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Comments to Map Users
Base map from U.S. Geological Survey 2017.
North American Datum of 1983 (NAD83) . . . . . . . . . . .
Projection and 1,000-meter grid: Universal Transverse Mercator, Zone 13S, shown in blue. A geologic map displays information on the distribution, nature, orientation, and age relationships of rock
10,000-foot ticks: New Mexico Coordinate System of 1983 (central zone), shown in red. and deposits and the occurrence of structural features. Geologic and fault contacts are irregular surfaces
ROBUS. s U.S. Census Bureau, 2015-2016 1:24 000 that form boundaries between different types or ages of units. Data depicted on this geologic quadrangle
NAMES ..o GNIS, 2016 . . . . . . s
HYArOGAPNY ... National Hydrography Dataset, 2014 ’ map may be based on any of the following: reconnaissance field geologic mapping, compilation of
Contours......... ...IFSAR 4.5 m Digital Terrain Model, 2008 : : : : : :
Totiaes 1 05 0 1 Mile published and unpublished work, and photogeologic interpretation. Locations of contacts are not
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surveyed, but are plotted by interpretation of the position of a given contact onto a topographic base map;
therefore, the accuracy of contact locations depends on the scale of mapping and the interpretation of the
geologist(s). Any enlargement of this map could cause misunderstanding in the detail of mapping and may
result in erroneous interpretations. Site-specific conditions should be verified by detailed surface mapping
or subsurface exploration. Topographic and cultural changes may not be shown due to recent
development.

Cross sections are constructed based upon the interpretations of the author made from geologic mapping
and available geophysical and subsurface (drillhole) data. Cross sections should be used as an aid to
understanding the general geologic framework of the map area, and not be the sole source of information
for use in locating or designing wells, buildings, roads, or other man-made structures.

The New Mexico Bureau of Geology and Mineral Resources created the Open-file Geologic Map Series to
expedite dissemination of these geologic maps and map data to the public as rapidly as possible while
allowing for map revision as geologists continued to work in map areas. Each map sheet carries the
original date of publication below the map as well as the latest revision date in the upper right corner. In
most cases, the original date of publication coincides with the date of the map product delivered to the
National Cooperative Geologic Mapping Program (NCGMP) as part of New Mexico’s STATEMAP
agreement. While maps are produced, maintained, and updated in an ArcGIS geodatabase, at the time of
the STATEMAP deliverable, each map goes through cartographic production and internal review prior to
uploading to the Internet. Even if additional updates are carried out on the ArcGIS map data files, citations
to these maps should reflect this original publication date and the original authors listed. The views and
conclusions contained in these map documents are those of the authors and should not be interpreted as
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Explanation of Map Symbols

02.11.08 Inclined fault (1st option) —Showing dip value and direction.
06.01 Horizontal bedding
06.02 Inclined bedding —Showing strike and dip.

08.02.03 Inclined flow banding, lamination, layering, or foliation in igneous rock—Showing strike
and dip.

09.003 Inclined generic (origin or type not known or not specified) lineation or linear structure (1st
option) —Showing bearing and plunge.

09.017 Inclined slickenline, groove, or striation on fault surface (1st option)—Showing bearing and
plunge.

09.049 Inclined aligned stretched-object lineation (1st option) —Showing bearing and plunge.
12.05 Fluvial transport direction

12.06 Sediment transport direction determined from imbrication

12.07 Sediment transport direction determined from cross-beds

01.02.01 Key bed —Identity and existence are certain. Location is accurate.

21.36 Fissures or cracks, formed in groudn by earthquake

01.01.01 Contact—Identity and existence are certain. Location is accurate.

01.01.02 Contact—Identity or existence are questionable. Location is accurate.
01.01.03 Contact—Identity and existence are certain. Location is approximate.
01.01.04 Contact—Identity or existence are questionable. Location is approximate.
01.01.07 Contact—Identity and existence are certain. Location is concealed.

01.01.17 Gradational contact—Identity and existence are certain. Location is accurate.

01.01.19 Gradational contact—Identity and existence are certain. Location is approximate.

A
West

5,000 ftH

02.01.01 Fault (generic; vertical, subvertical, or high-angle; or unknown or unspecified orientation or
sense of slip) —Identity and existence are certain. Location is accurate.

» 02.01.02 Fault (generic; vertical, subvertical, or high-angle; or unknown or unspecified orientation or
sense of slip) —Identity or existence are questionable. Location is accurate.

wev....n 02.01.08 Fault (generic; vertical, subvertical, or high-angle; or unknown or unspecified orientation or
sense of slip)—Identity or existence are questionable. Location is concealed.

02.02.01 Normal fault—Identity and existence are certain. Location is accurate. Ball and bar on
downthrown block.

» 02.02.02 Normal fault—Identity and existence are questionable. Location is accurate. Ball and bar on
downthrown block.

02.02.03 Normal fault—Identity and existence are certain. Location is approximate. Ball and bar on
downthrown block.

02.02.07 Normal fault—Identity and existence are certain. Location is concealed. Ball and bar on
downthrown block.

... 02.02.08 Normal fault—Identity or existence are questionable. Location is concealed. Ball and bar on
downthrown block.

~  02.07.09 Oblique-slip fault, left-lateral offset—Identity and existence are certain. Location is accurate.
Arrows show relative motion; ball and bar on downthrown block.

~—... 02.07.15 Oblique-slip fault, left-lateral offset—Identity and existence are certain. Location is

concealed. Arrows show relative motion; ball and bar on downthrown block.

~ .5 02.07.16 Oblique-slip fault, left-lateral offset—Identity or existence are questionable. Location is

concealed. Arrows show relative motion; ball and bar on downthrown block.

