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Data de picte d on this ge ologic m ap are  base d on fie ld ge ologic  
m apping, com pilation of publishe d w ork, and photoge ologic  
inte rpre tation. L ocations of contacts are  not surve ye d, but are   
plotte d by inte rpre tation of the  position of a give n contact  
onto a topographic base  m ap; the re fore , the  accuracy of contact  
locations de pe nds on the  scale  of m apping and the  inte rpre tation of  
the  ge ologists involve d. 
 
T he  vie w s and conclusions containe d in this docum e nt are  those  of the   
author and should not be  inte rpre te d as ne ce ssarily re pre se nting the   
official policie s, e ithe r e xpre sse d or im plie d, of the  S tate  of N e w   
M e xico, or the  U .S . G ove rnm e nt.  R e fe re nce  to any spe cific com m e rcial  
product, proce ss, or se rvice  by trade  nam e , trade m ark, m anufacture r,  
or othe rw ise  doe s not constitute  or im ply its e ndorse m e nt,re com m e ndation,  
or favoring by the  T he  S tate  of N e w  M e xico or any age ncy the re of. 
 
Cross-se ctions are  constructe d base d upon the  inte rpre tations of the   
author m ade  from  ge ologic m apping and subsurface  (drillhole )  
data. Cross-se ctions should be  use d as an aid to unde rstanding the   
ge ne ral ge ologic fram e w ork of the  m ap are a, and not be  the  sole  source   
of inform ation for use  in locating or de signing w e lls, buildings, roads,  
or othe r m an-m ade  structure s. 

U S G S  M ap I-1775
U S G S  M ap I-1895R aw ling

S ource s of Data

q¸

E xplanation of m ap sym bols

pale ocurre nt m e asure d from  clast im brication, show ing tre nd
plane  of m appe d fault, show ing dip and dip dire ction

e utaxitic foliation in tuff, show ing dip and dip dire ction

î

045

S 60-045

20-045¦

incline d joint, show ing dip and dip dire ctionÂ80-045

ce rtain contact: e xpose d

ve rtical be dding, show ing strike135v

incline d be dding, show ing dip and dip dire ction10-045o

ve rtical joint, show ing strikeÄ135

e horizontal be dding

ce rtain contact: inte rm ittantly e xpose d and/or obscure d

probable  contact: inte rm ittantly e xpose d and/or obscure d
probable  contact: e xpose d

landslide  he adscarp: inte rm ittantly e xpose d and/or obscure d
? ? ? probable  landslide  he adscarp: inte rm ittantly e xpose d and/or obscure d

sm all fault, show ing dip and dip dire ction, w ith 
   slicke nline , show ing tre nd and plunge

äj72-303
252-62

probable  fault, dashe d w he re  inte rm ittantly e xpose d and/or 
   obscure d, dotte d w he re  conce ale d

fault decorations indicating sense of movement

#: dip-slip m ove m e nt, bar and ball on dow nthrow n side

unce rtain fault, dashe d w he re  inte rm ittantly e xpose d and/or
   obscure d, dotte d w he re  conce ale d? ? ?

dip-slip m ove m e nt on conce ale d fault, U  and D indicate  upthrow n
   and dow nthrow n side s, re spe ctive lyD U

& $ ?

?

de xtral and sinistral strike -slip m ove m e nt, re spe ctive ly;
   que rie d w he re  unce rtain

? te rm ination of fault is unce rtain
ce rtain anticline : inte rm ittantly e xpose d and/or obscure d

ce rtain fault, solid w he re  e xpose d, dashe d w he re  
   inte rm ittantly e xpose d and/or obscure d, dotte d 
   w he re  conce ale d

probable  anticline : dashe d w he re  inte rm ittantly e xpose d
   and/or obscure d, dotte d w he re  conce ale d. Arrow he ad 
   show s plunge

ce rtain syncline : dashe d w he re  inte rm ittantly e xpose d
   and/or obscure d, dotte d w he re  conce ale d

probable  syncline : dashe d w he re  inte rm ittantly e xpose d
   and/or obscure d, dotte d w he re  conce ale d. Arrow he ad 
   show s plunge

F

F F

M M

M M

quadrangle  boundary
cross se ction line

Anth ropog enic  Deposits 
af - Artificial fill for stock tanks and highw ay e m bankm e nts. 
daf - He avily disturbe d land and artificial fill. M appe d w he re  e xte nsive , unde rlying de posits are  obscure d, and/or ge om orphic 

surface s are  e xte nsive ly alte re d. 
 

Q uaternary and Tertiary Surfic ial Deposits 
Q Ha - Alluvium  (Holoc ene to Historic ) – U nlithifie d grave l and poorly to m ode rate ly sorte d clay, silt, sand in active  stre am  

channe ls and e phe m e ral arroyos. G e ne rally incise d into Q vf and te rrace  de posits. Only m appe d w he re  e xte nsive ; unit is 
othe rw ise  lum pe d w ith Q vf. T hickne ss: 0 to 4 (?) m e te rs. 

