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by
Ch amberlin, Ric h ard M.; Cath er, Steven M.; Nyman, Matth ew  W. ; McLemore, Virginia T.

New Mexico Bureau of Geology and Mineral Resources, 801 Leroy Pl., Socorro, New Mexico 87801

A geologic m ap displays inform ation on the distrib ution, nature, orientation, and age relationships of roc k
and deposits and the oc c urrenc e of struc tural features. Geologic and fault c ontac ts are irregular surfac es
that form  b oundaries b etween different types or ages of units. D ata depic ted on this geologic q uad rangle
m ap m ay b e b ased on any of the following: rec onnaissanc e field geologic m apping, com pilation of
pub lished and unpub lished work, and photogeologic interpretation. L oc ations of contac ts are not
surveyed, b ut are plotted b y interpretation of the position of a given contac t onto a topographic b ase m ap;
therefore, the ac curac y of c ontac t loc ations depends on the sc ale of m apping and the interpretation of the
geologist(s). Any enlargem ent of this m ap c ould c ause m isunderstanding in the detail of m apping and m ay
result in erroneous interpretations. S ite-spec ific c onditions should b e verified b y detailed surfac e m apping
or sub surfac e exploration. Topographic and cultural changes m ay not b e shown due to rec ent
developm ent.

Cross sec tions are c onstruc ted b ased upon the interpretations of the author m ade from  geologic m apping
and availab le geophysic al and sub surfac e (drillhole) data. Cross sec tions should b e used as an aid to
understanding the general geologic fram ework of the m ap area, and not b e the sole sourc e of inform ation
for use in loc ating or designing wells, b uildings, roads, or other m an-m ade struc tures.

The N ew M exic o Bureau of Geology and M ineral R esourc es c reated the O pen-file Geologic M ap S eries to
expedite dissem ination of these geologic m aps and m ap data to the pub lic as rapidly as possib le while
allowing for m ap revision as geologists c ontinued to work in m ap areas. Each m ap sheet c arries the
original date of pub lic ation b elow the m ap as well as the latest revision date in the upper right corner. In
m ost c ases, the original date of pub lic ation c oinc ides with the date of the m ap produc t delivered to the
N ational Cooperative Geologic M apping P rogram  (N CGM P ) as part of N ew M exic o’s S TATEM AP
ag reem ent. W hile m aps are produc ed, m aintained, and updated in an ArcGIS geodatab ase, at the tim e of
the S TATEM AP  deliverab le, each m ap goes through c artographic produc tion and internal review prior to
uploading to the Internet. Even if additional updates are c arried out on the ArcGIS m ap data files, citations
to these m aps should reflec t this original pub lic ation date and the original authors listed. The views and
c onc lusions c ontained in these m ap docum ents are those of the authors and should not b e interpreted as

This draft geologic m ap is prelim inary and will undergo revision. It was produc ed from  either sc ans of
hand-drafted originals or from  digitally drafted original m aps and figures using a wide variety of software,
and is currently in c artog raphic produc tion. It is b eing distrib uted in this draft form  as part of the b ureau's
O pen-file m ap series (O FGM ), due to high dem and for current geologic m ap data in these areas where
S TATEM AP  q uadrangles are loc ated, and it is the b ureau's polic y to dissem inate geologic data to the pub lic
as soon as possib le.

After this m ap has undergone review, editing, and final c artographic produc tion adhering to b ureau m ap
standards, it will b e released in our Geologic M ap (GM ) series.  This final version will rec eive a new GM
num b er and will superc ede this prelim inary open-file geologic m ap.

