesi ne composi ti on (At14~) occurs 
as small  1  ath-shaped c r y s t a l s  d i sp lay ing  moderate t o  good 
f l ow  s t ruc tu re ;  i t  comprises approximately 45% o f  the rock. 
The pyroxene w i t h  low 2V ( l e s s  than 45') i s  a c l i n o -  
pyroxene o f  probably p igeon i te  and makes up about 28% 
of the  basal t i c  andesi t e  b i  o t i  t e  , magneti t e  , and apat i  t e  
are present i n  amounts o f  11%, 14%, and 3%, respect ive ly .  

The type area of t he  Uvas i s  located i n  the main 
p a r t  o f  the S i e r r a  de l a s  Uvas, about 10 m i les  t o  the 
west, where basal ti c-andasi t e  f lows capping Magdalena 
Park a t t a i n  an e leva t ion  o f  6623 fee t .  Near t h i s  stop 
(e leva t ion  about 4050 feet) ,  remnants o f  the Uvas cap 
m-mkd h i  11s f 1 anked (and p a r t l y  bur ied)  by sediments 
of the  "Selden Canyon Member". There i s  l o c a l  evidence 
t h a t  much of t h e  erosional  topography on the  b a s a l t i c  
andesite developed p r i o r  to, and during, lower Santa Fe 
Group depos i t ion  and t h a t  much o f  t h e  bedrock topography 
of Selden Canyon i s  exhumed. There i s  a l so  evidence of 



s i g n i f i c a n t  f a u l t i n g  and t i l t i n g  o f  t h e  Uvas and o l d e r  
u n i t s  before, during, and a f t e r  depos i t ion  o f  the  "Rincon 
Va l ley  Formation." The Uvas r e s t s  on B e l l  Top r h y o l i t i c  
u n i t s ,  j u s t  west o f  the dam. 

I 

0.25 

Broad Canyon Bridge. C l i f f s  o f  andesi t i c - l a t i  t i c  vo l -  
canic c l a s t i c s  from 1 :00 t o  3:00, form east  w a l l  of 
Sel den Canyon. These rocks resemble vo lcan ic  sands tone 
and conglomerate beds o f  the  Palm Park Formation i n  the 
Rincon H i l l s ,  thus Palm Park terminology has been tenta-  
t i v e l y  extended i n t o  t h i s  area. "Selden Canyon" sand- 
stone down-faul t ed  against  Palm Park volcani  c l  as ti cs 
a t  12:30 on east  s ide  o f  r i v e r .  

0.65 

Culver t .  "Ash Mine Mesa" a t  11:00, Th is  remnant o f  
the Jornada geomorphic surface (360 f e e t  above the  f lood 
p l a i n )  i s  under la in  by 70 f e e t  o f  cobbly t o  bouldery 
fan deposits t h a t  disconformably r e s t  on a l e n t i c u l a r  
body o f  r i v e r  channel and f l ood -p la in  deposits , l o c a l l y  
capped w i t h  as much as 10 f e e t  o f  whi te vo lcan ic  ash. 
The e n t i r e  sequence (about 100 f e e t  t h i c k )  i s  considered 
t o  be Upper Santa Fe Group (Camp Rice Formation), and 
r e s t s  w i t h  s l i g h t  angular unconformity on the "Rincon 
Val l e y  Formation, Sel den Canyon Member, " 
(Refer t o  measured sec t ion  2a, Appendix; Hawley, e t .  a1 . , 
1969). The ash ( s i  1 t - s i z e  glass shards, r e f r a c t i v e  
index 1.50-1.51 ) has been t e n t a t i v e l y  co r re la ted  w i t h  
ash lenses i n  sect ions o f  the Camp Rice Formation i n  i t s  
type area (St ra in ,  1966), and w i t h  ash deposits a t  
Anthony Gap, E l  Paso and no r th  o f  Rincon. The c loses t  
l i k e l y  source i s  the  Jemez Mountains, where two major 
ash producing erupt ions occurred about 1 and 1.4 m i  1 l i o n  
years ago (Bandal ier e rup t i ve  events, Doel l ,  e t .  a1 . , 
1969). 

Sharp curve t o  l e f t .  Road c u t  on l e f t  i n  "Selden Canyon" 
conglomerati c sandstone t o  mudstone. F l  at-topped San 
Diego Mountain a t  1:OO. Reddish basal conglomerate o f  
the "Hayner Ranch Formation" forms the  upper c l i f f s  above 
slope-forming Palm Park v o l c a n i c l a s t i c  beds and f lows on 
the  eas t  s ide  o f  the  r i v e r  from 1:00 t o  3:OO. Enter ing 
R i  ncon Val 1 ey . 

