


... . TERTIARY AND QUATERNARY GEOLOGY 

ABSTRACT . -.....! 

The Tusas-Tres  Piedras  area, in  nor th-cent ra l  New Mexico, is 4.0 

.miles  long  and has an are+f 500 square  miles.  It includes a p a r t  of 

. the  southeastern  extension of the  San  Juan  Piountains of the  Southern 

Rocky Fountain'  physiographic  province  and a p a r t  of the  Rio  Grande  de- 

press ion ,  a northward  extension of the  Basin and Range province. 

. I  The main problemsof  the  Tertiary  geology  are : (1) the  age  and .. 

re , la t ions  of the  formations  that   are  continuous with and per iphera l  

t o  tlie compound volcanic  dome of the,  San Juan  Nountains  and  ' their  re- 

l a t ions   t o   t he   depos i t s ,   San ta  Fe and  Abiquiu  formations, o f  t he   a l lu -  

v i a l   b a s i n s  of the  Rio  Grande  depression;  and ( 2 )  t he ,   pos i t i on  of the  

' San Juan   penepla in   wi th . respec t   to  this sequence. 

The rocks of  t he   a r ea  were mostly  'der,ived  .from  local  volcanic 

centers .  They cons is t   l&geiy .of   s t ream-la id   .depos i t s ,   de t r i ta l   aprons ,  
. . . . .  . .  . .  

. . I  .: 

accumulated on the borders of a reas   bu i l t   up 'bg  .contemporaneous vul- 
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Juan region  extend  southward  without  l i thologic  change  into  the S a n  

Juan dome and  end i n  this area.. . .  

.. . .  . . '. .~ The'.Los  Pinos  formation,  'here  redefined  and  subdivided,.i,is ' ._ 
..,..: ~ . .  ,. . , ... . .,. . . .  , . .  . .  
, , , . . X .  _ : _ . I  , ' -I; 
: ,  separated &om Treasure  Mountain  ,by a considerable  time . i n t e r v a l   b u t ,  , '  

r e s t s  upon it  with apparent  conformity. The Los 'Pinos is separa ted  

from  the  overlying  Einsdale   basal ts  by an unconformity,  here  recog- 

n ized  for the  f i r s t  time. 'Tn p a r t  of the   a rea  it i s  d i v i s i b l e   i n t o  

. . . ._ . ~. .. . - .. . . .. , ,. , 

. . ... , ,? .. . .  . , . ~ . ~  :., .> ,. ' . . .  . ,  .. ' e 
, .  . .  ., . '.: .. ~.,.. . .  

. .. 

'members: the   Biscara  (new  name) characterized  by  dark-colored  quartz 

l a t i t e ;   t h e   E s q u i b e l  (new  name) Characterized  by  fragments of coarse ly  

p o r p h y r i t i c   q u a r t z   l a t i t e ,   t h e   J a r i t a  (new name), basalt   f lows;  and 

the  Cordi to  (new name) cha rec t e r i zed   p r inc ipa l ly  by  l ight-colored 

porphyr i t ic   rhyol i te .  These ind iv idua l   and   d i s t inguishable   par t s ,  the 

py roc la s t i c  and ef fus ive   rocks   in   the  formation, and t h e   l i t h o l o g i c  

s i m i l a r i t y  of c o a r s e   d e t r i t a l  beds to   the   vo lcanic   rocks   ind ica te  that  

the  formation  originated  as  coalesced  aprons of det r i tus   about   cen ters  

of contemporary  eruption  rather than as   the   p roduct  of renewed eros ion  

on t h e   u p l i f t e d  San Juan dome as heretofore  thought.  

... 

The Ssnta  Fe formation of the  extreme  southern  part  o f  t he   a r ea  

cons i s t s  of sandstone  and  arkose  derived from the   erosion of g r a n i t i c  

and  metamorphic.  rocks. It i s  continuous with and  s ' imilar   to   the  for-  
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p i l e s   h e r e   r e f e r r e d  t o  as the  San  Antonio . ,  andes i te ;  and (4) the  Ser- 

~ vi l le ta   format ion   (neu  name). '&e two older  basalts, Cisrieros  and 

.: , ' Dorado, a re  .somewhat discontinuous ..  they, r e s t   & c o n f o k a b l p j  on bo th  .: 
. .  .~ . . .  . . .  , . .  . .  

. .  . .  . .  . , .  .'.: , .. . . .  
>. . 

' ' the  S k t a  Fe.  and~.Lps  ,Pinos  formations.~. ' The'Se&vilabta  .fomnation,..pre-~.--l! 
~. . .  . )< . .  . I  . . . - .  

. .  . ., . . .  . 1 ,  

.. , .. ,. ,LC . .. ..' . ~ . , . .. .. . . . .  
. . ." .  . . .. ,, ,I. :, . ., , . . . . ., . .  . 

v i o u s l y   r e f e r r e d   t o  as , the  New Mexico type  Hinsdale,   consists of basalt 

and interbedded  gravel.  It r e s t s  unconformably . ,, . . .  on . the  older  basaxts 

of the Hinsdale   volcanic   ser ies  as wel l  as '  on the  pre-Hinsdale  rocks. 

The formation is  p a r t l y  an a l luv ia l  d e p o s i t   f i l l i n g  a bas in  that  was 

induced by p o s t - S k t a  Fe,  probably  mid-Pliocene,  deformation. 

