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EXECUTIVE SUMMARY 

The Española 7.5-minute quadrangle lies near the center of the Española basin and is 

underlain by clastic basin fill deposits (generally sandstone and siltstone with 

subordinate conglomerate and mudstone) that are up to 2.7-2.8 km thick.  This basin fill 

is middle Miocene to Oligocene in age, but exposures reveal only middle Miocene 

strata.  These deposits dip westward and northwestward due to associated tilting of the 

Española basin half-graben.  This tilting occurred during Rio Grande rift tectonism from 

the late Oligocene through the present, although activity may have waned during the 

upper Pliocene and Quaternary.  A period of net erosion during the Pliocene and 

Quaternary has removed upper Miocene strata and almost all of the Pliocene strata.  

Along the Rio Grande, Santa Cruz River, and the Pojoaque River are remnants of 

Quaternary terrace deposits that reflect intermittent episodes of aggradation during this 

time of net erosion.   

 

The Miocene-age basin fill sediment is mapped as the Tesuque and Chamita Formations 

of the Santa Fe Group.  On this quadrangle, the Chamita Formation overlies the 

Tesuque Formation.  These two formations are further subdivided into several 

lithostratigraphic units on the basis of composition, texture, and other sedimentologic 

characteristics.  The units reflect four general depositional environments 

(approximately listed from east to west):  1) a west- to northwest-sloping alluvial slope 

flanking the Sangre de Cristo Mountains south and west of Truchas Peaks, over which 

flowed numerous streams carrying abundant granitic clasts and arkosic sand (lithosome 

A deposits of Tesuque Formation); 2) a south-to southwest-flowing fluvial system on a 

sloping basin floor that was sourced in the Sangre de Cristo Mountains north of Truchas 

Peaks (east of the Peñasco embayment), which carried abundant Paleozoic sedimentary 

clasts and Proterozoic quartzite clasts (lithosome B deposits and Cejita Member of 
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Tesuque Formation); 3) a fluvial system on a southward-sloping basin floor that 

primarily carried fine to coarse sand (Vallito member of Chamita Formation and mixed 

subunit #3 of Pojoaque Member of Tesuque Formation); and 4) an extensive eolian dune 

field whose size fluctuated with time, but was most extensive 11-13 Ma (Ojo Caliente 

Sandstone of Tesuque Formation).  It is important to note that these are not 

chronostratigraphic units but lithostratigraphic units.  Consequently, many of these 

units were being deposited at the same time, albeit in different locations within the 

basin, and most units are diachronous to some extent.  The Tesuque Formation exposed 

on this quadrangle has been subdivided into four members, only two of which, the Ojo 

Caliente Sandstone and the Cejita Member, corresponds with one of the four 

depositional environments listed above.  The Pojoaque Member and the underlying 

Skull Ridge Member include both lithosomes A and B.  Lithosomes A and B are grossly 

coarser in the Pojoaque Member compared to the Skull Ridge Member at a given 

locality, but otherwise these two lithosomes look similar between the two members.  

The Santa Fe Group exposed on the surface ranges in age from 15.5 to 11 Ma based on 

biostratigraphic data, 40Ar/39Ar dating of various tephras, and magnetic polarity 

stratigraphy.  Other noteworthy items are listed below:  

 

1. Alluvial slope deposits derived from the Sangre de Cristo Mountains south and 

west of Truchas Peaks (represented by lithosome A of the Pojoaque Member, 

Tesuque Formation) progressively prograded westward across the quadrangle 

after ~ 15 Ma.  The south-southwest-flowing fluvial system (represented by 

lithosome B of the Pojoaque Member and the Cejita Member of the Tesuque 

Formation) likewise shifted to the west. 

 

2. Various tephra intervals -- including the Pojoaque White Ash zone in the 

Pojoaque Member and White Ashes #3 and #4, the B ash, and the 285 Road ashes 



4 
 

in the Skull Ridge Member -- serve as time markers and allow the correlation of 

strata across the quadrangle.  In addition, these tephra can be used to track the 

westward progradation of lithosome A of the Tesuque Formation across the 

quadrangle.  

 

3. A complex system of north-striking faults is present near the center of the 

quadrangle.  Approximately coinciding with these faults is a north-south zone of 

increased westward stratal dips that mark the Los Barrancos monocline.  On the 

west side of this zone is the west-down Road and Pojoaque faults, and on the 

east side of this zone are strands of the Jacona fault and the Huerfano fault.  This 

zone is referred to as the Los Barrancos structural zone, and these faults are 

considered as part of the Los Barrancos fault system. 

 

4. The quadrangle can be subdivided into four general structural domains based on 

attitude of bedding and degree of faulting.  One domain lies east of the Road 

fault and south of Arroyo Seco, and is generally marked by north to northeast 

strikes and westward dips of 5-8°.  Faults are sparse and folding of strata is not 

observed.  East of the Road fault and north of Arroyo Seco, bedding strikes about 

N20°E near the town of Arroyo Seco and N40-50°E north of the Santa Cruz River.  

Dips in this second domain are relatively low, being generally 5-7° to the 

northwest, and faults are very scarce here.  The third domain, corresponding to 

the Los Barrancos structural zone, is marked by a high degree of faulting and a 

significant increase in westward stratal tilts. West of the Los Barrancos structural 

zone (i.e., the Huerfano fault), dips in the fourth domain progressively lessen to 

the west so that 2-3° dips are commonplace near Black Mesa.     
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COMMENTS TO MAP USERS 

A geologic map displays information on the distribution, nature, orientation, and age 

relationships of rock and deposits and the occurrence of structural features.  Geologic 

and fault contacts are irregular surfaces that form boundaries between different types or 

ages of units.  Data depicted on this geologic quadrangle 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 geologist(s).  Any enlargement of this map could cause 

misunderstanding in the detail of mapping and may result in erroneous interpretations.  

Site-specific conditions should be verified by detailed surface mapping or subsurface 

exploration. Topographic and cultural changes associated with recent development 

may not be shown.  

 

The map has not been reviewed according to New Mexico Bureau of Mines and Mineral 

Resources standards.  Revision of the map is likely because of the on-going nature of 

work in the region.  The contents of the report and map should not be considered final 

and complete until reviewed and published by the New Mexico Bureau of Mines and 

Mineral Resources. 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 

author made from geologic mapping, and available geophysical (regional gravity and 

aeromagnetic surveys), and subsurface (drillhole) data. 
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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. 

 

INTRODUCTION AND SETTING 

The Española 7.5-minute quadrangle is located in the central Española basin, which is 

one of many north-trending basins in the central part of New Mexico formed by Rio 

Grande rift tectonism and erosion by the Rio Grande.  Important geographic features in 

this quadrangle include:  1) the city of Española in the northwest, including the towns 

of Santa Cruz, San Pedro, and Santa Clara, 2) the Rio Grande to the west, into which 

flows the Santa Cruz River (near the northern quadrangle boundary) and the Pojoaque 

River (near the southern quadrangle boundary), 3) Black Mesa (not to be confused with 

the “big” Black Mesa northwest of Española) located immediately east of the Rio 

Grande in the southwest part of the quadrangle, and 4) the town of Pojoaque (not 

labeled on the map, but at the intersection of U.S. Route 84-285 and State Route 4) and 

its environs of Jacona and Cuyamungue.  Having an elevation range of 5,500 to 6,000 

feet above sea level, there is notable relief in the form of sharply eroded badlands.  

Vegetation consists of juniper-grassland, with some piñon pines at higher elevations.  

Near rivers are forests of cottonwood, willow, and chinese elm.  People generally live 

throughout the area, with the exception of a north-south strip of rugged badlands near 

the center of the quadrangle.  Three Indian reservations cover roughly half of the 

quadrangle; these include the Santa Clara, San Ildefonso, and Pojoaque Pueblos (listed 

counter-clockwise starting at the northwest quadrangle).  In this relatively arid area, the 

relatively high population density and agriculture along the rivers has resulted in a 

high demand for both ground and surface water.  I am confident that this map will 

serve as a valuable tool for on-going and future hydrogeologic investigations. This map 
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should also be useful for other studies relating to geology, soils, geomorphology, 

hydrology, archeology, and biology.   

 

DESCRIPTION OF MAP UNITS 

 

Grain sizes follow the Udden-Wentworth scale for clastic sediments (Udden, 1914; 

Wentworth, 1922) and are based on field estimates.  Pebbles are subdivided as shown in 

Compton (1985).  The term “clast(s)” refers to the grain size fraction greater than 2 mm 

in diameter.  Given clast percentages are based on visual estimates of percent volumes 

using percentage charts; where noted for some Tesuque Formation units, clast 

percentages are constrained by counts of about 100 clasts at a given locality.  

Descriptions of bedding thickness follow Ingram (1954).  Sandstone classified according 

to Pettijohn et al. (1987).  Colors of sediment are based on visual comparison of dry 

samples to the Munsell Soil Color Charts (Munsell Color, 1994).  Surficial units are only 

delineated on the map if estimated to be at least 1 m thick.  Soil horizon designations 

and descriptive terms follow those of the Soil Survey Staff (1992) and Birkeland (1999).  

Stages of pedogenic calcium carbonate morphology follow those of Gile et al. (1966) and 

Birkeland (1999).     

 

Mapping of geologic features was accomplished using field traverses, close inspection 

of numerous outcrops, and detailed analyses of aerial photographs using the PG-2 

plotter lab at the U.S. Geological Survey office in Denver.  Fault locations, where buried 

by younger alluvium, were inferred with the aid of interpretations of aeromagnetic 

lineaments (Tien Grauch of the U.S. Geological Survey, personal communication, 2002).  

Terrace correlations were made by comparison of mapped strath heights, lithologic 

characteristics, and fill thickness.  Due to access limitations, mapping of San Ildefonso 

and Santa Clara pueblo lands was largely conducted using aerial photographs, 
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compilation of earlier geologic work, and remote visual inspection of land from 

strategic vantage points.  Geologic interpretations of terrain west of state route 30 and 

near Black Mesa (formerly known of Round Mountain; Galusha and Blick, 1971) in 

particular are subject to revision pending future work.   

ANTHROPOGENIC DEPOSITS 

af Artificial fill (Recent) – Silt, sand, and gravel under highways or in landfills;  

loose or compacted. 

 

QUATERNARY EOLIAN DEPOSITS  

Qes Eolian and sheetflood deposits (middle to upper Pleistocene) – Light 

yellowish brown to yellowish brown (10YR 5-6/4) to light brown (7.5YR 6/4) silt 

and very fine- to fine-grained sand. Generally massive, probably due to heavy 

bioturbation.  Sediment locally has up to 10% subrounded to rounded, granitic 

pebbles.  Interpreted to be eolian sand sheets and sheetflood deposits 

reworking eolian sand; subordinate coarse alluvium.  Probably correlates in 

part to the Española Formation of Galusha and Blick (1971), from which 

samples of Rancholabrean fossils (approximately 10-300 ka, Tedford et al., 1987) 

were collected; these samples include Canis dirus, Equus, Bison, and ?Camelops 

(Galusha and Blick, 1971, p. 80-81).  Loose and up to 2 m-thick. 

 

QUATERNARY COLLUVIAL AND LANDSLIDE DEPOSITS 

Qtl Rock-fall blocks, talus, and landslides from basalt of Black Mesa (middle(?) to 

upper Pleistocene) – Unit not accessible for detailed description.   

 

QUATERNARY ALLUVIAL DEPOSITS 

VALLEY FLOOR 

Qam Modern alluvium (Subject to annual deposition) – Very pale brown to light 

yellowish brown to pale brown (10YR 6-7/3-4) gravelly sand with minor silt 

found on the floors of active arroyos, generally within channels.  Gravel is 

subrounded to subangular, poorly sorted,  and consists of pebbles with less 

than 5% cobbles (there is about subequal cobbles and pebbles in the Santa Cruz 

and Pojoaque rivers); composition of gravel is granite with <2% amphibolite, 
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quartzite, calcium carbonate-indurated nodules and sandstone derived from 

the Tesuque Formation, Paleozoic limestone, and greenish Paleozoic(?) 

sandstone.  Sand is very fine to very coarse, subangular to subrounded, arkosic, 

and poorly to moderately sorted.  Specific color and composition of sediment is 

dependent on source area of a given drainage. Surface not vegetated and there 

is no soil development.  Loose.  Thickness not directly observed but estimated 

to be less than 3 m.   

 

Qay2 Younger young alluvium (Historical) – Yellowish brown to light yellowish 

brown (10YR 5-6/4) to very pale brown and pale brown (10YR 6-7/3-4) pebbly 

sand, sandy pebbles, sand, silt, and clay that generally underlies floodplains of 

active drainages.  Beds are very thin to thin and planar; pebbles and coarse- to 

very coarse-grained sand beds are commonly lenticular.  Pebbles are poorly to 

moderately sorted and subrounded to subangular.  East of the Rio Grande, 

clasts consist of granite and calcium carbonate-indurated nodules and 

sandstone derived from the Tesuque Formation; there are also very minor 

limestone, greenish Paleozoic(?) sandstone and siltstone, and quartzite.  West 

of Rio Grande, gravel generally consists of intermediate to felsic volcanic clasts 

with very minor granite and quartzite clasts.  Sand is very fine-to very coarse-

grained, subrounded to subangular, poorly to moderately sorted, and an 

arkose to lithic-rich arkose.  The specific color and composition of sediment is 

dependent on the source area of a given drainage.  None to very weak soil 

development.  Tread of deposit is less than 2 m above the active channel.  

Strath of deposit is generally not seen.  Compared to Qay1, surface of unit 

supports sparser plant growth, particularly in regards to grass and trees, but 

more abundant woody shrubs.  Loose and estimated to be 1-2 m thick.  

 

Qayi Young alluvium (upper Holocene) – Light yellowish brown (10YR 6/4) to very 

pale brown and pale brown (10YR 6-7/3-4) sandy gravel and gravelly sand that 

underlie terraces whose tread is inset between that of Qay1 and Qay2.  Very 

thin to medium beds; gravelly beds are lenticular, finer beds are planar or 

massive; planar laminations and tangential foreset laminae (up to 5 cm-tall) 

locally present within beds.  Gravel is mostly pebbles with <10% cobbles; clasts 

are subrounded to subangular and moderately sorted.  East of the Rio Grande, 

clasts consist of granite and calcium carbonate-indurated nodules and 

sandstone derived from the Tesuque Formation; locally, there is also quartzite 

and greenish to yellowish to grayish, Paleozoic(?) sandstone, limestone, and 

siltstone clasts.  West of the Rio Grande, gravel generally consist of 

intermediate to felsic volcanic clasts with <5% granite and <5% quartzite clasts.  

Sand is mostly fine- to very coarse-grained, moderately to well sorted, 
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subangular to subrounded, and an arkose to lithic-rich arkose.  Specific color 

and composition of sediment is dependent on source area of a given drainage.  

Soil development is very weak, with only incipient development of a Bw 

horizon.  Loose.  Unit is probably related to regional arroyo incision and stream 

complex response phenomena that episodically occurred over the last several 

hundred years (since 800 to 2,000 years ago in the Rio Tesuque drainage; Miller 

and Wendorf, 1958).  In places, what is mapped as Qayi may actually be an 

erosion surface carved into Qay1.  Up to about 2 m-thick but thickness is highly 

variable and strath is commonly not observed.     

 

Qay1 Older young alluvium (middle to upper Holocene) – Light yellowish brown 

(10YR 6/4) to pale brown (10YR 6/3) to yellowish brown (10YR 5/4) to very pale 

brown (10YR 6-7/3-4) to pink (7.5YR 7/4) very fine- to medium-grained sand 

and silt with subordinate poorly sorted, coarse- to very coarse-grained sand 

and gravel beds. Underlies the higher, relatively continuous surfaces 

developed on valley bottom alluvial fill (below higher, discontinuous, 

Pleistocene terrace deposits).  Massive, planar-laminated and cross-laminated 

(up to 4 cm-tall foresets), or in very thin to thin, discontinuous, planar beds; 

coarse and very coarse sand and gravel are in very thin to thick, lenticular to 

channel-shaped beds up to 50 cm-thick. Gravel consists mostly of pebbles with 

minor cobbles; clasts are generally moderately to poorly sorted, subrounded to 

subangular, and clast-supported.  East of the Rio Grande, clasts consist of 

granite and calcium carbonate-indurated nodules and sandstone derived from 

the Tesuque Formation; locally, there is also quartzite and greenish to 

yellowish to grayish, Paleozoic(?) sandstone, limestone, and siltstone clasts.  