Ma pping of this  qua d ra ngle  wa s fund e d  by a  m a tching-fund s  gra nt from  the  STATEMAP progra m  of the
N a tiona l Coope ra tive Ge ologic Ma pping Act, a d m inis te re d  by the U. S. Ge ologica l Surve y, a nd  by the
N e w Mexico Bure a u of Ge ology a nd  Mine ra l R e s ource s , (Dr. Pete r A Scholle Director and State
Geologist; Dr. Paul W . Ba ue r,Assoc. Director for Mapping Programs).
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Desc ription of Map U nits
unit— af—Artific al Fill— M ostly represents c om pac ted fill as roadway
sub grades along Interstate 25;  also represents c onveyanc e channel
levees and railroad sub g rad e. Thic kness 0–12 m .
unit— Q a— Ac tive channels of R io Grande— S and, gravel and m inor
m ud of historic ally ac tive R io Grande channels. D otted c ontac t shows
m argins of ac tive channel in F eb ruary, 1954; solid c ontac t  shows ac tive
channel in O c tob er, 1999.  Thic kness range: prob ab ly 0–9 m .
unit— Q vyf— Younger valley fill, axial-fluvial fac ies— Floodplain
deposits of R io Grande; c onsists m ostly of c lay to sand. Grades to well
sorted gravel at b asal sc our surfac e as m uch as 30 m  b elow floodplain
(M cGrath and Hawley, 1987). Intertongues with Q vy and Q a. Thic kness
0–30 m .
unit— Q vy— Younger valley alluvium , piedm ont fac ies—Ac tive
channel, low terrac e and alluvial-fan deposits of trib utary arroyos.
Consists of poorly sorted, nonindurated, volc anic-rich gravel, sand, silt,
and c lay. Assoc iated with low graded surfac es form ed during last m ajor
episode of valley entrenc hm ent and b ac kfilling. Thickness 0–30 m .
unit— Q e— Eolian deposits— L ight gray, fine grained, well sorted, wind-
b lown sand; com m only c aps older alluvial and terrac e surfac es east of
R io Grande. O c c urrs as thin sheets and c lim b ing dunes. Thic kness
rang e: 0–5 m .
unit— Q p— Fill of sm all c losed b asins-playas— U nc onsolidated m ud, silt
and sand assoc iated with delineated slide b loc ks near P olvadera P eak.
L ess than 10 m  thic k.
unit— Q c — Colluvium  and alluvium , undifferentiated— Talus,
colluvium  and m inor alluvium  on steep to m oderate slopes in the
L em itar M ountains. Also, gravelly slope wash on erosion surfac es cut in
poorly c onsolidated upper Cenozoic deposits in Soc orro Basin. Gravelly
colluvium  is typic ally shown where it m asks anc estral R io Grande
deposits (Q Tsf). Colluvial veneers on dissec ted piedm ont slopes in the
S oc orro Basin are generally not delineated. U sually 0.3-3 m . thic k,
loc ally as m uch as 10 m . thic k.
unit— Q ls— L andslide b loc ks— S lum p b loc ks and toreva b loc ks on steep
slopes north and south of P olvadera M ountain. Individual b loc ks are as
m uch as 30 m  thick.
unit— Q vo5— O lder valley alluvium , piedm ont fac ies, youngest— Inset
terrac e and terrac e-fan deposits of trib utary arroyos assoc iated with five
episodes of valley entrenc hm ent and b ac kfilling. F rom  oldest to
youngest, graded surfac es assoc iated with these alluvial deposits
projec t: 64–70 m  (Q vo1), 43–52 m  (Q vo2), 30–40 m  (Q vo3), 15–21 m
(Q vo4) and 6–9 m  (Q vo5) ab ove m odern drainag es and the R io Grande
floodplain. W est of R io Grande these deposits c onsist of poorly to
m oderately sorted b ouldery to c ob b ly, volc anic-rich gravel, gravelly
sand and m uddy silts. East of the R io Grande, terrac e deposits c ontain
ab undant reddish sandstone clasts and gray lim estone clasts derived
from  P erm ian form ations. Generally reddish orang e to reddish b rown,
loc ally light b rown to tan in c olor. M ostly nonindurated, however,
upperm ost b eds b eneath graded surfac es are variab ly c em ented b y
pedogenic c arb onate horizons approxim ately 0.6 m  to 0.1 m  thic k.
Tentative correlation with Q uaternary alluvial units in the S an Ac ac ia
and L as Cruc es areas (b ased on projec ted height ab ove R io Grande)
suggest these deposits range in age from  ab out 250,000 years to 25,000
years old (M achette, 1978). Thickness 0–20 m , average thic kness 6–9 m .
unit— Q vo4— O lder valley alluvium , piedm ont fac ies, young— Inset
terrac e and terrac e-fan deposits of trib utary arroyos assoc iated with five
episodes of valley entrenc hm ent and b ac kfilling. F rom  oldest to
youngest, graded surfac es assoc iated with these alluvial deposits
projec t: 64–70 m  (Q vo1), 43–52 m  (Q vo2), 30–40 m  (Q vo3), 15–21 m
(Q vo4) and 6–9 m  (Q vo5) ab ove m odern drainag es and the R io Grande
floodplain. W est of R io Grande these deposits c onsist of poorly to
m oderately sorted, b ouldery to c ob b ly, volc anic-rich gravel, gravelly
sand and m uddy silts. East of the R io Grande, terrac e deposits c ontain
ab undant reddish sandstone clasts and gray lim estone clasts derived
from  P erm ian form ations. Generally reddish orang e to reddish b rown,
loc ally light b rown to tan in c olor. M ostly nonindurated, however,
upperm ost b eds b eneath graded surfac es are variab ly c em ented b y
pedogenic c arb onate horizons  approxim ately 0.6 m  to 0.1 m  thick.
Tentative correlation with Q uaternary alluvial units in the S an Ac ac ia
and L as Cruc es areas (b ased on projec ted height ab ove R io Grande)
suggest these deposits range in age from  ab out 250,000 years to 25,000
years old (M achette, 1978). Thickness 0–20 m , average thic kness 6–9 m .
unit— Q vo3— O lder valley alluvium , piedm ont fac ies, m edial— Inset
terrac e and terrac e-fan deposits of trib utary arroyos assoc iated with five
episodes of valley entrenc hm ent and b ac kfilling. F rom  oldest to
youngest, graded surfac es assoc iated with these alluvial deposits
projec t: 64–70 m  (Q vo1), 43–52 m  (Q vo2), 30–40 m  (Q vo3), 15–21 m
(Q vo4) and 6–9 m  (Q vo5) ab ove m odern drainag es and the R io Grande
floodplain. W est of R io Grande these deposits c onsist of poorly to
m oderately sorted, b ouldery to c ob b ly, volc anic-rich gravel, gravelly
sand and m uddy silts. East of the R io Grande, terrac e deposits c ontain
ab undant reddish sandstone clasts and gray lim estone clasts derived
from  P erm ian form ations. Generally reddish orang e to reddish b rown,
loc ally light b rown to tan in c olor. M ostly nonindurated, however,
upperm ost b eds b eneath graded surfac es are variab ly c em ented b y
pedogenic c arb onate horizons  approxim ately 0.6 m  to 0.1 m  thick.
Tentative correlation with Q uaternary alluvial units in the S an Ac ac ia
and L as Cruc es areas (b ased on projec ted height ab ove R io Grande)
suggest these deposits range in age from  ab out 250,000 years to 25,000
years old (M achette, 1978). Thickness 0–20 m , average thic kness 6–9 m .
unit— Q vo2— O lder valley alluvium , piedm ont fac ies, old— Inset terrac e
and terrac e-fan deposits of trib utary arroyos assoc iated with five
episodes of valley entrenc hm ent and b ac kfilling. F rom  oldest to
youngest, graded surfac es assoc iated with these alluvial deposits
projec t: 64–70 m  (Q vo1), 43–52 m  (Q vo2), 30–40 m  (Q vo3), 15–21 m
(Q vo4) and 6–9 m  (Q vo5) ab ove m odern drainag es and the R io Grande
floodplain. W est of R io Grande these deposits c onsist of poorly to
m oderately sorted, b ouldery to c ob b ly, volc anic-rich gravel, gravelly
sand and m uddy silts. East of the R io Grande, terrac e deposits c ontain
ab undant reddish sandstone clasts and gray lim estone clasts derived
from  P erm ian form ations. Generally reddish orang e to reddish b rown,
loc ally light b rown to tan in c olor. M ostly nonindurated, however,
upperm ost b eds b eneath graded surfac es are variab ly c em ented b y
pedogenic c arb onate horizons  approxim ately 0.6 m  to 0.1 m  thick.
Tentative correlation with Q uaternary alluvial units in the S an Ac ac ia
and L as Cruc es areas (b ased on projec ted height ab ove R io Grande)
suggest these deposits range in age from  ab out 250,000 years to 25,000
years old (M achette, 1978). Thickness 0–20 m , average thic kness 6–9 m .
unit— Q vo1— O lder valley alluvium , piedm ont fac ies, oldest — Inset
terrac e and terrac e-fan deposits of trib utary arroyos assoc iated with five
episodes of valley entrenc hm ent and b ac kfilling. F rom  oldest to
youngest, graded surfac es assoc iated with these alluvial deposits
projec t: 64–70 m  (Q vo1), 43–52 m  (Q vo2), 30–40 m  (Q vo3), 15–21 m
(Q vo4) and 6–9 m  (Q vo5) ab ove m odern drainag es and the R io Grande
floodplain. W est of R io Grande these deposits c onsist of poorly to
m oderately sorted, b ouldery to c ob b ly, volc anic-rich gravel, gravelly
sand and m uddy silts. East of the R io Grande, terrac e deposits c ontain
ab undant reddish sandstone clasts and gray lim estone clasts derived
from  P erm ian form ations. Generally reddish orang e to reddish b rown,
loc ally light b rown to tan in c olor. M ostly nonindurated, however,
upperm ost b eds b eneath graded surfac es are variab ly c em ented b y
pedogenic c arb onate horizons  approxim ately 0.6 m  to 0.1 m  thick.
Tentative correlation with Q uaternary alluvial units in the S an Ac ac ia
and L as Cruc es areas (b ased on projec ted height ab ove R io Grande)
suggest these deposits range in age from  ab out 250,000 years to 25,000
years old (M achette, 1978). Thickness 0–20 m , average thic kness 6–9 m .
unit— Q vof5— O lder valley fill, fluvial fac ies and m inor piedm ont
fac ies, younger—Com plexly intertonguing axial-river deposits (older
R io Grande) and distal alluvial-fan deposits of trib utary arroyos.
L oc ally divided into older (Q vof2) and m edial (Q vof3) and younger
(Q vof5) units b ased on lateral c ontinuity with older piedm ont deposits
(Q vo2, Q vo3, and Q vo5). Consists of light gray to light yellowish
b rown, well sorted, fluvial sands and gravels (transport to south),
interb edd ed with reddish orange, poorly sorted, sandy to c ob b ly,
volc anic-rich gravels (transport to east), and red-silty m udstones. W ell
rounded to sub rounded q uartzite, granite and m etam orphic roc k
peb b les are typic al of the axial-river deposits. However, lenses of loc ally
derived volc anic c ob b les (reworked piedm ont fac ies) are also present in
axial-river deposits. F ac ies b oundary with Q vo plac ed at approxim ate
western lim it of axial river b eds that c om m only overlie volc anic-rich
piedm ont-fac ies gravels or at topog raphic b luff line indic ative of fac ies
change.  As m uch as 20 m  thic k.
unit— Q vof3— O lder valley fill, fluvial fac ies and m inor piedm ont
fac ies, m edial—Com plexly intertonguing axial-river deposits (older R io
Grande) and distal alluvial-fan deposits of trib utary arroyos. L oc ally
divided into older (Q vof2) and m edial (Q vof3) and younger (Q vof5)
units b ased on lateral c ontinuity with older piedm ont deposits (Q vo2
,Q vo3, and Q vo5). Consists of light gray to light yellowish b rown, well
sorted, fluvial sands and gravels (transport to south), interb edded with
reddish orange, poorly sorted, sandy to cob b ly, volc anic-rich gravels
(transport to east), and red-silty m udstones. W ell rounded to
sub rounded q uartzite, granite and m etam orphic roc k peb b les are
typic al of the axial-river deposits. However, lenses of loc ally derived
volc anic c ob b les (reworked piedm ont fac ies) are also present in axial-
river deposits. F ac ies b oundary with Q vo plac ed at approxim ate
western lim it of axial river b eds that c om m only overlie volc anic-rich
piedm ont-fac ies gravels or at topog raphic b luff line indic ative of fac ies
change.  As m uch as 20 m  thic k.

