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, PREFACE 

The purpose of t h i s   s t u d y  was t o  examine ERTS-1 images i n  

o r d e r   t o   i d e n t i f y  and  subsequently  investigate  previously un- 

recognized  geologic phenomena i n  New Mexico and t o   e v a l u a t e   t h e  

usefulness  of ERTS-1 imagery as a geologic   too l .  Emphasis was 

placed on s t r u c t u r a l   f e a t u r e s  i n  t h e  Rio Grande r i f t  and  ad- 

j acen t  areas. Lineaments  and c i r c u l a r   f e a t u r e s   i n   t h e  rift 

were p l o t t e d  on t h e  ERTS mosaic of   the s ta te  which was prepared 

in   con junc t ion   w i th   t h i s   i nves t iga t ion ,   and   t hese  were compared 

wi th   ex is t ing   da ta .  It  was concluded   tha t  EHTS-1 imagery is 

a valuable   geologic   tool   and,  when used  in  conjunction  with 

ex is t ing   da ta ,   low-a l t i tude   photographs ,   and   f ie ld   checking ,  

may l ead   t o   t he   d i scove ry   o f  new mineral   deposi ts .  

Work was begun on t h i s   p r o j e c t  by Dr. Karl Vonder  Linden 

who had p layed   the   major   ro le  i n  t h e  ERTS inves t iga t ion .   In  

September  of 1973,  he  resigned from t h e  New Mexico Bureau of 

Mines and  Mineral  Resources. A t  t h a t  time, Sandra Feldman and 

Michael I n g l i s   a t   t h e  Technology  Application Center (TAC), 

University of New Mexico,  Albuquerque, New Mexico became t h e  

p r i n c i p a l   a c t i v e   i n v e s t i g a t o r s  on t h e  ERTS con t r ac t .  TAC 

had fol lowed  the  progress   of  Dr. Vonder Linden,  and  rapid 

t r a n s i t i o n  was made. 
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I. INTRODUCTION 

A. Study  Objectives 

The o b j e c t i v e s   o f   t h i s   i n v e s t i g a t i o n  were twofold  and  as 

follows: 

1. To study ERTS-1 images with  emphasis on discovering, 

and  subsequently  investigating,  previously  unrecog- 

nized  geologic phenomena i n   t h e  state of New Mexico. 

2 .  To eva lua te  ERTS-1 imagery a s  a geo log ic   t oo l  by 

comparing  images  with a i r  p h o t o s ,   o t h e r   s a t e l l i t e  

photos,   geologic maps, and  topographic maps of 

present ly   recognized   fea tures .  

We proposed t o  examine  imagery  of t h e   e n t i r e   s t a t e   o f  

New Mexico to   d i scove r   add i t iona l   geo log ic   i n fo rma t ion ,   bu t  

with  emphasis  placed on areas  which  have  undergone  tectonic 

deformation  and  areas  which are known to   con ta in   mine ra l i za -  

t i o n .  The short- term  object ive was t o   i d e n t i f y   p r e v i o u s l y  

unrecognized  features  with  long-term  emphasis on mapping and 

in t e rp re t ing   such   f ea tu re s  by comparison  of ERTS-1 imagery 

wi th   ex i s t ing  maps and  photographs  of  corresponding  areas. 

Both   reconnaissance   and   la te r   de ta i led   f ie ld   s tud ies  were t o  

be c a r r i e d   o u t  i n  conjunct?on  with  the  study  of  imagery. 

Resu l t s   an t i c ipa t ed   p r io r   t o   t he . ac tua1   s tudy  were: 

1. More geologic  information on t h e   s t a t e   o f  New Mexico. 

a. A better unders tanding   of   the   major   s t ruc tura l  

f ea tu re s   o f   t he  state and   of   the   t ec tonic  

forces   respons ib le .  

b. A clearer d e f i n i t i o n   o f  t h e  major  landforms  and 

geomorphic  processes. 

1 



c.  More accurate  1ocat. ions  of  the  boundaries  of 

major   drainage  features   and  the  ident i f icat ion 

of   past   and  possible   future   drainage  changes.  

d .   Ident i f ica t ion   of  areas which  warrant  future 

mineral   explorat ion.  

2 .  An evaluat ion  of  the  usefu lness   o f   t e lemetered  

satel l i te  imagery a s  a geo log ic   t oo l   i n  arid t o  

semi-arid  regions. 

This  repor t   conta ins  a d i scuss ion   of  1)’ the  genera l  

geology  of New Mexico, 2 )  t h e  methodology  used i n  working w i t h  

t h e  ERTS imagery, 3 )  gene ra l   obse rva t ions   i n   t he  state i d e n t i f i e d  

from ERTS, 4)  a more de ta i led   d i scuss ion   of   spec i f ied   a reas ,  

5) recommendations f o r   f u t u r e  work,  and 6)  appendices  contain- 

ing  support   data .  A loca t ion  map of New Mexico fo r   r e f e rence  

throughout  this  report   can  be  found i n  Appendix A. 

. .  
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B. Geomorpholoqy and General Geoloqy 

The state of New Mexico comprises  four  geomorphic  prov- 

inces  (Figure  1)-the  Colorado  Plateau  (northwest),  the  Basin 

.and Range .(southwest  and  south-central) ,   the  Southern Iiocky 

Mountains  (north-central) , and  the  Great   Plains  (east) .  Each 

of  these  provinces is  d is t inc t   geologica l ly   and   topographi -  

cal ly  although  boundaries  between them a r e   t r a n s i t i o n a l .  

The Colorado Plateau province  covers  approximately  one 

q u a r t e r  of t h e  state and is pervasive  over  northwestern  and 

nor th-cent ra l  New Mexico. The province  has  been  divided  into 

a northern  Navajo section and a southern   Dat i l   sec t ion .  The 

San  Juan Basin  of  the  Navajo  section is a s t ruc tu ra l   dep res -  

s ion  with a Tertiary f i l l   r e s t i n g  upon Cretaceous  sedimentary 

rocks  which  outcrop  along  the  margins. It i s  t h e   l a r g e s t  

basin  in  the  province,   covering  10,600  square miles (Thornbury, 

1967). The Da t i l   s ec t ion  is  most ly   volcanic   in   or igin  and 

has much g r e a t e r   r e l i e f   t h a n   t h e  Navajo section.  Cenozoic 

igneous  rocks,   primarily  volcanic  in  origin,   are  widespread 

along  the  margin  of  most  of  the  Colorado  Plateau  province. 

Age re la t ionships   and   pa t te rn   o f   e rupt ion   and   minera l iza t ion  

have been discussed by Els ton ,  e t  al. (1973). 

The  Zuni  Mountains a t   the   nor thwes t   edge   of   the  Datil 

sec t ion  is one  of   the  e ight   major   upl i f ts   of   the   Colorado 

P la t eau   p rov ince   w i th   s t ruc tu ra l   r e l i e f   o f   ove r  5 ,000  f e e t  

(Kel ley   and   Cl in ton ,   1960) .   In   cont ras t   to  most o f   t he   o the r  

u p l i f t s  i n  the  province,  Precambrian  igneous  and  metamorphic 

rocks  outcrop a t  the   core .  

The 'Basin  and Range province  in New Mexico has  been 

d i v i d e d   i n t o   t h e  Mexican Highland  and  the  Sacramento  sections. 

3 



FIGURE 1: 
A .  
B1. 
B2. 
c1. 
c2. 
D l .  
D2.  
D3 .  

Phys i ca l   d iv i s ions  of New Mexico ( a f t e r  Fenneman, 1 9 6 2 ) .  
Southern Rocky Mountains 
Colorado  Plateaus,  Navajo  section 
Colorado  Plateaus,  Datil sec t ion  
Basin  and Range province, Mexican Highland  section 
Basin  and Range province,  Sacramento  section 
Great Plains   province,  Raton Sect ion 
Great   Plains   province,  High P la ins   s ec t ion  
Great  Plains  province,   Pecos  Valley  Section 
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Charac ter i s t ic   o f  t he  p rov ince   a r e   pa ra l l e l   b lock - fau l t ed  

mountains  separated by intermontane  basins.  The boundary 

between t h e  Colorado  Plateau  and the Basin  and Range province 

i s  s t r u c t u r a l l y   i n d i s t i n c t   w i t h  some Basin  and Range f a u l t i n g  

extending  into  the  Colorado  Plateau.  

The  Mexican  Highland section  comprises  about  an  equal 

propor t ion  of mountain  ranges and high  aggraded  val leys  w i t h  

external d ra inage ,   r a the r   t han  the  c losed   bas ins  so  t y p i c a l  

f u r t h e r  west. The sec t ion ,  as defined by Fenneman (1962), hegins 

i n   n o r t h e r n  New Mexico  and  extends  south t o  inc lude  t h e  Rio 
Grande  trough  and  smaller  north-south-aligned  ranges 

such as the Sandia, Manzano, Los Pinos,  San  Andres,  Organ,  and 

Franklin  Mountains.   These  ranges  are  structurally  and geo- 

m o r p h i c a l l y   r e l a t e d   t o  the c l a s s i ca l ly .de f ined   Sou the rn  Rocky 

Mountain province ,   a l though  they   a re   genera l ly   cons idered   to  

be i n   t h e  Basin  and Range province.   In  southwestern New 

Mexico,  Basin  and Range f a u l t i n g  and  range  alignment  are 

o r i en ted   no r thwes t - sou theas t   i n   con t r a s t   t o  the  nea r   no r th -  

south   a l ignment   in   the  Rio Grande  depression.  In t h e  Sacra- 

mento sec t ion ,  the  d i s t i n c t i o n  between  basins  and  ranges i s  

not  as pronounced  and  one  grades  into t he  o ther   a long   gent le  

s lopes .  Block plateaus  and  bolsons  are  common. 

\, 

Only a small extension  of   the  Southern Rocky Mountain 

province   occurs   in  New Mexico. I t  includes  the  Sangre de 

Cr i s to ,  Jemez, and Nacimiento  Mountains  and  terminates a t  

t h e i r   s o u t h e r n  end. The ranges   a re   genera l ly   a l igned   nor th-  

sou th ,   rough ly   o f   an t i c l ina l   s t ruc tu re ,  w i t h  igneous  and 

metamorphic  cores.  Contemporaneous  folding  and  faulting 

r e s u l t e d  from t h e  Laramide  orogeny  although some w a s  no  doubt 

5 



doubt - inher i ted  from previously  developed'zones  of  weakness. 

The Great P la ins  province  extends  through  the  United States 

i n  a north-soubh belt and is  a d j a c e n t   t o   t h e  Rocky Mountain 

province  throughout much of i t s  ex ten t .   In   cen t ra l   and   southern  

New Mexico it borders on t h e  Basin  and Range province. The 

province is composed p r imar i ly   o f   t e r r e s t r i a l   s ed imen t s  and 

once  formed a con t inua l   a l l uv ia l   b l anke t   de r ived  from t h e  

erosion  of   the Rocky Mountain  ranges. The Ogallala  Formation, 

capping  the  Llano  Estacado  in   eastern New Mexico and  western 

Texas,   presently  covers  20,000  square miles bu t  was PreViOUSlY 

much more extensive.   Foster ,  e t  a l .  (1972) ,  r e f e r s   t o   o u t c r o p s  

which  have  been  found west of  the  Pecos River. 

The Great P l a i n s  province   in  New Mexico inc ludes   the  . 
High Plains ,   the   Pecos  Val ley,   and  the Raton sec t ions .  The 

High P la ins   s ec t ion   has   t he   l owes t   r e l i e f   o f  any s e c t i o n   i n  - 
t h e   s t a t e .  A t  t h e   t o p  of the   Ogal la la   Formation,   the . indurated 

caprock  provides   res is tance  to   erosion  and  hence an escarpment 

between it and the  Pecos  Val ley  sect ion on t h e  west. The 

Pliocene  Ogallala  Formation  once  covered  the  Pecos  Valley.  A s  

a resu l t   o f   s t ream  p i racy  by t h e  Pecos  River  and  headward  erosion, 

only  remnants  of  the  Ogallala  remain (Reeves, 1 9 7 2 ) .  The e a s i l y  

e rod ib le  Permian  formations  below  the  Ogallala  did  not  provide 

much r e s i s t ance .  Permian  and Triassic  formations  and  Quaternary 

alluvium now outcrop  throughout most o f   t h i s   s e c t i o n .  

The northern Raton s e c t i o n   c o n s i s t s  of lava-capped  plateaus 

and  mesas,  dissected  remnants  of an extensive  peneplain.   This 

s e c t i o n   d i f f e r s  from the   o the r   Grea t   P l a ins   s ec t ions   i n  New 

Mexico by the   ex tens ive   Te r t i a ry   f l ows   and   t he   r e su l t an t   h igh  

relief. 
T 

I 
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Generalized  geologic  and  tectonic maps of t h e  state are 

presented  i n  Appendix A of t h i s   r e p o r t .  



C. Mineral  Deposits 

S t ruc tu ra l ly   con t ro l l ed   me ta l l i c   mine ra l   depos i t s ,   i n  

genera l ,   occur   in  a northeast-southwest-trending belt  i n  

New Mexico which  has  been  recognized  for many years .  The 

belt  follows the Rio Grande.Valley  through  most  of  the state 

and   t hen   dev ia t e s   t o   t he  extreme southwest. It fo l lows   the  

eastern and  southern  border of t h e  Colorado  Plateau  province. 

The r e l a t i o n s h i p  between many of   the   ind iv idua l   depos i t s ,  

however,  has  been  conjectural. The t r end  was recognized  as 

e a r l y   a s  1910 by Lindgren, e t  a l . ,   i n  “The O r e  Deposits  of 

New Mexico“  and  can  be t r aced  on more recent maps of   meta l l ic  

deposits  in  “Mineral  and  Water  Resources  of New Mexico“ 

(U.S.G.S.,  1965).  Other  compiled  accounts  of  individual 

mineral  occurrences i n  New Mexico inc lude   those  by  Anderson 

(1957)  and Howard (1967). 

Minera l   depos i t s   in  New Mexico have been ove r l a id  on t h e  

ERTS mosaic   o f   the   s ta te .  The map is  inc luded   in  Appendix A. 

Although  uranium  and  potash  production is o f   g rea t  economic 

importance t o   t h e  state i n   d o l l a r   v a l u e ,   d e p o s i t s  are l a r g e l y  

sedimentary  with  only  very  l imited  s t ructural   control   involved 

in   l oca l i z ing   occu r rences .   S t ruc tu ra l ly   r e l a t ed  economic 

depos i t s   inc lude   copper ,   l ead ,   z inc ,   go ld ,   s i lver ,   i ron ,  

manganese,  and molybdenum, wi th   t he  most  economically  signif- 

i c a n t   d e p o s i t s   l o c a t e d   i n   t h e  Si lver  City Cen t ra l  mining 

d i s t r i c t  and in  the  Sangre  de  Cristo  Mountains.  The p a t t e r n  

of  mining d i s t r i c t s   i n  New Mexico fo l lows   the  Rio  Grande 

graben  throughout much of t h e  statre. 
According to  Schmitt   (1966) many western o re   depos i t s  

and   i n t rus ives   “a re   a s soc ia t ed   w i th ,  and  presumably  genetically 
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- re la ted   to ,   the   major   fau l t   zones ,   o rogens ,   and   tec togenes .  

