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Linear Features Geologic Units
T paleocurrent water reservoirs
t slickenline - af/dg artificial fill/disturbed ground
I stretching lineation Qva  Quaternary valley-fill alluvium

Planar Features

Qesd Quaternary sand dunes

@ bedding, horizontal Qcst  Quaternary colluvium sheetwash and talus
f bedding, inclined Qls  Quaternary landslide deposits

df bedding, overturned Qst Quaternary stream terrace deposits

Jr bedding, vertical QTst Quaternary-Tertiary stream terrace deposits
i')’ fault, inclined Qpu  Quaternary Bandelier tuff
“{" fault, vertical QTa  Quaternary-Tertiary Ancha Formation

'> foliation, inclined QTt Quaternary-Tertiary Tuerto gravel

+ foliation, vertical Te Tertiary colluvium

+ joint, inclined Tertiary gravels

+ joint, vertical Tcv  Tertiary Cerros del Rio volcanics

Fault Annotation Ttacu Tertairy Tesuque Fm-alluvial slope-coarse-upper

D U  Fault-unknown dip directi, (D-U),
Ttafu Tertairy Tesuque Fm-alluvial slope-fine-upper

U b Fault-unknown dip directi, (U-D),
P ( ) Ttbfu Tertiary Tesuque Fm basin floor-upper

* normal fault, ball on downthrown side,
Ttbfm Tertiary Tesuque Fm basin floor-middle

¢’ normal fault, ball on downthrown side, queried
Ttaml Tertiary Tesuque Fm alluvial slope deposits: Lithosome A - middle-lower

—  strike slip fault, dextral,
Ttsml Tertiary Tesuque Fm alluvial slope deposits: Lithosome S - middle-lower

Faults

Ttbl  Tertiary Bishops Lodge Member of the Tesuque Fm

fault, , certain

Ttvm  Tertiary Tesuque Fm mafic volcanic rocks

———— fault, , approximate
Tertairy Espinaso Fm

---------------- fault, , concealed

Ti Tertairy intrusive rocks
imennee i---- fault, inferred, concealed

Tgu Tertiary Galisteo Formation-upper
—— — - fault, queried, approximate

—
Q

Tertiary Galisteo Formation-lower
------ »----- fault, queried, concealed
Tertiary Galisteo Fm undifferentiated

—
«Q

——=——— fracture zone, , approximate
Tdt Tertiary Diamond Tail Fm
—==—====== fracture zone, , concealed

A

Cretaceous rocks undifferentiated

e

==== fracture zone, queried, approximate
J Jurassic rocks undifferentiated

Aeromagnetic Fault Interpretation

R Triassic rocks undifferentiated
N\ (Grauch & Bankey, 2003, revised 2-23-2005)

Pzu Paleozoic rocks undifferentiated

Folds
_1_ anticline. . certain - XYu Proterozoic rocks undifferentiated
——i—— anticline, , approximate Ancha Fm-subdivided
¢ ficli led QTaas 15-60% coarse channels but QTasr-subsurface(?)
----------- anticline, , conceale

QTasr

—*— syncline, , certain

——*—— syncline, , approximate

Transition: QTasr - QTaas

* |- o \\\\\ QTaas 1-30% coarse channels (transition: QTasr - QTaas in subsurface)
----------- syncline, , conceale

0] QTaas >35% coarse channels

—+— monocline, , certain Lt

QTaas 25-60% coarse channels

——4—~ monocline, , approximate Tt
, QTaas 15-60% coarse channels
------- {- monocline, , concealed
o , . QTaas 1-30% coarse channels
——f—— monocline, inflection, approximate
, o ) , QTaas 1-30% coarse channels but QTasr-subsurface
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, . . ) @ Ancha strat section locations
——+—— monocline, synclinal hinge, certain
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|—| Cross Section Line
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geologic contacts
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---------------- contact, inferred, concealed
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s gradational, horizontal, concealed
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© o o oo gradational, extent, approximate

The geologic map included with this report represents a compilation of current and recent
New Mexico NMBGMR STATEMAP and EDMAP work in the southern Espafiola Basin.
Wortk in the basin is ongoing such that these maps/GIS data are subject to revision as new
data and interpretations emerge.

Geologic Mapping Credits:

Geologic Map of the central-eastern part of the White Rock 7.5 minute quadrangle
Daniel J. Koning, October, 2002 (last revised January, 2003), scale 1:24,000, unpublished mapping.

Geologic Map of the Horcado Ranch 7.5-minute quadrangle
Daniel ]. Koning and Florian Maldonado, May 2001 (last revised January, 2003), 1:24,000, New Mexico Bureau
of Mines and Mineral Resources, Open-file Geologic Map: OF-GM 44, scale 1:24,000.

Geologic Map of the Tesuque 7.5-minute quadrangle
Claudia I. Borchert, Steve Skotnicki, and Adam Read, 2003 (last revised January, 2003), 1:24,000, New Mexico
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Reconnaissance Geologic Map of the Agua Fria 7.5-minute quadrangle,
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Geologic Map of the Santa Fe 7.5-minute quadrangle
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revised, February 2003), 1:12,000, New Mexico Bureau of Mines and Mineral Resources, Open-file Geologic
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Geologic Map of the Turquoise Hill 7.5-minute quadrangle
Daniel J. Koning, and R. Bruce Hallett, 2001, (last revised, January 2003), 1:24,000, New Mexico Bureau of
Mines and Mineral Resources, Open-file Geologic Map: OF-GM 41, scale 1:24,000.

Geologic Map of the Seton Village 7.5-minute quadrangle

Adam S. Read, John Rogers, Steve Ralser, Brad Ilg, and Shari Kelley, 1999, (last revised, January 2003), New
Mexico Bureau of Mines and Mineral Resources, Open-file Geologic Map: NMBGMR OF-GM 23, scale
1:12,000.

Geology of the Picture Rock 7.5-minute quadrangle
Steve, R. Maynard and Alvis L. Lisenbee, 2002, New Mexico, New Mexico Bureau of Geology and Mineral
Resources, Open-file Geologic Map: OF-GM 51, scale 1:12,000.

Geology of the Galisteo 7.5-min. Quadrangle
Alvis L. Lisenbee, 1999, New Mexico Bureau of Mines and Mineral Resources, Open-file Geologic Map: OF-
GM 30, scale 1:24,000.

Subdivisions of the Tesuque and Ancha Formations (basin-wide) — Daniel J. Koning

Most of the detailed geologic mapping work this compilation is based on was performed under the
STATEMAP component of the USGS National Cooperative Geologic Mapping Program. The U.S.
Geological Survey and the New Mexico Bureau of Geology and Mineral Resources (a division of New
Mexico Tech) provided funding for geological mapping. The New Mexico Office of the State Engineer
provided funding for the compilation effort as well as an ongoing hydrogeologic investigation.

Data depicted on this geologic map are based on reconnaissance field geologic mapping, compilation of
published and unpublished work, and photogeologic interpretation. Locations of contacts are not 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 geologists
involved.

The views and conclusions contained in this document are those of the authors and should not be
interpreted as necessarily representing the official policies, either expressed or implied, of the State of New
Mexico, or the U.S. Government. Cross-sections are constructed based upon the interpretations of the
authors made from geologic mapping, and available geophysical (regional gravity and aeromagnetic
surveys), 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.
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DISCUSSION

THE ANCHA FORMATION: TEXTURAL SuBDIVISIONS AND LOWER
CoNTACT

Daniel J. Koning

Introduction

The Ancha Formation is the uppermost basin fill unit in the Santa Fe embayment. It consists of
gravel, sand, and silt derived from the southwestern flank of the Sangre de Cristo Mountains.
Although there are some compositional differences in the Ancha Formation that reflect
compositional heterogeneity of the crystalline basement, the gravel is generally dominated by
granite or gneissic granite, with minor amounts of amphibolite, quartzite, and schist. This
Plio-Pleistocene deposit is mostly non-cemented and weakly consolidated. It unconformably
overlies the Tesuque Formation (Oligocene-Miocene) in the Santa Fe embayment, north-central
New Mexico (Spiegel and Baldwin, 1963). The Ancha Formation ranges from 10 to 90 m thick in
the Santa Fe embayment based on geologic map, drill-hole, and seismic data (Koning et al.,
2002b; S. Biehler, personal commun., 1999). The Ancha Formation is 19-26 m thick on the
western edge of the Caja del Rio Plateau north of the Santa Fe River, where it is appreciably
thinner than in the center of the Santa Fe embayment to the east. The base of the Ancha Formation
is diachronous, and ranges from 2.7-3.5 Ma (?) in the western Santa Fe embayment to ~ 1.6 Ma in
the eastern embayment near the Sangre de Cristo Mountains (Koning et al., 2002b).

Ancha Formation deposits and hydrogeologic implications

The Ancha Formation was deposited on a streamflow-dominated piedmont (i.e., alluvial slope) in
the Santa Fe embayment; most of these streams were probably ephemeral. In and southwest of
Santa Fe, much of the Ancha Formation corresponds to a fluvial facies of a Plio-Pleistocene Santa
Fe River. Although this ancestral Santa Fe River was also deposited on an alluvial slope, it
drained an appreciably larger area than streams associated with the alluvial slope to the south or
north. Consequently, it was likely perennial and had relatively higher flow energy.

South of the ancestral Santa Fe River, the alluvial slope deposits consist of coarse-grained channel
facies interbedded with noticeably finer-grained sediment herein called extra-channel sediment,
following Koning (2003) and Koning et al. (2004b). The proportion of extra-channel sediment
significantly diminishes as one moves east towards the mountain front. These particular piedmont
deposits are similar to alluvial slope sediment described in the Tesuque Formation by Smith
(2000a), Smith and Kuhle (2000), Koning (2002), Koning et al. (2002a), and Koning (2003).
South of Santa Fe, the preserved constructional surface of the alluvial slope sediment away from
the mountain front is relatively flat, and constitutes the top of the Ancha Formation. This surface
has been designated as the Plains surface by Spiegel and Baldwin (1963).

Within about 3 km west of the mountain front south of the ancestral Santa Fe River, gravelly
sediment comprises greater than a third of the estimated sediment volume, and lobate, fan-like
geomorphic features are recognized on the present land surface. This sediment is dominated by
very thin to medium, lenticular beds that probably reflect amalgamated, erosionally truncated
channels. Locally, about 10-20% of the strata consists of poorly sorted deposits interpreted as
being laid down as hyperconcentrated flows (including debris flows). Possible sheetflood deposits
are very minor (trace to 2%); however, limited outcrop width makes it difficult to verify whether
planar, very thin-thin beds of alternating coarse to fine, gravel-sand deposits actually fill broad
channels, rather than being unconfined sheetflood deposits. This area adjacent to the mountain
front may perhaps be thought of as a gradation between alluvial slope to alluvial fan deposits, but
for the purposes of this report we treat them as alluvial slope deposits.

The Ancha Formation north of the ancestral Santa Fe River was deposited on a gently sloping
(~1-2 degrees) alluvial slope on the western flank of the Santa Fe uplands. Drainages and their
associated channels on this alluvial slope were relatively small, as were their corresponding feeder
canyons in the Santa Fe uplands. Eolian sedimentation was significant here.

The interpreted depositional environment has important hydrogeologic implications. Channel
avulsion on the alluvial slope south of the Santa Fe River was probably common, and the resulting
distribution of channels in an outcrop appears random. The ancestral Santa Fe River probably did
not significantly meander, but it may have been more likely to shift back and forth in a continuous
fashion because its coarse-grained channels are more laterally continuous and connected than in
alluvial slope sediment to the south.

Alluvial Slope Deposits (Map Unit QTaas)

General description of alluvial slope deposits south of the ancestral Santa Fe River The
alluvial slope deposits of the Ancha Formation south of the ancestral Santa Fe River can be
subdivided into extra-channel and channel facies. The extra-channel facies is characterized by a
poorly to moderately sorted, silty or muddy sand (mostly very fine- to medium-grained sand with
subordinate coarse- to very coarse-grained sand) that contains minor, scattered pebbles. Some of
the poorly sorted beds with scattered pebbles may represent hyperconcentrated flow deposits. The
sediment is well-consolidated and commonly weakly cemented by calcium carbonate. The beds in
this facies are medium to thick, tabular to broadly lenticular, and internally massive or bioturbated.
Scattered very thin to thin lenses of coarse sand and pebbles may be present in sparse quantities.
The sediment of this facies is interpreted to have been deposited in very broad channels or swales,
or as small depositional lobes on an alluvial slope.

The other sedimentary facies consists of channel deposits of gravelly sand, sandy gravel, and
medium- to very coarse-grained sand. These coarse channels are lenticular to broadly lenticular in
form and commonly medium to thick. The channels are generally 2-30 m in width. Within a
channel, the sand is commonly planar-laminated and the pebbles are in very thin to medium,
lenticular beds; local tangential cross-stratification or trough-cross-stratification is present but
generally less than 50 cm thick. Gravel is clast-supported, moderately to poorly sorted, and
subrounded (more subangular towards the mountain front). Clasts consist of granite, foliated
granite, and granitic gneiss with subordinate (3-15%) amphibolite or amphibolite-gneiss; locally,
there are trace intermediate-felsic volcanic rocks presumably derived from reworking of the
Espinaso Formation or the Bishops Lodge Member of the Tesuque Formation. Quartzite clasts
comprise less than 2% of the total gravel fraction south of Interstate 25, but become more
abundant (1-16%) between the Galisteo River and Gallina Arroyo. Channel sediment is generally
loose to weakly consolidated and non-cemented. However, locally there is moderate to strong
cementation, especially at the base of the Ancha Formation where it overlies the Galisteo
Formation and Mesozoic strata.

The Plains surface contains compound soils that locally exhibit <25 cm-thick, clay-rich Bt orBtk
horizons underlain by 50 to >100 cm-thick calcic and siliceous Bk or Bkq horizons with stage II
to I1I+ pedogenic carbonate morphology (Koning et al., 2002b). Below the soils associated with
the Plains surface, buried soils are not common. Where exposed, these buried intraformational
paleosols are characterized by clay-rich Bt horizon(s) overlying paler-colored calcic horizon(s)
with stage II to III pedogenic carbonate morphology (Koning et al., 2002b).

General description of alluvial slope sediment north of the ancestral Santa Fe River. The
Ancha Formation alluvial slope deposits between the ancestral Santa Fe River and upper Canada
Ancha, in particular its tributary of Alamo Creek, are generally very pale brown to light yellowish
brown, silty, very fine- to medium-grained sand. They contain 1-20% channel deposits of
medium- to very coarse-sand and sandy gravel. The channels are generally in very thin to
medium, lenticular beds and only 1-5 m wide, but locally are as much as 2 m thick and 30 m wide.
The relative abundance of these coarse channel deposits increases towards the east. The gravel in
the channels are pebble- to fine-cobble in size, poorly sorted, subrounded to subangular, and
consist of granite with 10-35% quartzite, 0.5-1% chert, 1-15% Paleozoic clasts of limestone and
siltstone, 2-5% amphibolite, and 3% micaceous gneiss and schist. The composition of the gravel,
combined with the relative small size of the channels, indicates the sediment was locally reworked
from the Tesuque Formation in the Santa Fe uplands located north of Santa Fe. Much of the silty
very fine- to medium-grained sand is likely eolian in origin but may have been reworked by local
slopewash processes. Buried soils are locally present and may be vertically spaced on the scale of
-5 m.

The fine-grained sediment is interbedded with subordinate, very thin to thick beds of
phreatomagmatic deposits; these generally consist of medium- to very coarse-grained sand (basalt
with various proportions, but generally <50%, of arkosic sand) and minor very fine to medium
basaltic pebbles. Phreatomagmatic deposits are found throughout the Ancha Formation in the
northern Santa Fe embayment, but are most abundant northwest of Arroyo Calabasa (Ralph
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Shroba, 2004, written communication). These are partly indurated (with only minor effervescence
in dilute hydrochloric acid) or well consolidated.

Textural-based subdivisions. The Ancha Formation varies considerably in texture, with the
general trend of becoming finer to the west (Koning et al., 2002b). We have subdivided the
alluvial slope deposits into four units based on the proportions of coarse-grained channels to
finer-grained extra-channel sediment. The four textural units corresponding to this subdivision are
shown on the compilation map. The boundaries between the units are very gradational in a lateral
sense (3 to 4 km in width). We approximated the unit boundaries based on inspection of outcrops
and available records of well cuttings. It should be noted that the outcrops south of Interstate 25
are small and of poor quality. Here, most outcrops of the Ancha Formation expose only 1 to 2 m
below the ground surface, an interval which has incorporated much eolian silt and fine sand during
Pleistocene time. This eolian sediment commonly makes the Ancha Formation appear
finer-grained near the surface than it actually is at depth. Consequently, in this textural
subdivision we place little weight on small outcrops at the modern surface, especially when they
overlie well-developed calcic soils. The four textural subdivisions are described below, in
decreasing order of inferred groundwater-resource potential, as well as inferences regarding
hydrogeologic characteristics:

>35% coarse channels: More than 35% of this unit contains coarse-grained channel deposits
probably associated with ephemeral avulsing streams. Channels are probably interconnected, and
there is likely to be greater than 50% coarse channels in most places. The inferred high degree of
channel interconnection could make this unit a potentially useful aquifer zone, with relatively high
overall hydraulic conductivity. However, most of this textural subdivision is not within the
saturated zone.

25-60% coarse channels: This unit is differentiated only in the southernmost Santa Fe
embayment, and contains about 25-60% coarse-grained channels. Most channels are probably
interconnected, and so the overall hydraulic conductivity of the unit would be inferred to be
moderate to high. However, this textural subdivision is generally not located within the saturated
portion of the Ancha Formation.

15-60% coarse channels: This unit contains 15-60% coarse-grained channels scattered in finer
extra-channel deposits. Some to most coarse channels are interconnected. Overall hydraulic
conductivity of the unit is inferred to be moderate to high. Aquifer transmissivity measured in
wells completed across this unit and into the underlying Tesuque or Espinaso Formations ranges
from 70 to 980 ft*/day.

1-30% coarse channels: Channels are probably not significantly interconnected. Overall
hydraulic conductivity of the unit is generally inferred to be relatively low, but locally may be
moderate. Aquifer transmissivity in wells completed across this unit and into the underlying
Espinaso Formation ranges from 15 to 280 ft*/day.

Ancestral Santa Fe River Deposits (Map Unit QTasr)

General description. Sediment deposited by an ancestral Santa Fe River during Pliocene and
early Pliostocene times contains sandy gravel in thin to thick, lenticular to broadly lenticular to
channel-shaped beds; locally, there is planar- or tangential- cross-stratification up to 90 cm thick.
The gravel is generally clast-supported and consists of pebbles with 30 to 50% cobbles; clasts are
subrounded, poorly sorted, and composed of granite with 1 to 6% quartzite and 1 to 3%
amphibolite. There are minor beds of silty or clayey very fine to fine sand that correspond to
floodplain sediment, plus minor beds of extra-channel sediment (muddy very fine to very coarse
sand with 1 to15% pebbles) similar to that seen in alluvial slope deposits to the south.
Extra-channel sediment become more abundant (30 to 50% of sediment volume) near the southern
and northern margins of the ancestral Santa Fe River deposits, likely because of interfingering
with alluvial slope deposits. The sediment is weakly to moderately consolidated, and not
cemented.

Basal contact of the Ancha Formation

Exposures of the basal contact of the Ancha Formation were described as part of this study. All
exposures show an angular unconformity at this contact. Because there are no exposures in the
center of the Santa Fe embayment, we cannot be absolutely certain if the basal contact here
represents an angular unconformity, disconformity, or conformable transition with the underlying
Tesuque Formation. Because of a 5 to 6 Myr age difference between the Tesuque and Ancha
Formations along Cafiada Ancha (Koning et al., 2002b) it is unlikely that the Ancha-Tesuque
Formation is conformable. The Ancha Formation is generally undeformed where exposed,
whereas the underlying Tesuque Formation has been mildly to moderately tilted. Thus, it is likely
that this unconformity is angular throughout the Santa Fe embayment.

THE TEsuQuE FORMATION
Daniel J. Koning

The Rio Grande rift in north-central New Mexico is largely filled with late Oligocene — late
Pliocene clastic sediment derived from flanking uplifts. In the southern Espafiola Basin, these
deposits are almost entirely composed of the Tesuque Formation, which was subdivided into
members (i.e., Nambe, Skull Ridge, and Pojoaque Members) by Galusha and Blick (1971) on the
basis of extensive paleontological investigations and numerous volcanic ashes in their study area
north of Tesuque Pueblo. In the absence of these fossils and ashes these member-rank units are
not readily recognizable in most of the map area nor do they seem to have consistently distinctive
textural, cementation, or channel characteristics relevant to a regional geohydrologic study. As a
result, our compiled map does not distinguish these members. A lithosome / provenance approach
to the internal stratigraphy of the Tesuque Formation seems more appropriate, particularly if
hydrostratigraphic units are considered in this important aquifer.

The term “alluvial slope” has been used to classify or describe piedmont environments, including
the southeastern Espafiola Basin, where surface flow (typically unsteady) is relatively confined
within shallow, parallel stream channels over much of the width of the piedmont (Smith, 2000a).
In the map area, particularly in the medial and distal parts of the alluvial slope, there is much
sediment that does not appear to have been deposited in a recognizable channel. These particular
deposits are commonly in tabular to broadly lenticular, very thin to thick beds of silty to clayey
sand (and minor sandy silt), and are referred to by us as “extra-channel sediment”. Extra-channel
sediment is interpreted to have been deposited on either localized depositional lobes on an alluvial
slope or else in very broad channels, as opposed to overbank deposits where sediment was
deposited primarily by vertical settling from suspension. In outcrop, coarser channels of sand and
gravel are commonly inset into the extra-channel deposits. Alluvial slopes generally lack debris
flows and planar sheetflood deposits that are common in alluvial fan deposits, and have more
evidence of relatively persistent channelized flow across much of the alluvial slope (Smith,
2000a).

The differentiation of six map units in the Tesuque Formation in large part follows the recognition
of three depositional environments in the Tesuque Formation. Two of these depositional
environments correspond with previously established lithosomes. Specifically, the alluvial slope
depositional environment corresponds with lithosome A of Cavazza (1986) and ancestral Santa Fe
River deposits corresponds with lithosome S of Koning et al. (2003). (lithosome A of Cavazzaa,
1986, and lithosome S of Koning et al., 2004). Middle Miocene basin floor deposits (unit Ttbfm)
consist of lithosome B of Cavazza (1986). However, upper Miocene basin floor deposits (unit
Ttbfu) near Buckman well field consist of mixed provenance fluvial sediment (i.e., lithosome B
and a volcaniclastic unit derived from the north-northwest). Below, we describe the six map units
in detail according to their respective depositional environments.

Alluvial slope deposits (lithosome A)

Granite-rich gravel and arkosic sand, silt, and mud deposited on an alluvial slope flanking the
western Sangre de Cristo Mountains, the latter located on the east margin of the basin.
Provenance is the western front of the southern Sangre de Cristo Mountains (south of Truchas
Peaks), These are further subdivided on the basis of gross texture

Ttacu — Coarse alluvial slope deposits of the upper Tesuque Formation

Diagnostic features

This unit is composed of pebbly sandstone to sandy pebble-conglomerate channel deposits,
with subordinate extra-channel deposits of slightly muddy, very fine- to very coarse-grained
sandstone. Gravel composition is almost entirely granitic and the sand is arkosic. The

Lamy
fault

composition and westward paleoflow data are very consistent with lithosome A of Cavazza
(1986). It was probably deposited on the medial alluvial slope.

Hydrogeologic significance

The predominance of channels implies a relatively high degree of channel connectivity, and
the overall coarse texture suggests relatively high permeability. However, various amounts of
calcium carbonate cement and clay matrix within the channels may result in lower
permeabilities than inferred from the overall gross texture. Much of this unit probably lies in
the unsaturated zone. At the surface, the unit generally erodes to produce relatively thick
colluvium, and badland topography is relatively uncommon. This colluvium, in addition to the
gross coarseness of the unit, may enhance the unit’s potential in recharging the aquifer.

Ttafu — Fine alluvial slope deposits of the upper Tesuque Formation

Diagnostic features

Generally composed of extra-channel and overbank deposits of silty very fine- to fine-grained
sandstone with subordinate siltstone and mudstone; channels of pebbly sandstone and
sandy-pebble-conglomerate comprise about 3-30% of the unit. Gravel is granitic, sand is
arkosic, and paleoflow data are to the west — consistent with lithosome A of Cavazza (1986).
Unit Ttafu grades laterally into basin floor facies, and in the vicinity of the Buckman well field
it very likely grades laterally eastward into the coarse upper unit of the Tesuque Formation.
This unit is recognized by its predominance of fine extra-channel and overbank deposits,.
Tephra beds comprised of coarse white ash or coarse, dark gray, basaltic(?) ash are locally
present. These coarse tephra differ from the fine white and gray ashes found in the distal
alluvial slope sediment lower in the Tesuque Formation. Deposited on the distal alluvial
slope.

Hydrogeologic significance

The gross fine texture of this unit, and relatively common weak cementation, may result in
lower permeability than the coarse upper unit of the Tesuque Formation. Channels are also
likely to be less connected than in the coarse upper unit.