~ 

The Tertiary  rocks  are  deformed by gen t l e   ea s tward   t i l t i ng  and 

displaced on a group of related  normal faults. The t i l t i n g   r e f l e c t s  

u p l i f t  of the San Juan Mountains on the northwest and r e l a t i v e  de- 

press ion  of a bas in   b lock   'on   the 'eas t .  The eas t e rn   s ide  o f  the   bas in  

block i s  probably  strongly  downfaulted  against  the  Sangre  de  Cristo 

range  twenty  miles   to   the  east .  Most of t h e   f a u l t s  of t he   a r ea  are 

of re la t ively  small   d isplacement  and fall i n t o  two zones,  the  Tusas and 

Val lec i tos .  The Tusas . faul t  zone t rends  north-northwester ly   cfor   ' the  

length  of the  area.  The 'main faults that t rend  with the  zone  have a 

maximum displacement of 1,200 f e e t .   C r o s s   f a u l t s   t h a t   o f f s e t   t h e  main 

. .  

, '  f a u l t s  have a lesser  displacement.  Movement  on the  main f au l t  of t h e  

Tusas f au l t  zone occurred  twice. 'Movement was i n i t i a t e d   a f t e r   t h e  

close of Santa Fe deposition.'.::.;Erosion then 'des t royed  most of the   re -  

s u l t i n g   r e l i e f ,  and  forxnec~  a"relative1y  smooth  surface .on which  the 

. .  
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! 
! Jarita b a s a l t  in  t h e  Cjrainage bas ins  o'f the  Los Pinos  River and the Rio 
! 

San  Antonio.  Subdued summit topography i n  o t h e r   p a r t s  ,of t he   a r ea  

. , .:and benching of the  'pre-Canbrian  rocks a t   p o s i t i o n s  that,..are?strati- 

~' ' ' . graphical l ,   h igh: in"the Zos P i n o s  are  ,probably: also  'evi,dence.;of  this^^.:^^ 
. . .  .: . . . . . .  , .  . . -  . 

I . '. , .  .'% . ' '  ........ . . . . . . . . . . .  . . . . . . . . .  .. -;,- .;., , :  , , , .  .. . . .  . .  . .  . ,. . . . . . .  ,. .... ..... .. a;..-- ?, 
.~ ,..I. ,.; 

I .  . ' Y ,  
. ~. ~. ,. , tl .. ~, -, .,. ., 

. . .  . . .  . . .  . . . . . . . . .  . . .  . . . . . .  . . . . . . .  . . . . .  . . .  .- . . . . .  it.. ~, .,> . .: -.,'', :,:,. i ,:: i . - ~  . , . ,  

e ros ion   i n t e rva l .  It seems probabie that the  San Juan peneplain  should 

be c o r r e l a t e d  w i t h  the  post- los   Pinos and p o s t - S a t a  Fe sur face  on 

which the  Hinsdale   basal ts  were erupted. 

, .  

. . . .  .. . .  . .  . .  . .  . .  . .  

Three  and'  possibly four addi t ional   sub-cycles  o f  e ros ion   a r e   r e -  . .  
presented  by  accordant  r idge spurs in  the  Tusas  'Valley. As, .this 

v a l l e y  drains through  the Chama t o   t h e  Rio Gr.&de, t hese   va l i ey   s t ages  

are  imperfectly  developed,  and  the same sequence  probably  c&ot  be 

establ ished,   'because  this   s t ream  reaches  the  Rio Grande across   the   top  
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,. . DE. Richard Ii. Yahns , 
Division oi: GeoZogical Sciences . . .  

California,  Inotitute of Technology 
: Pasadena 4, Califor'da. . . . .  . . . . . . . .  ~ . . .  ~. 

. . .  
Dhar Dick: 

. . . . . . . .  
. .  

" 

I 

. .  
(Sac. Note: the tape'w;l&&ot.&irr a& *chis point, hence the f iret  
couple of lines arc nlfosing here&,$, :. 
because P zul having hi the morrling fos Iceland and I suspect 

Caiiente quadzangle. , In the'firi t  place, the' ieologic-map has 
: been completed. I simpact that it is time 'now for oomeone to 

go iato the'qaadrangle anddo the geology of the area. f had to 
rush in p ~ ~ i e s  in mapping Lha surrounding areas'at &e rate of 
2 to 6 ecp&re miles per day. IR some  places a littie more do'aiIed 
wopk might show up furthor features. However., 1 am  certain tbat 

, thc w i n  picturo i s  correct and that there are oufficiont detail0 
for the scale of our map. I did uot get 2 chance to make a geologic 
map af that one mine that you wanted done, Dick, up. north of 
Cerro Colondo. I suggest the posoibitity of further work in tho 
area would be very useful in the scuthern part of the area, a de- 
tatifled study d t& Abiquiu stratigraphy, south of Arroyo El Rfto, 
?%ora axe eeveral uncoxdorrnities and differerk lithic rock types 
to map, crosa tcds otudiee, etc., to give the.hietory of the 
Ab iy iu  doposition bra .  Thirdly, I had no opportunity to go back 
and try to Z Q ~  the metamorphic rocks. You will find on the goo- 
logic map number6 which are note numbers  concerning rock 
samples I collected, moat of them  orientod for potential petro- 
fabric studice that naybe some  eager type around  here would want 
to do anaer Pngereonts or Clabaugh'o eagle eyes. I'll try'to 2is- 
CUEB the quadrangle by regions and, &erefore, I hope 1 can record 

. . unexpurgated verntion of some of my ideas concerning the Ojo . 

. here all of the idea6 before  they fade away on mc., M y  copy of .my 
. . . .  map has yet to arrive from Socorro, so I am doing thio with a 
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.I.. . .  .. 
. .  . 