I n t e r s e c t i o n s  are p a r t i c u l a r l y   s e n s i t i v e ,  as noted by B i l l -  

ingsley  and Locke long  ago. Triple o r  more complex i n t e r -  

s ec t ions  are e spec ia l ly   po ten t  as l o c a l i z e r s   f o r   o r e  districts 

and smaller minera l ized   un i t s . "   Minera l iz ing   f lu ids   a re  

l i k e l y   t o  rise a t  mul t ip l e   i n t e r sec t ions  where t h e  crust is 

most  weakened. Ci rcu lar  or curv i l i nea r   f ea tu re s ,   such  as 

volcanic- tectonic   depressions,  the  surface  expression  of  

bur ied   in t rus ives ,   and   of fse t   p roduced  by i n t e r s e c t i n g   f a u l t  

systems may a l s o   s e r v e  as indica t ions   o f   assoc ia ted   minera l  

deposits.   Therefore,   information  leading t o  the loca t ion   of  

new po ten t i a l   mine ra l   a r eas  may be der ived from ERTS images 

- by s tudy ing   l i nea t ions   and   c i r cu la r   f ea tu re s  which have no t  

been  previously  recognized,   in   and  adjacent   to   the Rio Grande 
. depression. 
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D. The Rio Grande  Depression 

The Rio Grande depression,  extending from t h e  San Luis 

Valley  in  Colorado  through New Mexico, is a series of en echelon 

open bas ins   separa ted  by constr ic t ions  of   varying  widths .  

Bryan (1938) des igna ted   these   bas ins ,  from n o r t h   t o   s o u t h ,   a s  

t h e  San Luis,  Espanola,  Santo Domingo, Albuquerque-Belen, 

Socorro,  Ehgle, Rincon o r  Palomas,  and  Mesilla  basins. Chapin 

(1971) has recommended the   inc lus ion   of  several o the r   bas ins  

i n t o   t h e  rift system by s i m i l a r i t y   o f   s t r u c t u r e  and  synchro- 

neity  of  deformation  (Figure 2 ) .  I n  New Mexico, these   inc lude  

a )   t he   Jo rnada   de l  Muerto  and  Tularosa  basins,  separated from 

t h e  Rio  Grande  Valley by i n t r a r i f t   h o r s t s :  b) t h e  San Agustin 

Basin, a northeast-southwest-trending  graben,  bifurcating  from. 

t h e  main trough i n  t h e   v i c i n i t y   o f   t h e  Magdalena  Mountains:  and 

c) the   Es t anc ia  and Moreno subs id ia ry   bas ins   o f   cen t ra l   and  

nor th-cent ra l  New Mexico. Mineral   deposi ts   occur   in   adjacent  

ranges or hors t s ,   fo l lowing   the   t rend   of   the  rift system. 

Rel ief  is h igher   a long   the   eas te rn   border   o f   the  rift 

where  high  ranges are more common than  along  the western 

border where relat ively  low-lying  volcanics   occur .  Chapin 

(1971) s t a t e s   t h a t  minimum u p l i f t  was 5,000 t o  12 ,000  f e e t  

a long  the  eastern  margin  with a minimum subsidence  of 4,000 

t o  24,000 f e e t .  A thick  sequence  of la te  T e r t i a r y   t o  

Quaternary  Santa Fe Group sediments  and  volcanics now f i l l  

the  t rough,  masking t h e   o r i g i n a l   f a u l t  scarps, and making it 

d i f f i c u l t   t o   l o c a t e   t h e i r   e x a c t   p o s i t i o n   t h r o u g h o u t  much of 

t h e  rift system. 

Bounding or e x t e r n a l   f a u l t s ,  marking t h e   d i v i s i o n  be- 

tween hors t   and   graben   fea tures ,   genera l ly   have   c lose   to  a 
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FIGURE 2 :  Generalized map of t h e  Rio Grande rift (from Chapin, 1 9 7 2 ) .  
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north-south  .trend  (Figure 3 ) .  Normal faul ts   comprise  most 

of the boundary  fault ing  with a few notable  exceptions,   one 

being t h e  Comanche thrus t   border ing  t h e  Luce ro   up l i f t ,  west 

of Belen  (Kelley,  1954). Most no r the r ly   t r end ing   f au l t s ,  

penecontemporaneous  with t h e  rift system are Late Tertiary 

in   age .  

In t e rna l   r ange   s t ruc tu re   cons i s t s   o f   fo lds   and   bo th  

normal  and t h r u s t  f a u l t s .  The folding  and  thrust ing  has  

been  associated  with  Cretaceous  and  ear ly  Tertiary Laramide 

compression  (Thornbury,  19.67).  In the  upper Rio Grande a r e a  

i n  New Mexico, in te rna l   compress iona l   s t ruc tures   a re   a l igned  , 

near   north-south:   the   Nacimiento  faul t ,   the  Seis Canyon f a u l t ,  

and t h e  Mesa Redonda Ant ic l ine .  The Comanche f au l t ,   a l t hough  

sinuous,  is north  t rending.   Other   thrusts   and  folds   t rend 

northeast-southwest  as,   for  example,  the  Montosa and Paloma 

f a u l t s   i n   t h e  Los Pinos  and Manzano Mountains,  the Chupadera 

Mesa f o l d s ,  t h e  Tijeras and  Golden s t ructures   (Kel ley,   1954) .  

'On Ke l l ey ' s  map (1961) ,   Precambr ian   fo l ia t ion   a l so   t rends  

northeast-southwest  in t h e  Manzano and  Manzanita  Mountains. 

I n t e r n a l  normal f au l t   zones   i n  the  upper Rio Grande 

area   genera l ly   t rend   nor theas t  or north.  North-aligned 

f a u l t s  may have a s l i g h t   w e s t e r l y  component, bu t  there a r e  

f e w  prominent  northwest  trends on Ke l l ey ' s  maps (1954, 1961) .  

E a s t - w e s t  f a u l t   t r e n d s  or a l ignments   occur   loca l ly   nor theas t  

of t he  Sandia  Mountains. The Capitan  Mountains,   in  central  

New Mexico j u s t  east of t h e  rift system,  are   def ined by 

Chapin  (1971) a s   a n  anomolous east-west t r end .  Some of t h e  

in t e rna l   no rma l   f au l t i ng   i n  ' t h e  ranges is ,synchronous w i t h  

t h e  ex te rna l   f au l t i ng :  t h e  age  of   others  is open t o   s p e c u l a t i o n .  



FIGURE 3: Tectonic  map of the middle Rio Grande depression 
(after  Kelley, 1954). 
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Sect ions  of   the  rift system are s t i l l  se i smica l ly   ac t ive  

(Sanford,  1965;  Sanford  and  Cash, 1969; Toppozada  and  Sanford, 

1972;  and  Sanford, e t  a l . ,  1972. The record   o f   h i s tor ic  

ear thquakes   repor ted   in   the  Rio  Grande  Valley  indicates  that  

a quake  of  magnitude 5 has   t he   p robab i l i t y  of occurring  each 

100 years .   Tables   in  Appendix B l i s t  those  earthquakes w i t h  

magnitudes  greater  than 2.7.  Known earthquake  epicenters 

a re   a l so   p lo t ted   a long   wi th   minera l ized   a reas  (Appendix A ) .  

A s  ind ica ted  by Sanford, e t  a l .   (1972) ,  l i t t l e  c o r r e l a t i o n  

appears t o   e x i s t  between recent  instrument-recorded  micro- 

seismic zones  and known s t ruc tu ra l   f ea tu re s   a l t hough   t he  

majority  of  earthquakes  recorded i n  New Mexico have  epi- 

c e n t e r s   i n   t h e  Rio Grande r i f t  (Appendix B ) .  
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11. METHODOLOGY 

Information on both  l i thology  and  s t ructure   can  be 

determined t o  some ex ten t  from aerial a n d   s a t e l l i t e   p h o t o -  

graphy.  Because  of  the  genetic  relationship between  mineral 

depos i t s ,   t ec tonic   fea tures ,   and/or   l i tho logy ,  much infor -  

mation  leading t o  t h e  discovery  of new mineral   deposi ts  can 

be learned from t h e   a n a l y s i s  of ERTS images.  Drainage 

pa t te rns ,   photographic   tone ,   cont inui ty  or d i scon t inu i ty ,  

and  vegetation may be a response   to   s t ruc ture   and   l i tho logy .  

The i n t e n s i t y  or magnitude  of  displacement,  the  depth of a 

s t ruc ture   benea th   the   sur face ,   and   the   age   o f  a s t r u c t u r e   a l l  

r e l a t e   t o  i t s  topographic  expression,  and  hence i ts  in te rpre-  

t a t i o n  from a e r i a l  or sa te l l i t e  photographs  and  images. 

S t r u c t u r a l   a n d   l i t h o l o g i c   i d e n t i f i e r s   c a n   b o t h  be used 

t o   l o c a t e   a r e a s   o f   p o s s i b l e   m i n e r a l i z a t i o n  on ERTS images. 

Mineralization  can be r e l a t e d   t o   f r a c t u r e   p a t t e r n s   a n d / o r  

intrusives .   Indicators   of   both  should  be examined more 

c l o s e l y   i n  t h e  f i e l d ,   e s p e c i a l l y   f a u l t   i n t e r s e c t i o n s   a n d  

ind ica t ions   o f   bu r i ed   i n t rus ives   w i th in   t he   p rev ious ly  

def ined  mineral  bel t .  

The flowsheet  in  Figure 4 was the  proposed Data Analysis 

P l a n   f o r   t h e   i n v e s t i g a t i o n .   I n   t h e  16  month con t r ac tua l  

per iod  it was or ig ina l ly   p roposed   tha t  work would  have  pro- 

gressed  through  Step 4. 

According t o   S t e p  1 of  our  Data  Analysis  Plan, a l l  

incoming ERTS images were i n i t i a l l l y   i n s p e c t e d  by New Mexico 

Bureau of Mines and  Mineral   Resources  and  later by t h e  Tech- 

nology  Application  Center t o  select images  warranting 

fur ther   examinat ion.   Unfortunately,  good q u a l i t y  imagery 
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was not   rece ived   for  many months a f t e r   t h e   i n i t i a t i o n   o f  

t he   con t r ac t .  Toward t h e  end  of  January  1973 good q u a l i t y  

imagery was received:  and  by mid-March, coverage was ex- 

t ended   t o   two- th i rds   o f   t he   s t a t e .  Imagery was never  received 

for   f ive   separa te   passes   over   the  s ta te  dated  between  October 28, 

1972 and  January 13, 1973. The f e w  we have seen from o t h e r  

sources are of good q u a l i t y .  

Figure 5 is a map of New Mexico with E R k  o r b i t s   o v e r  

t h e   s t a t e  numbered  from  one t o  s ix .  Each scene has  been 

given a re ference  name t o   f a c i l i t a t e   d i s c u s s i o n ,  and  these 

are a l s o  shown  on t h e  map. Table 1 l ists  s p e c i f i c   o r b i t  

numbers ( the  first four  numerals i n  the   s cene   i den t i f i ca t ion  

number)  and  dates. 

I n  Appendix B is  a t a b l e   l i s t i n g  by designated scene 

name and  image I D  .the b e s t  New Mexico scenes which  have  been 

received between J u l y  1972  and December 1973. The o r b i t  

corresponds t o   t h o s e   i n   F i g u r e  5. W e  have  calculated  cloud 

cover  and  rated image qua l i ty   fo r   each .  Images o r  scenes 

designated "NR" (not   received)  may have  a  high  percentage 

of   c loud  cover ,   are 'unavai lable  or have  simply  not  been 

rece ived .   Spec i f ic   qua l i t i es   o f  scenes which make them more 

or less conducive   for   geologic   in te rpre ta t ion  are noted, 

such as snow enhancement or scan- l ine   in te r fe rence .   This  

l i s t ing   and   ra t ing   inc ludes   on ly   b lack   and   whi te   p r in t s  

received from NDPF User Services   dated between Ju ly  1972 

and December 1973. Also   in  Appendix B is a t a b l e   l i s t i n g  

by f l i g h t   t h e  Gemini and  Apollo  photographic  coverage  of 

New Mexico, much of  which was used   i n   t h i s   i nves t iga t ion .  

W e  would hope t h a t  a s imi la r   updated   and   abs t rac ted  

l i s t i ng   o f   s cenes  be made a v a i l a b l e   t o   i n d i v i d u a l s   i n t e r e s t e d  
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FIGURE 5 .  New Mexico E E S  orbi t s  and scene names. 

18 



TABLE 1 

ERTS-1  ORBITS  OF NEW MEXICO AND DATES SINCE LAUNCH 
July  30,  1972 - December 3, 1973 

DATES 

J u l y  30-Aug. 4 

Aug. 17-A~g. 22 

Sept.  4-Sept. 27 

Sept.  22-Sept. 27 

Oct. 10-0ct.  15 

O c t .  28-Nov.  2 

NOV. 15-NoV. 20 

Dec. 3-Dec. 8 

D e c .  21-Dec. 26 

Jan.  8-Jan.  13 

Jan. 26-Jan. 31  

Feb.  13-Feb. 18 

Mar. 3-Mar. 8 

Mar. 21-Mar. 26 

Apr. 8-Apr. 13 

A p r .  26-May 1 

May 14-May 19 

June 1-June 6 

June 19-June  24 

J u l y   6 - J ~ l y  11 

July  24-July  29 
Aug.  12-Aug. 17 
Aug. 31-Sept. 5 
Sept.  17-Sept. 22 
O c t .  5-Oct. 10 

O c t .  23-Oct.  28 
Nov. 10-Nov. 15 
Nov.  28-Dec. 3 

6 

10 12 

1030 

1048 

1066 

1084 

1102 

1120 

1138 

1156 

1174 

1192 

1210 

1 2 2 8  

1246 

12  64 

1282 

1300 

1318 

1336 

1354 

1372 
1390 
1408 
1426 

1444 

1462 
1480 
1498 

5 
1011 

102 9 

1047 

1065 

1083 

1101 

1119 

1137 

1155 

1173 

1191 

1209 

1227 

1245 

12  63 

1281 

12 99 

1317 

1335 

1353 

1371 
1389 
1407 
1 4 2  5 
1443 

1461 
1479 
1497 

ORBIT * 
4 

1010 

1028 

1046 

10 64 

1082 

1100 

1118 

1136 

1154 

1172 

1190 

1208 

1226 

1244 

1262 

1280 

12  98 

1316 

1334 

1352 
1370 
1388 

1406 
1424 

1442 

1460 
1478 
1496 

3 
1009 

1027 

1045 

1063 

1081 

1099 

1117 

1135 

1153 

1171 

1189 

1207 

1225 

1243 

1261 

1279 

1297 

1315 

1333 

1351 
1369 
1387 

1405 
142 3 

144 1 

1459 
1477 
1495 

2 

1008 

1026 

1044 

1062 

1080 

1098 

1116 

1134 

1152 

1170 

1188 

1206 

1224 

1242 

1260 

1278 

1296 

13 14 

1332 

1350 
1368 
1386 

1404 
1422 

1440 

1458 
1476 
1494 

1 
1007 

1025 

1043 

1061 

1079 

1097 

1115 

1133 

1151 

1169 

1187 

1205 

1223 

1241 

1259 

1277 

1295 

1313 

1331 

1349 
1367 

1385 
1403 
142 1 
143 9 

1457 
1475 
1493 

* The four   numeral   designators  are t h e  first f o u r  numbers 
which are commonly used t o  ident i fy  scenes (ERTS mission 
+ days  s ince  launch) .  
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i n  ERTS imagery  of New Mexico through  organiza t ions   d i s t r ib-  

u t ing  EK.CS images t o   t h e   p u b l i c .  Similar l i s t i n g s   f o r   o t h e r  

s t a t e s  would  be a usefu l   addi t ion .  
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A. NASA Data Processins  Fac i l i ty  (NDPF) Imaqery 

According to   our   s tanding   order   wi th  NDPF User Services  

we were t o   r e c e i v e  70mm black  and white  t ransparencies   and 

9 X 9 inch   paper   p r in t s  of scenes  with 10% or less cloud 

cover. A l imi t ed  number of  color  composites,   both 9 x 9 

inch   t ransparenc ies   and   pr in ts  were also requested,   as  well 

as a small number of 9 x 9 inch  black  and  white   posi t ive 

t ransparenc ies .  