 
Q vf - Valley fill (upper Pleistoc ene to Holoc ene) -  U nlithifie d valle y fill com pose d of poorly sorte d clay, silt, and sand, 

com m only w ith angular to subrounde d cobble s of local be drock. M atrix m ate rial is light to dark brow n. G rade s into m inor 
alluvial and colluvial fans on toe s of hillslope s. Anthropoge nic disturbance  is com m on in de ve lope d are as. G e ne rally incise d 
by active  drainage s, floore d by sand and cobble  to boulde r grave l of  Q Ha. T hickne ss: 0 to 12 (?) m e te rs 

 
Q af – Alluvial fan deposits (m iddle to upper Pleistoc ene) – Alluvial fans com pose d of poorly sorte d cobble s, boulde rs, sand, 

silt, and clay. Fans he ad in short, ste e p tributary canyons and inte rfinge r w ith and/or spre ad out onto Q vf and te rrace  
de posits. S tabilize d by ve ge tation and appare ntly no longe r active , and locally incise d by drainage s floore d w ith Q Ha. Only 
m appe d along m ajor drainage s w he re  ge om orphic e xpre ssion is cle ar on ae rial photos. T hickne ss: 0 to 8 (?) m e te rs.  

 
Q c  – Colluvium  (lower to upper Pleistoc ene) - U nlithifie d valle y m argin de posits com pose d of poorly sorte d clay, silt, and sand, 

w ith abundant angular to subrounde d cobble s and boulde rs of S an Andre s lim e stone . Cobble s and boulde rs are  m uch m ore  
abundant than in unit Q vf. U nit m antle s Ye so Form ation and Q uate rnary stre am  grave ls (Q g ) at the  toe s of ste e p slope s on 
the  south side  of the  R io R uidoso valle y in the  R uidoso Dow ns quadrangle . T hickne ss: 0 to10 (?) m e te rs. 

 
Q ls – Landslide deposits (lower to m iddle (?) Pleistoc ene) - L andslide  and colluvium  com ple xe s. De posits on ste e p slope s 

northe ast of Palo Ve rde  Canyon in the  R uidoso Dow ns quadrangle  are  com pose d of poorly sorte d angular to subrounde d 
blocks of S an Andre s lim e stone  som e  of w hich are  back-rotate d tow ards the  cliff. De bris obscure s the  S an Andre s Form ation 
– Ye so Form ation contact, and scatte re d Ye so outcrops are  pre se nt. De posits on the  ste e p north slope  of Dude  M e sa in the  
R uidoso quadrangle  are  com pose d of poorly sorte d angular blocks of S an Andre s lim e stone  som e  of w hich are  back-rotate d 
tow ards the  slope  at the  he ad of the  slide . T he  toe  is cut by R io R uidoso te rrace s. De posits in the  “R anche s of S onte rra” are a 
of the  Fort S tanton quadrangle  are  com pose d of M ancos shale  and scatte re d blocks of M e sa Ve rde  group sandstone  w ith 
ste e p and varie d dips. G rave ls of the  R io Bonito are  locally m ixe d w ith the  landslide  de bris at the  slide  toe . T hickne ss: 0 to 60 
m e te rs (R uidoso Dow ns and Fort S tanton quadrangle s); 0 to 30 (?) m e te rs (R uidoso quadrangle ). 

 
Rio Bonito terrac e deposits  (Q b t1, 2, 3, 4) - W ithin the  Fort S tanton quadrangle  the  R io Bonito crosse s a prom ine nt diorite  sill 

just w e st of the  Fort S tanton R e cre ation Are a boundary, form ing a w ate rfall. T e rrace s w ith sim ilar re lative  ge om orphic 
positions upstre am  and dow nstre am  of this knickpoint m ay not be  dire ctly corre late d, although the y are  ide ntifie d as such on 
the  m ap. 

Q b t4 – Lowest terrac e deposit of Rio Bonito (Holoc ene) –  Poorly to w e ll-sorte d alluvial de posits com pose d of inte rstratifie d 
fine  to coarse  tan sand and sandy cobble  to boulde r grave l. De posit is approxim ate ly at grade  of the  R io Bonito and ge ne rally 
only pre se nt w ithin sm all m e ande r be nds of the  active  stre am  channe l. L arge ly m appe d from  ae rial photographs. T hickne ss: 0 
to 2 (?) m e te rs. 

 
Q b t3 – Interm ediate terrac e deposit of Rio Bonito (Upperm ost Pleistoc ene to Holoc ene) –  Poorly to w e ll-sorte d alluvial 

de posits com pose d of inte rstratifie d fine  to coarse  tan sand and sandy cobble  to boulde r grave l. De posit is sim ilar to Q b t4 in 
ge om orphic appe arance  and ve ge tative  cove r but has a te rrace  tre ad above  stre am  grade .  L arge ly m appe d from  ae rial 
photographs. T hickne ss: 0 to 3 (?) m e te rs. 