Central  Tranofer Area. - The central  Precambrian  area was  mapped 
by walking the  metarhyolite  and  amphibolite beds. These  marker bedo 
plus crossing 50me -of the  other units at occasional places gave m e  enough 
control to drag through  the  contact5  through the entire area, You wi l l  
notice &at 3 abbreviated the  symbol  system  on  the Hopewell eerie5 rockc 
by  leaving o g  the rqPC'i deeiguathn. ?hers ie 00 doggoned much data thad . 
i s  going to go into that little a rea  that I suspict that w e . a  hawe to u5e. . . .. 
simplidiffed nohtione  for  the  Precambrian rocka. Secohdly, I did not . 

bother to transfer any of the  dip and etrike data or other  structural data 
that WZE on the original  field sheet, by Jabns. I owpect that after the 
contacts are on and the  draftsman  picks Out some  representative dips 
snd. Eitrikeo the map Da going to be 80 confounded cluttered  already that 
it might be best either to refer the reader  to the  **on  file" copy or " 
posoibly even have that few square  miles  around  Cerro  Colorado ea- , 
lzrged anPI:pFbliahed in an enlarged scale am a separate inset map. 
The only real thing I noticed i n  f i e  Precambrian area was in  your note 
a m b e r  6'where  there was a conoiderable amouttt of cordierite and, 
I would p e s o ,  kyanite in the metasedimentary  rocks there. Otksrwioe 
5 tiilk the, grade of metamorphiom i o  conotant  along strike. Tbia may 
be a Local Ugh or law or something  and it 1s d e b i n  tke unit labeled 
"WX". The Ortega quartzite seeme to be uniformly within the . 
sil l imanite grade ae you ouggeeted, including the little  inclusion  on 
Corro Colorado, in  spite of what is shown on Coreyb  manueeript 
where he deocribeo the Ia Madera Mountains' material as kyanite. 
Tlie Ifttle red  Iinee in the Precambrian  area are pegmatitea; the blue 
onzo. quartz dikes, Sone cP these are 0nes that I added, OeiiccQ were 
just cimpky copies of tke one0 tfiat were  on  the  original  field map. ]In 
the northern part on Owl ClWe TtSa arc 'three nOteQ labeled "DFM", 
for D. Foster Kowett, which represents  samples of the travertine that 
I collected for  him. moos can obviously be ignored and deleted. The 
few pZzceo in the La Wadera Mountains I could by using  the  croso-bedo 
make absolutely  certain that the dip and @trike that I recorded  on the , ' 

map was right aide up or, convertsely, upoide down. In thooo pbccm I 
have marked littde arrow with a ttY't at.the end of it pointing in  the di- 
rection of younging of the bedn. I started a crude,nttempt  there, in 
otLer words, to unravel the hldlag in the quarteite. 1 didn't have time 

. . I  - . .  

. .  . .  

. .  

to do a decent job and probably there are many more @do than are 
ohm, E also get the impresoion .from the appearance of the porphyrytic , . .' 
phase of the rnotarhyolite that occupiae the corn of Cerro co&rado that .. .. 
i t  io  identical to the coaree porpbyrftPc'graaitee that I have in  my . L 

Brazoa. Peak (?) quadrangle and it i s  equivalent X believe to the por- I 
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mebarhyolites are perat the  orogeny rather than pre the Orogeny a8 
Barker ha0 inferred, or poosibly the porphyritic phaae is oimply 
.not metarbyolite ot all, but represents the tusas granite b e  has 

earlier mebrhyolites bad alao intruded. I am  just wondering, in 
ot%r woras, about our   in t rk ive  hEsEony here which might be tEe 
d i ~ l  answer. I thougkt of ME too late in the game and never hzd a y 
chance to go back and to field check any spote that might  be critical 

. to urnrave2iing the history. W e  pro'bably ought to discuss this with 
Barker, tw, but I have gotten a very  strong  fmpreseion that the 
porphyritic p h a e  at least i s  equivalent to Barker's (usaa granite 
and m y  rocks to the north which are nearly circular in  map plan; 
plutona that are obviously croao-cutting the earlier metasadimentary 

' come in as sil ls and bodies into the same  genbral area that the 

' .  materid@. 

Nortkaot Corner. - A tremen&uQ maze of faults can be oeen 
in  t f i io pari where i t  is weli exposed and they probably continue 

.:.. fart'zr  northeast  except that in the upper CaGon Seco there are 
very poor exrpsurss  and not much opportanity to delineate at all 
well. Tho 'sedimentary  structures  and  crow-bed@ are well expoaed 
in the ba6karrds in  the south half of Sectiono 5 and 6. The  Caliente . 
conglomoratc of this region is kind of a hybrid that is all compoocd 
05 q ~ 3 z t z i t 3  deb&,  deri;red-frorn the La Madera Mounkrfns and 
tkcreZoorc it is of many ages, much of it older,  some os it prcbably 
even.ycueger than the surrounding Sank Fe formatian.  In  plzccs 
ycu v~Ui  notice on the map that I have marked the indicagiion of the . 
nxxl&w terrace deposits sitting on  the  old high level terraces that 
are bcfwoen 60-68 feet  in elevation. 