unit— Q vof2— O lder valley fill, fluvial fac ies and m inor piedm ont
fac ies, older— Com plexly intertonguing axial-river deposits (older R io
Grande) and distal alluvial-fan deposits of trib utary arroyos. L oc ally
divided into older (Q vof2) and m edial (Q vof3) and younger (Q vof5)
units b ased on lateral c ontinuity with older piedm ont deposits (Q vo2
,Q vo3, and Q vo5). Consists of light gray to light yellowish b rown, well
sorted, fluvial sands and gravels (transport to south), interb edded with
reddish orange, poorly sorted, sandy to cob b ly, volc anic-rich gravels
(transport to east), and red-silty m udstones. W ell rounded to
sub rounded q uartzite, granite and m etam orphic roc k peb b les are
typic al of the axial-river deposits. However, lenses of loc ally derived
volc anic c ob b les (reworked piedm ont fac ies) are also present in axial-
river deposits. F ac ies b oundary with Q vo plac ed at approxim ate
western lim it of axial river b eds that c om m only overlie volc anic-rich
piedm ont-fac ies gravels or at topog raphic b luff line indic ative of fac ies
change.  As m uch as 20 m  thic k.
unit— Q vou— O lder valley alluvium ,
undifferentiated— U ndifferenentiated  older terrac e and terrac e-fan
deposits; inc ludes eq uivalents of Q vo1 to Q vo4. 0-20m  thic k.
heading03— Sierra L adrones F m — S ierra L adrones F orm ation— L ate-
stage b asin fill of the R io Grande valley charac terized b y an axial-river
fac ies (anc estral
unit— Q Tsf— U pper axial-fluvial fac ies —Axial river deposits of the
anc estral R io Grande, and m inor intertonguing distal piedm ont-slope
deposits. P rojec ted Q Tsf–Q Tsp fac ies b oundary is largely conc ealed; it is
plac ed near the m ountainward lim it of well sorted, light-gray to pale
yellowish b rown, q uartz-rich river sands or peb b ly gravels. Axial river
sands and gravels are usually non indurated. P eb b ly gravel lenses
typic ally c ontain well-rounded to sub rounded c lasts of q uartzite, chert,
granite, m etam orphic roc ks, and various volc anic roc ks (a few rec yc led
from  loc al piedm ont fac ies). L enses of rhyolitic pum ic e are also loc ally
present. R iver sands often fine upwards into red or greenish gray,
poorly indurated, m udstones that prob ab ly represent floodplain
deposits or ab andoned channel fills. P ossib ly 200-300 m  thic k near
down faulted axis of S oc orro Basin.
unit— Q Tst— U pper transitional fac ies, axial-fluvial to piedm ont — R io
Grande) and intertonguing piedm ont fac ies (alluvial-fan deposits)
derived from  adjac ent m ountain ranges. As m apped here, younger
piedm ont fac ies (Q Tsp, upper m em b er) and older piedm ont fac ies
(Tslp, lower m em b er) loc ally lie in angular unconform ity on tilted
P opotosa b eds at the west m argin of the b asin. Also, the younger
piedm ont fac ies (Q Tsp) is loc ally inset against or unc onform ab ly
overlies the older piedm ont fac ies (Tsp). M axim um  thic kness of S ierra
L ad rones Form ation prob ab ly 300–400 m .
unit— Q Tse— U pper piedm ont fac ies, east-derived —Conglom erates
and sandstones derived from  older sedim entary sourc es in highlands to
the east of the R io Grande. Conglom erates c ontain ab undant c lasts of
sandstone and lim estone of P erm ian affinity; volc anic clasts are
relatively m inor com ponent. O c c urs east of the R io Grande.
unit— Q Tsp— U pper piedm ont fac ies, west-derived —High level
rem nants of alluvial-fan deposits em anating from  anc estral c anyons of
the L em itar M ountains. D eposit from  anc estral Canonc ito del L em itar
(Corksc rew Canyon) near c enter of q uadrangle is loc ally c apped b y
rem nants of S tage 3 c alc ic soil, tentatively c orrelated with the L as Canas
surfac e of M cGrath and Hawley, 1987. Consists of reddish orange to
reddish b rown, poorly c onsolidated, volc anic-rich, gravels and gravely
sandstones with sparse to rare c lasts of m etasom atized lower P opotosa
F orm ation (Tpr). W est of the S oc orro Canyon fault, the upperm ost
piedm ont fac ies is ab out 6–12 m  thic k  D eposits north and west of
P olvadera represent alluvial-fan deposits of anc estral S an L orenzo
Canyon and Arroyo del P uertic ito. These volc anic-rich gravels also
contain sparse c lasts of red, jasperoidal c em ented, lower P opotosa
c onglom erates (Tpd / Tpr), which distinguish them  from  older
P opotosa c onglom erates. The upper piedm ont fac ies (Q Tsp)
disc onform ab ly overlies lower S ierra L adrones piedm ont fac ies (Tsp) of
sim ilar c om position near S an L orenzo c anyon.
unit— Tsf— L ower fluvial fac ies— L ight b rownish gray to pinkish gray,
silic eous sandstone and c onglom eratic sandstone; c ontains ab undant
volc anic c lasts with rare c lasts of granite and q uartzite (south of
Canonc ito del L em itar). Fine- to coarse-grained sands, tab ular to trough
c ross b edded, loc ally m oderately indurated with c alc ite c em ent. Axes of
trough c ross b eds indic ate southerly paleoflow suggesting c orrelation
with an inc ipient R io Grande fac ies. S ilic eous c ross-b edded sandstones
near S an L orenzo Canyon m ay represent a fluvial-fan deposit graded to
an inc ipient R io Grande.  S im ilar sandstones are present in the lower
S ierra L adrones Form ation at Arroyo Tio L ino (S an Ac ac ia q uadrangle,
M ac hette, 1978) . As m uch as 200m  thick.
unit— Tso— L ower overb ank fac ies— R eddish b rown to light b rown
poorly indurated, non-gypsiferous m udstones silt and m inor sand;
loc ally exposed south of Canonc ito de L em itar. In S oc orro 7.5' Q uad
(near N ogal/W ater Canyon), this fine-grained unit unc onform ab ly
overlies loc ally east-tilted m aroon gypsiferous m udstones of the
P opotosa playa m udstone fac ies (Tpm ) and an interb edded dac itic ash
b ed of late M ioc ene age (c a. 9.5 M a; Cham b erlin,1999). U nit m ay b e as
m uch as 60 m  thick. Tso appears to grade eastward and upward into
q uartzite-b earing older axial river deposits (Tsf) just west of the S oc orro
Canyon fault.
unit— Tse— L ower piedm ont fac ies, east-derived — L ight b rown to pale
reddish b rown sandstones and m inor c onglom eratic sandstones of
distal east- derived piedm ont fac ies. Conglom eratic b eds c ontain
variety of m oderately rounded volc anic c lasts with m inor c om ponent of
granite and gneiss; peb b le im b ric ations indic ate southwesterly
paleocurrent direc tions. O nly exposed b elow the trachyandesite of S an
Ac ac ia (Tas) in northeast part of q uadrangle, also well exposed near S an
Ac ac ia dam  (M achette, 1998). M inim um  exposed thic kness is 40m .
unit— Tsp— L ower piedm ont fac ies, west-derived — W esterly derived
(east transported) piedm ont-slope deposits. Consists of poor to
m oderately indurated, light b rown to pale reddish b rown,
conglom eratic sandstones and gravels with ab undant loc ally derived
volc anic c lasts and sparse to rare dark red clasts of jasperoidal
c em ented (potassium  m etasom atized) lower P opotosa Form ation
(Tpr/Tpd). R are c lasts of lim estone and gneiss are loc ally present in
exposures near Canonc ito del L em itar; unit here prob ab ly c ontains
internal unc onform ities, westerly dips dec rease up sec tion. Sim ilar east-
transported c onglom eratic sandstones and gravels, with rare
m etasom atized P opotosa c lasts, oc c ur near S an L orenzo c anyon, where
they are m oderately tilted and folded.  M inim um  exposed thickness is
240-300m .
unit— Tas— Trac hyandesite of S an Ac ac ia — M edium  gray to light
b rownish gray, phenoc ryst-poor, vuggy m ic rovesicular (diktytaxitic),
xenoc rystic, trac hyandesite lava flow. Contains sparse (1-2%) fine-
grained phenoc rysts of plagioc lase, greenish augite and very fine
reddish b rown iddingsite (after olivine?). Also c ontains trac es of
xenoc rystic q uartz, rim m ed with clinopyroxene, and rare phenoc rysts
of c oarse-grained hornb lende. M ic rovesicles are c om m only filled with
yellowish b rown zeolites or c lay m inerals. Erupted from  north-trending
fissure vent near S an Ac ac ia dam  (M achette, 1978). S am ple c ollec ted
northeast of dam  yeilds 40Ar/ 39Ar age of 4.87 ± 0.04 M a ( Tab le 1).
Chem ic al analysis indic ates trac hyandesite com position with 61% SiO 2.
Appears to b e interb edd ed in S ierra L adrones Form ation; overlies distal
piedm ont fac ies (Tse, derived from  east) near S an Ac ac ia dam ,
disc onform ab ly (?) overlapped b y  axial-river fac ies (Q Tsf) north of
Bowling Green. M axim um  thic kness is 40 m ; thins to south near
original edge of flow at Bowling Green.
heading03— P opotosa F m — P opotosa Form ation— Interm ontane b olson
fill deposits of early R io Grande rift grab ens and half g rab ens. D efined
b y D enny, 1940, and redefined b y M ac hette, 1978. Can loc ally b e
divided into lower red and upper b uff c onglom eratic piedm ont fac ies
(Tpr and Tpb ). The 9.8-M a b asaltic trachyandesite of K elly R anch (Tab le
1)is stratigraphic ally younger than Tpr and c ontem poraneous with Tpb .
The red c onglom erates(Tpr) are potassium  m etasom atized and
unusually well indurated with jasperoidal silic a. M etasom atic adularia
in the lower P opotosa near S oc orro Canyon (15 km  to south) yields a
40Ar/ 39Ar age of 7.4 ±0.1 M a (D unb ar and M iggins 1996). Further
north the lower P opotosa fac ies contain rhyolitic ash-fall b eds deposited
at 14.5 M a (Cather, et al 1994; Tab le 1). U pper P opotosa Form ation
c onsists m ostly of m aroon gypsiferous m udstones assigned to the playa
fac ies (Tpm ). Buff c onglom eratic sandstones (Tpb ) derived from  the
northwest loc ally intertongue with the playa fac ies. U ndivided
P opotosa Form ation (Tp) is shown in c ross sec tion only. P rob ab ly as
m uch as 900–1500 m  thic k under western flank of S ocorro Basin.
unit— Tpm — U pper playa m udstone fac ies— M ostly red or m aroon
c laystone with m inor greenish c laystone and thin b edded b uff to light
gray siltstones to fine-grained sandstones; loc ally well exposed south of
Canonc ito del L em itar. Thin b eds of gypsum  and selenite veinlets are
also widespread in this unit. Claystones are poorly indurated and
c om m only m asked b y c olluvium  (Q c) where they underlie gravel-
c apped Q uaternary surfac es. P laya deposits are interb edded with and
grade north-westward into b uff c onglom eratic sandstones (Tpb ).
L oc ally c ontains the b asaltic trac hyandesite of K elly R anch (Tb k).
M inim um  unfaulted thickness west of K elly R anch is 390 m ; estim ated
m axim um  thic kness is 750 m .
unit— Tpl— P laya-lake deposits — M udstone and sub ordinate
volc anic lastic sandstone. M udstone is reddish b rown and loc ally
gypsiferous.
unit— Tpt— Transitional distal piedm ont-playa b eds — Sub eq ual
reddish m udstone and volc anic lastic sandstone.