1 .o 

Dip. San Diego Mountain and Tonuco U p l i f t  a t  12:OO t o  
1 : 00. "Hayner Ranch" conglomerate c l  i f f s  a1 ong r i v e r  
from 1:00 t o  3:OO. 

0.7 



73.6 Windmil l  on l e f t ,  prepare t o  park on r i g h t  i n  0.2 m i l e  
f o r  Stop 5. 

0.2 

73.8 STOP 5. On F i l lmore  a l l u v i a l - f a n  surface. View p o i n t  I 

f o r  southern s lope o f  Tonuco U p l i f t  and nor thern  Selden 
H i l l s .  Refer t o  Figures 5 and 6A (from Hawley et.al., 
1969, Fig. 4) f o r  a general po r t raya l  o f  t h e  s t ra t i g raphy  
and s t r u c t u r e  o f  t h i s  area. Un i ts  A-E i n  F igure 6 desig- 
na te  t h e  "Hayner Ranch Formation, u n i t  F - the  "Rincon 
Va l l ey  Formation", and u n i t s  G and H - the Camp Rice 
Format i on. 

I n  a clockwise d i r e c t i o n ,  from west t o  east, the 
f o l l o w i n g  landmarks can be seen from t h i s  p o i n t  ( ~ i g u r e  
7):  S i e r r a  de l a  Uvas f o o t h i l l s  a t  9:00 are andes i t i c  
t o  l a t i t i c  volcanics capped w i t h  B e l l  Top welded t u f f s .  
Cabal lo Mountains a t  11:30. Rincon H i l l s  a t  12:OO. 
Jornada del  Muerto R i m  from 12:OO t o  2:00 i s  marked by 
a wh i te  s o i  1 -carbonate ( c a l i  che caprock) zone a t  the 
top  o f  Camp Rice sand and gravel.  

San Diego Mountain (2:OO) i s  capped by Hayner 
Ranch sandstones and conglomerates, and forms the west 
end o f  t h e  Tonuco U p l i f t ,  a spindle-shaped h o r s t  about 
3 m i l e s  long and up t o  1 m i l e  wide. The core o f  t he  
Up1 i ft consi s t s  o f  Precambri an rocks (mainly gran i  t e )  , 
which are progress ive ly  overlapped t o  the  east  and 
southeast by B l i s s  Sandstone, E l  Paso Limestone, Love 
Ranch Conglomerate, and the  andesi ti c-1 a t i  ti c volcanic 
sequence. 

Workings o f  the  Beal Mine can be seen a t  the south- 
eas t  base o f  San Diego Mountain. Bar i  t e - f l  u o r i  te-quartz 
veins emplaced i n  the gran i tes  i n  mid- t o  l a t e - T e r t i a r y  
(pos t  Uvas - pre-Selden-Basal t )  t ime were mined i n  t h i s  
area i n  1919-21. About 4000 tons o f  ore have been ship- 
ped from the  Beal and Tonuco (N.E. slope o f  San Diego 
Mountain) Mines. 

The most complete surface sec t ion  o f  the  Santa Fe 
Group i n  southern New Mexico i s  exposed i n  the broad 
bas in  between the  Tonuco U p l i f t  (2:OO) and Cedar-Hi l l  
(5:OO), a t  the  n o r t h  end o f  t he  Selden H i l l s  (Figure 6 A ) .  
The sequence o f  Pos t-Thurman-Bell Top-Uvas basin f i  11 
u n i t s  ( o u t l i n e d  i n  Table 2) was f i r s t  described (and 
i s  general l y  best-expressed) here. The t i  1 ted  (avg . 
40-45') red, gray and l i g h t  brown rocks a t  the f o o t  o f  
San Diego Mountain comprise 5 members o f  t he  Hayner 
Ranch Formation, which can be l o c a l l y  d is t ingu ished on 
the  bas is  o f  c o l o r  and texture.  Gently dipping, pale 
red  t o  l i g h t  brown, gypsiferous c lay  t o  sandstones o f  
t he  "Rincon Va l ley  Formation" form badlands i n  the cent- 
r a l  p a r t  of the  basin. A t  the southeast edge o f  the 







basin, gray to  brown sands to  sandstones of the Camp 
Rice Formation crop out in the steep slopes ascending 
t o  Cedar Hill and the Jornada del Muerto rim. 

Members of the Pre-Santa Fe Group volcanic and 
associated sedimentary rock sequence, out1 ined in 
Table 3,  comprise the main units on the west and south- 
eas t  flanks of the Tonuco Uplift (Fig. 5). Units i n  
the southeast part  of the area appear to  be the northern 
extension of andesi t i  c- la t i  t i c  tuff-brecci as in the 
eastern Sel den H i  1 1 s . 