Ttaml — Undifferentiated alluvial slope deposits of the middle to lower Tesuque
Formation

Diagnostic features

Generally extra-channel sediment of silty sandstone with minor overbank sediment of
siltstone, mudstone, and claystone. Channel sediment is generally minor to subordinate,
except near (within about 5 km) of the modern mountain front, and consists of pebbly
sandstone and sandy pebble-conglomerate (subordinate cobbles) in channel complexes up to ~
2 m thick. Southwards, the unit grades laterally into lithosome S over a wide distance (about
1-3 km). In the distal to medial alluvial slope facies, numerous white and gray, fine ashes are
preserved; these fine ashes serve to distinguish this unit from the coarse and fine alluvial slope
deposits of the upper Tesuque Formation (Ttacu and Ttafu). The granitic clast composition,
arkosic sand, and westward paleoflow data are very consistent with lithosome A of Cavazza
(1986). The proportion of coarse channel and finer extra-channel and overbank sediment
varies across this unit; it is interpreted that the unit includes distal, medial, and proximal
alluvial slope depositional environments.

Hydrogeologic significance

The gross finer texture of this unit (exept near the mountain front) may result in lower
permeability than the coarse upper unit of the Tesuque Formation and lithosome S. Channels
are also likely to be less connected than these two other units.

Basin floor deposits (lithosome B and mixed provenace)

Floodplain mud, silt, and very fine to fine sand together with sandy to gravelly channels deposited
on a basin floor.

Ttbfu — Basin floor deposits of the upper Tesuque Formation

Diagnostic features

Floodplain deposits consisting of planar-laminations to planar-very thin to medium beds of
claystone, siltstone, and very fine- to fine-grained sandstone., with minor (10-25%) thick
channel complexes of sand and gravelly sand. Deposited on a basin floor by a
southward-flowing fluvial system of mixed provenance. Near the Buckman well field, clasts
are mainly volcanic, with minor Paleozoic clasts characteristic of lithosome B of Cavazza
(1986). In contrast to the basin floor facies, the adjacent distal alluvial slope facies to the east
(Ttafu) has much greater proportions of silty sand extra-channel sediment, and the channel
gravel and sand are granitic and arkosic, respectively.

Hydrogeologic significance

This unit comprises the bulk of the aquifer serving the Buckman well field. Because the
floodplain deposits in outcrop are composed primarily of siltstone and claystone, with only
minor (<25%) sand and gravelly sand channel deposits, groundwater occurs in a series of
somewhat disconnected confined and semiconfined aquifers. The sand channel deposits in the
Buckman area have permeabilities, based on air permeameter measurements, of approximately
1 to 10 ft/d (John Sigda, written communication). The degree of channel connectivity
determines the overall transmissivity of the aquifer(s) and is an important parameter to
consider in a geohydrologic study.

Ttbfm — Basin floor deposits of the middle Tesuque Formation (Lithosomes B & C)

Diagnostic features

Floodplain sediment consisting of planar-laminations and planar-very thin to medium beds of
mudstone, siltstone, claystone, and very fine- to fine-grained sandstone, with minor broad
channel complexes of fine to medium sandstone. Deposits lack gravel, but correlate
along-strike to lithosome B, gravel-bearing strata to the north. The unit has relatively
distinctive grayish sand that has an approximate ratio of 1:1 of dark lithics and greenish quartz
grains compared to potassium feldspar. Unit is commonly weakly consolidated and erodes to
form strike-valleys. Unit grades laterally eastward and southward into distal alluvial slope
facies (map unit Ttaml). It is inferred that paleoflow direction was to the southwest, consistent
with paleflow data by Cavazza (1986) and Koning (2002) for lithosome B. When compared to
correlative strata to the north and upper fluvial basin floor sediment near Buckman (map unit
Ttbfu), the basin floor deposits near Pojoaque are finer grained. It is very likely that these
older basin floor deposits become even finer-grained to the southwest (in the subsurface)..

Hydrogeologic significance

This unit is inferred to have low permeability because it is mostly composed of fine floodplain
and possibly local lacustrine sediment. The unit probably becomes even finer grained, and
less permeable, in the subsurface to the southwest. These basin floor deposits likely have the
lowest groundwater yields of all the map units in the study area. Delineating the
three-dimensional extent of this unit in the subsurface is important in considering the overall
productivity of the aquifer underlying the northern portion of the map area.

Ancestral Santa Fe River deposits (lithosome S)

Pebbly sand channel sediment together with subordinate fine sand, silt, and mud floodplain and
extra-channel sediment. These were deposited by a large westward-flowing paleo-drainage that
exited the Sangre de Cristo Mountains near Santa Fe.

Ttsml — Fluvial deposits associated with the ancestral Santa Fe River on an
alluvial slope, middle to lower Tesuque Formation

Diagnostic features

This unit is recognized by its clast composition (granite with 3-40% Paleozoic clasts and
5-30% quartzite), reddish color (compared to less red distal alluvial slope facies), and
high-energy-flow deposits in very broad, thick channel complexes that possess very thin to
medium, planar to lenticular internal bedding. These deposits were called lithosome S by
Koning et al. (2004). The upper contact of the unit is gradational with the coarse upper unit of
the Tesuque Formation. Lithosome S is also found below, and just above, the Bishops Lodge
Member (not differentiated on the compilation map); here, the clast assemblage is dominated
by granite and yellowish Paleozoic limestone and siltstone (more granite than Paleozoics),
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with only 0-1% quartzite. The gravel of this unit includes much higher percentages of
Paleozoic limestone and Proterozoic quartzite than is found in lithosome A to the north, thus
indicating that the fluvial system probably extended east across the Pecos-Picuris fault (as also
inferred by Smith, 2000b). Because the quartzite clasts proportionally increase up-section, the
fluvial system of lithosome S likely increasingly elaborated onto, or cut into, quartzite bedrock
as a function of time.

Hydrogeologic significance

The overall coarse texture of this unit, particularly in its eastern extent (near Santa Fe) where it
lacks extra-channel and overbank sediment, probably imparts a relatively higher permeability
than the other map units. Also, there is a relatively high degree of channel connectivity
because of the broad and abundant channel complexes of this unit, particularly in its eastern

extent where channel complexes predominate.
Volcanic Rocks in the Tesuque Formation

Volcaniclastic rocks and basaltic lava flows associated with volcanic centers to the east and
southeast.

Ttvm — Mafic volcanic rocks in the basal Tesuque formation (upper Oligocene to lower

Micocene)
Black to gray, coarse-grained, altered olivine basalt. Near the Sangre de Cristo Mountain
front, this unit consists of a single, 1-1.7 m-thick flow,,vesicular and amygdaloidal throughout,
that either rests directly on tuffaceous mudstone of the Bishop’s Lodge Member or is
interbedded with the overlying arkosic sediment of the Tesuque Formation. Near La Cienega,
this unit consists of grayish black, porphyritic, olivine-bearing, volcanic flows of basanite,
nephelinite, and basalt. These western flows are fine-grained and non-vesicular, and have a
cumulative thickness of up to 30 m in the study area. The Cieneguilla basanite has been dated
at 25.1 + 0.7 Ma using K-Ar radioisotopic analyses (Baldridge et al., 1980) and 26.08 + 0.62
Ma using recent “*Ar/*’Ar radioisotopic analyses (Table 1 of Turquoise Hill quadrangle of
Koning, 1999; Peters, 2000a).

Ttbl—Bishops Lodge Member of the Tesuque Formation (upper Oligocene?).
White tuffaceous mudstone, gray pebbly volcaniclastic sandstone, and pebble to boulder
conglomerate. Clasts of light to dark gray pyroxene (+ biotite) latite as large as 100 cm but
typically 5-20 cm. Clast size increases to the south where 50 cm and larger clasts are common
in exposures near the Santa Fe River. A slightly reworked ash, 30-40 cm thick, 4 m below the
top of the Bishops Lodge interval was dated at 30.45 +0.16 Ma (Peters, 2000b). In places, the
Bishops Lodge Member lies directly on Paleozoic rocks, but overlies up to 100 m of
non-volcaniclastic Tesuque Formation around Bishops Lodge. Up to 80m thick.

GEOLOGIC STRUCTURE
Adam S. Read and Daniel J. Koning

Basin Architecture

The general structure of the southern Espafiola Basin can be inferred using geologic mapping,
examination of subsurface data, and available geophysical data. In the study area north of the
Santa Fe River, the general structure is that of a west-tilted half-graben (Biehler et al., 1991), with
the Pajarito fault zone near Los Alamos probably serving as the master fault. Within this
half-graben are numerous extension-related structures of interest. In the northeastern Horcado
Ranch 7.5-minute quadrangle, there is a significant west-facing monocline with an interpreted
1500 m (4900 ft) of structural relief. This structure continues to the north into what Kelley (1978)
referred to as the Barrancos monocline. Beds generally strike north and dip west, but their dip
magnitudes change across the monocline as follows: less than 6 degrees west of the Barrancos
monocline, 5-15 degrees within the monocline, and 4-12 degrees east of the monocline. Near the
crest of the Barrancos monocline is the north-trending, west-down Pojoaque fault that has an
estimated throw of 50-150 m. To the west, strands of the Jacona fault zone offset the monocline
in an east-down manner.

The area south of the Santa Fe uplands (i.e., the highlands north of the Santa Fe River) is generally
referred to as the Santa Fe embayment (e.g., Koning et al., 2002b). The Santa Fe embayment is
located east of the major La Bajada fault, which interacts with the Pajarito fault to the north in a
complex manner near the lower part of White Rock Canyon. The general geologic structure in the
Santa Fe embayment is that of a north-northeast-plunging syncline. This syncline may be
displaced by normal faults on its eastern margin, but the existence of a large fault near the western
margin of the syncline has never been confirmed. The structural relief of this syncline is estimated
to be approximately 1800 m (6000 feet) at the base of the Phanerozoic section along cross section
D-D’.

Mountain Front Faults

North of the Santa Fe River, faults within the Proterozoic basement and overlying Paleozoic rocks
typically strike north-south. Some are reverse faults and related folds that are interpreted, based
on structural style, to have formed during the Laramide. Perhaps some of the monoclinal
structures, like the one at Nambe Falls, were initially Laramide structures that were reactivated
during rifting.

The largest of the north-south faults is the Santa Fe River Fault, which juxtaposes Madera Group
limestones against Proterozoic basement. It is a relatively large displacement fault, with perhaps
as much as 300m (1000 ft) of stratigraphic separation. The Aztec Springs syncline lies parallel to
this Laramide fault and preserved a thick section of Madera Group rocks from later erosion. Along
the Santa Fe River, the fault bends to the southwest. Madera Group limestone is present in
scattered outcrops along the valley floor but not on the peaks to the south and east. It is not clear
how this fault exits the mountain front or its extent under the Ancha Formation to the west. We
show the queried fault merging with the Hondo Fault east of a high gradient in ground water
elevations. Geometrically this makes sense given the isolated outcrops of Paleozoic rocks near
Seton Village and the lack of evidence for a large transverse fault in the area imaged by the
detailed aeromagnetic survey (Grauch and Bankey, 2003).

Along Little Tesuque Creek, large outcrops of strongly brecciated Proterozoic rocks appear to be
overlain by relatively undeformed Paleozoic rocks (see Spiegel and Baldwin, 1963 p. 29). The
implications of these breccias (and other similar breccias in the region) are a current subject of
considerable debate (Fankhauser and Erslev, 2004), but they suggest (as F.E. Kottlowski did in
Spiegel and Baldwin, 1963) that there may have been pre-Pennsylvanian brittle deformation. The
current debate revolves around the magnitude and timing of possible brittle deformation events in
the Proterozoic, Ancestral Rocky Mountain, and Laramide Orogenies.

Regional aeromagnetic data suggest significant offset, likely dextral strike slip faulting, of
basement rocks along the eastern piedmont of the Santa Fe Range (Kucks, et al., 2001; Grauch,
unpublished data; and personal communication 2004; Daniel et al., 1995). However, while the
Tesuque Formation is faulted along much of the piedmont, it appears to have only minor offset by
these (likely repeatedly reactivated) structures. The faults that do cut the Tesuque Formation,
particularly west-down faults, appear to take the form of faulted, west-facing monoclines (see
cross sections). Where these faulted monoclines exist some distance away from the mountain
front, they create structural benches characterized by domains with shallower dips that steepen to
the west across the monoclines. One such bench is formed by a broad north-south structure
manifested by a west-facing monocline and numerous faults within 2-3 km to the west of the
present-day mountain front. This unnamed structure appears to extend as far south as northern
Santa Fe, and exposes Paleozoic rocks near Nambe Dam. These benches, and the structures that
cause them, may be important hydrologically for both shallow and bedrock aquifers (particularly
those within the Paleozoic section).

Basin bounding faults, basement faults, and breccia/fracture zones probably play a significant role
as recharge conduits into the basin, as well as within bedrock aquifers. Fracture zones that cut
transversely across the Sunlit Hills east of Eldorado are composed of numerous, closely spaced,
vertically dipping fractures. Many of these fracture zones appear to be minor left-lateral
structures. They almost certainly extend some distance into the basin and in places, appear to
influence the location of streams.

Intrabasinal Faults

Several major faults and related structures offset and deform the Tesuque Formation within the
basin. The deformation zones of all faults have clay cores along much of their length in addition to
deformation bands and cataclasite zones. Also, cementation is commonly stronger in the
immediate hanging wall or footwall of the fault (compared to cementation of strata away from the
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fault). These features may result in the faults acting as groundwater barriers along part or most of
their length. Hydrologic data indicate that some mapped faults (and interpreted faults based on
aeromagnetic surveys — Grauch and Bankey, 2003) are indeed associated with major anomalies in
groundwater levels and probably result in compartmentalization of the Tesuque Formation aquifer.

Aeromagnetically interpreted faults from Grauch and Bankey (2003) are shown on the map plates
as hashed purple lines and are shown for reference with a small-scale version of their
aeromagnetic data on this sheet. In many cases, these aeromagnetically inferred faults coincide
with mapped faults. This reflects a convergent evolution of both field mapping and interpretation
of the aeromagnetic data during collaborative work on this project. In some cases (particularly on
the Horcado Ranch quadrangle) the aeromagnetically interpreted structures are offset from the
mapped faults. This discordance is likely either related to where magnetic properties are most in
contrast at depth (perhaps suggesting subsurface fault geometry) or due to multiple strands of
these faults that were unrecognized on the surface. In areas within the Tesuque Formation where
surface investigation has not identified acromagnetically interpreted faults, we did not add them to
the map. Where these aeromagnetically interpreted faults are completely covered by the Ancha
Formation, we chose to add them as inferred (concealed) faults to the compilation. In addition, we
infer several other faults in the Eldorado area based on our examination of the aeromagnetic data,
projections of mapped faults, and gravity studies (Biehler, 1999).

An aeromagnetic high near the northeast corner of the Santa Fe 7.5-min.quadrangle was
interpreted as a buried and faulted bedrock high, or alternatively as a fault controlled intrusion by
Grauch and Bankey (2003). We feel there is support for both interpretations based on
observations of faulted monoclinal structures to the north and the occurrence of strongly silicified
Tesuque Formation sediments in that vicinity (Borton, 1979) — the latter which may be the result
of hydrothermal circulation above a buried volcanic center. Accordingly, we have drawn a
speculative geometry for this feature on cross section (C-C).
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INTRODUCTION AND PURPOSE

The Ancha Formation is the uppermost basin fill unit in the Santa Fe embayment. It consists of
gravel, sand, and silt derived from the southwestern flank of the Sangre de Cristo Mountains.
Although there are some compositional differences in the Ancha Formation that reflect
compositional heterogeneity of the crystalline basement, the gravel is generally dominated by
granite or gneissic granite, with minor amounts of amphibolite, quartzite, and schist. This Plio-
Pleistocene deposit is mostly non-cemented and weakly consolidated. It unconformably overlies
the Tesugue Formation (Miocene) in the Santa Fe embayment, north-central New Mexico
(Spiegel and Baldwin, 1963). The Santa Fe embayment is bounded by the Sangre de Cristo
Mountains to the east, Galisteo Creek to the south, the Cerrillos Hills to the southwest, basalt-
capped mesas of the Cerros del Rio volcanic field to the northwest, and the Santa Fe uplands
underlain by the Tesuque Formation north of the Santa Fe River. The Ancha Formation extends
under the Cerros del Rio basalts westward towards the Santa Fe River, although here it is not as
thick as in the center of the embayment — probably because of footwall uplift associated with the
La Bajada fault (Koning et al., 2002b).

The main purpose for studying the geologic characteristics of the Ancha Formation is to gain
insight into its hydrogeologic properties. For example, it has been demonstrated that effective
grain size and sorting relates to hydraulic conductivity (Hazen, 1911; Shepard, 1989). Non-
cemented, relatively coarse-grained channel deposits in the Santa Fe Group have been shown to
have higher hydraulic conductivity values than finer deposits (Sigda and Paul, Appendix F, this
report). The general sorting of sand or gravel within a bed also influences the hydraulic
parameters of an aquifer, with poorly sorted textures tending to have lower hydraulic
conductivity and porosity than well sorted textures (Fetter, 1988). It is thus important to estimate
the percentage of coarse channel deposits in a clastic hydrogeologic unit, such as the Ancha
Formation, in addition to describing the architecture and connectivity of these channels (Fogg,
1986; Tyler and Finely, 1991; Davis et al., 1993; Dreyer et al., 1993; Gaud, 2002). Finer-grained
deposits, particularly floodplain clay and mud beds, can create confined or semi-confined
conditions in an aquifer. Describing their thickness and lateral extent is also useful in assessing
the groundwater conditions in a hydrogeologic unit.
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The basal contact of the Ancha Formation corresponds with an angular unconformity in all
observed outcrops, and could potentially affect vertical groundwater flow between the Ancha
Formation and underlying Tesugque Formation, particularly where there is also a grain size
distinction between the two formations. Noting such features as weathering and pedogenic
activity along the basal contact of the Ancha Formation, or changes in the dip of the underlying
Tesuque Formation, could also have important implications for assessing groundwater flow

between this and underlying hydrogeologic units.

The following presents results from a detailed geologic examination of the Ancha Formation.
This work builds on previous study of the Ancha Formation summarized in Koning et al.
(2002b). In particular, this study differentiates ancestral Santa Fe River deposits from alluvial
slope deposits derived from smaller catchments, approximately delineates gradational textural
trends (at a scale of 1:50,000), and examines the basal contact.

PREVIOUS WORK

Spiegel and Baldwin (1963) were the first to formally apply the name Ancha Formation to the
Pliocene-Pleistocene gravel, sand, and silt that rest with angular unconformity on the Tesuque
Formation. They originally defined a partial type section for the Ancha Formation using a 49 m-
thick exposed interval of arkosic, weakly consolidated sediment on the southwest slope of
Cafiada Ancha, 18 km northwest of Santa Fe. Later work restricted the Ancha Formation to the
upper 12 m of Spiegel and Baldwin’s type section, with the underlying strata assigned to a coarse
unit of the Tesuque Formation (Koning et al., 2002b). Koning et al. (2002b) recognized that
south of Interstate 25 the Ancha Formation becomes significantly finer to the west. They thus
proposed subdividing the Ancha Formation into a fine alluvial member to the west and a coarse
alluvial member to the east. Relatively coarse sediment in the general area between the modern
Santa Fe River and La Cienega Creek was interpreted to have been deposited by an ancestral
Santa Fe River (Koning et al., 2002b).

With three exceptions, geologic mapping over the past three decades (Bachman, 1975; Johnson,
1975; Booth, 1977; Kelley, 1978; Lisenbee, 1999; Read et al., 1999 and 2000; Koning and
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Hallet, 2000; Maynard and Lisenbee, 2002) generally agrees with the mapping of Spiegel and
Baldwin (1963). One exception is for detritus shed from the Cerrillos Hills. Because this
sediment is compositionally and temporally similar to the Tuerto Formation to the south, Koning
and Hallet (2000) include it with the Tuerto Formation rather than the Ancha Formation. A
second exception is for the area north-northeast of Cafiada Ancha. Here, Spiegel and Baldwin
(1963) included granite-rich sandy gravel and gravelly sand found in the western Horcado Ranch
and northern Agua Fria quadrangles with the Ancha Formation on their map and type section.
However, subsequent geologic mapping by Kelley (1978) and Koning and Maldonado (2001),
together with dating of tephras, confirm that the Ancha Formation here is restricted to a 10-20 (?)
m-thick sand and gravel deposit immediately beneath flows and tephras of the Cerros del Rio
volcanic field (Koning et al., 2002b). Lastly, the correlation of the Ancha Formation to high-
level gravel deposits in the northeastern Espanola Basin (Miller et al., 1963) was rejected by
Manley (1976 and 1979).

Past studies of the Tesuque Formation in the east-central Espafiola Basin may also have
relevance to the Ancha Formation, since both were emplaced in the same general depositional
environment. Cavazza (1986) subdivided Tesuque Formation strata in this part of the basin into
two lithosomes based on composition and paleocurrent data. Sediment associated with
lithosome A was derived from the granite-dominated Sangre de Cristo Mountains, and deposited
by westward-flowing streams. The Ancha Formation would fall under lithosome A in the
nomenclature of Cavazza (1986). Past studies (Smith, 2000, and Smith and Kuhle, 2001, in
particular, but also Koning and Maldonado, 2001, Koning, 2002, Koning et al., 2002a, and
Koning, 2003) have interpreted an alluvial slope depositional environment for lithosome A of
Cavazza (1986). Because of their similarities, information regarding textural and hydrogeologic
characteristics of alluvial slopes, such as those derived from study of lithosome A of the Tesuque
Formation (Gaud, 2002), would be applicable to much of the Ancha Formation as well.
Lithosome B of Cavazza (1986) is not readily applicable to the Ancha Formation because it was
deposited by a relatively large, south-southwest flowing river sourced in Paleozoic sedimentary
strata and Proterozoic quartzite rocks. It is also worth noting that other lithosomes have been

proposed for the Tesuque Formation: lithosome S for ancestral Santa Fe River deposits of
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Oligocene-Miocene age (Koning et al., 2004a), in addition to lithosome E for volcanic-bearing
sediment derived from erosion of the Espinaso Formation (Daniel Koning, unpublished data).

THICKNESS

The Ancha Formation generally ranges from 10 to 90 m thick in the Santa Fe embayment based
on geologic map, drill-hole, and seismic data (Koning et al., 2002b; S. Biehler, personal
commun., 1999). Locally it may be slightly thicker than 90 m, such as where it buries
paleovalleys developed on the upper Tesuque Formation contact. The Ancha Formation is 19-26
m thick on the western edge of the Caja del Rio Plateau north of the Santa Fe River, where it is

appreciably thinner than in the center of the Santa Fe embayment to the east.

AGE

The base of the Ancha Formation is diachronous, and ranges from 2.7-3.5 Ma (?) in the western
Santa Fe embayment to ~ 1.6 Ma in the eastern embayment near the Sangre de Cristo Mountains
(Koning et al., 2002b). Sedimentation near the Pliocene-Pleistocene boundary appears to have
been concentrated in the eastern embayment, and may reflect changes in discharge and sediment

supply at that time.

ANCHA FORMATION DEPOSITS AND HYDROGEOLOGIC IMPLICATIONS

The Ancha Formation was deposited on a streamflow-dominated piedmont (i.e., alluvial slope)
in the Santa Fe embayment; most of these streams were probably ephemeral. In and southwest
of Santa Fe, much of the Ancha Formation corresponds to a fluvial facies of a Plio-Pleistocene
Santa Fe River. Although this ancestral Santa Fe River was also deposited on an alluvial slope,
it drained an appreciably larger area than streams associated with the alluvial slope to the south

or north. Consequently, it was likely perennial and had relatively high flow energy.

South of the ancestral Santa Fe River, the alluvial slope deposits consist of coarse-grained
channel facies interbedded with noticeably finer-grained sediment herein called extra-channel
sediment, following Koning (2003) and Koning et al. (2004b). The proportion of extra-channel
sediment significantly diminishes as one moves towards the mountain front, which probably

imparts trending anisotropy to this hydrostratigraphic unit. These particular piedmont deposits
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are similar to alluvial slope sediment described in the Tesuque Formation by Smith (2000).
Alluvial slope deposits generally lack the tabular, planar-bedded couplets of relatively coarse-
and fine-grained sediment diagnostic of sheetflood deposits, which are characteristic of alluvial
fans (Bull, 1972; Blair, 1987 and 1999; and Blair and McPherson, 1994). The preserved
constructional surface of the alluvial slope sediment away from the mountain front is relatively
flat, and constitutes the top of the Ancha Formation. This surface has been designated as the

Plains surface by Spiegel and Baldwin (1963).

Within about 3 km west of the mountain front south of the ancestral Santa Fe River, gravelly
sediment comprises greater than a third of the estimated sediment volume, and lobate, fan-like
geomorphic features are recognized on the present land surface. This sediment is dominated by
very thin to medium, lenticular beds that probably reflect amalgamated erosionally truncated
channels. Locally, about 10-20% of the section consists of poorly sorted deposits interpreted as
being laid down as hyperconcentrated flows (including debris flows). Possible sheetflood
deposits are very minor (trace to 2%); however, limited outcrop width makes it difficult to verify
whether planar, very thin-thin beds of alternating coarse-fine, sand-gravel actually fill broad
channels, rather than being unconfined sheetflood deposits. This area adjacent to the mountain
front may perhaps be thought of as a gradation between alluvial slope to alluvial fan deposits, but
for the purposes of this report we treat them as alluvial slope deposits.