unit— Tp— P opotosa Form ation, undivided —Interm ontane b olson fill
deposits of early R io Grande rift grab ens and half grab ens. D efined b y
D enny, 1940, and redefined b y M ac hette, 1978. Can loc ally b e divided
into lower red and upper b uff c onglom eratic piedm ont fac ies (Tpr and
Tpb ). The 9.8-M a b asaltic trac hyandesite of K elly R anch (Tab le 1) is
stratig raphic ally younger than Tpr and c ontem poraneous with Tpb .
The red c onglom erates (Tpr) are potassium  m etasom atized and
unusually well indurated with jasperoidal silic a. M etasom atic adularia
in the lower P opotosa near S oc orro Canyon (15 km  to south) yields a
40Ar/ 39Ar age of 7.4 ±0.1 M a (D unb ar and M iggins 1996). Further
north the lower P opotosa fac ies contain rhyolitic ash-fall b eds deposited
at  14.5 M a  (Cather, et al 1994; Tab le 1). U pper P opotosa Form ation
c onsists m ostly of m aroon gypsiferous m udstones assigned to the playa
fac ies (Tpm ). Buff c onglom eratic sandstones (Tpb ) derived from  the
northwest loc ally intertongue with the playa fac ies. U ndivided
P opotosa Form ation (Tp) is shown in c ross sec tion only. P rob ab ly as
m uch as 900–1500 m  thic k under western flank of S ocorro Basin.
unit— Tb k—Basalt Trac hyandesite of K elly R anch— M edium  gray to
greenish gray b asaltic trac hyandesite lava, vesicular and am ygdaloidal
zones c om m on at b ase and tops of flows. Contains sparse to m oderately
ab undant (4-8%), fine to m edium -grained (0.5-2 m m ) phenoc rysts of
plagioc lase, olivine (c om m only altered to yellowish antigorite), and
m inor c linopyroxene. S m all m afic xenoliths are rare.  M ultiple flow
units (loc ally two stac ked flows) is repeated in several fault b loc ks,
south of Canonc ito del L em itar. Three sam ples from  this unit yield a
m ean 40Ar/ 39Ar age of 9.77 ± 0.06 M a (Tab le1). Chem ic al analyses
indic ate b asaltic trac hyandesite com position c ontaining ab out 53% S iO 2
(Cham b erlin, 1980). Interb edded in upper P opotosa Form ation, loc ally
overlaps fac ies b oundary b etween westerly derived distal-piedm ont
fac ies (Tpb ) and playa-fac ies c laystones (Tpm ). M axim um  thic kness of
stac ked flows is 30 m .
unit— Tpb — Buff c onglom eratic sandstone fac ies, upper— P ale
b rownish yellow (b uff) c onglom eratic sandstones and q uartzo-
feldspathic sandstones. Charac terized b y sparse to m oderately
ab undant sub rounded clasts of hydrotherm ally altered c rystal-poor
rhyolites. Altered c lasts are yellowish b rown to gray and spec kled with
sm all dots of yellow b rown goethite, prob ab ly after pyrite. Clast
com positions and easterly paleocurrent ob servations suggest the fac ies
represents a distal alluvial fan or b raided channel deposit shed from  the
M agdalena area ab out 25 km  to west. U nit intertongues with and
grades upwards into thick playa fac ies sec tion in area ab out 1 km  south
of Canonc ito del L em itar; estim ated thic kness here is ab out 420 m .
L oc ally c ontains the b asaltic trac hyandesite of K elly R anch (Tb k).
unit— Tps— P iedm ont deposits, distal sandstone— S andstone-
dom inated volc anic lastic piedm ont deposits. U nit c ontains sub ordinate
m udstone and peb b ly sandstone; it represents a southwest-fac ing distal
piedm ont system .
unit— Tpc s— P iedm ont deposits, m edial c onglom eratic
sandstones— S ub eq ual sandstone and c onglom erate derived from
Tertiary volc anic roc ks; represents southwest-fac ing proxim al piedm ont
system  (derived from  northeast).
unit— Tpc— P iedm ont deposits, proxim al
conglom erates—Conglom erate and sub ordinate sandstone derived
from  Tertiary volc anic roc ks to the northeast.; represents southwest-
fac ing proxim al piedm ont system . Intraform ational unc onform ity
appears to oc c ur at b ase of unit.
unit— Tpr—Basal red c onglom erate fac ies, potassium
m etasom atized— W ell indurated, m edium  reddish b rown to dark red
volc anic-rich c onglom erates and deb ris flows. Clast c om positions and
im b ric ations generally indic ate northerly transport. Eroded from  fault
b loc ks of underlying L uis L opez Form ation (andesite to rhyolite lavas)
and regional tuffs (m ostly Tsc and Tlu).  Basal c onglom erates were
eroded from  M ioc ene early rift fault b loc ks; an angular unconform ity of
10–25 degrees is c om m only evident at the b ase of the lower P opotosa
F orm ation. U nit fills north-trending strike valleys in southern L em itar
M ountains. M onolithic colluvial b rec c ias derived from  sub jac ent
volc anic units are c om m on at the b ase of the lower P opotosa Form ation.
D ark red c olor and m oderate to extrem e degree of induration is derived
from  jasperoidal silic a c em ent, which is associated with potassium
m etasom atism  of late M ioc ene age (D unb ar et al, 1994; D unb ar and
M iggins, 1996; Cham b erlin and Eggleston, 1996). R eddened
c onglom erates loc ally appear to grade upwards into b uff c onglom eratic
sandstones, b ut at other loc alities they appear to b e disc onform ab ly
overlain b y b uff c onglom eratic sandstones. Thic knesses of wedge-
shaped fills are highly variab le, from  0–300 m .
unit— Tpd—Conglom eratic deb ris-flow deposits — R eddish b rown,
well indurated (potassium  m etasom atized?), b ouldery deb ris-flow
deposits and c onglom erates. Clasts c onsist of loc ally derived (first
cyc le) O ligoc ene volc anic roc ks. Basal m onolithic c onglom erates (loc ally
m apped as Tpda) are derived from  underlying b asaltic andesite lavas
(Tl 3).
unit— Tpa—Basin-axis sandstones— S andstone, m udstone, and m inor
peb b ly sandstone deposited b y northwest-flowing b raided stream s.
Interfingers with piedm ont deposits in the northwest part of the
q uad rangle. Thin rhyolitic ash fall near top of unit yields single-c rystal
sanidine 40Ar/39Ar age of 14.49 ± 0.08 M a (Tab le 1).
heading03— M ogollon-D atil volc anic field — M ogollon-D atil volc anic
field— M ogollon-D atil volc anic field
unit— Tm — M ogollon Group— O ligoc ene volc anic s undivided, in c ross
sec tion only (30.0-27.3 M a).
sub unit— Tsc — S outh Canyon Tuff— P artially to densely welded, light
gray to pale grayish red, phenoc ryst-poor to m oderately phenoc ryst-
rich, pum ic eous, high silic a rhyolite ignim b rite. M edium  grained (1–3
m m ) phenoc rysts of sub eq ual q uartz and sanidine, with trac es of b iotite
and plagioc lase; c rystals progressively inc rease upwards from  ab out 5%
near partly welded b ase to as m uch as 25% near densely welded top
(where preserved). S anidine com m only shows b lue chatoyanc y (ie.
m oonstones). P artially welded, phenoc ryst-poor  pum ic eous b asal zone
is c om m only ab out  30m  thic k and grades upwards into densely welded
m oderately c rystal-rich zone. Generally lithic poor exc ept near b ase;
light gray pum ic e (1–5 c m ) is m oderately ab undant (5-15%). R epresents
rem nants of thin outflow sheet erupted from  the M ount W ithington
c aldera in the northern S an M ateo M ountains (F erguson, 1991). M ean
40Ar/39Ar age is 27.37 ± 0.07 M a; m agnetic polarity is reverse
(M c Intosh et al., 1991). Correlation here is b ased on lithology and
relative stratigraphic position. Thic kness ranges from  0-90 m .