Units flanking San Diego Mountain seem to  have close 
a f f in i  t i e s  wi t h  the Palm Park-Thurman-"Transi tional Uni t "  
sequence of the Southern Cabal lo  Mountain and Rincon 
Hills (Table 3 and Stop 6 ) .  Rhyolite pebble breccias 
and basal t ic  andesite dikes on the north slope of San 
Di ego Mountain are a1 so closely related to  the Be1 1 Top- 
Uvas volcanics west of the Rio Grande. 

2.8 

Hayner Ranch junction. Road t o  San Diego Mountain to  
right. Road cut ahead on l e f t  i n  Picacho Alluvium. 

2.0 

Dip. Northern Sierra de las  Uvas a t  10:OO to  11:OO. 
Reddish brown "Rincon Valley" sandstones to  mudstones 
crop out a t  11 :3O in bluffs that  are  capped with a 
veneer of Tortugas (? )  gravel. The highest piedmont 
slopes flanking the northern Sierra de las  Uvas are 
pediment and fan surfaces (Palomas-Jornada) tha t  were 
graded to the ancient Jornada del Muerto-La Mesa base 
level pr ior  to  val ley entrenchment. Associ ated depo- 
s i t s  overlap and interfinger with the r iver  facies of 
the Camp Rice Formation. 

1.8 

Curve. Prepare to  t u r n  r ight.  
0.4 

Junction; Highway 140 (Rincon Road). Tu rn  r i g h t ;  s t a r t  
crossing Rincon Valley. Southern Caballo Range a t  
11:OO; Rincon Hills from 11:30 to  1:00 on north side of 
valley. Pale red to  l i gh t  brown, 3ps i fe rous  clay to  
sandstone of the "Rincon Val ley Fohnation (basin-fl oor 
fac ies )" ,  locally capped w i t h  l ight  gray Camp Rice 
sandstone, forms badlands a t  the base of the "Hills". 
The "Rincon Valley" beds are gently folded, while the 
Camp Rice i s  generally undeformed, except in the i m -  
mediate vicini ty  of local high-angle normal faul ts .  

0.45 



Ri o Grande Bridge (1 as t one). 
0.85 

Rincon junction and power substat ion.  T u r n  l e f t  toward I 

Hatch; s t i l l  on Hwy. 140. Do not cross rai lroad.  Bad- 
lands cut  on "Rincon Valley" basin-floor facies  a t  2:00 
t o  3:OO. 

1.1 

83.2 Low bluffs  north of ra i l road a t  3:00 a re  Picacho A1 luvium 
in se t  agains t  "Rincon Valley" beds. Prepare f o r  r igh t  
turn in 1.2 miles. 

1 .Z5 

84.45 Johnson Springs Road ( j u s t  e a s t  of Ri o Grande bridges ) . 
Turn r i g h t  and cross A.T.S.F. ra i l road tracks. 

84.6 Wire gate;  please close. 
0.5 

85.1 Underpass - In t e r s t a t e  25. 
0.05 

.15 Gate; please close. Entering valley of Johnson Springs 
Arroyo. Low b luf f s  forming the valley walls are  "Rincon 
Val ley Formation" w i t h  a veneer of Picacho and/or Tortugas 
Alluviums. Note the up-valley facies  change i n  the "Rincon 
Val ley" beds from dominantly fine-grained t o  conglomeratic 
("Selden Canyon Member"). The Lower Santa Fe s t r a t a  are 
here gently t i 1  ted  t o  the  north. 

1.45 

Entering Johnson Springs Basin, southeastern par t  of 
Thurman Formation type area. Red House Mountain (Paleo- 
z o i c ~ )  a t  the south end of the Caballo Mountains a t  
11:30. Rincon Surface caprock (carbonate-cemented Upper 
Santa Fe beds) res t ing on the Palm Park Formation from 
1 l:3O t o  1 :3O. Northern Rincon Hil ls  a t  1:00 a re  capped 
w i  t h  basal Thurman welded t u f f .  

The valley wall t o  the r igh t  i s  formed by upwarped 
"Selden Canyon" conglomerate, which i s  i n  f a u l t  contact 
w i t h  the "Transitional Unit" between the Thurman and 
Santa Fe (see Table 3) .  The "Transitional Unit" i s  
about 500 f e e t  thick i n  the immediate area and consists  
of tuffaceous c l a s t i c s  w i t h  three  thin-beds of fresh- 
water limestone. I t s  contact w i t h  the Thurman i s  here 
a l so  a f a u l t ,  b u t  t o  the  e a s t  these uni ts  a re  gradational. 