 
Q b t2 – Interm ediate terrac e deposit of Rio Bonito (Upper Pleistoc ene) –  Poorly to w e ll-sorte d alluvial de posits com pose d of 

inte rstratifie d fine  to coarse  tan sand and sandy cobble  to boulde r grave l. De posit form s a te rrace  w hose  tre ad is ge ne rally 
pre se rve d and is 3 – 4  m e te rs above  pre se nt stre am  grade . Dow nstre am  (e ast) of the  diorite  sill w hich crosse s the  R io Bonito 
w e st of the  Fort S tanton R e cre ation Are a the  te rrace  is in part a strath te rrace  w ith discontinuous be drock e xposure s along 
the  te rrace  rise r. L arge ly m appe d from  ae rial photographs. T hickne ss: 0 to 4 m e te rs. 

 
Q b t1 – Hig h est terrac e deposit of Rio Bonito (Middle Pleistoc ene) - Poorly to w e ll-sorte d alluvial de posits com pose d of 

inte rstratifie d fine  to coarse  tan sand and sandy grave l of rounde d cobble s and boulde rs. De posit form s a te rrace  w hose  tre ad 
is ge ne rally disse cte d and is 5 – 10 m e te rs above  pre se nt stre am  grade . Dow nstre am  (e ast) of the  diorite  sill w hich crosse s 
the  R io Bonito w e st of the  Fort S tanton R e cre ation Are a the  te rrace  is in part a strath te rrace  w ith discontinuous be drock 
e xposure s along the  te rrace  rise r. G rade s into and/or is locally ove rlappe d by hillslope  colluvium . L arge ly m appe d from  ae rial 
photographs. T hickne ss: 0 to 6 (?) m e te rs. 

 
Eag le Creek terrac e deposits (Q et1, 2) 
 
Q et2 – Lower terrac e deposit of Eag le Creek (Holoc ene) – Poorly to w e ll-sorte d alluvial de posits com pose d of inte rstratifie d 

fine  to coarse  tan sand and sandy cobble  to boulde r grave l. De posit form s a te rrace  w hose  tre ad is ge ne rally pre se rve d and is 
w ithin a m e te r of pre se nt stre am  grade . Be com e s indistinguishable  from  Q et1 approxim ate ly 2 m ile s e ast of the  w e ste rn e dge  
of the  Fort S tanton quadrangle ; stre am  de posits in the  E agle  Cre e k drainage  to the  e ast are  the n m appe d as Q vf. L arge ly 
m appe d from  ae rial photographs. T hickne ss: 0 to 3 m e te rs. 

 
Q et1 – Upper terrac e deposit of Eag le Creek (upper Pleistoc ene) - Poorly sorte d  alluvial de posits com pose d of inte rstratifie d 

fine  to coarse  sand and sandy grave l of rounde d cobble s and boulde rs. De posit form s a te rrace  w hose  tre ad is pre se rve d and 
is 3 – 4 m e te rs above  pre se nt stre am  grade . Be com e s indistinguishable  from  Q et2 approxim ate ly 2 m ile s e ast of the  w e ste rn 
e dge  of the  quadrangle ; stre am  de posits in the  E agle  Cre e k drainage  to the  e ast are  the n m appe d as Q vf. L arge ly m appe d 
from  ae rial photographs. T hickne ss: 0 to 5 (?) m e te rs. 

 
Rio Ruidoso Terrac e deposits (Q rt1, 2, 3) 
Q rt3 - Lowest terrac e deposit of Rio Ruidoso (Holoc ene) - Poorly to m ode rate ly sorte d  alluvial de posits com pose d of 

inte rstratifie d fine  to coarse  sand and sandy cobble  to boulde r grave l. Clasts are  rounde d intrusive  and volcanic igne ous rocks 
w ith le sse r lim e stone  and sandstone . De posit form s the  active  floodplain of the  R io R uidoso and its surface  is w ithin a fe w  
m e te rs of pre se nt stre am  grade . L arge ly m appe d from  ae rial photographs. T hickne ss: 0 to 5 (?) m e te rs. 

 
Q rt2 – Middle terrac e deposit of Rio Ruidoso (upper Pleistoc ene) - Poorly to  m ode rate ly sorte d  alluvial de posits com pose d 

of inte rstratifie d fine  to coarse  sand and sandy cobble  to boulde r grave l. Clasts are  rounde d intrusive  and volcanic igne ous 
rocks w ith le sse r lim e stone  and sandstone . Form s discontinuous re m nants be tw e e n units Q rt3 and Q rt1. De posit form s a 
te rrace  w hose  tre ad is 5 - 6 m e te rs above  pre se nt stre am  grade , disse cte d, and ge ne rally affe cte d by hum an disturbance . 
L arge ly m appe d from  ae rial photographs. T hickne ss: 0 to 6 (?) m e te rs. 