" Eaol SPSe. - Sa& Fe in thte region is generally two segmanca. 
The Lower portion is fluvial and the upper is practically all oand 
dune deporsits and the cross-beds of the #and dunas almoae invariably 
dip in a nearly  eaoterly  direction  indicating the winds Ohen were . I  

pxacticaPSy conotantly westerlies during the time of formatiorn ~f 
these 6unes. One of the problems  along the flanka of the high meaa 
ezlorc i a  when are you looking at dunee Qf Sa& Fe age and  whm are 
yea b,oIGng at recent  c.bver of dunee ehaf are apparently forming to- 
day. Theere ie a tremeniloue%nnear of that Qpe of thing in that 
area. You WiEl notice also a Very short line indicating tbe approxi- 
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breccias,  agglomerates,  and  aaoorted  volcanic junk that represents to 

' channel. "bat material, ao you can see from the rlip and etrike data, . 
l a  strikingly unconformable on the  older Abiquiu that has been folded 
and  then maybe  possibly  even  faulted in a few  placee, P t  has been 

1- ed'fn this big channel area. It waa then filled with the volcanic 

. m e  a moving, flowing maas of volcanic material filling a giant 

?s 
( materid, probably io part fmtn G e r m  Negro, but also from the dikes , 

, that aze men cropping out in t h i s  region. So the stratigraphy  appcare 
to be W e  within the Abiquiu oequence he,re: a lower,  purplish  sand 
and silt (this ia best scion in the northeast  quarter of Section 28); tkese 
are oiretbin by a green  and brown. oandctone; then, there was an fn- 

uncodorrtaabiy across tho8er 'tho unit marked "Post-Tba". NOW, 

t k i ~  *Fmt-Tbaa" starts 4th brown sande and sa t e  that are really 
just a t u n  Power unft and they ere isnn4cdpstely overlain  again by 
pnr@?Plah colorad conglioxnerateo composed of volcanic material that 
i o  typical cf the hbiqdu of thinis area. East of tbe nofih-tren6hg 

:, , fault and ea6t of the outcmpped area of "Tba", the 9'tratilgrapMc 
.coLrornn i s  a little bit difkerent wherein it b e  a brown osndotcne that 
fia bohveen pnrpEoh colorad eirlts, sands, and conglomeratea. TUG 
brown oand unit fhinn antward  very rapidly, Tbe suggestion I 
make at t i c  momant io  thert.the uncodordty  on b p  of the brown 
unit i s  probably the same unconformlty as &e one on top of the "Tba". 
SGT~X of t l d o  area 1 wao mapping during a blindhg rain with tbe result 
Wt all of the major foahnreo are rig&, but that somebody probably 
ougM to check the a&rOlie dbrcctbno of corne of &e dip and strike data 
ahong oay,(-he middle of Section 35 and 34 in &at region south of 
ArrGyo El Sfto,. A lot of tho80 dip6 and otrikee were  eyeballed in 
Prom a d i o b ~ c ~  that gets the dip, amount,  and apprcdmte 3- 
receSorn mil pzt dorm tbe approximate .etrPIce just by eye One0 the 

. %'I% two major fa& ZOnoD that you can aee.here, the one 
that wouZii then pjse west of Cerro Negro and up around  Corro 
Colorado and the one Phon paaeee  into the Ojo Caliante  valley 
o@aren@y trend on to the 8oUthwest into .*e Medanalos q~adrangl8 
where they seem to be the equivalents sf &e big  cemented waplo of ' ' 

f m l t  material that are down there in the aouthern BO& of.that 
quaa;angPe. 

. ' t e rvd  of folang and erosion:  then i u s  vo1cad.c a c t ~ t y y ;  ad, &en, 
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the oection., . There  may be in pbces one or two thin beds,  esch a. , 

inter-bedded material in as just  part of the  transition zone, tken, .<. . . . . . .. . 
between the Abiquiu and the Santa Fe. In other  places,  there is a ;, 
very obrp ,  clearcut  break between Abiquiu lithology  and Sank Fe: 
Uth~logy. In particular the area weat of the  mrthern  part of Arroyo 
El Rito which i o  well ohown.there &re I have  the  contact draw. I 
have a good picture,  'incidentally, of tQmt area in the  northwest 
quarter of: Section 8,  Townshfip 24 N, Range 8 East, that  probably:. . ' 

fa the report, 

. .  few feet thick above that contact  line.  Selow it, I have left  all of the : .. . ... I. 
.i . . . : ...*.. 

.....2 ;:.. .-.> 
~ .: .. , 

.. . I 

, wo-dd be easily  converted  to black  and wdte  and be an illustration .. 

. .  . 
' >. Fadts. n Faults are  of at  least two agem within thie area. m e  

. .  

f a d e 6  that heals the  Precambrian, rnaay of them are  aloo pre- 
Caliente conglomerates. The best  exposure of that i e  in the new 
roadcuts oduth of the bridge in Section 1, nortb of Ojo Caliente,  where 

, metarhyoXte is bulted againrst the  quartz  micab€otite schists nnc! the 
' .'. fault i ta& itiboth crf tbese ernits is buried by a thin veneer  there of 

CaXente conglomerates. The other systems of faults are cbvioasly 
'post-Sank Fe and pre the high terracoo that a re  at leaot 400 feet 
above the present  stream level. ' Those terraces  are not faulted as 

Caiiente in Sections;, 5 and 6. 
, shown in  several  piaces, the beet one being up noptheaet of Ojo 

MisceZlaneous Items. - Now abut  the poasibility the oldest 
Ugh terraces a re  equivalent of the Ancha formation of,Balc?win? 

- 
You asked ma to bee what I could do wWa that  long  ridge norfh 

cf @err0 Colorado and whether I could pulp through  eome of the 
Prcczmbrian units there. 1 a m  convinced that &e ridge itoex fs  
c c n ~ p - ~ ~ d  of residual dctrktue that may, in part, have  been  Caliente ' 

conglomerates, but, anyway, it certainly has a mappable cap of 
ucconsdidated materials today. By fighting along tbat  steep back 
ohpa along  the hult eone, I found contacts of some of the Precambrian" 
unita there that crudely  coincide with the onea that we can trace eo well 
to the ea&. So, it fa, at leaet in  part now, brolcen down and sub- 
divided. 

.:.. .. 