West of Rio Grande, gravel consists of intermediate to felsic volcanic clasts, 

<15% quartzite, and <5% granite.  Sand is generally moderately to well sorted, 

subangular to subrounded, and an arkose to lithic-rich arkose.  Specific color 

and composition of sand and gravel is dependent on source area of a given 

drainage.  Surface generally supports junipers and grass.  Soil development is 

weak: original stratification may still be present with only incipient 

development of calcium carbonate films (less than 1 mm-thick) that are 

generally limited to the undersides of clasts.  Locally, Bk horizon(s) are present 

(10-30 cm thick) with weak stage I (mostly) to stage II (sparse) calcium 

carbonate morphology;  Bk horizon(s) are commonly associated with moderate 

to strong, coarse to very coarse, angular blocky to subangular blocky soil 

structure.  Bw horizon(s) locally overlie Bk horizon(s) and may exhibit 

moderate, medium to very coarse, subangular blocky soil structure.  A 

horizon(s) are nearest to the surface, up to 40 cm-thick, relatively dark (10YR 5-

6/4), and may have weak to strong, coarse, subangular soil structure.  Top soil 
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development commonly increases upstream from major rivers.  One or more 

weak buried soils (grossly similar or weaker than the present top soil) may be 

present. Basal contact is commonly a planar scour.  Loose to weakly 

consolidated. Correlative deposits in the Rio Tesuque valley bottom (southeast 

of this quadrangle) are interpreted to have ceased aggrading between 800 to 

2,000 years ago (Miller and Wendorf, 1958).  Up to 17 m thick but thickness is 

highly variable; thickness generally increases downstream towards major 

rivers.   

 

POJOAQUE RIVER AND RIO TESUQUE TERRACES 

Qtp3 Lower terrace deposit of Pojoaque River (upper Pleistocene) – Very pale 

brown (10YR 7/4) sandy gravel that unconformably overlies the Tesuque 

Formation south of the Pojoaque River.  Non-distinct, horizontal- to cross-

bedded (foresets up to 60 cm-tall).  Gravel is clast-supported with 5-10% 

boulders, 60-75% cobbles, and 15-35% pebbles; gravel composition is granitic 

with 1-3% quartzite and 1% amphibolite; clasts are subrounded and poorly 

sorted.  Sand is medium- to very coarse-grained, subangular to subrounded, 

poorly sorted, and arkosic. About 60 cm-thick soil with stage II calcium 

carbonate morphology has developed on tread.  Unit is offset approximately 

100-140 cm (down-to-east) by a north-south fault on private property (UTM 

coordinates:  3,972,660 N and 408,440 E ± 20 m; zone 13, NAD 27).  A scarp has 

formed on the tread that is less than 1 m tall but is greatly modified by a gully.  

Charcoal that was sampled from fine-grained, massive sediment that partly 

fills this gully returned a conventional radiocarbon age of 250 ± 40 yrs. B.P. 

(Beta Analytic Inc., sample Beta-163521), and provides a minimum age 

constraint for the last movement on this fault.  Strath is 9-12 m above Pojoaque 

Creek.  A comparison with both 14C and amino-acid ratio chronologic data for 

various Rio Grande terraces presented in Dethier and Reneau (1995), suggests 

this unit formed near the end of Oxygen Isotope Stage 2 (10-30 ka) (Figure 1).  

Up to 2 m-thick. 

Qtp2 Middle terrace deposit of Pojoaque River (upper Pleistocene) – Light 

yellowish brown to light brown (7/5YR-10YR 6/4) to yellowish brown (10YR 

5/4) sandy gravel and sand that unconformably overlie the Tesuque Formation.  

Both axial and overbank facies are present.  Axial facies contain coarse to very 

coarse sand and clast-supported pebbles and cobbles in laterally continuous 

beds 50-60 cm-thick (based on limited exposures).  Cobbles are subrounded to 

rounded; pebbles are subangular to subrounded; gravel are poorly to 

moderately sorted. Gravel consists of granite with trace to 3% amphibolite, 0.5-  
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Figure 1. Correlation of map units. 

 

1% quartzite, and less than 5% calcium carbonate-indurated nodules and 

sandstone derived from the Tesuque Formation.  Largest boulder diameter of 

50-60 : 30-45 cm (a : b axes).  Overbank facies consists of very fine- to medium-

grained sand that is commonly massive and up to 2 m-thick; sand is 

subangular to subrounded, poorly to well sorted, and arkosic.  Lower contact is  
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not well exposed but probably scoured.  Loose to weakly consolidated.  Strath 

is 12-18 m above Pojoaque Creek.  A comparison with both 14C and amino-acid 

ratio chronologic data for various Rio Grande terraces presented in Dethier and 

Reneau (1995), suggests this unit formed in the late Pleistocene (30-120 ka) 

(Figure 1).  Up to 6 m-thick. 

Qtpt1 High, thick terrace deposits associated with Pojoaque River and Rio Tesuque 

(middle to upper Pleistocene) – Light yellowish brown (10YR 6/4) to minor 

light brown and pale brown (7.5YR 6/4 and 10YR 6/3) sand, silt, and gravel. 

Both axial and overbank facies are present (in a ⅓ to ⅟₂: ⅔ to ⅟₂ proportion).  

Axial facies contain sand plus pebbles and cobbles in broad (over 10 m-wide) 

channels that are up to 90 cm-thick; these channels have very thin to medium, 

lenticular beds or cross-laminations up to 20 cm-thick.  Gravels are clast-

supported, poorly to moderately sorted, and have an average size of 52 : 39 cm 

(a : b axes) with a maximum of 80 : 60 cm (from sample of n=12 at UTM 

coordinates:  3,971,850 N and 408,620 E ± 20 m; zone 13, NAD 27).  Clasts 

contain subequal proportions of pebbles and cobbles along the east margin of 

the quad but pebbles become much more abundant downstream (1 : 9 cobbles : 

pebbles). Cobbles are subrounded to rounded; pebbles are subrounded to 

subangular.  Gravel consists of pinkish granite (and associated quartz and 

feldspar) with much less common whitish granite or pegmatite, trace to 3% 

calcium carbonated nodules and sandstone derived from the Tesuque 

Formation, 1-2% gneiss, 0.5-3% amphibolite, trace to 1% mica schist, none to 5% 

quartzite, and trace to 3% Paleozoic sandstone, siltstone, and limestone.  Sand 

is very fine- to very coarse-grained but mostly medium- to very coarse-grained, 

subangular to subrounded, moderately sorted, and arkosic.  Sediment of 

overbank facies is in very thin to medium, planar or tabular beds, or else 

massive with local internal cross-laminations up to 3 cm thick.  Overbank 

sediment consists of silt, silty sand, sand, and subordinate thinly bedded mud; 

sand is generally very fine- to fine-grained and well sorted.  Soils developed on 

tread are poorly preserved; eroded soil remnants at two sites (UTM 

coordinates:  3,972,180 N and 408,350 E ± 30 m;  3,971,610 N and 403,195 E ± 20 

m; zone 13, NAD 27) possess calcic soil horizon(s) with stage II to III calcium 

carbonate morphology that are about 60 cm-thick.  Base of unit is generally 

scoured and has up to 25 m of relief. Loose to weakly consolidated; no calcium 

carbonate induration.  Generally 18-35 m above the Pojoaque River and Rio 

Tesuque.  Based on its relative height above modern stream grade, this unit 

may correlate to terrace deposits Qtrg2 and Qtsc4 on this quadrangle, and unit 

Qgt3 on the Horcado Ranch quadrangle to the south (Figure 2).  Qtrg2 and 

Qtsc4  are  interpreted to  be  70-90  ka  based on  comparison  of  strath heights  
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Figure 2. Heights of major Quaternary terrace deposits with respect to an associated stream.  Heavy line 

shows preferred interpretation of terrace deposit correlations. 

 (relative to the Rio Grande) with heights of terraces whose ages are 

constrained by 14C and amino-acid racemization chronologic data (Dethier and 

McCoy, 1993; Dethier and Reneau,1995).  Unit Qgt3 on the Horcado Ranch 

quadrangle is interpreted to pre-date the deposition of the El Cajete pumice, 

based on an exposure south of the town of Pojoaque (Koning and Maldonado, 

2001).  This unit    represents  a   major   aggradational   event   that    may    

correspond to paleoclimate changes.  Up to 15 m-thick east of Rio Tesuque and 

7 to 30 m-thick immediately west of Rio Tesuque. 
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Qtt4 Lowest tributary terrace deposit of Pojoaque River and Rio Grande (upper 

Pleistocene) – Light yellowish brown (10YR 6/4) sand, silty sand, and pebbles 

that are locally inset into unit Qtrg1.  Beds are very thin to thin and planar with 

minor  cross-startification (up to 10 cm-thick).  Pebbles are clast-supported, 

mostly very fine to  medium, subrounded to subangular, moderately sorted, 

and composed of granite with subordinate reworked Tesuque Formation 

(Ttbp3) clasts and Rio Grande terrace (Qtrg1) clasts.   Sand is very fine- to very 

coarse-grained, subrounded to subangular, moderately to poorly sorted, and 

arkosic.  Within 2 m of the base of the deposit is a thick bed of probable El 

Cajete Pumice.  If the correlation to the El Cajete Pumice is correct, then unit 

Qtt4 was deposited around the time of eruption of this tephra (ca. 50-60 ka; age 

from Toyoda et al., 1995; Reneau et al., 1996).  Deposit is ~30 m above the Rio 

Grande (Figure 1).  Loose and 2-6 m-thick. 

Qtt3 Lower tributary terrace deposit of Pojoaque River (middle to upper 

Pleistocene) – Very pale brown (10YR 7/3-4) sand and gravel (about ⅔ : ⅓ 

proportion) that locally caps ridges near State Route 4 because of topographic 

inversion.  Gravel is composed of subequal pebbles and cobbles that consist of 

trace quartzite, trace yellowish Paleozoic limestone or siltstone, 3-12% 

amphibolite, 1% mica schist, and 86 to 96% granite; these are generally 

subrounded but very fine to medium pebbles may be subangular. Sand is very 

fine to very coarse, mostly well sorted, subangular to subrounded, and arkosic.  

Strath is 30-35 m above the Pojoaque River (Figure 2).  Deposit very likely 

grades into Qtpt1 but projections are somewhat uncertain because of the 

irregular nature of the strath of Qtpt1.  The age of Qtpt1 is interpreted to be 

near the Oxygen Isotope Stage 5-6 boundary (approximately 120-140 ka), so 

this may be the age of this unit as well (Figure 1). 2 to 6 m-thick. 

Qtt2 Middle tributary terrace deposit of Pojoaque River (middle to upper 

Pleistocene) – Light yellowish brown to very pale brown  (10YR 6-7/4) sandy 

gravel that locally caps ridges 10-15 m above unit Qtt3 (Figure 2).  Bedding not 

exposed.  Clasts consist of granite with 1-3% amphibolite and 1-3% quartzite.  

Subequal pebbles and cobbles with varying amounts of boulders.  Gravel are 

clast-supported, imbricated, and poorly sorted; cobbles are subrounded to 

rounded; pebbles are subangular to subrounded.  Age is not well-constrained. 

1-4 m thick. 

Qtt1 Upper tributary terrace deposit of Pojoaque River (middle Pleistocene) – 

Light yellowish brown (10YR 6/4) sandy gravel with minor mud beds.  Locally 

caps ridges 9-12 m above Qtt2.  Sandy gravel beds are 10 to 50 cm-thick and 

channel-shaped to lenticular; mud beds are medium-thick and planar. Gravel 
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are clast-supported, imbricated, poorly sorted, and have subequal pebbles and 

cobbles that consist of pinkish granite with 1-2% quartzite, 1-3% amphibolite, 

and trace Paleozoic limestone; cobbles are subrounded to rounded; pebbles are 

subangular to subrounded.  Largest boulder size is 50-60 : 50-60 cm (a : b axis).  

Sand is very fine- to very coarse-grained, poorly sorted, subangular to 

subrounded, and arkosic.  May possibly correlate with unit Qtwt1 on the basis 

of relative strath heights.  Age is not well-constrained, but Qtwt1 has an 

estimated age range of 350-650 ka.  Up to 9 m thick.   

SANTA CRUZ RIVER TERRACES 

Qtsc5 Lowermost terrace deposit of Santa Cruz River  (uppermost Pleistocene) – 

Light yellowish brown (10YR 6/4) to very pale brown (10YR 7/4) to pink (7.5YR 

7/4) sandy gravel found in minor, scattered terrace deposits inset into the 

Tesuque Formation north of Santa Cruz River.  No clear bedding exposed.  

Gravel consists of cobbles with subordinate pebbles and is clast supported, 

subrounded to rounded, poorly sorted, and composed of subequal quartzite 

and granitic clasts.  Clast count in correlative deposits about 400 m east of the 

eastern quadrangle boundary (UTM coordinates: 3,983,840 ± 30 N, 410,280 ± 30 

E; zone 13, NAD 27) gives: 41% quartzite and 59% granitic clasts.  Sand is 

mostly medium- to very coarse-grained, poorly sorted, subangular to 

subrounded, and arkosic.  Strath of deposit is about 6-8 m above the valley 

floor.  May correlate to Qtrg3 deposits to the west (Figure 2).  Comparison of 

the height of Qtrg3 with that of Rio Grande terrace deposits constrained by 14C 

and amino-acid racemization chronologic data (McCoy, 1993; Dethier and 

Reneau, 1995) suggests this unit formed near the end of Oxygen Isotope Stage 2 

(10-30 ka) (Figure 1). Loose and up to 6 m-thick.   

Qtsc4 Lower, thick terrace deposit of Santa Cruz River (middle to upper 

Pleistocene) – Light yellowish brown to light brown (7.5-10YR 6/4) finer sand 

and mud associated with overbank facies and varying proportions (but 

generally subordinate) of coarser sand and gravel associated with axial facies.  

Forms a thick, relatively extensive terrace deposit that is inset into the Tesuque 

Formation north of the Santa Cruz River.  The axial facies has very thin to thick, 

lenticular to channel-shaped beds of sand and gravel, with the channels being 

up to 100 cm-deep;  locally there are tangential, low angle cross-laminations or 

cross-beds (very thin) that are generally < 20 cm-tall.  Gravel consists of 

approximately subequal cobbles and pebbles, is clast-supported, rounded to 

subrounded, and poorly to moderately sorted; clast count immediately north of 

Quarteles (UTM coordinates:  3,983,570 N and 408605 E ± 30 m; zone 13, NAD 

27) gives: 19% quartzite plus 81% granite and pegmatitic quartz; sand is 
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medium- to very coarse-grained, subrounded to subangular, poorly sorted, and 

an arkose to lithic-rich arkose.  These axial facies are generally preserved near 

the top of the deposit.  Overbank facies consists of silty very fine- to fine-

grained sand and mud with 10% coarse to very coarse sand and pebbles 

(mostly granite with subordinate quartzite); massive; weakly consolidated to 

loose.   A soil possessing calcic horizon(s) with stage III calcium carbonate 

morphology is locally preserved on the top of the deposit.  North of the Santa 

Cruz River, the basal 2-3 m of this terrace deposit is composed of a grayish, 

quartzite-rich gravel.  Gravel consists of cobbles with subordinate pebbles and 

is clast-supported, rounded to subrounded, poorly sorted, and composed of 

subequal quartzite and granitic clasts (granitic clasts include a sheared, grayish 

granite not common elsewhere).  Clast count of this basal gravel from a site 

northwest of Quarteles (UTM coordinates:  3,983,740 N and 408,280 E ± 10; zone 

13, NAD 27) gives: 8% sheared, grayish granite, 46% pinkish granite and 

pegmatitc clasts, and 45% quartzite.  Measured diameters of the nine largest 

clasts from this site average 51 : 31 cm (a:b axis), with the maximum being 60 : 

45 cm.  Strath is 27-34 m above the Santa Cruz River and 60 m above the Rio 

Grande.  Based on its great thickness and relative height above modern stream 

grade, this unit correlates to terrace deposit Qtsct south of the Santa Cruz 

River, unit Qtwt2 or Qtwt4 west of the Rio Grande, and probably unit Qtpt1 

and Qtt3 near the Pojoaque River (Figure 2).  Its strath height above the Santa 

Cruz River is comparable with heights of terraces whose ages have been 

interpreted at 70-90 ka or 120-150 ka based on 14C and amino-acid racemization 

dating (Dethier and McCoy, 1993; Dethier and Reneau (1995).  Deposits are 

loose and 10-25 m-thick.    

