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Quadrangle, Soc orro County, New Mexic o
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Andrew P.Joc h em s and Daniel J. Koning

New Mexico Bureau of Geology and Mineral Resources
801 Leroy Place, Socorro, NM 87801

A g eolog ic map displays information on the distribu tion, natu re, orientation, and ag e relationships of rock and
deposits and the occu rrence of stru ctu ral featu res. G eolog ic and fau lt contacts are irreg u lar su rfaces that form
bou ndaries between different types or ag es of u nits. Data depicted on this g eolog ic qu adrang le map may be based on
any of the following : reconnaissance field g eolog ic mapping , compilation of pu blished and u npu blished work, and
photog eolog ic interpretation. Locations of contacts are not su rv eyed, bu t are plotted by interpretation of the position of
a g iv en contact onto a topog raphic base map; therefore, the accu racy of contact locations depends on the scale of
mapping  and the interpretation of the g eolog ist(s). Any enlarg ement of this map cou ld cau se misu nderstanding  in the
detail of mapping  and may resu lt in erroneou s interpretations. S ite-specific conditions shou ld be v erified by detailed
su rface mapping  or su bsu rface exploration. T opog raphic and cu ltu ral chang es may not be shown du e to recent
dev elopment.

Cross sections are constru cted based u pon the interpretations of the au thor made from g eolog ic mapping  and av ailable
g eophysical and su bsu rface (drillhole) data. Cross sections shou ld be u sed as an aid to u nderstanding  the g eneral
g eolog ic framework of the map area, and not be the sole sou rce of information for u se in locating  or desig ning  wells,
bu ilding s, roads, or other man-made stru ctu res.

T he New Mexico Bu reau  of G eolog y and Mineral Resou rces created the O pen-file G eolog ic Map S eries to expedite
dissemination of these g eolog ic maps and map data to the pu blic as rapidly as possible while allowing  for map
rev ision as g eolog ists continu ed to work in map areas. Each map sheet carries the orig inal date of pu blication below
the map as well as the latest rev ision date in the u pper rig ht corner. In most cases, the orig inal date of pu blication
coincides with the date of the map produ ct deliv ered to the National Cooperativ e G eolog ic Mapping  P rog ram
(NCG MP ) as part of New Mexico’s S T AT EMAP  ag reement. W hile maps are produ ced, maintained, and u pdated in an
ArcG IS  g eodatabase, at the time of the S TAT EMAP  deliv erable, each map g oes throu g h cartog raphic produ ction and
internal rev iew prior to u ploading  to the Internet. Ev en if additional u pdates are carried ou t on the ArcG IS  map data
files, citations to these maps shou ld reflect this orig inal pu blication date and the orig inal au thors listed. T he v iews and
conclu sions contained in these map docu ments are those of the au thors and shou ld not be interpreted as necessarily
representing  the official policies, either expressed or implied, of the S tate of New Mexico, or the U .S . G ov ernment.

Mapping of this quadrangle was funded by a matching-funds grant from the STATEMAP program of the
National Cooperative Geologic Mapping Act (Fund Number: G18AC00201), administered by the U. S.
Geological Survey, and by the New Mexico Bureau of Geology and Mineral Resources (Dr. Nelia W.
Dunbar, Director and State Geologist , Dr. J. Michael Timmons, Assoc. Director for Mapping Programs ).
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Explanation of Map Sym bols
1.1.1 Contact— Identity and existence certain, location accu rate

1.1.17 G radational contact— Identity and existence certain, location
accu rate
1.1.19 G radational contact— Identity and existence certain, location
approximate

1.1.2 Contact— Identity or existence qu estionable, location accu rate

1.1.3 Contact— Identity and existence certain, location approximate

1.1.4 Contact— Identity or existence qu estionable, location approximate

1.2.1 La Jencia T u f f— Identity and existence certain, location accu rate

2.1.1 Fau lt (g eneric; v ertical, su bv ertical, or hig h-ang le; or u nknown or
u nspecified orientation or sense of slip)— Identity and existence certain,
location accu rate
2.12.5 S carp on normal fau lt— Identity and existence certain, location
accu rate
2.12.6 S carp on normal fau lt— Identity or existence qu estionable, location
accu rate
2.12.7 S carp on normal fau lt— Identity and existence certain, location
approximate

2.2.1 Normal fau lt— Identity and existence certain, location accu rate

2.2.3 Normal fau lt— Identity and existence certain, location approximate

2.2.4 Normal fau lt— Identity or existence qu estionable, location
approximate

2.2.7 Normal fau lt— Identity and existence certain, location concealed

2.2.8 Normal fau lt— Identity or existence qu estionable, location concealed

1.1.10 G eomorphic su rface bou ndary— Identity and existence
qu estionable, location accu rate
1.1.11 G eomorphic su rface bou ndary— Identity and existence certain,
location approximate
1.1.12 G eomorphic su rface bou ndary— Identity and existence
qu estionable, location approximate
1.1.9 G eomorphic su rface bou ndary— Identity and existence certain,
location accu rate

31.10 Cross section line

12.5 Flu v ial transport direction

12.6 S ediment transport direction determined from imbrication

2.11.9 Inclined fau lt (2nd option)

4.3.2 Minor inclined joint (1st option)

4.3.3 Minor v ertical or near-v ertical joint (1st option)

4.3.4 Minor inclined (dip direction to rig ht) joint, for mu ltiple observ ations
at one locality (1st option)
4.3.5 Minor inclined (dip direction to left) joint, for mu ltiple observ ations
at one locality (1st option)

6.1 Horizontal bedding

6.2 Inclined bedding

6.33 Apparent

8.1.2 Inclined eu taxitic (compaction) foliation— S howing  strike and dip

8.2.3 Inclined flow banding , lamination, layering , or foliation in extru siv e
v olcanic rock— S howing  strike and dip

19.06.02 S elected locality— Location of radiometrically dated sample

31.21 S ample locality— S howing  sample nu mber

Magnetic Declination
July, 2018
8º 34' East

At Map Center
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Correlation of Map Units Desc ription of Map Units
<Nu ll>

01-00-00-00-00— Heading 2— Q U AT ERNARY— Q U AT ERNARY— Q U AT...