. 
H gave the crolpa sectionti a brief looking over and ae far  as I can 

tiee they are all drawn correctly. 1 surrpect that they wilt  have to be 
redrafted  again to.fit the new o d e ;  maybe not redrafted, but at .least 
they  could probably photoaraphiallv.reduce thbrnb, $be new scale and ' ' . 

', .I 

. .  . .  
- .  

i 





TERTIARY AND QUATERNARY GEOLOGY 

OF THE TITSAS-TRES  PIEDRAS AREA, NEW MEXICO 

by 

Arthur P. But ler  , Jr. 
""" 

ABSTRACT 

The Tusas-Tres  Piedras  area, in nor th-cent ra l  New Mexico, is 40 
miles  long  and has an are@ 500 square miles. It includes a p a r t  of 

the  southeastern  extension of the  Sen Juan  Mountains of the  Southern 

Rocky Mountain  physiographic  province  and a p a r t  of the Rio Grande  de- 

pression,  a northward  extension of the  Basin and Range province. 

The main  problemsof the  Tertiary  geology  are : (1) the  age and 

r e l a t i o n s  of the  formations  that  are  continuous with and per iphera l  

to   the  compound volcanic dome of the  S a n  Juan  Mountains  and t h e i r   r e -  

la t ions   to   the   depos i t s ,   Santa  Fe and  Abiquiu  formations, of  t he   a l lu -  

v i a l   b a s i n s  of the  Rio Grande depression; and ( 2 )  the   pos i t ion  of the  

S a n  Juan peneplain with r e s p e c t   t o  th i s  sequence. 

The rocks of the  area were mostly  derived  from  local  volcanic 

centers .  They cons is t   l&gely  of s t ream-la id   depos i t s ,   de t r i ta l   aprons ,  

accumulated on the  borders of a r e a s   b u i l t  up by contemporaneous vul- 

canism.  In  addition,  they  also  include  minor amounts o f  tu f f ,   coarse  

pyroclast ic   rocks and lava.  The volcanic   rocks   a re   quar tz   l a t i t es ,  

rhyo l i t e s  and basa l t s .  

The  Cone jos format ion   (quar tz   l a t i t e )  and the  Treasure  PIountain 

formation  ( rhyol i te  and q u a r t z   l a t i t e )  of the   Potos i   se r ies  of the  San 
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Juan  region  extend  southward  without  lithologic  change  into the San 

Juan dome and  end i n  this area.  

The Los Pinos  formation,  here  redefined  and  subdivided, is 

separated f r o m  Treasure Mountain by a considerable   t ime  interval  but 

r e s t s  upon it  with  apparent  conformity. The Los Pinos i s  separated 

from  the  overlying  Hinsdale  basalts by an unconformity,  here  recog- 

n i zed   fo r   t he  f i r s t  time. In p a r t  of the  area it i s  d i v i s i b l e   i n t o  

members: the  Biscara  (new name) characterized  by  dark-colored quartz 

l a t i t e ;   t h e   E s q u i b e l  (new name) characterized  by  fragments of coarse ly  

p o r p h y r i t i c   q u a r t z   l a t i t e ,   t h e   J a r i t a  (new name), b a s a l t  f l o w s ;  and 

the  Cordito (new name) charac te r ized   pr inc ipa l ly  by l ight-colored 

porphyr i t ic   rhyol i te .  These ind iv idua l  and d i s t ingu i shab le   pa r t s ,   t he  

pyroc las t ic  and effusive  rocks i n  the  formation, and the   l i t ho log ic  

s i m i l a r i t y  of  coarse   de t r i ta l   beds   to   the   vo lcanic   rocks   ind ica te   tha t  

the  formation  originated  as  coalesced  aprons of detr i tus   about   centers  

of contemporary  eruption  rather than as  the  product of renewed erosion 

on  the  upl i f ted San  Juan dome as heretofore  thought. 

The Santa Fe formation of the  extreme  southern  part of the   a rea  

cons is t s  of sandstone  and  arkose  derived  from  the  erosion of  g r a n i t i c  

and  metamorphic  rocks. It i s  continuous with and s i m i l a r   t o   t h e   f o r -  

mation i n  i t s  type   loca l i ty .  The d i v i s i b i l i t y  of  t h e  Cos Pinos forma- 

t i o n  makes i t  p o s s i b l e   t o  show tha t   the   Santa  Fe i s  in   pa r t   equ iva len t  

t o  and i n   p a r t  younger than the  topmost member of the  Los Pinos. A s  

the  Santa Fe ranges in  age  from  upper Miocene t o  lower  Pliocene,  the 

Los Pinos is probably of Miocene rather  than  Pliocene  age.  Nost of 

the  Los Pinos is  equ iva len t   t o  much or  a l l  of the  Abiquiu. tuff of Smith. % < ' ~  
" .  . 

The Hinsdale   volcanic   ser ies   consis ts  of : (1) Cisneros (new 

name) basa l t ;  (2 )  Dorado (new name) basalt; ( 3 )  separated  volcanic  
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p i l e s   h e r e   r e f e r r e d   t o  as the  San  Antonio  andesite; and (4) the  Ser- 

v i l l e t a   fo rma t ion  (new name). The two older   basal ts ,   Cisneros  and 

Dorado, a re  somewhat discontinuous. They r e s t  unconformably on both 

the  Santa Fe and Los Pinos  formations. The ServilLeta  formation,  pre- 

v ious ly   r e f e r r ed   t o   a s   t he  New Mexico type  Hinsdale,  consists of b a s a l t  

and interbedded  gravel. It r e s t s  unconformably on the  older  basalts 

of the  Hinsdale  volcanic  series as wel l   as  on the  pre-Hinsdale  rocks, 

The formation i s  p a r t l y  an a l l u v i a l   d e p o s i t   f i l l i n g  a bas in  that  was 

induced  by  post-Santa  Fe,  probably  mid-Pliocene,  deformation. 