02.12.05 Scarp on normal fault—Identity and existence are certain. Location is accurate. Ball and bar
on downthrown block. Hachures point downscarp.

5 02.12.06 Scarp on normal fault—Identity or existence are questionable. Location is accurate. Ball and
bar on downthrown block. Hachures point downscarp.

02.12.07 Scarp on normal fault—Identity and existence are certain. Location is approximate. Ball and
bar on downthrown block. Hachures point downscarp.

31.08 Map neatline

| Relatively extensive, erosional geomorphic surface developed on teh mapped underlying deposit;
1 results in an inset surface that is 2 m below the surface generally associated with the map unit

31.02.25 Well location (in cross section)—The location and depth of a well used to
establish stratigraphy and geologic unit depth.

02.01.04 Fault (generic; vertical, subvertical, or high-angle; or unknown or unspecified
orientation or sense of slip) —Identity or existence are questionable. Location is
approximate.

Geologic Cross Section A-A'

Cross
Section

B—IB'

01-01-01-00-00 — unit — af — Anthropogenic fill and disturbed land —
Altered ground and thick accumulations of sediment (primarily sand,
minor gravel, clay, silt) used as fill for Interstate 25. Thickness is 1-6 m.

01-02-01-00-00 — unit — Qsh — Younger sheetflood deposits — Massive,
very fine- to medium-grained sand and silty-clayey sand with minor,
scattered coarser sand and minor pebbles; silt-clay content is <20%. Trace
to 3% very thin to thin, lenticular beds of sandy pebbles. Common buried
soils (stage I calcic horizons and local clay illuviation). Locally overlain by
1-20 cm of well-stratified sand and pebbly sand with no topsoil
development. 1-3 m thick.

01-03-01-00-00 — unit — Qam — Modern alluvium — Loose gravelly
sand and gravel underlying active channels in ephemeral drainages; very
likely <10 years old. Gravel consists of pebbles, minor cobbles, and 1-10%
boulders. Sand is brown to grayish-brown (7.5-10YR) and mostly
medium- to very coarse-grained. Bar-and-swale topography and steep-
walled channels characterize the surface, exhibiting up to 0.1-0.6 m of
relief. Thickness is 1-4(?) m.

01-03-02-00-00 — unit — Qah — Historic alluvium — Well-stratified
sandy gravel, pebbly sand, and sand underlying low surfaces (1-1.5 m
tread height) in valley bottoms. Very thin to medium, tabular to lenticular
beds (internally massive to horizontal-planar laminated). Lacks notable
pavement and topsoil development (e.g., <10% CaCO3 coats at 20-30 cm
depth); bar-and-swale topography evident in gravelly sediment. Unit
overlies Qay. 0.1-2 m thick.

01-03-03-00-00 — unit — Qamh — Modern and historic alluvium,
undivided — Modern alluvium (Qam) and subordinate areas of historic
alluvium (Qah). See detailed descriptions of the respective units. Up to 4
m thick.

01-03-04-00-00 — unit — Qahm — Historic and modern alluvium,
undivided — Historic alluvium (Qah) and subordinate areas of modern
alluvium (Qam). See detailed descriptions of the respective units. Up to 4
m thick.

01-03-05-00-00 — unit — Qahrg — Historic alluvium of the Rio Grande
floodplain — Loose sand (mostly very fine- to medium-grained) and
lesser silt or clay. Silt and clay beds are typically very thin to medium and
tabular. Sand is well-sorted and composed of abundant vitreous feldspars
and quartz grains. Merges downward into unit Qay. 4-6 m thick.

01-03-06-00-00 — unit — Qar — Recent (historic + modern) alluvium —
Historic alluvium (Qah) and modern alluvium (Qam) in approximately
equal subaerial proportions (+/- 15%). See detailed descriptions of the
respective units. Up to 4 m thick.

01-03-07-00-00 — unit — Qary — Recent (historic + modern) alluvium and
younger alluvium, undivided — Recent alluvium (Qah + Qam) and
subordinate areas of younger alluvium (Qay). See detailed descriptions of
the respective units. 1- 5(?) m thick.

01-03-08-00-00 — unit — Qahy — Historic and younger alluvium,
undivided — Historic alluvium (Qah) and subordinate areas of younger
alluvium (Qay). See detailed descriptions of the respective units. 1-5(?) m
thick.

01-03-09-00-00 — unit — Qahya — Historic alluvium conformably
overlying younger alluvium — 10s of centimeters of historic alluvium
(Qah) conformably overlying younger alluvium (Qay) in smaller canyons,
forming a single aggradational sequence. See detailed descriptions of the
respective units. 1-6(?) m thick.

Description of Map Units

01-05-01-03-00 — unit — Qimt3 — Upper-middle intermediate terrace
deposit in Milligan Gulch — The tread of this terrace lies about 2.5-3 m
above the tread of adjacent Qimt2 and 9-10 m above Qah. Tread height
decreases eastward. Strath is poorly exposed. Near Fort Craig, Qimt3 is
locally subdivided into two units separated by a 1.5-2 m tall riser.

01-05-01-03-01 — unit — Qimt3a — Upper-middle intermediate terrace
deposit in Milligan Gulch, lower subunit — Poorly exposed sand and
gravel underlying a mid-level terrace near Fort Craig. Tread height is 7 m
and tread lies 1.5-2 m below the Qimt3b tread. This lower unit may be a
fill-cut surface, but poor exposure inhibits confirmation of that inference.
1-2(?) m thick.