Qtsct Tributary terrace deposit of Santa Cruz River, Española Formation (middle to 

upper Pleistocene) – Light yellowish brown(10YR 6/4) gravelly sand and 

sandy gravel derived from erosion of the Tesuque Formation south of the Santa 

Cruz River and graded into unit Qtsc4.  Channels are less than 40 cm deep.  

Gravel is generally clast-supported and consists of subrounded to subangular 

pebbles with up to 35% subrounded cobbles.  Clasts consist of granite (with 

associated feldspar and quartz), calcium carbonate-indurated nodules and 

sandstone derived from the Tesuque Formation, and trace to 10% quartzite 

(quartzite abundance increases towards Rio Grande).  Sand is very fine- to very 

coarse-grained, subangular to subrounded, poorly sorted, and arkosic.  Locally 

overlain by unit Qes.  Lower contact has significant relief (up to 24 m) and unit 

appears to fill former valleys.  Galusha and Blick (1971) report that specimens 

of Canis dirus, Equus, Bison, and ?Camelops, (Rancholabrean North American 

land mammal age, which encompasses approximately 10-300 ka) were 



18 
 

obtained from this unit, which they designated as the Española Formation.  The 

author has reservations about usage of this term because these deposits project 

to unit Qtsc4 north of the river, yet Galusha and Blick (1971) did not designate 

these northern deposits as Española Formation.  Also, the deposits on this 

quadrangle are dominated by coarse alluvium, as opposed to the 

predominately eolian sediment (probably correlative to Qes) at the type locality 

to the north (Section 31, T. 21 N., R. 9 E.; Galusha and Blick, 1971, p. 80-81).  

Loose. Unit has the same relative height and very likely the same age as unit 

Qtsc4 to the north of the Santa Cruz River (Figure 1-2).  6 m thick near eastern 

quadrangle boundary but thickens to 24 m to the west.  

Qtsc3 Middle terrace deposit of Santa Cruz River (middle Pleistocene) – Light 

yellowish brown to light brown (10-7.5YR 6/4) sandy gravel (color from sand) 

inset into the Tesuque Formation north of the Santa Cruz River.  Thin to thick, 

non-distinct, and lenticular to channel-shaped beds.  Gravel is mostly 

subrounded, poorly sorted, and consists of cobbles with subordinate pebbles.  

Clast count at a site north of Quarteles (UTM coordinates:  3,984,030 N and 

408,840 E ± 30 m; zone 13, NAD 27) gives 70% granite, 25% quartzite, 4% 

amphibolite, and 1% muscovite schist.  Diameter measurements of the largest 

nine clasts at a site northwest of Quarteles (UTM coordinates:  3,983,770 N and 

407,710 E ± 20 m; zone 13, NAD 27) gives an average diameter of 34 : 23 cm (a : 

b axis) and a maximum diameter of 35 : 27 cm (a : b axis).  Sand is very fine- to 

very coarse-grained, poorly sorted, subrounded to subangular, and an arkose 

to lithic-rich arkose.  Locally overlain by eolian sand up to 2 m-thick (unit Qes).  

Strath is 67-70 m above the Santa Cruz River.  Comparison of these strath 

heights with heights of terrace deposits along the Rio Grande constrained by 
14C and amino-acid ratio racemization ages (Dethier and McCoy, 1993; Dethier 

and Reneau, 1995) suggests an age of 150-280 ka (Figure 1).  Loose and 1-2 m 

thick.    

Qtsc2  Upper terrace deposit of Santa Cruz River (middle Pleistocene) – Light 

yellowish brown (10YR 6/4) sandy gravel unconformably overlying the 

Tesuque Formation north of the Santa Cruz River.  Bedding not exposed.  

Subequal cobbles and pebbles;  gravel are clast-supported and rounded to 

subrounded, but granitic very fine to coarse pebbles are subangular; largest 

observed clast is 30 : 20 cm (a: b axis); clast count gives 26% quartzite clasts and 

74% granitic clasts.  Sand is very fine to very coarse, poorly sorted, subangular 

to subrounded, and arkosic.  Strath is approximately 90 m above the Santa 

Cruz River (Figure 2).  Comparison of this strath height with heights of terrace 

deposits along the Rio Grande constrained by 14C and amino-acid ratio 
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racemization ages (Dethier and McCoy, 1993; Dethier and Reneau, 1995) 

suggests an age of about 280-400 ka (Figure 1).  Loose and 1-3 m-thick.     

 

RIO GRANDE AND ASSOCIATED WESTERN TRIBUTARY TERRACES  

Qtrg3 Lower terrace deposit of Rio Grande (uppermost Pleistocene) – Light 

yellowish brown to very pale brown (10YR 6/4 to 7/3) sandy gravel; no distinct 

bedding; imbrication of clasts indicate a south-southwest paleoflow direction.  

Gravel is clast-supported, subrounded to rounded, poorly sorted, and includes 

1-2% boulders with subequal pebbles and cobbles.  Clast count at a site in 

Española (UTM coordinates:  3,983,660 N and 402,420 E ± 30 m; zone 13, NAD 

27) gives 27% quartzite, 18% granitic clasts, 15% quartz, 11% intermediate to 

felsic volcanic clasts, 9% non-granitic intrusives, 5% basalt, 5% amphibolite and 

other mafic-rich rocks, 2% chert, 2% meta-siltstone(?), 1% muscovite schist, 1% 

sandstone, and 3% unidentified.  Clast count of a site south of Española (UTM 

coordinates:  3,982,390 N and 402,430 E ± 0 m) gives 26% quartzite, 23% granitic 

clasts, 15% quartz, 6% amphibolite, 6% intermediate to felsic volcanic clasts, 5% 

basalt, 4% meta-siltstone, 5% non-granitic intrusives, 2% mylonite, 2% meta-

sandstone, 2% grayish limestone, 1% schist, 1% chert, and 4% unidentified.  

Sand is fine- to very coarse-grained, subrounded to subangular, well to 

moderately sorted, and rich in lithic grains.  Deposit overlies Tesuque 

Formation over an angular unconformity.  North of the Santa Clara River, 

deposits are sharply overlain by volcanic-rich unit Qtwt5 across a planar 

contact.  Strath is 5-9 m above the Rio Grande.  Unit may correlate to Qtsc5 

deposits to the east (Figure 2).  Comparison of strath height with heights of 

terrace deposits along the Rio Grande constrained by 14C and amino-acid ratio 

racemization ages (Dethier and McCoy, 1993; Dethier and Reneau, 1995) 

suggests this unit formed near the end of Oxygen Isotope Stage 2 (10-30 ka) 

(Figure 1).  Loose and 3-6 m-thick.     

Qtrg2 Middle terrace deposit of Rio Grande (upper Pleistocene) – Light yellowish 

brown to yellowish brown (10YR 5-6/4) sandy gravel, sand, and silt that 

unconformably overlie the Tesuque Formation.  Exposures do not permit 

observations of bedding.  Gravel contains subequal cobbles and pebbles that 

are rounded to subrounded.  Clast count at a locality west of Española (UTM 

coordinates:  3,983,750 N and 401,640 E ± 20 m; zone 13, NAD 27) give 37% 

quartzite, 17% granitic clasts, 15% quartz, 6% non-granitic intrusives, 5% basalt, 

3% meta-sandstone, 3% amphibolite, 2% felsic to intermediate volcanics, 2% 

calcium carbonate-indurated nodules, 2% limestone, and 8% unidentified.  

Lower contact is not exposed.  Deposits are sharply overlain by volcanic-rich 
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Qtwt4 across a planar(?) contact.  Strath is 24-35 m above the Rio Grande, and 

may correlate with unit Qtpt1 and Qtt4.  Comparison of strath height with 

heights of terrace deposits along the Rio Grande constrained by 14C and amino-

acid ratio racemization ages (Dethier and McCoy, 1993; Dethier and Reneau, 

1995) suggests this unit was deposited ca.70-90 ka (Figures 1-2). Loose and 3-6 

m-thick. 

Qtrgl Upper terrace deposit of Rio Grande (upper Pleistocene) – High sandy gravel 

deposit that locally caps ridges and unconformably overlies the Tesuque 

Formation.  Clasts include pebbles and cobbles that are rounded to 

subrounded, poorly sorted, and clast-supported.  West of the Rio Grande, unit 

is composed of subequal quartzite and intermediate to felsic volcanic clasts.  

East of the Rio Grande, clast count east of Otowi Bridge (UTM coordinates:  

3,970,800 N and 398,560 E ± 20 m; zone 13, NAD 27) gives 34% granite, 29% 

quartzite, 13% quartz, 7% non-granite intrusives, 7% intermediate to felsic 

volcanic flow-rocks or tuffs, 2% reddish to greenish sandstone, 2% chert, 2% 

calcium carbonate-indurated nodules, 2% amphibolite, 1% schist, 1% siltstone, 

and 1% basalt.  Strath is approximately 40-60 m above the Rio Grande and 20-

23 m above Santa Clara Creek (Figure 2).  Comparison of the strath height with 

heights of terrace deposits along the Rio Grande constrained by 14C and amino-

acid ratio racemization ages (Dethier and McCoy, 1993; Dethier and Reneau, 

1995) suggests an age of approximately 120-150 ka (Figure 1). Deposit is loose 

and 3-12 m-thick.    

Qtwt5 Lowest-most western tributary terrace deposit of Rio Grande (uppermost 

Pleistocene to upper Holocene) – Light brownish gray (10YR 6/2) and minor 

gray or grayish brown (10YR 6/1 or 10YR 5/2) sandy gravel. Overlies unit Qtrg3 

and the Tesuque Formation.  Beds are commonly medium to thick and ill-

defined.  Clasts consist of slightly more pebbles than cobbles and 5-10% 

boulders; average clast diameter at a site south of Española is 55 : 47 cm (a : b 

axis), with a maximum diameter of 70 : 60 cm (UTM coordinates:  3,982,390 N 

and 402,430 E ± 20 m; zone 13, NAD 27).  Gravel is clast-supported, subangular 

to subrounded, and composed of intermediate to felsic volcanic flow-rocks and 

tuff with 2-3% quartzite, 1-3% quartz, and 1% granite.  Sand is mostly medium- 

to very coarse-grained, subangular to subrounded, moderately sorted, and has 

more lithic grains than feldspar grains.  Strath is about 9 m above the Rio 

Grande.  Deposit has prograded over Qtrg3 so it is younger (probably slightly 

younger) than the age of Qtrg3; estimated at 10-15 ka.  Loose and 3-9 m-thick.    

Qtwt4 Middle lowest western tributary terrace deposit of Rio Grande (upper 

Pleistocene) – Poorly exposed grayish volcanic gravel that sharply overlies 
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quartzite-rich river gravel of unit Qtrg2.  Gravel is mostly pebbles with 

subordinate cobbles, subrounded to subangular, and poorly sorted.  Clasts 

consist of intermediate to felsic volcanic flow-rock and tuffs with 2-5% 

quartzite, 1-3% granite, and 1-3% quartz.  Strath is approximately 30 m above 

the Rio Grande.  Progrades over unit Qtrg2, so age is younger than the age of 

Qtrg2; estimated at 55-70 ka.  Loose and 5-8 m-thick.    

Qtwt3 Upper lowest western tributary terrace deposit of Rio Grande (upper 

Pleistocene) – Poorly exposed grayish volcanic gravel and sand that was not 

accessible for a close description.   Thickness probably less than 10 m.  

Qtwt2 Middle western tributary terrace deposit of Rio Grande (middle to upper 

Pleistocene) – Thick, extensive deposit of grayish gravel and sand that caps 

ridges west of the Rio Grande.  Gravel consists of pebbles, cobbles, and 

boulders composed of intermediate to felsic volcanic-flow rocks and tuff.  Unit 

probably overlies Qtrg1 near its eastern map limit, based on the local 

abundance of quartzite in colluvium derived from Qtwt2 unit north of Santa 

Clara Creek; however, this stratigraphic relationship was not able to be more 

closely inspected due to access restrictions.  Clasts in colluvium are 

subrounded and poorly sorted.  Strath is 18 to 40 m above Santa Clara Creek, 

and 42-70 m above the Rio Grande.  Comparison of strath height with 14C and 

amino-acid ratio chronologic data for various Rio Grande terraces presented in 

Dethier and Reneau (1995) suggests this unit formed near the Oxygen Isotope 

Stage 5-6 boundary (120-140 ka) (Figure 1).  10-25 m-thick.   

Qtwt1 Upper western tributary terrace deposit of Rio Grande (middle Pleistocene) – 

Grayish volcanic gravel and sand.  No outcrops were accessible for a detailed 

description.  Strath lies 55-61 m above Santa Clara Creek and about 100 m 

above the Rio Grande.  Unit tentatively correlates with Qtt1 on the basis of 

relative strath heights.  Comparison of strath height with heights of terrace 

deposits along the Rio Grande constrained by 14C and amino-acid ratio 

racemization ages (Dethier and McCoy, 1993; Dethier and Reneau, 1995) 

suggests an age of 350-650 ka.  Estimated to be about 6 m thick.  

 Qgbm Gravel of Black Mesa (late Pliocene or early Quaternary) – Described by 

Galusha and Blick (1971) as composed of river cobbles and pebbles that cap 

Black Mesa north of San Ildefonso Pueblo.  Reputedly on top of the gravels is a 

large boulder reworked from the Puye Formation, indicating that the river 

gravel post-dates much of the Pliocene-age Puye Formation (Galusha and Blick 

(1971).  Height of the strath above the Rio Grande is 160 m.  This is comparable 

to the height of the strath of unit QTgp2 in the Horcado Ranch Quadrangle 

(Koning and Maldonado, 2001), which is about 165 m above the lower 
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Pojoaque River.   Unit QTgp2 contains a bed of pumice lapilli that has been 

dated at 1.53 ± 0.04 Ma using 40Ar/39Ar methods, an age which is temporally 

correlative to the Cerro Toledo Rhyolite eruptions (Peters, 2001; Koning and 

Maldonado, 2001).  Dethier and Reneau (1995) report that gravel overlain by 

the Guaje Pumice Bed is about 150 m above the Rio Chama.  Thus, the age of 

unit Qgbm is probably around 1.5 Ma (Figure 1).  3 m thickness reported by 

Galusha and Blick (1971).   

 

PLIOCENE VOLCANIC AND VOLCANICLASTIC ROCKS 

Tbbm Basalt of Black Mesa (lower Pliocene) – Dark gray to black basalt that is 

interpreted to have crystallized in a volcanic neck and associated vents at Black 

Mesa (Baldridge et al., 1980; Galusha and Blick, 1971).  Galusha and Blick (1971) 

report red cinders and 15 m of agglomerate along the west-southwest sides of 

the mesa.   A sample of basalt yielded a K-Ar age of approximately 4.4 m.y. 

(Baldridge et al., 1980), but a more recent effort to date this basalt yielded an 
40Ar/39Ar age of 2.73 ± 0.27 Ma (WoldeGabriel et al., 2001).  Up to 55 m exposed 

but the vent likely extends deep into the subsurface.      

Tp Puye Formation (Pliocene) – Grayish sand and intermediate volcanic gravel.  

Not accessible by author.  Refer to Turbeville (1986), Waresback (1986), and 

Waresback and Turbeville (1990) for detailed descriptions.  Base is an angular 

unconformity. Age range of 5.3 to 1.9 Ma (WoldeGabriel et al., 2001; Goff and 

Gardner, 2004). 30 m thick on this quadrangle but unit thickens to the west. 