sub unit— Tl3— L a Jara P eak b asaltic andesite, upper— In eastern
L em itar M ountains, this unit is form ed b y a thic k pile of thin
autob rec c iated b asaltic andesite lava flows. In SE L em itar m ountains at
least 35 individual flows are exposed, averaging ab out 3–6 m  thic k,
with a total c om posite thic kness of ab out 180m . Individual flows
consist of m edium  gray to grayish red purple, m assive to vesicular
b asaltic andesite lava; they are charac terized b y m oderately ab undant
(5–10%) fine grained phenoc rysts of olivine, which are alm ost always
com pletely altered to reddish b rown iddingsite. P henoc rystic
plagioc lase is usually ab sent or very rare. U pper flows are ab out 10 m
thic k and loc ally assoc iated with b edded c inder deposits 2–5 m  thic k.
Calc ite c om m only fills vesic les and frac tures. Basal flow near
Corksc rew Canyon is grayish b lac k and appears to b e a relatively m afic
trac hyb asalt. The L a Jara P eak Basaltic Andesite represents a
widespread thick pile of alkaline b asaltic lavas that ac c um ulated on the
SE m argin of the Colorado P lateau in upper O ligoc ene tim e (O sb urn
and Chapin, 1983). The pile is loc ally divisib le into tongues where thin
ash-flow sheets are interc alated with the b asaltic pile. W edge-shaped
prism s of b asaltic lavas in L em itar M ountains indic ate they were
erupted c ontem poraneously with early extension and dom ino-style
b loc k rotation in the L em itar M ountains (Cham b erlin 1983; Cather, et
al., 1994). Tl3 is older than S outh Canyon Tuff and younger than
L em itar Tuff. Thic kness of wedge-shaped prism  ranges from  180-330 m .
sub unit— Tlu— L em itar Tuff, U pper M em b er—Com positionally zoned
(77–65 wt% S iO 2), ignim b rite sub divided into a partially to densely
welded, light gray, phenoc ryst-poor (5-15%), rhyolite lower m em b er
(Tll), and densely welded, dark red, phenoc ryst-rich (30–45%), dac itic to
rhyolitic upper m em b er (Tlu).
Com positionally zoned (77–65 wt% S iO 2), ignim b rite sub divided into a partially to densely
welded, light gray, phenoc ryst-poor (5-15%), rhyolite lower m em b er
(Tll), and densely welded, dark red, phenoc ryst-rich (30–45%), dac itic to
rhyolitic upper m em b er (Tlu). L ower m em b er (m axim um  thic kness = 40
m ) wedges out onto paleotopographic highs. Contains sparse to
ab undant, m edium -grained (1-4 m m ) phenoc rysts of q uartz, sanidine,
plagioc lase (altered), and b iotite with trac es of augite and sphene.
L ower third of upper m em b er is relatively quartz poor (<5%) c om pared
to upper two thirds, which is q uartz rich (10–15%). S m all (1–3 c m )
phenoc ryst-poor pum ic e is m oderately ab undant (3–5%) in lower
m em b er. S parse, phenoc ryst-rich pum ic e and sm all (<2 c m ) grayish red
“m agm a b lob s” of dac ite/andesite porphyry are typic al in outflow of
the upper m em b er. R epresents thin outflow sheet erupted from  a sm all
c aldera in the west-c entral M agdalena M ountains (G. R . O sb urn oral
c om m un. 1997). L em itar ignim b rite loc ally fills in early rift fault b loc ks
in the L em itar M ountains (Cham b erlin, 1983). M ean 40Ar/39Ar age
(b ulk sanidine)  is 28.00 ± 0.08 M a ; paleom agnetic polarity is norm al
(M c Intosh and others, 1991). Correlation here b ased on distinc tive
lithology and stratigraphic position. Thic kness in wedge-shaped
paleovalleys ranges from  0-90 m .