01-05-01-03-02 — unit — Qimt3b — Upper-middle intermediate terrace
deposit in Milligan Gulch, upper subunit — Poorly exposed sand and
gravel underlying a mid-level terrace near Fort Craig. Tread lies 1.5-2 m
above the Qimt3a tread and 8 m above Qah near Fort Craig. 1-3(?) m
thick.

01-05-01-04-00 — unit — Qimt4 — Upper intermediate terrace deposit in
Milligan Gulch — Sandy gravel and minor gravelly sand in vague,

medium to thick, lenticular beds; *10% cross stratification. Gravel (pebbles

with 30-45% cobbles) composed of felsic volcanic rocks with 1-5%
intermediate clasts. Topsoil is =1 m thick and contains stage II to I+ calcic
horizon(s). Unit may correlate with Qsfcl. Tread stands 5 m above Qimt2
tread and 10-11 m above the valley floor. ~3 m thick.

01-05-02-00-00 — heading04 — — Subdivisions of middle terrace deposits

of Milligan Gulch —

01-05-02-01-00 — unit — Qit — Intermediate-level terrace deposits —
Terrace deposits inset below the San Marcial formation, consisting of a

brownish, pebble-dominated sandy gravel with lesser pebbly sand and up
to 10% sand beds. <3% clay in the sand-gravel matrix. Topsoil has stage I+

to II+ calcic horizon. 4-8 m tread height. Locally differentiated into 3
subunits that are likely fill-cut terraces. Riser heights between these
subunits are <2 m. 1-5 m thick.

01-05-02-02-00 — unit — Qitl — Lower subunit, intermediate-level terrace

deposits — Tread lies 1-3 m below tread of adjacent Qitm. See Qit
description for lithologic properties. Not confidently correlated over long
distances (>1 km). Up to 5 m thick.

01-05-02-03-00 — unit — Qitm — Middle subunit, intermediate-level
terrace deposits — Tread lies 1-3 m below tread of adjacent Qitu or 1-3 m
above tread of adjacent Qitl. See Qit description for lithologic properties.
Not confidently correlated over long distances (>1 km). Up to 5 m thick.

01-05-02-04-00 — unit — Qitu — Upper subunit, intermediate-level
terrace deposits — Tread lies 1-3 m above tread of adjacent Qitm. See Qit
description for lithologic properties. Not confidently correlated over long
distances (>1 km). 1-3 m thick.

01-05-02-05-00 — unit — Qist — Intermediate-level terrace deposits and
eroded San Marcial formation, undivided — Thin unit Qit, as described
above, that is interspersed among eroded San Marcial formation.
Together, this deposit and eroded surface comprise a similar geomorphic
level that correlates upstream to Qisp. Mapped in the northwest part of
the quadrangle. Qit is mostly 0-2 m thick.

01-05-03-00-00 — heading04 — — Alluvial fan and piedmont deposits —

01-05-03-01-00 — unit — Qif — Intermediate-level alluvial fan deposits —
Sandy gravel and pebbly sand in lenticular, tabular, or wedge-shaped

. 01-06-02-02-02 — unit — Qst2b — Upper subunit of thin gravel inset into

beds. Gravel comprised of pebbles with minor cobbles and very minor
boulder dominated by felsic volcanic lithologies. Sand is brown to strong
brown and fine-to very coarse-grained. Relatively similar lithology as Qit.
Variable desert pavement and clast varnishing. Stage I to III calcic horizon

01-03-10-00-00 — unit — Qay — Younger alluvium — Brownish sand,
pebbly sand, sandy gravel, and variably silty-clayey fine sand underlying
valley-bottom terraces; treads are 1-3 m above modern grade (up to 4 m

near Qahrg); weakly developed, buried soils with stage I carbonate
morphologies. The surface has a weak desert pavement, is relatively
smooth (but local subtle relief by cobbly bars), and has stage I to I+ calcic
horizons. 1-5(?) m thick.

01-03-11-00-00 — unit — Qayo — Older? subunit of younger alluvium —
Sandy gravel and pebbly sand in thin-medium, lenticular to tabular beds;
1-10% sand beds. Gravel comprised of pebbles, 5-40% cobbles and 0-7%
boulders. Sand is brown- to strong-brown and fine- to very-coarse. 2-5 m
tread height above valley floor. Either a coarse facies of Qay that inhibited
surface erosion or an older subunit of Qay. Stage I+ to II calcic horizon in
topsoil. 0.3-2 m thick.

01-03-12-00-00 — unit — Qaym — Younger alluvium and modern
alluvium, undivided — Younger alluvium (Qay) and subordinate areas of
modern alluvium (Qam). See detailed descriptions of the respective units.
Up to 5(?) m thick.

01-03-13-00-00 — unit — Qayh — Younger alluvium and historic
alluvium, undivided — Younger alluvium (Qay) and subordinate areas of
historic alluvium (Qah). See detailed descriptions of the respective units.
Up to 5(?) m thick.

01-03-14-00-00 — unit — Qayr — Younger and recent (historic + modern)
alluvium, undivided — Younger alluvium (Qay) and subordinate areas of
recent alluvium (Qah + Qam). See detailed descriptions of the respective
units. Up to 5(?) m thick.

01-04-01-00-00 — unit — Qfm — Modern fan alluvium — Loose sand and
gravel underlying alluvial fan channels, bars, and levees. Gravel consist of
pebbles and minor cobbles composed mainly of felsic volcanic rocks. Sand
is brown to light-brown, fine- to very coarse-grained, subrounded to

subangular, and poorly sorted (minor moderate). No topsoil development.

Bar-and-swale topography characterizes the surface. Thickness is mostly
1-3m.