01-01-00-00-00— Heading 3— Anthropog enicEolian— Anthropog enic and
Eolian U nits— Anthropog enic and Eolian U nits
01-01-01-00-00— U nit— af— Anthropog enic Fill— T hick accu mu lations of
sand, g rav el, and clayey-silty sand from constru ction activities. Mapped
for thick deposits of road fill along  Interstate 25 and New Mexico
Hig hway 1 as well as dams impou nding  stock tanks. T hickness is 1–10 m.
01-01-02-00-00— U nit— ae— Anthropog enic Excav ated
G rou nd— Excav ations associated with stock tank impou ndments and
qu arries.
01-01-03-00-00— U nit— afe— Anthropog enic Fill and Excav ated G rou nd,
u ndiv ided— G rav elly sand fill (af) and excav ations (ae). S ee descriptions
of each u nit.
01-01-04-00-00— U nit— Q es— Eolian S and and S heetwash,
u ndiv ided— Loose sand u nderlying  sheets, coppice du nes, and small
blowou ts (<0.75 m deep). S and is g rayish-brown to brown (10YR 5/2–3),
non-calcareou s, massiv e to low-ang le planar cross-stratified or laminated,
moderately to moderately well-sorted, su brou nded to well-rou nded, and
v ery fine- to mediu m-g rained. G rains are composed of 75–80% qu artz,
10–15% lithics (v olcanic and ferromag nesian minerals), and 10–15%
feldspar with no clay. O ccasional to common (15–30%), fine to v ery coarse
pebbles at the su rface are weathered from u nderlying  basin-fill u nits. S oil
dev elopment is weak to non-existent. T hickness is g enerally less than
2–2.5 m.
01-02-00-00-00— Heading 3— V alley— V alley-Floor U nits— V alley-Floor
U nits
01-02-01-00-00— U nit— Q am— Modern Allu v iu m— Loose g rav elly sand
and g rav el forming  bars and u nderlying  channels in ephemeral drainag es.
S and consists of brown to g rayish-brown (7.5YR 5/4 to 10Y R 5/2), v ery
poorly to poorly sorted, ang u lar to rou nded (mostly su bang u lar), fU -v cU
g rains (u p to 10% v fL-fL) composed of 85–90% lithics (felsic v olcanic),
5–10% feldspar, and u p to 5% qu artz with no clay. G rav el consists of clast-
su pported, su bang u lar to rou nded (mostly su bang u lar to su brou nded),
poorly to moderately sorted pebbles, cobbles, and su bordinate bou lders
(u p to 15–20% where stream cou rses ru n adjacent to u plands). Clast
litholog ies are mostly fine-g rained, felsic v olcanic clasts. Long itu dinal and
transv erse bars are often u nderlain by u p to 80% v ery poorly sorted,
su brou nded to rou nded, well-g raded pebbles throu g h coarse cobbles.
T opsoil is not present. Bar-and-swale topog raphy and occasional steep-
walled channels characterize the su rface, exhibiting  u p to 0.1–0.3 m of
relief. T hickness is 1–4? m.
01-02-02-00-00— U nit— Q amh— Modern and Historical Allu v iu m,
u ndiv ided— Modern allu v iu m (Q am) and su bordinate historical allu v iu m
(Q ah). S ee detailed descriptions of each u nit.
01-02-03-00-00— U nit— Q amy— Modern and You ng er Allu v iu m,
u ndiv ided— Modern allu v iu m (Q am) and su bordinate you ng er allu v iu m
(Q ay). S ee detailed descriptions of each u nit.
01-02-04-00-00— U nit— Q ar— R ecent (Historical + Modern)
Allu v iu m— Historical allu v iu m (Q ah) and modern allu v iu m (Q am) in
approximately equ al proportions. S ee detailed descriptions of each u nit.
01-02-05-00-00— U nit— Q ary— R ecent (Historical + Modern) and You ng er
Allu v iu m, u ndiv ided — R ecent allu v iu m (Q ah + Q am) and su bordinate
you ng er allu v iu m (Q ay). S ee detailed descriptions of each u nit.
01-02-06-00-00— U nit— Q ah— Historical Allu v iu m— Loose to v ery weakly
consolidated, g rav elly sand and sandy g rav el u nderlying  low terraces
along  v alley floors in thin to thick (3–30+ cm), mostly lenticu lar
(occasionally tabu lar) beds. S and may be pebbly and massiv e to
horizontal-planar laminated or, less commonly, cross-laminated. S and is
brown to yellowish-brown (7.5YR 4/4 to 10YR 5/3–4), moderately to
strong ly calcareou s, v ery poorly to poorly sorted, su bang u lar to
su brou nded, fine- to v ery coarse-g rained (<7% v ery fine sand and silt-
clay), and a v olcanic litharenite. T race to 3% brownish clay films are
observ ed in the matrix. G rav el consists of clast-su pported, imbricated,
poorly sorted, su bang u lar to well-rou nded pebbles and su bordinate
cobbles of felsic v olcanics, particu larly V icks P eak T u f f. Deposit may
featu re 5–10% lenses of massiv e to v ag u ely low-ang le cross-stratified sand
similar to g rav el matrix. W eak topsoil dev elopment characterized by fine
peds that hav e experienced no or v ery minor clay illu v iation (as brid g es)
and stag e I carbonate accu mu lation. T he su rface exhibits bar-and-swale
topog raphy and is locally eroded, with u p to 0.2 m of su rface relief and no
clast v arnishing . T read heig ht is 0.3–1.5 m abov e modern g rade. T hickness
is 0.1–2.0 m.

01-02-07-00-00— U nit— Q ahm— Historical and Modern Allu v iu m,
u ndiv ided— Historical allu v iu m (Q ah) and su bordinate modern allu v iu m
(Q am). S ee detailed descriptions of each u nit.
01-02-08-00-00— U nit— Q ahy— Historical and You ng er Allu v iu m,
u ndiv ided— Historical allu v iu m (Q ah) and su bordinate you ng er allu v iu m
(Q ay). S ee detailed descriptions of each u nit.
01-02-09-00-00— U nit— Q ay— You ng er Allu v iu m— W eakly consolidated
g rav elly sand and sandy g rav el u nderlying  low terraces adjoining  activ e
channels or relativ ely inactiv e v alley floors. Locally, the u nit fines u pward.
G rav el are su bang u lar to su brou nded and composed of fine-g rained, felsic
v olcanic rocks, particu larly V icks P eak T u ff, with 1–5% feldspar
porphyries. S and is reddish-brown to brown or strong  brown (5Y R 4/4;
7.5YR 4–5/4–6; 7.5–10YR 5/3), su bang u lar, and v ery fine- to v ery coarse-
g rained with 1–10% clay-silt. S andy g rav el is clast-su pported in v ery thin
to mediu m, tabu lar to lenticu lar beds. G rav el consists of weakly to
moderately imbricated, poorly sorted, su bang u lar (mostly) to su brou nded
pebbles with 10–30% cobbles and trace to 5% bou lders. Clast litholog ies
inclu de fine-g rained tu f f and rhyolite with 1–5% feldspar porphyries.
G rav el matrix consists of brown to strong  brown (7.5YR 4–5/4–6; 7.5–10YR
5/3), poorly sorted, ang u lar to su brou nded (mostly su bang u lar), v ery fine-
to v ery coarse-g rained sand with 1–5% silt-clay; sand is composed chiefly
of lithic (v olcanic) g rains. T opsoil and bu ried soils are characterized by
brown to strong  brown (7.5YR 4–5/4–6), illu v iated clay (Bt) horizons (faint
to distinct clay films on ped faces or clast su rfaces) exhibiting  weak to
moderate, fine to coarse, ang u lar to su bang u lar blocky peds. T hese clayey
horizons may hav e weak calciu m carbonate precipitation or ov erlie calcic
horizons (stag e I to II carbonate accu mu lation). Locally, deposit lacks Bt
horizon and is instead characterized by a darkened A horizon with ped
dev elopment. Elsewhere, soils hav e been remov ed entirely by su rface
erosion. G eomorphic su rfaces lack bar-and-swale topog raphy. T read
heig ht is 1–2.2 m abov e modern g rade. T hickness is 1–5? m.