I n  t he   ea r ly   s t ages   o f  the s tudy,   black  and white  

p r i n t s  were used   for   ana lys i s   and  were found t o  be adequate. 

A s  they became avai lable ,   color   composi tes  were used t o  

complement the   b lack   and   whi te   p r in t s   in   the   d i s t inguish ing  

of  l i thology  and  vegetation  zones.  

A s  mentioned ea r l i e r ,   c loud   and  snow pa t te rns   obscured .  

many of  the  mountainous  areas i n  t h e  s t a t e  i n  t h e   e a r l y  

imagery:  and  imagery q u a l i t y  w a s  n o t   a s  good a s  mid- t o  

late-1973  imagery. Based on what was r e c e i v e d   i n   t h e   e a r l y  

p a r t  of t h e   i n v e s t i g a t i o n ,  it appeared  that   band 5 imagery 

was t h e  most s u i t a b l e   o f   t h e   f o u r  MSS bands for s t r u c t u r a l  

a n d   l i t h o l o g i c   i n t e r p r e t a t i o n .  A s  t h e  qual i ty   of   imagery 

received  improved,  and  mountainous  areas became more v i s i b l e  

with  cloud-free  coverage, it was found t h a t  band 7 was more 

s u i t a b l e   f o r  structure i n  areas  of  dense  vegetation  and 

h igh   r e l i e f .   I n   a r id   bas ins   and   i n  areas of low r e l i e f  

where shrub  and  grass  predominate,  band 5 was equal ly   as  

good a s  band 7 ,  and  even  preferable   in  some cases .  Band 6 

was a l s o   q u i t e   s a t i s f a c t o r y   f o r   l i n e a m e n t   a n a l y s i s ,   w i t h  

band 4 b e i n g   t h e   l e a s t   s a t i s f a c t o r y .  
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B. Mosaic  of t h e   S t a t e  of New Mexico 

In   o rder   to   ge t   an   overv iew  of   geologic   fea tures   in  

t h e   e n t i r e   s t a t e  as seen from ERTS, and t o   p r o v i d e  a base 

map for   over lays ,  a photo  mosaic was prepared a t  a sca le   o f  

1~1,000,000 using  band 5 imagery  (Appendix A ) .  Cloud-  and 

snow-free  coverage was d i f f i c u l t   t o   o b t a i n   i n  some a reas  

since 1973 was an  extremely w e t  y e a r  i n  New Mexico. The 

mosaic was prepared i n  November 1973  and  images incorporated 

were da ted   no   l a t e r   t han  August  1973. The images  chosen 

fo r   t he   mosa ic   a r e   p r imar i ly  from the   spr ing   and   fa l l   o f  

1972  and the  spring  of  1973.  Although w e  had o r i g i n a l l y  

hoped t o   u s e  images from a s ingle   season ,  we found t h a t  

it was not   feas ib le .  A l a te  f a l l  mosaic  would  have  been 

t h e  most s a t i s f a c t o r y  combining a r e l a t i v e l y  low sun angle  

fo r   geo log ic   s t ruc tu re  enhancement with  snow-free  coverage. 

The 27 ind iv idua l  ERTS images  used i n  the   p repara t ion   of  

t h e  mosaic are l i s t e d  i n  Table 2 .  Better qual i ty   imagery 

with a smaller percentage  of  cloud  cover was received 

subsequent ly   for  some a r e a s   i n   t h e   s t a t e - e s p e c i a l l y   t h e  

Sangre  de  Cristo  and Jemez Mountains in   nor thern  New Mexico, 

and t h e  Black Range in  southwestern New Mexico. 

The l ines   a long  which  the images were matched show up 

on the  mosaic   as  f i ne  w a v y  t e a r   l i n e s  and may not  be imme-  

d ia te ly   apparent .   Tonal   changes w i l l  o f ten   cor respond  to  

tear l i n e s  and  should  not  be  confused  with  Earth  features.  

West of   the  southern Rio Grande, a darker  image was used 

and   the   match   l ines   here   a re  more obvious. The mosaic 

provides a t o t a l  view  of t h e  state of New Mexico which was 

previous ly   no t   ava i lab le .  

Fracture  and  l ineament  trends,   as wel l  as c i r c u l a r  . 
f e a t u r e s   i n   s e l e c t e d  areas i n   t h e   s t a t e  were p l o t t e d  on an 
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. TABLE 2 

IMAGES USED FOR ERTS  MOSAIC OF NEW MEXICO 

O r b i t  1 

1385-16572-5 
1061-16575-5 
1385-16581-5 
1079-16585-5 

O r b i t  2 

1098-17032-5 
1098-17034-5 
1098-17041-5 
1098-17043-5 
1062-17042-5 

O r b i t  3 

1333-17090-5 
1369-17090-5 
1333-17095-5 
1333-17102-5 
1189-17105-5 

O r b i t  4 

1334-17144-5 
1334-17151-5 
1334-17153-5 
1189-17102-5 
1334-17162-5 

O r b i t  5 

1335-17203-5 
1335-17205-5 
1299-17214-5 
1317-17215-5 
1317-17222-5 

O r b i t  6 

1066-17254-5 
1318-17265-5 
1318-17271-5 

1 

- 
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over lay   to   the   mosa ic  (Appendix A ) .  S e v e r a l   d i f f e r e n t  meth- 

ods were used i n  t he   p rocess .   In  some cases, t r e n d s  were 

de termined   d i rec t ly  from the  mosaic.  Determining  and  plot- 

t ing  l ineament   t rends on the  mosaic  made it p o s s i b l e   t o  

fo l low  pa t te rns  which  extended  through more than  one  image, 

or occurred on t h e  image periphery.  However, s ince  t h e  

mosaic is comprised  of  imagery two generat ions from t h e  NDPF 

products  which we rece ived ,   there  i s  some qual i ty   degrada-  

t i o n .  Moreover,  clouds on the  mosaic  in  the  Sangre  de  Cristo,  

Jemez,  and  Nacimiento  Mountains mask s t r u c t u r a l   f e a t u r e s .  

In  areas where more de ta i . l ed   ana lys i s  was necessary,  

9 x 9 band 5 and  band 7 p r i n t s  were examined using a 5x 

magni f ie r ;   and   s t ruc tura l   fea tures  were p l o t t e d   d i r e c t l y  

on the   p r in ts .   These  were then  t ransferred  onto  the  mosaic .  
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C. Imaqe  Enhancement 

Both photographic  and  mechanical  enhancement  methods 

can be used  with ERCS images.  Photographic  methods  can 

include making use  of   inherent  image c h a r a c t e r i s t i c s ,  com- 

bining or  reprocessing  images.  Mechanical  enhancement 

genera l ly   involves   the   use   o f  more sophisticated  equipment.  

Several  enhancement  techniques were used  in   the  s tudy  with 

d i f f e ren t   deg rees  of success:  

Photo Enhancement Mechanical Enhancement 

1:250,000 Enlargements 1;s Digicol  V i e w e r  
Snow Enhancement I S Addcol V i e w e r  
S t e reo  Xerox 

Zoom Transferscope 

From t h e  9 X 9 pr in ts ,   nega t ives   and   then  1:250,000 

p r i n t s  were made of   selected  areas .   This  method was found 

t o  produce a b e t t e r   q u a l i t y  image than  that   produced by 

using  the 70mm negat ives .   Features  were i d e n t i f i e d  on t h e  

enlargements   and  then  t ransferred  to   the 1:1,000,000 mosaic. 

This w a s  found t o  be q u i t e   s a t i s f a c t o r y .  

Snow enhancement of s t r u c t u r a l   f e a t u r e s  was found t o  

be   s ign i f i can t   i n   t he   no r the rn   pa r t   o f  New Mexico. Snow 

cover   reduces  the  gray  scale   var iance or “noise“  and  thereby 

a ids   i n   l i neamen t   de t ec t ion  (Wobber and  Martin,  1973). They 

a t t r i b u t e   t h e   l a c k   o f  snow cover  along  lineaments or f r a c t u r e s  

“ to   acce le ra t ed   me l t ing  rates induced by the   h igher   mois ture  

conten t   o f   subsur face   mater ia l s   in   f rac ture   zones  or ,  t h e  

obscuration  of snow cover by vegetat ive  overstory.  ‘I The 

advantages  of snow enhancement i n  lineament mapping on small- 

scale imagery has a l s o  been noted by Lowman (1967).  This 
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technique was used on images  of the  Sangre  de  Cris to   and 

Sacramento  Mountains  using  band 7. The use o f   l a t e   f a l l  

and  ear ly   winter   imagery  takes   advantage  of  low sun  angle 

a s  an enhancement  of  geologic structure. 

A t  t h e   i n i t i a t i o n   o f   t h e   s t u d y  it was recognized  that  

modest s t e r eo   cou ld   be   ob ta ined   a t   t he   pe r iphe ry   o f  images 

because  of  the t e n  pe r   cen t   s ide l ap  between  images. Toward 

t h e  end  of t h e  s tudy  per iod,  however, it w a s  found t h a t  

good s te reo   could  be obta ined   over   l a rge   a reas  by  using 

t h e  same scene  taken on d i f f e r e n t   d a t e s .  S ix  good t o  

excellent  quali ty  scenes  of  the  White  Sands  region f e l l  i n t o  

two  groupings. Each of   the   g roups   had   d i f fe ren t   p r inc ipa l  

p o i n t s ,   o f f s e t  by approximately 16 miles. Using  one image 

from each  of t h e  two  groups  provided  stereoscopic  coverage. 
An I S Digicol V i e w e r  (4000 series) and  an  Addcol 

Optical   Additive  Color V i e w e r  (6000 series) were made ava i l -  

able t o  us on a l imi t ed   bas i s .  Images produced on t h e  

Additive  Color V i e w e r  were found t o  be f a r   i n f e r i o r   t o  

false-color  composites  obtained from NDPF User Services  

in   the   win ter   o f  1973-74 and from Spec t r a l  Data Corporation 

and  General Electric. 

2 

The Digicol V i e w e r  w a s  used t o  determine i f  a d d i t i o n a l  

information  could be obtained on l i thology  and  l ineament  

configurat lons i n  the  Sacramento  Mountain  area. I n  t h i s  

dense ly   fo re s t ed   a r ea ,   no   l i t ho log ic   d iv i s ions  were evident  

on the  four   bands or on the  color   composi te .  No add i t iona l  

l i tho logic   in format ion  w a s  obtained by using  the  Digicol  

V i e w e r ,  and  color  changes  did  not  correspond t o  any  ident i -  

f i a b l e  boundary. Many lineament  patterns  which had a l ready  

been i d e n t i f i e d  on band 5 and 7 images were a l so   appa ren t  

on the  Digicol  V i e w e r .  
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A Xerox  copy' of  one New Mexico. image was made on a 

Xerox 3600-111 machine. Upon examination, w e  found tha t .  

l inear  f ea tu res  were enhanced on t h e  Xerox copy. The copy 

machine  reduces  the f i f t e e n  gray  tones on t h e  image t o   f o u r ,  

thereby   increas ing   the   l igh t -dark   cont ras t .   This   p rocess  

has  been  found t o  be  most  useful  in New Mexico. 

A f t e r   s t r u c t u r a l   f e a t u r e s  were p l o t t e d  on t h e  E K E  

images,  these were then compared to   ex i s t ing   geo log ic   and  

topographic maps and  other  available  imagery.  Lineaments 

or f a u l t s  which  coincided  with  those  previously  ident i f ied 

i n  t h e   l i t e r a t u r e  were ind ica t ed   i n   b lue .  Those  with  no 

counterpar t  on e x i s t i n g  maps were ind ica t ed   i n   r ed .  Ad- 

d i t iona l   l ineaments  were a l s o  added t o   t h e   o v e r l a y  a t  t h i s  

time t o   i n c l u d e   t h o s e  which  could  be  identified on ERTS 

images a f te r  having  seen them on maps. 

Few maps or photos  used i n  the  comparat ive  port ion  of  

the   s tudy  were a t   t h e  same s c a l e  as t h e  ERTS images. The 

Zoom Transferscope  has   the  capabi l i ty   of   superimposing 

maps and  images  which d i f f e r   i n   s c a l e   a n d  was found  most 

u s e f u l   i n  comparing ERTS images wi th   ex i s t ing  maps and 

photos. 

.. 
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111. DISCUSSION AND RESULTS OF INVESTIGATIONS 

This   sect ion  includes  general   observat ions from ERTS 

. imagery  around  the  state  of New Mexico a s  w e l l  as more s p e c i f i c  

subsect ions on south-central   and  southeastern N e w  Mexico. 

Separate   reports   included  herewith are ent i t l ed   "Pre l iminary  

Investigation  of  the  Mogollon-Datil   Volcanic  Field,   Southwestern 

New Mexico,  from ERTS-i Imagery" by R. C. Rhodes and "An Eval- 

uat ion  of   the U s e  'of ERTS-1 Imagery i n   t h e  Magdalena  Mountains" 

by S .  C. Feldman and C. E .  Chapin. A l l  or p a r t s  of   these .areas 

border   the Rio Grande depression.  Lineaments  and  circular 

features  found i n  the  s tudy  of  images  of these  regions as w e l l  

as other   adjacent   regions are p l o t t e d  on the  mosaic  of  the 

s t a t e  which is  included i n  Appendix A. P lo t t ed   f ea tu re s  are 

sepa ra t ed   i n to  two categories-those  which  have  been  previously 

iden t i f i ed   and   t hose  which  have been i d e n t i f i e d  from ERTS images. 

A d i scuss ion   of   c i rcu lar   fea tures  is a l so   i nc luded   i n  t h i s  

sec t ion .  

It was dec ided   to   concent ra te  on study areas within or 

a d j a c e n t   t o   t h e  Rio Grande depression  because  the Rio  Grande 

Valley  and  southwestern New Mexico a r e   t h e   a r e a s   w i t h i n   t h e  

state i n  which s t ruc tu ra l ly   con t ro l l ed   mine ra l   depos i t s   p re -  

dominate .   Copper ,   z inc,   and  lead  deposi ts   in   the  Si lver   Ci ty  

mineralized  porphyries  (Santa  Rita,  Hanover-Fierro,  and  Pinos 

Al tos )   a r e   a s soc ia t ed   w i th   La te   Cre t aceous   t o   Ea r ly   Te r t i a ry  

Laramide ac t iv i ty .   Faul t ing   which   occur red   here   dur ing   th i s  

per iod is  assoc ia ted   wi th   minera l iza t ion ;  many o f   t hese   f au l t s  

have  been  reactivated. 
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A. General  Observations  from ERTS 

1. Lineaments 

Al though  bas ica l ly   the  Rio  Grande  Valley is  a series 

of b a s i n s  with  en  echelon  faul t ing,  one  alignment  appears t o  go 

through  a lmost   the   en t i re   s ta te   o f  New Mexico. It is not   p lo t -  

t e d   a s  a continuous  lineament on t h e   s t a t e  ERTS mosaic  because 

it cannot be d is t inguished   in  a l l  areas. The northern  extent  

of  the  l ineament is the  Nacimiento  faul t .  I t  can  then be 

fol lowed  south-southeast   l in ing up wi th   t he  boundary  between 

t h e  Santa Fe Formation  and  pediment  and terrace sands  and 

g rave l s  on the  Geologic Map of   the State of New Mexico (Dane 

and Bachman, 1965) .  Between La Joya  and San Acacia, t h e  

southern  end  of  the  Albuquerque-Belen  Basin,  where t h e  Rio 

Grande  River makes almost a 90° bend,   the  a l ignment   crosses  

t h e   r i v e r .  Here it co inc ides   w i th   t he   Joy i t a  H i l l s  f r o n t a l  

f a u l t .  It  then   l i nes  up with a l ineament  ( tonal  change) 

c u t t i n g   t h e   a l l u v i a l   f a n s  which o r i g i n a t e   i n   t h e  San  Andres 

Mountains.  This  alignment, i f   cont inuous ,  would ex tend   for  

over 250 miles and  has  not ljeen previously  recognized  in   the 

l i t e r a t u r e .  