0.25 



South- t i l ted  water-laid tuffaceous sandstones of the 
Thurman Formation crop out  on both s ides  of the  road 
ahead. 

0.45 
I 

87.3 STOP 9. Johnson Springs Homestead - Noel Castle Ranch. 
Park cars  along lane. S t a r t  on 2 mile walking t ou r  of 
Thurman and Palm Park sect ions  ( 1  t o  1.5 hours) along 
the  north fork of Johnson Springs Arroyo. T h i s  area is  
current ly  being mapped by Seager and Hawley i n  coopera- 
t ion w i t h  the S t a t e  Bureau of Mines. Main i tems of 
i n t e r e s t  on t h i s  shor t  hike wi l l  include views of t he  
interbedded basal t i c  andesi t e  i n  the  Thurman Formati on, 
a major boundary f a u l t  of the  Southern Caballo-Rincon 
Hi l l s  u p l i f t ,  the basal Thurman welded t u f f ,  and fresh- 
water limestone bodies i n  the Palm Park Formation. 

The Rincon surface (Hawley, 1965), which forms the 
summit of the mesa t h a t  bounds the Johnson Springs 
Basin on the northeast ,  i s  a large  remnant of what may 
be the  o ldes t  s t ab l e  landscape i n  southwestern New 
Mexico. I t  i s  possibly as old as the  o ldes t  pa r t s  o f  
the Llano Estacado, and is  underlain by a ca l iche  cap- 
rock u n i t  t h a t  i s  as  much as  50 f e e t  thick.  The cap- 
rock consis ts  of well-cemented Upper Santa Fe Group 
mudstones t o  sandstones and i s  current ly  being studied 
by the Soil Survey Investigations (SCS) f i e l d  s t a f f  a t  
University Park, New Mexico. 

T u r n  cars around. Retrace route t o  Rincon Junction. 
2.15 

Gate a t  I n t e r s t a t e  Underpass. Please c lose  gate. 
0.55 

Gate; please close. S ie r ra  de l a s  Uvas from 12:OO t o  
2:00 on skyline;  the  Palomas-Jornada surface  from 
11 :00 t o  1 :00, a t  the foo t  of the  S ie r ra .  

0.15 

90.15 Cross ra i l road t racks ,  turn l e f t  on Hwy. 140. 
2.35 

92.5 Stop s i g n ;  Rincon Junction. Turn l e f t  toward Rincon. 
Cross A.T.S.F. Railroad. 

0.1 

Curve t o  r ight .  Road cu t s  ahead i n  reddish basin-floor 
fac ies  of the "Rincon Valley Formation" capped w i t h  
P i  cacho r iver- ter race  deposi ts. 

0.3 



Enter (El)  Rincon ( the  corner) ,  and important junction 
point on the Santa Fe Railroad since 1881 (Pearce, 1965). 

0.75 

Cattleguard, leave Rincon. Caution - sharp l e f t  turn 
ahead. 

0.05 

Junction. Access road t o  In t e r s t a t e  25 south. T u r n  
l e f t ;  join In t e r s t a t e  25. 

0.25 

Railroad overpass ahead. A t  t h i s  point the route crosses 
the e a s t  boundary f a u l t  of the Rincon H i  11s. S i l i ca -  
and i ron-cemented Camp Rice and "Rincon Val ley" beds a re  
exposed i n  upthrown block forming the southernmost "Hi 11s"; 
only Camp Rice i s  exposed in downthrown block t o  eas t .  

0.3 

Bridge over Rincon Arroyo. Lower pa r t  of Camp Rice 
Formation exposed i n  e a s t  bank of arroyo below bridge. 

0.2 

Road cuts i n  Camp Rice Formation fo r  the next 1.8 miles. 
The Camp Rice i n  t h i s  area i s  a t  l e a s t  300 f e e t  thick,  
and consis ts  primarily of gray t o  l i g h t  brown pebbly 
sand to  sandstone deposited by the ancestral  Rio Grande 
i n  an aggrading basin environment. 

1.8 

The route ascends t o  the Jornada del Muerto Basin f l oo r  
and La Mesa geomorphic surface,  here a constructional 
plain marking the upper l i m i t  of Camp Rice Formation 
( r i  ver-facies)  deposition. Note the strong hori ton of 
soi 1 -carbonate accumulation j u s t  below the surface. 
Prepare t o  leave In t e r s t a t e  a t  Upham Exit. 

0.25 

Upham Exit; angle t o  the r igh t .  
0.25 

Stop sign. T u r n  l e f t  under In t e r s t a t e  25, and continue 
north on Upham Road. 