sub unit— Tll— L em itar Tuff, L ower M em b er— L ower m em b er
(m axim um  thic kness = 40 m ) wedges out onto paleotopographic highs.
Contains sparse to ab undant, m edium -grained (1-4 m m ) phenoc rysts of
q uartz, sanidine, plagioc lase (altered), and b iotite with trac es of augite
and sphene. L ower third of upper m em b er is relatively quartz poor
(<5%) c om pared to upper two thirds, which is quartz rich (10–15%).
S m all (1–3 c m ) phenoc ryst-poor pum ic e is m oderately ab undant (3–5%)
in lower m em b er. S parse, phenoc ryst-rich pum ic e and sm all (<2 c m )
grayish red “m agm a b lob s” of dac ite/andesite porphyry are typic al in
outflow of the upper m em b er. R epresents thin outflow sheet erupted
from  a sm all c aldera in the west-c entral M agdalena M ountains (G. R .
O sb urn oral c om m un. 1997). L em itar ignim b rite loc ally fills in early rift
fault b loc ks in the L em itar M ountains (Cham b erlin, 1983). M ean
40Ar/39Ar age (b ulk sanidine)  is 28.00 ± 0.08 M a ; paleom agnetic
polarity is norm al (M c Intosh and others, 1991). Correlation here b ased
on distinc tive lithology and stratigraphic position. Thic kness in wedge-
shaped paleovalleys ranges from  0-90 m .
sub unit— Tl2— L a Jara P eak b asaltic andesite, m edial — Iddingsite-
b earing b asaltic andesite lavas very sim ilar to Tl3 in eastern L em itar
M ountains, b ut stratigraphic ally older. As m any as 40 individual flows
with aggregate thic kness of ab out 150m  are loc ally exposed in SE
L em itar M ountains. O c curs b etween L em itar Tuff and Vic ks P eak tuff;
top approxim ately loc ated b y projec tion where overlying L em itar Tuff
loc ally pinches out. Thic kness of wedge-shaped prism s range from  75-
210m .
sub unit— Tv— V ic ks P eak Tuff — L ight gray to pale red, phenoc ryst
poor, densely welded rhyolite ignim b rite. D istinc tive aspec ts inc lude
lithophysal zone near b ase and large pum ic e lapilli as m uch as 30 c m
long near the top. Contains 1–5 perc ent phenoc rysts of sanidine and
sparse q uartz. Thin outflow sheet erupted from  the N ogal Canyon
c aldera in the southern S an M ateo M ountains (O sb urn and Chapin,
1983). M ean 40Ar/39Ar age is 28.56 ± 0.06 M a; paleom agnetic polarity is
reverse (M c Intosh and others, 1991). Correlation here b ased on
lithology and relative stratigraphic position. 0-75 m  thic k.
sub unit— Tl1— L a Jara P eak Andesite, lower— M edium  gray to purplish
gray, iddingsite-b earing b asaltic andesite lava, sim ilar to Tl3; loc ally
represents two or three stac ked flows. W edges out southward against
O ligoc ene transverse fault near Corksc rew Canyon. Thic kness = 0- 30m .
sub unit— Tj— L a Jenc ia Tuff— L ight gray, pale red and grayish red,
phenoc ryst poor, rhyolite ignim b rite, charac terized b y a thic k m edial
zone of very densely welded rheom orphic (flow b anded) ignim b rite.
Flow-b anded c ore grades to norm al eutaxitic ignim b rite near b ase and
top. L oc ally displays auto-intrusive relationships near prob ab le
O ligoc ene fault (low-angle fault) in SE L em itar M ountains. Contains
sparse (3–5%) phenoc rysts of sanidine and q uartz with trac es of
plagioc lase and b iotite. R epresents thin outflow sheet erupted from  the
com posite S awm ill Canyon-M agdalena c aldera in the west-c entral and
eastern M agdalena M ountains (O sb urn and Chapin, 1983). M ean
40Ar/39Ar age is 28.85 ± 0.04 M a; paleom agnetic polarity is reverse
(M c Intosh and others, 1991). Correlation here b ased on distinc tive
lithology and relative stratigraphic position. As m uch as 120 m  thic k in
eastern L em itar M ountains
sub unit— Tz— M iddle tuffs of L uis L opez Form ation — L ight b rownish
gray to light gray, poorly welded, pum ic eous, lithic-rich, rhyolitic
ignim b rites. Contain m oderately ab undant pum ic e (m ostly aphyric),
and sparse to m oderately ab undant sm all lithic fragm ents in c rystal-
poor rhyolitic m atrix.  L ithic fragm ents c onsist prim arily of andesite
porphyries  and densely welded, c rystal-rich, quartz-rich, Hells M esa
Tuff c lasts; the latter tends to b e m ore ab undant in upper half of unit
(upper c ooling unit?). R are c rystals of sanidine and q uartz in m atrix in
lower part are prob ab ly prim ary phenoc rysts; sparse c rystals of
sanidine, quartz and b iotite in upper part are m ostly xenoc rysts.
M edial tuffs of L uis L opez Form ation were erupted from  a sm all
collapse struc ture partly exposed in the N orthern Chupadera
M ountains approxim ately 15 km  south of the L em itar M ountains
(Cham b erlin et al., in press).  S am ples from  Chupadera M ountains yield
m ean single-c rystal sanidine 40Ar/ 39Ar age of 30.04± 0.16 M a (Tab le 1)
Thic kness approxim ately 15-30 m .
unit— Tib — Basaltic dike and sill— M edium  to dark gray and greenish
gray b asaltic dike and sill in area south of c entral Corksc rew Canyon.
P ropylitic ally altered, fine-grained, intrusive c ontains ab undant
groundm ass plagioc lase, c linopyroxene and F e, Ti-oxides with sparse
sm all phenoc rysts of olivine. Clinopyroxene and olivine are m ostly
altered to or replac ed b y c alc ite and antigorite. N arrow N W -striking
dike cuts S andia Form ation and appears to feed thin sill in lower
M adera L im estone. L ithology and attitude (gentle east dip of dike)
suggest b asalitc intrusion is tem porally c orrelative with the L a Jara
P eak Basaltic Andesite.
unit— Tim —Biotite b earing altered m afic dikes— M afic dikes in low-
angle norm al faults of Tertiary age cutting P roterozoic b asem ent roc ks
and loc ally along P olvadera thrust fault (Atokan). D ark gray to
b rownish gray, fine-grained, b iotite-rich dikes c om m only weather with
spheroidal hab it. Contain ab undant groundm ass plagioc lase, altered
pyroxenes and F eTi-oxides, which suggest original b asaltic
c om position. P olyc rystalline silic a c om m only replac es sm all euhed ral
"phenoc rysts" of olivine-like m orphology. Apparent b asaltic
c om position and oc c urrenc e in Tertiary low-angle norm al faults
(Cham b erlin, 1983) suggests a late O ligoc ene or M ioc ene age.
unit— Td— D atil Group— O ligoc ene-Eoc ene volc anic roc ks undivided,
in c ross sec tion only (38 -32.0 M a).
sub unit— Th—Hells M esa Tuff— R eddish b rown to purplish gray,
densely welded, phenoc ryst-rich (40–50%), quartz-rich, rhyolite
ignim b rite. Typic ally c ontains ab undant m edium  grained (1–3 m m )
phenoc rysts of sanidine, plagioc lase, quartz and m inor b iotite. Q uartz is
m inor c om ponent (1-2%) only in thin b asal zone. M ean 40Ar/ 39Ar age
(b ulk sanidine) is 32.06 ± 0.1 M a; paleom agnetic polarity is reverse
(M c Intosh et al. 1991). L arge volum e ignim b rite (1200 km 3) erupted
from  S oc orro c aldera (Cham b erlin et al, in press: M c Intosh et al., 1991).
Correlation is b ased on distinc tive lithology and relative stratigraphic
position. Thic kness range is 90-150 m .
sub unit— Tg—Granite M ountain tuffs— L ight gray to grayish red to
light b rownish gray, non-welded to densely welded, m oderately
pum ic eous, phenoc ryst-rich, dac itic to rhyolitic ignim b rite. Contains
ab undant m edium -grained phenoc rysts (35-45%) of predom inantly
plagioc lase (c om m only replac ed b y adularia), with m inor b iotite,
sanidine, altered hornb lende and c linopyroxene (?), with trac es of
em b ayed q uartz (<0.2%). S m all lithic s of andesitic c om position are
sparse to m oderately ab undant in thin zones; thin-b edded fall deposits
loc ally oc c ur near b ase. The ab senc e of, or only trac e am ounts of
phenoc rystic q uartz, distinguish the Tuff of Granite M ountain from  the
overlying q uartz-rich Hells M esa Tuff.  R epresents undated, sm all to
m oderate volum e early ignim b rite sheet of S oc orro-M agdalena region
(O sb urn and Chapin, 1983). S ourc e area unknown, possib ly erupted
from  sm all vent struc ture in M agdalena M ountains area that was later
ob literated b y S oc orro c aldera. Correlation b ased on lithology and
relative stratigraphic position. 30-60m  thic k.
sub unit— Tr— R oc khouse Canyon tuff— L ight gray to pinkish gray,
poorly welded, m oderately pum ic eous, phenoc ryst-poor, rhyolitic
ignim b rite. Contains sparse, sm all phenoc rysts of sanidine, plagioc lase,
b iotite and trac es of q uartz. L enticular thin outflow sheet fills shallow
paleovalleys in upper S pears Form ation. L oc ally exposed south of
P olvadera M ountain and near Corksc rew Canyon. S ourc e unknown;
outflow sheet near D atil yields m ean 40Ar/ 39Ar age of 34.42 ± 0.12 M a,
m agnetic polarity is reverse (M cIntosh et al. 1991).  Correlation b ased
on lithology and relative stratigraphic position.  0-20m  thic k.
sub unit— Ts— S pears Form ation of D atil Group—Grayish red, grayish
red purple, light b rownish gray and light gray c onglom erates,
sandstones, siltstones and reddish m udstones derived from
interm ediate c om position volc anic highlands, prim arily to southwest of
L em itar M ountains. Sub rounded to sub angular dac ite and andestite
porphyry c lasts range from  b oulders to peb b les; they are c om m on in
lenticular to tab ular c onglom eratic b eds, usually 1-3m  thic k. D ac itic
c lasts are charac terized b y sparse to ab undant phenoc rysts of
plagioc lase, hornb lende and b iotite; andesitic c lasts are typic ally
plagioc lase, pyroxene porphyries. Gray m ic ritic lim estone and red
siltstone c ob b les and peb b les are com m on in b asal c onglom erates
(lowest 30m ). M edium -grained pyroxene m onzonite and dark gray,
aphanitic b asaltic andesite c lasts oc c ur sparsely in the upper half of the
form ation. Calc ite and pinkish c lays are dom inant c em ents; chalc edonic
q uartz is relatively rare.  Age range from  K /Ar dates of volc anic c lasts
and interb edded tuffs is approxim ately 39-33 M a (O sb urn and Chapin,
1983). Thic kness ranges from  120-330m ; appears to thicken rapidly to
north on downside of EN E-striking, high-angle fault exposed ab out 2
km  south of P olvadera M ountain. Correlation b ased on lithology and
relative stratigraphic position.
heading02— L aram ide c onglom erates —Conglom erates associated with
the laram ide uplift —Conglom erates assoc iated with the laram ide
uplift
unit— Tb —Bac a Form ation—Grayish to reddish b rown, lim estone- and
sandstone-c last c onglom erates and c onglom eratic sandstones. Trough
and tab ular b edded c onglom erates appear to fill paleovalley cut in
underlying M adera L im estone ab out 2 km  south of P olvadera
M ountain; also present near Corksc rew Canyon. 0-30m  thic k. N on-
volc anic charac ter and position, at b ase of Eoc ene volc anic lastic
sedim ents, im plies c orrelation with Bac a Form ation.