01-04-02-00-00 — unit — Qfh — Historic fan alluvium — Weakly
consolidated, well-bedded sandy gravel and pebbly sand of small alluvial
fans; lacks a notable topsoil and has 3-20 cm tall bar-and-swale
topography. Strata are in very thin to thin (minor medium), tabular to
lenticular to wedge-shaped beds. Gravel consists of pebbles with 1-30%
cobbles. Sand is brown to light brown, fine- to very coarse-grained, and
has <7% clay. 0.1-3 m thick.

01-04-03-00-00 — unit — Qfmh — Modern and historic alluvium,
undivided — Modern (Qfm) and subordinate areas of historic fan
alluvium (Qfh). See detailed descriptions of the respective units. 1-3 m
thick.

01-04-04-00-00 — unit — Qfhm — Historic and modern alluvium,
undivided — Historic fan alluvium (Qfh) and subordinate areas of
modern fan alluvium (Qfm). See detailed descriptions of the respective
units. 1-3 m thick.

01-04-05-00-00 — unit — Qfr — Recent (historic + modern) fan alluvium
— Historic fan alluvium (Qfh) and modern fan alluvium (Qfm) in
approximately equal subaerial proportions. See detailed descriptions of
the respective units. 1-3 m thick.

01-04-06-00-00 — unit — Qfry — Recent and younger fan alluvium,
undivided — Recent (Qfh + Qfm) and subordinate areas of younger fan
alluvium (Qfy). See detailed descriptions of the respective units. 1-5(?) m
thick.

01-04-07-00-00 — unit — Qfy — Younger fan alluvium — Sandy gravel,
pebbly sand, and sand in thin to thick, tabular to lenticular beds. Gravel
consists of pebbles with minor cobbles. Sandy beds are internally massive
to horizontal-planar laminated, brown to light-brown, and mainly fine- to
very coarse-grained. Topsoil exhibits stage I calcic horizons. Surface has
weak desert pavement and lacks bar-and-swales. Tread height of 1-2.5 m.
1-5(?) m thick.

01-04-08-00-00 — unit — Qfyr — Younger and recent fan alluvium,

. undivided — Younger (Qfy) and subordinate areas of recent fan alluvium

(Qfh + Qfm). See detailed descriptions of the respective units. 1-5(?) m
thick.

01-05-00-00-00 — heading03 — — Intermediate-level geomorphic
deposits below San Marcial Formation and above valley floors —

01-05-01-00-00 — heading04 — — Intermediate-level terrace deposits in
Milligan Gulch, inset below tread of lowest San Marcial formation —
Sandy gravel in thin to medium (minor thick), tabular to lenticular beds.
Gravel is sand- to clast-supported, composed of felsic-dominated

volcanics, and consists of pebbles, 5-40% cobbles, and 2-3% boulders. Sand

is brownish and fine- to very coarse-grained. Topsoil has a stage I+ to II
carbonate morphology. 2-4 m thick. Three allostratigraphic units are
recognized: Qimtl through Qimt4.

01-05-01-01-00 — unit — Qimtl — Lower intermediate terrace deposit in
Milligan Gulch — Tread height of 5-8 m and strath height of ~4 m above

Qah.

01-05-01-02-00 — unit — Qimt2 — Middle intermediate terrace deposit in
Milligan Gulch — Tread height of 7-9 m and strath height of 3-7 m; tread
height decreases to 4 m near Fort Craig.
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in topsoil. Thickness 0.5-3 m.

01-05-03-02-00 — unit — Qip — Intermediate-level piedmont deposits —
Similar to unit Qit but underlies piedmont surfaces in the northwest part
of the quadrangle. Grades laterally downstream into Qit deposits. Not

subdivided. Not described in detail due to land access restrictions. On air

photographs, surface is grayish, weakly varnished, erodes readily and has

sparser vegetation (c.f., Qsp), relatively gullied, and paleochannel traces
evident. Likely 0.5-3 m thick.

01-05-03-03-00 — unit — Qisp — Intermediate-level piedmont deposits
and eroded San Marcial formation, undivided — Thin unit Qip, as
described above, that is interspersed among eroded San Marcial

Formation. Together, this deposit and the eroded surface occupy a similar

geomorphic level that grades downstream to Qist or Qit. Mapped in the
northwest part of the quadrangle. Qip is 0-2 m thick.

01-06-00-00-00 — heading03 — — High-level geomorphic units
comprising the San Marcial formation — Fining-upward gravel to sand
with minor pebbly sand. Gravels are predominately pebbles with trace to
10% fine cobbles and in very thin to thin, lenticular to tabular beds. Sand
is grayish to pale brown (10YR 7/1; 6/2-3) and fine- to coarse-grained;
massive or horizontal- to low-angle cross-laminated. Lack of cementation
and vaguer bedding help distinguish this unit from QTpa sand. 1-6 m
thick.

01-06-01-00-00 — heading04 — — Youngest allostratigraphic unit of San
Marcial formation —

01-06-01-01-00 — unit — Qsgl — Gravelly sediment derived from
northwest, underlying broad terraces, correlated to the youngest
allostratigraphic unit of the San Marcial formation — Sandy gravel and
pebbly sand underlying extensive geomorphic surfaces. Tread lies 1-3 m

below the Qsg2 tread and local strath height differences are 1-2 m; these

differences are muted upstream, which increases identification
uncertainty. Local tread height is 7-10 m east of Hwy 1 but decreases NW
to 2-3 m. Calcic topsoil with stage II+ to III+ morphology. Label Qsgle
indicates notably eroded. 1-7 m thick.