The Ancha Formation north of the ancestral Santa Fe River was deposited on a gently sloping
(~1-2 degrees) alluvial slope on the western flank of the Santa Fe uplands. Drainages and their
associated channels on this alluvial slope were relatively small, as were their corresponding

feeder canyons in the Santa Fe uplands. Eolian sedimentation was significant here.

The interpreted depositional environment has important hydrogeologic implications. Channel
avulsion on the alluvial slope south of the Santa Fe River was probably common, and the
resulting distribution of channels in an outcrop appears random. The ancestral Santa Fe River
probably did not significantly meander, but it may have been more likely to shift back and forth
in a continuous fashion because its coarse-grained channels are more laterally continuous and

connected than in alluvial slope sediment to the south.
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Below, we describe the alluvial slope and ancestral Santa Fe River deposits in detail. Although
technically the ancestral Santa Fe River sediments were deposited on an alluvial slope, we will
distinguish them separately from alluvial slope deposits north and south of this river.
Stratigraphic sections representing these two deposits, and various textural subdivisions within
them, are presented in Appendix 1. These stratigraphic sections were measured and described by
Daniel Koning except for the Galisteo 2 section, which was described by Sean Connell and

Frank Pazzaglia (unpublished data). Section locations are shown on Plate 3 of this report.

Alluvial Slope Deposits (Map Unit QTaas)

General description of alluvial slope deposits south of the ancestral Santa Fe River. The

alluvial slope deposits of the Ancha Formation south of the ancestral Santa Fe River can be
subdivided into extra-channel and channel facies. The extra-channel facies is characterized by a
poorly to moderately sorted, silty or muddy sand (mostly very fine- to medium-grained sand with
subordinate coarse- to very coarse-grained sand) that contains minor, scattered pebbles. Some of
the poorly sorted beds with scattered pebbles may represent hyperconcentrated flow deposits.
The sediment is well-consolidated and commonly weakly cemented by calcium carbonate. The
beds in this facies are medium to thick, tabular to broadly lenticular, and internally massive or
bioturbated. Scattered very thin to thin lenses of coarse sand and pebbles may be present in
sparse quantities. The sediment of this facies is interpreted to have been deposited in very broad

channels or swales, or as small depositional lobes on an alluvial slope.

The other sedimentary facies consists of channel deposits of gravelly sand, sandy gravel, and
medium- to very coarse-grained sand. These coarse channels are lenticular to broadly lenticular
in form and commonly medium to thick. The channels are generally 2-30 m in width. Within a
channel, the sand is commonly planar-laminated and the pebbles are in very thin to medium,
lenticular beds; local tangential cross-stratification or trough-cross-stratification is present but
generally less than 50 cm thick. Gravel is clast-supported, moderately to poorly sorted, and
subrounded (more subangular towards the mountain front). Clasts consist of granite, foliated
granite, and granitic gneiss with subordinate (3-15%) amphibolite or amphibolite-gneiss; locally,
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there are trace intermediate-felsic volcanic rocks presumably derived from reworking of the
Espinaso Formation or Bishops Lodge Member of the Tesuque Formation. Quartzite clasts
comprise less than 2% of the total gravel fraction south of Interstate 25, but become more
abundant (1-16%) between the Galisteo River and Gallina Arroyo. Channel sediment is
generally loose to weakly consolidated and non-cemented. However, locally there is moderate to
strong cementation, especially at the base of the Ancha Formation where it overlies the Galisteo

Formation and Mesozoic strata.

The Plains surface contains compound soils that locally exhibit <25 cm-thick, clay-rich Bt orBtk
horizons underlain by 50 to >100 cm-thick calcic and siliceous Bk or Bkq horizons with stage |1
to 111+ pedogenic carbonate morphology (Koning et al., 2002b). Below the soils associated with
the Plains surface, buried soils are not common. Where exposed, these buried intraformational
paleosols are characterized by clay-rich Bt horizon(s) overlying paler-colored calcic horizon(s)
with stage 11 to 111 pedogenic carbonate morphology (Koning et al., 2002b).

General description of alluvial slope sediment between the ancestral Santa Fe River and

upper Cafada Ancha. The Ancha Formation alluvial slope deposits between the ancestral

Santa Fe River and upper Cafada Ancha, in particular its tributary of Alamo Creek, are generally
very pale brown to light yellowish brown, silty, very fine- to medium-grained sand. They
contain 1-20% channel deposits of medium- to very coarse-sand and sandy gravel. The channels
are generally in very thin to medium, lenticular beds and only 1-5 m wide, but locally are as
much as 2 m thick and 30 m wide. The relative abundance of these coarse channel deposits
increases towards the east. The gravel in the channels are pebble- to fine-cobble in size, poorly
sorted, subrounded to subangular, and consist of granite with 10-35% quartzite, 0.5-1% chert, 1-
15% Paleozoic clasts of limestone and siltstone, 2-5% amphibolite, and 3% micaceous gneiss
and schist. The composition of the gravel, combined with the relative small size of the channels,
indicates the sediment was locally reworked from the Tesuque Formation in the Santa Fe uplands
located north of Santa Fe. Most of the silty very fine- to medium-grained sand is likely eolian in
origin but may have been reworked by local slopewash processes. Buried soils are locally

present and may be vertically spaced on the scale of 1-5 m.
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The fine-grained sediment is interbedded with subordinate, very thin to thick beds of
phreatomagmatic deposits; these generally consist of medium- to very coarse-grained sand
(basalt with various proportions, but generally <50%, of arkosic sand) and minor very fine to
medium basaltic pebbles. Phreatomagmatic deposits are found throughout the Ancha Formation
in the northern Santa Fe embayment, but are most abundant northwest of Arroyo Calabasa
(Ralph Shroba, 2004, written communication). These are partly indurated (with only minor

effervescence in dilute hydrochloric acid) or well consolidated.

Hydrogeologic implications of features in alluvial slope deposits. The extra-channel facies of

the Ancha Formation probably has lower hydraulic conductivity values compared to the coarse
channel facies. This inference is based on comparison to air-permeameter measurements on
lithosome A extra-channel facies in the Tesuque Formation (John Sigda, 2003, unpublished
data). The extra-channel sediment is generally poorly to moderately sorted, with appreciable
amounts of silt or mud in the interstices of the sand grains. These fines would be expected to
reduce porosity. Strong cementation observed in coarse channels of the Ancha Formation near
its base in the southern part of the Santa Fe embayment (see below discussion of the basal
contact for this part of the embayment) may dramatically reduce the hydraulic conductivity.
Relatively indurated and well consolidated phreatomagmatic deposits, which are particularly
common north of the Santa Fe River, may potentially influence unsaturated flow in the Ancha

Formation in this area.

Textural-based subdivisions. The Ancha Formation varies considerably in texture, with the

general trend of becoming finer to the west (Koning et al., 2002b). We have subdivided the
alluvial slope deposits into four units based on the proportions of coarse-grained channels to
finer-grained extra-channel sediment. The four textural units corresponding to this subdivision
are shown on the compilation map. The boundaries between the units are very gradational in a
lateral sense (3 to 4 km in width). We approximated the unit boundaries based on inspection of
outcrops and available records of well cuttings. It should be noted that the outcrops south of
Interstate 25 are small and of poor quality. Here, most outcrops of the Ancha Formation expose
only 1 to 2 m below the ground surface, an interval which has incorporated much eolian silt and
fine sand during Pleistocene time. This eolian sediment commonly makes the Ancha Formation
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appear finer-grained near the surface than it actually is at depth. Consequently, in this textural
subdivision we place little weight on small outcrops at the modern surface, especially when they
overlie well-developed calcic soils. The four textural subdivisions are described below, in
decreasing order of inferred groundwater-resource potential, as well as inferences regarding

hydrogeologic characteristics:

>35% coarse channels: More than 35% of this unit contains coarse-grained channel deposits
probably associated with ephemeral avulsing streams. Channels are probably interconnected, and
there is likely to be greater than 50% coarse channels in most places. The inferred high degree of
channel interconnection could make this unit a potentially useful aquifer zone, with relatively
high overall hydraulic conductivity. However, most of this textural subdivision is not within the

saturated zone.

25-60% coarse channels: This unit is differentiated only in the southernmost Santa Fe
embayment, and contains about 25-60% coarse-grained channels. Most channels are probably
interconnected, and so the overall hydraulic conductivity of the unit would be inferred to be
moderate to high. However, this textural subdivision is generally not located within the saturated
portion of the Ancha Formation.

15-60% coarse channels: This unit contains 15-60% coarse-grained channels scattered in finer
extra-channel deposits. Some to most coarse channels are interconnected. Overall hydraulic
conductivity of the unit is inferred to be moderate to high. Aquifer transmissivity measured in
wells completed across this unit and into the underlying Tesuque or Espinaso Formations ranges
from 70 to 980 ft*/day.

1-30% coarse channels: Channels are probably not significantly interconnected. Overall
hydraulic conductivity of the unit is generally inferred to be relatively low, but locally may be
moderate. Aquifer transmissivity in wells completed across this unit and into the underlying

Espinaso Formation ranges from 15 to 280 ft¥/day.

Ancestral Santa Fe River Deposits (Map Unit QTasr)
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General description. Sediment deposited by an ancestral Santa Fe River during Pliocene and

early Pliostocene times contains sandy gravel in thin to thick, lenticular to broadly lenticular to
channel-shaped beds; locally, there is planar- or tangential- cross-stratification up to 90 cm thick.
The gravel is generally clast-supported and consists of pebbles with 30 to 50% cobbles; clasts are
subrounded, poorly sorted, and composed of granite with 1 to 6% quartzite and 1 to 3%
amphibolite. There are minor beds of silty or clayey very fine to fine sand that correspond to
floodplain sediment, plus minor beds of extra-channel sediment (muddy very fine to very coarse
sand with 1 t015% pebbles) similar to that seen in alluvial slope deposits to the south. Extra-
channel sediment become more abundant (30 to 50% of sediment volume) near the southern and
northern margins of the ancestral Santa Fe River deposits, likely because of interfingering with

alluvial slope deposits. The sediment is weakly to moderately consolidated, and not cemented.

Hydrogeologic implications of features in the ancestral Santa Fe River deposits. The overall

coarseness of this deposit, in particular the predominance of sandy gravel channel deposits, is
strongly suggestive of relatively high hydraulic conductivity values. In general, the floodplain
beds do not appear sufficiently laterally extensive as to form confined conditions within the unit.
However, locally there may be laterally extensive floodplain beds which could act as aquitards to
groundwater flow. The aquifer transmissivity measured in wells completed in this unit ranges
from 470 to 7750 ft*/day, and reflects the highest transmissivity values measured in the Southern

Espafiola Basin.

Rate of Clast Size Diminishment Away From the Mountain Front

Because grain size is known to relate to hydraulic conductivity (Hazen, 1911), a survey of gravel
clast size was conducted across the Santa Fe embayment from the mountain-front to the western
edge of the Caja del Rio Plateau. Clast diameters in the ancestral Santa Fe River deposits were
generally measured from vertical outcrop faces, but many measurements in the alluvial slope
deposits to the south were taken from clasts lying on the surface that did not show evidence of
recent spallation. At a given locality, the longest and intermediate axes of the 5 to 7 largest
clasts were recorded and an arithmetic mean was calculated. The mean intermediate (b) axis of
gravel is plotted against distance from the mountain front (Figure 1). On the graph, the data are

March, 2005 Page 11 of 21



differentiated into two groups that correspond to the ancestral Santa Fe River and alluvial slope
deposits south of the Santa Fe River.

The data plotted in Figure 1 show an appreciable clast size decrease westward away from the
mountain front, and there is more variation in the average maximum clast sizes in the alluvial
slope deposits compared to the ancestral Santa Fe River deposits of the Ancha Formation. This
figure allows some inferences to be made concerning the competency of the drainages that
deposited the alluvial slope sediment versus that of the ancestral Santa Fe River. Stream
competency is the largest particle that a stream can move under a given set of hydraulic
conditions (Ritter, 1986). The data in Figure 1, in particular the difference in slopes of the two
data sets, indicates that the Santa Fe River was able to maintain higher competency away from
the mountain front than the smaller alluvial slope drainages. Buried clast sizes revealed in good
exposures representing both data sets mimic this trend, and so it is difficult to argue that the two

slopes in Figure 1 are primarily due to weathering effects such as spallation.

The westward decrease in stream competence indicated in Figure 1 may be due to reduction in
original channel depth (lessening the shear stress on a given clast) or reduction in depositional
slope in that direction. Loss of discharge due to evaporation or infiltration is also a factor in the
westward decrease of the maximum clast sizes. The lesser clast size range and lower regression
line slope of the ancestral Santa Fe River data may possibly be related to the more perennial
stream discharge in that area. The riparian vegetation associated with perennial streams would
likely create more resistance to bank erosion (Smith, 1976), and lead to higher channel depth to
width ratios. One would also expect less infiltration under a perennial stream due to relatively
constant saturated conditions. Thus, channels associated with the ancestral Santa Fe River may
have maintained their depths and a given stream discharge volume transferred farther westward
from the mountain front, creating a more constant flow regime and competence. However,
possible weathering and spallation effects on surface clasts, in addition to the more numerous
measurements, might also contribute to the larger spread of clast size data in alluvial slope

deposits south of the ancestral Santa Fe River.
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BASAL CONTACT OF THE ANCHA FORMATION

Description

Exposures of the basal contact of the Ancha Formation were described as part of this study. All
exposures show an angular unconformity at this contact. Because there are no exposures in the
center of the Santa Fe embayment, we cannot be absolutely certain if the basal contact here
represents an angular unconformity, disconformity, or conformable transition with the
underlying Tesuque Formation. Because of a 5 to 6 Myr age difference between the Tesuque
and Ancha Formations along Cafiada Ancha (Koning et al., 2002Db) it is unlikely that the Ancha-
Tesuque Formation is conformable. The Ancha Formation is generally undeformed where
exposed, whereas the underlying Tesuque Formation has been mildly to moderately tilted. Thus,
it is likely that this unconformity is angular throughout the Santa Fe embayment. In the
following, we describe and discuss the basal Ancha Formation contact at various places in the
Santa Fe embayment.

Northeastern Santa Fe embayment. The Ancha Formation (both the alluvial slope and

ancestral Santa Fe River deposits) overlies the Tesuque Formation with an angular unconformity.
The contact is well-exposed in numerous locations in the eastern Santa Fe embayment between
the Santa Fe River and Arroyo Hondo. At these localities, there is no cementation or even
significant discoloration associated with the Ancha Formation contact. Moreover, the basal
contact here corresponds to a scour surface with meter-scale relief, and no noticeable soils were
observed in the Tesuque Formation immediately below the contact. Photos and descriptions of
the contact and overlying Ancha Fm are shown in Figures 2 and 3.

Northern and northwestern Santa Fe embayment. The base of the Ancha Formation is readily

observed on the western edge of the Caja del Rio escarpment, under the basalt flows of the
Cerros del Rio volcanic field. Here, the basal contact is an angular unconformity, with the
Ancha Formation overlying a distinctive volcaniclastic unit of the Tesugue Formation (lithosome
E) whose gravel fraction consists of reworked detritus from the Espinaso Formation. No
cemention or discoloration was observed at the contact, nor was there a soil developed in the
uppermost Tesuque Formation.

March, 2005 Page 13 of 21



Under the flows of the Cerros del Rio volcanic field near the big bend of Cafiada Ancha (near
Portales Pond), the Ancha Formation overlies lithosome S and lithosome A of the Tesuque
Formation with angular unconformity. Because the Tesuque Formation is only shallowly
dipping (less than 6 degrees), this apparent dip discrepancy is generally not obvious in the small
exposures of the area. At one locality in the “big bend” (site WA-88;UTM coordinates:
3951930 N, 402025 E, zone 13; NAD 27) the uppermost 60 cm of Tesuque Formation has a
calcic soil with a stage 111 pedogenic carbonate morphology. East of the latter location, the
contact is not well-exposed. Here, there may possibly be a soil in the Tesuque Formation
immediately below the contact, as seen in WA-88, but there is nothing to suggest development of

a petrocalcic horizon with stage IV carbonate morphology.

North of the prominent eastward bend of Caflada Ancha, the Ancha Formation overlies the
coarse upper unit of the Tesuque Formation (lithosome A). Because of the low dips of the
Tesuque Fm (1 to 3 degrees), there is no obvious discrepancy in bedding dips between the Ancha

and Tesuque Formations on either side of the unconformity.

In the modern Santa Fe River west of Agua Fria, the base of the Ancha Formation is well-
exposed. Here, one can observe the basal Ancha contact from northeast to southwest, where a
change from locally reworked Tesuque Formation material in the Ancha Formation to ancestral
Santa Fe River gravel is well exposed (Figures 4 and 5). In the modern river bed, there is a
prominent angular unconformity at the base of the Ancha Formation. However, there is no
cementation or discoloration associated with the contact. Furthermore, there is no significant

soil development at the top of the underlying Tesuque Formation (lithosome S).
North of the Santa Fe River and south of Cafiada Ancha, the relatively fine Ancha Formation
overlies lithosome S of the underlying Tesuque Formation in an angular unconformity. No

cementation, discoloration, or soils were observed at the contact in this area.

La Cienega area. Although the basal Ancha contact projects to the ground surface at La

Cienega, poor exposures precluded an evaluation of this boundary. In the lower part of the
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Ancha Formation described in the La Cienega stratigraphic section (Appendix 1), much of the
lower units are weakly cemented by CaCOs3, and unit 4 has 5% very thin to thin, wavy beds of
strongly cemented very fine to fine sand. The lower Ancha Formation may be somewhat more
cemented here than to the east, perhaps due to upwelling of groundwater east of the structurally

high, and relatively impermeable, Espinaso Formation and Oligocene intrusions at La Cienega.

Bonanza Hill and Turguoise Hill area. In cuttings logs for water wells 1to 4 km east of

Bonanza Hill and Turquoise Hill, there is a 3 to 9 m thick interval at the base of the Ancha
Formation that is cemented by calcium carbonate (commonly called “caliche” or “hard white
shale” in the driller logs). Such beds of dense to powdery calcium carbonate have been noted
locally on the surface in the area (e.g., Spiegel and Baldwin, 1963; Koning and Hallet, 2000, for
the Plio-Pleistocene sediment re-designated as the Tuerto Formation). It was noted that these
exposed “limy” deposits were developed in the Ancha Formation immediately above its contact
with underlying, significantly less permeable rocks (Spiegel and Baldwin, 1963). This also
appears to be the case for the subsurface basal Ancha Formation 1 to 4 km east of Bonanza Hill
and Turquoise Hill, where the Ancha Formation overlies the Galisteo and Espinaso Formations
(Koning and Hallett, 2000). This calcium carbonate may have accumulated in the distalmost part
of the Ancha Formation early in its deposition, as this sediment on-lapped onto paleo-
topographic highs of the La Bajada fault footwall. The actual process of calcium carbonate
enrichment may be due to evaporation of shallow groundwater mounding up against these lower-

permeability rocks.

Southern Santa Fe embayment. Where the Ancha Formation overlies the Galisteo Formation,

there locally is a 1.5 to 2 m-thick zone at the base of the Ancha Formation, with induration of at
least some of the beds (Figure 6). This degree of strong cementation was not seen where the
Ancha Formation overlies the Espinaso Formation (see section SEO-A87 in Appendix 1),
although only a few exposures were accessible for observation. In the latter there were local
zones of weak to moderate cementation in the lower units of the Ancha Formation (manifested as
white bands); however, the cementation did not result in induration. Eastward towards Lamy,
where the Ancha Formation overlies Mesozoic strata, there is significant cementation of the
lower 4 to 10 m of the Ancha Formation (see Galisteo 02 section of Appendix 1; Figure 7). Near
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the syncline axis in the southern part of the Santa Fe embayment, where the Ancha Formation is
interpreted to overlie the Tesuque Formation, driller’s cuttings logs generally do not mention a

cemented zone at the inferred base of the Ancha Formation.

Hydrogeologic Implications

The basal contact of the Ancha Formation corresponds with an angular unconformity in all
observed outcrops, and could potentially affect vertical groundwater flow between the Ancha
and underlying Tesuque Formation, particularly where there is also a grain size distinction
between the two formations. Anisotropy related to sedimentary stratification has been shown to
decrease vertical hydraulic conductivity up to an order of magnitude relative to horizontal
hydraulic conductivity (Domenico and Schwartz, 1990; Davis, 1969). The effects of an
unconformable contact could presumably be even more pronounced as the weathering and
pedogenic activity that is likely to occur on an exposed surface over geologic time may lead to
an increase in fines or cementation just below the exposed surface (Birkeland, 1999). After
burial, any increase in fines and development of cementation associated with the exposed surface
would likely reduce vertical hydraulic conductivity across the basal contact. Noting such features
as weathering and pedogenic activity, or changes in the dip of underlying formations, along the
basal contact of the Ancha Formation could have important implications for assessing
groundwater flow between this and underlying hydrogeologic units.

The strong degree of cementation of the basal Ancha Formation in much of the southeast and
southwest parts of the Santa Fe embayment appears to coincide with localities where the Ancha
Formation overlies Mesozoic strata, the Galisteo Formation, or locally, the Espinaso Formation.
Such strong cementation would likely retard vertical water flow through this basal zone. Here
one might expect perched aquifers in the Ancha Formation, or local confined conditions in
underlying hydrostratigraphic units. This cementation could also impede downward flow into
underlying rock units. Immediately east of La Cienega, where the Ancha Formation overlies the
Tesuque Formation, the base of the Ancha Formation may possibly be somewhat more cemented

than closer to the mountain front.

March, 2005 Page 16 of 21



In the northwest and northeast parts of the Santa Fe embayment, in particular where the Ancha
Formation overlies the Tesuque Formation north of La Cienega Creek, there is no evidence of a
significant barrier to groundwater flow at the base of the Ancha Formation. Likewise, in the
southern embayment near the syncline axis there is no evidence of significant cementation where
the Ancha Formation overlies the Tesuque Formation. It is very likely that vertical flow between
the Ancha Formation and the underlying hydrogeologic units is significantly greater where
Ancha overlies the Tesuque Formation than in the southern part of the embayment where the

Ancha Formation overlies pre-Tesuque hydrogeologic units.
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Figure 2. Brownish sandy gravel of the Ancha Formation (12 m thick) overlying reddish
lithosome S of the Tesuque Formation (4.5 m thick); head of rock hammer is on the contact. Note
the lack of discoloration, cementation, or paleosols at the contact. Photo taken at site SEO-A3 in
Arroyo de los Chamisos, about 0.4 km east-northeast of Santa Fe High School. UTM coordinates:
3945309N, 412777E (NAD 27, zone 13).

Figure 3. Close-up view of the Ancha Formation in Figure 2. The Ancha Formation here is a sandy
gravel interpreted to have been deposited by an ancestral Santa Fe River (unit QTasr). Beds are vague,
thin to medium, and broadly lenticular. The sedient is weakly to moderately consolidated and not
significantly cemented.
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unit ¢ &
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Figure 4. Angular unconformity under the Ancha Formation at site SEO-A76. The Ancha Formation here
consists of three units, from base to top: a) 95 cm of a fining-upward, light brown, slighty clayey, very fine to
very coarse sand with 3-5% very fine to fine pebbles; lowermost 10 cm of unit a consists of very fine to very
coarse pebbles and minor fine cobbles; a reddish Bt soil horizon has formed on upper 11-16 cm of the unit; b)
35 cm of light yellowish brown, very fine to very coarse sand with 7-10% very fine to coarse pebbles; ¢) 0-95
cm of yellowish brown, clayey-muddy, very fine to very coarse sand (mostly mU-cU) that is in vague, thin to
medium, lenticular to broadly lenticular beds. Clast count of basal gravel (unit a, n=106) gives: 39% granite,
34% quartzite, 9% vein quartz, 8% cherty quartzite, 5% altered, epidotized-chloritized granite, and 1% musc-
shcist. This clast composition is very similar to the underlying Tesuque Fm and indicates that the Ancha Fm
here was locally reworked from the Tesuque Fm. Site is located 260-270 m southeast of the County Road 62
bridge over the modern Santa Fe River (UTM coordinates: 3946077N, 0407098E; NAD 27, zone 13).
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{ Lithosome S of Tesuque Fm

Figure 5. Buttress unconformity under the ancestral Santa Fe River facies of the Ancha Formation at site SEO-
A78 (also refer to associated stratigraphic section in Appendix 1). UTM coordinates: 3945850N, 0406730E
(NAD 27, zone 13).
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Figure 7. Strongly cemented zone at base of Ancha Formation in the southeastern Santa Fe
embayment. Here, it is 7-8 m thick. Location is in lower part of Galisteo 02 stratigraphic section
(UTM coordinates of base of section: 3927340 N, 417770 E (NAD 83, zone 13)). This basal
cemented zone is also observed in well data at Eldorado 5-6 km to the north.