 
Q rt1 – Hig h est terrac e deposit of Rio Ruidoso (m iddle Pleistoc ene) - Poorly to  m ode rate ly sorte d alluvial de posits com pose d 

of inte rstratifie d fine  to coarse  sand and sandy cobble  to boulde r grave l. Clasts are  rounde d intrusive  and volcanic igne ous 
rocks w ith le sse r lim e stone  and sandstone . T he  surface  of the  de posit form s a te rrace  tre ad 12-15 m e te rs above  pre se nt 
stre am  grade , w hich is variably e rode d, and strongly affe cte d by hum an disturbance . L arge ly m appe d from  ae rial 
photographs. T hickne ss: 0 to 10 (?) m e te rs. 

 
Q g   – Stream  g ravel deposits (lower (?) to m iddle Pleistoc ene) - M ode rate ly lithifie d, crude ly be dde d pe bble  to boulde r grave l 

in G avilan Canyon. Approxim ate ly 45 m e te rs low e r in e le vation than Q Tg  de posits. Poorly e xpose d, but appe ars to have  
sm alle r, m ore  angular, and le ss w e athe re d clasts than Q Tg . Postdate s incision of m ode rn drainage s. Corre late d by M oore  e t 
al (1988a) to the  Palom as grave l of the  T ularosa basin. T hickne ss: 0 to 20 (?) m e te rs.  

 
Tg  – Pedim ent g ravel deposits (Mioc ene to Plioc ene) – M ode rate ly lithifie d, crude ly be dde d pe bble  to boulde r grave l w ith 

re ddish claye y sand m atrix and local le nse s of sand and sandy clay. L arge st boulde rs in de posits w ithin the  Angus and Fort 
S tanton quadrangle s are  80 cm  in diam e te r. De posits on G rindstone  M e sa in the  R uidoso quadrangle  include  clasts up to 4 m  
in diam e te r. Clasts are  > 90 % S ie rra Blanca volcanic rocks and associate d intrusive  igne ous rocks. Clasts on surface  of 
de posit are  he avily w e athe re d and fracture d. S urface  is partly strippe d. Contains stage  III to III+ carbonate  soil ne ar surface  
and local strong carbonate  buildup (e quivale nt to stage  IV carbonate  soil de ve lopm e nt) at base  of unit. R oadcuts in the  
S onte rra R anch are a e xpose  irre gular ble bs and le nse s of subsurface  carbonate  ce m e ntation, possibly de posite d by 
groundw ate r. E xte nsive  dow nslope  colluvium  m ake s ide ntification of the  base  of unit difficult w he re  not e xpose d in roadcuts.  
Caps hills and form s broad flat m e sas and pre date s the  incision of m ode rn drainage s. Base  of unit slope s e ast at 100 to 130 
fe e t pe r m ile , w ith the  slope  de cre asing to the  e ast. Corre late d by Ke lle y (1971) to the  Ogallala Form ation. T hickne ss: 0 to 40 
(?) m e te rs. 

 
Cenozoic  Ig neous Roc ks 

 
Tb s – Bonito Stoc k (upper Olig oc ene, 26.6 Ma) – L ight purple  to gray porphyritic- phane ritic sye nite . R ock is dom inantly  

potassium  fe ldspar w ith 10 to 15 % hornble nde  and biotite  and < 5% quartz. Propylitic alte ration of m afic m ine rals to chlorite  
and e pidote  is com m on. Intrusive  contact in M ine ral Farm s Canyon e xhibits dike le ts and apophyse s of purple  sye nite  w ith 
aphanitic cooling rind in dark gre y aphanitic ande site  of Tdsc . E xte nsive  ble aching and silicification due  to hydrothe rm al 
alte ration is com m on along northe rn m argin w ith Tsv. R e m ainde r of m argin is ofte n m arke d by a variably ble ache d and iron-
staine d borde r facie s of grayish-lave nde r aphanitic-porphyritic or ve ry fine -graine d phane ritic porphyritic sye nite . S outhw e st of 
Villa M adonna the  sye nite  grade s into gre e nish gray m onzonite  w ith m ore  plagioclase  than potassium  fe ldspar and e xte nsive  
alte ration of m afic m ine rals to chlorite . (Age  is K-Ar from  T hom pson, 1972). T hickne ss: Base  and top not e xpose d; > 1200 
m e te rs (?). 

 
Tad – Andesite/diorite and assoc iated roc ks (Olig oc ene) - Aphanitic to ve ry fine -graine d phane ritic or phane ritic-porphyritic 

dike  rocks. G e ne rally dark gray on fre sh surface  and brow n to black on w e athe re d surface s. W he n phane ritic, ofte n has a “salt 
and pe ppe r” appe arance  due  to fine -graine d e quigranular w hite  fe ldspar and black to brow n augite  (?). Phe nocrysts include  
augite , hornble nde , and tabular inte rm e diate  (?) plagioclase . T abular plagioclase  phe nocrysts are  up to 4 cm  in diam e te r and 
are  usually aligne d w ith the  dike  m argins. T hickne ss: dike s are  < 1 up to 5 m e te rs w ide . 