unit— P b — Bursum  and Ab o Form ations, undivided— Gray, thin
b edded m ic rites and pale reddish m udstones. Grades upwards into
reddish b rown to light gray c onglom eratic sandstones and m udstones.
Q uartz and granite peb b les are ab undant in the c onglom eratic
sandstones.  L oc ally trunc ated b y Eoc ene erosion surfac e assoc iated
with L aram ide uplift.  0-60m  thic k.
unit—*m — M adera L im estone— M ostly light- to m edium -g ray ledge
and c liff form ing m ic ritic lim estones interb edd ed with dark greenish
gray lim y shales and m inor sandy lim estones. N odular b lac k chert is
com m on in the m ic ritic lim estones. Cliff-form ing lim estones are
m edium  to thic k b edded and m oderately fossiliferous (fusulinids,
b rac hiopods, c rinoids and c orals). M axim um  total thic kness is 210 m ,
loc ally eroded to less than 60m  b elow Eoc ene surfac e.
unit—*s— S andia Form ation— D ark gray to b lac k, slope-form ing
c arb onac eous shales with m inor fossiliferous b iom ic rites and fine-
grained q uartz arenites are dom inant in the upper third. L ower 2/3
consists of ledge-and c liff-form ing q uartz arenites that are dark reddish
b rown to light gray, fine to c oarse grained, m assive to c ross b edded,
feldspathic to m iac eous, and m ostly m edium  to thick planar b edded.
Arenites c ontain several 1–2 m  thic k interb eds of gray siltstone and
lim y m udstone. U pper c ontac t with M adera L im estone is gradational
and generally plac ed at b reak in slope to ledge and c liff-form ing
lim estones. Q uartz-peb b le c onglom erates loc ally oc c ur in the m edial
S andia just south of the P olvadera thrust fault (north of Corksc rew
Canyon). The S andia Form ation is approxim ately 180m  thic k on
southern lower plate of the P olvadera thrust; it is ab out 60m  thick on
the northern upper plate. Also, the P olvadera thrust does not appear to
offset the overlying M adera L im estone. These ob servations indic ate a
late P ennsylvanian (Atokan) age for the P olvadera thrust.
unit— M k— K elly and Caloso Form ation, undivided— Gray to b uff, fine-
to c oarse-grained b ioc lastic lim estones of K elly Form ation
parac onfom ab ly overlie m ic ritic lim estones, shales and b asal
conglom eratic sandstones of the Caloso Form ation.  K elly lim estones
loc ally c ontain red silty m udstones in c avernous poc kets (paleokarst
fills?) near the P olvadera thrust. Ab sent on upper plate of P olvadera
thrust, where well exposed near P olvadera M ountain. 0-30m  thic k.
unit— O c — Carb onatite D ikes, S ills and F ennites—Brownish gray to
reddish b rown, c arb onate-rich dikes and sills, c ontain m inor
phenoc rystic-like  apatite, phlogopite and b iotite. X enoliths of wall roc k
are c om m on. Found only in P roterozoic roc ks. P henoc rystic b iotite
yields K /Ar date of 457 ± 16 M a (M c L em ore, 1987), thus indic ating an
O rdovic ian age of intrusion.
unit— Z X m d— M afic D ikes and P ods— D ark gray to greenish gray, fine-
grained intrusive roc ks c om posed of green hornb lende + plagioc lase
feldspar + m agnetite. Found in all P roterozoic lithologies; disc rete dikes
are prob ab ly late P roterozoic in age (Z); m afic pods are prob ab ly older
(X).
unit— X— P roterozoic roc ks undivided — Shown in c ross sec tion only.