01-02-10-00-00— U nit— Q aym— You ng er and Modern Allu v iu m,
u ndiv ided— You ng er allu v iu m (Q ay) and su bordinate modern allu v iu m
(Q am). S ee detailed descriptions of each u nit.
01-02-11-00-00— U nit— Q ayh— You ng er and Historical Allu v iu m,
u ndiv ided— You ng er allu v iu m (Q ay) and su bordinate historical allu v iu m
(Q ah). S ee detailed descriptions of each u nit.
01-02-12-00-00— U nit— Q ayr— You ng er and R ecent (Historical + Modern)
Allu v iu m, u ndiv ided— You ng er allu v iu m (Q ay) and su bordinate recent
allu v iu m (Q ah + Q am). S ee detailed descriptions of each u nit.
01-02-13-00-00— U nit— Q ayrt— You ng er and R ecent Allu v iu m,
T ransitional Deposits— You ng er allu v iu m (Q ay) and su bordinate recent
allu v iu m (Q ah + Q am) in non-dissected, low order drainag es. Deposits are
poorly exposed. S ee detailed descriptions of each u nit.
01-03-00-00-00— Heading 3— T errace— T errace U nits— T errace U nits

01-03-01-00-00— U nit— Q tu — T errace G rav els in S maller Drainag es,
u ndiv ided— Loose to moderately consolidated, sandy g rav el, and g rav elly
sand in v ery thin to thick (1–80 cm), tabu lar to lenticu lar beds u nderlying
terraces along side hig her order stream cou rses. G rav el are clast-su pported
and well-imbricated to locally trou g h or planar cross-stratified (foresets
20–40 cm thick). Clasts consist of v ery poorly to poorly sorted, su bang u lar
to well-rou nded pebbles, cobbles (10–60%), and bou lders (1–25%). Clast
litholog ies are mostly or entirely fine-g rained felsic v olcanics with trace to
a few percent each of feldspar porphyry, chert, and/or intermediate
v olcanics (visu al estimate). G rav el matrix consists of yellowish red to
strong  brown (5YR 4–5/6; 7.5Y R 5/6) to lig ht or pale brown (7.5YR 6/3–4;
10Y R 6/3), non- or weakly to strong ly calcareou s, v ery poorly to
moderately sorted, su bang u lar to rou nded, v fU -v cL sand (mostly mL-v cL)
composed of 80–90% lithics (v olcanic) and 10–20% qu artz + feldspar with
0–10% reddish-brown clay bridg es and films. Compared to u nit Q ppu ,
g rav el are browner, less consolidated, less commonly cross-stratified, and
coarser. G rav el may be intercalated with minor lenses of thin, tabu lar beds
of silty, v ery fine- to fine-g rained sand or pebbly sand (v ery fine to v ery
coarse) that are horizontal-planar or cross-laminated to trou g h cross-
stratified. S oils and su rface characteristics g enerally v ary with ag e;
moderate to strong  calcic horizons (stag e II–IV  carbonate accu mu lation),
illu v iated clay (Bt, Btk horizons where not eroded), and v ariou s deg rees of
desert pav ement dev elopment and clast v arnishing  may be observ ed at
the su rface. Deposit lacks bar-and-swale topog raphy and bu ried soils.
T errace treads div erg e in a downstream direction and are not necessarily
correlativ e between drainag es. T hickness is 0.3–9 m. S u bdiv ided into fou r
allostratig raphic su bu nits disting u ished by tread heig ht abov e v alley
floors:

01-03-01-01-00— S u bu nit— Q tl— Lower T errace G rav el— S andy g rav el with
15–40% cobbles and 1–10% bou lders. Commonly featu res illu v iated clay
(Bt) horizon in topsoil. W eak v arnish on 20–30% of su rface clasts. T read
g enerally lies 1.5–3 m abov e v alley floors. Deposit is 0.3–1 m thick.

01-03-01-02-00— S u bu nit— Q tm— Middle T errace G rav el— S andy g rav el in
v ery thin to mediu m, mostly lenticu lar beds (minor tabu lar beds); thick
beds and cross-stratification (u p to 0.4 m thick) locally present. T he
deposit contains 1–10% sand or silty sand beds. G rav el is weakly to
moderately consolidated, clast-su pported, imbricated, su brou nded,
poorly sorted (locally moderately sorted within a particu lar bed), and
comprised of pebbles with 25–50% cobbles and 2–3% bou lders. G rav el are
composed primarily of fine-g rained felsites with <5% feldspar porphyry,
0–5% black-speckled and qu artz-phyric felsite (absent sou th of Craw ford
Hollow), and 1–5% coarser-g rained felsites (>3% v isible qu artz and
feldspar crystals). G rav el matrix consists of lig ht-brown to reddish-yellow
(7.5–10Y R 6/3 to 7.5Y R 6/4–6), su bang u lar to su brou nded, poorly sorted,
mediu m- to v ery coarse-g rained sand (<25% v ery fine to fine sand)
dominated by lithic (v olcanic) g rains with 1–5% free clay. T opsoil is
characterized by Bt horizon dev elopment in u pper 60 cm (distinct clay
films on half to most of the clast su rface). Hig hly scou red base. In S heep
Canyon west of Interstate 25, this terrace deposit correlates u pstream with
Q pw1. T read lies 2–4 m abov e the modern drainag e. T hickness is 0.5–2.7
m.