 
Tm l – Monzonite/latite and assoc iated roc ks (Olig oc ene) – T an to brow n aphanitic to ve ry fine -graine d phane ritic igne ous 

rocks form ing dike s, sills and irre gular intrusive  m asse s. Also form s a sm all dom e  or laccolith in the  northe ast corne r of the  
Fort S tanton quadrangle . T ypically com pose d of approxim ate ly e qual am ounts of w hite  fe ldspar and tan to brow n m afic 
m ine rals w ith little  or no quartz. Fe ldspar is large ly inte rm e diate  (?) plagioclase  w ith le sse r am ounts of potassium  fe ldspar and 
form s a fe lte d ne tw ork of inte rlocking crystals. Include s rocks ranging from  sye nite  to diorite  in com position. T hickne ss: dike s 
are  < 1 to 5 m e te rs w ide ; base  and top of large r igne ous m asse s and the  laccolith are  not e xpose d. 

 
Tc d – Diorite of Ch am p Hill (Olig oc ene) -  Dark gray to grayish-brow n fine -graine d phane ritic diorite  w ith 10-15% phe nocrysts of 

augite . Form s an irre gular pluton unde rlying Cham p Hill and m uch of the  surrounding are a e ast of N M  48 in the  north-ce ntral 
portion of the  m appe d are a. S ubcrop and float of this rock and sim ilar rocks w ith m ore  or fe w e r phe nocrysts of augite  and 
plagioclase  and variable  phe nocryst size  cove r a large  are a w ith inlie rs or xe noliths of M e sa Ve rde  sandstone . Probably a 
stock (form ing Cham p Hill) and associate d dike s and sills. Float of sim ilar rocks from  dike s and sills is com m on in the  northe rn 
half of the  m appe d are a. T hickne ss: dike s are  < 1 to 5 m e te rs w ide ; base  and top of Cham p Hill pluton not e xpose d. 

 
Td – Diorite and assoc iated roc ks (Olig oc ene) – W ithin the  Angus quadrangle , a shallow  subvolcanic sill or non-ve sicular flow  

concordant w ith ove r- and unde rlying Tsv flow  bre ccias. M e dium  to dark gray aphanitic to ve ry fine -graine d phane ritic m atrix 
w ith 10 – 45% plagioclase  phe nocrysts from  <1 to 4 ce ntim e te rs in le ngth and 5 – 7% augite  phe nocrysts ge ne rally le ss than 
1 cm  in le ngth.  Plagioclase  phe nocrysts are  ofte n aligne d horizontally or groupe d in radial rose tte s. W ithin the  R uidoso 
Dow ns quadrangle , light to dark brow n ve ry fine -graine d phane ritic to phane ritic-porphyritic sills and sm all stocks. Phe nocrysts 
include  augite , hornble nde  and tabular inte rm e diate  (?) plagioclase . T abular plagioclase  phe nocrysts are  up to 4 cm  in 
diam e te r and are  usually aligne d w ith the  dike  m argins. Include s rocks ranging from  diorite  to the ralite  and gabbro in 
com position. T hickne ss: S ill in Angus quadrangle  is ~ 90 m e te rs thick; in the  R uidoso Dow ns quadrangle , dike s are  < 1 up to 
5 m e te rs w ide  and the  sill in Johnson Canyon is > 75 m e te rs thick. 

 
Tsv – Sierra Blanc a volc anic  roc ks (upper Eoc ene to Olig oc ene) - W alke r ande site  bre ccia of T hom pson (1972). Inte rbe dde d 

dark purple , purplish-re d, re d, and light to dark gray and gray –gre e n volcanic flow  bre ccias, volcanic de bris flow s, shallow  
intrusive  sills, lahars, and volcaniclastic se dim e ntary rocks from  the  S ie rra Blanca volcanic ce nte r. R ocks are  ge ne rally alkalic 
and range  from  m afic (te phrite , phonote phrite , trachybasalt) to inte rm e diate  (ande site  and latite ) to fe lsic (rhyolite , trachyte , 
phonolite ) in com position. Flow  bre ccias are  dom inant and consist of varicolore d angular to subrounde d clasts of volcanic and 
le sse r intrusive  rocks in a purple  or purplish-gray fine -graine d m atrix. M atrix is ofte n propylitically alte re d. Clast population 
m ay be  m onolithologic or varie d. Outcrops are  m assive  to crude ly be dde d and individual flow  units are  ge ne rally 2 to 3 m e te rs 
thick. S hallow  intrusive  sills are  light to dark gray and aphanitic. L ahar de posits and volcaniclastic se dim e ntary rocks are  re d 
to purple  m uddy sandstone s to conglom e rate s w ith variably de ve lope d be dding and sorting. S andstone s are  w e ll-be dde d,  
ofte n w ith fining-upw ard grade d be ds le ss than 0.5 cm  thick. N atural e xposure s of all units are  poor and individual units are  
not late rally trace able . G ood e xposure s are  in roadcuts on N M  532 and display inte rbe dde d volcanic and volcaniclastic units 
folde d into 50 to 100 m e te r w ave le ngth syncline s and anticline s, probably due  to faulting and forcible  intrusion of num e rous 
dike s and sills. T hickne ss: > 250 m e te rs. 