 

MIOCENE SEDIMENTARY ROCKS 

CHAMITA FORMATION 

The Chamita Formation includes most Miocene strata west of the Rio Grande, and 

unconformably underlies the Puye Formation in bluffs along the northern part of the 

western boundary of the quadrangle.  Access was not granted for the northwest corner 

of the quadrangle, but contacts were extrapolated, using aerial photography, from 

observations along Santa Clara Canyon road and in the Chili quadrangle to the 

northwest.  This unit ranges in age from 13 Ma to 9 Ma, based on mammalian fauna 

remains at the Round Mountain Quarry and dating of tephra and basalt (Tedford and 

Barghoorn, 1993; Tedford et al., 2004; Dick Tedford, personal commun., 2003; Koning 
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and Aby, 2005; Koning et al., 2005; David Dethier, personal commun., 2007; Aldrich and 

Dethier, 1990).  The Round Mountain Quarry is located 0.3-0.4 km west of the western 

quadrangle boundary (approximate UTM coordinates: 3,979,550 N ± 150 m, 398,100 E ± 

150, m zone 13, NAD 27).  Two members of the Chamita Formation are recognized on 

this quadrangle: Vallito and Hernandez (following Koning and Aby, 2005). 

 

Tchv Hernandez Member interbedded with minor Vallito Member (upper 

Miocene) –The Hernandez Member consists of coarse channel fills and 

subordinate floodplain sediment. Vallito Member described below.  Unit 

overlies older Vallito Member strata across a disconformity. Immediately 

below the disconformity is a coarse ash that returned a 40Ar/39Ar age of 10.8 ± 

1.9 Ma (700 m west of the western quadrangle boundary, on the north slope of 

Santa Clara Canyon; David Dethier, personal commun., 2007).  In the Gaucho 

stratigraphic section, located 1.5 km NW of the northwest corner of the 

quadrangle, a 9.6 ± 0.2 Ma basalt lies about 16 m above this disconformity 

(Koning and Aby, 2005; Dethier et al., 1986; Aldrich and Dethier, 1990).  The 

upper contact is an angular unconformity under the Puye Formation.  

Hernandez Member channel-fills consist of sandy conglomerate and pebbly 

sandstone in very thin to thick, lenticular beds that are internally horizontal-

planar laminated or cross-stratified.  Gravel includes very fine to very coarse 

pebbles and fine cobbles that are subrounded to rounded and moderately to 

poorly sorted.  Clasts are predominantly composed of dark gray to gray 

andesite-dacite and light gray-brown dacite, with minor basalt-basaltic 

andesite, tuff clasts, rhyolite, quartzite, green Paleozoic sandstone-siltstone, 

and trace granite.  Channel-fill sand is pale brown to very pale brown to light 

gray (10YR 7-8/2; 6-7/3), fine- to very coarse-grained, rounded to subangular 

(mostly subrounded), moderately sorted, and composed of quartz, minor 

potassium feldspar, minor volcanic and mafic lithics (and variable, but minor, 

Paleozoic sedimentary lithics).  Floodplain sediment consists of silty-clayey 

very fine- to fine-grained sand, silt, and clay; bedding is thin to thick and 

tabular; the fine sand is very pale brown to light yellowish brown (10YR 7/3-

6/4), subrounded-subangular, well sorted, and composed of quartz, minor 

potassium feldspar, and minor volcanic + Paleozoic sedimentary lithic and 

mafic detritus.  Weakly to well consolidated and generally poorly-moderately 

cemented.  Maximum thickness of ~35 m. 
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Tcv Vallito Member (middle to upper Miocene) – Fine- to coarse-grained sand, 

with subordinate mudstone, clayey-silty fine sand, and lesser beds of pebbly 

sand.  Colors of the sand range from pink to very pale brown (7.5-10YR 7/3-4) 

and light yellowish brown (10YR 6/4).  The lower-middle parts of this unit 

grade laterally northward into the Ojo Caliente Sandstone Member of the 

Tesuque Formation and conformably overlie unit Ttbp3.  In the northwest 

corner of the quadrangle, the upper 35-40 m of this unit extends conformably 

over the Ojo Caliente Sandstone.  The sand was generally deposited as channel-

fills and is in medium to thick, tabular beds or else massive; these beds may be 

internally horizontal planar-laminated or cross-stratified.  Many of the cross-

stratified intervals may be eolian.  Sand grains are mostly subrounded, 

moderately to well sorted, and composed of quartz, 10-15% orange-stained 

quartz and minor feldspar, 1-10% volcanic lithic grains, 1-10% Paleozoic 

sedimentary lithic grains, 1-10% mafic grains, and trace to 3% brown chert or 

silicified felsic volcanic rocks (the cherty grains are rounded to well-rounded).  

Mudstone is in very thin to thick beds, red to reddish brown, and locally mixed 

with fine sand.   Intervals of pebbly sand consist of planar-laminated, medium- 

to coarse-grained sand intercalated with lenticular, very thin to thin beds of 

medium- to very coarse-grained sand and pebbles.  Pebbles are subrounded, 

moderately sorted, and composed of felsic to intermediate volcanic clasts 

(rhyolite, tuff, welded tuff, and light gray, sparsely to moderately porphyritic 

dacite), Paleozoic sedimentary clasts (sandstone, siltstone, and limestone), 

minor quartzite and chert, trace chert, and trace Pilar phyllite.  The amount of 

Paleozoic sedimentary clasts and granite clasts decreases to the west.  Unit is 

weakly to moderately consolidated and non-cemented. Fossil data at the 

Round Mountain Quarry, located in this unit 0.3-0.4 km west of the western 

quadrangle boundary (approximate UTM coordinates: 3,979,550 N ± 150 m, 

398,100 E ± 150, m zone 13, NAD 27), indicates deposition during the early 

Clarendonian (about 12-11 Ma; Tedford and Barghoorn, 1993; Tedford et al., 

2004).  This unit disconformably underlies the Hernandez Member on this 

quadrangle.  A coarse ash immediately below this disconformity returned an 
40Ar/39Ar age of 10.8 ± 1.9 Ma (700 m west of the western quadrangle boundary, 

on the north slope of Santa Clara Canyon; David Dethier, personal commun., 

2007).  The base of the Vallito Member is interpreted to be 13 Ma (Koning and 

Aby, 2005).  ~120 m thick.   
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TESUQUE FORMATION 

Synopsis 

Generally pink, very pale brown, pale brown, reddish yellow, light brown, or light gray 

sandstone, siltstone, pebble-conglomerate, and claystone (lithologic types listed from 

most abundant to least abundant) that underlie most of the quadrangle and collectively 

constitute an important aquifer for the region.  I follow Cavazza (1986) in primarily 

subdividing the Tesuque Formation into two lithosomes based on lithologic 

composition and provenance (lithosomes A and B).  These two lithosomes are further 

subdivided according to gross textures plus biostratigraphic and age considerations: 

units Ttbp3, Ttbp2, Ttbp1, Ttbs2, Ttbs1 of lithosome B (order of units is approximately 

youngest to oldest) and Ttac, Ttap2, Ttap1, Ttas3, Ttas2, and Ttas1 of lithosome A 

(order of units is approximately youngest to oldest).  The spatial and temporal relations 

of these units are shown in Figure 2, and each unit is described in detail below.  

Lithosome A consists of arkosic sandstone and granite-dominated conglomerate 

derived from granitic bedrock of the adjacent Sangre de Cristo Mountains.  Compared 

to lithosome B, lithosome A sediment is generally more reddish in color, contains a 

higher proportion of pink potassium feldspar sand grains relative to lithic grains 

associated with Lithosome B, has westward-directed paleoflow indicators, and the 

channel complexes are generally smaller and less broad.  In contrast, lithosome B 

consists of a heterolithic assemblage of  gravel  (greenish  Paleozoic  sandstone  and   

siltstone  with  subordinate  grayish  Paleozoic limestone, Oligocene tuffs (including 

Amalia tuff) and other volcanic rocks, quartzite, granite, quartz, and chert) because it is 

interpreted to be derived from across the Peñasco Embayment to the northeast and 

from the San Luis basin to the north (Cavazza, 1986).  The sand of lithosome B is 

typically pale brown to very pale brown to pink in color, has characteristic green quartz 

grains derived from weathering or abrasion of the greenish Paleozoic sandstone clasts, 

and commonly contains more northeast-derived lithics than pinkish potassium feldspar 
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grains (although locally these may also be subequal in proportion).  In addition, 

Lithosome B has south-southwestward (mostly southwestward) directed paleoflow 

indicators and the channels appear to be larger and broader than channels in Lithosome 

A; the latter is particularly true in units Ttbp3, and Ttbp1.  The contact between 

Lithosome A and B is gradational and laterally interfingering. Significant gradational 

zones are differentiated as “mixed units”: Ttmp2, Ttmp1, and Ttms1 (approximately 

youngest to oldest).  Noting the position of this contact relative to different age strata 

(ages interpreted from tephra and fossil data of other studies) has led the author to 

interpret a major progradation of coarse Lithosome A sediment over older, finer-

grained (distal) Lithosome A and Lithosome B sediment that occurred subsequent to 14-

15 Ma (Figure 3; Koning, 2002).  This event roughly coincides with a major shift in the 

marine oxygen isotope record (Miller et al., 1987; Zachos et al., 2000), but there are 

reasons to believe that rift tectonism may also have played a significant role in this 

progradation (Koning, 2002). 
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Figure 3. Schematic correlation of exposed map units belonging to the Tesuque Formation.  Time is 

represented on the vertical axis (scaled in Ma).  Relative distance is represented on the horizontal axis 

(not to scale).  40Ar/39Ar-dated ashes from Izett and Obradovich (2001) are also plotted.  Note the 

progradation of units Ttap1 and Ttac to the west-northwest beginning ~15 Ma, which may be due to a 

change in rift-related tectonic rates or style (Koning, 2002). 

 

On this quadrangle, lithosomes A and B have unique depositional environments.  

Lithosome A sediment is interpreted to have been deposited on a westward-sloping 

alluvial-slope (stream-flow dominated piedmont; Smith, 2000; Kuhle and Smith, 2001).  

In particular, Lithosome A sediment contains coarse deposits in distinct channel-form 

geometries surrounded by noticeably finer-grained, and more abundant, overbank or 

interfluve deposits and possible aeolian deposits.  Lithosome A sediment also lacks the 

tabular, planar-bedded couplets of relatively coarse- and fine-grained sediment 
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diagnostic of sheetflood deposits, which themselves are characteristic of alluvial fans 

(Bull, 1972; Blair, 1987 and 1999; and Blair and McPherson, 1994).  Lithosome B was 

deposited on a southwestward sloping basin floor with more distinctive, clay-rich, 

laterally extensive floodplain deposits than those found in lithosome A (e.g., much of 

unit Ttbp2 consists of floodplain deposits).  In addition, coarse deposits may be in 

larger, broader channel complexes than observed in Lithosome A (observed in units 

Ttbp1 and Ttbp3).  Cavazza (1989) also notes some evidence of meandering channels in 

lithosome B.  From these observations, I infer that in lithosome B larger drainages were 

present compared to A, low relief allowed laterally extensive floodplain formation, and 

channel bank and slope factors locally allowed channel meandering.  In light of these 

sedimentologic differences,   I use the term “basin floor” to describe the depositional 

environment of Lithosome B on this quadrangle.  However, some workers may 

consider this basin floor as semantically equivalent to an extensive, south-

southwestward sloping piedmont from highlands to the north and northeast.  This 

basin floor was marked by numerous parallel drainages flowing to the south-southwest 

rather than a single, large axial drainage.  It should be noted that Tedford and 

Barghoorn (1993) also imply that lithosome B was deposited along an axial path feeding 

the deeper part of the basin during the early to middle Miocene. The general absence of 

cobbles in lithosome B deposits implies it had lower stream competency compared to 

the present-day Rio Grande, the latter which carries abundant cobbles.  Both lithosomes 

A and B have been subdivided based largely on textural considerations, although other 

sedimentologic properties such as color and bedding also were considered.          

An important observation is that lithosome B and lithosome A become noticeably 

coarser up-section (e.g., units Ttbp3 and Ttac are coarser than underlying units).  This 

may relate to the factors which induced the westward progradation of Lithosome A. 
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On this quadrangle, Galusha and Blick (1971) have subdivided the Tesuque Formation 

into the Skull Ridge Member and overlying Pojoaque Member.  Although these 

members can locally be differentiated based on lithostratigraphic criteria, these criteria 

vary according to strike.  For example, north of the Pojoaque River, the contact between 

the Skull Ridge and Pojoaque members corresponds to the base of lithosome B fluvial 

sand (unit Ttbp1) overlying 50-60 m of pinkish siltstone and sandstone, having 

relatively high concentrations of potassium feldspar, that are tentatively assigned to 

lithosome A (unit Ttas3).  This pinkish sediment of the uppermost Skull Ridge Member 

is in turn underlain by 165-175 m of pale brown sandstone and siltstone containing 

scattered lenses of lithosome B gravel.  It is difficult to correlate the Pojoaque – Skull 

Ridge member contact southwards across the Pojoaque River because the lithosome B 

fluvial sand of unit Ttbp1 grades into lithosome A alluvial slope sediment south of the 

Pojoaque River.  To complicate matters south of the Pojoaque River, Galusha and Blick 

(1971) assign the Pojoaque – Skull Ridge Member contact to the base of lithosome A 

alluvial slope alluvium that overlies a mixed (graded) assemblage of Lithosome A and B 

fine-grained, distal alluvial slope and basin floor sediment (unit Ttms1)  –  in effect a 

reversal of the contact relationship seen to the north (note that I assign the overlying 

alluvial slope sediment here as part of the Skull Ridge Member (unit Ttas2) in order to 

achieve consistency with the stratigraphy to the north).  Furthermore, the Pojoaque – 

Skull Ridge contact becomes extremely difficult to differentiate to the south in the 

southern Horcado Ranch quadrangle (Koning and Maldonado, 2001).  These difficulties 

of recognizing the Pojoaque – Skull Ridge contact along-strike leads the author to infer 

that the two members and their common contact are perhaps based more on 

biostratigraphic criteria (i.e., the boundary of the early Barstovian versus late Barstovian 

land mammal age, as shown in Tedford and Barghoorn, 1993) rather than a 

preponderance of lithostratigraphic criteria.  This has prompted my emphasis of 

subdivision based lithosome A and B, since these are generally recognizable and 
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mappable as lithostratigraphic units (although the boundary between the two is more 

complex than shown by Cavazza, 1986 and 1989).  However, I have differentiated the 

Pojoaque and Skull Ridge members within these two lithosomes because they are useful 

when referring to chronologic and biostratigraphic issues.  In the map labels, the letters 

“a” and “b” designate these two lithosomes, and “m” denotes interbedding or 

significant mixing of these two lithosomes. The following “s” and “p” in the map labels 

designate the Skull Ridge and Pojoaque Members, respectively.  Also, subdivisions of 

these lithosomes generally have gradational contacts with one another, unless otherwise 

noted. The only map unit in the Tesuque Formation on this quadrangle that does not fit 

with the lithosome A – B concept is the Ojo Caliente Sandstone Member, located in the 

northwestern corner of the quadrangle. This member represents an eolian sand dune 

field deposit and has its own distinct lithologic and bedding characteristics.   

An extensive collection of fossils representing early Barstovian fauna have been 

collected from the Skull Ridge Member (Galusha and Blick, 1971; Tedford and 

Barghoorn, 1993).  These fossils together with 40Ar/39Ar dates of key tephra beds (Izett 

and Obradovich, 2001; Mcintosh and Quade, 1995) and magnetic-polarity stratigraphy 

(Barghoorn, 1981; Cande and Kent, 1995) establish that the Skull Ridge Member was 

deposited between 16.2 Ma to 14.9 Ma.   