unit— Xp— P egm atititc D ikes—Coarse-grained dikes and irregular pods
consisting of potassium  feldspar + quartz + m usc ovite with m inor
epidote. P egm atites cut all P roterozoic roc k units; they are m ost
ab undant along northern m argin of P olvadera granite.
unit— X b g— Biotite Granite— F ine- to m edium -grained q uartz
m onzonite to granite c om posed of q uartz + potassium  feldspar +
plagioc lase feldspar + b iotite
unit— Xpg— P olvadera Granite— M edium -to c oarse-grained granite
c onsisting of q uartz + plagioc lase feldspar + potassium  feldspar with
m inor am ounts of b iotite + hornb lende + m agnetite. Generally
unfoliated. N arrow shear zones (0.5 - 1.0 m ) display gradational
deform ation textures from  undeform ed granite to strongly foliated
g ranite. L ineation is generally ab sent Foliation also well developed
along c ontac t with m afic plutonic roc ks.
unit— X fg— F oliated Granite— S trongly foliated granite c onsisting of
potassium  feldspar + quartz + plagioc lase feldspar + b iotite. Foliation
defined b y aligned b iotite grains, augen of K -feldspar porphyroc lasts
and q uartz rods. U -P b  age from  zirc on is 1648 + 6 M a (Bowring et al.,
1983).
unit— Xm p— M afic P utonic R oc ks— M ostly dark gray plutonic roc ks
ranging in c om position from  diorite and gab b ro to quartz diorite and
q uartz gab b ro. M ineral assem b lage inc ludes hornb lende + plagioc lase
feldspar + q uartz.  Foliation is generally lac king although loc ally, well
developed along c ontac ts with P olvadera Granite c om plex.
unit— X c c s—Corksc rew Canyon M etasedim ents — Interlayered arkose,
sub arkose and q uartzite. Contains sm all lenses of greenschist and
pelitic schist. R elic t c ross b edding loc ally preserved, b ut also isoc linially
folded in part; layering m ayb e transposed in som e areas. M igm atitic
zone present along northern b oundary where adjac ent to felsic and
m afic igneous roc ks. M etasedim entary unit near Corksc rew Canyon
yielded a U -P b  age from  zirc on of 1659 ± 3 M a (Bowring and others,
1983).

Explanation of Map Symbols
31.21 S am ple loc ality— Showing sam ple num b er.

02.11.02 F ault showing loc al up/down offset— U  is on the upthrown b loc k,
and D  is on the downthrown b loc k.
02.11.03 F ault showing loc al up/down offset— U  is on the upthrown b loc k,
and D  is on the downthrown b loc k.
26.01.43 W ell used for pub lic-water

02.11.09 Inc lined fault (2nd option)— Showing dip value and direc tion.

02.11.10 Vertic al or near-vertic al fault (1st option)

02.11.11 Vertic al or near-vertic al fault (2nd option)

04.03.02 S m all, m inor inc lined joint (1st option)— Showing strike and dip.

05.10.05 P lunging fold— L arge arrowhead shows direc tion of plunge.

06.01 Horizontal

06.02 Inc lined b edding— Showing strike and dip.

06.03 Vertic al b edding— Showing strike.

06.04 O verturned b edding— Showing strike and dip.

08.01.02 Inc lined generic (origin not known or not spec ified)
foliation— Showing strike and dip.
08.01.03 Vertic al generic (origin not known or not spec ified)
foliation— Showing strike.
08.02.03 Inc lined flow b anding, lam ination, layering, or foliation in
igneous roc k— Showing strike and dip.
12.06 S edim ent transport direc tion determ ined from

05.01.01 Antic line (1st option)— Identity and existenc e are c ertain.
L oc ation is ac c urate.
05.05.01 S ync line (1st option)—Identity and existenc e are c ertain. L oc ation
is ac c urate.
05.07.17 O verturned sync line (1st option)—Identity and existenc e are
c ertain. L oc ation is ac c urate. Beds on one lim b  are overturned; arrows
show dip direc tion of lim b s.
05.09.01 M onoc line (1st option)—Identity and existenc e are c ertain.
L oc ation is ac c urate. Arrow shows direc tion of dip.
19.03.06 O pen pit or q uarry(m apped to sc ale)

01.01.01 Contac t— Identity and existenc e are c ertain. L oc ation is ac c urate.

01.01.03 Contac t— Identity and existenc e are c ertain. L oc ation is
approxim ate.
01.01.07 Contac t— Identity and existenc e are c ertain. L oc ation is
conc ealed.
01.01.09 Internal c ontac t— Identity and existenc e are c ertain. L oc ation is
ac c urate.

01.01.11 Internal c ontac t— Identity and existenc e are c ertain. L oc ation is
approxim ate.
01.01.15 Internal c ontac t— Identity and existenc e are c ertain. L oc ation is
conc ealed.
01.02.01 K ey b ed— Identity and existenc e are c ertain. L oc ation is ac c urate.

01.03.01 D ike (1st option)— Identity and existenc e are c ertain. L oc ation is
ac c urate.
02.01.01 F ault (generic; vertic al, sub vertic al, or high-angle; or unknown or
unspec ified orientation or sense of slip)—Identity and existenc e are
c ertain. L oc ation is ac c urate.
02.01.03 F ault (generic; vertic al, sub vertic al, or high-angle; or unknown or
unspec ified orientation or sense of slip)—Identity and existenc e are
c ertain. L oc ation is approxim ate.
02.01.04 F ault (generic; vertic al, sub vertic al, or high-angle; or unknown or
unspec ified orientation or sense of slip)—Identity or existenc e are
q uestionab le. L oc ation is approxim ate.
02.01.07 F ault (generic; vertic al, sub vertic al, or high-angle; or unknown or
unspec ified orientation or sense of slip)—Identity and existenc e are
c ertain. L oc ation is c onc ealed.
02.01.08 F ault (generic; vertic al, sub vertic al, or high-angle; or unknown or
unspec ified orientation or sense of slip)—Identity or existenc e are
q uestionab le. L oc ation is c onc ealed.
02.02.01 N orm al fault— Identity and existenc e are c ertain. L oc ation is
ac c urate. Ball and b ar on downthrown b loc k.
02.02.03 N orm al fault— Identity and existenc e are c ertain. L oc ation is
approxim ate. Ball and b ar on downthrown b loc k.
02.05.09 R otational or sc issor fault, norm al-slip offset— Identity and
existenc e are c ertain. L oc ation is ac c urate. R ec tangles on upthrown b loc k.
02.05.11 R otational or sc issor fault, norm al-slip offset— Identity and
existenc e are c ertain. L oc ation is approxim ate. R ec tangles on upthrown
b loc k.
02.08.01 Thrust fault (1st option)— Identity and existenc e are c ertain.
L oc ation is ac c urate. S awteeth on upper (tec tonic ally higher) plate.
02.08.03 Thrust fault (1st option)— Identity and existenc e are c ertain.
L oc ation is approxim ate. S awteeth on upper (tec tonic ally higher) plate.
02.08.04 Thrust fault (1st option)— Identity or existenc e are q uestionab le.
L oc ation is approxim ate. S awteeth on upper (tec tonic ally higher) plate.
02.10.09 D etachm ent fault (sense of slip unspecified) (2nd
option)— Identity and existenc e are c ertain. L oc ation is ac c urate. Boxes on
upper plate.
02.12.45 S c arp on thrust fault (1st option)— Identity and existenc e are
c ertain. L oc ation is ac c urate. S awteeth on upper (tec tonic ally higher)
plate. Hachures point downsc arp.
02.12.49 S c arp on thrust fault (2nd option)—Identity and existenc e are
c ertain. L oc ation is ac c urate. S awteeth on upper (tec tonic ally higher)
plate. Hachures point downsc arp.
17.13 Head or m ain sc arp of landslide—Inac tive, sub dued, indistinc t, and
(or) loc ation is approxim ate. Hachures point down sc arp.
17.15 Head or m ain sc arp of rotated b loc k in landslide—Arrow shows
direc tion of ob liq ue slip. Hachures point down sc arp.
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