01-06-01-02-00 — unit — Qsfl — Distal fan sediment near Rio Grande of
the youngest allostratigraphic unit of the San Marcial formation — Light

brown to brown, very fine- to medium-grained sand with <25% coarse to

very coarse sand and <10% scattered pebbles. Sediment is massive or
laminated to thinly bedded. Pebble composition is volcanic. Up to 30%
tongues (<0.5 m thick) of sandy pebbles to pebbly sand. Typically capped

by <2 m-thick sandy gravel. Weakly consolidated. Tread height above

floodplain is 15-20-25(?) m.1-6 m thick.

01-06-01-03-00 — unit — Qsfcl — Alluvial fan deposit at Fort Craig,
youngest allostratigraphic unit of the San Marcial formation — Grayish

sandy gravel (pebbles w/ 15-50% cobbles) in very thin-medium, tabular to

lenticular beds. Gravel composed of felsic volcanics (0-1% intermediate
clasts) and 0-5% reworked axial-exotic clasts. Grades laterally into
sediment similar to Qsf1. Topsoil has a stage II to II+ calcic horizon.
Overlies unit Qsaf1.12-15 m tread height above Rio Grande floodplain.
Weakly consolidated. 9-10 m thick.

01-06-01-04-00 — unit — Qssl — Sandy valley-margin facies, youngest
allostratigraphic unit of the San Marcial formation — Massive sand and

pebbly sand that is pale brown to light brown, fine- to very coarse-grained

(mosty fine-upper to medium-upper), moderate to well sorted, and
composed of a mixture of reworked axial sand (e.g., lithologically similar
to Qsasl) and minor volcanic grains. 1-15% out-sized, larger sand grains
and 1-15% scattered pebbles of volcanic and axial-exotic composition. =6
m thick.

¢ 01-06-01-05-00 — unit — Qsafl — Axial floodplain sediment of the

youngest allostratigraphic unit of the San Marcial formation — Tabular-
bedded to massive, It. brown to strong brown, very fine- to fine-grained
sand, silty-clayey sand, and silt; minor mud or clay. Beds are internally
massive but locally well-laminated. Unit conformably overlies axial sand
(Qsasl) and has local tongues of axial sand. 1-5% soft CaCO3 nodules.

Local pebbly interbeds (<20 cm thick) and calcic paleosols (stage I). Erodes

readily. 1-20 m thick.

01-06-01-06-00 — unit — Qsasl — Axial sand and gravel of the youngest
allostratigraphic unit of the San Marcial formation — Loose sand and
gravel that is massive or vaguely horizontal-planar- to low-angle cross-
laminated. Sand is pale-brown to light-gray and fine- to very coarse-
grained. Pebble-dominated gravel composed of volcanic rocks, 5-15%
quartzite, 5-15% chert, 5-20% granite, 0.5-12% sedimentary clasts, 1-2%
schist-gneiss, and trace obsidian plus diorite-gabbro. Strath is buried or
up to =10 m above floodplain. 1-10(?) m thick.

'~ 01-06-01-07-00 — unit — Qsal — Axial sand and floodplain sediment,

undivided, of the youngest allostratigraphic unit of the San Marcial
formation — Combined axial sand and floodplain deposits, either
interbedded or exhibiting a vertical gradation of axial sand up into
floodplain deposits. Upper contact is typically gradational with distal fan
facies (Qsf1 or locally Qsfc1). See detailed descriptions of units Qsasl and
Qsafl. Up to =20 m thick.

01-06-02-00-00 — heading04 — — Younger-middle allostratigraphic unit
of San Marcial formation —
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01-06-02-01-00 — unit — Qsg2 — Gravelly sediment derived from
northwest, underlying broad terraces, correlated to younger-middle
allostratigraphic unit, San Marcial formation — Sandy gravel and pebbly
sand similar to Qsgl. Underlies a terrace whose strath and tread are
respectively =2 m above that of Qsgl, but this difference is muted
upstream, which increases identification uncertainty. Local tread height of
8-12 m, decreasing upstream to 2-3 meters; tread is 1-3 m below Qsg3
tread. Topsoil has stage III+ to IV carbonate morphology. Label Qsg2e
indicates notably eroded. 2-6 m thick.

01-06-05-03-00 — unit — Qsp — Gravelly sediment not correlated to a
specific allostratigraphic unit of the San Marcial formation — Assigned to
gravelly sediment underlying older piedmont surfaces in the northwest
part of the quadrangle. Inferred to correlate to Qsgl, Qsg2, or Qsg3. These
three allostratigraphic units merge upstream into a complex package; the
three units are buttressed against one another or separated by cryptic,
poorly exposed disconformities. >5 m thick.

02-01-00-00-00 — heading03 — — Basin-fill units —

01-06-02-02-00 — unit — Qst2 — Gravelly sediment underlying high-level
terraces in Milligan Gulch, correlated to the younger-middle
allostratigraphic unit of the San Marcial formation — Sandy gravel and
gravelly sand similar to unit Qst3 on north side of Milligan Gulch. Tread
is a few meters lower than Qst3 tread. Unit projects to interpreted Qsg2
deposits south of Milligan Gulch. However, the unit may actually be a
Qst3 deposit beveled during Qst2 time. 20-24 m tread height and 15-18 m
strath height. =6 m thick. Subdivided into two subunits based on
geomorphic position.

02-01-01-00-00 — heading04 — — Palomas Formation —

02-01-01-01-00 — unit — QTppm — Medial piedmont facies of the
Palomas Formation — Similar to unit QTppd, but gravelly bodies
comprise about 1/3 to 2/3 of the formation. Intertongues eastward with
unit QTppd and also progrades eastward over QTppd. Paleosol calcic
horizons more common in this unit than QTppd. 1-30 m exposed
thickness, but likely much greater than 30 m near the eastern quadrangle

01-06-02-02-01 — unit — Qst2a — Lower subunit of thin gravel inset into boundary.