 
Tdsc  – Dike and sill c om plex (Olig oc ene) –  Are a northe ast of the  Bonito S tock  in the  Angus quadrangle  characte rize d by float 

of a w ide  varie ty of inte rm e diate  and fe lsic igne ous rocks including ande site , diorite , m onzonite , and latite , but ve ry sparse  
outcrop. Appe ars to be  > 90% igne ous rocks. N o outcrop or float of Bonito S tock, or te xture s indicative  of flow  bre ccias, lava 
flow s, or tuffs. Fie ld re lations sugge st that fe lsic rocks such as m onzonite  are  m ore  com m on as irre gular, discordant m asse s, 
w he re as inte rm e diate  rocks such as diorite  are  m ore  com m on as dike s and sills. Isolate d subcrop on hilltop w e st of M ills 
Canyon of w hite  to tan quartz sandstone  is e ithe r M e sa Ve rde  group sandstone  or contact m e tam orphose d Cub M ountain 
form ation sandstone  and is the  only se dim e ntary rock obse rve d in this unit. U nit is probably a dike  and sill com ple x. R oadcut 
at Bonito S tore  e xhibits se ve ral ve rtical ande site  dike s intrude d into gray aphanitic ande site  sills. Contact w ith Tsv is 
gradational be tw e e n M ills and Vicke rs Canyons. T hickne ss: Base  and top not e xpose d; > 600 m e te rs (?). 

 
Cenozoic  Sedim entary Roc ks 

 
Tc m  – Cub  Mountain Form ation (Eoc ene) – W hite  to tan sandstone s, dark re d sandy m udstone s, and purplish-re d silty 

m udstone s. S andstone s are  m e dium - to thick- be dde d, cross-be dde d, m e dium -graine d, and arkosic to volcaniclastic. Pe bble  
conglom e rate  le nse s, m udballs, and ripup clasts of re d m udstone , and olive , black, and gray siltstone  and shale  are  locally 
com m on. S andstone s are  ge ne rally m ore  friable  than unde rlying Cre tace ous sandstone s. S andy and silty m udstone s are  
thick-be dde d to m assive  and m icace ous. S e ve ral outcrops are  volcaniclastic in nature , and the  unit thus include s the  S ande rs 
Canyon Form ation of Cathe r (1991), but the  tw o form ations are  not m appable  se parate ly. U nit is ubiquitously intrude d by 
igne ous dike s, sills and irre gular m asse s. T hickne ss: > 450 m e te rs. 

 
Mesozoic  Sedim entary Roc ks 

 
Kg c  – Cretac eous Gallup Sandstone and Crevasse Canyon Form ation, undivided (upper Cretac eous) – L ave nde r to tan 

sandstone  and conglom e rate , olive  to gray sandy siltstone  and siltstone , and dark gray, grayish-purple , and black shale . 
S andstone s are  fine - to m e dium -graine d, m e dium - to ve ry thick-be dde d, trough cross-be dde d, and com pose d of subrounde d 
to subangular grains and are  dom inantly quartose  and re sistant, but locally arkosic and friable . Conglom e rate  is pre se nt as 
le nse s w ithin sandstone  be ds. Iron concre tions and plant fossils are  com m on. S hale s are  carbonace ous and fissile  and 
usually inte rbe dde d w ith blocky w e athe ring thin- to m e dium -be dde d, occasionally m icace ous, siltstone  and sandy siltstone  
laye rs w ith ripup clasts of black shale . T he  G allup S andstone  form s prom ine nt cliffs in the  northw e ste rn corne r of the  Fort 
S tanton quadrangle , but to the  south and w e st the  tw o form ations are  not se parate ly m appable . U nit is ubiquitously intrude d 
by igne ous dike s, sills and irre gular m asse s. Adjace nt to the se  bodie s shale s are  ofte n contact m e tam orphose d to low  grade  
hornfe lse s and w e athe r into gray angular chips rathe r than black flake s. T hickne ss: U p to 425 m e te rs in the  Angus and 
R uidoso quadrangle s. 

 
Km  – Manc os Sh ale (m iddle to upper Cretac eous) – Black to purplish-gray lam inate d fissile  shale . Ovoid calcare ous 

concre tions are  locally abundant. Black to dark gray to olive  thin-be dde d fine -graine d sandstone  and siltstone  be ds le ss than 
0.5 m e te rs thick and thin- to m e dium -be dde d lim e stone s 1 - 2 m e te rs thick are  m inor constitue nts e xce pt north of the  R io 
Bonito, w he re  thin- to m e dium -be dde d gray lim e stone  be ds form  up to 75% of the  unit. T he  contact w ith the  unde rlying Dakota 
sandstone  is transitional ove r at le ast a 50 foot inte rval, w ith thin m e dium -graine d quartz sandstone  be ds w ithin black fissile  
shale . Igne ous intrusions are  com m on. Ve ry poorly e xpose d e xce pt in stre am  cuts and m anm ade  e xcavations T hickne ss: 250 
to 375 m e te rs.  