Another  notable  alignment or lineament  which is  p lo t -  

t e d  on the  mosaic  extends from t h e  Rio Grande  Valley i n  northern 

New Mexico into  the  Sangre  de  Cris to   Mountains .  I t  is o f f s e t  

by the  Pecos-Picuris   Faul t   and  cont inues  northeast   through  the 

range. It then   l i nes  up with  the  edge  of Raton Mesa and  con- 

t inues  into  Colorado t o  fo l low  the   near   s t ra ight   course   o f   the  

Purgatoire  River. The lineament is .  depicted on the  mosaic 

although i t s  to ta l   nor thern   ex ten t   in   Colorado  is no t  shown. 

It  has  not  been  noted on the   S ta te   Geologic  Map (Dane and 

Bachman, 1965) .   Ind ica t ions   o f   th i s  l ineament can  be  seen on 
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1942 Soil   Conservation  Service low a l t i t ude   ae r i a l   pho tographs  

(DCE-2-9, DCE-2-44) loca ted   about   e igh t  miles southwest  of 

Cimarron in  Colfax  County, New Mexico. A mid-Tertiary  intru- 

s i v e  on the   nor thwes t   s ide  is t runca ted  by the  l ineament  which 

is al igned  a long a narrow  val ley.   Direct ly   southeast   of   the  

l ineament   are   located  Cenozoic   basal t   f lows.   Quaternary  land-  

s l i d e   d e b r i s  is ind ica t ed  on t h e   s t a t e   g e o l o g i c  map a l o n g   t h i s  

p a r t  of the  l ineament ,  making i ts ,  c o n t i n u a t i o n   d i f f i c u l t   t o  

trace. I t  is i n t e r e s t i n g   t o   n o t e   t h a t  a series of  earthquakes 

occurred i n  t h e  Cimarron a rea  i n  1966 (see Appendix A map w i t h  

seismic e ipcenters   p lo t ted)   wi th   magni tudes   g rea te r   than  3 

(Northrup  and  Sanford, 1 9 7 2 ) .  

Crossing  the  southern  end  of  Elephant  Butte  Reservoir, 

nea r   t he  dam s i t e ,  a previously  unrecognized  northeast-trending 

f a u l t   h a s  been mapped from t h e  ERTS images  and i s  p l o t t e d  on 

the  mosaic   in  Appendix A. Quaternary  vo1,canic  centers  and 

remnants  of basa l t i c   f l ows   a r e   l oca t ed   a long   t he   i den t i f i ed  

lineament on the  Geologic Map of New Mexico (Dane and Bachman, 

1965).  

2 .  Litholoqy 

The youngest  lava  flows  in New Mexico,  namely those  

near  Carrizozo,  Grants,  and  San Marcial, a r e   c l ea r ly   ev idenced  

on t h e  ERTS images. However, t h e   f u l l   e x t e n t  o f   t h e   l a t t e r  

two as mapped on the   S ta te   Geologic  Map is not  obvious  because 

of   faul t ing  and  coverage by wind-blown sand  and  alluvium. On 

t h e  state map (1965) a very small port ion  of   the San Marcia1 

f low  ( in   the  Jomada  del   Muerto,   nor theast   of   Elephant   But te  

Reservoir) is mapped as  being  covered by dune  sand, y e t   t h e  
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color  composite (1333-17102) shows a much l a r g e r   a r e a   t o   b e  

inundated. 

The Quaternary  flow  south  of  Grants i s  bordered on t h e  

southeastern  edge by an unmapped lineament. Band 7 images 

ind ica t e  a high  concentration  of water along  the  l ineament.  

The three  flows  mentioned  above  appear  black on a l l   f o u r  bands 

and on the  color   composi tes .  They are   the   darkes t   toned   lava  

f lows   in   the  s ta te  and are known t o  be among the  youngest.  

The Permian Abo Formation  can be r e a d i l y   i d e n t i f i e d  on 

ERTS color composites  of  the San Andres  Mountains  and t h e  

Oscura  Mountains a s  well a s   i n   o t h e r  areas where dense  vege- 

t a t i o n  is not   p resent .  It cons i s t s   p r imar i ly   o f   r ed   sha l e s  

and  calcareous  s i l ts tones  reaching a thickness  of  over 800 

feet i n   t h e  San Andres  Mountains  (Kottlowski, e t  a l . ,  1956) .  

The Abo has a yellow-brown s igna tu re  on t h e  ERTS color  composites 

(1333-17102 and 1334-17160); ye t ,  even more d i s t i n c t i v e ,   a r e  the 

ye l low  a l luv ia l   f ans  which  can  be t r a c e d   d i r e c t l y  from t h e  

Abo beds   in   the  San  Andres,  Oscura,  Sacramento,  and  Caballo 

Mountains. I n  the  northern  part   of  the  Sacramento  Mountains,  

t h e  A b 0  is approximately 1,100 feet  t h i c k   a n d   t h i n s   t o  500-200 

feet a t  the  southern  extent   (Kott lowski ,  e t  a l . ,  1956) ;  y e t  

the   ye l low  fans   increase  i n  a rea   to   the   south .   This   can   p robably  

b e   a t t r i b u t e d   t o   t h e   f a c t   t h a t   t h e r e  is almost a point   source 

of Abo here  where it outcrops  a long  the  range  f ront   and  the 

a l l u v i a l   s l o p e  is extremely low. Abo deriued  alluvium is l imi ted  

on t h e  west by U.S. Highway 70. Small A b 0  ou tcrops   in   o ther  

a r e a s   i n   t h e  Rio  Grande  Valley  can  be  spotted  and  erosional 

p a t t e r n s  mapped by t h e i r   d i s t i n c t i v e   c h a r a c t e r i s t i c s  on ERTS 

color   composi tes .  
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3. . Hvdroloqy 

Drainage  features on t h e  ERTS mosaic i n  t h e  Raton 

Pla teau   a rea  were compared with  those on the  topographic map of 

New Mexico and   wi th   the   S ta te  highway map prepared by t h e  New 

Mexico State  Highway Department (correct t o   1 9 7 0 ) ,  a l l  a t  a Scale 

of 1: 500,000. The Vermej o and  Canadian River courses ,   the  two 

major   r ivers   in   the  region,   corresponded on a l l   t h r e e .  Few 

t r i b u t a r i e s   a r e   p l o t t e d  on the  topographic map, but many of 

those on t h e  State  highway map do not   cor respond  in   pos i t ion  

w i t h  those shown  on ERTS images.   Other   t r ibutar ies  which  appear 

t o  be  of  equal  order as those drawn a r e  no t  included on t h e  

map. ERTS images w i l l  no  doubt  be a va luable   too l   in   updat ing  

drainage  and  other  thematic maps i n  t h i s  area as well a s   i n   t h e  

more inaccessible   regions  . in  New Mexico. 

Flooding  occurred  in  the Rio Grande Val ley  in   the 

spr ing   and   ear ly  summer of  1973. A series of band 7 images of 

Elephant  Butte  and  Caballo  Reservoirs shows the   i nc rease  i n  
water s torage   in   bo th   o f   these   reservoi rs .   F igure  6 i s  a time 

sequence  of   this   area.  The color  composite (1334-17160) dated 

June 2 2 ,  1973, i n  combination  with  the  sequence, shows areas which 

have  been recently  inundated.  Light  blue water tones imply 

sha l low  water   a reas .   In   the   nor thern   par t  of Elephant  Butte 

Reservoir,  the  ponding  has  encroached upon areas of phreato- 

phyte  vegetation.  These  data,   in  combination  with snow cover- 

age  information from ERTS, p rec ip i t a t ion   da t a ,   and   g round   t ru th  

might   be   va luable   in   p red ic t ing   fu ture   f looding   po ten t ia l .  
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6a.  August 2 ,  1972 
1010-17152-7 

6b. March 6 ,  1973 
1226-17163-7 

6c. June  22,  1973 
1334-17160-7 

6d. October 26 ,  1973 
1460-17134-7 

FIGURE 6. Time sequence of ERTS images of Elephant  Butte  and 
caballo Reservoirs, a t  a scale of 1:1,000,000. 

33 



4.   Circular   Features  

Many c i r c u l a r   t o   e l l i p t i c a l  features have  been  iden- 

t i f i e d  on t h e  ERTS images  of New Mexico and a prel iminary 

c l a s s i f i c a t i o n   h a s  been  developed. Only some of t h e   c i r c u l a r  

pat terns   can  be  accounted  for  by ex i s t ing   da t a .  Some of 

t h e s e   f e a t u r e s  are ad jacent  t o  e x i s t i n g  ore deposi ts ,   but   such 

relationships  should  not  be  emphasized  unless  other  supporting 

data  ex i s t .  

Ci rcu lar   fea tures  may b e   t e c t o n i c a l l y   o r  geomorphic- 

a l l y   c o n t r o l l e d ,  or a combination  of  the two. A l imi ted  number 

are man-made. A p re l imina ry   l i s t i ng   o f   f ea tu re s  which may 

have c i r cu la r   exp res s ion  are l i s t e d  i n  Table 3. Examples of 

some, which  can be explained,  and  others,  which  have  been 

i d e n t i f i e d  on ERTS and for  which no explanation exists, are 

included  in   Figure 7 .  

FEATURES WHICH MAY PRODUCE 
CIRCULAR EXPlRESSIONS ON ERTS IMAGES 

Geomorphic Tectonic 

1. Karst- type  solut ion 1. Plunging  ant ic l ines   and 

2. C i r c u l a r  a l l u v i a l   f a n  2. Volcanic-tectonic  depressions 

3. Radial and  annular 3.  Volcanic  cones 

4. Erosional remnants 5. S a l t  domes 
5. Topographic  basins 

depressions syncl ines  

development and  cauldrons 

drainage  expressions 4. Exposed i n t r u s i v e s  

Man-made 

1. C i r c u l a r   i r r i g a t i o n   f i e l d s  
2. Miscellaneous, i. e. warhead 

t e s t  area 
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FIGURE 7.  Circular patterns from ERTS-1 imagery. 

W 
m 

7a.  Sangre  de  Cristo Mountains, Questa 
area, Rio  Grande Valley: volcanic  cones,  
c i rcular  f a u l t   p a t t e r n .  

ERTS Image: 1478-17122-7 

Scale:  1:500,000 

7b. Northern Magdalena  Mountains: 
c i r c u l a r   p a t t e r n ,   o r i g i n  unknown. 

ERTS Image: 1460-17134-7 

Scale:  1:250,000 



B. Investiqation  of  South-Centra1  and  Southeastern New Mexico 

The a rea  of i n v e s t i g a t i o 6 e x t e n d s  from t h e  western border 

of t h e  San Andres  Mountains t o   t h e  Pecos River on t h e  east. 

The northern limit is t h e  Oscura  and  Capitan  Mountains,  and 

the   southern  limit, the  Sacramento  Mountains  and Sari Agustin  Pass. , 

Figure 8 is an  index map of   the   a rea .  

Previous   inves t iga t ions   in   the   a rea   inc lude   those  by 

Kelley  (1955, 1971);  Kottlowski, e t  a l .   (1956);  Ot te  (1959); 

Pray  (1961);  Jerome  (1965);  and Lowman (1972). 

For t h i s   s t u d y ,  images 1189-17102-5 (Figure  9)  and 1098- 

17043-5 (Figure 10 )  on a s c a l e  of 1:1,000,000 w e r e  u s e d   t o  map 

and   i den t i fy   s ign i f i can t   f ea tu re s .  These were t h e   b e s t   q u a l i t y  

' scenes   ava i l ab le  a t  t h e  time. I n  some cases ,  it was found 

t h a t  snow cover   enhanced  s t ructures  i n  mountainous  areas, es- 

p e c i a l l y  i n  the  Sacramento  Mountains. Band 7 images  and  addi- 

t i o n a l  band 5 images were always  used t o  check  anomalous f ea tu res  

a s  Well as to   e l iminate   minor   c loud  cover .  Also a v a i l a b l e  was 

a color  composite of the  Pecos  River  area  (1062-17042).  In 

add i t ion ,  Gemini and  Apollo  photographs  and  various  geologic 

maps were used. 

Parts of two  geomorphic  provinces are p resen t   i n   t he   s tudy  

area-the  Basin  and Range and   the  Great P la ins .  The boundary 

between t h e  two provinces   extends  a long  the east s lope   o f   the  

Sacramento  Mountains. The Pecos  Val ley  sect ion  of   the Great 

P la ins  Province is a lowland area dominated by h ighiy   so luble  

formations  of  limestone,  dolomite  and gypsum producing  kars t  

topography. Terrace development is a l s o   c h a r a c t e r i s t i c  of t h e  

sec t ion .  The a rea  from the  Sacramento  Mountains west t o   t h e  

San Andres is p a r t  o f  t h e  Mexican Highlands  section .of t h e  

Basin and Range province. Here, dominantly  north-south-aligned 
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FIGURE 8. Index map of south-central   and  southeastern New Mexico . 
(from  Pray, 1961). 
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FIGURE 9: ERTS image 1189-17102-5 of t h e  San Andres  Mountains, 
White Sands,  and t h e  Sacramento  Mountains, New Mexico. 
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fault   block  mountains are separa ted  by graben  basins  (Jornada 

del Muerto  and the  Tularosa,   Basin) .  

Drainage is i n t e r n a l   i n  t he  Tularosa  Basin,  and numerous 

small  lakes can 33, seen on band 7 (1189-17102-7) i n  the 

v i c i n i t y   o f  White Sands. Gypsum is eroded from  Permian for-  

mations i n  the  mountains  and  transported t o  t h i s  ex tens ive  

dune f i e i d  which is loca ted   nea r  t h e  north-south  midpoint  of 

t h e  basin.   North  of   the   playa  in  t h e  Tularosa  Basin is t h e  

Holocene  Carrizozo  lava  flow. The Jornada  del  Muerto west 

of the San  Andres i s  a par t ly   downfaul ted   sync l ina l   bas in  or 

series of   basins   with i t s  associated  playas  and  lava  f low. 

Major   normal   faul t ing  occurred  a long  the east border  of 

the  San  Andres  and t h e  west border  of t h e  Sacramentos. These 

bo rde r ing   f au l t s ,  however, are now covered by alluvium  and 

the i r  actual  locaticm  has  not  been  determined. 

The San Andres  Mountains  contain  formations  that   range  in 

age from Precambrian t o  Permian. A small a rea  of Cretaceous 

sediment has a l s o  been  found t o  t h e  north  (Kel ley,  1955). 

Tertiary alaskite was in t ruded   i n to  the sedimentary  sequence 

and  forms Sa l inas  Peak. The strata of the range  dip a t  about 

10 degrees t o  the west. 

The Sacramento  Mountains  consist  of  Precambrian t o  Permian 

eastward dipping  formations  interrupted by Tertiary i n t r u s i v e s .  

The Sierra Blanca Group a t  t he  northern  extent   comprises  

Tertiary e x t r u s i v e s   ( a n d e s i t e   t o   r h y o l i t e  breccia, t u f f ,   a n d  

flows).   Northeast  of the,Sacramentos l i e  t h e  Capitan  Mountains, 

an  anomalous  east-west-striking  laccolith.  E a s t  of t h e  

Sacramento Range, t h e  SaQ Andres  Formation dips g e n t l y   i n t o  

the  Pecos  Valley  and  forms the  Pecos o r  Sacramento  slope. 
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1. Land use  

Another   cons idera t ion   pr ior   to   geologic   examinat ion  

was t h e   i d e n t i f i c a t i o n   o f  man-made f e a t u r e s .  Some of   these  

f e a t u r e s  may have  land-use  implications  applicable t o  o the r  

areas i n   t h e  state:  and some might  otherwise be a t t r i b u t e d   t o  

na tu ra l   causes .  