Qst3, correlated to the younger-middle allostratigraphic unit of San
Marcial Formation — Thin, cobble-rich gravel near the base of Qst3.
Topsoil has calcic horizons with Stage II+ to III+ morphology. Lies 2-3 m
below the Qst2b tread and 21-23 m above the Milligan Gulch valley floor.
1-1.5 m thick.

' 02-01-01-02-00 — unit — QTppd — Distal piedmont facies of the Palomas
: Formation — Orange to tan, very fine to medium sand and silty-clayey

fine sand with minor scattered coarser sand; minor sandy silt-clay and 1-
40% gravelly bodies. Finer strata mostly in medium-thick, tabular beds
(internally massive, locally laminated); gravelly bodies are lenticular to
tabular and <5 m thick. 1-7% paleosols often lacking calcic horizons. Well

. ) A0 .
Qst3, correlated to the younger-middle allostratigraphic unit of San consolidated and non-calcareous. 50-300(?) m thick.

Marcial Formation — Relatively thin, sandy pebbles to cobbles and pebbly
sand overlying unit Qst3. In many areas, the surface is light-colored,

02-01-01-03-00 — unit — QTpp — Piedmont facies of the Palomas
Formation — Used in cross section because prograding medial facies is
often too thin to depict at 1:24,000 (only about 10 m of thickness). Orange
to tan, very fine to medium sand and silty-clayey fine sand with minor
scattered coarser sand; minor sandy silt-clay and 1-60% gravelly bodies.
Finer strata mostly in thick, tabular beds (internally massive, locally
laminated). Well consolidated. 50-300? m thick.

reflecting a weak desert pavement. Locally fines upwards from a cobbly
base. Topsoil has calcic horizons exhibiting a stage III to IV carbonate
morphology. Tread lies 2-3 m below the tread of Qst3 and 23-25 m above
the valley floor of Milligan Gulch. 0.2-2 m thick.

01-06-02-03-00 — unit — Qsf2 — Distal fan sediment near Rio Grande of
the younger-middle allostratigraphic unit of the San Marcial formation —
Brownish, very fine- to medium-grained sand in vague, medium to very
thick, tabular beds that are internally massive. Minor pebbly bodies that
are mostly very thin to thin and lenticular; pebbles composed of felsic-
dominated volcanic rocks. Sand has 1-10%, scattered, coarse- to very
coarse-grained sand and 1-10% scattered pebbles; common weak paleosol
development (stage I calcic horizons). 5-6 m thick.

02-01-01-04-00 — unit — QTpf — Fine-grained, basin-floor margin facies
of the Palomas Formation — Reddish-orangish, very fine- to fine-grained
sand, silty-clayey sand, silt, and lesser clay [floodplain deposits]; also very
fine- to fine-grained sand with minor, scattered coarser sand and volcanic
pebbles {fan-toe deposits). Fine strata are in thin to very thick, tabular
beds. <1% pebbly bodies. 0.5-5% paleosols lacking calcic horizons. Trace to
5% beds of calcium carbonate. 20-200(?) m thick.

01-06-02-04-00 — unit — Qss2 — Sandy valley-margin facies, younger-
middle allostratigraphic unit of the San Marcial formation — Similar to
unit Qss1, but interpreted to belong to the younger-middle
allostratigraphic unit. Sediment is massive, light-brown to light yellowish-
brown (7.5-10YR 6/4), fine- to coarse-grained sand mixed with minor very
coarse sand and 5-10% scattered volcanic pebbles. Sand is subrounded
(minor subangular), poorly sorted, and has a composition comparable to

02-01-01-05-00 — unit — QTpa — Axial-fluvial facies of the Palomoas
Formation — White, fine-coarse sand; 1-5% lenticular, pebbly beds; 1-5%
pebble-cobble beds of local volcanic provenance. Sand mostly cross-
laminated to horizontal-planar laminated. Typical gravel composition: 5-
20% granite, tr-5% quartzite, 1-10% chert, and <3% Paleozoic sedimentary
clasts; more heterolithic in upper =30 m. Sand composed of quartz,

feldspar, and 5-25% volcanic-mafic grains. 100-200(?) m thick.
Rio Grande axial-sand. Few meters thick.

| 02-01-01-06-00 — unit — QTppa — Interbedded axial and piedmont

. facies, Palomas Formation — Interbedding of units QTppd and QTpa that
cannot be differentiated at 1:24,000 scale. Tongues of these respective units
are <5 m thick. Unit is >15 m thick.

01-06-02-05-00 — unit — Qsap2 — Single upward cycle of axial sand -
floodplain - distal piedmont deposits, correlated to the younger-middle
allostratigraphic unit of the San Marcial formation — This unit

incorporates a single upward transition (cycle) of axial sand (Qsas2), fine-
grained floodplain deposits (Qsaf2), and distal fan deposits (Qsf2). See
descriptions of these respective units. Weakly consolidated. Up to 10 m
thick, with the axial sediment being in the lower 3-5 m of the package.

02-01-01-07-00 — unit — Tsf — Santa Fe Group underlying the Palomas
Formation, undivided — Cross-section only. Sandstone, conglomerate,
and mudstone that is well consolidated and variably cemented. Likely
01-06-02-06-00 — unit — Qsaf2 — Axial floodplain sediment of the
younger-middle allostratigraphic unit of the San Marcial formation —
Strong-brown to brown (7.5YR 4/4- 5/6), very fine- to fine-grained sand
and minor clay that is massive and weakly consolidated. 3-5 m thick.

includes a volcanic gravel-bearing piedmont facies (derived from the
west) that grades laterally into fine-grained basin floor deposits that may
include clayey playa facies. No constraints on thickness; ~300 m was used
on the cross section.