The Tertiary  rocks  are deformed  by gen t l e   ea s tward   t i l t i ng  and 

displaced on a group of r e l a t e d  normal faults. The t i l t i n g   r e f l e c t s  

u p l i f t  of the  San Juan Mountains on the  northwest and r e l a t i v e  de- 

press ion  of a basin  block on the   eas t .  The eas t e rn   s ide  of the  basin 

block i s  probably  strongly  downfaulted  against  the  Sangre de Cr is to  

range  twenty  miles t o   t h e   e a s t .  Most of the  faults of t he   a r ea   a r e  

of re la t ively  small   d isplacement  and f a l l  i n t o  two zones,  the  Tusas  and 

Val leci tos .  The Tusas f a u l t  zone trends  north-northwesterly f o r  the  

length  o f  the  area.  The 'main f a u l t s  that  t rend  with the  zone have a 

m a x i m  displacement of 1,200 f e e t .  Cross f a u l t s   t h a t   o f f s e t   t h e  main 

f a u l t s  have a lesser  displacement.  Movement  on t h e  main f au l t  of t h e  

Tusas f a u l t  zone occurred  twice. Movement  was i n i t i a t e d  af ter  the 

c lose  of Santa Fe deposit ion.   Erosion  then  destroyed most of the re- 

s u l t i n g   r e l i e f ,  and  formed a r e l a t i v e l y  smooth sur face  on which  the 

Dorado b a s a l t  of Hinsdale  age was erupted. This b a s a l t  was d is -  

placed by renewed movement  on t h e   f a u l t ,  

The  same evidence  proms  the  existence of a considerable   erosion 

i n t e r v a l  between the   c lose  of Santa Fe time  and  the  eruption of t h e  

Hinsdale  basalts.  This  pre-Hinsdale  erosion  surface i s  cut   across  

deformed Los Pinos  beds, i n  p a r t  below the   s t ra t igraphic   Pos i t ion  of the 

~~ 
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Jarita basalt.  in the  Grainage  basins of the Los Pinos  River and the Rio 

S a  Antonio. Subdued summit topography i n  o ther   par t s  of the   a rea  

and benching of the  pre-Canbrian  rocks a t   p o s i t i o n s   t h a t   a r e   s t r a t i -  

graphical ly   high in the  Los Pinos  are  probably  also  evidence of this 

eros ion   in te rva l .  It seems probable that the  S a n  Juan  peneplain  should 

be co r re l a t ed  with the  post-Los  Pinos and pos t -Swta  Fe sur face  on 

which  the  Hinsdale  basalts were  erupted. 

Three  and possibly  four  additional  sub-cycles of e ros ion   a re   re -  

presented  by  accordant   r idge  spurs   in   the Tusas  Valley. A s  this 

va l l ey  drains through  the Chama t o  the  Rio Gr&de, these   va l ley   s tages  

are  imperfectly  developed,  and  the same sequence  probably  cannot be 

established,  because  this  stream  reaches  the  Rio Grande across  the  top 

of the   res i s tan t   Hinsda le   basa l t s  of the  plateau.  

~~ 
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Central  Transfer Area, .L The central  Precambrian  area wae mapped 
by waWn3  the me9arhyoUte and  amphibolite bede. These  marker bade 
plus crowing Borne QP the other units at occasional places gave me enough 
control 40 drag though  the  contacts  througb the entire area. You w i l l  
notice t-Erat 3 cabbrevhted the symbol. syobm on the Hopewell ecriea  rocks 
by leaving off the ''PC" dealgnation, There ip eo doggoned much data that 
ir going (0 go into tbaE little area that I auegect that we.will have to uoe. . . 
simplif5ed notakione far the  Precambrian  rocks. SeccshaPy,' I did not 
botber to transfer aky of tbe dip and strike data OT otber  structural data 
that WaQ on the original  t$eld sheet, by Jahnu. I ouopect &.a% after the 
contacts are on  and %be draftsman plcke  ut some represenhtfve dip5 
and strikes tho map PB going to be BO confounded cluteex~d  already &at 
it might be benit either Po xefer the reader to the "on file1# copy or -. 
gosoibiy even have &at few @quare miles around Cerro Colorado en- 
larged and.;pqbli&ed l a  an  enlarged lrcale a# a eepamte inset map. 
Tb0 cdy r&al thing % noticed in the  Precambrian  area was in your note 
number  &where  there wae a considerable amount of cordierite and, 
P would guess, kyanite in the metaaedimentary rock0 there. Otberwioe 
I think the. grade of mebniorphlem Pe conatant along strike. TMe may 
be a h C d  Mgh or low or  something a d  it l e  within tbe udt labeled 
"QPX", The Ortega guarta;lite seems to be unUorm1y within th0 . 
5 U m a n i t o  grade ao  you suggested,  including the little  inclusion  on 
Gorro Colorado, in epite of wbat i6  ehown on Carey's mnuprclript 
where be domriben the La Madero Mountainev mataofal as kyanite. 
'Ehe Il&& red  finee in the Precambrian  area are pegmatitee; the blue 
ones, quartz dike@. Some of these a m  @ne@ that I added, others were 
just lrimply copies of the  ones that wore on the original  field'map. In 
the northern part on Wl Cliffa Tufa a& three notes  labeled 8'DFE'8, 
for D. F o e k r  RswePt, which represents  samples Q€ the Eravertlne that 
I collected for lab. Those can obviously be ignored  and deleted. The 
few piaces  in the La Mailera Mountain8 I c W d  by using the cxoas-bede 
make  absolutely  certain tlaat th0 dip and strike that I recorded on the , ' . , 