The Pojoaque Member has yielded abundant fossils that belong to the late Barstovian 

North American land-mammal age (Galusha and Blick, 1971; Tedford and Barghoorn, 

1993), which spans from approximately 14.8 to 12.5 Ma (Tedford et al., 2004).  One of 

the lower-middle white ash beds exposed in the Pojoaque Member type area (SW¼  SE 

¼ of Section 36, T. 20 N., R. 8 E.) in the Los Barrancos was dated by 40Ar/39Ar methods 

and returned an age of 13.7 ± 0.18 Ma (Izett and Obradovich, 2001); this ash is labeled 

“Pojoaque white ash, TW” (PWA-TW) on Figures 4-5.  Magnetostratigraphic work also 

supports the interpretation that the Pojoaque Member was deposited during the late 
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Barstovian age (Barghoorn, 1981).  Magnetic-polarity stratigraphic data, in particular 

the apparent absence of much of magnetic polarity chron 5AD, have previously been 

used to interpret a significant unconformity between the Skull Ridge and Pojoaque 

Member strata (Barghoorn, 1981; Tedford et al., 2004). While admitting there may 

perhaps be local fluvial scouring at the base of unit Ttbp1 and related minor 

unconformities (probably 100 k.y. or less), the author disagrees that there is a 

widespread, significant unconformity at the Pojoaque – Skull Ridge Member contact 

spanning more than 100 k.y.  Locally, this contact appears gradational and bedding dips 

are similar on either side of the contact.  Moreover, the apparent disappearance of 

magnetic polarity chron 5AD occurs in the correlation of two stratigraphic sections of 

Barghoorn (1981 and 1985): the Skull Ridge – Pojoaque contact section and the Type 

Pojoaque section.  The base of the latter occurs at a west-down fault, whose sense of 

movement will act to cut out strata. The tie point between the sections is what 

Barghoorn (1981 and 1985) calls the “lower variegated facies” (unit Ttbp2).  Although 

this correlation occurs over the west-down Road fault zone, the main problem with this 

correlation is that it jumps 1.8 km in a westward direction.  Westward progradation of 

depositional environments (i.e., basin floor and distal alluvial slope) very likely 

occurred during this time period in order to account for the presence of lithosome A 

distal alluvial slope deposits in most of the Pojoaque Member type section and the lack 

of unit Ttbp1 in this section (Figure 4).  Increasing thickness  in unit  Ttbp1 ,  from ~ 20 m  

near  Barghoorn’s Skull Ridge - Pojoaque contact section (Barghoorn, 1985) to  70-85 m 

east of the Pojoaque type section, also supports a westward progradation.  In summary, 

because of this westward migration of depositional environments, trying to correlate 

geochronologic tie points based on lithologic tie points will not be valid (Figure 5), and I 

would interpret that the Pojoaque Member age range lies between 12.5 and 14.9 Ma. 
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Figure 4. Stratigraphic section measured across the Pojoaque white ash zone (PWAZ) about ¾ km north 

of the Pojoaque Member type section of Galusha and Blick (1971).  This section was measured and 

described along a trend of ~260 degrees near the headwaters of Arroyo de Madrid in the northwest 

corner of the Pojoaque Indian Reservation.  The UTM coordinates of the base and top are respectively 

3975750 N, 406080 E and 3975675 N and 405675 E (zone 13, NAD 27).  Ralph Shroba assisted in the field 

work.  See Appendix 2 for descriptive data regarding this section. 
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Figure 5. Schematic profile of units at base of Pojoaque Member, illustrating how correlating using 

lithologic tie points (shown by filled circles) during a time of westward progradation of lithofacies will 

not equate to a chronologic correlation. The two filled circles are 1.8 km apart in an east-west direction 

and 5.2 km apart in a north-south direction, and correspond to the upper limit of the Skull Ridge –

Pojoaque Contact stratigraphic section and the lower limit of the Pojoaque type stratigraphic section 

(Barghoorn, 1985).  Text in paranthesis are informal names for lithofacies in Barghoorn (1981 and 1985). 

 

Eolian sandstone 

Tto  Ojo Caliente Sandstone (middle to upper(?) Miocene) – Very pale brown 

(10YR 7/3-4, 8/2) to white (10YR 8/1) to light gray (10YR 7/2), fine- to medium-

grained sandstone.  Strata generally lack large-scale beds, with only local very 

thick, tabular beds; interally, the sand may be abundantly cross-laminated to 

planar-laminated.  Sand is subangular to rounded (mostly subrounded), 

moderately to well sorted, and subarkosic (quartz with 12-15% potassium 

feldspar and 10-14% volcanic and mafic grains).  In places, the sand is 
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intercalated with minor mudstone beds that are very thin to thick and light 

brown (7.5YR 6/3).  It is weakly to moderately consolidated and non-cemented 

and presumably grades downward into unit Ttmp2, but this was not observed 

in the field.  The unit appears to grade upward with the overlying Chamita 

Formation a short distance northwest of the northwest quadrangle corner.  This 

sand matches lithologic and bedding descriptions of the Ojo Caliente 

Sandstone to the  northwest,  which has been  interpreted as being deposited in 

an eolian dune field in the middle to upper(?) Miocene (Galusha and Blick, 

1971; May, 1980, 1984; Tedford and Barghoorn, 1993; Aldrich and Dethier, 

1991).   

 

Lithosome B 

Ttbc Lithosome B, Cejita Member (conglomerate and sandstone) (middle 

Miocene) – Broad channel complexes consisting of conglomerate and 

sandstone; commonly cross-stratified.  Access not available for detailed 

description.  Composition of sand and gravel is similar to lithosome B units in 

the underlying Pojoaque Member, but this unit is much coarser than these 

underlying units.  Locally cemented by calcium carbonate.  Unit on this 

quadrangle is correlated to the Cejita Member mapped and described east and 

northeast of Española (Manley, 1976, 1977, and 1979; Koning et al., 2005), and 

probably only includes the lower part of the Cejita Member (11-13 Ma) in the 

quadrangle area.  Unit grades laterally eastward into unit Ttap2 in the southern 

part of the quadrangle, and with the Cuarteles Member east of Espanola 

(Koning et al., 2005). These stratigraphic relations suggest an age of 13.3-12.4 

Ma for the Cejita Member on this quadrangle. At least 65 m thick.   

 

Ttbp3 Lithosome B, Pojoaque Member, subunit #3 (sandstone, conglomerate, and 

siltstone) (middle Miocene) – Very pale brown to pink (7.5-10YR 7/3-4 and 

10YR 8/2) to pale brown (10YR 6/3) to light brown (7.5YR 6/3-4) to light 

yellowish brown (10YR 6/4) to light brownish gray (10YR 6/2) (most to least 

common) sandstone, siltstone, 1-30% pebble-conglomerate (locally up to 20% 

cobbles), and <25% light brown to brown (7.5YR 5-6/3-4) or reddish brown 

(5YR 5/4) mudstone.  Channel-fill and overbank deposits are generally distinct.  

Individual conglomerate, pebbly sandstone, and sandstone channel fill beds are 

very thin to thick, and lenticular to wedge-shaped to planar to channel-shaped 

(channels are up to about 1 m-thick) -- collectively these beds may form broad 

channel complexes up to 1.5-2.0 m thick and 150 m long transverse to 

paleoflow direction; channels are commonly cross-stratified, and 3-50% of beds 
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may locally be indurated by calcium carbonate.  Pebbles are generally clast-

supported, moderately to poorly sorted, subrounded (minor rounded), and 

consist of 30-75% greenish Paleozoic sandstone and siltstone, trace-25% gray 

Paleozoic limestone, 1-50% intermediate to felsic volcanic rocks, 0-5% basalt, 1-

21% chert or quartz, 1-6% miscellaneous sandstone and siltstone, 2-10% 

quartzite, 1-29% calcium carbonate-indurated sandstone and siltstone 

reworked from the Tesuque Formation, and 1-15% granite (figures from both 

estimated proportions and clast counts).  A clast count between Sombrillo and 

La Mesilla gives: 52% greenish Paleozoic sandstone and siltstone, 23% grayish 

Paleozoic limestone, 2% intermediate to felsic volcanic rocks, 12% vein quartz, 

5% quartzite, 5% chert, 2% amphibolite or other mafic-rich rock (UTM 

coordinates: 3981600 N, 405667 E; ± 15m error; zone 13; NAD 27).  Clast count 

of lithosome B strata next to the Santa Clara Creek Road  (UTM coordinates:  

3,981,725 N and 400,680 E ± 30m, zone 13, NAD 27) gives 34% greenish 

Paleozoic(?) siltstone, 21% grayish to greenish limestone, 21% quartz, 16% 

greenish Paleozoic(?) sandstone, 2% reddish sandstone, 2% quartzite, 1% 

rhyolite, 1% granite, and 3% unidentified. Largest observed clast size is 75:70 

cm (a:b axis).  Sand in the channels is typically medium- to very coarse-grained, 

subrounded to subangular, moderately to well sorted, and a litharenite 

(mostly) to arkosic arenite.  Sandstone, siltstone, and claystone beds of the 

overbank facies are very thin to thick, commonly tabular (some broadly 

lenticular), and locally have internal cross-stratification (trough or tangential) 

up to 20 cm-tall, ripple-marks, or planar-laminations; bioturbation is locally 

present.  Overbank sand is generally very fine- to medium-grained, subangular 

to subrounded, well to moderately sorted, and a litharenite (mostly) to arkosic 

arenite (subordinate).  Siltstone and fine sandstone south-southeast of Black 

Mesa commonly are fossiliferous (Dan Chaney, personal communication, 2003; 

Chaney, 1985).  Weakly to moderately consolidated with up to 25% calcium 

carbonate induration of beds.  The basal contact of this unit with units Ttbp2 

and Ttbp1 is indistinct and approximate.  It grades laterally eastward into units 

Ttap1 and Ttmp2. This unit west of the Rio Grande may correlate to the Cejita 

Member (Ttbc). Age of unit is not well-constrained, but it contains the Pojoaque 

white ash zone (13-14 Ma).  Probably about 480-500 m thick near the Rio 

Grande.   

 

Ttbp2 Lithosome B, Pojoaque Member, subunit #2 (mudstone) (middle Miocene)  – 

Light brown to brown (7.5YR 5-6/2-4, 10YR 5/3), pinkish to light brownish gray 

and light gray (7.5-10YR 6-7/2), or light reddish brown (5YR 6/3) claystone and 

mudstone, with slightly subordinate pale brown (10YR 6/3) to pink (7.5YR 7/3-

4) to very pale brown (10YR 7/4) to light yellowish brown (10YR 6/4) siltstone 
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and very fine- to fine-grained sandstone, together with pale brown (10YR 6/3) 

to very pale brown (10YR 7/3) to light yellowish brown or yellowish brown 

(10YR 5-6/4) to reddish yellow to light brown (7.5YR 6/4-6) fine sandstone.  

Minor to slightly subordinate coarse channel-fill deposits of sandstone with 

local pebbly sandstone beds. Fine beds are thin to thick, tabular, and internally 

planar-laminated, massive, or tangential cross-laminated (up to 30 cm-thick).  

Sand is very fine- to medium-grained, well sorted, subrounded (mostly) to 

subrounded, and lithic arkose to arkose to litharenite in composition.  Some of 

the sand deposits have very well-defined planar laminations with very low-

angle truncation surfaces, lenticular pods less than 2.5 cm-thick and up to 40 

cm-wide (subaerial grain-flow deposits?), and no clear grading; these may 

possibly be eolian dune deposits.  Channel-fill deposits are in tabular channel 

complexes up to 8 m thick and 600 m wide (transverse to flow direction); 

internal beds are thin to very thin to laminated, planar- to low-angle cross-

stratified; locally cemented by calcium carbonate.  Channel-fill gravel are 

commonly in medium, lenticular beds and locally clast-supported; clasts are 

poorly sorted and subrounded.  Two clast counts north of the Santa Cruz River 

give: 29-60% greenish Paleozoic sandstone and siltstone, 3-6% red to pink 

(arkosic) Paleozoic(?) sandstone, 2-49% black to greenish gray to gray Paleozoic 

limestone, 11% granitic clasts, 3-8% intermediate to felsic volcanic rocks and 

tuffs, 8-9% quartzite, 2% limestone, 6% calcium carbonate-indurated sandstone 

(probably from Tesuque Formation), and 3% vein quartz (UTM coordinates: 

3983778 N, 408049 E; 3984035 N, 408919 E; ± 15m; zone 13; NAD 27).  One clast 

count near the center of the quadrangle gives: 41% greenish Paleozoic 

sandstone and siltstone, 29% indurated nodules of local Tesuque Formation 

sandstone and mudstone, 17% grayish Paleozoic limestone, 5% granite, 4% 

quartzite, 3% intermediate to felsic volcanic and volcaniclastic rocks, 1% chert 

(UTM coordinates:  3978356 n, 406419 E; ± 15m; zone 13; NAD 27).  Maximum 

clast sizes are commonly 4-7:3-6 cm (a : b axes).  Clast imbrication indicates a S-

SW paleoflow direction.  Channel-sand is pale brown (10YR 6/3) to very pale 

brown (10YR 7/3), very fine- to very coarse-grained (mostly fine- to medium-

grained), subrounded (mostly) to subangular, poorly to well sorted, and a 

litharenite to lithic arkose.  Sediment is weakly to moderately consolidated and 

commonly underlies valleys.  Sparse sand and pebble beds of similar 

composition as unit Ttbp1 indicates that the sediment is of lithosome B affinity.  

This unit is interpreted to generally represent a floodplain environment 

interspersed with coarse channels derived from the north-northeast.  The 

relative proportion of the coarse channel-fills decreases to the south and west; 

in the northeast part of the quadrangle, north of the Santa Cruz River, they 

occupy an estimated 20-50% of the total sediment volume, but this proportion 
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decreases to 5-20% to the south and to the west (the westward decrease is based 

on subsurface data in the Española #6 well; Shomaker and Associates, Inc., 

unpublished data).  Lower contact with unit Ttbp1 and upper contact with unit 

Ttap1 are gradational; contact placed where mudstone and claystone 

predominate over sandstone.  This unit corresponds to the lower variegated 

facies of the Pojoaque Member, as informally designated by Barghoorn (1981 

and 1985).  Unit lies below the Pojoaque white ash zone and above unit Ttbp1, 

so I infer an age range of 14.5-14.0 Ma.  Approximately 110-115 m thick. 

 

Ttbp1 Lithosome B, Pojoaque Member, subunit #1 (sandstone) (middle Miocene) –

Pale brown (10YR 6/3) to very pale brown (10YR 7/3-4) to light gray (10YR 7/2) 

to light brownish gray (10YR 6/2) to gray (10YR 6/1) sandstone with 

subordinate siltstone and mudstone, and less than 1% conglomerate beds.  

Sand is very fine- to coarse-grained but commonly very fine- to medium-

grained, generally well sorted with some moderate sorting, subrounded (minor 

subangular), and a lithic arkose to litharenite; sand lithics are mostly purplish 

volcanics or greenish quartz grains probably derived from erosion of Paleozoic 

sandstone.  Sand lacks clear beds or else is in very thin to thick, tabular or 

broadly lenticular (over several meters long) beds; sand has common, well-

defined, internal planar-, wavy-, or cross-laminations (up to 40 cm-thick 

tangential foresets or trough-cross-stratification) that are locally normal-

graded.  Narrow gravelly ribbon channels are uncommon; instead, channels 

are relatively broad (several meters in width) and 70-110 cm-deep.  Siltstone 

and mudstone are in very thin to thick, tabular or irregular beds, which are 

locally laminated. Conglomerate includes mostly pebbles with subordinate 

cobbles (max. clast size is 13:10 cm, a : b axes); clasts are moderately sorted , 

subrounded, clast-supported, and consist of <10 % granite, 1-35% felsic to 

intermediate volcanic clasts, 1-99% calcium carbonate-indurated sandy 

mudstone rip-up clasts (derived from mudstone of this unit), 1-50% greenish to 

grayish Paleozoic sandstone and siltstone, 1-20% quartzite, 1-5% chert, 1-35% 

Paleozoic grayish limestone.  Sandstone is generally loose to weakly 

consolidated, but locally 1-5% of beds are indurated by calcium carbonate, and 

siltstone and mudstones are weakly to moderately consolidated; as a whole, 

unit is easily eroded and generally forms strike valleys.   

 

This unit grades into lithosome A alluvial slope sediment (Pojoaque Member) 

south of the Pojoaque River, but oblique to strike in the subsurface probably 

extends southwestwards under this alluvial slope sediment. Unit also becomes 

more micaceous (probably derived from the Sangre de Cristo Mountains) and 

finer-grained to the south.  South of and adjacent to the Pojoaque River, these 
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deposits are composed of pale brown and light gray to light brownish gray 

(10YR 6/3) and 10YR 6-7/2) siltstone, fine sandstone, and claystone.  Strata here 

are in very thin to thick, tabular to broadly lenticular beds that are internally 

planar-laminated or massive.  Sand is subrounded to subangular, well sorted, 

very fine- to medium-grained (mostly very fine- to fine-grained), and lithic 

arkose to litharenite in composition (greenish quartz grains are probably 

derived from erosion of Paleozoic sandstone).  Although mostly interpreted as 

low-energy fluvial deposits on a basin floor, some strata may have been 

deposited in small lakes or playas on this basin floor (e.g., site at UTM 

coordinates: 3,972,350 N and 405,120 E ± 30 m, zone 13, NAD 27).  Weakly to 

moderately consolidated with very minor beds indurated by calcium 

carbonate.   