On 1189-17102-5 t h e  most  conspicuous man-made f e a t u r e  

is a l i g h t   c i r c u l a r  pattern i n   t h e   J o r n a d a   d e l  Muerto  north- 

west of  Mockingbird Gap. It h a s  a l so  been   c i t ed   by   o the r  

workers  from  Apollo 9 (Nicks, 1 9 7 0 ) .  Th.e feature is  c l e a r l y  

i l l u s t r a t e d  on Apollo 9 photograph 3805-A. This s i te ,  or ig-  

ina l ly   thought  t o  be a r a d a r   i n s t a l l a t i o n ,  is a c t u a l l y  a war- 

head test a r e a  (White  Sands Missile Range) from  which t h e  

vegetation  has  been removed a n d   t h e   s o i l   s t a b i l i z e d .  A similar 

f e a t u r e  was seen t o  appear on t h e  east  s i d e  of t h e  San  Andres 

Mountains, north  of  White  Sands,  but  only on ERTS images dated 

a f t e r  Apr i l  10, 1973. A nor th-south-a l igned   s t r ip   a long  t h e  

eastern  edge  of  White  Sands is  a n   a c c e l e r a t i o n   s l e d  track. 

over 10 miles long  and a q u a r t e r  of a mile wide. 

A pecu l i a r   t r i angu la r   vege ta t ion  pattern was noted 

direct ly   south  of   White   S9nds;   one  s ide is formed by t h e  south- 

ern  extent  of  White  Sands,   another by t h e  base of t h e   a l l u v i a l  

fans a t  t h e   f o o t  of t h e  San  Andres  Mountains, a n d   t h e   t h i r d   s i d e  

by U.S .  70.  Along p a r t  of its length ,   the   e leva ted  highway 

appears t o   c o n t r o l  t h e  vegetat ion on e i t h e r  side .of the  high-  

way and most probably  the  drainage.  On a 1941  Soi l  Conser- 

vat ion  Service  index sheet o f   t he  same area and on t h e  indi-  

vidual  photographs a t  a scale of  1:31,680, the  vegetat ion  change 

was n o t   v i s i b l e  even  though t h e  highway was a paved  road a t  

t h e  time. From New Mexico Highway Department records, it was 

learned   tha t   paving  was not  completed on t h i s   s e c t i o n  of t h e  
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r o a d   u n t i l  1939. U.S. 70 was made i n t o  a four   l ane   d iv ided  

highway between  1956  and  1958. The topographic map of   the  

a rea  shows t h a t  the  highway crosses  one of t h e  lowes t   par t s  

of the  basin,   and w e  would expect it t o   d i s r u p t ,   t o  some ex ten t  

t he   na tu ra l   d ra inage   pa t t e rns .   S ince  1934 playas  have had t o  

be drained  because  they  undermine  the  road  base,  and box 

c u l v e r t s  were l a t e r   i n s t a l l e d .   S l i g h t   v e g e t a t i o n   c h a n g e s  on 

e i t h e r   s i d e   o f   t h e   r o a d   c a n   a l s o  be noted  as  t h e  road  continues 

no r theas t  from White  Sands t o  Alamogordo but  are n o t   a s  marked. 

Most land on e i t h e r   s i d e   o f  U.S. 70 is part   of  White 

Sands Missile Range and  has  been  controlled by t h e  Department 

of  Defense  since a t   l e a s t  1957. No grazing  has  been  permitted; 

consequent ly   the   pa t te rn   cannot   resu l t  from recent  grazing- 

related  vegetation  changes.  

In  1941, it can  be  assumed that  surrounding  vegeta- 

t i o n  had n o t   y e t   a d j u s t e d   t o  or been a f f e c t e d  by t h e  highway, 

b u t   t h i s  is not   necessar i ly  true today. ERTS images  from 1972 

and  1973, as well as  Apollo 6 photographs, show marked  changes 

in  vegetation  and  also  sediment  transport   (color  composite) 

i n   t h e   v i c i n i t y   o f   t h e  roadway. The present   loca t ion   of   the  

road  has  caused  drainage  problems  for  the Highway Department 

as well as af fec t ing   vege ta t ion   and   sed iment   t ranspor t .   This  

problem, as seen from ERTS, may se rve   a s   an  example t o   t r a n s -  

por ta t ion   p lanners  who must be cognizant  of  drainage  and  topo- 

graphy  ou ts ide   o f   the i r   r igh t   o f  way i n  o r d e r   t o   p r e d i c t   f u t u r e  

causes  and effects of highway cons t ruc t ion .  

Another   poss ib le   vege ta t ion   cont ro l   l ine   has   a l so  

been  noted  southeast  of t h e  one discussed  above. The topo- 

graphic  map loca te s  Orogrande  Aqueduct  along t h i s   l i n e .  
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Cult ivated  vegetat ion  pat terns   have,   of   course,   been  noted 

espec ia l ly   in   the   Pecos   Val ley   bu t   sha l l   no t  be discussed here. 

2 .  Li tholosy 

I t  was found tha t   geologic   un i t s   could  be mapped 

where t h e r e  was no  major  change  in  vegetation  or where t r a n s i -  

t ions  coincided  with  formation  contacts .   Consis tent   high  re l ief  

hampered formation  recogni t ion  especial ly  i n  the  Sacramento 

Mountains. On image 1098-17043-5, t h e  San  Andres  Formation, 

forming  the  Pecos or Sacramento  slope,  grades  into  Quaternary 

alluvium  in t h e  Pecos  Valley.  This  boundary is evident on t h e  

image although it is i n d i s t i n c t .  The alluvium  appears  darker 

in   tone  and more mottled  than  the  l imestone. The change i n  

image tone,  however, a l so   co r re sponds   t o  a change i n  s lope  on 

the  topographic map a t  about 4 ,200  f e e t  and  presumably  the 

t r a n s i t i o n  from t h e  Lower Sonoran t o   t h e  Upper Sonoran Zone. 

Higher on the  Sacramento  slope,  even darker  tones  can be seen, 

a l though  there  is no  formation  contact :   and  the San  Andres 

Limestone s t i l l  predominates. The color  composite shows an in- 

t ense  red, and w e  would  assume t h a t   t h i s  boundary  marks t h e  

change  from a grass land   and   shrub   assoc ia t ion   to  a pinon-juniper 

a s soc ia t ion  (at  about 6,000 f ee t ) ,  governed by t h e  e leva t ion .  

Elevations  in  the  Sacramento  Mountains  and  Sierra  Blanca rise 

above 9,000 f e e t ,   a n d   n o   d i f f e r e n t i a t i o n  can be made between 

t h e  Sierra  Blanca  extrusive  and  the  Sacramento  sediments,   except 

perhaps by drainage  densi ty   and  re l ief .   Differences  in   tone  and 

r e l i e f  mark the   con tac t  between t h e  Yeso and  the San  Andres 

Formations on t h e  west s i d e  of the  mountains;   but   the   contact  

cannot be consis tent ly   recognized.  
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I n   t h e  San Andres  Mountains,  formation  contacts  can 

be more eas i ly   d i s t i ngu i shed  on EKTS images.  Here,  elevations 

in   genera l   do   no t  rise much above  7,000  feet;   and most  of t h e  

range is included  in   the Upper  Sonoran Zone. Contacts  between 

var ious  Pennsylvanian  and  Permian  formations  are   c lear ly   vis ible  

a long  the western extent:   formation  color  changes  aid  in  recog- 

nat ion.  The change  from west t o   e a s t  is from dark  grey  dolomite 

(San  Andres  Formation) to   t an   sands tone   and  gypsum (Yeso Forma- 

t i o n ) ,   t o  red-brown sandstone,   s i l ts tone,   and  c laystone  (Abo),  

t o  dominantly  limestone (Magdalena Group). 

3 .  St ruc tu re  

I n  the   s tudy   a rea ,   l ineament   pa t te rns  were drawn 

d i r e c t l y  on images  1098-17043  and 1189-17102 using a magnifier.  

Some o f   t hese   f ea tu re s   a r e   f au l t s :   o the r s   i nd ica t e   fo ld   t r ends  

or d ikes ;   and   o the r s   a r e   un iden t i f i ed   l i nea r s .  The c r i t e r i a  

u s e d   i n   t h e i r   i d e n t i f i c a t i o n  were o f f se t ,   t runca t ion   o f   s t ruc tu re ,  

and  straight-stream  segments  along  with  other  indications  of 

l i n e a r   p a t t e r n s   s u c h  as tonal  changes.  Lineaments  found  in 

t h i s   a r e a   a r e   i n c l u d e d  on t h e  mosaic  in  Appendix A. Linea- 

ments i d e n t i f i e d   i n   t h e   l i t e r a t u r e  are d i s t ingu i shed  from 

t h o s e   i d e n t i f i e d  on ERTS. Dashed l i nes   i nd ica t e   a r eas   o f  

known folding.  The majority  of these f ea tu res   a r e   no t   found  

on the  State Geologic Map (Dane and Bachman, 1965) .   Jo in t  

p a t t e r n s  would not,   of  course,   be shown  on t h e  map; f a u l t s  

were not  shown  on t h e   s t a t e  map unless   they   a f fec ted   bedrock;  

hence l i t t l e  evidence  of   faul t ing is  shown i n  alluvium. More 

d e t a i l e d   s t r u c t u r a l  maps and  discussions  of   par ts   of   the   s tudy 
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a rea  were found in  papers by Kelley (1955, 1971) :  Pray (1961): 

Otte  (1959):  and  others .  

Notable  lineaments  extending from the  Pecos  s lope 

i n t o  the  valley  can  be  seen on t h e  ERTS images,  and some of 

these have   no   counterpar t   in   the   l i t e ra ture .  Most a r e   t r end-  

ing   nor theas t ,   wi th  some trending  almost  due  north.   Structural  

zones  of  folding  and  faulting  which  have  been  previously  iden- 

t i f ied   here   inc lude   the   Border  H i l l s  Zone, the  Six-Mile H i l l  ' 

Zone, t h e  Y-0 Zone, and  the K-M Zone. Unidentified  l ineaments 

appear t o   p a r a l l e l  or branch  off  from these  major  zones. 

South  of  the Y-0 Zone, some of the  l ineaments  most  probably 

correspond  to   facies   changes.   North-south  t rends  paral le l   the  

Tinnie  Fold B e l t  (dashed  area  southeast  of  the  Capitan  Mountains) 

and may b e   r e l a t e d   t o   f o l d i n g .  
- 

In t e rna l   l i neamen t s   a s  well a s   bo rde r   f au l t   s ca rps  
~ 

have  been  recognized  in  the  Sacramento  Mountains. Some of 

these  have  a l ready  been  reported  in   the  l i terature ,   and Lowman 

(1972)  has commented on the  lack  of   dissect ion  of  the border 

scarp   in   the   southwes t   sec t ion   ind ica t ing   re la t ive ly   recent  

u p l i f t .   I n  May of  1968,  an  earthquake  epicenter was loca ted  

in  the  Sacramento  Mountains  with a l o c a l  magnitude  of 2.7 t o  

3.0 (Toppozada  and  Sanford,  1972)  indicating t h i s  is s t i l l  

an area  of  seismic a c t i v i t y .  . 
In   add i t ion   t o   magn i f i ed  image examination, a Digicol 

V i e w e r  was u s e d   t o  see i f  s t ructural   features   could  be  enhanced.  

I t  was found tha t   the   in format ion   provided  by the  viewer   did 

not  supplement  data  already  obtained  with  the  magnifier  but 

t h a t  it might   be   usefu l   in   the   fu ture  for a "first look" a t  

other  images. 
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I V .  SUMMARY AND CONCLUSIONS 

The major i ty   o f   ex is t ing  aerial  photography  of New Mexico 

does  not   a l low  for   the  mosaicking of l a r g e   a r e a s  from d i f f e r e n t  

f l i gh t s   p r imar i ly   because  of scale var ia t ions .   In   cases  

where it is p o s s i b l e ,   r e g i o n a l   t r e n d s   a r e   o f t e n  masked by 

sma l l - sca l e   f ea tu re s .   In   add i t ion ,   s easona l   and   r epe t i t i ve  

coverage is of ten   no t   ava i lab le .   Large-sca le   aer ia l s ,  however, 

are e x c e l l e n t   f o r  mapping local ized  t rends  and  cannot  be re- 

placed by sa te l l i t e  imagery. ERTS imagery is  a complement t o  

and  not a subs t i tu te   for   aer ia l   photography.   Perhaps   the  

most  important  feature  of ERTS imagery is its small  scale. 

Regional  trends  which  can be repeatedly  overlooked  in   f ie ld  

inves t iga t ions  may be obvious on the  extremely  small-scale  

images. 

ERTS imagery is a va luab le   t oo l   i n   ob ta in ing   add i t iona l  

information on geo log ic   s t ruc tu re ,  geomorphology,  hydrology, 

and  land  use  in  an a r id   env i ronmen t ,   spec i f i ca l ly   i n   t he  

state of New Mexico. No new mineral   deposits  have  been  located 

as a r e s u l t   o f   t h i s   s t u d y ,   b u t  many s i g n i f i c a n t   f a u l t s   a n d  

c i r c u l a r   f e a t u r e s  have  been  delineated from EWS images, 

a d j a c e n t   t o  known m i n e r a l   l o c a l i t i e s .  ERTS cannot   locate  new 

areas of   mineral izat ion,   but   can  provide  addi t ional   information 

which when combined with  the  s tudy  of  low a l t i tude   photographs ,  

ex i s t ing   da t a ,   and   ca re fu l   f i e ld   check ing ,  may l e a d   t o   t h e  

discovery  of   such  deposi ts .  

Lineaments  and  curvil inear  features  have been i d e n t i f i e d  

on the  mosaic   in  Appendix A, and  remain t o  be  checked  in  the 

f i e ld .   Mul t ip l e   l i neamen t   i n t e r sec t ions ,   and   c i r cu la r   f ea tu re s  

a s   poss ib l e   i nd ica t ions   o f   bu r i ed   i n t rus ives ,  may, w i t h  f u r t h e r  

work. l e a d   t o   t h e   d i s c o v e r y  of new mineral   deposi ts ;   but  a 

de f in i t i ve   s t a t emen t  i s  premature. 
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V. RECOMMENDATIONS 

A. Field  Support  for  Current  Reconnaissance  Study 

1. 

2. 

3 .  

4. 

Deta i led   f ie ld   s tud ies   should   be   under taken   of   spec i f ic  

c i r c u l a r   f e a t u r e s   a n d   t h e i r   r e l a t i o n  t o  known mineral  

depos i t s   i n   t he   a r ea .  

A f ie ld   s tudy   of   the   l ineament   a t   southern   end   of  

Elephant Bu t t e  Reservoir  should  be  performed since 

t h i s  is nea r  a dam s i te  and may have  land-use  impli- 

ca t ions .  

Field  checking  of  the  l ineament  extending from t h e  

Purgatoire   River   in   Colorado  southwest   through  the 

Sangre  de.  Cristo  Mountains  in New Mexico should  be 

undertaken s ince  known mineral   deposits  occur i n  t h e  

area. 

A f ie ld   s tudy   should   be   in i t ia ted   o f   the   l ineament  

through  the  alluvium on t h e ' w e s t   s i d e   o f . t h e  San  Andres 

Mountains i f  access t o   t h e  missile range  can  be ob- 

ta ined .  