1.3 

STOP 7. Rincon Arroyo overlook, Jornada del Muerto Basin. 
Refer t o  Fig. 7 f o r  location of major points of i n t e r e s t .  
The valley of Rincon Arroyo, w h i c h  extends u p  the west 
s ide  of the Jornada Basin toward Point of Rocks (low h i l l s  
of Thurman sedimentary rocks and volcanics t o  N N E ) ,  contains 
excel lent  exposures of the Upper Santa Fe Group (Fig. 6B; 



see Stop 5 notes and Hawley et .a l . ,  1969). The aggregate 
thickness of the exposed section i s  about 300 fee t -  
West of the arroyo, the section appears thicker because 

l 
i t  i s  repeated along the eas t  boundary f a d  t zone of 
the Rincon Hills. Interbedded sandstone, sand, sf I ~ Y -  
clay , and sandy muds tone predominate, b u t  congl o t ~ ~ a t e s  
are locally present. Lower Santa Fe Group conglomerate 
i s  present only i n  a narrow be1 t along the west basin 
margin. Another extensive deposit of mid-Pleistocene 
volcanic ash occurs in the Upper Santa Fe section a t  
Grama Siding, 4 miles N. of th i s  stop. Two opalired 
beds, with we1 1-preserved plant fos s i l s ,  crop out in 
the lower part  of the section (about 130 fee t  below 
the basin f loor ) ,  below r iver  sand and gravel with frag- 
ments of mi d-Pl e i  stocene horse teeth. LeMone and 
Johnson (1969) consider tha t  the fossi l  f lora  grew in 
a marshy, cienega- type environment. The opal beds appear 
to  pass under the Rincon Surface north of the-Rincon 
Hi l l s ,  and to  have been displaced as much as 175 fee t  
by the "east  boundary faul t" .  The lowermost units of 
the Camp Rice r iver  facies underlie the opal ized material 
in the central part  of Rincon Arroyo Valley. 

"Caliche caprock" which i s  typical of the La Mesa 
geomorphic surface (and i t s  age equivalent) i n  th i s  
region, cements the upper Camp Rice beds and forms the 
res i s tan t  u n i t  of the outer val ley-rim scarp. Pedologi c 
nomenclature used t o  describe th i s  type of caliche 
includes the terms: petrocal c ic ,  Ccam, and Km horizons. 
The "K" terminology has recently been proposed by Gile 
and others (1965) f o r  master horizons of carbonate 
accumulation in so i l s  of ar i  d and semiarid regions. 
Such horizons are almost completely impregnated w i t h  
secondary carbonate b u t  are not necessarily indurated. 
The subscript "mu i s  used to  indicate induration. 

The dominant processes of caliche genesis in %his 
regi on appear to  be pedol ogi c (Hawley , e t  . a1 . , 1968). 
Most caliche, as well as weaker zones of lime accumula- 
tion occur just below and parallel  to  older geomorphic 
surfaces, and they are primarily i 11 uvial accumulations 
resul t ing from downward movement of carbonate from 
surface soi 1 horizons. There i s  a d i rec t  correlation 
between geomorphic surface age, and thickness and mor- 
phological complexity of associated cal iche horizorrs i f  
texture,  mineralogi c, topographic, and climatic factors 
of so i l  formulation are kept relatively constant. There 
i s  strong evidence for  an eol ian origin fo r  much of the 
carbonate (Gile, e t .  a l . ,  1966). Based on studies of 
hydraulic properties of basin f i l l s  and models of the 
geomor~hic evolution of the Rio Grande valley and adja- 
cent basins, Present water-table configuration and 
hypothetical past configuratfons indicate that  ground- 



water and c a p i l l a r y - f r i n g e  processes have no t  played 
an important  r o l e  i n  ca l iche genesis i n  t h i s  area 
(Hawley, et.  al., 1968; King, et .  al., 1969). 

Carbon 14 analyses o f  cal iches i n  the Las Cruces 
(New Mexico) and Fo r t  Hancock (Texas) areas ind icate  
t h a t  the age o f  the horizons o f  carbonate accumulation 
genera l ly  increases w i t h  depth (Gile, et .  al., 1966; 
Rightmire, 1967). 

Return t o  Upham Interchange, and continue south on 
I n t e r s t a t e  25. 

1.2 

Underpass. 
0.1 

Turn l e f t  on I n t e r s t a t e  access road. Rejoin I n t e r s t a te  
25, and continue south on Jornada del Muerto Basin f l oo r .  
For the nex t  13 mi les the highway c lose ly  fo l lows E l  
Cami no Real, the Chi huahua-Santa Fe T ra i  1 establ ished i n  
1598 by Onate. Zebulon Pike passed t h i s  way i n  1807 as 
an invo lun ta ry  guest o f  the Spanish government. He may 
have been the f i r s t  "Gringo" t o  u t i l i z e  the f a c i l i t i e s  
o f  the " roya l  highway". 