01-03-01-03-00— S u bu nit— Q th— Hig her T errace G rav el— V ariable
preserv ation of su rface soil. W eak desert pav ement and moderately strong
v arnish on 45–60% of su rface clasts. T read g enerally lies at least 4–6 m
abov e v alley floors and 1–3 m abov e Q tm tread.
01-03-01-04-00— S u bu nit— Q tv h— Hig hest T errace G rav el— S trong est soil
dev elopment observ ed is stag e III+ to IV  calcic soil horizons 10–100 cm
thick. W eakly to well-dev eloped desert pav ement. Moderate v arnish on
20–65% of su rface clasts. T read lies 7–16 m abov e v alley floors, decreasing
to 3–5 m at u p-drainag e positions.
01-03-02-00-00— Heading 4— Erosional— Erosional S u rfaces— Erosional
S u rfaces
01-03-02-01-00— U nit— Q x2— Q x2— Erosional su rface g raded to lower-to-
intermediate positions in the landscape.
01-03-02-02-00— U nit— Q x3— Q x3— Erosional su rface g raded to
intermediate positions in the landscape.
01-03-02-03-00— U nit— Q x4— Q x4— Erosional su rface g raded to
intermediate-to-hig her positions in the landscape.
01-03-02-04-00— U nit— Q x5— Q x5— Erosional su rface g raded to hig her
positions in the landscape.
01-03-02-05-00— U nit— Q x6— Q x6— Erosional su rface g raded to hig hest
positions in the landscape (below ag g radational su rface).
01-03-03-00-00— U nit— Q tc— T errace G rav els of Craw ford Hollow,
u ndiv ided— Moderately consolidated, sandy g rav el in v ag u e, thin to
thick, tabu lar to (mostly) lenticu lar beds. V ery weakly clay-cemented.
G rav el consists of clast-su pported, imbricated, poorly sorted, su bang u lar
to su brou nded pebbles with su bordinate cobbles and bou lders (more
abu ndant near the base). Clast litholog ies inclu de fine-g rained felsites
with 1–3% feldspar porphyry, 0–5% intermediate v olcanics, and u p to 1%
black-speckled and qu artz-phyric felsite observ ed in Q tu  g rav els in the
northern part of the qu adrang le. T he matrix consists of yellowish-red to
brown or strong  brown (5–7.5YR 4–5/6), poorly sorted, su bang u lar to
su brou nded, fine- to v ery coarse-g rained (mostly mL-v cU ) sand
dominated by lithics (v olcanic) and with 1–5% clay. W here not eroded, the
topsoil exhibits an illu v iated clay (Bt or Btk) horizon u nderlain by a
moderate to strong  calcic horizon (stag e II to III carbonate accu mu lation).
Compared to the u nderlying  P alomas Formation, terrace deposits are
browner, more poorly sorted, and slig htly less consolidated. T errace
treads div erg e in a downstream direction, becoming  hig her abov e the
floor of Crawford Hollow. T hickness is 0.3–10 m. S u bdiv ided into fou r to
six allostratig raphic su bu nits:

01-03-03-01-00— S u bu nit— Q tc1— Lower T errace G rav el of Craw ford
Hollow— T read lies 2–7 m abov e the v alley floor, decreasing  u pstream.
May locally be su bdiv ided into two su bu nits (not mapped) whose treads
differ abou t 1 m in heig ht. It is not known if these represent separate
depositional ev ents or if the lower is a fill-cu t terrace. Deposit is 0.3–1 m
thick.
01-03-03-02-00— S u bu nit— Q tc2— Lower-Middle T errace G rav el of
Craw ford Hollow— T read lies 3–8 m abov e the v alley floor, decreasing
u pstream.
01-03-03-03-00— S u bu nit— Q tc3— Middle T errace G rav el of Crawford
Hollow— In g eneral, terrace lev el lies 6–9 m abov e the v alley floor, bu t
typically 2–4 terrace treads lie in close proximity. T hese treads are likely
dev eloped on the same fill, and locally may lie on the same fill as Q tc4.
Locally, these are su bdiv ided into two su bu nits (not mapped) whose
treads differ by abou t 1–3 m in heig ht.
01-03-03-04-00— S u bu nit— Q tc4— U pper-Middle T errace G rav el of
Craw ford Hollow— S andy g rav el and lesser pebbly sand that forms a
notably thick fill deposit in mu ch of the canyon. S andy g rav el is in thin to
thick, lenticu lar to tabu lar beds. G rav el is clast-su pported, commonly
imbricated, su brou nded, v ery poorly to poorly sorted, and comprised of
v ery fine to v ery coarse pebbles with 20–40% cobbles and 5–15% bou lders.
Basal beds often hav e approximately su bequ al proportions of pebbles and
cobbles. Clast litholog ies inclu de fine-g rained felsites with 1% feldspar
porphyry, 3–5% other intermediate v olcanic clasts, 1–5% coarser-g rained
felsites (>3% visible crystals of qu artz and feldspar), and trace to 2% black-
speckled and qu artz-phyric felsite. P ebbly sand is v ery thin to laminated
and horizontal-planar. S and is typically strong  brown to reddish-yellow
(7.5YR 4–6/6), su bang u lar to (mostly) su brou nded, poorly sorted, mediu m
to v ery coarse-g rained (less than 20% v ery fine to fine sand), and
dominated by v olcanic g rains with 1–5% free clay (v ery locally u p to 15%
clay and reddish-brown color). Moderately consolidated and v ery weakly
to weakly clay-cemented. T opsoil has a Bt horizon that is 50–60 cm thick
and u nderlain by a stag e III to III+ calcic horizon. Lower contact is
scou red. T read lies abou t 10–16 m abov e the v alley floor, decreasing  to
≈4m near the western qu adrang le bou ndary. T wo su bu nits, Q tc4a and
Q tc4b, can be differentiated that differ 1–2 m in g eomorphic heig ht. In the
central part of the canyon, the tread lies ≈2 m below the next hig her
g eomorphic su rface. T hickness is 1–10 m.

01-03-03-04-01— S u bu nit— Q tc4a— —

01-03-03-04-02— S u bu nit— Q tc4b— —

01-03-03-05-00— S u bu nit— Q tc5— U pper T errace G rav el of Crawford
Hollow— A rare g rav elly deposit with a tread that lies 1–3 m abov e Q tc4b
east of Interstate 25. O ther su rfaces in a similar g eomorphic position are
erosional. T hickness is <2–4 m.
01-03-04-00-00— U nit— Q tn— T errace G rav els of Nog al Canyon,
u ndiv ided— Loose to moderately consolidated sandy g rav el and sand in
thin to thick (45–120 cm), tabu lar to broadly lenticu lar beds u nderlying
terraces along  Nog al Canyon. G rav el is clast-su pported and well-
imbricated to trou g h cross-stratified. Clasts consist of v ery poorly to
poorly sorted, su brou nded to well-rou nded pebbles (55–95%), cobbles
(5–45%), and bou lders (u su ally <5%). Clast litholog ies are mostly or
entirely felsic v olcanics with trace to a few percent each of feldspar
porphyry and/or intermediate v olcanics (visu al estimate). G rav el matrix
consists of reddish-brown (5YR 5/3–4) to strong  brown (7.5YR 5/6), poorly
sorted, su brou nded to rou nded, v fL-cL sand composed of 85–90% lithics
(v olcanic) and 10–15% qu artz + feldspar with 10–20% reddish to brownish
clay bridg es and films. G rav el may be intercalated with rare lenses of sand
similar to g rav el matrix. U nderlying  strata may be scou red u p to 0.6 m.
S oils and su rface characteristics g enerally v ary with ag e; moderate to
strong  calcic horizons (stag e II–III carbonate accu mu lation), illu v iated clay
horizons (where not eroded), and v ariou s deg rees of desert pav ement
dev elopment and clast v arnishing  may be observ ed at the su rface. Deposit
lacks bar-and-swale topog raphy. T errace treads div erg e in a downstream
direction. T hickness is 1.5–4 m. S u bdiv ided into fiv e to six
allostratig raphic su bu nits disting u ished by tread heig ht abov e the canyon
floor:

01-03-04-01-00— S u bu nit— Q tn1— Lower T errace G rav el of Nog al
Canyon— T read lies 7–9 m abov e v alley floors. Near the sou theastern
corner of the qu adrang le, two su bu nits, Q tn1a and Q tn1b, can be
differentiated by a ≈2-m-tall riser.
01-03-04-01-01— S u bu nit— Q tn1a— —

01-03-04-01-02— S u bu nit— Q tn1b— —

01-03-04-02-00— S u bu nit— Q tn2— Lower-Middle T errace G rav el of Nog al
Canyon— T read lies 27–30 m abov e v alley floors.
01-03-04-03-00— S u bu nit— Q tn3— Middle T errace G rav el of Nog al
Canyon— T read lies 42–48 m abov e v alley floors.
01-03-04-04-00— S u bu nit— Q tn4— U pper-Middle T errace G rav el of Nog al
Canyon— S trong est soil dev elopment observ ed is stag e III+ calcic soil in
u pper 1.3 m of deposit. W eakly to well-dev eloped desert pav ement. W eak
to moderate v arnish on 25–45% of su rface clasts. T read lies 51–58 m abov e
v alley floors.
01-03-04-05-00— S u bu nit— Q tn5— U pper T errace G rav el of Nog al
Canyon— S trong est soil dev elopment observ ed is stag e IV  calcic soil in
u pper 1 m of deposit. Moderately to well-dev eloped desert pav ement.
W eak to strong  v arnish on 15–60% of su rface clasts. T read lies 65–73 m
abov e v alley floors.

01-03-05-00-00— U nit— Q ts4— U pper T errace G rav el of S ilv er
Canyon— Loose to weakly consolidated sandy g rav el and silt-sand in
thick (50–80 cm), tabu lar to broadly lenticu lar beds u nderlying  terraces
along  S ilv er Canyon. G rav el is clast-su pported and moderately well-
imbricated. Clasts consist of poorly sorted, su brou nded to rou nded
pebbles (50–100%) and cobbles (0–50%) dominated by felsic v olcanics.
G rav el matrix consists of brown (7.5Y R 4–6/4), strong ly calcareou s, v ery
poorly to poorly sorted, su brou nded to rou nded, v fU -cU  sand composed
of 80–85% lithics (v olcanic) and 15–20% qu artz + feldspar with <5%
brownish chips. Deposit featu res u p to 10–15% lenses of strong  brown
(e.g ., 7.5YR 5/6), mostly tabu lar, internally massiv e to low-ang le cross-
stratified or laminated, slig htly pebbly silt to fL or mU  sand. T he strong est
soil dev elopment observ ed is stag e IV  calcic soil in the u pper 30 cm of
deposit. Moderate desert pav ement dev elopment and weak to strong
v arnish on 10–50% of su rface clasts observ ed. T read lies 3–18 m abov e
v alley floors. T hickness is 1.9–12 m.
01-04-00-00-00— Heading 3— FanP iedmont— Allu v ial Fan and P iedmont
U nits— Allu v ial Fan and P iedmont U nits
01-04-01-00-00— U nit— Q fm— Modern Fan Allu v iu m— Loose g rav elly
sand and sandy g rav el u nderlying  fan channels, bars, and lev ees. S and
consists of brown to yellowish-brown (10YR 5/3–4), non- to v ery weakly
calcareou s, v ery poorly to poorly sorted, ang u lar to rou nded, fL-cU  g rains
composed of 55–60% qu artz, 30–35% lithics (v olcanic), and 10–15%
feldspar with no clay. G rav el inclu de sandy pebble-cobble and pebble-
cobble-bou lder deposits; clast proportions inclu de 55–90% pebbles,
10–45% cobbles, and 0–10% small bou lders of mostly felsic litholog ies
reworked from P alomas Formation basin fill and terrace g rav els. S oils are
not observ ed. Bar-and-swale topog raphy characterizes the su rface,
exhibiting  u p to 0.4–0.5 m of relief. T hickness is <2–3 m in most places.