map was right side up or, converee1y8 upoPde dQWn. In thooe places I 
have marked little arrow wlth a "Y8',nt'th0 end of it pointing i n  the di- 
rection of younging opl the beds. I sbxted a crude atkempt thereo in 
other  words, to unravel the folding Pa the quaxE5fte. I dldn'e have time 
to Bo a decont job and  probably there are many more fd6s than are 
Q~OWXI, I also get  the impreemion from the appearance e€ the  porphyrytic 
phase of ehe ~~taapby~lite  that occupies the core of Cerro Cob,rtado that 
it  i# identical to the cwrm parpbyrifAc'graotte8 that I have in my 
Brazos Peak (?) quadrangle  and it i o  equivalent I believe to the por- 
pbyrttic phase of Barker's hwao graniter . Xf UJa i$, true, then our 
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metarhy01ftes are poet the  orogeny  rather than pre the orogany a# 
Barker ha0 inferred, ur psssiwy the porphyritic phage 95 aimply 
net metarhyolieo at all, bat  repreaente the Ousae granite that ha5 

come in a@ em8 and bQdiepr into the same general  area that the 
earliez metarhyolftea  had  ale0  intruded. I a m  just wondering, in 
Q t h r  words, .&bout our intrusaive bietcpry here which might be the 
final answer. I thougbt of W e  t ~ o  lata in the game ana never had a q 
chance to go back and to field check any  spots t h a e  might be critical . I 

. to unraveUng the bistory. We probably ought to diecas01 W s  WPOa 
Barker, too, but I have goteen a very strong impreaafon that the 
tpcrpbyritic p h w  at leaet i s  equivalent to Barker% Wsaa granite 
and m y  rocks to the north whieb are nearly circular ita map  plaa; 
plutono &at are obvious3y crootwcutting the earlier metaeredimenbry 

. . ,  . ,. ., .~ ~ . ::, > 
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Northeast  Corner.* A tremend~ue maze of fault&! can be seen 
in @5 gaxt where f t  fa well exposed and they probably  continue 
farther  northeast  except that in the uppor C a h n  Seco there are 
very poor expmurere sad not much cpportuaity to delineate a t   a l l  
well. The sedimentary  sEructures  and  cross-bode are well €!XpOQed 
in tho bajllanda in the south half rsf Sectione 5 and 6, The CaUeente 
congkxamrate Qf thDe region is kind of a hybrid tbat Pe a i l  compooed 
of qwrtzite debris, dorfvad-from the La Ma8era MomtaPne and 
therefare it i s  of many agcls. much of it older. gome of it probably 
even  younger than the  surrounding Santa Fe fcprmtion.  In places 
you wit1 notice en the snap ehat X b v e  marked the indication of: the . 
mudfiow terrace deposits. pitting on the ok13Ugh ievel terraces &hat 
are between 60-68 feet in elevation. 

- 



W a  notkce in places tbe santa Fe synabol having a llDr' at end of 
i t  iadfcaEing that i t  wa5 dune material, You will notiice also a new 
symbol  aU over the rnap, a little arrow and some auffiied letters 
aeeoclated with ie; thaee arrows'are all 'croee+bed$, the %" in&-. 
cate8 c r ~ ~ - b e d ,  .the "A" in Abiquliu lithology,  the rtDa indicatilng 
duns Wholopy and. I think that is all, at least aU. that X can tbink of . 
rigbt now, X t  baa a aone of cemented beds that may actually be a 
.stratlgrapMc.zone Usat 0utcropo in-a pretty h e a r  pattern, but any- 
way there i s  a suggestion by the c0men6iltXon to M a  particular area 
of a fault, as &own by %e dotted line and the question-maiked word 

wyitten  along it. Xt may bo better to leave it out completely. 
TBe terrace cap of the me6a h a  pumice and tdfaceoua sands in the 
lower P/3 of it 4n ' (ha. eouthwestern part, mostly in  the northeast 
quarter of Section 19, The notes on the grO56j stratigraphy of the 
terrace cap i n  thst area is ehown on .the map,. TMe.pumic& macerial 
bat3 left a (Secretary% WE& the tape waer not clear at this point  and 
I believe fiere i s  ip pbmao left o&). , , , bag from both of the two outcrop 
areas sampled, only the sample id6  hs.godd pumice €ragmen&. I 
wond.er if they are from the great Jeazeg caldera., (See.. Note: a . 3 
phrase €8 mfESing hare). . e .  :also have come from No Agua Mountaia 
which I s  north of Trert Piedra@ which i s  the onty other Iocnlnty that 
%know of that has'purnice and,rhyolitiic material of chat late gea- , . 
lcpgic age, Anyway, it adat? a little spot €ox study,. reoearah and 
correlation and w0 ca6 have .a grand time with it or.,ignore it. 