 

Unit forms the base of the Pojoaque Member north of the Pojoaque River; 

locally, a light olive gray (5Y 6/2), <50 cm-thick, very fine- to medium-grained 

sand may overlie the basal contact.  Base of unit appears scoured or 

conformable with the underlying Skull Ridge Member, depending on location.  

One example of an apparently conformable contact is 0.6-0.7 km west of U.S. 

Route 285 (UTM coordinates: 3,975,620 N and 407,610 E ± 20 m).  This unit is 

referred to as “zone of sandstone ovoids” in Barghoorn (1981 and 1985).  East of 

the Los Barrancos, this unit lies below the Pojoaque white ash zone, and I infer 

an age range of 14.9-14.1 Ma.  West of the Los Barrancos, this unit extends into 

the Pojoaque white ash zone, so the age range there is 14.9-13.5(?) Ma.  

Approximately 210 m thick.   

 

Ttbs2 Lithosome B, Skull Ridge Member, subunit #2 (siltstone and fine sandstone) 

(middle Miocene) – Light gray to pinkish gray (7.5-10YR 7/2) to brown (10YR 

5/3) very fine to fine-grained sandstone, mudstone, and siltstone; bedding not 

exposed; weakly consolidated and easily eroded.  Based on gross similarities to 

units Ttbs1 and Ttbp1 and its fine texture, this unit is interpreted to represent 

an overbank facies of a fluvial system associated with lithosome B.  Since this 

unit lies between the Pojoaque-Skull Ridge Member contact and the Upper 285 

Road ash, its age is between 15.1-14.9 Ma.  Probably less than 15 m thick.     

 

Ttbs1 Lithosome B, Skull Ridge Member, subunit #1 (sandstone and siltstone) 

(middle Miocene) – Pale brown (10YR 6/3) to very pale brown (10YR 7/3-4) to 

light brownish gray (2.5Y-10YR 6/2) to light gray (10YR 7/1) to light yellowish 

brown (10YR 6/4), very fine- to medium-grained sandstone and siltstone with 

subordinate light brown (7.5YR 6/3) to pinkish gray (7.5YR 6-7/2) mudstone.  

Bedding is commonly poorly defined, very thin to very thick, tabular or 



39 
 

broadly lenticular (over 10-15 m); internally massive or planar- to wavy- 

laminated or cross-laminated (foresets up to 25 cm-thick).  Very minor pebbles 

in sandstone found just east of U.S. Route 285 (UTM coordinates: 3,976,670 N 

and 408,270 E ± 20m, zone 13, NAD 27) are mostly calcium carbonate-

indurated, whitish, and reworked mudstone, siltstone, or sandstone with about 

10% greenish Paleozoic sandstone and siltstone.  Sand is subrounded to 

subangular, well sorted, and a lithic arkose to lithic arenite.  Fine sediment may 

occupy channels approximately 70 cm-deep.  Very sparse paleo-burrows and 

eolian dune sand.  Sand in unit is commonly weakly consolidated except for 

very sparse beds indurated by calcium carbonate; mudstone is moderately 

consolidated; unit as a whole is easily erodible and forms topographic lows.   

Near the eastern quadrangle boundary east of Arroyo Seco (UTM coordinates: 

3,979,320 N and 409,510 E ± 30 m, zone 13, NAD 27 ), the lower contact of this 

unit is sharp with underlying siltstone; just above the lower contact here is light 

gray (10YR 7/1), fine- to medium-grained sandstone with scattered pebbles of 

the following composition: 65-70% greenish Paleozoic(?) sandstone and 

siltstone, 5-10% intermediate to felsic volcanics, 5% quartzite, and 15-20% 

granite.  Relatively broad channels, its composition having relatively abundant 

Paleozoic detritus, and overall fine texture suggest that this unit was deposited 

by relatively low-energy stream flows along the eastern margin of a lithosome 

B depositional environment. This unit lies between the Upper 285 Road ash 

and above the Skull Ridge White Ash #4, so its age is between 15.3 and 15.1 Ma.  

Approximately 170-180 m thick. 

 

Lithosome A 

Ttac Lithosome A, Cuarteles Member (middle Miocene) – Pink to light brown 

(7.5YR 6-7/4), very pale brown (10YR 7/3), reddish yellow (7.5YR 6/6), or light 

yellowish brown (10YR 6/4), slightly muddy to silty sandstone with greater 

than 10-20% pebble-conglomerate beds.  In places, coarse channel fills may 

occupy as much as 40% of the total sediment volume.  Pebble-conglomerate is 

in very thin to medium, lenticular beds or in ribbon-like channels up to 100 cm-

thick; beds are internally planar- to cross-stratified (up to 10 cm-thick observed 

foresets).  Pebbles are very fine to very coarse, subangular to subrounded, 

poorly to moderately sorted, clast-supported, and composed of granite with 

associated quartz and feldspar (derived from erosion of granite), trace to 1% 

amphibolite, and trace to 3% yellowish Paleozoic limestone or siltstone.  Up to 

15% of gravel is cobbles (by volume).  Sand in conglomerate beds is generally 

coarse- to very coarse-grained.  Sandstone beds are thin to very thick, tabular to 

broadly lenticular, and internally massive; sand in these beds is very fine- to 
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very coarse-grained with less than 20% pebbles that may be scattered 

throughout, poorly to moderately sorted, subangular to subrounded, and 

arkosic arenite.  Throughout the unit, paleosols may be found in the sandstone 

and consist of 10-20 cm-thick Bt horizon(s) underlain by 10-60 cm-thick Bk 

horizon(s) with stage I to II carbonate morphology.  Muddy to silty sandstone 

are weakly to well consolidated and locally forms ledges, as near the crest of 

the Los Barrancos.  Pebble-conglomerate is weakly consolidated to strongly 

cemented (by calcium carbonate).  Muddy to silty sandstone represents 

bioturbated overbank deposits, low-energy deposits in broad channel-fills, or 

gully-mouth fan deposits of an alluvial slope system. Pebble-conglomerate 

beds are channel fill deposits of an alluvial slope system.  Unit grades 

downward into unit Ttap2 over about 2-6 m.  Koning et al. (2005) applied the 

name "Cuarteles Member" to this stratigraphic interval.  This unit correlates to 

Barghoorn’s (1981 and 1985) upper conglomeratic facies of the Pojoaque 

Member, and according to their magnetic polarity data begins being deposited 

at 13.1-13.2 Ma (using magnetic polarity time scale of Cande and Kent, 1995).  

This unit correlates with the coarse upper subunit of the Pojoaque Member 

(Ttac) in the Horcado Ranch quadrangle to the south, which is estimated to be 

up to 270(?) m thick (Koning and Maldonado, 2001).   40Ar/39Ar dates of tephras 

in correlative strata (coarse upper subunit of the Pojoaque Member of Koning 

and Maldonado, 2001) indicates this coarse sediment is as young as 8 – 8.5 Ma 

to the south (Koning and Maldonado, 2001; Koning et al., 2002b).  The youngest 

age on this quadrangle is not known with certainty, but I favor an approximate 

upper age limit of 12.4-12.8 Ma using the magnetic polarity stratigraphic data 

of Barghoorn (1981 and 1985) and the magnetic polarity time scale of Cande 

and Kent (1995).  Up to ~150 m thick on this quadrangle. 

 

Ttap2 Lithosome A, Pojoaque Member, subunit #2 (sandstone and conglomerate) 

(middle Miocene) – Light brown (7.5 YR 6/4) to reddish yellow (7.5YR 6/6) to 

pink (7.5YR 7/4) to light reddish brown (5YR 6/4), very fine- to medium-

grained (mostly very fine to fine) sandstone, silty sandstone, mudstone, and 

siltstone with ~3-15% sandy pebble-conglomerate or pebbly sandstone beds. 

Fine strata are in thin to thick, tabular to broadly lenticular beds; these beds 

may have internal planar-laminations, with very minor gentle, low cross-

laminations up to 4 cm-thick.  Coarse channel fill strata are in very thin to 

medium, lenticular to broadly lenticular beds. Sand is subangular (some 

subrounded), moderately to well sorted, and arkosic arenite. Well consolidated 

and non- to weakly cemented; 1-20% of beds have strong cementation by 

calcium carbonate, especially the coarse channel fills.   Unit grades upward into 

Ttac over 2-6 m, and is called the “salmon interval” of the Pojoaque Member by 
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Galusha and Blick (1971). This “salmon interval” becomes less distinctive 

southwards towards the Pojoaque River because it progressively contains more 

coarse channel fills and loses its red color in that direction (i.e., it progressively 

becomes more similar to unit Ttac).  This unit overlies and gradually grades 

into unit Ttap1.  This unit correlates with the lowest part of the coarse upper 

subunit of the Pojoaque Member (Ttalc) in the Horcado Ranch quadrangle to 

the south, which is estimated to be up to 270(?) m thick (Koning and 

Maldonado, 2001).  Using magnetic polarity stratigraphic data of Barghoorn 

(1985) and Cande and Kent (1995), I estimate an age range of 13.4-13.1 Ma for 

this unit.  10-60 m thick.     

                   

Ttap1 Lithosome A, Pojoaque Member, subunit #1 (siltstone and sandstone) 

(middle Miocene) – Very pale brown (10YR 7/3-4), pink (7.5YR 7-8/3-4), and 

minor light brown (7.5YR 6/3-4), light yellowish brown (10YR 6/4), reddish 

yellow (7.5YR 6/6), pale brown (10YR 6/3) or light gray (10YR 7/2) sandstone, 

siltstone, subordinate claystone, and less than 15% pebble-conglomerate.  

Siltstone and sandstone beds are very thin to very thick, tabular, and may 

contain internal laminations or be internally massive.  Claystone beds are very 

thin to medium and tabular.  Pebble-conglomerate beds are in ribbon-like 

channels or lenticular beds that may be up to 1 to 2 m-thick but very commonly 

are less than 30 cm-thick; these have internal laminations or very thin to thin 

beds that are planar or cross-stratified (foresets up to 60 cm-thick).  Pebble 

conglomerate beds consist of subangular to subrounded, clast-supported, and 

poorly to moderately sorted pebbles with trace to 30% cobbles.  Clasts are 

composed of pinkish to whitish granite with associated granite-derived 

feldspar and quartz plus 1-30% calcium carbonate-indurated nodules of 

sandstone.  Sand in the conglomerate beds is generally medium to very coarse, 

subangular to subrounded, moderately sorted, and arkosic arenite.  Sand 

outside of conglomerate beds is very fine- to very coarse-grained but generally 

very fine- to medium-grained, subangular to subrounded, moderately to well 

sorted, and arkosic arenite.  These sandy strata either represent deposition in 

broad channels or else possibly deposition by relatively unconfined flow as 

lobes on an alluvial slope.  Siltstone and claystone probably represent overbank 

deposition.  Ttap1 contains several white and gray ashes, some of which have 

been correlated over a few km using geochemical analyses by Andrei Sarna-

Wojcicki; together, these tephra form a distinct, tephra-rich stratigraphic 

interval called the Pojoaque white ash zone (PWAZ, discussed below).  A 

stratigraphic section 0.7-0.8 km north of the Pojoaque Member type section 

illustrates both the PWAZ and the lithologic character of this unit.  Tabular 
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siltstone and sandstone beds commonly are moderately to well consolidated 

and form ledges or cliffs in the badlands near Los Barrancos; pebble-

conglomerates are commonly indurated by calcium carbonate cement.  Sand 

has 1-3% muscovite south of the Pojoaque River and the amount of pebble-

conglomerate beds also slightly increases to the south (as much as 20% of 

sediment volume locally).  In the western-northwestern portions of this unit, 

lithosome B gravel and well sorted sand become more abundant, suggesting a 

transition from a lithosome A alluvial slope to the lithosome B basin floor 

drainages represented by unit Ttbp3.  Unit gradationally overlies lithosome B 

units Ttbp1, Ttbp2, and Ttbp3; the contact is generally drawn at the base of the 

lowest lithosome A beds in this gradation.  This gradation is illustrated in the 

stratigraphic section of Figure 4, where lithosome B interbeds are found in the 

lowest part of the unit.  Unit correlates with the lower subunit of the Pojoaque 

Member (eastern provenance) in the Horcado Ranch quadrangle to the south 

(Ttpe of Koning and Maldonado, 2001). Barghoorn (1981 and 1985) calls this 

unit the buff tuffaceous facies, and according to his magnetic polarity data is 

about 14.0 to 13.2 Ma in age (using magnetic polarity time scale of Cande and 

Kent, 1995).  Approximately 180-220 m thick. 

 

Ttas3 Lithosome A, Skull Ridge Member, subunit #3 (siltstone and fine sandstone) 

(middle Miocene) – Brown to light brown (7.5YR 5-6/4) to pink (7.5YR 7/4) to 

reddish yellow (7.5YR 6/6) to minor light yellowish brown (10YR 6/4) siltstone, 

very fine- to fine-grained sandstone, and claystone; very thin to thick, tabular 

beds or massive; moderately to well consolidated.  Unit is only differentiated 

where it overlies unit Ttbs2 in Section 19, T. 20 N., R. 9 E.  To the south of 

where unit Ttbs2 appears to pinch out, this stratigraphic interval is subsumed 

into Ttas2.  Similar to unit Ttas2, this unit is interpreted to represent a distal 

alluvial slope environment or the transition between an alluvial slope and 

basin floor environment. Since this unit lies between the Pojoaque-Skull Ridge 

Member contact and the Upper 285 Road ash, its age is between 15.1-14.9 Ma.  

12-21 m-thick.   

 

Ttas2 Lithosome A, Skull Ridge Member, subunit #2 (siltstone and fine sandstone) 

(middle Miocene) – Mostly pink to very pale brown (7.5YR-10YR 7/3-4), with 

minor pale brown to light brown to light yellowish brown (7.5-10YR 6/3-4) to 

reddish yellow (7.5YR 6/6), siltstone and very fine- to fine-grained, well sorted 

sandstone.  Subordinate light brown (7.5YR 6/4) and reddish yellow (7.5YR 6/6) 

mudstone.  Siltstone and sandstone are massive, planar-laminated, cross-

laminated (foresets up to 40 cm-thick), or very thinly- to medium-, tabular-

bedded with evidence of bioturbation, ripple marks, and local nodules of 
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calcium carbonate.  South of the Pojoaque River, this unit is pink to light brown 

(7.5YR 6-7/3-4) to light yellowish brown (10YR 6/4) to very pale brown to light 

gray (10YR 7/2-3) siltstone and very fine- to medium-grained sandstone with 

subordinate reddish brown (5YR 5/4) claystone and mudstone.  Sandstone and 

siltstone are massive or in lenticular, very thin to thick beds. Claystone and 

mudstone are in tabular, very thin to thin beds.  Trace coarse sand grains 

consist of granite-derived lithics.  Unit includes minor bodies of Ttbp1 

sediment.  Aside from very minor sandstone beds strongly cemented by 

calcium carbonate, sediment is weakly to moderately consolidated and 

generally erodes easily. Strata contain several white (N8/) and gray ashes 5 cm 

to 150 cm-thick, only one of which is extensive enough to be mapped.  This 

mapped ash was sampled 180 m south of the southern boundary of the 

quadrangle (sample H-235, UTM coordinates: 3,970,200 ± 10 N, 407,430 ± 10 E, 

zone 13, NAD 27), and chemical analyses by Nelia Dunbar of New Mexico 

Tech, in addition to its stratigraphic position within lithosome A sediment, 

strongly suggests it correlates to the Upper 285 Road ash to the north. The 

upper 285 Road Ash has an 40Ar/39Ar age of 15.1 ± 0.06 Ma (Izett and 

Obradovich, 2001). 

 

Because the Upper 285 Road ash is within the Skull Ridge Member, this 

lithologic unit south of the Pojoaque River was also placed in the Skull Ridge 

Member in spite of Galusha and Blick (1971) including it within the Pojoaque 

Member.  40-50 m exposed on this quadrangle, but thickness is a minimum 

because unit is offset by the Pojoaque fault. 15 to 35 m of strata lies between the 

Upper 285 Road Ash (“285 Road Ash” of Izett and Obradovich, 2001) and the 

Pojoaque - Skull Ridge contact.    