0.8 

"Chihuahua - 308 mi les" s ign on r i g h t .  San Andres Range 
on eastern sky l ine  from 8:00 t o  10:30. Dofia Ana Mountains 
a t  12:OO. San Diego Mountain and Tonuco U p l i f t  a t  1 :00. 

3.0 

103.15 Low f la t - topped mound a t  3:00 a t  the west edge o f  the 
Jornada Basin i s  D e t r o i t  Tank. I n  1888 the De t ro i t  and 
Ria Grande Livestock Company bui  1 t t h i s  "tank on the 
west edge o f  the Jornada p l a i n  and pumped water from 
the r i v e r  t o  the tank. The water then flowed by g rav i t y  
t o  D e t r o i t  Troughs, s i x  mi les  t o  the east.. . (Buff ington 
and Herbel, 1964)." This syndicate - the Bar Cross 
O u t f i t  o f  Eugene Manlove Rhodes - was formed by o f f i c e r s  
from Fo r t  Selden, and a t  one time ran a herd o f  20,000 
head o f  c a t t l e  under 20 brands i n  the southern Jornada 
region. The rangeland t o  the south i s  now p a r t  o f  the 
N.M.S.U. College Ranch. The f i r s t  stock wel ls  i n  the 
immediate area were n o t  d r i  1 l e d  u n t i  1 1903-1904. Water 
suppl ies are developed from the lowermost p a r t  o f  the 
Camp Rice and the upper p a r t  o f  the "Rincon Val ley" 
Formation. The water t ab l e  here i s  about 325 fee t  
below the surface. 

0.8 

903.95 Overpass, San Diego Mountain a t  3:OO. The Precambrian 
g r a n i t i c  core o f  the Tonuco U p l i f t  forms the h i l l s  j u s t  
t o  the east  o f  the mountain. Outcrops o f  B l i s s  Sandstone 



over la in  by several hundred f ee t  o f  E l  Paso Group 
Limestone, form the dark band on the east s ide o f  the 
U p l i f t .  Unconformable on the E l  Paso i s  the Love Ranch , 
conglomerate--andesi t e - l a t i  t e  volcanic sequence discussed 
a t  Stop 5. Patches o f  s i l i c i f i e d  Camp Rice conglomerate 
and sandstone (described as Thurman i n  Hawley and Kottlow- 
sk i ,  1965 - Stop 1 )  l o c a l l y  ove r l i e  the Precambrian rocks 
o f  the cen t ra l  Tonuco U p l i f t .  The s i l i c i f i e d  Camp Rice 
a lso caps the prominent bench on the northeast f l ank  o f  
the u p l i f t ,  where i t  has been downfaulted a t  l e a s t  100 
feet  along the East Tonuco boundary f au l t .  

0.5 

Rest area on opposite side o f  highway. Stop 1 o f  the 
New Mexico Geological Society 1965 F ie l d  Conference was 
a t  t h i s  po in t .  

3.2 

Relay tower a t  9:OO. Robeldo Mountains a t  1 :00. ~ o E a  
Ana Mountains a t  3:OO. High r idge a t  the nor th  end o f  
the Dona Anas i s  a th i ck  monzoni t e  (syeni t e )  i n t r u s i v e  
body (1 a te  01 i gocene-earl y M i  ocene? ) ; the foo th i  1 1 s t o  
the west are composed o f  Abo-Hueco s t ra ta .  

1.4 

E x i t  t o  For t  Selden Rest Area; OPTIONAL REST STOP. The 
water supply here i s  probably developed from tongues o f  
fan gravel and sand i n  the upper p a r t  of the "Rincon 
Val ley Formation". The s t a t i  c water l eve l  here i s  295 
f e e t  below the surface. The Camp Rice Formation csm- 
pr ises a t  l eas t  the upper 60 f e e t  o f  basin f i l l ,  and 
may be as much as 250 fee t  t h i ck  (King, et.al., 1969). 

1.6 

Jornada r i m ;  drainage d i  vide between R i  o Grande and 
Jornada del  Muerto watersheds. Enter Mesi 1 l a  Val ley. 
A bur ied Te r t i a r y  bedrock high connecting the Selden 
H i  11s and ~ o K a  Ana Mountains probably passes benearh 
t h i s  po in t .  Camp Rice ( r i v e r  fac ies)  beds, cropping 
ou t  i n  road cuts t o  r i g h t  and l e f t ,  appear t o  be up- 
warped i n  t h i s  immediate area. 