. .  
Sotztbeast ComerI .I The 8outhaast.corner was quite kruQ$raf$ng 

because there fa a recent dune cover over everything and therefore 
ArEualPy  nothing to see. Arroyo Gavilaa has a tremendously d t  
$and  bottom, 80 P doubt pf it would be paesrabki for even PI four-wheel 
ddve vehicle, Tho croee-bed8 in the Abiqdu famation in the SQUfi- 

saat and castera belt, a6 you can 6063, are generally eou& to eouth- 
west, QIzkte a contraet ta the croeca-befie aver in the we$tern side 
of the area  wach  gemrally trend faQIat$ to southeast, It may be that 
these reprecent  streams that were.coming from, the north.becauae 
the Abiquiu ipJ 'equivalent to the .Cordit0 member of the Los Pinoe 
z?ormatlon and'that must have been derived from, the north, EO them 
otroarns t b ,n  were probably filling the fans i n  armad Corro Colorado 
accauntkng for a croaer-bed preference ,sIig.htly toward  tha center of 
the map area instead of straight due 8,ouEh. :, It i e  poseible to drive: 
to the.ol8 abinclrPnidwindmW shorn, just south of Asroyo Gavilan 
ovei by &e easlt comer af the.map,, ,,I dan'r; think you C O U M  cram 
tbe arioyo and drive on noaward and geE in.any.claaer to the 
terrace mesa 'in that. port3on. ~  yo^ can'fget 0a.b the bigh ~ w Q O  from 
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the east aide became of a contfnuoue fence. JcidentaUy,  about a 
half mille east off the 8 h ~ t  ie a high &&to$@$ basalt capped peak 
that ier a very intriguing looking thing. Even though I walked on the. 
east and south flanks where  eand?@ae&  tuffaceous aands, and vol- 
canic  bearing  conglomerates, are $oud in nice bedded b y e r a  that 
are dipping inward &d& tlho'c~p, with the'cap ftoelf of,a'baaalt, . ' ' 
the likes OS which P don't reccjgnize'becauee it i o  noi at ail like the" ,' 
Mnsdaae  flows a t  fo& t 1 ~ 0 . b ~  mesa cap a few'miles farther 'to , 
the tier& and eaot.- Those Bow8 are'quite-coarer 
laolocrye&gP;1ine. The basalt capping th0 little p? 
grained and!dsnae and an olivine basalt. 'it may q, 
other &arid, it may  aimply be . .  outlying remn;rn&' . .  
known, ae yet, iou& area, 

. _  

. .  
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Nor~weet corner  and  weit side. - T M ~  t i  one of a e  m ~ ~ t  

monotonow areas in the entire quadrangle--praclE8c~~ly no ex- 
pomarw, most of it appears ts bs not dnly of Santa Fer but of dune 
typo Snnb Fe,' The'upper  surfacai oP the l m g  riagei are probably . 
graded, but $hare is no real harmony to them today bacauae o€ the 
later erbsioa. There i e  P thin gravel  veneei oa eo& 'd k t  and the 
gravbl itself suggested that it was ie t  down from the originaL 
terrace  surfaces, The 'fault noxth of State 96 is well located in a 
fOw places 86  indicated Igr'.irlrt.tuaxPy a''s@lid line, 'the rest of it i o :  . 
daohed bscauae QZ it& apprcPx9mate location, The ault must die 
OM' very shortly south cpf the highway, although  tbe exact spat I 
don't know. The expomure@, again, are kfnd of poor! Incidentally, 
abwt a 100 yards west of the'northweetrcoiner, gding out tlaat . . .. 
little eminmy  roid that 'tabweup on the map i s  a tremcndsrue out- 
crop of IPPecambrfan'q~rtzite, . just barely missed the map, for-, 
tunatdy, or we wopild have had another glop of c,dor up there, 
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breccia@,  agglomerates, and asoortefl volcanic junk that represents to 
m0 a Pasvhg, flowing mass of volcanic material filling a giant 
channel. "hat material, a o  you can see from the (lip and etsike dah, 
i o  8trikingly unconformable on the older Abiquiu that has been Pokled 
and &en maybe  posoibly even faulted in a few placee. PE has beea e W e  b€g channel area, It 'cvaa then filled with the volcanic 
materid, probably $n part from Cerro Negro,  but also from the ddkeE 
that are men cropping out in &is region, So the stratigraphy  appear# 
to be U s  within the Abiqtxiu sequence &e,re: a l[~wer, purplish sand 
and silt (this fa best aeon in the northease quarter of Section 28); these 
are overlain by a green and  brown  %andratone; then, there wae an in- 
terval of folding and erosion:  then thia volcanic activity; and. &en, 
unconformably acrom thoee, 'the unit marketd ttPost-Tbatt. Now, 
thi8 *'P~rp&-Tb** E&let@ 4th brown eanas ana sirea that are really 
j U P t  a tun Power unit  and they are immediately overlain again by 
purplish colored conglomeraterp  compoaed of wlcanic materSaB that 
i s  typical af &he Abiquiu ef this area. East of tke nez+$h-trending 
fault and eabt of the outcmpped area of t~Tbatt, the $traWgrapUc 
column Be a little bit different wherein i t  hire a brown sandstone that 
t s  between purplish colored eUte, %alncfa, and cong1:lomeratcs. Thio 
brown sand unit thin@ eaetward very rapidly, "'he auggestian I 
make ae the moment ita &at tbe unconformfty on top sf the brom 
unit ie probably the 5ame UnconformPty as &e on0 on top at the *'Tbal', 
Some3 ed this area I warn mapping during a blindtng rain with tho resrulle 
Usat all of the major faaturea are right, but that aomebdy probably 
ought t~ check Eh0 atrirse directlcme, of some rpk the dip and strike data 
along say &e middle ~f Sectbn 35 and 34 On that xegim rpoutb of 
Arroyo El Rita, A lot of those, &pa and %trPlceu were eyeballed in 
front a dk~tancs Chat gets the dip, amount,, and apprwdwte do- 
rection and put ctown the approximate strike just by eye onto the 
map. The two major fault eonee that you can see.here, the o w  
that would then w e e  west of CerrQ Negm and up around Csrrs 
Colorado and the one  then paasel, into &e O ~ O  CaUente valley 
apparently Crena on to the eouthwest into the Medanalee quadrangle 
where they eeem to ba ebe equQvalents sf &e big cemented waU5 of 
fault materfal &at are dawn there in the southern  part of. t h e  
quadrangle. 
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