APPENDIX 1

STRATIGRAPHIC SECTIONS



EXPLANATION FOR STRATIGRAPHIC SECTIONS

P Sandy gravel o] Silt, mud, or very fine to fine
S ol f——— o — sand with minor pebbles
° : oo ooo R Gravelly sand : o. ;. Pumiceous (lapilli-size) sand
Medium to very coarse sand . .° E ° Mudd;_/-sandy phreatomagmatic
e ‘o deposit
Very fine to medium sand L.t Ashysand
————— Clay-silt and very fine to fine sand Cross-stratified sand

T i; CIay-siIt

Strongly cemented

No exposure

) )] Soi
Miscellaneous abbreviations
rnd = rounded
eff = effervescence
It = light

ang = angular
subang = subangular
subrnd = subrounded

Sand max grain diameter abbreviations Pebble max diameter abbreviations

vfL = very fine-lower; 62-88 p

vfU = very fine-upper; 88-125

fL = fine-lower; 125-177 p

fU = fine-upper; 177-250 p

mL = medium-lower; 250-350 p

mU = medium-upper; 350-500 u

cL = coarse-lower; 500-710 p

cU = coarse-upper; 710-1000 p

vcL = very coarse-lower; 1000-1410 u
vcU = very coarse-upper; 1410-2000 p

vf = very fine; 2-4 mm

f =fine; 4-8 mm

m = medium; 8-16 mm

c = coarse; 16-32 mm

vC = very coarse; 32-64 mm

Cobble max diameter abbreviations
f = fine= 64-128 mm
c = coarse; 128-256 mm

Soil development abbreviations (from Birkeland et al., 1991, and Birkeland, 1999)

Soil structure: 1 = weak, 2 = moderate, 3 = strong; f = fine 0.5-1 cm), m= moderate (1-2 cm), ¢ = coarse
(2-5), vc = very coarse (>5 cm); sbk = subangular blocky, abk = angular blocky.

Clay films: v1 = <5% of total surface area, 1 = 5-25% of total surface area, 2 = 25-50% of total surface
area, 3 = >50% of total surface area; f = faint, d = distinct, p = prominent; pf = clay films on ped faces, po =
clay films line tubular or interstitial pores, br = clay bridges, co = colloid coats mineral grains, cobr = coats
and bridges are present.

Soil horizon designations follow those of the Soil Survey Staff (1992) and Birkeland (1999).

Staff in photos is 1.5 m long, with red-white color increments of 10 cm each.
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alluvial slope, 1-30% coarse channels
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Ancha Formation: 4.5 m thick
Gray to dark gray basalt: Thickness not measured.
Silty very fine to coarse sand: Yellowish brown (10YR 5/4); basaltic, minor arkosic sand; loose except for a
—T—_S—T—“_—j 30 cm-thick petrocalcic soil horizon.

Silt and very fine sand: Brownish yellow to light yellowish brown (10YR 5-6/4) silt and very fine sand, with
slightly subordinate fine to very coarse sand. Sand is subrounded to subangular, poorly sorted, and a mix of
arkosic and basaltic sand. Massive and weakly consolidated.

Silt and very fine sand: Yellowish brown to light yellowish brown (10YR 5-6/4) silt and very fine sand, with
slightly subordinate fine to very coarse sand. Sand is subrounded to subangular, poorly sorted, and a mix of
arkosic and basaltic sand. Some pebbly sand beds near the top; clast count of pebbles (n=114): 71% granite,
11% quartzite, 7% vein quartz, 4% chert, 3% yellowish Paleozoic limestone, 2% micaceous gneiss, 1%
amphibolite, 1% basalt. Massive and weakly consolidated.

Tesuque Formation: coarse upper unit (lithosome A)

Pebbly sand to sandy pebbles: Reddish yellow(?); not described in detail.

Located on western slope of Canada Ancha, about 580 m north of Portales Pond, in the Agua Fria 7.5-minute quadrangle, New
Mexico. Base of section UTM coord: 3952460N, 400760E (NAD 27, zone 13). Measured and described by Daniel Koning, October
9, 2004.

alluvial slope, 1-30% coarse channels

meters

general grain size

clay- sand

silt vf fm cvc

cob-
bles

peb-
bles

Cerros del Rio volcanic field

Basaltic lapilli ejecta: Grayish brown to brown (10YR 5/2-3) and pale brown (10YR 6/3); very thin to thin,
planar beds; beds are hard but no HCI effervescence. Some beds have welded cinders.

Ancha Formation

Pebbly sandstone and sandy gravel: Laminated to very thin to thin, trough-cross-stratified (mostly) to planar -
or tangential-cross-stratified beds; trough-cross-stratifiction (no 3-D exposure) suggests 290°+20° paleoflow
direction; 3-D channel trends give 303-304° and 259° paleoflow directions. Gravel consists of 15% boulders,
45% pebbles, and 40% cobbles. Sandy gravel are generally clast-supported, poorly sorted, and moderately to
strongly cemented by calcium carbonate (weak to moderate HCI effervescence). Quartzite are round to
subrounded, and granite subangular to subrounded. Clast count (n=113): 66% granite, 15% grayish limestone,
9% vein quartz, 8% quartzite, 2% sheared quartzite, 1% chert, 1% amphibolite, 1% yellowish Paleozoic
limestone. Maximum clast sizes: 17x12, 15x14, 16x15, 22x20, 30x19, 23x15, 18x13, 25x20 cm (axb axes).
Sand is fine- to very coarse-grained, subrounded to subangular, moderately to poorly sorted, and has
approximately subequal pinkish potassium feldspar: basalt grains. Lower part of unit is mostly reworked unit 1.

Cerros del Rio volcanic field
Phreatomagmatic deposit: silty sandstone with ~5% very fine to fine pebbles: Yellowish brown (10YR 5/4);
thickly bedded and internally massive. Sand is very fine- to very coarse-grained, subrounded, poorly sorted,
and basaltic with less than 5% granitic and/or arkosic detritus. Sediment is hard but not cemented by calcium
carbonate.

Section located in roadcut on northeast side of Portales Pond, northwestern Agua Fria 7.5-minute quadrangle. Base of
section UTM coord: 3951950N,400660E (NAD 27, zone 13). Measured and described by Daniel Koning, Oct. 9, 2004.
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ancestral Santa Fe River
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general grain size

clay- sand peb- | cob-

NORTHEAST

= .
meters S [silt | vffm cve bles | bles
5 N
o Z o <, o 4 AnchaFormation
PR— o O o o < o
o Qy - OOQ o g
00 o ao Oo 00 o Sandy gravel: Clast-supported sandy gravel, with an estimated 50-60% cobbles and 40-50%
éﬂ s = = éﬂ pebbles. Beds are very thin to 85 cm-thick, and lenticular to broadly lenticular. Clasts are subrounded
S0 © o = O 4 (some round) and poorly sorted. Clast count (n=158): 95% granite, 3% quartzite, 1% vein quartz,
R 2 %o 1% biotite gneiss, 1% amphibolite (deeply weathered). Max clast sizes: 22x17, 21x16, 17x15, 18x12,
o & o? Qoo o 4 27x17, 20x19 cm (axb axes). Sand is light yellowish brown to brownish yellow (10YR 6/5-6), fU-vcU
—1 Do D o 2 o (mostly cL to vcU), subrounded to subangular, poorly sorted, arkosic and rich in coarse granitic
1 o < - = Ne S detritus. Non-cemented and weakly consolidated.
NEZP RSN
0 o =2° 0
0 Tesuque Fm

Located in modern Santa Fe River, 700 m southwest of bridge of County Rd 62, southwestern Agua Fria 7.5-minute quadrangle, New Mexico. Base of

section UTM coord: 3945850N, 406730E (NAD 27, zone 13). Measured and described by Daniel Koning, June 16, 2004.
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Ancha Formation
—j =
o0 o o o Sandy gravel: Reddish yellow to strong brown (7.5YR 5-6/6); thin, lenticular beds; gravel are subrounded and
P ° Q &L= 9 moderately sorted; about 1:3 ratio of cobbles to pebbles; estimated clast composition: granite with 3% amphib-
o o o o
. =0 p © &~ o gneiss and amphibolite, and 2-5% quartzite.
— o o o
o =0 o0 © o
4 o) O o ~ O
> o0 © Qﬁ o o
LS, & o <
— - O o S o
o0 o o o
S (@] N oS d
o o o o
L © © p @2 oS A
— o o o
o =0 o0 © o
o) O o ~ O
> o0 © Qﬁ o o
LS, & o <
5 ], "> <
o0 o o o
S (@] N oS d
o o o o
L o © o [
—] o o o
o =0 o0 © o
o Oo ™ O
> o0 © Qﬁ o o
.S 0 < o<
T ? 2r Q+ =
o+ o+ 4 Ashy Sand: Very pale brown (10YR 8/2); beds are 15-30 cm-thick and tabular. Consists of fine to coarse sand
e with <50% ash shards and pumice fragments. ~10% altered mafic grains (including biotite). These mafic grains
L LT are 1-2 mm in diameter.
-1 + + + +
- _?—_-?—_3—_}— Clayey sand: Reddish yellow to strong brown (7.5YR 5-6/6); massive; sand is very fine to coarse, 0.25-0.5% black
2 organic matter (charcoal?). Estimate of 5% clay. Top 18-34 cm of unit is a Bt soil horizon:yellowish red (5YR 5/6);
————— estimate 10-20% clay; 3,c,abk peds; 3,d,pf clay films; no HCl effervescence.
= Do < = AN Sandy gravel: Reddish yellow to strong brown (7.5YR 5-6/6); gravel is mostly coarse to very coarse pebbles and
1 i = o N &OQ — 4 cobbles thatare subrounded and moderately sorted. Estimated clast compostion of granite with 2-3% amphib-biotite
O . © © Y @2 ~ o 9 gneiss,amphib-gneiss,and amphibolite.
— Q

Located on north slope of Arroyo de los Chamisos in north-central Turquoise Hill, 7.5-minute quadrangle; outcrop is just
above the aquaduct and 1.2 km southwest of Capital High School. Base of section: 3942003N, 404416E (NAD 27, zone 13).
Measured and described by Daniel Koning, July 26, 1999.
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alluvial slope, >35% coarse channels
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peb- | cob-

Ancha Formation

Pebbly sand: Yellowish brown (10YR 5/6). Estimate 20-25% very fine to coarse granitic pebbles. Estimate 1-3% silt.
Bioturbated and internally massive. Sand is vfL-vcU, subangular-subrounded, poorly sorted, arkosic and rich in coarse
granitic detritus. Weakly consolidated; moderate HCI efervescence.

Pebbly sand: Bedding not obvious. ~30% very fine to fine pebbles with some medium to coarse pebbles; pebbles are
subangular, poorly sorted, and granitic. Sand is light brown (7.5YR 7/4), fU-vcU (minor vfL-fL and ~1% silt), subangular to
subrounded, poorly sorted, and arkosic. Loose but strong HCI effervescence. Unit corresponds with a stage | calcic
horizon, with the upper 10-15 cm being a stage II.

Sandy pebbles: Reddish yellow (7.5YR 6/6). Vague, thin, lenticular beds. Pebbles are very fine to very coarse, clast-
supported, subangular, and poorly sorted; locally cobbles are abundant. Max clast sizes: 23x13, 17.5x17, 23x15, 31x22, 24x14
25x17 cm. Clast count (n=111): 95% granite, 3% amphibolite and amphib-gneiss, 1% biot-geniss, 1% vein quartz, 1%
cataclasite. Sand is mL-vcU, subang-subround, low-moderate to poorly sorted, arkosic and rich in coarse granitic detritus.
Weakly consolidated; no HCI effervescence. Slightly wavy, sharp and scoured contact.

—:—:—g\ Silty very fine to medium sand: Reddish yellow (7.5YR 6/6); internally massive; vfL-mU sand with minor cL-vcU sand and

5% very fine to medium, poorly sorted, scattered, subangular granitic pebbles. Sand is subrounded to subangular, poorly

clay- sand
= [silt | vf fm cvc| bles | bles
S
S RN
o o
5 o oo o,
o o4 ©
ot d/f
4] 0o o/°
[e] o o]
o Do S Q.O |
3
2 [
1 F—=

sorted, and arkosic. Moderately to well consolidated and moderate HCI effervescence; weakly cemented. Upper 13 cm is
very pale brown (10YR 7/3), probably due to increased cementation by CaCO3. Uppermost 5 cm has two slightly wavy

laminae of CaCO3.
Silty very fine to fine sand: Reddish yellow (7.5YR 6/6); internally massive; sand is vfL-fL, with minor fU-vcU sand and very

fine pebbles. Unit has 40-45% white mottles of weak calcium carbonate cementation. Well-consolidated and moderate to
strong HCI effervescence. Lower bedding contact is planar.

Silt and very fine sand: Reddish yellow (7.5YR 6/6); internally massive; moderately to well consolidated and moderate

HCI effervesence; weakly cemented.

Section located in a cut-bank on northeast side of railroad, 320 m south of Vista Grande Avenida in town of Eldorado, north-central Seton
Village 7.5-minute quadrangle. Base of section: UTM coord: 3933253N, 416110 E (NAD 27, zone 13). Measured and described by Daniel
Koning, July 1, 2004.
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Sandy pebbles with about 40% pebbly sand: Sandy pebbles are in very thin, broadly lenticular beds; pebbly sand is
planar-laminated. Pebbles are mostly clast-supported, subangular(mostly) to subrounded, moderately to poorly sorted,
and granitic. Sand is light yellowish brown to brownish yellow (10YR 6/4-6), fU-vcU, subangular (mostly) to subrounded,
poorly (mostly) to moderately sorted, arkosic and rich in coarse granitic detritus. Loose to weakly consolidated. Scoured
4 lower contact with 10-20 cm of relief. Upper 100 cm is a degraded and bioturbated stage I+ calcic horizon; internally
massive and very pale brown (10YR 7/3). Using a dip of 1°, the Guaje pumice projects to upper 2 m of exposure.
Silty sand with minor sandy pebble lenses: Generally a silty vfL-fL sand with 10-15% very thin to thin lenses of
sandy pebbles; pebles are very fine to coarse, subangular to subrounded, poorly sorted, and granitic. Internally
massive aside from sandy pebble lenses. Sand is has subordinate fU-vcU grains, is subrounded-subangular, poorly
sorted, and arkosic. Moderately-well consolidated and moderate HCI effervescence. Lower contact is planar and
gradational over 20 cm. Upper 10-15 cm corresponds to a weak stage Il calcic horizon.

Sandy pebbles: Very thin to medium, lenticular to broadly lenticular beds. Gravel is clast-supported, subangular to
subrounded, and poorly sorted; composition similar to unit 3 but with about 5% amphibolite. Sand is very pale brown
(10YR 7/3), mL-vcU, subangular, poorly sorted, arkosic and rich in coarse granitic detritus. Loose to weakly
consolidated; no HCI effervescence.

Subequal pebbly sand and sandy pebbles: Pebbly sand has planar-laminated to planar-lenticular, very thin

beds; sand is light brown to reddish yellow (7.5YR 4-6/6) and strong brown (7.5YR 5/6); mU-vcU, subangular

(mostly) to subrounded, moderately to poorly sorted, and arkosic. Sandy pebbles are clast-suported and in very

thin to thin, lenticular beds with minor channel-shaped beds 10-40 cm-thick. Gravel has ~20% cobbles; clasts are

subangular to subrounded and poorly sorted; clast count (n=103): 87% granite, 5% biot-gneiss, 4% amphib-biot

gneiss and amphib, 2% vein quartz, 1% quartzite, 1% musc-biot gneiss; max clast sizes: 24x17, 12x10, 16x9.5,
15x12, 12x11, 12x7, 12x8 cm (axb axes). Loose to weakly consolidated and no HCI effervescence. Upper 90 cm
has a stage Ill carbonate horizon: white (2.5Y 8/1), more cemented and hard near top, strong HCI effervescence.
Lower contact not well-exposed. Unit is approx the same elevation as the Guaje pumice on north wall of Arroyo
Hondo (a few 100 m to west).

Gravelly sand: Reddish yellow (7.5YR 6-7/6); massive except for the pebbly lenses described below. 15-
20% scattered, very fine to very coarse pebbles that are subangular, poorly sorted, and dominated by granite
and granitic gneiss; 10% of gravel are cobbles. 10-20% of unit are very thin to medium lenses of clast-
suported, sandy pebbles: very fine to very coarse, subangular to subrounded, and poorly sorted. Sand is vfL-
vcU, silty (less silt than underlying unit), and subangular (mostly) to subrounded, poorly sorted, and arkosic.
Moderate consolidated with no HCI efferevescence. Lower contact is sharp and scoured (4 cm of relief).

Silty sand: Strong brown to reddish yellow (7.5YR 5-6/6). Unit represents one fining-upward bed. 7-10% very fine to
coarse granitic pebbles near base. Sand is vfL-mU, subrounded to subangular, poorly sorted, and arkosic. Upper 11 cm
is a Bt soil horizon: 2dpf clay films and 3vf-m, ,subang blocky, hard peds; reddish yellow (5YR 6/6); lower contact is
planar and gradational over 2 cm. Well consolidated, no to weak HCI effervesncence. Base of exposure is 1.5 m below
that of the QTa/Tt contact on north side of Arroyo Hondo (bearing of N2°W).

Located in first cut-bank along railroad south of Arroyo Hondo, northwest Seton Village 7.5-minute quadrangle. Base of section UTM coord: 3942106N, 409461E (NAD
27, zone 13). Measured and described by Daniel Koning, July 1, 2004.
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Ancha Formation
5 Sandy pebbles: Gravel is clast-supported and includes 3-5% fine cobbles. Pebbles are subrounded, poorly sorted,
7 F_° < Qa o a and composed of granite and granitic gneiss, 10% amphibolite, 5% quartzite, and 2% vein quartz. Sharp lower
S 0 ;o < ‘:\~ <1 contact with 12 cm of scour relief.
6__—_Q—_°—_Q—_-°_—_| Slightly clayey pebbly sand: Strong brown (7.5YR 5/6), estimate ~3% clay; pebbles are very fine to medium and granitic;
5 sand is fL-vcU, subrounded (mostly) to subangular, poorly sorted, and arkosic. Moderatelyto well consolidated and no HCI

effervescence. Planar and sharp lower contact.
—| Clay: Reddish brown (5YR 5/4), well consolidated.

_____ Silty sand: Light brown to light yellowish brown (7.5-10YR 6/4), silty vfL-mL sand. Medium, tabular beds with

4 [ ~10% very thin , tabular silt beds. Sand is subrounded to subangular, well-sorted, and arkosic. One 5 cm-thick
i /Zf granitic pebble bed. Well to moderately consolidated and no cementation.

_____ Sandy pebbles: A 20cm-thick, lenticular bed of very fine to medium pebbles. Pebles are clast-supported, subrounded

to subangular, poorly to moderately sorted, and dominated by granite, with 2-3% quartzite,1-5% granitic gneiss, 1-3%
3 === < vein quartz, and trace volcanic rocks. Sand is light brown to light yellowish brown 7.5-10YR 6/4, fU-vcU (minor vfL-fL),
2 — — T]\ subrounded-subangular, high-poorly sorted, and arkosic. Sharp lower contact.

[ Silty very fine to fine sand: Internally massive; sand is vfL-fU, well sorted and arkosic. Moderately to well
] consolidated and no HCI effervescence. 32 cm thick.

—— Silt: Tabular bed of brownish yellow to reddish yellow (10-7.5YR 6/6) silt; internally massive; 20-40% root pores. Lower contact
1T is planar and gradational over 1 cm. 12 cm thick.

il Silt and very fine- to fine-grained sand: Internally massive with minor medium to very coarse sand and ~5% scattered,
0 very fine to fine, granitic pebbles. Sand is light yellowish brown to light brown (10-7.5YR 6/4), subrounded (mostly) to
subangular, moderately sorted, and arkosic. 42 cm from top is a 10 cm-thick lens of pebbly fU-vcU sand; pebbles are
granitic and sand is subrounded to subangular, poorly sorted, and arkosic. Moderately consolidated and no to moderate
HCI effervescence.
Section measured along west side of Highway 14 about 1.58 km north of San Marcos Spring; northwest Picture Rock quadrangle. Base of section UTM
coord: 3925915N, 403036E (NAD 27, zone 13). Measured and described by Daniel Koning, June 17, 2004.
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Ancha Formation
Note: Upper 30 cm on top of unit 5 is a silty vfL-fU sand with minor mL-vcU sand and pebles. Disturbed because of
pedogenesis and surface activity. Max clast sizes of surface graveL 16x10, 12x9, 13x9.5, 16x6, 20x15, 21x14 cm
(axb axes).
5 e Sandy pebbles with about 1/3 pebbly sand: Sandy pebbles are in very thin to thin, lenticular beds; also tangential
to planar cross-stratification (laminations and very thin beds) up to 12 cm tall. Pebbles are clast-supported, very fine
N T o to fine, subrounded to subangular, and moderately to poorly sorted; max clast size: 5x3.5, 4.5x3, 4.5x4, 6x4.5, 5x4.5
4 5 < cm (axb axes); clast count (n=104): 88% granite, 5% amphib-gneiss, 2% amphibolite, 2% biot-gneiss, 3% vein quartz.
Pebbly sand is planar-laminated or low-angle-cross-stratified (up to 6 cm-thick). Sand is light yellowish brown (10YR
6/4), fU-vcU, moderately sorted within a bed, subangular (minor subrounded), and arkosic. Moderately to weakly
= consolidated with weak HCI effervescence.
. Silty very fine-grained sand: Pink (7.5YR 7/4) with subordinate fL-cL sand. Internally massive. Sand is
e subrounded to subangular, moderately sorted, and arkosic. Contact not readily visible but probably planar and
6 F——- gradational over 10-20 cm. Well consolidated with moderate-strong HCI effervescence.
Pumiceous sand: Light yellowish brown to very pale brown (10YR 6-7/4) and internally massive. Sand is vfL-fU
T * | with minor mL-vcU; subrounded to subanular, moderately sorted, and arkosic. Sand is mixed with subordinate
2

=
S
meters _=_|

D . pumice that is sand-size to very fine to medium pebble-size. Moderately consolidated with weak HCI effervescence.

e Sharp, planar lower contact.

___2____0__\ Clayey sand: Strong brown (7.5YR 5/6) clayey (est 3-5% clay) vfL-mU sand; sand is subround to subang, moderately
o) sorted, and arkosic. Moderately consolid. with weak HCI effervescence. Lower contact is planar(?) and gradational.
Muddy sand: Est 3-5% mud. Sand is vfL-vcU, subang-subrnd, poorly sorted, and arkosic. 2-3% very fine to medium

o pebbles (granitic, subang-subrnd, poorly sorted). Lower contact is slightly wavy and gradational over 2 cm. 5 cm thick.
1 Silty sand with minor pebbles: Light yellowish brown (10YR 6/4) vfL-mU sand with minor cL-vcU sand and 1% very

0 fine to fine pebbles. Internally massive. Estimate 3-5% silt. Sand is subrounded to subangular, moderately to poorly

sorted, and arkosic. Moderately consolidated with moderate HCI effervesence. Sharp, planar(?) lower contact.

Sand with minor pebbles: Light yellowish brown (10YR 6/4), very slightly silty (est 1%) silt) vfL-vcU sand.

Internally massive. Sand is subangular with some subrounded, moderately to poorly sorted, and arkosic; 1-5%

very fine to fine, subangular granitic pebbles. Moderately consolidated with weak HCI effervescence. Locally,

upper 3-5 cm is strongly cemented by CaCO3 -- often in wavy laminations.

Located in road-cut on east side of Richards Avenue, a short distance (approximately 30 m) north of the southern Interstate 25 overpass,
northwest Seton Village 7.5-minute quadrangle. Base of section UTM coord: 3942108N, 40946 1E (NAD 27, zone 13). Measured and
described by Daniel Koning, July 3, 2004.



Arroyo Hondo
alluvial slope, >35% coarse channels
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Ancha Formation: 13 m thick

Sandy gravel: Light yellowish brown (10YR 6/4); vague, thin to medium (3-35 cm), lenticular beds;
gravel is generally cobbles with 15-20% boulders (25-35 cm long) and 25% pebbles; gravel is clast-
supported, subrounded to subangular, poorly sorted, and composed of 3% amphibolite and 97% granitic
clasts; sand is fU to vcU but mostly mU to vcU, subangular to subrounded, moderately to poorly sorted,
and arkosic with no pumice; lower contact is scoured with 50-70 cm of relief, weak HCI effervescence
and loose.

Silty sand with 10-20% gravel: Very pale brown (10YR 7/3); generally massive except for minor, vague, 20-50
cm-thick gravel beds; gravel is clast- and matrix-supported, subrounded to subangular, poorly sorted pebbles
through boulders (30-35 cm long) which consist of 1% amphibolite and 99% granitic clasts; sand is very fine- to
fine-grained with 15-25% medium- to very coarse-grained sand, well to poorly sorted, subrounded to
subangular, and arkosic; lower contact is poorly exposed but probably gradational; moderate HCI effervescence
and weakly consolidated. This unit was very close to a former land surface that was stable long enough to form
a soil with a stage Il calcic horizon; the surface received a lot of eolian influx which was incorporated into the
soil; the soil was later buried by Unit 6 and the CaCO3 later redistributed by vadose water.