- 

. 

B. Addit ional   Studies  from ERTS Imaqes 

1. Drainage  corrections on New Mexico maps from t h e  EFCCS 

Mosaic  of New Mexico'should be made. 

2 .  Lineament mapping should be ex tended   t o   o the r   a r eas  

i n   t h e  s ta te  and  l ineament   or ientat ions  def ined.  

This would include a r eg iona l   t ec ton ic   ana lys i s   o f   t he  

western p a r t  of New Mexico, wi th   the   ob jec t ives   o f  

a. de l inedt ing   s t ruc tura l   boundar ies  

between  major  physiographic  provinces, 
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3 .  

4. 

5. 

C. - 

1. 

2. 

- D. 

1. 

i .e . ,   Basin  and Range-Colorado Plateau,  and 

b. identifying  Cenozoic  volcano-tectonic 

f e a t u r e s  which  have p o t e n t i a l   s i g n i f i c a n c e  

in  mineral   exploration  and  as  geothermal 

energy  sources. 

Isolineament mapping and i t s  r e l a t i o n   t o   m i n e r a l  

deposi ts   should be inves t iga ted .  

Vegetat ion  pat terns  as sur roga te   for   minera l   zones  

and  geothermal  areas  should be s tudied .  

Environmental  impact as r e l a t e d   t o   v e g e t a t i o n   s h o u l d  

be  s tudied.  Low a l t i t ude   ae r i a l   pho tographs   o f  a 

l a r g e   p a r t   o f  New Mexico da t ing  back a s   f a r   a s  1935 

are available  and  can  be compared with ERTS images 

t o   a s s e s s   t h e  impact  of cu l tu ra l   and   phys i ca l   fo rces  

on vegetation  and  erosion. 

Development  of a S a t e l l i t e  Imaqery User Manual f o r  
New Mexico 

Such a manual   should  contain  qual i ty   ra t ings  and de- 

s c r i p t i o n s   o f   a l l  Gemini, Apollo, ERTS, Skylab,  and 

h i g h   a l t i t u d e  imagery  of New Mexico along  with 

methodology  of  approach t o   g e o l o g i c   i n t e r p r e t a t i o n .  

The need  for   such a manual  has  been e s t ab l i shed  by 

contact  with  governmental   agencies,   industry  repre- 

s en ta t ives   and   t he   pub l i c .  

Production  of  Multiple-Use  Overlays t o   t h e  Mosaic  of 
t h e  State of New Mexico 

Information  can  be  obtained  par t ia l ly  from ERTS imagery 

a n d   p a r t i a l l y  from ex i s t ing   da t a .  
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2. T h i s  can be' t i e d   i n   w i t h   t h e   s t a t e w i d e  Land-Use 

Information  System  currently  in  the  developmental 

s tage .  

3 .  Information  can be s to red   and   r e t r i eved  from  computer 

da ta   t apes .  

4. overlays  can  include: 

a. Metall ic  Mineral   Deposits 

b.  Nonmetallic  Mineral  Deposits 

c. S o i l s  

d.  Vegetation 

e. Land Ownership 

f .  Landforms 

g. Tectonics 

h. Pol i t ical   Boundaries   and  Transportat ion 

Networks 

i. Drainage 

j .  Exis t ing  Land U s e  

1. 

2. 

3 .  

4. 

5. 

Recommendations 

The delay on da ta   de l ivery  time should  be.reduced. 

The qua l i t y   o f  70mm negatives  should be  improved. 

9x9 negat ives   should  be  offered as a data  product.  

Consis tency  of   contrast   and  i l luminat ion  of   black 

and  white  products  should be maintained. 

Many of  our image evaluat ions  disagree  with  those 

in   t he  U.S. Standard  Catalog. Some of  those  rated 

poor i n  the  catalog  had raster o r  scan- l ine   in te r -  

ference,   but  it was not  prominent  enough t o   i n t e r -  

f e re   w i th   v i sua l   geo log ic   i n t e rp re t a t ion .  We re- 

c l a s s i f i e d  some of   these as be ing   of   exce l len t   qua l i ty  

E. NASA Imaqery Processinq,  Distribution,  and  Evaluation 
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fo r   i n t e rp re t a t ion .   The re fo re ,  it is suggested  that  

a remark column be added t o  t h e  c a t a l o g   t o   c l a r i f y  

t h e   q u a l i t y   e v a l u a t i o n .  
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APPENDIX A 

Figures 



F I G U R E  11: Index map showing t h e  loca t ion  of physical   and 
, p o l i t i c a l   u n i t s   i n  New Mexico. 
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F I G U R E  12: G e n e r a l i z e d  geologic map of New Mexico ( f r o m  
U . S . G . S . ,  1965) .  
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EXPLANATION 

I Qu I - 
includes some Ter t i a ry   rocks  

Quaternary  deposi ts 

[ T I  
Quaternary and Te r t i a ry   vo l can ic   rocks  

mil 
Santa Fe Group Ogalalla Formation 

Includes some lo*er  
Quaternary  rocks 

and re la ted   vo l can ics  
Oat i l   Format ion 

San Jose Formation 

and re1  a ted  un i ts  

Ratan Farmation 

Animas Formations 
Nacimiento and 

Upper Cretaceous  sedimentary  rocks 
Past-Mesaverde formations 

5 7  

Mancos and  Dakota  Formations 

Cretaceo  divided J 
Jurassic  rocks,  undivided 

Tr iass ic   rocks,   undiv ided 

p] 
Permian  rocks,  undivided 

Pennsylvanian  rocks,  undivided 

Mississippian, Devonian, Si lur ian,   Ordovic ian,  
and Cambrian  racks,  undivided 

Precambrian  rocks,  undivided 

iNTRUSiYE ROCKS 

Includes some r o c k s   o f  Cretaceous age 
T e r t i a r y   i n t r u s i v e   r o c k s  



1.... 
T h r u s t   f a u  I t 

S a w t e e t h   o n   u p p e r   p l a t e  - 
Normal  fau I t 

Hachures   on   downthrown  s ide  

M o n o c l i n a l   f l e x u r e  
A 

I n t r u s i v e   b o d i e s  o f  p r o b a b l e   T e r t i a r y   a g e  
c -."TI 

EXPLANATION 

.i-, :. 

V o l c a n i c   r o c k s  o f  Qua te rna ry   and  
T e r t i a r y   a g e  

Rocks o f   P r e c a m b r i a n   a g e  

- 

S t r u c t u r e   c o n t o u r s   o n   P r e c a m b r i a n   s u r f a c e  

C o n t o u r   i n t e r v a l  1,000 f e e t .  Datum i s  
s e a   l e v e l .   M o d i f i e d  from Fos te r   and  
S t i p p ,  1981 

.400o--.-. 
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FIGURE 13: Generalized tectonic  map of New Mexico (from 
U.S.G.S., 1965). , 
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APPENDIX B 

Tables 



TABLE 3 

New Mexico Earthquake  with  Magnitude 2 2.7 
Between 1960 and 1971 

(Sanford, 1965; Sanford  and  Cash, 1969; 
Sanford, e t  a l . ,  1972: Toppozada  and  Sanford, 1972) 

DATE MAGNITUDE* EPICENTER 

1960 
July 22 
Ju ly  23 

1961 
Ju ly  3 

1962 
Jan. 3 
June 14 

1963 

Feb. 22 
Feb. 22 
June 6 
Aug. 19 
Dec. 19 

1965 

Feb. 3 
Feb. 3 
Apr. 10 
Ju ly  28 
J u l y  28 
Dec. 29 

- 

- 

1966 
Jan. 23 
Apr. 21 
Aug. 14 

- 3.3 
cv 3.8 

3.5 

3.0 
2.8 

2.9 
2.8 
3.7 
2.9 

>3.6 

3.9 
4.0 
2.7 
3.0 
2.7 
2.9 

5.5** 
3.6 
4.4 

l ia t i tude 
Deqrees Kl 

34.4 
34.4 

34.2 

35.2 
35.6 

32.4 
32.4 
36.7 
32.5 
35.1 

35.4 
32.1 
34.0 
33.9 
33.9 
34.6 

37 .O 
35.4 
32.0 

Longitude 
Deqrees w 
106.9 
T06.9 

106.9 

103.8 
106.9 

107 .O 
107.0 
104.4 
107.1 
104.3 

103.4 
103.0 
107.1 
106.8 
106.8 
105.8 

107.0 
103.0 
102.6 
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Table 3 conttinued. 

Sept.  17 
Sept.  17 
Sept.  24 
Sept. 24 
Sept.  25 
Sept.  25 
oct. 3 
O c t .  6 

1967 
Jan. 16 
J u l y  29 
Sept.  29 

1968 
Mar. 9 
Mar. 9 
May 2 
May 19 

1969 

May 12 
May 12 

Jan. 30 

June 8 
J u l y  4 
Aug. 23 

1970 

Jan. 12 
Nov. 28 
Nov. 30 

- 

1971 
Jan. 4 
Jan. 6 
Jan. 27 
Feb. 18 

MAGNITUDE* 

3.3 
3.6 

3.6 
3.8** 
3.7 
4.5** 
3.4 

3.8** 

a3.6 
3.0 
3.2 

3.2 
3.2 
2.9 
2.7 

3.4 
3.8 
3.5 
2.7 
3.0 
3.0 

4.1 
3.5 
3.0 

3.8 
3.0 
2.8 
3.3 

EPICENTER 

Lat i tude  
Deqrees N 

32.1 
35.0 
36.5 
36.5 
36.4 
36.5 
37.4 
35.8 

34.5 
33.6 
32.2 

32.5 
32.6 
33.1 
34.5 

34.3 
31.8 
31.8 
34.3 
36.1 
34.8 

36.1 
35.0 
36.3 

35.0 
34.2 
34.1 
36.2 
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Longitude 
Deqrees W 

109.4 
103.9 
105.0 
105.0 
105.1 
105.1 
104.1 
104.2 

107.1 
108.7 
107.0 

106.0 
106.1 
105.3 
108.0 

106.9 
106.4 
106.4 
105.2 
106.1 
108.7 

103.2 
106.7 
106.2 

106.7 
107.0 
106.6 
105.7 



Table 3 Continued. 

DATE  MAGNITUDE* ' EPICENTER 

Latitude Longitude 
Deqrees N Deqrees W 

Apr. 20 2.9  35.0 105.6 

June 4 2.9  36.3 106.6 
May 22  2.0  35.4 107.6 

* New  Mexico recorded magnitudes  based on S-phase 
amplitudes  unless  otherwise noted. 

** Magnitude  based on P-phase amplitudes recorded 
out of state. 
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EXPLANATION FOR TABLE 4 

Could cover   and   the   qua l i ty  of images was 

evaluated by Technology  Application  Center  personnel 

and   does   no t   necessar i iy   agree   wi th   the  ERTS U.S. 

Standard  Catalog  published by Goddard Space  Flight 

Center. 

NA = n o t   a v a i l a b l e  

NR = not  received 



TABLE 4 
Good Q u a l i t y  EHPS-A Scenes of New Mexico 
D a t e d   B e t w e e n  J u l y  1972 and D e c e m b e r  1973 

Photo % C l o u d  
N u m b e r   C o v e r   R e m a r k s  

NEW MEXICO  ORBIT 1 - CLOVIS-PORTALES 

1061-16575 0 
1097-16582 15 
1313-16584 20 
1331-16582 0 
1349-16581 0 
1385-16574 5 
1457-16460 0 
1493-16553 0 

NEW MEXICO  ORBIT 1 - LOVINGTON-HOBBS 

1061-16582 15 
1205-16591 10 
1223-16592 0 
1313-16590 5 
1331-16585 0 
1349-16584 0 
1385-16581 3 
1457-16563 0 
1493-16562 0 

NEW MEXICO  ORBIT 1 - SOUTHERN  PECOS 

1079-16585 
1205-16594 
1223-16595 
1241-16595 
1313-16593 
1331-16591 
1349-16590 
1385-16583 
1457-16565 
1493-16564 

0 
5 
0 
0 
0 
0 
0 
5 
0 
0 
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Table 4 C o n t i n u e d .  

Photo 
N u m b e r  

1278-17035 
1296-17034 
1314-17033 
1332-17032 
1350-17030 
1368-17025 
1404-17022 
1440-17013 

1458-17005 
1476-17005 

% C l o u d  
C o v e r  Remarks 

0 
0 

15 
5 B a n d  4 NA 
0 

10 
. 5  

z 

- 

0 B a n d  6 NA, Scanl ine 
interference 

0 
0 Bands 5, 6 NA, Snow 

enhancement, Scanline 
interference 

NEW MEXICO  ORBIT 2 - SPRINGER 

1098-17034 
1278-17041 
1297-17041 
1386-17030 
1404-17024 
1440-17015 

1476-17012 
1494-17011 

0 
0 
0 
8 

15  
0 

0 
0 

*I 

NEW MEXICO  ORBIT 2 - NORTHERN PECOS 

1062-17033 
1098-17041 
1224-17044 
1278-17044 
1386-17033 
1476-17014 
1494-17013 

10 
0 
10 

0 
0 
0 
0 

NEW MEXICO  ORBIT 2 - ROSWELL-CARLSBAD 

1062-17040 
1098-17043 
1224-17051 
1242-17051 
1260-17051 

0 
5 
0 

20 
0 

B a n d  6 NA, Scanl ine  

B a n d  5, 6 NA 
Scanl ine interference 

interference 

B a n d s  5, 6 NA 
Scanline interference 

Minor snow 
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Table 4 C o n t i n u e d .  

Photo 
N u m b e r  

1278-17050 
1386-17035 
1458-17021 
1494-17020 

0 
15 

0 
0 

NEW MEXICO  ORBIT 2 - GUADALUPE  MOUNTAINS 

1062-17042 
1224-17053 
1260-17054 
1278-17053 
1314-17051 
1386-17042 
1458-17023 
1476-17023 
1494-17022 

0 
0 
0 
0 
5 

15 
0 

10 
0 

NEW MEXICO  ORBIT 3 - SOUTH CENTRAL COLORADO 

Remarks 

Scanl ine  interference 

B a n d  5, 6 NA 
Scanl ine  interference 

1189-17091 
1207-17093 
1261-17094 
12&-17092 
1333-17090 
1423-17074 

1459-17064 

Snow enhancement 
Snow enhancement 
Snow enhancement 
Minor snow 

B a n d s  5, 6 NA, Scanl ine 

B a n d  5 NA 
interference 

NEW MEXICO  ORBIT 3 - SANGRE  DE CFXSTO MOUNTAINS 

1189-17093 

1207-17095 
1333-17093 
1387-17084 
1423-17080 

1459-17070 

0 

20 
5 
8 
0 

0 

Snow enhancement 

Snow enhancement 
B a n d  7 NA 

B a n d  6 NA, Scanl ine 

B a n d  5 NA 
interference 
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Table 4 continued. 

Photo 
Numbe  r 

% C l o u d  
C o v e r  

NEW MEXICO  ORBIT 3 - ESTANCIA  VALLEY 

1063-17092 
1153-17100 
1261-17103 
1297-17101 
1315-17100 
1333-17095 
1387-17091 
1423-17083 

0 
0 
0 
8 

LO 
0 
0 
0 

NEW MEXICO  ORBIT 3 - WJ3ITE SANDS 

1153-17103 
1189-17102 
1261-17105 
1297-17104 
1315-17103 
1333-17102 
1387-17093 
1459-17075 
1477-17075 

5 
0 
0 
5 
10 

0 
10 

0 
0 

NEW MEXICO  ORBIT 3 - EL PAS0 

1189-17105 
1207-17111 
1261-17112 
1279-17111 
1297-17110 
1315-17105 
1333-17104 
1387-17100 
1405-17094 
1459-17082 

0 
0 
0 
5 
10 
5 
0 
5 
0 
0 

1477-17082 0 
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Remarks 

Snow enhancement 

B a n d s  5, 6 NA, scanl ine 
interference 

5% snow enhancement 
Minor snow 

B a n d  5 NA 
B a n d s  5, 6 NA i 

B a n d  5 NA, Scanl ine 

B a n d s  5 ,  6 NA 
interference 



Table 4 C o n t i n u e d .  