01-04-02-00-00— U nit— Q fmh— Modern and Historical Fan Allu v iu m,
u ndiv ided— Modern (Q fm) and su bordinate historical fan allu v iu m (Q fh).
S ee detailed descriptions of each u nit.
01-04-03-00-00— U nit— Q fh— Historical Fan Allu v iu m— Loose pebble-
cobble g rav el in mediu m to thick (20–40+ cm), tabu lar to v ag u ely wed g e-
shaped beds. G rav el is clast- to matrix-su pported and internally massiv e
to cru dely imbricated. Clasts consist of poorly sorted, ang u lar to
su brou nded pebbles (65–95%) and cobbles (5–35%) of felsic litholog ies; u p
to 15–20% of clasts may represent exotic litholog ies (e.g ., qu artzite)
deriv ed from the axial-flu v ial facies of the P alomas Formation. G rav el
matrix consists of dark-brown to brown (7.5YR 3–4/4), v ery weakly
calcareou s, v ery poorly sorted, ang u lar to rou nded, fU -v cL sand
composed of 45–50% lithic (v olcanic), 40–45% qu artz, and 5–15% feldspar
with <5–7% lig ht-brownish clay films. S oils are not observ ed; moderate to
strong  biotu rbation by v ery fine to coarse roots. No clast v arnish observ ed
at the su rface. Bar-and-swale topog raphic relief is u p to 0.25–0.4 m.
T hickness is <2–3 m in most places.
01-04-04-00-00— U nit— Q fr— R ecent (Historical + Modern) Fan
Allu v iu m— Historical (Q fh) and modern fan allu v iu m (Q fm) in
approximately equ al proportions. S ee detailed descriptions of each u nit.
01-04-05-00-00— U nit— Q fry— R ecent (Historical + Modern) and You ng er
Fan Allu v iu m, u ndiv ided— R ecent (Q fh + Q fm) and su bordinate you ng er
fan allu v iu m (Q fy). S ee detailed descriptions of each u nit.
01-04-06-00-00— U nit— Q fy— You ng er Fan Allu v iu m— Loose pebble-
cobble g rav el in mediu m to thick (25–80 cm), tabu lar to wed g e-shaped
beds. G rav el is mostly clast- su pported and internally massiv e to cru dely
imbricated. Clasts consist of v ery poorly to poorly sorted, su bang u lar to
rou nded pebbles (60–90%) and cobbles (10–40%) of >95% felsic v olcanic
litholog ies. G rav el matrix consists of brown (7.5YR 4/2–4 or 5/4),
moderately to strong ly calcareou s, v ery poorly sorted, su bang u lar to
rou nded, silty, fL-cU  sand composed of 70–80% lithic (v olcanic), 15–20%
qu artz, and 10–15% feldspar g rains with u p to 10% brownish clay films.
S tag e I calcic horizon with illu v iated clay (Btk) observ ed in u pper 25 cm.
W eak v arnish on no more than 10% of su rface clasts. Bar-and-swale
topog raphic relief u p to 15–20 cm. T read heig ht 1.7–2.2 m abov e modern
g rade (minimu m thickness).
01-04-07-00-00— U nit— Q fym— You ng er and Modern Fan Allu v iu m,
u ndiv ided— You ng er (Q fy) and su bordinate modern fan allu v iu m (Q fm).
S ee detailed descriptions of each u nit.
01-04-08-00-00— U nit— Q fyh— You ng er and Historical Fan Allu v iu m,
u ndiv ided— You ng er (Q fy) and su bordinate historical fan allu v iu m (Q fh).
S ee detailed descriptions of each u nit.
01-04-09-00-00— U nit— Q fyr— You ng er and R ecent (Historical + Modern)
Fan Allu v iu m, u ndiv ided— You ng er (Q fy) and su bordinate recent fan
allu v iu m (Q fh + Q fm). S ee detailed descriptions of each u nit.
01-04-10-00-00— U nit— Q fo— O lder Fan Allu v iu m— Loose pebble and
pebble-cobble g rav el in thick to v ery thick (75–160 cm), tabu lar to wedg e-
shaped beds. G rav el are clast- to occasionally matrix-su pported and
internally massiv e to moderately imbricated. Clasts consist of v ery poorly
to poorly sorted, su bang u lar to rou nded pebbles (55–95%), cobbles
(5–45%), and bou lders (0–5%) of >95% felsic v olcanic litholog ies. G rav el
matrix consists of brown to strong  brown (7.5Y R 4/4–6), moderately
calcareou s, poorly to moderately sorted, ang u lar to rou nded, fU -cU  sand
composed of 50–55% lithic (v olcanic and ferromag nesian minerals),
35–40% qu artz, and 5–15% feldspar g rains with no clay. S tag e I calcic
horizon observ ed in u pper 40 cm. W eak v arnish on 25–40% of su rface
clasts. T read heig ht 2.1–3.2 m abov e modern g rade (minimu m thickness).
01-04-11-00-00— U nit— Q pw1— Lower W estern P ediment Deposit— T hin
lag  of silt, sand, and su bang u lar to rou nded pebble-cobble and pebble-
cobble-bou lder g rav els filling  shallowly incised v alleys in the north-
central part of the qu adrang le. Clast litholog ies are felsic v olcanics
deriv ed from the east-central S an Mateo Mou ntains. S u rface featu res an
ov erall g rayish color. T hickness is <2–3 m.
02-00-00-00-00— Heading 2— Q U AT ERNARY–T ER T IARY— Q U AT ERNA...

02-01-00-00-00— Heading 3— BasinFill— Basin-Fill U nits— Basin-Fill U nits

02-01-01-00-00— U nit— Q ppu — U pper P iedmont Facies of the P alomas
Formation— Interbedded g rav el bodies, pebbly silt-sand, silt, and mu d.
T he u nit consists of >80% g rav els where it u nderlies proximal to medial
positions of a Nog al Canyon paleofan extending  from the sou thern
qu adrang le bou ndary north to Crawford Hollow. T his proportion drops
to 20–50% in the northern and eastern parts of the qu adrang le (east of
Interstate 25). G rav els occu r in mediu m to v ery thick (20–110+ cm; minor
v ery thin to thin), tabu lar to lenticu lar bodies, and are loose to moderately
well-consolidated, weakly to moderately clay-cemented, weakly to
strong ly calcareou s, and weakly to well-imbricated. Cross-stratification
occu rs in 1–20% of any g iv en g rav el body and inclu des trou g h to low-
ang le planar cross-bedding  (foresets u p to 1 m tall). O ccasional lateral
accretion sets and rev erse g rading . G rav el consists of mostly clast-
su pported (minor matrix-su pported), v ery poorly to moderately sorted,
su bang u lar to rou nded (mostly su brou nded) pebbles (50–95%), cobbles
(5–50%), and bou lders (trace to 12%). Clast litholog ies inclu de fine-
g rained felsic v olcanics, with 5–25% feldspar porphyries, 1–20%
moderately crystal-rich felsites (>3% visible phenocrysts), and 0–15%
intermediate v olcanic clasts. North of Craw ford Hollow, intermediate
v olcanics are <1% of the g rav el clasts, and crystal-rich felsites are mostly
limited to proximal-medial deposits of the Nog al Canyon paleofan. G rav el
matrix consists of su bang u lar to rou nded, v ery poorly to moderately
sorted, mostly mediu m- to coarse-g rained sand (<10–20% finer and
10–25% v ery coarse sand to g ranu les) composed of 70–95% lithics (felsic
v olcanic) and 5–30% qu artz + feldspar. Clay as pore lining s or brid g es is
estimated to compose 0.5–15% of the matrix. It imparts an array of reddish
colors, inclu ding  lig ht reddish brown to reddish brown or yellowish red
to reddish yellow (5Y R 5–6/3–4 or 4–6/6; 7.5YR 6/6). Locally, g rav el matrix
may be lig ht-g ray, lig ht-brown, or strong -brown (5–7.5YR 7/1; 7.5YR 6/4,
5/6). Fine-g rained sediment is well-consolidated and occu rs in thin to
thick, tabu lar beds locally demarcated by clay-enriched zones at the top of
a bed (probable paleosols). T his sediment consists of a mixtu re of clay, silt,
and v ery fine to fine sand with 1–30% scattered mediu m to v ery coarse
sand g rains and 1–10% pebbles. Beds are internally massiv e du e to
biotu rbation and pedog enesis. Clay-rich zones are reddish-brown (5YR)
and hav e ang u lar to su bang u lar blocky peds that are commonly coated by
distinct illu v iated clay films. Colors for fine-g rained interv als inclu de
lig ht-reddish-brown to pink (5YR 6/4; 7.5YR 7/3), bu t mu ddy beds locally
rang e from lig ht-yellowish-brown (2.5Y 6/3) to brown or pink (7.5YR 5/3
or 7/4). Bu ried stag e I to II+ calcic horizons are locally present bu t minor in
comparison to illu v iated clay (Bt, Btk) horizons. T o the sou th, strong
calciu m carbonate dev elopment is common in the u pper 0.6–1.5 m of the
u nit, inclu ding  stag e III–III+ soil horizons, bu t bu ried soils are rare.
T hickness is 50–85 m.