01-06-02-07-00 — unit — Qsas2 — Axial sand and gravel of the younger-
middle allostratigraphic unit of the San Marcial formation — Sandy gravel
to sand, with gravel more common north of Spikey Arroyo. Sand is cross-

03-01-01-00-00 — unit — Tss — Fine sand-dominated deposits of Spears
Group — Light brown-reddish, massive, very fine to fine-grained sand to
silty-clayey very fine-fine sand. Sand is mixed with 1-25%, scattered
medium- to very coarse-grained sand +0.5-5% intermediate volcanic
pebbles. Locally, sand is very fine- to very coarse-grained with 1-30%
amphibolite, trace Upper Paleozoic very fine sandstones-siltstones, <1% pebbles to fine cobbles. Minor scattered CaCO3 nodules. Locally
limestone. Sand is light-gray to light-brown to pale-brown and mostly tuffaceous. Occurs as 1-14 m-thick tongues separating andesite flows
medium-grained. 0.5-4 m thick. (Twa).

laminated to massive. Pebble fraction is composed of felsic volcanic rocks
with 5-10% intermediate rocks, 1-3% quartzite, 1-3% chert, trace

01-06-03-00-00 — heading04 — — Older-middle allostratigraphic unit of
San Marcial formation —

| 03-01-02-00-00 — unit — Tsp — Volcaniclastic strata of Spears Group,

i undivided — Cross-section only. Weak red conglomerate, conglomeratic
sandstone, and sandstone. Gravel is mainly intermediate volcanic (with
sedimentary clasts near base) and ranges from pebbles to boulders;
associated beds are matrix-supported and massive, consistent with lahar
or debris flow deposition. Sandstone beds are variably clayey and
relatively tabular. 190-250(?) m thick.

01-06-03-01-00 — unit — Qsg3 — Gravelly sediment derived from
northwest, underlying terraces or high-level piedmont surfaces, correlated
to older-middle allostratigraphic unit of San Marcial formation — Sandy
gravel and gravelly sand underlying the highest extensive geomorphic
surface. Locally coarsens upwards. Gravel is in very thin-medium,
lenticular to tabular beds. Sand is gray to reddish brown-yellowish red,
depending on clay content (range of 0-5%), and medium-very coarse.

03-02-01-00-00 — unit — Tdt — Dacite flow or dacitic remorphic tuff, Datil
Group — Well-foliated with finely banded flow lineations (horizontal-
Topsoil has 0.5-1 m thick, stage III to IV calcic horizons. Tread height of 5- planar to swirly); lacks confirmed macroscopic pumice clasts. Fresh rock
20 m, decreasing upstream. 2-8 m thick. Label Qsg3e indicates notably is light-gray to light-purple to white. Phenocryst composition: 5-15%
eroded. anhedral plagioclase (0.5-3.0 mm) and 3-5% biotite and lesser hornblende
(0.1-2.0 mm, euhedral to subhedral). Underlain by a 1.0-1.5 m-thick

01-06-03-02-00 — unit — Qst3 — G 1ly sedi t ising thick,
unit — Qs raverly secimen comprising e vitrophyre with <15% feldspar phenocrysts. 25-50 m thick.

high-level terrace deposits in Milligan Gulch, correlated to the older-
middle allostratigraphic unit of the San Marcial formation — Sandy gravel
and subordinate pebbly sand. Sandy gravel is in thin-medium, tabular to
lenticular beds; pebbly sand is typically laminated-thinly bedded. 1-10%
cross-stratification. Sand is light-gray to pinkish-gray to reddish-brown to
yellowish-red, depending on clay content (ranging from 1-15%). Topsoil is
0.5-1 m thick and has stage III+ to IV calcic horizons. Tread height is 20-27
m. 6-12 m thick.

' 03-02-02-00-00 — unit — Twab — Biotite-phyric andesite of Willow
Springs — Single flow (or flow package) of reddish-gray to gray, feldspar-
biotite-phyric andesite. Phenocryst assemblage of 10-25% feldspar that is
probably plagioclase (0.5-5 mm, locally up to 10 mm, subhedral) and 5-
10% biotite (0.5-3.0 mm, euhedral to anhedral but mostly subhedral). Flow
breccia observed at top of flow. 25 m thick.

03-02-03-00-00 — unit — Twa — Andesite of Willow Springs — Gray to
reddish-gray (weathering reddish-brown), plagioclase-pyroxene-phyric
andesite. Phenocryst assemblage of 15-30% plagioclase (0.2-8.0 mm,
euhedral to subhedral, locally aligned) and 3-7% pyroxene (0.5-2.0 mm,
subhedral to anhedral). >40 m thick.

01-06-03-02-01 — unit — Qst3u — Upper tread of gravelly sediment
comprising thick, high-level terrace deposits in Milligan Gulch, correlated
to the older-middle allostratigraphic unit of the San Marcial formation —
Uncertain if this is a separate allostratigraphic unit. Both it and Qst3 are of
similar lithology, but this unit underlies a tread that is =3 m above the
tread of unit Qst3. Unit is probably part of the Qst3 fill package because a
gravelly interval within Qst3 seems to extend under Qst3u (UTM
coordinates: 303800 m E, 3728510 m N; NAD 83, zone 13). Tread height of
23-30 m. 7-8 m thick.