Gravelly sand with pumiceous beds: Brownish yellow to very pale brown (10YR 6-7/4-6); very thin to
medium (1-50 cm), lenticular beds; channels are about 45 cm deep; some sand beds are cross-stratified (5-20

cm-tall foresets); gravel is clast-supported, poorly sorted pebbles to boulders (generally 30-40 cm long, max of

60 cm), clasts are generally subrounded but pebbles are subrounded to subangular, 3-5% amphibolite and 95-
97% granitic clasts; sand is fU to vcU, subangular to subrounded, moderately to poorly sorted, and a lithic-rich
(10-20%, including pumice) arkose. 5-10% of unit is composed of scattered, lenticular, medium (10-50 cm)
beds of reworked pumice; beds are commonly internally massive; pumice is <5 cm in diameter, occupies 5-
15% of clasts or grains, and is poorly sorted; color is very pale brown; the amount of pumice versus gravel and
sand detritus varies. Lower contact is scoured with <10 cm of relief; no HCI effervescence and loose.

Slightly pumiceous, gravelly sand: Very pale brown (10YR 7/4); thin to medium, lenticular beds; sediment fines-
upwards; gravel is clast-supported, mostly cobbles with subordinate pebbles, and contains 2% amphibolite and 98%
granitic clasts; sand has ~1% pumice and is fine- to very coarse-grained, poorly to moderately sorted, subangular to

subrounded, and a lithic-rich feldspathic arkose; lower contact is a planar scour; no HCI effervescence and loose.

Sandy pumice: Very pale brown (10YR 8/2); occupies a channel up to 50 cm-deep in sandy gravel
composed of subequal pebbles and cobbles but otherwise similar to Unit 1; the sandy pumice may be
vaguely cross-laminated (8 cm-tall foresets) and contains ~70% pumice (vfL sand to vf pebble in size), 3%
granitic pebbles, and 30% sand; sand is mostly mL to cU, contains 25-30% lithic grains and 70-75% granitic

grains, and is subangular to subrounded; lower contact is a planar scour; no HCI effervescence and loose.

Sandy gravel: Light yellowish brown to strong brown (10YR 6/4 and 7.5YR 5/6); very thin to medium
(2-6 cm), lenticular beds; gravel is a poorly sorted mix of clast-supported pebbles to boulders (generally
45-55 cm long, max of 70 cm), cobbles and boulders are slightly more common within 1-1.5 m of lower
contact; gravel are subrounded to subangular and consist of 3% amphibolite, trace intermediate
volcanics, and 97% granitic clasts; sand is fL to vcU but mostly mL to vcU, subangular with minor
subrounded, poorly sorted, and arkosic; sand may locally be slightly clayey (up to 2% of total volume)
and this clayey sand is strong brown (non-clayey sand is light yellowish brown); no HCI effervescence.

9~ Lower Tesuque Formation of Santa Fe Group

Sand and clayey sand: Light reddish brown (5YR 6/4); sand is in medium to thick, tabular beds with internal
planar laminations and cross-laminations; sandstone is fine- to medium-grained, well sorted, and subangular to
subrounded; clayey sand is planar laminated or thinly bedded whose sand is very fine- to coarse-grained, poorly
sorted, subangular to subrounded, and arkosic; no HCI effervescence and weakly consolidated.

Located on upper north slope of Arrovo Hondo near south terminus of Old Pecos Trail, Santa Fe 7.5-minute quadrangle, Santa Fe County, New Mexico. Measured and
described upsection from unit 1, along N71E trend, by D.J. Koning October 16, 2000. Base of measured section at N: 3,942,778 m; E: 414,823 m (UTM zone 13, NAD
27). Section is on private property of Gaylon Duke (46 Old Agua Fria Road W., Santa Fe, N.M., 87505).



Cienega Creek

ancestral Santa Fe River (18-30.5 m) and alluvial slope, 1-30% coarse channels (0-18m)
general grain size
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N
g L “o0° W © 4 Post-Ancha Formation terrace deposit
o o N o o Quaternary(?) terrace deposit: Poorly exposed gravel and sand: slightly more pebbles than cobbles; surface
> = © 0 5 < <=| gravel has 1% amphibolite, trace chert, 1% quartzite, and 98% granitic clasts; cobbles and very coarse pebbles are
o o & GOG , © = o subrounded, very fine to coarse pebbles are subangular to subrounded; largest cobbles are 13-21 cm long.
[~ o~ "0 &
S .
P _°~_ "5 ,2.° "] Ancha Formation
. 0 . 0
o Lo S o, 4 Y ; thi ; : .
o0 Qo o o Sandy gravel: Light yellowish brown (10YR 6/40; thin to very thin, lenticular beds; cobbles and very coarse
> o N2 o pebbles are subrounded, very fine to coarse pebbles are subrounded to subangular; gravel has no boulders,
OO OG 0 Oo OO O‘C has slightly more cobbles than pebbles, and consists of 1-2% amphibolite, 92-93% granitic clasts, and 5-7%
30 oo ° Oa - rounded quartzite (including Ortega quartzite); maximum clast sizes: 19x11, 22x8, 29x20, 16x15, 30x18, 26x10,
o 00 © o — 23x12 cm (axb axes). Sand is very fine- to very coarse-grained, poorly to moderately sorted, subangular to
jo S %S gao S subrounded, and arkosic; loose.
3-4 m-thick, non-laterally extensive, channel(?) deposits of reworked pyroclastic (probably
phreatomagmatic) sediment: muddy sand with 10-50% altered tephra and volcanic pebbles; brownish
yellow to yellowish brown (10YR 5-6/6); matrix-supported and not stratified; pebbles are very fine to fine and
altered to yellow (10YR 7/6) to strong brown (7.5YR 5/8) to various shades of gray; sand is generally vF to
mL, well sorted, subangular to subrounded, and a lithic to arkosic wacke; weakly consolidated.
7
6 |-= Clay: Strong brown (10YR 4/6); bedding not exposed; 10% arkosic sand; lower contact not seen; weakly
consolidated. Slope increases above this unit.
Covered: probably underlain by sediment similar to unit 4.
5
Muddy sand, sand, and mud: Brownish yellow to light yellowish brown (10YR 6/4-6); massive to vague, very thin
_________ to medium beds; 3% granitic pebbles, 0.5-1% of sediment is composed of distinct sandy pebble beds, pebbles are
4 e | subangular to subrounded; sand is very fine to very coarse; sediment is alkaline with 5% distinct, thin to medium (2-

35 cm), wavy, CaCO3-indurated beds in very fine to fine sand; trace rhizoconcretions (0.5 - 2 cm in diam) are found
throughout unit; lower contact is sharp and planar to wavy (up to 20 cm of relief); moderate to strong HCI
effervescence and weakly consolidated (except for indurated beds).

Interbedded muddy to clayey sand and sandy mud (4:1 ratio): Muddy to clayey sand: mostly yellowish brown
(10YR 5/6) due to oxidation; no fabric or bedding, sediment has probably been bioturbated; estimated 15-30%
fines; sand is very fine- to very coarse-grained, poorly sorted, matrix-supported, subrounded to subangular, and
arkosic; sediment grades into a silty sand towards top of the unit (sand is very fine- to fine-grained); locally up to
30-40% coverage by 1 mm-diameter, soft, CaCO3 nodules. Sandy mud: strong brown (7.5YR 5/6); bedding not
exposed; sand is very fine- to very coarse-grained, poorly sorted, matrix-supported, subrounded to subangular, and
arkosic; no HCI effervescence and loose. Lower contact not exposed.

Silt, clay, and sandy mud: Light yellowish brown for silt (2.5Y 6/3 and 10YR 6/4); yellowish brown for clay (10YR 5/4);
and light gray for clay and mud (2.5Y 7/2); insufficient exposure to describe bedding; trace very fine to medium pebbles;
sand is arkosic, very fine- to coarse-grained, and comprises about 10-40% of sediment; none to strong HCI
effervescence and loose.

Not exposed: covered by vegetation and Holocene alluvium

Located on north slope of La Cienega Creek, approximately 550 m west of Arroyo de los Tanques, Turquoise Hill 7.5-minute quadrangle, Santa Fe County, New Mexico.
Measured and described upsection from unit 1 by D.J. Koning on October 17, 2000. Section trends N15E for 290 m, then N-S for 335 m. Base of measured section located at
bottom of La Cienega Creek at N: 3,937,427 m; E: 400,840 m (UTM zone 13, NAD 27).
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Sandy gravel: Bedding not well-exposed. Gravel consists of pebbles and slightly subordinate cobbles
that are subrounded and moderately sorted; maximum clast size: 20x11, 16x9, 17x10.5, 10x9, 11x9,
14x9, 14x9 cm (axb axes); clast count (n=137): 95% granite, 1.5% vein quartz, 2.5% biotite- and
muscovite-gneiss, 2% amphib-biot gneiss and amphibolite. Sand is light yellowish brown (10YR6/4),
slightly silty (est 1% silt), vfL-vcU but mostly mL-vcU), subangular to subrounded, poorly sorted, and
arkosic. Weakly consolidated and no HCI effervescence.

Sandy ash to ashy sand: Very pale brown (10YR 8/2). Ash includes glass, pumice shards, quartz crystals,
and dark volcanic lithic grains and is fL-cU (lithic grains are mL-vcU and vf pebble-size). Unit includes

g
subequal arkosic, detrital sand that is generally mU-vcL, subrounded to subangular, and moderately sorted.

Weakly consolidated and no to little HCI effervescence. Ash seems to project and correlate to the ash dated at
1.63£ 0.02 Ma in Koning et al. (2002).

Sandy gravel: As in unit 5.
Sandy clay: Strong brown (7.5YR 5/6); sand is generally vfL-vfU. Moderately consolidated; no HCI

Clayey-sandy gravel: Clay and sand color: strong brown (7.5YR 5/6). Gravel is subrounded and moderately
sorted; max clast sizes: 16x9, 18x9, 21x11, 15x9, 14x9, 12x8 cm (axb axes); clast count (92% granite, 3%
amphibolite, 3% amphib-gneiss, 1% un-identified, 1% quartzite. Sand is mL-vcU (mostly cL-vcU), subrounded
to subangular, poorly sorted, and arkosic. Weakly consolidated; no HCI effervescence.

Section measured in cut-bank on east side of HIghway 599, where the highway cuts through the south wall of Arroyo de los
Chamisos, SW of center of the Turquoise Hill 7.5-minute quadrangle. Base of section UTM coord: 3940902N, 403012E
(NAD 27, zone 13). Measured and described by Daniel Koning, July 26, 1999.



SEO-A80

alluvial slope, 25-60% coarse channels
general grain size

clay- sand peb- | cob-
meters S silt | vf fm cvc| bles | bles
S LT
9 /2
15
F— — —} Silt and very fine to fine sand: Sediment similar to unit 8; basal 6 cm has abundant white, cm-size rip-ups of
9 - — — —| indurated calcium carbonate (probably from erosion of underlying soil).
i iy Silt and very fine to fine sand: Light brown to light yellowish brown (7.5-10YR 6/4); sand is vfL-fL and mixed with
o iy minor fU-vcU sand. Massive. Well-consolidated and has strong HCI effervescence. Top 90 cm is a stage IlI+ calcic
8 il iy soil horizon: very pale brown (10YR 8/2), strong HCI effervescence.
8 |———
=) O\ oA\ o - . . . . . .
S Soil with stage lll calcic horizon developed on parent material of pebbly sand; internally massive, white color (7.5YR
o > OO o9 ] q 8/1),hard, and strong HCI effervescence. Lower horizon conatct gradational over 10 cm.
1 O - b/ o= 2
> 0 o |
o N | =
O Qo <o d
> © N2 Clast count a few m below top of unit: 52% granite, 43% latite and other felsic-intermediate volcanic clasts, 4%
OO OG 0 Oo < quartz-msucovite gneiss, 1% quartz-biotite gneiss, 1% muscovite-Kspar gneiss. Gravel are poorly sorted. Sand is
>§ o ° 00 yellowish red (5YR 4-5/6, mL-vcU, has 30%-35% sand-size clay bits; more latite-rich lithics than Kspar in the sand
o OS50 © 4 fraction.
e
? Qoo o < Oé <>
o 2o S o
[} OQ o) < - g
— o o N §O d
L o © p @ oS
oo =N §°O 02,
_jo 2 e ao Sandy pebbles: Similar to sediment in unit 5. Clast count (n=123): 69% granite, 13% latite, 5%
7= © & o <| amphibolite+tamphibolite gneiss, 5% quartzite, 4% granitic gness, 3% vein quartz. 1% muscovite schist. Maximum
= o S o =3 clast sizes: 13x8, 15x8.5, 19x18, 16x10, 16x9, 14x13, cm (axb axes).
5 S oV = > Pebbly sand: Light brown (7.5YR 6/4) pebbly very fine to very coarse sand. Sand is subrounded to subangular,
6 © 6 o © poorly sorted, and has an approximate ratio of 50-60%:50-50% Kspar:volcanic and mafic lithic grains. Loose and not
° ° cemented. 5 m to the north, the unit becomes silty and has strong effervescence in HCI; here, it looks like a stage I+
o] =70 g calcic soil horizon.
—1° % ° o & © | Clastcountnear top of unit (n=100): 50% intermediate to felsic volcanic clasts, 45% granite, 2% vein quartz, 2%
i Qo o © 6% <] muscovite-Kspar gneiss, and 1% quartzite. Sand has a ratio of about 50-60% : 40-50% kspar: volcanic and mafic
L Yoo < lithics.
OOQ o < 9 Sandy pebbles: Very thin to medium, lenticular to broadly lenticular beds. Pebbles are mostly clast-supported;
N = o N §OQ — subrounded-subangular and poorly to moderately sorted. Sand is light brown (7.5YR 6/4), fL-vcU, subrounded to
L o ° p 2 oS subangular, poorly to moderately sorted, and arkosic; 3-5% clay present as films coating 10-20% of grain surface.
5 |e o S < QO o° ) Weakly to moderately consolidated and no HCI effervescence -- except for lower 22 cm of unit, which is well-
0 oo % o cemented and weathers into very thin to thin plates. Sharp and planar lower contact.
- p o QG Qﬁ o Well-cemented sandstone: Pinkish white to pink (7.5YR 8/2-3); sand is vfL-vcU (mostly vfL-fU), 2-3% scattered
— 4 > =l pebbles. Cement is hard but not as indurated as unit 1; in lower 30 cm the cement is massive, but above it weathers
4 into very thin to thin plates. Lower conatct is gradational over 4 cm.
Pebbly sand to sandy pebbles; Sand and bedding style similar to underlying unit; pebbles are subrounded to
3 S o | subangular, m_oderately sorte_zd, and granitic with subordina;e volcani_c and gneis_s clasts. Loose and_ non-cemented.
Sand: Yellowish red to reddish yellow (5YR 5-6/6); very thin to medium(?), lenticular to broadly lenticular beds; sand
2 is mL-vcU, subrounded to subangular, moderately sorted, and has an estimated 50-60%:40-50% ratio of Kspar :
0 1 = %] volcanic and mafic lithics. Loose and non-cemented. Sharp lower contact.

Well-cemented pebble conglomerate: Pink (7.5YR 8/3), pebble conglomerate; pebbles are very fine to very coarse,
with very sparse fine cobbles, subrounded-subangular, and poorly sorted; clasts are granitic with an estimated 5%
quartztie and 25-35% intermediate-felsic volcanic rocks. Very hard due to strong calcium carbonate cementation.
Basal contact is an unconformity and relatively planar.

Galisteo Formation

Sandstone: Steeply tilted fL-fU sand; well-sorted, arkosic, and cemented (hard; strong HCI effervescence).

Section measured along west side of Highway 14 about 1.78 km southwest of San Marcos Spring; northwest Picture Rock quadrangle, New Mexico. Base of section
UTM coord: 3922778N, 402219 E. Top of section UTM coord: 3923262, 402244E (NAD 27, zone 13). Measured and described by Daniel Koning, June 17, 2004.
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Ancha Formation 25.8 m

Not exposed but probably like unit 12 with suboridnate gravel interbeds; also not accessed because it is on private property.

Top of unit 12: UTM coord: 3923264N, 402237 E (NAD 27, zone 13).

Silt and very fine- to fine-grained sand: Light yellowish brown to light brown (10-7.5YR 6/4); massive and hard. 15-
20% very fine to very coarse pebbles and fine cobbles. Sand is subrounded to subangular, poorly sorted, arkosic, and
has minor medium to very coarse sand. Biotubated; strong HCI effervescence and weak consoldiation.

Silty very fine- to medium-grained sand: Light yellowish brown to light brown (10-7.5YR 6/4); massive. Sand is
subrounded to subangular, moderately sorted, and arkosic; minor coarse to very coarse sand. Top of unit has a 60 cm-
thick, stage I+ to Il calcic soil horizon (slightly hard peds and strong HCI effervescence). Below soil, unit is weakly
consolidated and has strong HCI efervescence.

20
10

Gravelly sand and sandy gravel: Very thin to medium, lenticular or channel-shaped beds; sand may be planar-
laminated. Gravel is clast-supported, subrounded, moderately to poorly sorted, and has slightly more pebbles than
cobbles (60-65% : 35-40%); clast count (n=102) gives: 80% granite, 11% quartzite, 2% granitic gneiss, 2% vein
quartz, 2% qtz-musc schist, 2% biot-Kspar gn, 1% felsic-intermediate volcanic rocks; max clast sizes: 10x10, 13x8,
13x9, 14x11, 12x7, 15x13, 15x10, 15x9 cm (axb axes); avg clast imbrication (n=11): 262°. Sand is yellowish red
(5YR 6/5), medium to very coarse, subrounded (mostly) to subangular, moderately to poorly sorted, and arkosic.
Weakly consolidated; no to weak HCI effervescence.

16

Mud and very fine to fine sand: Thick, tabular beds. Unit includes minor 10-50 cm-thick, lenticular to broadly
lenticular beds of medium to very coarse sand and very fine to coarse pebbles. Pebbles are subrounded, poorly to
moderately sorted, and granitic. Finer sediment is reddish yellow (7.5YR 6/6) and includes 10% medium to very
coarse sand and trace gypsum crystals (up to 5 mm long); sand is subrounded to subangular, moderately sorted, and
arkosic. Finer sediment is bioturbated, has no internal stratification, and has 0.5-1% root pores (0.5 mm diam).
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alluvial slope sediment, 25-60% coarse channels
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Ancha Formation: exposure too poor to see bedding
° oo oo In upper 1.8 m of unit: gravel on surface (which may be lag) is composed of pebbles with 1/3 cobbles. Clast count of
o o ° gravel (n=101): 69% granite, 16% quartzite, 6% qtz-musc gneiss, 6% vein quartz, 2% biot-hbl(?) gneiss, 1% latite.
° ° Max clast sizes: 15x8, 12x10, 14x10, 16x10.5, 14x12.5, 15x11, 16x10 cm (axb axes).
) ° o °
o o%° o
o o
o
o o %o
0 o o ° Pebbly sand: Pebbles are very fine to very coarse, granitic, and comprise 30-40% of unit. Sand is reddish yellow
° (7.5YR 6.6), subrounded to subangular, poorly sorted, and arkosic. Minor thin, white CaCO3-enriched zones (loose, but
5 ° °© 5 © with strong HCI effervescence). Weakly consolidated. Sharp lower contact.
) ©o o
° [e]
[) o
[e] ° [e]
[} o 0
5 -~ — ]
-:—:—:—: Silt and very fine to medium sand: Light yellowish brown (10YR 6/4); sand is vfL-mL and has subordinate mU-vcU sand;
[— — — minor pebbles mixed in. Otherwise sediment is like underlying unit. CaCO3-enriched and white for 10 cm below upper
4 |
[p—— Silt and very fine to medium sand: Reddish yellow (7.5-5YR 6/6); sand is vfL-mL, subrounded (mostly) to subangular,
p— moderately sorted, and arkosic. Moderately to well consolidated, with moderate to strong HCI effervescence. Lower contact
] is gradational over 5 cm. @55-60 cm from base is a 20-30 cm-thick, pinkish white (7.5YR 6/6), weakly CaCO3-cemented silt
- and very fine to fine sand with minor medium-very coarse arkosic sand; strong HCI effervescence.
- Silt and very fine to fine sand, but with powder, bright white CaCO3: Strong HCI effervescence but weak to slightly
3 - — — — hard. Does not have expected structure or hardness of a calcic horizon.
2 F/—— Silt and very fine to fine sand: Minor medium to very coarse sand of granite and latite mixed with finer sand. Brown
to reddish yellow (7.5YR 5/4-6/6). Hard, with moderate HCI effervesce near the top.
1
O Unit covered; no sign of strong cementation here or in vicinty.

Section located in a small road-cut along the south side of a dirt road about 5.76 km southeast of San Marcos Spring. Base of section UTM coord: 3921555N, 408540E
(NAD 27, zone 13). Top of section UTM coord: 3921527N, 408615E (NAD 27, zone 13). Measured and described by Daniel Koning, June 17, 2004.
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alluvial slope, >35% coarse channels
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Ancha Formation : 16.4 m thick

Covered, probably sand and scattered pebble to small boulder gravel: Fine-to medium-grained silty
sand with scattered pebbles to small boulders. Forms slope. Lower part of unit appears to be moderately
cemented with disseminated calcium carbonate; upper 3-4 m is noncemented. Upper 1 m of unit contains
layers of pebbles to small boulders that mantle rounded, partly degraded summit constructional surface.

Cobble conglomerate: Pink (7.5YR 8/3), moderately exposed and moderately cemented, medium-
(20-40 cm thick) bedded, massive, matrix- and clast-supported. Grades upsection into finer grained
cross bedded pebbly sandstone.

/%

Tilted Morrison Formation

OO&O

(]

Pebble conglomerate: Pink (7.5YR 8/3), well cemented, medium- (10-30 cm thick) bedded, mostly matrix-
supported pebble conglomerate with scattered medium- bedded, clast-supported cobble conglomerate
lenses and fine- to very coarse-grained (fL-vcU) slightly pebbly sandstone. Discontinuously cemented with
micritic carbonate that forms bedding parallel pebbly sandstone beds and 1-10 cm wide subvertical fracture
fills. Numerous granite and schist clasts are partly to entirely grussified and split, suggesting extensive
weathering zones or buried soils.

Pebbly sandstone and cobble conglomerate: Pink (7.5YR 7/3), well cemented, medium- (20-60 cm thick)
bedded, moderately to well bedded, poorly sorted, fine- to very coarse-grained (fL-vcU), mostly clast-
supported pebbly sandstone and cobble conglomerate. Pebbly sandstone beds contain clasts that are
typically less than 5 cm diameter. Cemented with fine-grained sparry calcite that entirely plugs pores.
Cobble conglomerate beds are mostly 3-12 cm in diameter with scattered sparse (<5%) small to medium
boulders up to 50 cm. Max clast sizes and clast count (by Dan Koning; 08): 16x10, 14x11, 20x13, 22x22,
24x15, 24x16, 27x20, 18x13 cm; clast count (n=166) gives 90% granite, 3% amphibolite, 2% yellowish
Paleozoic limestone, 2% quartzite, 2% qtz-biot gneiss, 1% chert, 1% intermediate volcanic rock.
Conglomeratic beds comprise about 20% of unit. Pebbly sandstone beds are cross-bedded and generally
exhibit weak normal grading. Unit generally fines upward into fine pebbly sandstone and sandstone. A few
granite and schist clasts are slightly grussified and split.

Pebbly sand and gravel: Yellowish-red (5YR 5/6), very weakly cemented, poorly sorted, fine- to very
coarse-grained (fL-vcU) pebbly sandstone and pebbly conglomerate. Base unconformably rests on
tilted sandstone and shale of the Galisteo Formation. Basal contact has at least 2 m of relief in outcrop.

Reference section of the Ancha Formation described on exposures of private dirt road, northwest of intersection of
AT&SF shortline to Lamy, NM, and US 285. Described by S.D. Connell and F.J. Pazzaglia on June 9, 2000. Base at N:
3,927,340 m, E: 417,770 m (Zone 13, NAD 83), Galisteo 7.5-minute quadrangle, Santa Fe County, New Mexico.
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general grain size

clay- sand peb- | cob-
= silt vf fm cvc bles bles
meters S LT
Ancha Formation
H— — (4 Clayey very fine- to fine-grained sand: Yellowish brown (10YR 5/6); 10-20% medium- to coarse-grained sand.
10 )= — Unit corresponds to a Bt soil horizon(s).
JEOZ Y o Silty to clayey very fine- to fine-grained sand: Pink (7.5YR 7/4). Stage Il to I+ Bk horizon(s).

— — — Silty very fine- to medium-grained sand: Strong brown to reddish yellow (7.5YR 5-6/6), Top 20 cm is slightly
8 F—=——— clayey. Sand is vfL to mL, with 5-10% mU-vcU sand and very fine to fine pebbles.

——T Sandy clay: Brown (7.5YR 5/4).
7 I Clayey sand: Light brown (7.5YR 6/4). Sand is mostly very fine- to fine-grained; ~5% mL to cL sand. Estimate 30-35%
6 —— — — clay. Unit is semi-indurated because of calcium carbonate cementation. This may be a Btk soil horizon developed in
S = —\—\ unit 5, with clay films masked by CaCO3. Alternatively, the cementation may be due to vadose zone phenomena.
4 —— Clayey sand: Strong brown (7.5YR 6/5); sand is generally very fine- to fine-grained.