02-01-02-00-00— U nit— Q T ppm— Middle P iedmont Facies of the P alomas
Formation— S ilty to sandy mu d and silt in massiv e to laminated or v ery
thin to thin, mostly tabu lar beds; su bordinate silty sand or pebbly g rav el
in thin to thick (<40 cm), tabu lar to lenticu lar beds. Non- to weakly
calcareou s. Mu ddy beds are moderately to well-consolidated and mostly
internally massiv e whereas sandy to g rav elly beds are loose to moderately
consolidated and may be internally massiv e to horizontal-planar
laminated. Locally, the u nit consists of u p to 80% mu d with the remainder
being  a mix of silt, sand, and g rav el. Mu d is reddish-brown to lig ht-
reddish-brown, lig ht-brown, or pink to v ery pale-brown (5YR 5–6/4; 7.5Y R
7/3–4, 6/3–4; 10YR 7/3–4), often silty, and may contain trace to 5%
su bang u lar to rou nded sand g rains comprised of >80% lithics (v olcanic).
Rare to occasional bu ried calcic horizons (stag e I–III) are u p to 60 cm thick
and characterized by carbonate nodu les, tu bu les, or masses; these are
sometimes associated with illu v iated clay horizons (Bt or Btk). R u bbly
weathering  carbonate with possible root casts between S ilv er Canyon and
Craw ford Hollow near the top of the u nit may represent ciéneg a (marsh)
deposits. S andy beds commonly consist of lig ht-yellowish-brown or
brown (10YR), well-sorted, su brou nded to rou nded, silty, v fU -fU  g rains
composed of 65–70% qu artz, 20–25% feldspar, and 10–15% lithics (black
ferromag nesian minerals and v olcanics) with little or no clay. Rare pebble
g rav els may be imbricated and consist of 55–60% fine-g rained rhyolites
and tu f fs with 35–40% coarser g rained felsites (>3% v isible phenocrysts)
and <5% intermediate v olcanic litholog ies. G rav els are distinctly lenticu lar
and hav e a sandy matrix similar to sand beds described abov e that also
lack clay. W here ov erlying  Q ppu  contains hig her proportions of finer-
g rained beds, Q T ppm may be disting u ished by tanner colors (mostly
7.5YR) and g reater lenticu larity in channel-fill g rav els that are less
extensiv e and contain less matrix clay. T otal thickness u nknown bu t at
least 45–60 m.

02-01-03-00-00— U nit— Q T paf— Axial-Flu v ial Facies of the P alomas
Formation, Floodplain Deposits— R eddish to pale-colored, mostly massiv e
mu ds with su bordinate sand lenses similar to those described for u nit
Q T pa. Fou nd in Crawford Hollow along  the eastern qu adrang le bou ndary
and laterally g radational with distal piedmont facies of u nit Q T ppm.
Locally, the thickness is 3–7.5 m.
02-01-04-00-00— U nit— Q T pa— Axial-Flu v ial Facies of the P alomas
Formation— S and, lesser mu d, and rare to occasional pebble g rav el in
laminated to thick (u p to 90 cm), mostly lenticu lar beds. S and is loose,
non-calcareou s, and internally massiv e to horizontal-planar or ripple
cross-laminated to trou g h or planar cross-stratified (foresets u p to 30 cm
thick). S and is composed of lig ht-brownish-g ray (10YR 6/2), poorly to
moderately well-sorted, su brou nded to rou nded, v fL-cL g rains (mostly
fU -cL) composed of 60–70% qu artz, 15–20% feldspar, and 15–20% lithics
(v olcanic, black ferromag nesian minerals, chert, and possible trace
g ranite) with no clay. Notable brownish-red to g olden flakes of mica are
also fou nd in the matrix (trace to 2%). Mu d rip-u p clasts u p to 25 cm
across are locally fou nd in basal parts of sandy beds, particu larly where
scou red into mu d. Mu d is pale to v ery-pale-brown (2.5Y–10YR 8/2 and
2.5Y 7/3) or yellowish-red (5YR 4–5/6), weakly to moderately consolidated,
non-calcareou s, and massiv e to horizontal-planar laminated. It may
contain whitish g ypsu m cru sts, blades, and masses, particu larly in and
near Nog al and S ilv er Canyons. P ebble g rav els (with v ery rare cobbles)
occu r in mediu m to thick (<20–30+ cm), lenticu lar beds. T hese are clast-
su pported and imbricated; clasts are poorly to moderately sorted and
su brou nded to well-rou nded. Clast litholog ies inclu de su bequ al
proportions of g ranite, chert/jasperoid, intermediate and felsic v olcanics,
u ndiv ided tu f fs, and slig htly more qu artzite (15–20%). Rare pebbles of
P edernal chert are also fou nd. P ebbles of similar litholog ies are frequ ently
concentrated at the base of individu al crossbeds in sandy interv als. G rav el
matrix is similar to sand bu t may contain trace or a few percent clay chips
or bridg es that impart a slig htly reddish color. Basal scou r by g rav elly
beds forms u p to 0.6 m of relief along  contacts with u nderlying  sediment.
Bu ried soils do not occu r in g rav els or sand, bu t illu v iated clay (Bt)
horizons are observ ed in mu ddy interv als in a few places and indicated by
mottling  and prismatic peds. Frag ments of fossil v ertebrates are
occasionally fou nd in mu ds and sand; a partial v ertebra of the g lyptodont
G lyptotheriu m texanu m recov ered approximately 1 km north of S ilv er
Canyon su g g ests that the u ppermost axial-flu v ial strata are you ng er than
2.7 Ma (D. G illette and G . Morg an, pers. comm., 2019). At least 60 m thick.

02-01-05-00-00— U nit— Q T ppml— Lower to Middle P iedmont Facies of the
P alomas Formation, u ndiv ided— W estward-thinning  packag e of silty or
sandy to g rav elly sediment mapped in Nog al Canyon that inclu des u nits
Q T ppm and T ppl. Interv als correlating  to O T ppm hav e fewer mu ddy
beds compared to elsewhere on the qu adrang le. S ee detailed descriptions
of each u nit. T hickness is <1–60 m.
02-01-06-00-00— U nit— T ppl— Lower P iedmont Facies of the P alomas
Formation— P oorly exposed, weakly to well-consolidated, pebble-cobble-
bou lder g rav el/cong lomerate. G rav el/cong lomerate is g rayish,
occasionally calcite-cemented, and massiv e to v ag u ely imbricated. Clasts
consist of v ery poorly to poorly sorted, su bang u lar to rou nded pebbles
(40–80%), cobbles (20–40%), and bou lders (10–30%). Clast litholog ies
inclu de 40–50% V icks P eak T u f f, 45–50% u ndiv ided felsites (mostly fine-
g rained), and 0–15% g reenish g ray hornblende-plag ioclase-phyric
andesite. T he u nit forms an onlapping  u nconformity on V icks P eak T u ff in
the sou thwest part of the qu adrang le. T hickness is u nknown bu t likely
<35–45 m.
02-01-07-00-00— U nit— T sml— Lower and Middle S anta Fe G rou p,
P iedmont Facies— Yellowish to reddish or reddish-brown beds of
sandstone and mu dstone with su bordinate cong lomerate exposed along
Nog al Canyon. T hickness is >90 m.
03-00-00-00-00— Heading 2— T ER T IARY — T ER T IARY— T ER T IARY