Photo % C l o u d  
N u m b e r   C o v e r  

NEW MEXICO  ORBIT 4 - SAN L U I S  VALLEY 

1208-17151 0 
1424-17132 0 
1478-17122 0 

NEW MEXICO  ORBIT 4 - JEMEZ 

1010-17143 10 
1334-  17  15 1 5 
1406-17141 0 

'=1460-17125  15 
1478-17125 10 

NEW MEXICO  ORBIT 4 - ALBUQUERQUE 

1064-17150 5 
1298-17160 10 
1334-17153 3 
1388-17145 8 
1406-17143 8 
1424-17141 0 
1460-1'7131 0 

NEW MEXICO  ORBIT 4 - ELEPHANT  BUTTE 

1010-17152 0 
1298-17162  15 
1334-17160 3 
1406-17150 5 
1460-17134 0 
1478-17134  15 

0 

NEW MEXICO  ORBIT 4 - DEMING 

1334-17162 0 
1388-17154 0 
1406-17152 0 

75 , 

Rema rk s 

Snow enhancement 

B a n d  6 NR 
B a n d  5 NA 

B a n ,  ds 6, 7 NR 

B a n d  5 NA 

V e r y  l i g h t  

B a n d s  5, 6, 7 NR 



I 

Table 4 Continued. 

Photo 
Number 

1424-17150 
1460-17140 
1478-17140 

NEW MEXICO ORBIT 5 

1191-17204 
1209-17210 
1245-17211 
1299-17205 
1317-17204 
1335-17203 
1389-17195 
1407-17193 
1425-17190 
1461-17181 
1479-17180 

NEW MEXICO ORBIT 5 

1065-17202 
1191-17211 
1245-17213 
1299-17212 
1317-17210 
1335-17205 
1371-17203 
1389-17201 
1407-17195 
1425-17193 
1461-17183 
1479-17183 

NEW MEXICO ORBIT 5 

1065-17204 
1245-17220 
1299-17214 
1317-17213 
1335-17212 

% Cloud 
cover 

10 
0 
0 

NAVAJO LAKE 

0 
8 
0 
5 
0 
15 
30 
0 
0 
0 

25 

FOUR CORNERS 

0 
0 
0 
8 
0 
3 
10 
20 
0 
0 
0 
0 

GRANTS 

0 
0 
5 
0 
15 

AREA 

Remarks 

Band 5 NA 

Bands 5, 6 NR 

Snow enhancement 
Snow enhancement 
Snow enhancement 
Snow enhancement 
Snow enhancement 
Snow 

a . .  

Minor snow 
Minor snow 
Minor snow 
Snow 

Snow enhancement 
Snow enhancement 

Band 5 NA 
Scanl ine   in te r fe rence  

Snow enhancement 
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Table 4 Continued. 

Photo 
Number 

1407-17202 
1425-17195 
1461-17190 
1479-17185 

% Cloud 
Cover Remarks 

Band 5 NA 
Scanl ine interference 
Band 5 NA 
Saan l ine   i n t e r f e rence  

NEW MEXICO ORBIT 5 - RESERVE 

1101-17215 
1245-17222 
1299-17221 
1317-17215 
1335-17214 
1407-17204 
1425-17202 
1461-17192 
1479-17192 

0 
0 
15 
0 
8 
0 
10 
0 

30 

NEW MEXICO ORBIT 5 - WILCOX 

1083-17215 
1101-17221 
1263-17225 
1299-17223 
1317-17222 
1335-17221 
1407-17211 
1425-17204 

5 
0 
8 
3 
0 
0 
0 
10 

NEW MEXICO ORBIT 6 - COLORADO-UTAH 

1066-17254 
1210-17264 
1246-17272 
1300-17263 
1318-17262 
1408-17251 
1426-17245 

8 
0 
0 

30 
0 
0 
0 

1462-17235 
1480-17235 

0 
15 

77 

Snow enhancement 
Snow enhancement 

Band 5 NA 
Scan l ine   i n t e r f e rence  

Snow enhancement 
Snow enhancement 

Dark 

Bands 5, 6 NA, Scanl ine  

Bands 5, 6 NA 
i n t e r f e r e n c e  



Table 4 Continued. 

Photo 
Number 

% Cloud 
Cover 

NEW MEXICO ORBIT 6 - CHUSKA MOUNTAINS 

1210-17271 8 
1246-17272 5 
1300-17270 30 
1318-17265 0 
1408-17253 0 
1426-17251 0 

1462-17242 
1480-17241 

. o  
0 

78 

Remarks 

Snow enhancement 
Snow enhancement 

Dark 

Band 6 NA, Scanline 

Bands 5, 6 NA 
in t e r f e rence  



F l i g h t  

Gemini 4 

Gemini 5 

Gemini 1 2  

Apollo 6 

Apollo 7 

Apollo 9 
Handheld 

TABLE 5 

GEMINI  AND APOLLO NEW 

Frames 

4-8-13 to  30 

5-1-17 

5-1-18 

5-4-69 

12-10-45 

12-10-46 t o  48 
12-11-75 t o  78  

6-1443 t o  1454 

7-1949 

7-2028 t o  2032 

9-3122 to  3123 

9-3141 t o  3142 

9-3264 

9-3282 

9-3293 

9-3327 t o  3332 

9-3444 t o  3460 

9-3571 t o  3573 
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MEXICO FRAMES 

Description 

Southern New Mexico; 
low oblique 

Southwestern New Mexico; 
low oblique 
Southeastern New Mexico; 
near ly  ve r t i ca l  
South   cen t ra l  New Mexico; 
n e a r l y   v e r t i c a l  

S ix  s ta tes ;  very  high 
obl ique 
New Mexico; obl ique 
T h r e e  states; very 
h i g h  oblique 

Southern New Mexico; 
ver t ica l  

New Mexico,  Arizona (B&W) ; 
h i g h  oblique 
Southern New Mexico: 
n e a r   v e r t i c a l  

New Mexico, Colorado, 
Utah; oblique 
New Mexico, R i o  Grande 
Val ley;   obl ique 
South   cen t ra l  New Mexico; 
obl ique 
Southern New Mexico; 

' oblique 
South   cen t ra l  New Mexico; 
v e r t i c a l  
Southern New Mexico; 
obl ique 
N o r t h  central  New Mexico, 
sou thern New Mexico; 
v e r t i c a l   t o   o b l i q u e  
Eas te rn  New Mexico; oblique 



Table 5 Continued. 

F l i g h t  Frames 

Apollo 9 
Multispectral 9-26-3712 t o  3714 

9-26-3737 to  3739 
9-26-3756 t o  3757 

9-26-3803 t o  3807 
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Description 

Extreme southwestern 
New Mexico 
Southeastern New Mexico 
Southwest of Deming, 
New Mexico 
Southern New Mexico 
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SUPPLEMENT A 



A PRELIMINARY INVESTIGATION OF THE MOGOLLON-DATIL 
VOLCANIC FIELD, SOUTHWESTERN NEW MEXICO, FROM 

ERTS-1 IMAGERY 

by R. C. Rhodes 
Department of  Geology 

Universi ty  of New Mexico,  Albuquerque 

I. INTRODUCTION 

The ERTS-1 images  of t h e  Mogollon-Datil volcanic f i e l d  

(Figure AI) in  southwestern New Mexico were s tudied  and compared 

wi th   ava i l ab le   geo log ic  maps i n   o r d e r  t o  evaluate t h e  usefulness 

of s a t e l l i t e  imagery as an a i d   t o   r e g i o n a l   g e o l o g i c  mapping 

and  the structural  i n t e r p r e t a t i o n  of a l a r g e  volcanic province. 

The inves t iga t ion  of t h e  images  focused on t h e   i d e n t i f i c a t i o n  

of major f a u l t s  a n d   o t h e r   s t r u c t u r a l  l ineaments ,  and  on t h e  

recogni t ion of unusual c i rcular  features t h a t  may ref lect  

e rup t ive  centers o r   o the r   vo lcano- t ec ton ic   s t ruc tu res .  A 

t ec ton ic   ske t ch  map (Figure A2 a t  a scale O f  ~ : ~ , ~ ~ ~ , ~ ~ ~  Was 

prepared from t h e  images  (1407-17204,  1460-17131,  1460-17134) 

o f   t he   i n f r a red  band (MSS-7) supplemented by 4 X  photographic 

enlargements   of   the  eastern part  o f   t h e  area. Cloud cover  is 

absent,  and  the images are of good qual i ty .  

I T .  GENERAL GEOLOGY 

The mid-Tertiary Mogollon-Datil volcanic f i e l d   c o n s i s t s  

of  a complex sequence of andesit ic and rhyo l i t i c   l avas   and  

ash-flow  sheets  with  subordinate interlayered volcaniclastic 

sedimentary  rocks  (Elston, e t  a l . ,  1968, 1970).  Volcanism 

was i n i t i a t e d  a t  about 40 m.y. ago  and  continued  uninterruptedly 

for  20 m.y., wi th  a peak   of   ac t iv i ty  i n  t h e  la te  Oligocene 
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FIGURE: A2. Tectonic  sketch map from ERTS imagery  of the  Mogollon-Datil 
southwestern New Mexico. 

EXPLANATION: / Lineament o r   c i r c u l a r   f e a t u r e  
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(30-25 m.y. ago)  (Elston, e t  a l . ,  1973).  Recent  studies  have 

revealed a number of   ash-f low  cauldrons  and  other   erupt ive 

c e n t e r s ,   r e s u l t i n g  i n  a n   i n t r i c a t e   r e g i o n a l   s t r u c t u r e   a n a l o -  

gous  in many ways t o  t h e  San Juan  province of Colorado  (Jicha,  

1954;  Kuellmer,  1954;  Elston,  1957; Ratte, e t  a l . ,  1969; 

Ericksen, e t  a l . ,  1970; Ratte, e t  a l . ,  1972; Rhodes and  Smith, 

1972a; Coney, 1974; Deal and Rhodes,  1974:  Fodor,  1974; 

Rhodes,  1974a; Rhodes and  Smith,  1974). Major volcanism 

ceased wi th   the   onse t   o f   reg iona l  Basin-Range tectonism a t  

approximately  20 m.y. ago (Rhodes and  Smith,  1972b;  Elston, 

e t  a l . ,  1973) ,   which   occur red   concurren t ly   wi th   the   in i t ia t ion  

of  Rio  Grande r i f t i n g   i n  mid-Miocene time (Chapin,  1971). The 

Mogollon-Dati l   volcanic   f ie ld  is i n t e r p r e t e d  as t h e   s u r f a c e  

expression  of  a major mid-Tertiary  batholith  (Rhodes, 197433). 

111. SIGNIFICANCE OF ERTS IMAGERY 

The relatively advanced s t a t e  of geologic  mapping in  

t h e  Mogollon-Datil f i e ld   p rov ides   adequa te   g round   con t ro l   fo r  

t h e   i n t e r p r e t a t i o n  of t h e  ERTS imagery.  Lineament patterns 

on t h e  EWS images were compared wi th   ava i lab le   geologic  maps, 

and  visual   evidence  of  known or  suspected  volcano-tectonic 

s t r u c t u r e s  was sought .   Spec ia l   a t ten t ion  was pa id  t o  t h e  

n a t u r e   a n d   p o s s i b l e   s i g n i f i c a n c e   o f   c i r c u l a r   f e a t u r e s  on t h e  

ERTS images  which may denote   vo lcanic   e rupt ive   cen ters .  

A. Lineament Patterns 

Late Tertiary Basin-Range and  Rio  Grande rift f a u l t i n g  

has  superimposed a s t r o n g   t e c t o n i c   o v e r p r i n t  upon t h e  mid- 

Te r t i a ry   vo lcan ic   f i e ld .   Th i s  is especially t h e  case i n   t h e  ~ 

eastern p a r t  of t h e   f i e l d  where a number of i so la ted   ranges  
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such a s  t h e  Magdalena  and  San Mateo Mountains ex is t   as   eas tward-  

t i l t e d   f a u l t   b l o c k s   w i t h i n   t h e  Rio  Grande r i f t  system  (Chapin, 

1971).  Several  of t h e  north- t rending  faul ts   border ing  the 

western sides of t h e  San Mateo and Magdalena  Mountains a r e  

c l e a r l y   v i s i b l e  on t h e  ERTS images. A s i m i l a r   n o r t h   t o  

north-northwest   faul t   pat tern  can be seen  in  the  Black Range, 

conforming t o  mapped f a u l t   t r e n d s   i n   t h a t   a r e a .   F a r t h e r  west, 

the  northwest-trending Mangas Trench  and Glenwood Graben a r e  

d i s t inc t ,   and   t he   no r thwes te r ly   f au l t   pa t t e rn   a round  Elk and 

0-Bar-0 Mountains  can  be  recognized. An impor t an t   s t ruc tu ra l  

d i scon t inu i ty  is revealed by t h e  n o r t h e a s t e r l y   f a u l t   t r e n d   i n  

the  Tularosa  Mountains,  which is  continuous w i t h  t h e  San Agustin 

P la ins  arm of t h e  b i f u r c a t i n g  Rio  Grande r i f t  system  (Chapin, 

1971),   and  contrasts  markedly  with  the  predominantly  northwest-  

e r l y  Basin-Range t r end  i n  t h e  Mogollon Plateau.  A series of 

northwest-dipping,   t i l ted  faul t   b locks  can be seen around 

Reserve,  conforming t o   t h e  mapped f a u l t   p a t t e r n   i n   t h a t   a r e a  

(Weber and  Willard, 1959) .  

Two pajor   nor theas te r ly   l ineaments  on t h e  EFTS images, 

each  approximately 50 km in   l eng th ,  are p r e s e n t   i n   t h e   v i c i n i t y  

of t h e  San Agust in   Plains   and  are   not  shown on any a v a i l a b l e  

geologic  maps. These   l ineaments   a re   p robably   re la ted   to   the  

San Agustin Graben and  suggest   that  t h i s  arm of   the  Rio  Grande 

rift system may be more extensive  than  previously  recognized. 

I t  is s i g n i f i c a n t   t h a t  a suspected mid-Miocene basa l t ic   e rup-  

t i v e  c e n t e r  a t  Luera Peak appea r s   t o  l i e  on th i s   l ineament .  

A major   nor th-nor theas t   l ineament   in   the   cen t ra l  San 

Mateo Mountains  can be most e a s i l y   i d e n t i f i e d  on t h e  4 X  

photographic  enlargements of t h e  ERTS images  and  has  not  been 

recognized  previously.  
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B. Circular   Features  

Two l a r g e   c i r c u l a r   f e a t u r e s ,  one in   the   southern  San 

,. 

Mateo Mountains  and  one  in t h e  southern  Black Range, probably 

ref lect  the  presence  of  major  ash-flow  cauldrons,  although 

ne i the r   has  been de l inea ted   accu ra t e ly   i n  t h e  f i e l d .   I n   t h e  

southern San Mateo Mountains, Deal and Rhodes (1974)  suggested 

the   ex is tence   o f  a source  cauldron  for   the  Vicks Peak  ash-flow 

sheet .and  included a t ec ton ic   ske t ch  map showing t h e   p o s s i b l e  

out l ine   o f   the   cau ldron   based  on s c a n t y   f i e l d   d a t a .  A d i s t i n c t  

c i r c u l a r   p a t t e r n  on t h e  ERTS image p r o b a b l y   r e f l e c t s   t h i s  

cau ldron   and   agrees   c lose ly   wi th   the   pos i t ion  of t h e   s t r u c t u r e  

suggested by Deal and Rhodes. 