1.1 

Road cuts i n  Camp Rice sand and grave l ly  sand ( r i v e r  
facies).  Descending broad va l ley  slope w i t h  a nearby 

veneer o f  Ft. Sel den a1 1 uv i  urn-col 1 uv i  um continuous 
on erosion 
f i l l .  

1.65 

Underpass ; 
0.2 

surfaces cu t  across Santa Fe Group basin 

For t  Sel den Interchange. 



Fort Sel den Arroyo. Northern monzoni t e  (syeni t e )  r i  dges 
of the Do5a Ana Mountains a t  9:OO. Low ridges a t  the 
foot of the peak are dissected remnants of the DoKa Ana 
rock pediment surface (Ruhe, 1967) cut  across ' an Abo red- 
bed tongue and Hueco Limestone. I 

0.75 

Cross arroyo, Soil ConservatSon Service Dam a t  9:OO. 
Lower ( ? )  Santa Fe sandstones and conglomerates, andesitic- 
l a t i t i c  brecci a-tuffs and intrusive rhyolite are exposed 
near the arroyo f loor ,  beneath Picacho All uvi urn. A small 
Hueco, faul t-block, ou t l i e r  i s  located jus t  eas t  of the 
dam. Road cuts ahead and show overlap of arroyo-fan on 
r iver  facies of the Picacho Alluvium. Art Metcalf, of 
U.T. E l  Paso Biology Department, has studied foss i l  snai l  
faunas preserved in the Picacho sediments a t  t h i s  locality.  

1.85 

Leasburg Arroyo. Leasburg fan surface w i t h  minor inser t  
f i l l s  of younger alluvium ahead on right.  Picacho fan 
remnants with minor inset  Leasburg erosion surfaces to  
the l e f t .  
2.0 

Road cuts in Picacho Alluvium are i n  a gravelly river- 
channel facies interbedded w i t h  s i l t y  to  gravelly fan 
deposi ts. 
0.75 

Hill Overpass. Western footh i l l s  on the Dona Ana Moun- 
tains a t  9:00 are composed of intrusive rhyolite and a 
thick, massive welded ash-flow tuf f .  A dissected rock 
pediment a t  the foot of the mountains i s  cut primarily 
on rhyol i t ic  welded ash-flow tuf f .  Road cuts i n  Picacho 
r iver  gravels, partly cemented w i t h  manganese oxide. 

1.15 

Route continues south on Fort Selden (Leasburg-Fi llmore) 
surface complex. Picacho and Tortugas fan surfaces r i s e  
to  the east  towards the Dona Anas. Road cuts are  s t i  1 l 
primari ly in P i  cacho a1 1 uvi um (intertonguing fan and 
r iver  facies) .  

Dofia Ana Exit - 1 mile. Crossing mainly Fillmore valley 
slope surface f o r  next 25 miles. Sandy Fillmore alluvium 
forms a thin veneer over sandy Camp Rice s t r a t a  and r e m -  
nants of gravel ly Picacho a1 luvium. 

1.3 



Doira Ana Overpass, Organ Mountains a t  10:OO. The v i l l a g e  
o f  Dona Ana ( a t  3:00) i s  the o ldest  permanent settlement 
I n  the Mes i l l a  Valley. It was founded i n  1843, as the I 
admin is t ra t ive  center o f  en 1839 Mexican land grant, and 
was DoAa Ana County Seat i n  1852 (WPA, 1940). 

2.75 

Begin ser ies o f  cuts exposing a t h i n  veneer o f  g rave l l y  
Picacho a1 luvium over Upper Santa Fe Group sand, w i  t h  
minor interbedded s i l t  and clay. The sand i s  cross- 
bedded, and has discontinuous calcite-cemented zones. 

Based on study o f  water-well logs and excavations 
along Highway 70 East (Hawley, e t .  al., 1969; King, e t .  
a l . ,  1969) the Santa Fe sect ion i n  t h i s  area comprises 
i n  descending order: clean sand and rounded gravel s f  
mixed composition, as much as 60 f e e t  th ick ;  sand w i t h  
discontinuous nones o f  c a l c i t e  cementation and s i 1  t and 
c lay  beds, as much as 200 f ee t  th i ck ;  and clays, s l  l t s ,  
sands, and loams, i n  p a r t  gravel ly ,  as much as 400 f e e t  
th ick ,  over volcanic rocks. A m i  d-Plei stocene verte-  
bra te  fauna ( C .  Hubbard, i n  Ruhe, 1962) has been re- 
cover@d from the upper rounded-gravel and sand u n i t  i n  
gravel p i t s  one m i l e  t o  the east. This un i t ,  the upper 
p a r t  of the Camp Rice r i v e r  facies, contains well-rounded 
pebbles o f  s i  1 iceous rocks der l  ved from up-va-ley sources 
dn add i t ion  t o  the loca l  su i t e  o f  gravels from the sur- 
rounding uplands (Fig. 3). 