Based on gross similarities to unit Ttas1 and the clear presence of granitic 

detritus south of the Pojoaque River, this unit probably was deposited in a 

distal alluvial slope environment adjacent to the fluvial system represented by 

Ttbs2.  However, this unit is also similar to certain fluvial Pojoaque Member 

strata north of the Santa Cruz River in lithosome B, so alternatively parts of it 

may possibly represent overbank depositional facies along the margins of the 

lithosome B basin floor drainage system. 40-60 m thick north of the Pojoaque 

River.   

    

Ttas1 Lithosome A, Skull Ridge Member, subunit#1 (siltstone and sandstone) 

(middle Miocene) – Pink (7.5YR 7/3-4) to light yellowish brown (10YR 6/4) to 

light brown (7.5YR 6/3-4) to very pale brown (10YR 7/3) siltstone and very fine- 

to medium-grained, arkosic sandstone.  Very thin to thick, tabular beds or 
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otherwise massive; locally, beds may have abundant paleo-burrows and also 

minor, very low-angle cross- or planar-laminations.  The relatively coarser sand 

may fill sparse, 10 to 20 cm-thick, calcium-carbonate indurated, channel 

deposits.  One sandy conglomerate bed north of the Pojoaque reservation 

boundary (UTM coordinates: 3,977,030 N and 409,450 E ± 30m, zone 13, NAD 

27) fills a  90 cm-thick, ribbon-like channel and is composed of fine pebbles of 

granite (including associated feldspar and quartz) with 5% calcium carbonate-

indurated sandstone clasts. Sediment of unit becomes slightly redder to the 

north in the vicinity of Arroyo Seco (i.e. pinkish gray to pink to light brown 

(7.5YR 6-7/2-3)).  Also, at a site north of the Pojoaque reservation boundary 

(UTM coordinates: 3,978,880 N and 409,650 E ± 30m, zone 13, NAD 27) is a 6-9 

m-thick interbed of pale brown (10YR 6/3) sand and subordinate pebbles of 

Lithosome B.  The presence of ribbon-like channel deposits with granitic gravel, 

the arkosic nature of the sand, the lack of sheetwash deposits, and the color of 

this unit is similar to the lower Skull Ridge Member that was interpreted as an 

alluvial slope deposit by Kuhle and Smith (2001); this similarity suggests that 

Ttas1 on this quadrangle was also deposited on a lithosome A alluvial slope 

and had an eastern provenance.  The part of this unit on this quadrangle 

generally lies between Skull Ridge White ashes #3 and #4, which have yielded 
40Ar/39Ar ages of 15.3 and 15.4 Ma (Izett and Obradovich, 2001).  95-100 m thick. 

 

Mixed and/or interbedded Lithosome A and B strata 

Ttmc Mixed subunit #4, Cuarteles and Cejita Members (sandstone, conglomerate, 

and mudstone?) (middle Miocene) – This unit lies on the upper slopes of Black 

Mesa and could not be visited due to land access restrictions. It probably 

reflects an interfingering or a mixture of the Cuarteles and Cejita Members of 

the Tesuque Formation (units Ttac and Ttce), or possibly consists solely of the 

Cuarteles Member. Probably 13-12 Ma based on ages of the Cuarteles and 

Cejita Members and its position over the lower Cejita Member. 35-55 m thick. 

 

Ttmp2 Mixed subunit #3, Pojoaque Member in western part of the quadrangle 

(sandstone, siltstone, mudstone, and conglomerate) (middle Miocene) – Only 

a limited number of outcrops of this unit could be visited due to land access 

restrictions. Based on these outcrops, this unit likely includes interfingering 

and mixing of: 1) lithosome B sand and gravel of the upper Pojoaque Member, 

and 2) volcanic pebbles and arkosic, very fine- to medium-grained sand of the 

Chama-El Rito Member (Galusha and Blick, 1971). Outcrops in the town of 

Española and the town of Guachupangue consist of sandstone with 
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subordinate siltstone, mudstone, and pebbly sandstone. Colors range from 

pink (7.5YR 7/4), light brown (7.5YR 6/4), and pale brown to light yellowish 

brown (10YR 6/3-4).  Beds are very thin to thin and commonly internally 

laminated; bedding geometry ranges from tabular to lenticular. Sand is 

generally very fine- to coarse-grained (minor channel-fills contain pebbly 

coarse- to very coarse-grained sand), subrounded to subangular, and well-

sorted. Pebbles are typically very fine to fine and contain greenish Paleozoic(?) 

siltstone clasts, felsic to intermediate volcanic rocks, quartz, and claystone rip-

ups. Sand contains quartz and variable proportions of potassium feldspar and 

northeast-derived lithic grains. About 1-3% of the beds are strongly cemented 

by calcium carbonate, particularly the medium- to coarse-grained sandstone 

beds. Otherwise, strata are weakly cemented and weakly to moderately 

consolidated. Unit appears to lie below unit Ttbp3 west of the Rio Grande. Its 

age is probably around 13.3-13.6 Ma. Thickness is not known with certainty. 

 

Ttmp1 Mixed subunit #2, Pojoaque Member (sandstone, siltstone, and 

conglomerate) (middle Miocene) – Very pale brown (10YR 7/3) to pale brown 

(10YR 6/3) to light gray (10YR 7/2) to pink (7.5YR 7/3-4) sandstone and silty 

sandstone with minor pebble-conglomerate, siltstone, and claystone.  Pebble-

conglomerate beds are very thin to thick and lenticular, with cross-beds up to 

60 cm tall, and are commonly indurated by calcium carbonate; pebbles are 

subrounded to subangular and clast-supported.  Clasts in a given conglomerate 

bed are a mix of lithosome A and B provenance or from either lithosome A or 

B.  Near the Pojoaque River, conglomerate beds are common.  Although some 

conglomerate beds here have a composition similar to lithosome B, most have 

the following composition: 1-30% reworked calcium carbonate-indurated 

sandstone, 70-99% granite, and trace northeast-derived lithologies similar to 

those found in lithosome B. Sandstone is very fine- to very coarse-grained but 

mostly very fine- to medium-grained, subrounded to subangular, well sorted, 

arkose to lithic arkose, and in thin to thick, broadly lenticular (10-30 m lateral 

length) to tabular beds that are internally planar-laminated or else massive; 

sandstone is moderately consolidated with sparse, local induration by calcium 

carbonate. Siltstone is pink (7.5YR 7/3-4), in very thin to thick, tabular beds, and 

well consolidated.  Claystone is light brown (7.5YR 6/3-4), in thin to thick and 

tabular beds, and well consolidated.  Paucity of pebble-conglomerates in 

ribbon-like channels, relatively broad channel-fill deposits, abundance of well 

sorted sand, and trace gravel from the northeast suggest this unit represents a 

transition from a lithosome A alluvial slope to a lithosome B fluvial system. 

Unit lies below and within the Pojoaque white ash zone, so I assign a 

preliminary age range of 14.5-13.2 Ma.  Thickness is variable. 
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Ttmpf Mixed subunit, fine-grained Pojoaque Member (siltstone, mudstone, fine 

sandstone) (middle Miocene) – Siltstone, mudstone, and very fine to fine-

grained sandstone (local medium-lower sand).  Common colors of pale brown 

to light yellowish brown (10YR 6/3-4) or light gray, with local light brown to 

reddish yellow (7.5YR 4-6/6).   Horizontal-planar and laminated to very thinly 

to thick bedded; also locally massive.  1-10% very thin to thick, tabular beds of 

calcium carbonate-indurated sediment; 1-5% calcium carbonate nodules.  

Sandstone exhibits a subequal ratio of feldspar: northeast-derived lithic grains.  

Sand is subrounded to subangular and well sorted. Interpreted to be composed 

mostly of floodplain deposits, including paludal sediment. Strong 

effervescence in hydrochloric acid.  Very weakly consolidated. Lies below unit 

Ttmp2, but the contact between the two is not exposed.  Appears to grade 

laterally southward into unit Ttap1 and probably is similar in age to the older 

part of the Pojoaque white ash zone (14.0-13.6 Ma). Approximately 50-60 m 

thick. 
 

Ttms2 Mixed subunit #2, Skull Ridge Member (middle Miocene) – Pink (7.5YR 7/4) 

siltstone and very fine- to medium-grained sandstone intercalated with reddish 

brown (5YR 5/4) claystone to mudstone.  Siltstone and sandstone are massive 

or in very thin to thin, lenticular beds.  Claystone to mudstone beds are very 

thin to thin and tabular.  Unit found in uppermost Pojoaque Member in the 

lowlands east of los Barrancos.  Unit has the upper 285 Road Ash, so it is 

approximately 15.1 Ma. 

 

Ttms1 Mixed subunit #1, Skull Ridge Member (fine sandstone and siltstone) 

(middle Miocene) – Pale brown to light brownish gray (2.5Y 6/2 and 10YR 5-

6/4) very fine- to fine-grained sandstone, mudstone, and siltstone.  Very thin to 

medium, tabular beds that are internally planar- to wavy-laminated or massive; 

local soft sediment deformation structures and cross-stratification up to 3-4 cm-

thick. Sandstone has 1-10% muscovite grains, is well sorted, subangular to 

subrounded, and a lithic arkose (subordinate grains associated with lithosome 

B).    Very weakly to weakly consolidated.  Interpreted to reflect deposition in 

the transition between a lithosome B basin floor (probably a floodplain) and 

lithosome A distal alluvial slope.  Unit lies in the upper Skull Ridge Member 

south of the town of Pojoaque. Age is likely between 15.3 and 15.0 Ma.  Most of 

the unit is covered by Holocene alluvium along the Rio Tesuque, so thickness is 

uncertain. 
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TEPHRA BEDS 

 

Several ash and lapilli beds were sufficiently extensive and thick to be utilized as 

lithostratigraphic and chronostratigraphic marker beds.  These are described below and 

listed in the explanation of Map Symbols.     

 

El Cajete pumice – A ~70 cm-thick, pumice fall bed overlain by reworked, massive 

pumice mixed with granitic sand and pebbles.  Pumice is white, 0.2 to 5 mm-long, 

planar-laminated to planar-very thinly bedded, loose, moderately sorted, subrounded, 

and clast-supported.  Pumice contains 1-3% biotite and trace to 0.5% hornblende  

 

Basaltic lapilli – Locally present in unit Ttap2 are thin to medium, tabular beds of 

basaltic lapilli mixed with about 3% granitic detritus.  Only one or two beds seen at a 

given locality (where accessible).  Lapilli are sand- to pebble-size, moderately to well 

sorted, and subangular to subrounded.  Sample was collected and submitted for 
40Ar/39Ar analysis but yellow to purple discoloration of the clasts suggests significant 

alteration.  Deposit is similar to the much younger phreatomagmatic deposits 

associated with the Pliocene-age Cerros del Rio volcanic field, and likewise are 

probably phreatomagmatic in origin from a local source up-wind (probably to the 

west).  

 

Pojoaque white ash zone (PWAZ) – This zone consists of as many as eight ashes within 

a 150-157 m-thick stratigraphic interval.  These ashes are mostly white (some are gray or 

locally grade from gray to white), altered to non-altered, powdery to silty-textured, 

generally hard and ledge-formers, contain various proportions of biotite, internally 

massive or planar- to wavy-laminated, and may be up to about 100 cm thick.  Many of 

these ashes were differentiated and correlated over 6-7 km distance with the aid of 

geochemical comparisons conducted by Andrei Sarna-Wojcicki (unpublished data by 

Andrei Sarna-Wojcicki).  The data and interpretations that relate to these correlations 

are too much to include in this map and report, but it is anticipated that this material 

will be published in the near future.  Age range of this ash zone was obtained from 

magnetic polarity data of Barghoorn (1981 and 1985) and an 40Ar/39Ar age of 13.7 ± 0.18 

Ma from biotite in sample Pojoaque TW (Izett and Obradovich, 2001).  This age range is 

14.0 to 13.2 Ma.  On the geologic map, the Pojoaque white ashes of this zone (note that 

some of the ashes are gray in the Los Barrancos) are differentiated as the following: 

 

Non-correlated Pojoaque white ash – White ashes in the Pojoaque white ash zone that 

were not correlated.  See above description regarding the Pojoaque white ash zone. 
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Pojoaque white ash #6 – 20-30 cm-thick, grayish white to white, porcellaneous ash that 

is commonly in unit Ttap2 or just below its basal contact. It is silty-textured or fine- to 

medium sand-size.  Samples EC-799-djk and Jacomita 14 come from this ash. 

 

Pojoaque white ash #5 – Bright white, hard, contains ~0.5% biotite, and possessing 

slightly wavy to planar laminations.  Thickness varies but it is at most 80 cm. Probably 

all fluvially reworked.  Samples EC-110 and Jacomita #6 come from this ash.  This or the 

Pojoaque white ash #4 may be the Pojoaque White Ash of Galusha and Blick (1971). 

 

Pojoaque white ash #4 – Bright white, powdery ash with a silty-texture; has trace 

biotite; lower 30-40 cm is massive and may  represent primary fall-ash, upper 40-70 cm 

is slightly wavy-laminated and may be fluvially reworked.  80-100 cm thick.  Samples 

EC-109 and Jacomita #5 come from this ash. This or the Pojoaque white ash #5 may be 

the Pojoaque White Ash of Galusha and Blick (1971). 

 

Pojoaque white ash #3 – Grayish to white (N8\), silty-textured ash that has no mafic 

minerals; slightly wavy laminated, relatively non-altered, and 30-35 cm-thick.  Samples 

EC-108 and Jacomita #4 come from this ash. 

 

Pojoaque white ash #2 – Bluish gray ash where crossed by the stratigraphic section in 

Figure 4.  Lower 6 cm is light gray (2.5Y 7/1), massive, non-altered and glittery, silty-

textured, and may represent primary fall-ash. Overlying ash is more white (N8/ to 10YR 

8/1), silty-textured, powdery, and not as glittery as the lower part.  No mafic minerals 

and 30-40 cm thick.  Samples EC-106 and Jacomita #3 come from this ash.  Near the 

Pojoaque type section ¾ km to the south of the stratigraphic section of Figure 4, the ash 

is white, powdery to chalky (probably altered), and mixed with ~5% detrital sand and 

1-3% biotite; 20-30 cm-thick. This or the Pojoaque white ash #1 may be the Blue-Gray 

ash of Galusha and Blick (1971). 

    

Pojoaque white ash #1 – Light gray to white, soft ash that is glittery and lacks mafic 

minerals. 20-30 cm-thick.  Although found near the Pojoaque Member type section, the 

ash does not extend north to the stratigraphic section depicted in Figure 4.  At the type 

section, the ash is offset ~3 m by an east-down fault.  This or the Pojoaque white ash #2 

may be the Blue-Gray ash of Galusha and Blick (1971). 

 

Pojoaque white ash, thin white bed – Powdery and white, with 0.5% biotite and ~3% 

detrital sand.  Ash lies 3-7 m below Pojoaque white ash #1. 20-30 cm-thick.  Based on 

correspondence with Glen Izett (written communication, 2004), this may be the same 

ash dated 40Ar/39Ar methods that returned an age of 13.7 ± 0.18 Ma from biotite (sample 

Pojoaque TW; Izett and Obradovich, 2001).    
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Southern basal ash of the Pojoaque white ash zone – White to light gray (N8\) ash 

that is silty-textured and glittery.  30 cm-thick.  Lower 15 cm is massive and may 

represent a primary ash-fall.  The upper 15 cm is laminated, glittery, and more white 

(2.5Y 8/1); this part is probably fluvially reworked. 

 

Northern basal ash of the Pojoaque white ash zone – Medium bed of greenish gray 

ash; coarse- to medium-sand-sized.  Stratified and probably fluvially reworked.  

Chemical analysis indicates that the northern basal ash does not correlate with the 

southern basal ash (unpublished data by Andrei Sarna-Wojcicki). 