03-03-01-00-00 — unit — Twas — Interbedded lavas and volcaniclastic
strata (Datil and Spears Group, respectively) — Interbedded andesite
flows and sedimentary strata. The andesite flows include those of unit
Twa plus feldspar-biotite-phyric andesite(?) flows. Sedimentary strata
include the fine grained sands of unit Tss as well as conglomeratic, well-
cemented sandstone and sandy conglomerates. The conglomerate
includes pebbles to boulders that are both clast- and sand-supported.
=100(?) m thick.

01-06-03-03-00 — unit — Qsa3 — Single upward cycle of axial sand -
floodplain deposits correlated to older-middle allostratigraphic unit of
San Marcial formation — This unit incorporates a single upward
transition (cycle) of axial sand (Qsas3, 3-4 m thick) through fine-grained
floodplain deposits (=3 m thick). The floodplain deposits consist of light-
brown (7.5YR 6/3-4), very fine- to fine-grained sand and silty to very fine-
grained sand that is massive and weakly consolidated. 6-7 m thick.

03-03-02-00-00 — unit — Tvs — Spears Group overlain by, and
interfingering with, various volcanic rocks of Datil and possibly Mogollon
Groups — Cross section only. Spears Group (Tsp) overlain by a volcanic
rock package and, in the upper part of the unit, likely interfingering with
these volcanic rocks. The volcanic rocks are probably intermediate lavas
and dacitic-rhyolitic tuffs; the tuffs likely become more abundant up-
section based on mapping to north and south (Chamberlin and Cikoski,
2010; Jochems and Koning, 2019). >200 m thick.

01-06-03-04-00 — unit — Qsas3 — Axial sand and gravel of the older-
middle allostratigraphic unit of the San Marcial formation — Sandy gravel
and gravelly, quartz-rich axial sand. Gravel is subrounded and composed
of felsic volcanic rocks with 3% intermediate volcanic rocks and 10-20%

Rio Grande exotic clasts (quartzite, chert, limestone, granite, and minor
03-04-01-00-00 — unit — Tb — Baca Formation — Cross section only.

Interbedded reddish to grayish conglomerate with variable reddish brown
sandstone. The conglomerate likely contains cobbles through pebbles
composed of limestone clasts (Chamberlin and Cikoski, 2010). Well-
cemented by calcium carbonate and clays. 20-50 m thick.

Pa-Py siltstone to fine-grained sandstone). May include two paleo-
geomorphic levels, with the higher one being a buried paleo-terrace
deposit. Loose and up to 0.5-3 m thick.

01-06-04-00-00 — heading04 — — Older allostratigraphic unit of the San
Marcial formation —

- 04-01-00-00-00 — unit — * — Pennsylvanian strata, undivided — Cross

section only. Limestone interbedded with clastic sediment; mostly
correlative to Bar B and underlying Gray Mesa Formations. The limestone
is a medium- to dark-gray, generally fossiliferous micrite, wackestone, and
packstone. Unit includes subequal to subordinate tongues of shale,
siltstone, and very fine- to fine-sandstone (1-25 m thick). 100-300(?) m
thick, inferred to thicken to the south.

01-06-04-01-00 — unit — Qsg4 — Gravelly sediment derived from
northwest, underlying the highest terraces, correlated to older-middle
allostratigraphic unit of San Marcial formation — Sandy gravel and
gravelly sand in very thin to medium, tabular to lenticular beds; 15%
cross-stratification. Gravel is comprised of pebbles with 7-15% cobbles
and <0.5% boulders. Sand is reddish-brown to yellowish-red and mainly
medium- to very coarse-grained; trace-0.5% clay in the matrix. Weakly to
moderately consolidated. Tread stands 30-33 m above adjacent valley
floors. 6-7 m thick.

05-00-00-00-00 — heading02 — — PROTEROZOIC —

05-01-00-00-00 — unit — = — Precambrian rocks, undivided — Cross
section only. Schist, amphibolite, felsic porphyry, and granite. Highly
variable thicknesses of lithologic types. Protoliths for schist and
amphibolite were arkosic sandstones and muddy siltstones, with minor
interbedded volcanic flows; these were later intruded by granite.
[synthesized by Richard Chamberlin (in Chamberlin and Cikowski, 2010)
from Kent (1982) and Bowring et al. (1983)]

01-06-04-02-00 — unit — Qst4 — Gravelly sediment comprising highest-
level terrace deposits in Milligan Gulch, correlated to the older
allostratigraphic unit of the San Marcial formation — Sandy gravel with
subordinate gravelly sand; commonly medium-bedded. Gravel consists of
clast-supported pebbles and minor cobbles. Sand is mainly medium- to
very coarse-grained. Has grayer color and coarser texture than underlying
Palomas Fm. Topsoil exhibits a Stage III+ to IV petrocalcic horizon. Tread
height of 30-33 m above Milligan Gulch. Strath has meters of relief.
Deposit is 2-8 m thick.

01-06-05-01-00 — unit — Qss — Sandy valley-margin facies of the two
younger allostratigraphic units of the San Marcial formation, undivided
— Similar to unit Qssl, but not sure if it is part of that allostratigraphic
unit or the next older allostratigrpahic unit. =6 m thick.

01-06-05-02-00 — unit — Qsgl2 — Gravelly sediment of the two younger
allostratigraphic units of the San Marcial formation, undivided —
Designated to gravelly sediment underlying terrace surfaces that are
inferred to correlate to either unit Qsgl or Qsg2. 1-6 m thick.

Figure 1

San Marcial formation alongside the historic-modern Rio Grande floodplain
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FIGURE 1. — Schematic illustration of the allsotratigraphic units and lithofacies of the
San Marcial formation alongside the historic-modern floodplain of the Rio Grande.
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