—— — — — ] ———— Clayey sand: Light brown (7.5YR 6/4), very fine- to very coarse-grained sand, but mostly very fine- to fine-grained.
3 -————] Estimate 15-35% clay.

— — ——— Clayey sand: Strong brown (7.5YR 5/6); sand is very fine- to very coarse-grained; sand is subrounded and arkosic.
2 BT | estimate 35-50% clay.

F— —jj\CIayey very fine- to fine-grained sand: Reddish yellow to strong brown (7.5YR 5-6/6). A soil has developed in this
1 F——J unit; upper 20 cm is a Btk: 40-50% white mottles of CaCO3 which effervesce strongly with HCI; 2m-csbk structure,

 — _\3 o clay films.
0 Bhoven

y very fine- to fine-grained sand: Brownish yellow (10YR 6/6). Moderate HCI effervescence; weakly cemented.

Located in roadcut on east side of Highway 599, about 1 km south of the New Mexico State Penitentiary. Base of section UTM coord: 3934555 N, 404555 E (NAD 27,
zone 13). Measured and described by Daniel Koning, August 10, 1999.
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alluvial slope, 1-30% coarse channels

general grain size

clay- sand peb- | cob-
silt | vf fm cvc| bles | bles

— — — —| Ancha Formation

_—_—_—_:_ Silty very fine to fine sand: Light yellowish brown (10YR 6/4); estimate ~5% silt; sand is vfL-fU with subordinate
5 - — — medium to very coarse sand; trace very fine to fine pebbles. Sand is subagular to subrounded, low-moderately sorted,

—_— and arkosic. Weakly consolidated with no HCI effervescence.

6 ——— Max clast sizes of surface lag gravel: 10x4.5, 2.5x5.5, 7x6, 7x5.5, 7x5.5, 6x6 cm (axb axes).

————— Silty very fine to medium sand: Light yellowish brown (10YR 6/4); no obvious bedding; estimate ~5% silt; sand is vfL-
————— | mU with minor coarse to very coarse sand and 0.5% very fine pebbles; subangular to subrounded, moderately sorted,

5 F————— and arkosic. Weakly consolidated and no HCI effervescence.

_____ Silt and very fine to fine sand: Strong brown to reddish yellow (7.5YR 5-6/6) or yellowish brown to brownish yellow
I (10YR 5-6/6); sand is vfL-fL, with minor scattered fU-cU arkosic sand. Two thin pinkish white (7.5YR 8/2) weakly cemented

-~ 1 —— bands near the top. Weakly cemented and no HCI efferevescence. Lower contact is gradational over 10-20 cm.

————— Silt and very fine to fine sand: Lt yellowish brown (10YR 6/4); internally massive; sand is vfL-fL; moderately consolidated

3 ﬁ'__‘x‘_‘@_‘t and moderate HCI effervescence. Upper 15 cm is very pale brown (10YR 8/2) and may be a stage Il carbonate soil horizon
. (strong HClI effervescence).

2 F———= Slightly silty sand: Light yellowish brown (10YR 6/4); estimate 3% silt; sand is vfL-cU with ~10% very coarse sand and

very fine granitic pebbles; sand is subrounded to subangular, moderately sorted, and arkosic with an approx. ratio of 2/3:1/3

0 (I i Kspar:mafic grains. Very minor, scattered lenses of 1-3 cm-thick mU-vcU sand and very sparse granitic very fine pebbles.

Weakly consolidated and weak HCI effervescence. Unit fines upward to a silty very fine to fine sand. Planar, sharp lower
contact.
Silt: Light yellowish brown (10YR 6/4); moderately consolidated; weak to moderate HCI effervescence.

Section located in cut-bank on west side of Interstate 25, immediately southwest of the south-bound on-ramp from Highway 587; southwest Turquoise Hill 7.5-
minute quadrangle. Base of section UTM coord: 3934548 N, 398323 E (NAD 27, zone 13). Measured and described by Daniel Koning, July 1, 2004.



Plate 3: Composite Stratigraphic Section Through the Tesuque Formation,
Santa Fe, New Mexico

Daniel J. Koning
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contact is gradational over 20 cm.
2 9
Ch | pebbl d: d

@ 5312 ft of composite section (717 ft local): top of section.
Silty sandstone: 10YR 6/4, massive, and has 3% scattered pebbles. Sand is vfL to fU and subrnd, low-moderately sorted, and feldspathic arenite. ~3% very thin
to thin lenses of coarse to very coarse sand and pebbles; pebbles are very fine to very coarse, subround (quartzite typically rounded), and poorly to moderately
sorted; no cobbles; the sand in these lenses is subrnd-subang, poorly sorted, and feldspathic arenite. Lower contact is gradational over 30 cm. Well-
consolidated and non-cemented.

Channel pebbly sandstone with 40-50% sandy pebble-conglomerate: Pebbly sandstone is planar-laminated, with subordinate tangential-cross-lamination
up to 30 cm tall. Pebble beds are very thin to thin (17 cm tall) and lenticular. One prominent channel is 1.4-1.5 m deep and 24 m wide. Conglomerate is clast-
supported, and gravel is poorly sorted and subrounded (quartzite typically is rounded); 25-30% of gravel fraction are cobbles; clast count (n=117) gives: 57%
granite, 12% yellowish Paleozoic siltstone (soft to hard), 1% Paleozoic sandstone, 10% quartzite, 3% chert, 2% dark quartzite, 7% vein quartz, 2% siliminite-
bearing quartzite, 1% chlorite, 3% gneiss, 1% andesite(?), and 1% unidentified Fe-rich rock; max clast sizes: 25x13,15x11, 15x9, 15x14,20x11 cm. Sand is 5YR 6/4,
fU-vcU. subrnd to subang, poorly sorted, and consists of quartz with an estimated 20% Kspar, 3% Paleozoics, 5% mafics, and trace quartzite. Moderately
consolidated and non-cemented. Used a trend and dip of N86W and 5 W degrees.

P Silty sandstone: Sand is in medium, tabular beds and 7.5YR 6/4; sand is vfL to fU and has an estimated 2-10% silt; basal bed has ~15% mL-vcU sand; sand is

subrnd (minor subang), moderately to low-well sorted, and feld arenite. Lower two beds have thin, tabular, reddish brown mudstone at their tops. Lower

an | sandy pebb g ate: Pebbly sandstone is planar-laminated, with minor planar-cross-lamination up to 30
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cm tall. Pebble beds are very thin to thin and lenticular. ~15% of gravel are cobbles. Clast imbrication: S80W (3) and S73W (2).

@ 642 ft: Down-to-west fault of unknown displacement. Use S76W \ 10 degree west on immediate hangingwall of fault.

@617 ft: A 70 cm-thick channel of 50% sand (mostly coarse to very coarse), 25% pebbles, and 25% cobbles.

@ 583 ft: Use N87W trend and 8 degree dip; @ 602 ft change to N85W trend and 14 degree dip.

Sandstone with 25% pebbly d 10% sandy pebbl gl and ~25% | il , and very fine sandstone: Sand is planar-
laminated, with ~20% low-angle cross-laminations 30-40 cm tall; conglomerate is clast-supported and in channel forms or lenticular beds up to 25 cm thick; fine
beds are 5-7.5YR 6/6 and in very thin to thin, tabular to irregular-tabular beds. Gravel contains about 5% cobbles (rest are pebbles) and is subrounded (quartzite is
typically rounded), and poorly sorted; some claystone rip-ups present up to 22x15 cm; gravel consists of granite with an estimated 25-30% quartzite, 5-10%
Paelzoic siltstone and sandstone (mostly siltstone) 3% chert,and 1-2% dark quartzite. Sand is 7.5YR 7/4,fL-mU (mostly fU to mL), with15-25% zones of coarse and
very coarse sand in very thin to thin, lenticular beds; sand is subrnd, moderately sorted, and arkosic; no clay coatings on grains. Well to moderately conslidated and
non-cemented.

@578 ft+ 5 ft: Description site; use S26W trend and 5.5 degree dip beyond.

@ 568 ft: Use trend and dip of S47W, 7.5 degrees .
Claystone, siltstone, and very fine to fine sandstone (subequal): Very thin to thick, tabular beds. Sand beds are internally planar-laminated and ripple marks

are relatively common (up to 2 cm tall and facing west). Sand is 7.5YR 7/4, subrnd-subang, well sorted, and feldspathic arenite. Claystone is 5YR 6/4. 1 m down

from top is a 0.5 m thick fining-upward channel of very coarse sand and very fine to fine pebbles (near base) to medium and coarse sand (top). Grad base.
Pebbly sandstone, with ~10-15% sandy pebbly conglomerate and ~25-35% sandstone: Pebble conglomerate beds are very thin to thin (mostly thin) and

lenticular; ~20% are channel-forms 20-30 cm thick and 1-1.5 m wide, containing 30-35% cobbles (elsewhere gravel are generally pebbles). Sand is planar-
laminated or in very thin to thin, planar to broadly lenticular beds. ~5% of sand and pebble beds are locally tangential- or trough- cross-stratified (up to 40 cm
tall). Gravel are clast-supported in conglomerate beds, and subrounded (quartzite are typically rounded) and poorly sorted; 10-15% of gravel fraction are cobbles;
clast count (n=110) gives: 57% granite, 33% quartzite, 5% Paleozoic siltstone (mostly) and sandstone, 2% dark quartzite, 2% chert, 1% vein quartz, 1%
conglomerate (Mesozoic or Paleozoic?) with Fe-rich matrix; max clast sizes: 10x8,9x8,9x7,13x7, 11x6 cm. Sand is 7.5YR-5YR 5/6, fU-vcU (mostly mL-cU), subrnd
with minor subang, moderately to poorly sorted, and consists of quartz with an estimated 15%(?) Kspar, 3% Paleozoics, 2-3% mafics, and 0.5% black chert;a grain
of reworked white ash is observed; no clay coatings on grains. Moderately consolidated and non-cemented. Used S66W trend and 8 degree dip for this unit.

@ 539-544 ft: 50% pebbly sandstone and 50% sandy pebble-conglomerate: 30-35% of gravel are cobbles, rest are pebbles.

Siltstone, very fine to fine sandstone, and 10-15% claystone: Sand and siltis 7.5YR 7/4,and planar-laminated or very thin to thinly bedded (internally planar-
laminated or having ripple marks up to 2 cm tall). Claystone is 5YR 5/4;and in very thin to thin, planar beds moderately consolidated, with none or slight
cementation in the sandstone. Followed the lower, laterally extensive claystone bed where canyon trends S45W. From this claystone, use S86W trend and 5 degree dip.
Pebbly sandstone with 10-35% sandy pebble-conglomerate beds, 5% silty sandstone: Conglomerate is clast-supported and in very thin to medium,
lenticular to broadly lenticular beds. Pebbly sandstone is planar-laminated or planar to lenticular, very thinly bedded; minor tangential foresets that are 50-60 cm
tall. Silty sandstone is in medium to thick, tabular beds. Gravel are subrounded (quartzite is typically rounded) and poorly sorted; clast count (n=113) gives: 61%
granite, 19% yellowish Paleozoic siltstone (mostly soft), 3% yellowish gray Paleozoic limestone, 8% quartzite, 1% dark quartzite, 3% chert, 3% vein quartz, 1%
diorite-amphibolite, and 2% geniss; ~20% of the gravel are f to c cobbles, rest are pebbles; max clast sizes: 17x10, 10x8, 14x9, 16x10, 16x15, 14x12 cm; clast
imbrication: S27W (2) and S22W (1). Sand is 7.5YR 6/6 and 7.5YR 6-7/4, fU-vc( (but mostly mL-cL) subrnd (very minor subang), poorly to moderately sorted, and
consists of quartz with an estimated 17-20% Kspar, 5-7% mafics, 3% Paleozoics, 0.5% chert and dark quartzite; no clay films. Moderately consolidated and nont
cemented.

Description at 520 ft.

@ 506 ft: West side of top cement step below the bridge. From here, use S62W trend and 6 degree dip (for first shot) and then 5 degree dip (for rest).

Pebbly sandstone, with 10-20% sandy pebbly conglomerate and 10-15% sandstone: Pebbly sandstone beds are thin to medium, lenticular to broadly
lenticular. Sandy pebble conglomerate is clast supported and in very thin to medium, lenticular to broadly lenticular beds. Sandstone beds are planar-
laminated; minor broadly lenticular. Gravel are subrounded (quartzites typically rounded), and poorly sorted with minor moderate sorting; 2% of gravel fraction
are cobbles; clast count (n=118) gives: 63% granite, 15% quartzite, 11% yellowish Paleozoic siltstone (soft), 5% yellowish Paleozoic limestone, 3% dark quartzite,
1% siliminite-bearing quartzite, 1% gneiss, 1% vein quartz, 1% chloritized granite, 1%reworked ash; max clast sizes: 11x7,16x11,18x10, 11x10,12x11 cm.; clast
imbrication: S33W (1), S12W (2),S27W (1). Sand is 10YR 7/4 to 7.5YR 6-7/4 to 7.5YR 6/6, fU-vcL (mostly mU), subrnd, poorly sorted, and consists of quartz with
15-20% Kspar, 3% quartzite and black chert, 5% Paleozoics, and trace mafics. Upper contact is gradational over 2 m with unit 15. Moderately to well
consolidated.

@474 ft: Limited outcrops; use trend and dip of S79W, 6.5 degrees west; outcrops are purely pebbly sandstone. Interval above this is covered by next description.

Pebbly sandstone: The pebbly sandstone is like the pebbly sandstone of unit 9.

@429 ft: Loose outcrop.

Pebbly sandstone with 25% sandy pebble congl and 10% d Conglomerate beds are clast-supported and very thin to thin, lenticular to
broadly lenticular; ~10% medium beds that are channel-shaped (one is 30 cm deep). Sand beds are planar-laminated, with abut 10% tangential cross-
stratification up to 40 cm tall. Pebbles are subrnded (quartzite is typically rounded), and low-moderate to poorly sorted; clast count (n=131) gives: 51% granite,
22% Paleozoic siltstone (some sandstone -- both are yellowish gray and mostly soft), 18% quartzite, 1% siliminite-bearing quartzite, 2% vein quartz, 1.5% dark
quartzite, 1.5% chert, 1% Paleozoic limestone, 1% schist, 1% unidentified mafic-rich rock; max clast sizes: 17x12,12x9, 14x8, 18x17,19x12, 19x16, 16x16, 16x13
cm; clast imbrication: S22W (2), S24W (2), S36W (3), S51W (2), S41W (2), S42W (1), S42W (1), S42W (3),S27W (2),S37W (1), S52W (2). Sand is 7.5YR 6/4 to 5/6 to 6/6,
and fU-vcU, subrnd, with minor subang, moderately to poorly sorted, and consists of quartz with an estimated 15% Kspar, 2-3% Paleozoics, 2-3% black chert and
quartzite, 2% mafics; 3-5% clay coatings on grains. Moderately consolidated, some well consolidation; non-cemented.

Description site at~420 ft; UTM coord: 3946283 N, 407463 E.

@410 ft: Tangential cross-stratification in pebbly sandstone, 1.4 m tall.

@390 ft: use trend and dip of S77W, 9 degrees west.

Mudstone and channel sandstone: Three beds. Lower is a very poorly sorted, muddy (estimate 5-8% mud) vfL-vcU sandstone 5YR 6/4 in color; gradational
lower and upper contacts. Middle bed is a silty sand to sandy silt that grades up to a clayey silt and very fine sand; 5YR 6/4 color. Upper is 7.5YR 6/4, fU-vcU
sandstone with 5% scattered pebbles; internally massive; includes sandy siltstone in upper 15 cm. Beds are tabular and well to moderately consolidated.

Pebbly sandstone with 25-30% sandy pebble conglomerate and 10-25% fine to fine d Similar to unit 9.

d

@ 323 ft ft: Use N79W trend and 9 degree dip.
@323-330 ft: Conglomerate interval, wtih 35-40% of gravel fraction being cobbles.

Silty very fine to fine sandstone: Sand is internally massive, 7.5YR 6/4, well sorted, arkosic, and has 5-10% medium to very coarse sand scattered throughout.
Basal contact is gradational over 30 cm; top contact is sharp and scoureds. Well consolidated. Above, use N79W trend and 9 degree dip.
@310-320 ft: Conglomerate interval, wtih 25-30% of gravel fraction being cobbles.
@295 ft: Above this the sediment is more sandy, with 30% sandy pebble conglomerate and 20-25% sandstone. Sand is in thin to thick, broadly lenticular beds that
may be internally planar-laminated. Use trend of S80W, dip of 11.5 degrees.
@271-276 ft: channel that is ~50 cm deep.
Pebbly sandstone with 25-30% sandy pebble congl ate and 10% d beds: Conglomerate is clast-supported and in thin to medium, lenticular
to broadly lenticular beds (no cross-stratification). Sand is planar-laminated, with minor local tangential cross-stratification up to 40 cm tall. Pebbles are
subrounded (quartzite is typically rounded) and poorly to moderately sorted; clast count (n=128) gives: 66% granite, 18% yellowish siltstone (soft, but not
corroded-looking; minor sandstone), 13% quartzite, 1% vein quartz, 1% chert, 1% gneiss, 1% reworked ash; max clast sizes: 11x10,17x10, 16x11, 13x8, 10x8, 14x9
cm; clast imbrication: N81W (3),S53W (1), S67W (1). Sand is 7.5YR 7/4 (5YR 6/6 in subordinate beds), fU-vcL (mostly mU-cL), subrnd with minor subang, low-
moderate to poorly sorted, and consists of quartz with an estimated 15-18% Kspar, 3% mafics, 2% yellowish Paleozoics, 1-2% dark quartzite and chert; no clay
films but possible Fe staining in subordinate beds. Moderately consolidated and non-cemented. One very thin claystone bed and 1 beat-up (e.e., scoured into)
Description at 261 ft + 5 ft.
@257 ft: Use S 88W trend and 11.5 degree dip.
@ 246 ft: Use S32W trend and 4 degree dip.
Pebbly sandstone with 35% sandy pebble c and 10% d beds: Similar to unit 6, with 20-25% of gravel fraction being cobbles (rest are
pebbles). 10-15% strong cementation by calcium carbonate. 5-10% clay coatings on sand grains.

@ 231 ft: Use S50W trend and 7 degree dip.
Siltstone and claystone, with subequal very fine- to medium-grained sand: Beds are thin to medium and tabular. Siltstone is 5YR 5/4, claystone is 5YR 3-
4/4. ~15% coarse and very coarse sand below 90 cm from top; well consolidated.
Pebbly sandstone with 35% sandy pebble c I and 10% d beds: Pebble conglomerate beds are clast-supported and very thin to
medium, lenticular; 10-20% cross-stratification up to 1.1 m tall. Sand is planar-laminated. Gravel is subrnd (quartzites are commonly rounded) and poorly
sorted; 30% of gravel fraction is composed of cobbles, rest are pebbles; and this is the main difference between this unit and unit 5; clast count (n=129)
gives: 57% granite, 15% quartzite, 12% yellowish gray Paleozoic siltstone (half hard and half soft; minor sandstone), 4% limestone (corroded-looking and
weathered) 2% gneiss, 2% dark quartzite, 1.5% sil-bearing quartzite, 1.5% chloritized granite, 1.5% unidentified black, Fe(?)-rich rock, 1% chloritized breccia,
1% vein quartz, 1% amphibolite, 1% chert; max clast sizes: 27x14, 13x9, 26x17,44x19,12x10,16x10 cm. Sand is 5YR 5/6, fU-vcU (mostly mL-cL), subrnd-
subang, moderately to poorly sorted, and consists of quartz with an estimated 15-20% Kspar, 3% Paleozoics, 2-3% mafics, 0.5% quartzite; a few grains have
~5% clay films, but some beds have grains with 20% clay coatings (these have a 5YR 4-5/6 color). Moderately consolidated and non-cemented.

Description at 203 ft + 5 ft. .

@ 183 ft: Use S 70W trend and 9 degree dip.

@ 155 ft: Use S75W trend and 9 degree dip.
Pebbly sandstone with 30-35% sandy pebble congl ate and 10% d beds: Pebble conglomerate beds are clast-supported and very thin to

medium, lenticular to broadly lenticular; 20% are channel-shaped; one channel is 1.5 m deep and trends N85W (measurement from west wall). Sand beds are
planar-laminated, with very minor very thin to thin beds; ~15% of sand beds are tangentially cross-stratified up to 1.5 m tall (mostly up to 30 cm tall). Pebbles
are subrnded (quartzites commonly rounded) and poorly sorted; 15% of gravel fraction are cobbles; clast composition similar to unit 3; max clast sizes: 16x9,
11x9, 15x8, 11x6, 11x6. Sand is 5YR-7.5YR 6-7/4, fU-vcU (mostly mL-cU), subrnd (mostly) to subang, poorly to moderately sorted, and consists of quartz with an
estimated 15%(?) Kspar, 2-3% mafics, 1-2% Paleozoics, 1-2% dark quartzite and chert; sand grains have <3% clay films. Moderately consolidated and non-
cemented. Grades into overlying unit.

@ 145 ft: Approximate location of 1.5 m-deep channel.

Description at 140 ft + 5 ft.

@ 130 ft: Use S47W trend and 6 degree dip.

Sand: and silty d with 1-2% lenses of sandy pebble-conglomerate: Sand is planar-laminated to internally massive, with very minor

tangential low-angle cross-stratification 20-30 cm tall; ~10% low wavy laminae ~1 cm tall. Sand is 7.5YR 7/4, vfL-fU (mostly vfU-fL), subrnd, well sorted, and
arkosic. 10-15% medium to very coarse sand is present. Pebble conglomerate is in thin lenses. Local, very minor claystone rip-ups. 2-3% relatively pure
siltstone beds that are very thin and planar. Well to moderately consolidated, and non-cemented. Looks similar to unit 13 of SFS-9. Basal contact is gradational
over ~0.5 m. Upper contact is sharp and scoured.

Description at 3.9 ft above the basal contact. .
Pebbly sandstone, with 30-35% sandy pebbly congl and 10% sand beds: Pebbly sandstone and conglomerate are in very thin to medium,

lenticular to broadly lenticular beds, with minor cross-stratification up to 40 cm tall; sand is planar laminated, with subordinate tangential low-angle cross-
stratification up to 20 cm tall; ~5% channels 40-50 cm tall. Pebbles are subrnd (quartzite is commonly rnded), poorly (mostly) to moderately sorted, and rich
(10-15%) in cobbles only in channels --elsewhere 3-4% of gravel fraction are cobbles; clast count (n=123) gives: 53% granite, 21% quartzite, 13% yellowish
Paleozoic siltstone (minor sandstone), 4% vein quartz, 3% chert, 2% dark quartzite, 2% yellowish (weathered and corroded-looking) Paleozoic limestone, 1%
geniss, 1% un-identified iron-rich rock; clast imbrication: S48W (1), S60W (1), S48W (1), S60W (1); max clast sizes: 11x7, 10x6, 10x4,9x8, 7x4,7x7 cm. Sand is
7.5YR 6/4, some 5YR 6/4, fU-vcU (mostly mU-cL), subrnd-subang, moderately to poorly sorted, and consists of quartz with an estimated 20% Kspar, 5%
Paleozoics, 2-3% mafics, and trace quartzite; no clay coatings on grains. Some clay rip-ups in the gravel fraction. Weakly to moderately consolidated, and non-
Description at 92 feet + 5 ft, 16 ft east of east powerline; UTM coord: 3946416 N, 407987 E; above, change to S65W, 8 degree dip.
@ 73 ft: 30 cm-thick sandstone bed that is internally planar-laminated; sand is fL-mU.
@ 58 ft: Change to S58W trend, 6 degr dip.

Sandstone, with 10% pebbly sand to sandy pebbly conglomerate: Pebbly beds are medium and lenticular. Sand is planar-laminated, with minor low-angle
cross-stratification 15 cm tall. Sand is 5YR 6.4, fL-vcU (mostly mL-cL), subrnd, low-moderate to high-poorly sorted, and arkosic. No clay coatings on grains. Non-
cemented and modrately consolidated. To the west, by arroyo floor, this unit grades laterallly to a silty (estimate 3% silt), subrounded, very poorly sorted sand
that is internally massive; this is 7.5YR 6/4 in color and looks like the extra-channel sediment of Lithosome A.

Pebbly sandstone with 20-25% sandy pebble congl ate and ~20% d beds: Sand is in very thin to medium, broadly lenticular beds that are
planar laminated; pebbly sand is in planar-laminated to very thin to thin, planar to broadly lenticular beds; pebbly beds are very thin to medium, lenticular to
channel-shaped; most channels are 35-40 cm deep, one is 70 cm deep. Gravel are clast-supported (in conglomerate bed), poorly to moderately sorted, and
subrnded (quartzite and chert are commongly rounded); 5-7% of gravel fraction is cobbles; clast count (n=149): 56% granite, 13% quartzite, 9% dark quartzite,
11% yellowish Paleozoic siltstone, (minor sandstone), 6% yellowish (weathered and corroded-looking) Paleozoic limestone, 2% vein quartz, 1% chert, 1%
Paleozoic-Mesozoic(?) mudstone, 1% amphibolite. Clast imbrication: S39W (2), S50W (1),522W (1), S55W (2), S44W (1), S82W (1), S42W (1), S87W (1); max clast
sizes: 14x9,18x11,12x10,22x18, 16x13. Sand is 7.5YR 6/6, fL-vcU (mostly mL-vcU), subrnd to subang, low-moderate to poorly sorted, and consists of quartz with
an estimated 15% Kspar, 5-7% Paleozoics, 1% black chert, 0.5% dark quartzite, and 3% mafics; ~10% clay coatings on sand grains. Moderately consolidated and
non-cemented. A few meters below description site is a very thin claystone bed.