03-01-00-00-00— Heading 3— V olcanic— V olcanic U nits— V olcanic U nits

03-01-01-00-00— U nit— T v u — V olcanic Rocks, u ndiv ided— U ndiv ided
v olcanic rocks exposed along  Nog al Canyon. P robably Hells Mesa T u f f or
trachyandesite in most places. S ee the following  descriptions for the
individu al v olcanic u nits.
03-01-02-00-00— U nit— T v p— V icks P eak T u ff— G ray to lig ht-g ray (N6/ to
N7/), weathering  g ray to reddish-brown, welded, crystal-poor, rhyolite
ash-flow tu f f. P henocrysts inclu de trace to 3% sanidine (fine to coarse,
su bhedral to eu hedral, g lassy to chatoyant), trace to 1% mafics (fine,
equ ant), and trace qu artz. T race lithics u p to 1.5 cm long  are aphanitic or
contain some feldspar casts. Matrix is mostly dev itrified bu t contains trace
mediu m g lass shards (dark/opaqu e). O ccasional eu taxitic foliation, trace
to minor (15%) fiamme, and sparse to abu ndant spheru lites. A dark-g ray
to black v itrophyre is observ ed at the base of the V icks P eak in the
sou thern part of the map area. T his vitrophyre contains similar sanidine
phenocrysts and lithic frag ments as the material abov e it bu t altered to
clays. T he u nit forms steep slopes, ledg es, or cliffs. 40Ar/39Ar ag e of 28.72
± 0.02 Ma (sample 18BH-726). T hickness is <180 m.
03-01-03-00-00— U nit— T v s— V olcaniclastic S ediment Below V icks P eak
T u f f— P oorly exposed v olcaniclastic sediment u nderlying  V icks P eak T u ff.
T hickness is <6 m.
03-01-05-00-00— U nit— T rr— T u ff of Rocqu e R amos Canyon— Lig ht-g ray to
white (N8/; 2.5–5YR 8/1) or pinkish-g ray to reddish-brown (5Y R 8/1–6/2 to
4/3–4), weathering  dark reddish-brown to dark-g ray, moderately to
densely welded ash-flow tu f f. Compaction foliation is observ ed in places
bu t is mu ch more poorly dev eloped than in the La Jencia T u ff.
P henocrysts occu py 15–40% of the su rface area and are composed mainly
of sanidine (fine to mediu m, su bhedral to eu hedral, g lassy) with
su bordinate plag ioclase (fine to mediu m, mostly su bhedral) and trace to
7% biotite (fine, su bhedral, commonly altered with coppery lu ster). T he
u nit contains 1–5% pu mice that are 1–10 cm long  and relativ ely
u ndeformed to hig hly flattened. At Black Hill, <10–15% pebble-sized lithic
andesite frag ments are present. S ou th of Nog al Canyon, u nit inclu des a
reddish-brown to brown, ledg e-forming , v olcaniclastic facies u nderlying
welded, sanidine-rich tu f f. T hese facies hav e a mostly matrix-su pported
textu re with su bang u lar to su brou nded, pebble-sized pu mice and minor
aphanitic andesite clasts. 40Ar/39Ar ag es of 35.72 ± 0.01 Ma and 35.75 ±
0.01 Ma (samples 18BH-5DK and 18BH-749, respectiv ely). T hickness is
<80–100 m.
03-01-04-00-00— U nit— T lj— La Jencia T u f f— P u rplish-brown or g ray,
weathering  dark-pu rplish to v ery dark-brown, moderately to strong ly
welded ash-flow tu f f. P henocrysts inclu de 2–7% sanidine (fine to mediu m,
su bhedral to eu hedral, g lassy to chatoyant or altered to clay) and trace to
1% biotite (fine, su bhedral, occasional coppery lu ster or altered to reddish,
earthy mineral). T race to 1% du sky to pu rplish-brown lithics u p to 0.3 cm
across are aphanitic or may contain tabu lar minerals altered to clay.
Common eu taxitic foliation. Abu ndant fiamme and stretched v esicles and
lapilli. Leng th:width ratios of fiamme hig hly v ariable, rang ing  from 3:1 to
76:1. Forms a thin ledg e u nderlying  the V icks P eak T u ff east of New
Mexico Hig hway 1, where it is inferred to hav e filled a paleotopog raphic
low formed on the Hells Mesa T u ff. 40Ar/39Ar ag e of 29.00 ± 0.02 Ma
(sample 18BH-724). T hickness is <7 m thick.

03-01-06-00-00— U nit— T ta— T rachyandesite— P u rplish brown, weathering
dark reddish or g rayish brown, slig htly to moderately v esicu lar, massiv e
to moderately flow-foliated, aphanitic, trachyandesite lav a. V esicles are
commonly coated by whitish to bu ff calciu m carbonate or occasionally by
ferromag nesian minerals. P henocrysts inclu de <2–3% total plag ioclase,
pyroxene, hornblende, and olivine; plag ioclase and pyroxene are more
common. P henocrysts are v ery fine- to fine-g rained (rare mediu m g rains).
Forms slopes and ledg es. Exposed thickness is 65–70 m.

04-00-00-00-00— Heading 2— PALEO Z O IC— PALEO Z O IC— PALEO Z O IC

04-01-00-00-00— U nit— *u — P ennsylv anian Rocks, u ndiv ided— Mediu m to
dark-g ray, mostly mediu m-bedded, non- to occasionally cherty, g enerally
fossiliferou s mu dstone, wackestone, and packstone. Chert occu rs as
whitish lace that weathers orang e-tan. Fossils inclu de nau tiloids, biv alv es
u p to 1.25 cm in diameter, crinoids, spong e spicu les, and fu su linids. T he
latter are u p to 3.5 mm long  and often lack internal stru ctu re d u e to
recrystallization. S ome mu dstones are hig hly biotu rbated with bu rrows
u p to 0.8 cm in diameter and occu rring  along  bedding  planes. Cov ered
interv als are inferred to be u nderlain by shale. T he thickness of the
P ennsylv anian section at Bell Hill in the adjacent S teel Hill qu adrang le
(sections 17 and 20, T 8S , R4W ) is >495 m of which the G ray Mesa and Bar
B Formations comprise 460–470 m (Lu cas et al., 2017).