 
Kd – Dakota Sandstone (lower to m iddle Cretac eous) – G ray to tan to purple  sandstone  and m inor black shale . S andstone  is 

m e dium - to thick-be dde d, trough to tabular cross-be dde d, ripple -m arke d, and com pose d of subangular to subrounde d vitre ous 
quartz grains. Orange  to rusty re d lie se gang bands are  com m on on be dding plane s and fracture  surface s. S andstone  is m ore  
re sistant, form s m ore  prom ine nt outcrops, and w e athe rs into m ore  angular fragm e nts than M e sa Ve rde  and S anta R osa 
sandstone s. M atrix-supporte d sandy che rt pe bble  conglom e rate  is pre se nt as a 1 m e te r thick laye r at the  base  of unit and as 
sparse  le nse s throughout the  unit. T hin discontinuous be ds of black shale  sim ilar to the  ove rlying M ancos S hale  are  sparse ly 
distribute d throughout the  uppe r portions of the  unit. T hickne ss:  50 to 60 m e te rs. 

 
@sp – San Pedro Arroyo Form ation (upper Triassic ) - Dark brow nish-re d to purplish-re d fine -graine d, m icace ous, usually 

crossbe dde d sandstone , siltstone , and conglom e rate , and dark re d and purplish-re d, m assive  and bioturbate d m udstone . 
Poorly e xpose d, e xce pt for outcrops on north side  of R io Bonito Valle y ne ar Fort S tanton. G e ne rally only appe ars as dark re d 
soils and subcrop. U nit is truncate d by basal Dakota unconform ity on south side  of R io Bonito Valle y; tw o e rosional outlie rs 
appe ar along L ittle  Cre e k. U nit is the  uppe r form ation of the  Chinle  G roup (L ucas 1991). T hickne ss: 0 to 30 m e te rs. 

 
@sr  - Santa Rosa Form ation (upper Triassic ) – M e dium  brow n, ye llow ish-brow n, and tan sandstone , conglom e rate , and 

conglom e ratic sandstone . S andstone s are  m e dium - to fine -graine d, broadly trough-cross-be dde d and com pose d of rounde d 
to subrounde d quartz, black che rt, and alte re d fe rrom agne sian m ine rals and/or lithic fragm e nts. Base  of the  unit is ofte n 
m arke d by a gray, orange , or re d m e dium -to thick-be dde d quartzite  and che rt pe bble  conglom e rate  w ith a m atrix of coarse  
che rt-rich sand. Conglom e rate  is fre que ntly scoure d into unde rlying G rayburg Form ation. Inte rvals of sim ilar thick-be dde d, 
re sistant, che rt pe bble  to cobble  conglom e rate  are  prom ine nt in e xposure s along the  north side  of L ittle  Cre e k. U nit is the  
low e r form ation of the  Chinle  G roup (L ucas 1991), thins to the  southw e st, and is truncate d by the  basal Dakota unconform ity 
on the  north side  of M oon M ountain. T hickne ss: 0 to 98 m e te rs. 

 
Paleozoic  Sedim entary Roc ks 

 
Pg  - Grayb urg  Form ation (upper Perm ian) – G ray, tan, ye llow ish-brow n, and locally re d, ve ry fine - to m e dium -graine d 

sandstone  and subordinate  siltstone . S andy lim e stone  be ds are  locally com m on ne ar the  top of the  unit. S andstone s and 
siltstone s are  thin- to thick-be dde d, paralle l-be dde d to crossbe dde d, and com pose d of w e ll-rounde d and w e ll-sorte d quartz 
grains. R e d, m assive , ve ry fine  sandstone  and siltstone  w ith w hite  re duction spots is locally pre se nt at base  and throughout 
the  unit. U nit w as locally de posite d in karst de pre ssions w ithin the  unde rlying S an Andre s Form ation, e .g. at the  northe ast e nd 
of Fort S tanton M e sa and along E agle  Cre e k north of G avilan R idge . U nit is the  low e st form ation of the  Arte sia G roup and is 
ge ne rally friable  and poorly e xpose d. T hickne ss: 20 to 135 m e te rs. 

 
Psa - San Andres Form ation (m iddle to upper Perm ian) - L ight to dark gray and bluish-gray lim e stone  and dolom ite . 