Description at 32 ft; UTM coord: 3946497 N, 408109 E.

@21 ft: Probable location of SFR-OC-F description site.
@5 ft: Probable location of SFR-OC-E description site.
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ndstone with 30-35% pebbl nd sandy peb ate: Tannish color. More quartzite + chert than Paleozoic clasts.One 13x10
cm claystone rip-up. 10-15% of Paleozoic clasts are limestone, rest are siltstone or sandstone.

@508 ft: Unit 12 description flag .
@ 504 ft: Change trend and dip to S81W\ 7 SW. . . .
Silty very fine to coarse sandstone with ~30% thin to thick mudstone beds: Unit 11/ 10 contact is gradational over 1 m.

@504 ft: Unit 11 description flag.
Subequal cobble-rich conglomerate and pebbly sandstone: More Paleozoic than quartzite clasts. 10-15% of Paleozoic clasts are limestone; no clay films

on the sand grains. Near base, 30-35% of Paleozoic clasts are limestone; 30-40% of gravel are cobbles; one thick siltstone bed is present.

@484 ft: Description flag for unit 10.
@412 ft: Guess at contact between units 9 and 10.

Sandstone: Sand is massive and 5YR-7.5YR 6/6, fL-cL (mostly fU-mU) with trace thin lenses of ¢ to vc sand, well to moderately sorted, subrnd-subang, and
arkosic; no clay films. Moderately consolidated.
@447 ft: Description locality for unit 9 (flag is at 18.5 shots(372 ft) + 1 m).
Pebbly sandstone with ~25-30% sandy pebble-conglomerate beds: Congolermate is clast-supported and in very thin to medium, lenticular beds.
Pebbly sandstone is planar-laminated. Estimated gravel composition is 25% quartzite, 10-15% yellowish Paleozoic siltstone, 1-3% Paelozoic limestone, 1-2%
chert and dark quartzite. Ch
@430 ft: Description locality for unit 8 (flag is at 16 shots(360 ft) + 1 m).

Pebbly sandstone with 20-25% sandy pebble-conglomerate: Some channel forms; slightly more Paleozoic than quartzite + chert clasts. <15% of Paleozoic

clasts are limestone. Moderately consolidated.
Clayey sandstone: Thin to medium, tabular beds. Sand is 7.5YR 6/6, vfL-vcU, subrnd (minor subang), poorly sorted, arkosic, and has an estimated 4-6% clay-rich

mud in the interstices. ~5% lenticular, thin lenses of primarily medium to very coarse sand and very fine to medium pebbles. Elsewhere, 15% scattered coarse to
very coarse sand and very fine to tfine pebbles. Well consolidated.

Pebbly sandstone with 20-35% sandy pebble conglomerate beds: Conglomerate beds are clast-supported, very thin to medium, and lenticular; ~5% planar-
cross-stratification up to 50 cm tall. Pebbly sandstone is planar- laminated, with some planar- low-angle cross-stratification up to 5-10 cm. Gravel are subrounded
(quartzite typically rounded) and poorly sorted; 15-18% of gravel fraction is cobbles; clast count (n=121) gives: 37% granite, 27% yellowish Paleozoic limestone
(hard), 17% yellowish Paleozoic siltstone (soft) and sandstone, 15% quartzite, 2% gneiss, 1% amphibolite-diorite, 1% mylonite; max clast sizes: 13x10, 12x8, 14x12,
17x14,20x15, 14x10 cm; clast imbrication : N69W (2), S86W (2), N69W (2). Sand is 7.5YR 6-7/4, fU-vcU but mostly mU-cU, subrnd (minor subang), poorly to
moderately sorted, and consists of quartz with ~20% Kspar, 3% yellowish Paleozoics, 2-3% mafics; <3% clay films on grains. Moderately consolidated and non-
cemented, except for ~3% local strong-moderate cementation by calcium carbonate. Description for above @ 4486 ft: Use S82 W\ 5 W app dip. Flag put on south
wall for future description (flag labeled 66 m from 1/2 contact).

Pebbly sandstone: <10% of Paleozoics are limestone, rest are yellowish siltstone. Pebbly beds are very thin to thin and lenticular. Sandstone is mostly
planar-laminated. Described at 4476 ft; from here use S31W trend and 4 SW dip.

@333 ft: Still a pebbly sandstone with subequal sandstone (subequal Paleozoic and quartzite clasts). From here, use an app dip of S59W\ 7 SW.

Offset on the two faults is unknown, but likely less than 100 feet considering their
interpreted length.

@253 ft: Cross a down-to-the-west fault (attitude of N2E \ 73 W); displacement magnitude is unknown, but | suspect it is small because sediment is grossly similar across
it; a 27 cm-thick siltstone bed projects to here on the footwall. On hangingwall, used an trend and dip of S63W, 7.5 W. Flag placed at 259 ft.

@ 244 ft: Cross a down-to-west fault (attitude of N11E \ 66 W); displacement magnitude is unknown, but | suspect it is small because sediment is grossly similar across it;

it has a 2-3 cm-thick clay core and a 10 cm-thick strongly cemented zone in the footwall. Used trend and dip of S66W, 6.5 W on other side of fault. Sediment on footwall

is mostly a sandstone.

@237 ft: Change trend to S63 W, dip of 6.5 SW.

@207 ft: Change trend to S70 W, still 5.5 degree dip.

Pebbly sandstone: Similar to unit 2, with about subequal Paleozoic : quartzite clast ratio.

@ 187 ft: Placed flag at top of tall exposure where the arroyo bends. Above, used trend and dip of S68W, 5.5 SW.
@ 172 ft: Sandstone with ~30% pebbly sandstone and 10% sandy pebble conglomerate.
@ 162 ft: Description site SFR OC-D. Approximate gravel composition is 75% grante, 20% Paleozoic limestone, ss,and sltst, 5% quartzite, and trace chert.
@ 153 ft: Use S26W \ 1 SW. For next 150 cm, more cross-stratification, and a ratio of 6:4 sand : pebbly sand. Generally no FE staining. Sand has 7.5YR 6/6 color.
Pebbly sandstone with ~40% sand and 10% sandy-pebble congl: Sand is planar-laminated to very thinly bedded; some low-angle
tangential cross-stratification about 10 cm tall. Pebbly beds are very thin to thin, lenticular or planar- to tangential-cross-stratified (up to 30-40 cm tall).
Gravel includes about 20% cobbles; pebble conglomerate beds are clast-supported; gravel is subrnd (quartzite are more rounded), and low-moderate to
poorly sorted. Clast imbrication: S58W (3),S38W (2). Clast count of bed (n=111) gives: 40% granite, 32% Paleozoic limestone, 18% quartizte, 5% quartz, 3%
yellowish Paleozoic sandstone-siltstone, 2% chert, 1% silliminite-quartzite, 1% dark quartzite.; max clast sizes from this bed: 15x10, 15x9, 11x7, 12x5, 12x10
cm. Clast count of another bed (n=134) gives: 52% granite, 25% Paleozoic limestone, 7% chert, 5% quartzite, 4% quartz, 2% yellowish Paleozoic sandstone-
siltstone, 1% dark quartzite, 1% gneiss, 1% amphibolite, 1% chloritized granite; max clast sizes from this bed: 20x16,11x9,21x12,17x15,15x12 cm. Sand is
5YR 5/6, fL-vcU, mostly mU-cL, subrnd, modly sorted (more poorly sorted in pebbly beds), and composed of quartz with 5% Paleooics, 10-15(?) Kspar, and
3% mafics; sand grains are partially coated by clay. Note that extra-channel-like sand, with minor pebbles, is also present; these are in very thin to 40 cm-
thick beds that are broadly lenticular and internally massive; these contain an est 3% mud, and the sand is vfL-vcU, subrnd (some subang), and poorly
sorted. Moderately consolidated, non-cemented except for 5% local moderate to strong cementation. Unit is redder than unit 2. Lower contact is
gradational, and placed where reddening occurs and Paleozoic clasts become more abundant. 150 cm below the description site is a large channel 110 cm
deep; bi-directional channel wall is S7W-N7E; smaller channel (20 cm deep) trends N71W. Estimate 2-3% discrete channel deposits.
@101 ft: Clast imbrication near unit 3/ 2 contact: S37W (2), S78W (2), S73W (1), S73W (1), S38W (1), S38W @gscribed at 107 ft.
@98 ft: Use S43W\ 4 SW trend and dip.
@ 92 ft: Base of a 70-80 cm-thick channel of sandy pebbly conglomerate; it has about 60% granite, 20% quartzite,and 20% Paleozoic limestone, ss,and sltst.

@ 84 ft: future description site for unit 2. Subequal pebbly d and

@ 74 ft: use S35W\4 SW trend and dip.

Pebbly sandstone: Similar to unit 1 but containing more Fe staining and more quarzite. 1.5 ft above base is a discontinuous sandy mudstone, 15-20 cm
thick and overliain by 10-12 cm of siltstone and claystone., that appears to have filled a topographic low.

64 ©@~62 ft: estimate 30% quartzite, 10% Paleozoic limestone in gravel fraction; flagged for future description.

60

@ 59-62 ft: paleochannels measured: N33W (45 cm tall channel wall); N89W (14 cm-tall channel wall).
@59 ft: use S12W\2 SW trend and dip.
@54 ft: 6:4 sandstone : pebbly sandstone. Fe staining is more abundant on larger pebbles (40% coverage).

@30 ft: Change dip to 4 degrees SW, still use S45W trend.
Subequal pebbly sand! and d ~5% sandy pebbl gl beds : Sand is laminated or in very thin to thin, planar to lenticular
beds; pebbly beds are very thin to 15 cm thick, and broadly lenticular. About 1% of the gravel are cobbles. Conglomerate beds are clast-supported.
Pebbles are subrounded and low-moderately to well sorted. Clast count (n=122) gives: 44% Paleozoic limestone, 31% granite, 9% quartzite, 6% quartz, 2%
chert, 2% Paleozoic sandstone and siltstone, 2% dark quartzite, 2% mafic-rich rock (possibly basalt), 1% slate or phyllite, 1% chloritized granite; vfand f
pebbles are mostly granite, pebbles over 1 cm in diameter are predominate or subequal to granite in most beds; limestone is corroded-looking and
weathered. Max clast sizes: 10x9, 6x5, 11x7, 12x9, 6x6 cm. Clast imbrication: S54W (2), S57W (2). Sand is 7.5YR 6/4, subrnd-subang, modly-poorly sorted,
and composed of quartz, 15% Kspar, 3-5% Paleozoics, 1% quartzite, 5% mafics. Weakly to moderately consolidated, and non-cemented except for 5-6%
moderate to strong cementation that locally follows bedding. Use S45W,5 SW trend and dip above description.

@ 4065 ft in composite section: Base of SFS-9 stratigraphic section. UTM coord: 3947603 N, 410367 E. Used app dip of S54W\ 6 SW.

3900 7

3816

3600

3500— -

o o]

11 F— 657
4000 —g—— e
9 -
T o 630
o -
8
2 2
H . . 600
7
C(D ONC) ?\)

410

No constraints on this contact.

SFS-9 Strat Section

@ 4048 (projected) ft: Silty floodplain deposits. UTM coord: 3847700 N, 410458 E.

@ 4005 ft in composite section (659 ft local): Top of SFS-7 stratigraphic section. UTM coord: 3947801 N, 410660 E. Generally no exposure above this; a few local exposures
Sandstone with ~20% coarse channel beds of pebbly sandstone and sandy pebble-conglomerate: Like that of unit 9.

Mudstone: 5YR 5/4 mudstone that is internally massive and dominated by clay; moderately to well consolidated.

Sandstone with ~20% coarse channel beds of pebbly sandstone and sandy pebble-conglomerate: Sand is massive or in medium to thick, tabular
beds. Sediment is 7.5YR 6/6 fL-mU sand, with 15-20% silty fL-mU sand (7.5YR 6/4-6), 10% coarse to very coarse sand, and 3% pebbles. Sand is subrnd to
subang, modly sorted,and composed of quartz, 20% Kspar, 5% mafics, 2% Paleozoics, 0.5-1% quartzite,and 0.5-1% chert.  Sand is moderately to well
consolidated, and weakly cemented. Pebbly sand channel beds are very thin to thin and lenticular to planar, with internal planar laminations. Channels
generally fine upwards (pebble conglomerate at base and pebbly sandstone at top). Channel sand is mostly fU-vcL, subrnd, poorly sorted, and composed
of quartz with an estimated 20% Kspar and 15% Paleozoics. Pebbles are clast-supported, subrounded to rounded, and pooorly sorted. Clast count (n=110)
gives: 53% granite, 22% limestone, 14% quartzite, 5% brownish Paleozoic sandstone, 2% dark quartzite, 1% chloritized granite, 1% amphibolite, 1% vein
quartz, 1% un-identified mafic rocks, 1% gneiss; limestone is corroded-looking and weathered. Max clast size: 13x10, 11x8, 19x9, 12x7, 9x7, 7x7,7x5 cm.
Moderately to weakly consolidated, and 10% weakly to moderately cemented.

@630 ft: Unit 8/9 contact is in middle of Camino Rael crossing.

Pebbly sandstone: Not described because covered with dust and adjacent to busy road with no shoulder.

@605 ft: Change to S54W\ 6 SW.

@600 ft: Arbitrary contact between units 7 and 8 (because of no exposure).

@ 575 ft: No exposure above this.

@ 560 ft: Poorer exposure than below; sediment is dominated by pebbly sandstone. Change to 8 degree dip.

@ 555 ft: Poorer exposure than below.

@ 536 ft: Reddish brown muddy sand-sandy mud; generally the same as noted in unit 7 description below; 35 cm thick and tabular.

@ 526-531 ft: Max clast sizes: 14x9,23x14,22x20,21x12,33x25,23x22,20x16 cm.

@ 526 ft: Change to S55W trend and 6 SW dip.

@ 521-526 ft: Very low ange cross-stratification.

@506 ft: Planar cross-stratification 40-50 cm tall. Subequal pebble-conglomerate : pebbly sandstone. Max clast sizes: 35x14,24x12 cm.

Pebbly sandstone with 30-50% sandy pebble-conglomerate: Pebbly sandstone beds are very thin to 40 cm-thick, and planar to broadly lenticular;
pebble-conglomerate beds are generally lenticular to broadly lenticular and very thin to 40 cm thick. At least two beds exhibit fining-upward trends. ~5%
channel shapes up to 48 cm tall. Conglomerate is clast-supported; gravel are subrounded, and moderately to poorly sorted; 20-35% of gravel fraction are
cobbles. Clast count (n=125) gives: 48% granite, 26% Paleozoic limestone (not strongly weathered or corroded), 10% quartzite, 5% yellowish Pz sandstone,
3% chert, 2% dark quartzite, 2% biotite gneiss, 2% protomylonite, 2% vein quartz, 1% muscovite schist, 1% amphibolite. Max clast sizes: 21x18,30x16,
18x10,12x11,22x19 cm. Clast imbrication: N84W (2), N63W (2), N89W (2), N78W (2), N65W (1), N64W (1), N76W (2), N76W (1), N69W (2). 48 cm-tall channel
margin: N62W. Sand is 7.5YR 6/4, fU-vcU, subang-subrnd, poorly sorted, and composed of quartz, 20% Kspar, 3-7% Paleozoics, 3% mafics; 0-5% clay films on
the grains. 2/3 of beds are strongly to moderately cemented, rest are non-cemented. Moderately to well consolidated. 3-5% of sediment is silty vfL-fU
sandstone, with minor mL-vcU sand and 3% floating pebbles.; this sand is subrnd-subang, modly-poorly sorted, and probably arkosic; very thin to medium,
tabular beds; weakly cemented but well consolidated; this looks like extra-channel sediment of Lithosome A, but could be bioturbated floodplain deposits.
Overall, the unit has less quartzite than unit 6,and very few floodplain deposits. Described at 486-491 ft.

@482 ft: Change to S80W trend and 7.5 SWd‘If.
@ 472-477 ft: 37 cm-tall channel margin trends: S88W.

Lower part of unit 7 has no fine sand beds, and much channel deposits (compared to unit 6). It is also rich in limestone clasts (like unit 6, #2 description).

@ 467-472 ft: Clast imbrication S25W (3) and S20W (2).

@ 457-462 ft: Clast imbrication N9OW (2); S85W (2), S89W (2), N52W (2), S45W (2), S74W (2).

@452-457 ft: Around four channels above the sharp, scoured contact between units 6 and 7. N72W and N16W: two opposing channel walls of one mud-filled channel
that is 40 cm deep. N79W: trend of 30 cm tall channel margin. Sediment is mostly a sandy-pebble congomerate containing m to vc pebbles and 1:3 ratio of cobbles :
pebbles. At least 1/3 of sediment is strongly cemented by CaCO3.

@435 ft: Change to S52W trend and 6SW dip

Pebbly sandstone with ~15% sandy pebbl gl and ~20% d Pebbly beds are very thin to thin, planar to lenticular. Sand is planar-
laminated, with some very thin to medium, tabular beds. ~5% of the sediment is planar-cross-stratified (up to 15 cm tall). 3-5% distinct channel forms.

Gravel are clast-supported (in conglomerate beds), subrounded, and moderately to poorly sorted; ~5% of gravel are cobbles. Clast count (n=140) gives:

38% Pz limestone (not as weathered or "corroded" as limestone in reddish strata down-section), 37% granite, 13% quartzite, 4% yellowish Pz sandstone and
siltstone, 2% geniss, 2% dark quartzite, 1% chert, 1% vein quartz,and 1% amphibolite-diorite. Max clast sizes: 8x8, 12x10, 11x9, 8x8, 15x6, 16x13, 18x12,

18x12 cm. Sand is 7.5-10YR 3-4, fL-vcU (mostly fU-vcU), subrnd-subang, modly-poorly sorted (some beds are well-sorted),and composed of quartz, 15-20%
Kspar, 0.5-1% Paleozoics, 3% mafics. No clay or Fe coatings on sand grains. Moderately consolidated, non-cemented except for 1-2% local zones of
moderate-strong cementation. A few west-dipping cemented fractures are present. Described at 425 ft. Above, used S40W trend and 2SW dip.

Offset on fault is unknown, relatively thin clay gouge suggests less than 100 ft of throw

350

@ 350-352 ft: Down to west fault. Attitude is: N27E \ 67-68 degrees west.

@ 344-349 ft: Clast assemblage like that described below. Description site SFR OC-C.

@ 342 ft: Clast imbrication: N9OW (3), S59W (2), N85W (2), S7T6W (2).

@ 337 ft: Change to N85W trend, 5SW dip.

@ 332 ft: ~20% quartzite in the clast assemblage.

@ 317 ft: Distance to overturned shopping cart. Above, used S64W trend , 5SW dip.
@ 310-320 ft: Much strong cementation in strata; bi-dir channel trend: N6W-S6E (60 cm tall); clast imbric: S60W (2), S75W (1), S48W(1). Channels comprise ~3% of strata.
@ 310-315 ft: Approximate location of Description site SFR OC-B. No sign of it seen in the field.
@ 307 ft: Small normal fault present with about 1 ft of offset (west side down); increased cementation near the fault.

@ 305 ft: Change to 4 SW dip, same trend.

@298 ft: Pilar that says "no tresspassing.”

Pebbly sandstone with ~15% sandy pebbl: gl and ~20% sand Pebbly beds are very thin to 20 cm thick, lenticular to planar. Sand is
in very thin to medium, tabular to broadly lenticular beds which are generally internally planar-laminated. 5-10% of the sediment is tangential-cross-
stratified (up to 36 cm tall). Gravel are clast-supported (in conglomerate beds), subrounded (some quartzite are rounded), and poorly to moderately sorted;
~5-10% of gravel fraction is cobbles. Clast count (n=140) gives: 63% granite, 14% yellowish Paleozoic sandstone and siltstone, 5% Pz limestone, 11%
quartzite, 2% chert, 2% un-identified mafic rock, 3% chloritized to epidotized granite, and 1% amphibolite. Max clast sizes: 14x9, 15x13,16x10,20x13,
15x14,15x10,32x20 cm. One cobble of rip-up sandstone consisting of Paleozoic fragments -- origin is unknown. Clast imbrication: S31W (2), S60W(2),
S47W(1),S35W (1),522W (1) cm -- one outsize boulder present. Sand is 7.5 YR 6-7/4, fL-vcU, subrnd-subang, poorly sorted (some beds are moderately- to
well-sorted), and composed of quartz, 15-20% Kspar, 3% Paleozoics, 3-5% mafics. Some grains have clay coatings (commonly restricted to laminar zones in
the sand). One muddy sandstone to sandy mudstone bed is present that is up to 11 cm thick. Moderately consolidated and non-cemented. Described at

@ 267 ft: Change to S37W trend and 3 SW dip. This is where canyon bends east above no tresspassing pilar. Approximate description site (above) and close to

241 Description site SFR OC-A.

232

Sandstone with 3% scattered pebbles: Bedding is vague and medium to thick; | cannot see the bed shape. Sand is silty (est 3% silt) vfL-vcU (mostly vfL-
mL), subrnd (some subang), modly-poorly sorted, and probably arkosic. Sediment looks like the extra-channel sediment of Lithosome A. Well
consolidated, and non-cemented except for 5-6& thin lenses of moderate cementation. Esitmated clast composition is: 90% granite, 2% chert, 4%
amphibolite, 2% quartzite, and 2% Paleozoic sandstone, siltstone, and limestone. Upper contact is gradational over 30 cm.

@224 ft: Change to S69W trend \8 SW degree dip.
@219 ft: Pipeline crosses the road (shower-like wall with grafitti).

@ 195 ft: Change to S68W trend, still use 7 SW degree dip.

Pebbly sandstone with 10-15% sandstone and ~20% sandy pebble-conglomerate beds. Pebbly beds are very thin to thin (15 cm max thickness), and
lenticular; ~5% tangentail cross-stratification (up to 15 cm tall). Sandy beds are planar-laminated, or in very thin to thin, planar beds. Gravel are pebbles
with about 10-15% cobbles, and are clast-supported in conglomerate beds; gravel are subrounded (quartzite may be rounde) and moderately to poorly
sorted; clast count (n=111) gives: 49% granite, 23% quartzite, 6% chert, 5% yellowish Pz sandstone-siltstone, 5% yellowish Pz linestne, 4% vein quartz, 3%
altered (chlorizitzed to epidotized) granite, 3% biotite gneiss, 2% dark quartzite, 1% musc-schist, 1% un-identified mafic. Max clast sizes: 19x10, 15x9, 10x7,
16x10, 7x6,9x8 cm. Sand is 7.5-5YR 6/6, fL-vcU (mostly fU-cL), subrnd (some subang), modly to poorly sorted, and composed of quartz with 1-2% Pz, ~15%
Kspar, and 2% mafics. Weakly consolidated and non-cemented.

@ 114 ft: Change to 625W trend and 7 SW degree dip.

106
—— @99 ft: Change to S75W trend and 9 SW degree dip.
: Sandstone with ~20% pebbly sandstone and 5% sandy pebble-conglomerate: Pebbly beds are very thin to thin, and lenticular. Sandy beds are
o T planar-laminated. Cobbles tend to be out-sized and "float" in sandstone beds; these probably are lag gravel. Gravel are clast-supported (in conglomerate

beds), subrounded, and modly-poorly sorted; generally pebbles within beds, with ~5% cobbles; estimated clast composition is granite with 20%
Paleozoics, 10-15% quartzite, and trace-0.5% chert; max clast sizes: 10x7, 7x5, 6x5, 7x4, 6x4 cm; no obvious clast imbrication. Sand is 7.5YR 6/6, fL-vcU
(mostly fU-cL), subrnd to subang, high modly to low-well sorted, and has an estimated composition of quartz with 1-3% Pz, 2-3% mafics,and ~15% Kspar.
No significant clay coatings on grains; may be 10% partial clay coatings. Moderately consolidated and non-cemented. Base of unit has rip-up clasts of
claystone to mudstone; biggest rip-up is 43x25 cm. Contact with overlying unit is sharp and probably a scour.

@72 ft: Poor exposure.

Pebbly d with ~10% d and 25-30% sandy pebble-conglomerate: Pebbly beds are very thin to thin, lenticular to tangential cross-
stratified (up to 40 cm tall) -- ~20% of outcrop shows cross-stratification. Sand beds are laminated to very thin,and planar to low-angle cross-stratifed (up
to 35 cm tall). Gravel and subrnded to rnded, and moderately to poorly sorted; 8-12% of gravel fraction is cobbles; clast count (n=114) gives: 53% granite,
15% quartzite, 9% yellowish Pz sandstone-siltstone, 6% very weathered and corroded limestone, 3% dark quartzite, 2% chert, 4% chloritized-epidotized
granite, 5% vein quartz, 4% purplish-brownish Pz sandstone, 1% un-identified mafic-rich rock; max clast sizes: 13x10, 7x6, 10x9, 15x13,15x11,15x11 cm.
Clast imbrication: S51W (2). Sand is 7.5YR 6-7/4, fL-vcU (mostly mL-cU), surnd-subang, poorly sorted, and composed of quartz, 15% Kspar, 7% Pz, 0.5% chert
and quartzite, 0.5-1% mafics. Moderately consolidated and non-cemented. Described at 52 ft.