A we l l -de f ined   e l l i p t i ca l   f ea tu re   i n   t he   sou the rn  Black . 
Range may r e f l e c t  t h e  ex is tence  of a source  cauldron for  t h e  

Kneeling Nun ash-flow  sheet.   Available  geologic  data,   including 

a thick  sect ion  of   Kneel ing Nun rhyo l i t e   t u f f   w i th in   t he   p ro -  

posed  cauldron  (Ericksen, e t  a l . ,  1970) ,   poss ib l e   ven t s   fo r  

t h e   t u f f  (Kuellmer, 1954) ,  and  the  presence  of  post-cauldron 

rhyol i te   lavas   around  the  southern  margin  (J icha,  1954) are 

compatible  with a cauldron   in   th i s   par t   o f   the   Black  Range. 

T h i s  f e a t u r e  warrants more d e t a i l e d   i n v e s t i g a t i o n   i n   t h e   f i e l d .  

A small b u t   d i s t i n c t   c i r c u l a r   f e a t u r e  is present  i n  t h e  

northern Magdalena  Mountains. On t h e  S ta te  Geologic Map 

(Dane and Bachman, 1 9 6 5 ) ,   t h i s  area is shown as  underlain by 

la te  Te r t i a ry   rhyo l i t e   l ava .  I t  i s  p o s s i b l e   t h a t   t h e   f e a t u r e  

r ep resen t s   an   ex t rus ive   rhyo l i t e  dome or ,  less l i k e l y ,   l o c a l  

s t r u c t u r a l  doming caused by t h e  in t rus ion   of  a shal low  pluton.  

In  view  of the   widespread   minera l iza t ion   in   the   nor thern  Mag- 

dalena  Mountains ,   pr ior i ty   should  be  given t o  f i e l d   i n v e s t i g a t i o n  
- 
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of th i s   f ea tu re .   O the r  small c i r c u l a r   f e a t u r e s   i n  t h e  San 

Mateo Mountains  have  been  compared w i t h  the   geologic  map 

(Deal, 1973) but  have  no  obvious  geologic  explanation.  These,  

too, should  be  f ield  checked  and  analyzed. 

Young basaltic centers of   the Bearwallow  Mountain For- 

mation (21 m.y. ago) show on t h e  ERTS imagery a s  small c r a t e r l i k e  

depressions a t  t h e  summits  of  prominent  peaks  (e.g.  Eagle, 

Elk,  0-Bar-0, Pelona  Mountains) .   These  are   the  only  erupt ive 

centers   in   the 'Mogol lon-Dat i l   f i e ld   tha t   re ta in   ves t iges   o f  . 

t h e i r   o r i g i n a l   v o l c a n i c  morphology  and so  can  be  recognized on 

t h e  ERTS imagery  despi te   their  small s ize .  

I V .  CONCLUSIONS 

The complex s t r a t i g r a p h i c   r e l a t i o n s h i p s   a n d   d e t a i l e d  

s t ructure   of   the   Mogollon-Dati l   f ie ld  are t o o   i n t r i c a t e   t o  

be resolved on t h e   s c a l e   o f   t h e  ERTS imagery. The small scale 

ye t   h igh   de t a i l   o f . t he   imagery ,  however, is i d e a l   f o r  

i n t e r p r e t a t i o n   o f   r e g i o n a l   s t r u c t u r a l   t r e n d s   i n   t h e   v o l c a n i c  

f i e l d  and  recogni t ion  of   major   volcano-tectonic   features .   In  

geologica l ly  unmapped t e r r a i n ,  t h e  ERTS imagery  has  special 

s i g n i f i c a n c e   i n   i d e n t i f y i n g   p o s s i b l e   e r u p t i v e   c e n t e r s   a n d  

unravel l ing  the  volcano-tectonic  framework  of the   reg ion .  

Major   ash-f low  cauldrons  not   ident i f ied  during  the  course  of  

d e t a i l e d   f i e l d  mapping may be   recognized   as   c i rcu lar   fea tures  

on ERTS imagery. The unknown vo lcan ic   t e r r a in   i n   t he   S i e r r a  

Madre Occidental   of Mexico and t h e  Basin-Range province Of 

t he   Un i t ed   S t a t e s  are areas where t h e  ERTS imagery may be of 

spec ia l   . s ign i f i cance .  
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AN EVALUATION OF THE USE OF ERTS-1 IMAGERY 
I N  THE MAGDALENA MOUNTAINS 

by S . C. Feldman 
Technology  Application  Center 

Univers i ty  of New Mexico, Albuquerque 

and 

C. E. Chapin 
New Mexico Bureau of Mines 

and  Mineral  Resources,  Socorro 

I.  INTRODUCTION 

The object of t h e   i n v e s t i g a t i o n  w a s  t o   e v a l u a t e   t h e   u s e  

of ERTS-1 imagery a s  a geologic  t oo l  w i th  respect t o   s t r u c t u r e ,  

s t ra t igraphy,   and   minera l iza t ion   in   the  Magdalena  Mountains, 

west of Socor ro   i n   cen t r a l  New Mexico (F igure  B1). ERTS-1 

images of t h e  Magdalena  Mountains were compared w i t h   e x i s t i n g  

aerial  photographs  and  geologic maps of the   reg ion .  Bureau 

of Mines personnel  have  been  studying  the Magdalena area ovgr 

t h e   p a s t  f e w  yea r s  as p a r t  of an  ongoing Magdalena p ro jec t .  

Avai lable  aer ia l  photography of the  region  included a 

photo mosaic a t  a scale of 1:24,000 made by Aero Service  Inc.  

i n  1970. N o  good q u a l i t y  Gemini,  Apollo, o r  NASA h igh -a l t i t ude  

a e r i a l  photography of t h e  Magdalenas is p resen t ly   ava i l ab le .  

EKl’S-1 images  used in   the   eva lua t ion   inc luded:  

Number Sca le  Format 

1460-17131-5 1:1,000,000 B&W p r i n t  
1460-17131-7 1:1,000,000 B&W p r i n t  
1064-17150-5 ! 1 : 250,000 
1460-17134 

B&W p r i n t  
approx.  1:250,000  False-color 

composite 

. 
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11. GENERAL GEOLOGY 

Located i n  c e n t r a l  New Mexico west of  Socorro,   the 

Magdalena Mountains cons is t   o f  a northern  Precambrian  core 

overlain by a west-dipping hogback of Paleozoic  l imestones,  

sha l e s ,   and   qua r t z i t e s  (Dane and Bachman, 1965). I t  is i n  
these  Paleozoic   rocks,   pr imari ly   the  Mississ ippian  Kel ly  

Limesbone, t h a t   t h e   z i n c  and  lead  deposi ts  of the   p roduct ive  

Magdalena mining d i s t r i c t  are loca l ized .  West and  south  of 

the  Paleozoic  sequence of Kelly,   Sandia,  Madera,  and Abo 

Formations are extensive  areas   of   Oligocene  extrusive  rocks 

which vary from a n d e s i t i c - l a t i t i c   b r e c c i a s   t o   r h y o l i t i c   a s h -  

f low  tu f f s .  The eastern margin  of  the  mid-Tertiary Mount 

Withington  cauldron  overlaps  the  western  s ide  of   the  Magdalena 

Mountains ,   and  an  older   par t ia l ly   buried  ash-f low  cauldron is 

suspected t o  be present   in   the  southern  par t   of   the   mountain 

range  (Deal,  1973). 

I n  t h e  la te  Oligocene, numerous stocks  and  dike swarms 

were emplaced  in  the  northern  part  of t h e  range. The N i t t  

s tock  has  been  dated a t  28.0 m.y. and  the Anchor Canyon s tock  

a t  28 .3  m.y.; other   s tocks  have been dated a t  27-30 m.y.  The 

intrusion  of   dikes   occurred  concurrent ly   and  fol lowing emplace- 

ment of t h e  s tocks .  

The dominant s t r u c t u r a l   t r e n d   i n   t h e  Magdalenas is north- 

south.   Longi tudinal   faul ts  w i t h  a s  much a s  1500 feet of d i p  

displacement  have  broken  Oligocene  and  older  rocks.  These 

l o n g i t u d i n a l   f a u l t s  have  an  overal l   or ientat ion  of  N l O % .  

According t o   T i t l e y  (1959, p.144),  " t r ansve r se  o r  east-west 

f a u l t s  are p resen t   bu t   do   no t   exh ib i t   t he   con t inu i ty  or mag- 

n i tude   o f   d i sp lacement   tha t   charac te r ize   the   longi tudina l  

breaks. " 

1 
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O r e  depos i t s   i n   t he  Magdalena district  genera l ly   occur  I 

as   replacement   mineral izat ion i n  the  Kel ly   l imestone  adjacent  

t o   s t o c k s .  The ore bodies  have a north-south  trend  and are  7 

i n t i m a t e l y   r e l a t e d  t o  major   longi tudina l   fau l t ing .  

111. SIGNIFICANCE OF ERTS IMAGERY 

ERTS images  of t h e  Magdalena  Mountains were compared wi th  

a photo mosaic of t h e  same area a t  a scale of  1:24,000 made by 

Aero Se rv ice   Inc .   i n  1970. I t  w a s  found t h a t   t h e  ERTS imagery 

p rov ides   exce l l en t   d i sc r imina t ion   o f   f i r s t -o rde r   f ea tu re s   such  as 

major faul ts   and  l ineaments   and  has   the  advantage  of   pro-  

viding  regional   perspect ive  which is  d i f f i c u l t   t o   o b t a i n   w i t h  

t h e  aer ia l  photo  mosaic  alone. . 
Secondary s t r u c t u r a l   f e a t u r e s ,  however, are no t  always 

apparent  on ERTS images, as evidenced  in   the  southern  half  - 
of   t he  Magdalena Mountains.,  and in   t he   no r the rn   s ec t ion ,  

sou th   o f   t he  town of  Magdalena. I n   t h e  l a t te r  area, a recti- 

l i n e a r  d ra inage   pa t t e rn  formed by a series o f   j o in t s   and   f au l t s  

cannot  be  seen on ERTS images. South of Magdalena, in   an   a rea  

under la in  by rhyol i te   f lows ,  a northwest set of   photol inears  

def ined  by dra inage   fo l lowing   c lose ly   spaced   jo in t ing   and  

f a u l t i n g  was i d e n t i f i e d  on t h e  1:24,000 aer ia l  mosaic.  This 

fabric w a s  no t  easi ly  discerned on t h e  ERTS images bu t  could 

be seen a f t e r  being  located on t h e   l a r g e - s c a l e  aer ia l .  

On t h e  EHCS imagery  of t h e  Magdalena  Mountains, t h e  

dominant f a u l t   a n d   j o i n t   t r e n d   a p p e a r s   t o  be nor theas t .   This  

fabric masks t h e  more important NlOOW f a u l t s  which  control  

t h e  emplacement  of  stocks  and  ore  bodies.  Realization  of  the 

presence of a nor theas t - t rending   s t ruc tura l  fabric,  exh ib i t ed  
I 

~7 .* 
i 
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so c l e a r l y  on t h e  ERTS images, may c o n t r i b u t e   t o  a b e t t e r  

understanding of o r e  emplacement i n   t h e  Magdalenas. 

One of  the  major  northeast-trending  l ineaments  seen on 

t h e  EETS images w h i c h  passes  through the  center of  the Mag- 

dalena  Mountains  had  previously  been  identified from low- 

a l t i tude   photographs .  Using ERTS, this   l ineament   appears  

t o  extend  southwest   and  northeast   of   the  Magdalena  Mountains 

(Figure B 2 ) .  Its extension can be traced  southwest  through 

the   nor th   end   of   the  San Mateo Mountains  and  south  of  the 

San Agustin  Plains (see accompanying paper by  Rodney Rhodes). 

To t h e   n o r t h e a s t ,  it l i n e s  up wi th   t he   d ike  swarm and  vent on 

Chupadera Mesa, the  southern  end  of  the  Albuquerque-Belen 

Basin,  and  the  southeastern  margin  of t h e  Estancia  Basin,  

marking t h e  southern  extent  of  Precambrian  outcrops  in t h e  

immediate v i c i n i t y .  

In   t he   wes t - cen t r a l  Magdalenas t h e r e  is a s t rong ly  

developed   c i rcu lar   d ra inage   pa t te rn  which  cannot be explained 

by e x i s t i n g  data. I t  is less obvious on t h e  aer ia l  mosaic. 

A recently  completed aer ia l  magnetic map  on open f i l e  a t  t h e  

New Mexico Bureau  of Mines and  Mineral  Resources shows c i r c u l a r  

anomal i e s   i n   t he   v i c in i ty ,   bu t  none  appear t o  match exac t ly  

wi th   t he   c i r cu la r   d ra inage   pa t t e rn .  The prominent  northeast  

l ineament  discussed  above  cuts  through  the  southern  end  of 

t h e   c i r c u l a r   f e a t u r e .  

Rock types  cannot be d i f f e r e n t i a t e d   i n   t h e  Magdalenas 

e i t h e r  on t h e  ERTS images or on t h e  low a l t i tude   mosa ic .  The 

area is  heavi ly   fores ted   and  is near  uniformly  red on t h e  

false-color  composite,  a t  least  i n   v i s u a l   a n a l y s i s .  Bedrock 

can be d i f f e r e n t i a t e d  from  pediment  gravel  and  alluvium,  but 

f i n e r   d i s t i n c t i o n s   c a n n o t  be made v i s u a l l y .  
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FIGURE B2. The Magdalena 
Mountains, c e n t r a l  New 
Mexico. 

ERTS Image: 1460-17134-7 

Scale:  1:250,000 



The Tres Montosos s tock ,  two miles i n  diameter,   located 

northwest  of  the Magdalenas is  recognizable on t h e  ERTS image 

and on t h e  aerial  mosiac. I t  is  d i f f i c u l t   t o   i d e n t i f y  on t h e  

ground  because  of a su r f i c i a l   cove r   o f  wind-blown sand.  Other 

small   s tocks i n  t he   no r the rn  Magdalenas  cannot  be  differentiated,  

however,  from t h e  a i r .  Areas   of   hydrothermai   a l terat ion 

ad jacen t   t o   t he   s tocks   a r e   ve ry  small and are not   apparent  

on t h e  Spec t r a l  Data  Corporation  color  composite. 

I V .  SUMMARY 

I n  summary, t h e  ERTS images  of t h e  Magdalena Mountains 

are exce l l en t   fo r   t he   i den t i f i ca t ion   o f   f i r s t -o rde r   f au l t s   and  

lineaments.  Secondary  features are no t  as obvious. The 

dominant N l O %  f a u l t s  do not  appear as s t r o n g l y   a s  less impor- 

t a n t   n o r t h e a s t   f a u l t s .  ' T h i s  may be  due t o   t h e   n o r t h e a s t   l i n e a -  

ment b i a s   r e s u l t i n g  from  sun angle  (Short ,  1 9 7 3 ) .  The r e l a t i v e  

importance  of  these  northeast   trends  in  mineralization  remains 

t o  be  explored. 

ERTS imagery is not  a s u b s t i t u t e   f o r   l a r g e - s c a l e   a e r i a l  

photographs.  Mosaics a t  1:24,000 a re   no t   gene ra l ly   ava i l ab le  

f o r  most areas  and are cos t ly   t o   p roduce .  When ae r i a l   pho to -  

graphy  can  be  obtained, ERTS is a valuable complement; in   o thex  

ins tances  it is  an   i nva luab le   a id   t o   geo log ic  mapping and 

ana lys i s .  
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