L im e stone s and dolom ite s range  from  thin- to ve ry thick-be dde d, and are  carbonate  m udstone s, w acke stone s, and 
grainstone s. Fre shly broke n surface s are  darke r gray than w e athe re d surface s and ofte n fe tid. Be ds are  ofte n silty or sandy. 
Dark brow n irre gular che rt nodule s are  sparse . Fossils are  sparse  and are  dom inantly crinoid ste m  fragm e nts. Intraform ational 
solution bre ccias and pale okarst fe ature s are  com m on along faults at the  top of the  unit. T he y are  characte rize d by te rra 
rossa, re d and ye llow  bre ccia fragm e nts, and anom alous thickne sse s of the  ove rlying G rayburg Form ation. T he  base  of the  
unit is locally characte rize d by irre gular be dding dips due  to gypsum  dissolution in the  unde rlying Ye so Form ation. De line ation 
of the  S an Andre s into the  low e r thick-be dde d R io Bonito M e m be r and uppe r thin-be dde d Bonne y Canyon m e m be r (Ke lle y, 
1971) w as not possible  due  to ste e p topography, he avy ve ge tation, and sparse  outcrop. T he  low e st portions of the  unit do 
contain abundant thick be ds, but in the  m appe d are a ve rtical change s in be dding thickne ss and be d color are  not m appable  
distinctions. T hickne ss: ~ 335 m e te rs.  

 
 Psa-g  – Glorieta Sandstone tong ue (m iddle Perm ian) - Discontinuous be ds of gray and light to m e dium  brow n fine - to 

m e dium -graine d sandstone  consisting of froste d and w e ll-rounde d quartz grains. Only obse rve d as float and ve ry sparse  
outcrop. T hickne ss: 0 to 6 (?) m e te rs. 

 
Py – Yeso Form ation (m iddle Perm ian) - Ye llow  to tan siltstone  and fine  sandstone , re d to pink m uddy siltstone  and fine  

sandstone , gray to tan silty lim e stone  and dolom ite , and w hite  to gray gypsum . S iltstone  and sandstone s are  thin- to m e dium -
be dde d and friable . M uddy siltstone s and sandstone s are  lam inate d to ve ry thin-be dde d and locally contain pale osol 
carbonate  nodule s in trains. L im e stone s are  ve ry thin- to thin-be dde d, rare ly m e dium - to thick-be dde d. In ge ne ral, the y are  
thinne r be dde d than ove rlying basal S an Andre s be ds. M e te r scale  inte rbe dding of carbonate , siltstone , and sandstone  is 
com m on. Be dding dips are  chaotic due  to dissolution of gypsum  and (and carbonate s?) and individual be ds are  ge ne rally not 
trace able  late rally for m ore  than a fe w  10s of m e te rs. N atural e xposure s are  poor e xce pt in stre am  cuts and ve ry ste e p slope s 
and the  uppe r contact is usually m antle d by colluvium  and/or landslide s from  the  ove rlying S an Andre s Form ation. T hickne ss: 
Base  not e xpose d; ~ 240 m e te rs e xpose d along R io R uidoso Canyon in the  R uidoso Dow ns quadrangle . 

 
P\u - Perm ian to Proterozoic  roc ks, undivided (c ross sec tion only) – Pale ozoic se dim e ntary rocks and Prote rozoic igne ous 

and m e tam orphic rocks, undivide d. T hickne ss of S ub-Ye so Pale ozoic rocks is unknow n.    

Corre lation of units
Py - Ye so Form ation

daf - disturbe d land and/or artificial fill
af -  artificial fill 

Q Ha - Alluvium
Q vf - Valle y fill 

Q rt3 - L ow e st te rrace  de posit of R io R uidoso
Q rt2 - M iddle  te rrace  de posit of R io R uidoso
Q rt1 - Highe st te rrace  de posit of R io R uidoso
Q e t2 - L ow e r te rrace  de posit of E agle  Cre e k

Q bt3 - Inte rm e diate  te rrace  de posit of R io Bonito
Q bt2 - Inte rm e diate  te rrace  de posit of R io Bonito
Q bt1 - Highe st te rrace  de posit of R io Bonito

Q bt4 - L ow e st te rrace  de posit of R io Bonito

Q c - Colluvium

Q g - S tre am  grave l de posits

T d - Diorite  and associate d rocks

Q e t1 - U ppe r te rrace  de posit of E agle  Cre e k

Q ls - L andslide  de posits

Q af - Alluvial fan de posits

T g - Pe dim e nt grave l de posits 

T bs - Bonito S tock

T sv - S ie rra Blanca volcanic rocks

T dsc - Dike  and sill com ple x 

Psa-g - G lorie ta S andstone  tongue
Psa - S an Andre s Form ation

T m l - M onzonite /latite  and associate d rocks
T ad - Ande site /diorite  and associate d rocks

Kgc - G allup S andstone  and Cre vasse  Canyon
          Form ation, undivide d
Km  - M ancos S hale
Kd - Dakota S andstone

@sr - S anta R osa Form ation
Pg - G rayburg Form ation

T cm  - Cub M ountain Form ation

T cd - Diorite  of Cham p Hill 

@sp - S an Pe dro Arroyo Form ation
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