@13 ft: Use S40W trend and 5 SW degree dip.
Pebbly sandstone with ~30% sandstone and 10% sandy pebble-conglomerate: Top 20 cm of unit is a sandy mud (5YR 4/6 and up to vcL sand).

Outcrop too poor to discern bedding. Pebbles are subrnd, poorly sorted, and composed of granite with an estimated 20-25% Paleozoic clasts and 15%
quartzite. Max clast sizes: 8x5,11x6, 14x8, 5x5,and 11x7 cm. Pebble conglomerate is clast-supported. Sand is 5-7.5YR 5/6, fL-mU, subrnd-subang, low-well
sorted, has 1-2% silt,and probably arkosic. Some grains have clay or FeO (probably clay) coating. About 20% of unit is weakly to strongly cemented by
CaCO03. Unit is marked by a reddish color.

3346 ft of composite section: start of SFS-7 strat section is at 3948907 N, 412119 E; it is on south wall of arroyo, at a bearing of S64E of radio tower. Use S43W trend and 5
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SFS-7 Strat Section

Note: Except for the exposure noted below, there is no

exposure between here and SFS-10 section along the river

bottom. Texture on graphic collumn is based on these
small exposures and strata exposed north of the Santa Fe
River.

@3052 ft: SFS-6is a 1 foot-tall exposure like that of unit 3 in SFS-5 stratigraphic section. 1 brown Paleozoic (?) mudstone clast found in the pebbly sandstone. UTm coord:
3949252 N, 412609 E.

Note: Except for the exposure noted above, there is no
exposure between here and SFS-10 section along the river
bottom. Texture on graphic collumn is based on these
small exposures and strata exposed north of the Santa Fe
River.
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@ 2832 ft in composite section (224 ft local): End of SFS-5 strat section is at 3949403 N, 412962 E. Ended at mudstone bed.

@209 ft: Change bearing to S75W\10W.
@ 208 ft: Medium mudstone bed. Location is approximate.
Pebbly sandstone with ~15% sandy pebble-conglomerate beds: Pebble conglomerate beds are very thin to thin (up to 12 cm thick) and lenticular.

Pebbly sandstone is laminated to very thin to thin,m planar to lenticular. Gravel are subrounded (mostly) to subangular (quartzite may be rounded). Clast
count (n=135) gives: 53% granite, 18% quartzite, 6% dark quartzite, 9% vein quartz, 6% chert, 5% yellowish Pz sandstone-siltstone, 1% reddish Pz-Mz
siltstone-mudstone, 1% amphiblite, 1% gneiss, and 1% yellowish-gray limestone. Max clast sizes are: 15x9,9x7, 13x8, 6x3.5, 5x4 cm. Sand is 5YR 5/6,
subang-subrnd, modly to poorly sorted, and composed of quartz with ~15% Kspar, 6% mafics, 2-3% Pz. ~10% of a given grain surface is covered by clay or
Fe films (probably clay). Moderately to well consolidated, and generally non-cemented.

@ 150 ft: Arroyo bends. Use S62W\9W beyond.

Sandstone with ~30% pebbly sandstone, 15-20% sandy pebbl gl and 3% | Pebbly beds are very thin to 40 cm thick,and
lenticular. Sand is massive or planar-laminated. Conglomerate beds are clast-supported. Gravel are subrounded (quartzite may be rounded) and poorly to
moderately sorted. Clast count (n=113) gives: 58% granite, 23% quartzite, 2% dark quartzite, 8% quartz, 4% chert, 4% yellowish Pz sandstone-siltstone, 1%
reddish Pz or Mz siltstone, 1% Pz limestone. Max clast sizes: 13x8, 12x9,9x7,16x10, 5x4 cm. Sand is 7.5YR 6/4, ffL-vcU (mostly fL-mL), subang-subrnd, high-
modly to low-well sorted, and composed of quartz with 15-20% Kspar, 3-5% mafics, and 3% yellowish Pz. Mudstone is in thin to medium beds (can't tell
bed shape, but likely tabular). Moderately consolidated and non-cemented, except for 10-15% local weak to strong cementation by CaCO3.

Unit described at 101 ft.

No constraints on this contact.

@ 59 ft: arroyo changes direction; we use SS0W\9W beyond. True att is N-S\ 10 W. Upper 2 m of unt 1 is weakly-strongly cemented (2/3) and non-cemented (1/3); clast
imbrication here is S35W (2) and S46W (1).

@ 39 ft: No more outcrop.
Pebbly sandstone with 30-45% sandy pebble-conglomerate: Conglomerate is in very thin to medium (very minor thick), lenticular beds. Sand is in

4600

4500

4400

o

N

o
<

16 =
15
14 P

P §)
P §)
-

208

Base from U.S.Geological Survey 7.5-minute topographic maps
1927 North American datum, Universal Transverse Mercator Projection
5000- meter UTM grid tics, zone 13, shown in red
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Section SFS-9

1 . (o) laminated to very thin to thin, planar to lenticular beds. Both the sandstone and conglomerate exhibit cros-stratification (generally planar and up to 50 cm
. I tall). 5-10% channels in exposure that are up to 50 cm-thick. ~25% of gravel are cobbles. Gravel is clast-supported, subrounded, and moderately to poorly
O “ ) '_ b sorted. Clast count (n=133) gives: 60% granite, 11% qurtzite, 3% dark quartzite, 8% vein quartz, 6% Paleozoic sandstone, 1% Paleozoic limestone, 5% chert,
S 100 ] 2% epidotized granite, 2% biotite-gneiss, 2% other, 1% amphibolite. One possible pre-Tesuque(?) claystone (5 cm x 1 cm). Max clast sizes: 13x11 cm, 13x9
i q_,A— = cm, 10x7 cm, 9x8 cm, 13x9 cm.  Clast imbrication: N84 W (1), N9OW (2), S86W (2). Sand is 5YR 5/6, fL-vcU (no dominant size), subang-subrnd, poorly-modly

SIS - X sorted, and composed of quartz, 10-15% Kspar, 3% yellowish Pz, and 5-7% mafics (mostly biotite). ~10% clay coating on grain surface. Moderately

2608 o i consolidated and non-cemented.
2600 @ 2608 ft: Start section SFS-5. Begin measurement from bottom-most artificial step in the channnel. UTM coord: 3949584 N, 413,322 E. Use S77W\11SW
. L]
fines || sand | peb | cob- SFS-5 Strat Section
vf fmcvc bles | bles

[ L1011

general grain size

Upper Section SFS-9,
west of first fault east
of San Ysidro
Crossing; east of San
Ysidro fault

used to match
section SFS-9 and
SFS-23 across the
faults. Section
SFS-9 above 4593
ft is not shown in
composite
section.

Section SFS-23

Correlates to 2250 ft in
Yates # 2 well?

Correlates to 3070 ftin
Yates # 2 well?

Key:

sandy gravel

GRS

-.0 .

pebbly sand

coarse sand

fine sand

X XXX ashbed

silty very fine to fine sand

silt and clay

stream paleocurrent vector (determined using clast imbrication
/ and channel trends)

Numbers to left of graphic column (in italics) denote unit numbers for a given stratigraphic section.
Numbers to right of graphic column represent stratigraphic height within a given stratigraphic section.
NOTE: ERRORS INVOLVED IN TOTAL STRATIGRAPHIC HEIGHT ARE IN THE TENS OF FEET, PERHAPS AS
MUCH AS 100-200 FT.
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No constraints on this contact.
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@ 2196 ft of compiled se ction (323 ft local): End of Section SFS-4. No more exposure until SFS-5. End is 30 m west of first footbridge east of St Francis Drive. UTM corrd:
Pebbly sandstone and sandy-pebble-conglomerate: Exposure is very poor, but what is available looks like unit at 286-316 ft.

@ 330-332 ft: Small exposure (UTM coord: 3949612 N, 413975 E). Exposure is ~1 m tall. App dip is SBOW, 12 degrees west.

Fine sandstone: Internally massive, 5YR 5/6, fL-vcL (mostly fL-fU) sandstone; sand is subrnd (mostly) to subang, moderately sorted, and arkosic. Overlain by

25 cm of 5YR 6/4 claystone that is hard. Sand is moderately to well-consolidated and non-cemented.

@ 307 ft: Another description of unit 12 (UTM coord: 3949612 N, 413975 E). Exposure is ~1 m tall. App dip is N8OW, 10-12 degr west.

Pebbly sandstone with 40% sandy pebble-conglomerate: Pebbly sandstone beds are planar-laminated to very thin; minor local cross-stratification 10-25 cm
tall. Conglomerate beds are very thin to 13 cm thick and lenticular. Pebbles are clast-supported, subrounded (quartzite may be rounded), and moderately-poorly
sorted. Clast count (n=132) gives: 53% granite, 20% yellowish Pz limestone, 3% yellowish Pz sandstone-siltstone, 14% quartzite, 5% dark quartzite, 2% chert, 2%
vein quartz,and 1% gneiss. Sand is 5YR 5/6.fU-vcU, subrnd (mostly) to subang, moderately to poorly sorted,and composed of quartz with an estimated 20% Kspar,
10-15% yel Pz,3% dark quartz, and 3% mafics. Moderately consolidated; non-cemented except for 25-30% weak to strong by CaCO3. One thin reddish clasystone
bed is present.

@ 286 ft: Gauging station. UTM coord: 3949624 N, 413987 E.

@ 272 ft: Very poor exposure above this to gauging station.

@ 247-256 ft: Very fine to fine sandstone, with subordinate medium to coarse sand; mostly planar-laminated, with some thin to medium beds; one thin claystone

Sandy pebble-conglomerate with 30-50% pebbly sandstone: Similar to unit at 188-205 ft.

Fine sandstone interbedded with subordinate siltstone and mudstone: Sand is planar-laminated, 5YR 7/4, vfL-fU (mostly fL-fU), subrounded (minor subang), well-
sorted, and arkosic; moderately to well consolidated. Siltstone and mudstone are in laminated to very thin, planar beds; color of 2.5-5YR 6/4; hard. Non-cemented.
@217 ft: Used S82W, 11 degr W.

205 Sandy pebble-conglomerate with 30-50% pebbly sandstone: Sandy beds are laminated to very thin, planar to planar-cross-stratified (up to 19 cm tall); pebbly beds

are very thin to thin, lenticular to cross-stratified (20-30 cm tall). Pebbles are clast-supported, subrounded (some quartzite are rounded), and poorly sorted. Clast count
(n=124) gives: 62% granite, 16% yellowish-grayish Pz limestone, 2% Pz yellowish sandstone to siltstone, 10% quartzite, 5% dark quartzite, 2% chert,and 2% amphibolite-
diorite. Max clast sizes: 12x9, 9x6, 8x6, 17x10, 12x6 cm. Sand is 5YR 6/6, fU-vcU, subrnd-subang, poorly sorted, and arkosic. Well to moderately consolidated; weakly to
strongly cemented.

Sandstone: Massive to very thin-medium, planar to lenticular beds -- bedding is vague. Sand is fL-mU, subrnd-subang (mostly subrnd), well-sorted, and composed of
quartz with an estimated 15% Kspar and 1-3% mafics. Moderately consolidated and non-cemented.

Sandy pebble-conglomerate with 30-40% pebbly sand: Similar to gravelly unit at 2039-2053 ft.
@ 116 ft: Used app dip of N9OW, TTW.
Sandstone: Bedding not apparent. 7.5YR 7/3,fL-mU, subrnd-subang, moderately sorted, and arkosic; moderately consolidated, weakly to non-cemented. Described

from a 1.2 m-tall exposure at 2208 ft. Can't see upper contact of unit.

o S 7| 116 sandy pebble-conglomerate with 30-40% pebbly sand: Beds are laminated to very thin-thin (12 cm max thickness), planar to lenticular. Gravel is subrounded

(quartzites are rounded), moderately to poorly sorted, and clast-supported. Clast count (n=100) gives: 60% granite, 22% Pz limestone, 7% quartzite, 5% Pz sandstone
and siltstone, 1% reddish Mz(?) sandstone-siltstone, 2% ampibolite, 1% dark quartzte, 1% chert, 1% miscellaneous. Max clast sizes: 13x2, 12x8, 14x9, 8x4, 8x5 cm. Sand
is 5YR 5/4-6, fU-vcU, subrnd (minor subang), poorly sorted, and composed of quartz with an est 10% Paleozoics, 10-20% dark quartz grains, 1-3% mafics. Well-
conolidated and weakly cemented by CaCO3. Very fine pebbles and very coarse sand show an imbrication of S88W. Sharp lower contact.

Interbedded cl il and fine d: Sandstone is in medium beds that are internally planar-laminated, 7.5YR 7/3, vfL-mU, subrnd-
subang,moderately to well sorted, and arkosic (quartz with an est 20% Kspar, 3% mafics, trace-1% Paleozoics); moderately consolidated and non-cemented. Siltstone is
7.YR7/2,and in medium, tabular(?) beds; hard. Claystone is 5YR 6/4, in very thin-medium, tabular beds, hard, and weakly cemented.

1 Ksandstone with 30-35% interbeds of pebbly sand and dy-pebble congl Sandstone beds are planar and laminated to very thinly bedded; pebbly

beds are very thin to medium, lenticular,and commonly fine-upwards. Pebbles are subrounded to rounded, poorly sorted,and composed of granite with an estimated
30% Paleozoics, 20% quartzite, 3-5% dark quartzite, 1-3% amphibolie and diorite, and 1% chert. Sand is 5YR 5/6, fU-mU, subrounded, well-sorted, and composed of
quartz with an estimated 10-15% Kspar, 3% mafics, 1-3% Paleozoics. Sand in pebbly beds is fL-vcU, subrnd-subang, and poorly sorted. Iron oxide and clay films are
present. Sediment is weakly-moderately consolidated and non-cemented. @ 69 ft: Used app dip of N73W, 9W.

Sandy pebble-conglomerate, with 25-35% pebbly sandstone interbeds: Bedding in sandy beds is planar and laminated to very thin-thin; bedding in
conglomerate beds is lenticular and thin to medium; locally there is planar-cross-bedding up to 17 cm tall (foresets are laminated to very thin). Gravel is subrounded,
poorly sorted, and clast-supported (in conglomerate beds). Clast count (n=124) gives: 36% granite, 28% quartzite, 11% yellowish Pz ss, sltst,and Im, 3% grayish Pz Im,
9% dark quartzite, 8% amphibolite and diorite, 2% chert,and 1% geniss. One fine, reddish sandstone and one brownish siltstone are present that are quite weathered;
could this be Mz clasts? Max clast sizes: 20x11,16.5x15 ¢m, 13x8, 8x7, 10x3 cm. Sand is mL-vcU (mostly mL-cU), subrnd-subang, poorly sorted,and composed mostly
of quartz with an estimated 7% Paleozoics, 5-10% Kspar,and 5% mafics; iron oxide and clay stains are present on the grains. Moderately to well consolidated and non-
cemented. to weakly cemented, except for 5% local strong cementation.

Pebbly sandstone and 20% pebble-conglomerate: 2.5-5YR 4/6; bedding is lenticular, laminated to 6 cm thick; conglomerate is composed of granite with an
estimated 20% Pz clasts, 5% chert, 5% amphibolite, 5% quartzite, and 5% dark quartzite. Sand is fU-vcU (mostly mL-mU), subang to subrnd, moderate to poorly sorted,
and composed of quartz with 5-10% Kspar, 3% Pz, and 4% mafics. Well-consolidated. Clast imbrication is N68W from 5 clasts.

@ 34 ft: Used app dip of NSOW, 12W.

Interbedded pebbly d d and pebble- I ate: Bedding not observed; pebbles are at most 4x3 cm in size, and are subrounded, poorly
sorted, and composed of granite with an estimated 30% yellowish Pz clasts, 5-7% quartzite, 3% dark quartizte,and 1-3% chert. Sand is fU-vcU, subrnd-subang (mostly
subrnd), poorly sorted, and arkosic. Pebbly beds are commonly strongly cemented.

@ 1873 ft in composite section: Base of SFS-4 strat section. Begin measuring from base of cement blocks (in center). UTM coord: 3949553 N, 414448 E. 40 m downstream
of intersection of W Alameda and Water Street. Used app dip of N50W, 10W.
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SFS-4 Strat Section

Note: Except for very small exposures (noted above), there
is no exposure between here and SFS-10 section along the

river bottom. Texture on graphic collumn is based on
these small exposures and strata exposed north of the
Santa Fe River.

@1670 ft (projection): SFS-3is a small exposure at intersection of West Alameda and Guadalupe; UTM coord: 3949467 N, 414604 E.

Interbedded pebbly sandstone and subordinate sandy pebble-conglomerate: 2.5-5YR 5/6; sandy beds are laminated to 5 cm-thick, and planar to lenticular;
pebble-conglomerate is very thin to 20 cm-thick, shape unknown. Gravel is subrounded (quartzite typically rounded) and poorly sorted; clast count (n=112) gives:
46% granite, 19% quartzite, 17% Paleozoic clasts (about half which are limestone), 7% dark quartzite, 4% chert, 4% amphibolite, and 2% gneiss; max clast sizes: 10.5x3,
8x7,9x6, 11x10,12x9 cm. Sand is mL-vcU (mostly mU), subrounded-subangular, poorly sorted,and composed of quartz with an estimated 2% Pz clasts, 2% mafics, and
5-10% Kspar; coarser beds appear to have more Kspar. ~60% FeO and/or clay staining on grains. Moderately to well consolidated.

@1700 ft (projection): Fault observed in river bottom; attitude: N33E\49 degrees east. It has a 5 mm-28 mm -thick clay core; no cementation in immediate hangingwall or
footwall. Guess of 60 ft of stratigraphic offset.

@ 1610 ft (projection): SFS-2 is a small exposure immediately east of the intersectionof West Alameda and Galisteo; UTM coord: 3949266 N, 414869 E.

Interbedded sandstone and pebbly sandstone, with 5-50% pebble-conglomerate: 2.5-5YR 4/6; sandy beds are planar-laminated to planar-very thin to thin;
pebble-conglomerate is in very thin to thin, lenticular beds. Gravel is moderately to poorly sorted, rounded to subrounded, and clast-supported. Clast count (n=137)
gives: 66% granite, 13% quartzite, 1% sil-quartzite, 5% dark quartzite, 3% quartz, 5% Paleozoic sandstone-siltstone, 4% diorite/amphibolite, 1% Paleozoic limestone, 1%
miscellaneous. Sand is fU-mU, but may range to vcU, and subrounded-subangular, moderately sorted, and composed of quartz with an estimated 15-20%(?) Kspar, 1%
Pz,3-5% mafics,and 0.5% dark chert; FeO and clay stains are present on sand grains. Weakly cemented, with ~10% strong cementation; moderately consolidated.

No constraints on this contact.

@ 1440 ft: change dip from 13 degrees to 12 degrees west.

1290 ft (projection): SFS-1is a small exposure described on the corner of Catherdral and Alameda. UTM coord: 3949125 N, 415432 E.

Sandstone with about 5% pebbles: 2.5-5YR 5/6; thin to medium, lenticular beds; pebbles are clast-supported and composed of granite with minor amphibolite(?), and
minor Paleozoic clasts; max clast sizes: 8x5,4x3,7x6,4x3, 7x3. Sand is fL-vcU (mostly fU-mU), high-poorly sorted, subrounded-subangular, and arkosic; well consolidated
and non-cemented. Two stacked, thin reddish claystones are tilted east, probably due to a nearby, non-exposed fault.

No constraints on this contact.

Note: Except for very small exposures (noted above), there
is no exposure between here and SFS-4 section along the
river bottom. Texture on graphic collumn is based on
these small exposures and strata exposed north of the
Santa Fe River.

Correlates to ~3520 ftin
Yates # 2 well?

Ttaml

700 —

565

600 —|.

Approximately correlates to
top of lower Tesuque
Formation basalts, which in
turn likely correlate to the
top of the mafic-rich volcanic
rocks in Yates #2 (~3900 ft
depth, corrected for dip)

500 —F

Ttaml

Ttbl

400 —J|

300

200
170-190

100

@690 ft of composite section (125 ft local height): Top of SFS-10 stratigraphic section.

Pebbly d with~10% d and 10% sandy pebble-conglomerate: Very thin to medium, lenticular to planr beds. Pebble conglomerate beds are
clast-supported; pebbles are subrounded and poorly sorted. Clast count (n=101) gives: 82% granite, 10% gray to yellowish Paleozoic limestone, 2% biotite gneiss,
1% chloritized granite, 1% mylonite, 1% chert, 1% quartzite (but 3% estimated quartzite in other parts of outcrop), 1% dark quartzite, and 1% vein quartz. Max clast
sizes: 8x6, 7x4,9x4.5, 105, 9x6, 10x6, 9x6 cm -- limestone clasts seem bigger here than in underlying unit. Sand is 2.5YR 5/4, fL-vcU (mostly mL-vcU), subrnd-subang,
low-moderate to poorly sorted, and composed of quartz with 15-20% Kspar, 3% mafics, trace quartzite,and 1% yellowish Paleozoics. 10-20% of a given grain surface
is coated by coay, which imparts a reddish color to the outcrop. Well consolidated and weakly cemented by calcium carbonate.

@~95 ft: One thick matrix-rich bed is overlain by 1.5 m of channel pebbly sandstone. Channel beds are very thin to thin and lenticular. ~5% of channel beds are
clast-supported pebble-conglomerate. Clast count (n=100) gives: 80% granite, 6% chloritized granite, 6% yellowish Paleozoic sandstone and siltstone, 4% vein
quartz, 2% chert, and 2% quartzite. Max clast sizes: 7x5, 8x6, 4.5x4.5,5.5x4, 7x4.5 cm.

@23 ft: 2 m-tall exposure of medium to thick, tabular beds of matrix-supported muddy sandstone. Sand is vfL-mL., with ~20% scattered mU-vcU sand and ~7%
scattered very fine to medium granite-dominated pebbles. Sand is 10YR 7/3, subrnd, very poorly sorted, and a feldspathic arenite. Took a sand sample. Sediment is
interpreted as debris flow or ther hyperconcentrated flow deposits. Well consolidated.

@ 6 ft: Clast count (n=104) from a strongly ceemented, clast-supported sandy pebble-conglomerate (no cobbles) gives: 87% granite, 9% chloritized granite, 3%
vein quartz, 1% Paleozoic sandstone and siltstone, 1% biotite gneiss, 1% quartzite

Muddy pebbly-sandstone with subordinate discrete ch bbl I

Is of sandy p g and pebbly d Muddy (estimate 3-5% mud) pebbly
sandstone is very pale brown (10YR 7/3), vfL-fU (mostly fL-fU), with 25-35% estimated mL-vcU sand that are scattered in the finer sand. Sand is subang-subrnd,very
poorly sorted, and feldspathic arenite.; ~25-30% of the outcrop of the muddy pebbly-sandstone is occupied by pebbles to fine cobbles that are matrix-supported;
max clast sizes: 8x8 and 7x5 cm; well consolidated, with weak HCl effervescence. Poor exposure does not permit confident description of channel shapes; sand in the
discrete channel beds is 7.5YR 7/2, fL-vcU, subang-subrund, poorly sorted, and composed of quartz with ~30% Kspar, 7-10% mafics (mostly biotite),and no
Paleozoics; pebbles in the discrete pebble beds are subrounded (chert and quartzite may be rounded), moderately to poorly sorted, and at least locally clast-
supported; clast count (n=100) gives: 82% granite, 7% quartzite, 4% yellowish Paleozoic limestone, 3% dark brown to black chert, 2% chloritized granite, 1%
Paleozoic sandstone-siltstone, and 1% vein quartz; max clast sizes: 6x5, 5x5, 5x5,4.5x3.5 cm. Described at 567 ft.

@565 ft of composite section: Base of SFS-10 stratigraphic section is at 3947035N, 416052 E (easternmost Tesuque Formation exposure in

SFS-10 Strat Section

@ 383 ft: Change dip from 20 degrees west to 13 degrees west; projected top of Bishop's Lodge Member of the TEsuque Formation.

Bishop's Lodge Member of the Tesuque Formation: 2.5Y 7/2-8/1 and 10YR 7/2 sandstone and pebbly sandstone. Sediment is laminated to very thin- to thick-bedded (exposures
did not allow determination of bedding shape). Gravel are subrounded, poorly sorted, have minor cobbles but mostly consists of pebbles, and composed mainly of intermediate
volcanic clasts. Sand is fL-vcU (but mostly fU-mU), and subrund-subang, moderately sorted, and a lithic arenite. Commonly indurated by calcium carbonate cement. Described at

approximately 170-190 ft (projected).
Used dip of 20 degrees west along transect line for obtaining thickness of the Bishop's Lodge Member of the Tesuque Formation.

Base of section at approximately: 3947640 N, 416590 E
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