0.7 

127.2 Highway 70 (Las Cruces-Whi t e  Sands) Ex i t .  Continue 
south on I n te r s ta te  25. 

0.25 

Underpass ; H i  ghway 70 Interchange. 
0.3 

127.75 W 1 ameda Arroyo. 
( d i  scont i  nuously 
l oca l  l y  veneered 
and eo l i an  sand. 

2.1 

Road cuts ahead i n  Camp Rice sand 
cemented wi th  c a l c i t e )  , which i s  
w i t h  P i  cacho and F i  1 lmore a1 1 uv i  ums , 

Water Tank t o  r i g h t  i s  on Picacho a l  l uv i a l - f an  remnant. 
0.1 

Las Cruces Arroyo Bridge; Lohman Avenue (Las Cruces) 
e x i  t. 

1.9 



New Mexico S ta te  University ex i t .  Interchange i s  
located on a large  Picacho a l luvia l - fan remnant. Soil- 
geomorphic re la t ionships  In t h i s  immediate area have 
been recently described by Gile and others (1969). 

0.3 I 

Underpass. 
0.1 

Pan American Center a t  3:OO; home of the N. M. S ta te  
Uni versi  ty  Aggies . Tortugas (A) Mountain , Hueco do1 o- 
mitic limestone, a t  9:OO. 

0.3 

Bridge across Tortugas Arroyo. Slopes between highway 
and Tortugas Mountain are mainly formed on sand t o  gravel 
of the  Camp Rice r i v e r  fac ies ,  w i t h  a t h i n  veneer of 
Fi 1 lmore a1 1 uvi um-cot 1 uvi um. "Snowden and Clary , No. 1 
Sta te"  o i l  t e s t ,  d r i l l e d  about a mile south of Tortugas 
Mountain ( t o t a l  depth 2585 f e e t ) ,  encountered Santa Fe 
Group basin f i l l  t o  a t  l e a s t  526 f e e t ,  and Hueco (and 
possibly upper Pennsylvanian) s t r a t a  be1 ow 1420 fee t .  
Abo sandstones and s i l  ts tones may have been penetrated 
above 1400 f e e t  (Kottlowski, e t .  a l . ,  1956). 

0.7 

Overhead sign: I n t e r s t a t e  10 East (El Paso) junction 
ahead. Keep i n  l e f t  land. Los Alturas Estates a t  10:OO. 
Some water wells i n  th f s  area have produced thermal water 
from Santa Fe Group aquifers (King, e t .  a1 . , 1969). 

0.5 

In t e r s t a t e  10 East - El Paso Exit. Take l e f t  fork. End 
of In t e r s t a t e  25. 

0.4 

Underpass. 
1 .o 

Join In t e r s t a t e  10. Cross Fillmore arroyo. Low bluffs 
t o  l e f t  a r e  composed of Picacho fan alluvium tha t  buries 
Upper Santa Fe basin f i l l .  

1.45 

Cross South F i  1 lmore Arroyo. Fort F i  1 lmore (1851 -1862) 
s i t e  a t  3:30, near edge of Rio Grande flood plain 
(Museum o f  New Mex. s t a f f ,  1967). 

3.0 



Crossing Pefia Blanca Arroyo and the  apex o f  the  l a rge  
F i l lmore  fan. Pefia Blanca, a t i l t e d  mass o f  l i g h t -  
co lored Cueva r h y o l i t e  t u f f  a t  9:00, forms the  south- , 
west corner  o f  the  Organ Mountain b lock (Dunham, 1935). 
Low b l u f f s  t o  the l e f t  are composed o f  Picacho fan 
al luvium, l o c a l l y  55 t o  70 f e e t  t h i ck ,  t h a t  p a r t l y  f i l l s  
a broad v a l l e y  c u t  i n t o  sand, sandstone and s i l t - c l a y  
o f  t he  Camp Rice Formation (Hawley and Kot t lowski ,  
1969, Appendi x , reference Sect ion 4). 

1.55 

Underpass. Mesquite Interchange. 
0.6 

Sign: Anthony - 13 miles; E l  Paso - 32 miles. Bishop's 
Cap a t  9:OO. 

0.8 

Crossing Bishop's Cap Arroyo. Vado H i l l  a t  11 :3O. 
1.1 

Sign: Vado E x i t  - 1 Mile. 
0.2 

Small h i l l  o f  Vado Andesite a t  3:OO. 
0.3 

Quarry on l e f t  i n  Vado Andesite. 
0.5 

Vado Ex i t .  End o f  F i e l d  T r ip .  Adios Amigos! 
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