 

Upper 285 Road Ash – Light gray (N7/) to white (N8/), massive or internally planar- to 

wavy- to cross-laminated, silty-textured, and has none to trace biotite.  Somewhat hard 

and generally forms ledges.  Lies 8-9 m above the Middle 285 Road Ash and about 15-35 

m below the Pojoaque – Skull Ridge contact.  20-180 cm thick.  May correlate to Ash Iota 

of Galusha and Blick (1971) but this is uncertain.  North of the Pojoaque River, this ash 

was dated by 40Ar/39Ar methods and yielded an age of 15.1 ± 0.06 Ma (Izett and 

Obradovich, 2001).  This ash chemically correlates to an ash bed south of the Pojoaque 

River from which sample H-235 was obtained (see Appendix 1); this ash south of the 

Pojoaque River was dated by 40Ar/39Ar methods and yielded an age of 15.7 ± 1.1 Ma 

(Peters, 2001; Koning and Maldonado, 2001); note the relatively high sigma error value 

of this particular age.  I use the 15.1 Ma age obtained by Izett and Obradovich (2001) 

because it is more consistent with the other age data, particularly that of Barghoorn 

(1981 and 1985) and Izett and Obradovich (2001).    

  

Middle 285 Road Ash – Light gray ash (7.5YR 7/1 to N7/) that is up to 120 cm-thick, has 

a silty texture, generally lacks mafic minerals, and lies approximately 2 m above the 

lower contact of unit Ttas2.  Correlation with Galusha and Blick’s (1971) ashes are 

uncertain. 

 

Lower 285 Road Ash – White (N8/ to 2.5Y 8/1 ) ash that is chalky-textured and 18-200 

cm-thick.  Generally altered to bentonite or other clays.  Ash lies at or as much as 6 m 

below the Ttas2-Ttbs1 contact, which reflects the diachronous nature of this contact.   

 

White Ash #4 – Thin to thick, discontinuous ash that is altered and reworked on this 

quadrangle.  It is found 0.4 km east of U.S. Route 84-285, just north of the divide 

between Arroyo Seco and the Pojoaque River. 

 

B Ash – An extensive ash bed that is white (10YR 8/1), hard, non-altered or altered to a 

chalky texture, locally contains up to 5% mafic minerals, and is internally massive.  May 



50 
 

be reworked with 10-25% detrital very fine-grained sand.  Locally, unit consists of two 

stacked ashes with 40-50 cm of intervening reworked, ashy and silty sand.  Up to100 cm 

thick. 

 

F Ash – White to light gray (N8/ to N7/), lacks mafics, and is silty-textured with 

abundant glass shards; planar- to wavy-laminated; approximately 25 cm-thick.  

Underlain and overlain by massive, very pale brown (10YR 7/3) siltstone. 

 

Ash Gamma – Fine gray ash tentatively correlated to "Ash Gamma" of Galusha and 

Blick (1971) based on approximate stratigraphic position. 

 

White Ash #3 – Found along the eastern margin of the quadrangle in unit Ttas1.  It is 

60-70 cm-thick, very continuous, bright white, chalky-textured because of alteration, 

hard, contains 1-3% biotite crystals, and is horizontal-laminated to massive.  

Approximately 3-6 m above this ash is a light gray, generally massive ash (2.5Y 7/1) 

with abundant glass shards and no mafics.  About 3 m above the gray ash is a 

discontinuous, bright white ash. This bright white ash is slightly altered and 

“powdery,” has planar to wavy laminations, 1% biotite, and occupies channels 50 to 60 

cm-deep.  

 

Gray, non-correlated ashes – Generally thin to medium, shard-rich, gray or light gray 

ashes in the Skull Ridge Member of the Tesuque Formation. 

 

White, non-correlated ashes – Generally thin to thick, altered, white ashes in the Skull 

Ridge Member or lowermost Pojoaque Member of the Tesuque Formation. 
 

UNITS SHOWN ONLY ON CROSS-SECTION 

Note: Deep (> 1 km depth) subsurface stratigraphic relations and the elevation of the top of crystalline 

rocks are inferred using: (1) gravity, seismic reflection, and seismic refraction data of Biehler et al. 

(1991), and (2) northward projections of interpreted subsurface features from the northern cross-

section on the Horcado Ranch quadrangle (Koning and Maldonado, 2001).  Mesozoic and 

Paleozoic strata are interpreted to thicken westward based on seismic data near the Rio Chama 

(Ferguson et al., 1995); on the cross-section, these strata are assumed to thicken westward across 

east-dipping faults, based on the preliminary interpretation that these faults represent reversals 

of Laramide reverse faults (Smith, 2000a).  Stratigraphic relationships below about 1 km should 

be considered uncertain and subject to change with future work.   

 

Ttbp Combined units Ttbp1, Ttbp2, and Ttbp3 of lithosome B of the Pojoaque 

Member. Age range on correlation chart: 14.9-13.3 Ma. 
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Ttbs  Undifferentiated strata associated with lithosome B of the Skull Ridge Member; 

includes units Ttbs1 and Ttbs2. Age range on correlation chart: 16.1-14.9 Ma.  

 

Ttbn  Undifferentiated strata associated with lithosome B of the Nambé Member. 

Based on uranium test wells EB-101, EB-102. EB-33, and EB-66 (Appendix 3), 

this unit is generally pale brown to light gray to light brownish gray in color 

and composed of clay, silt, and fine sand floodplain deposits, with subordinate 

very fine- to very coarse-grained sand channel-fills. In the western quadrangle, 

this unit may include strata correlative to the Abiquiu Formation, based on 

interpretations by Ingersoll et al. (1990).  Speculated to thicken westward 

because of inferences regarding tectonic activity during its deposition (refer to 

discussion in Koning et al., 2002a). Age range on correlation chart: 25.6-16.1 Ma. 

 

Ttan Relatively fine-grained, lithosome A strata of the Nambé Member of the 

Tesuque Formation. It is composed mainly of very fine- to medium-grained 

sandstone and siltstone, with minor mudstone and channel-fills of coarse 

sandstone or pebbly sandstone (Koning et al., 2002a).   Age range on correlation 

chart: 18(?)-16.1 Ma. 

 

Ttanc Lower, coarse-grained, lithosome A strata of the Nambé Member of Tesuque 

Formation. In the Cundiyo quadrangle to the east, this unit consists of pebbly 

sandstone, pebble-conglomerate, sandstone, and very minor mudstone (Koning 

et al., 2002a). Considering the westward paleo-drainage direction of lithosome 

A (Cavazza, 1986), the unit probably contains more sandstone and mudstone 

under this quadrangle compared to the Cundiyo quadrangle to the east. A 

coarse tephra ~18 m above the base of this unit in the Tesuque quadrangle 

returned an 40Ar/39Ar age of 25.52 ± 0.07 Ma (Koning et al., 2013).    Thickness is 

uncertain. Age range on correlation chart: 25.6-18(?) Ma. 

 

 

Ttbn+Tab Inferred interfingering or mixing relation between Lithosome B of the 

Nambé Member (Tesuque Formation) and the Abiquiu Formation. See 

description for subsurface unit Ttbn. The Abiquiu Formation, where present, 

would likely be a white or light-colored tuffaceous sandstone interbedded with 

siltstones or mudstones. Descriptions of surface exposures of the Abiquiu 

Formation northwest of Española can be found in Smith (1938), Vazzana and 

Ingersoll (1981), Smith (1995), Moore (2000), and Koning et al. (2011). Probable 

age range of 26 to 20 Ma (Koning et al., 2011; Kelley et al., 2013). 
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Tcb Cieneguilla basanite correlative to the Cieneguilla limburgite of Stearns (1953), 

Sun and Baldwin (1958), Spiegel and Baldwin (1963), and Koning and Hallett  

(2002); also equivalent to the Cieneguilla basanite of Sawyer et al. (2002). 

Consists of interbedded alkali-rich basaltic flows and volcaniclastic sediments. 

Unit is inferred to extend here from outcrops and well constraints (i.e., the 

Wigzell and Castle #1 Kelly Federal well) in the  Cundiyo quadrangle to the 

east (Koning et al., 2002a), where basalt flow(s) and basaltic volcaniclastic 

sediment overlie a volcaniclastic interval of intermediate composition. Also, 

this unit is interpreted in the Horcado Ranch 7.5-minute quadrangle to the 

south (Koning and Maldonado, 2001) and is projected in the subsurface to this 

cross-section line. A sample of the exposed basalt flow in the Cundiyo 

quadrangle yielded a K/Ar age of 24.9 ± 0.6 Ma (Baldridge et al., 1980).  This K-

Ar date compares reasonably well with ages of 25-26 Ma obtained from similar 

basalts near La Cienega and Espinaso Ridge south of Santa Fe (Koning and 

Hallett, 2002; Kautz et al., 1981; Connell and Cather, 2001; Baldridge et al., 1980). 

This unit may possibly contain thin volcaniclastic strata correlative to the 

Espinaso Formation near its base, the top of which returned an 40Ar/39Ar date of 

30.45 ± 0.16 Ma (Smith, 2000a).  Age range on correlation chart: 24.5-26 Ma. 

 

*u Pennsylvanian strata composed of siltstone, sandstone, and limestone.  Unit is 

inferred from subsurface data of the Wigzell and Castle #1 Kelly Federal well 

and outcrop data in the Cundiyo quadrangle to the east (Koning et al., 2002a).   

 

XYu Proterozoic crystalline rocks.  Extrapolating from exposures at the base of the 

Sangre de Cristo Mountains to the east, it is probably composed of granite with 

subordinate gneiss and schist. 
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POSSIBLE RELATIONS OF QUATERNARY TERRACE DEPOSITS TO 

PALEOCLIMATE 

 

This section discusses how a particular Quaternary terrace deposit on this quadrangle 

may possibly relate to Quaternary paleoclimatic changes.  The quartzite-rich basal 

gravel of unit Qtsc4 north of the Santa Cruz River has a predominance of cobbles 

relative to pebbles and is much coarser than the overlying strata of unit Qtsc4. Based on 

the interpreted age of this unit, the coarse, quartzite-rich basal gravel may represent 

fluvial gravel deposited during high discharges associated with the Illinoisan glaciation 

(Oxygen Isotope Stage 6).  The relatively high Proterozoic quartzite concentration in this 

basal gravel indicates a source area in the Sangre de Cristo Mountains near Truchas 

Peaks (New Mexico Bureau of Geology and Mineral Resources, 2003), consistent with 

the inference that glacier activity was contributing much detritus to the Santa Clara 

Creek.  The overlying sediment of Qtsc4 (above the 2-3 m quartzite-rich interval) is 

finer and has a higher proportion of granitic clasts.  This overlying, finer sediment is 

interpreted by the author to have been deposited under conditions of lower stream 

discharge and stream power, in which granitic source areas, both in the Sangre de 

Cristo Mountains and from local erosion of the Tesuque Formation, were proportionally 

more significant than during deposition of the quartzite-rich gravel.  The author 

speculates that the overlying finer sediment may have been deposited during the 

dramatic climate change (warming) that occurred at the Oxygen Isotope Stage 5 to 

Stage 6 transition.    
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STRUCTURE 

FAULTS 

Five prominent, north-trending, normal faults are mapped.  The Road fault of Galusha 

and Blick (1971) is located near U.S. Route 285, being on the west side of this highway 

south of the town of Arroyo Seco and on the east side of this highway north of Arroyo 

Seco.  This down-to-the-west fault is marked by a series of strands, the longest of which 

is 4 km.  Assuming a thickness of 210 m for unit Ttbp1, 150 m of down-to-the-west 

throw is possible about 1.4 km south of Arroyo Seco.  Throw magnitude is uncertain 

north of Arroyo Seco.  

 

The Pojoaque fault continues north from the Horcado Ranch quadrangle (Koning and 

Maldonado, 2001) and probably links with the Road fault  across a complexly faulted, 1 

km-wide zone present between 36° 55’ and 36° 57.5’ latitudes.  Within this zone are 

numerous, rather small, fault strands with predominately down-to-the-west throw.  

Throw on the Pojoaque fault where traversed by the cross-section is only 50-60 m, but 

since this is within the linkage transition zone (with the Road fault) the magnitude of 

throw may increase to the south. 

 

West of the Pojoaque fault are numerous down-to-the-east faults, which generally 

increase in length (and presumably depth) for 2.0-2.5 km to the west.  In the Horcado 

Ranch quadrangle, the most prominent of these down-to-the-east faults was called the 

Jacona fault (Koning and Maldonado, 2001), which appears to merge with the 

Pojoaque fault in a complex manner 9.5-10 km south of the southern boundary of the 

Española quadrangle.  About 5 km south of the southern boundary of the Española 

quadrangle, the Jacona fault splits into two prominent strands.  These two strands 

continue (with some step-overs on the western strand) into the Española quadrangle, 
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where I have named them the East Jacona fault and West Jacona fault.  On this 

quadrangle, the West Jacona fault continues farther north than the East Jacona fault, 

and is interpreted to have a higher throw (190 m compared to 100-110 m; refer to cross-

section).   

 

Lastly, the author included the term Huerfano fault, used by Chaney (1985), for the 

east-down fault near the Jacona Microfauna quarry.  The amount of throw on this fault 

is uncertain due to a lack of access and lack of clear map unit contacts to determine 

offset.  Based on an inferred offset of a queried contact, the throw on this fault is 

calculated to be 25-30 m.  An aeromagnetic lineament associated with this fault 

continues northwest to the Rio Grande (Tien Grauch, personal communication, 2002), 

where it may step right 700-750 m to the northwest-trending fault mapped west of the 

Santa Clara pueblo.  These two faults may possibly form the western margin of the Los 

Barrancos structural zone, which is described below, but more mapping needs to be 

done on the Santa Clara reservation to establish this.      

 

STRUCTURAL DOMAINS 

The area of the quadrangle can be subdivided into four general structural domains 

based on attitude of bedding and degree of faulting.  One domain lies east of U.S. Route 

285 and south of Arroyo Seco, and is generally marked by north to northeast strikes and 

westward dips of 5-8°.  Faults are sparse and no noticeable folding is observed.  North 

and east of the town of Arroyo Seco, bedding bends and attains a northeast strike 

(about N20°E near Arroyo Seco and N40-50°E north of the Santa Cruz River).  Dips in 

this second domain are relatively low, being generally 5-7° to the northwest.  Faults are 

very scarce here, with the Road fault appearing to form the western boundary of this 

domain.  The third domain is marked by a high degree of faulting and a significant 

increase in westward stratal tilts.  This corresponds to the Los Barrancos structural zone 
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and is discussed below.  West of the Los Barrancos structural zone, dip progressively 

lessens to the west so that 2-3° dips are commonplace near Black Mesa.  The northern 

boundary of this fourth structural domain appears to correspond to a northwest 

trending, down-to-the-east normal fault mapped west of the Santa Clara Pueblo.  

However, there is a paucity of field observations in that part of the quadrangle due to 

access restrictions, and other faults or structures may be present there. 

   

LOS BARRANCOS STRUCTURAL ZONE 

A north- trending, approximately 5 km-wide structural zone is located in the central 

and east-central portions of the quadrangle, and appears to be bounded by the down-

to-the-west Pojoaque-Road fault system on the east. Its western margin corresponds to 

the northwest trending fault west of Santa Clara pueblo and possibly the Huerfano 

fault or West Jacona fault.  This zone is marked by relatively high, but variable, 

attitudes with dips ranging from 8-30° west and strikes generally ranging from north to 

northwest.  These dip values are higher than those outside of this zone, which is 

probably why Kelley (1978) draws his Barrancos monocline through here (shown on the 

cross-section).  Moreover, this zone is characterized by having an abundance of down-

to-the-east faults, which although more abundant near the eastern margin, become 

longer and more significant (with higher throw values) over a distance of 2.0-2.5 km to 

the west.  Although there was likely tectonic activity throughout the Miocene, this zone 

is interpreted to have experienced two relatively intense episodes of deformation.  The 

first is inferred to have occurred in the early Miocene based on subsurface data in the 

Horcado Ranch quadrangle (Biehler et al., 19991; Koning and Maldonado, 2001), where 

interpreted lower Tesuque Formation strata (unit Ttbn1?) appear to be tilted and offset 

more by a prominent down-to-the-west fault (the Las Dos fault) than upper Tesuque 

Formation strata, and are tentatively interpreted to thicken west of this fault.  The 

second episode probably occurred in the upper Miocene after the deposition of most of 
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the Tesuque Formation on this quadrangle, and appears to be marked by monoclinal 

folding and faulting.  Down-to-the-east faults closest to the Pojoaque-Road fault 

system seem to have the least dip magnitudes (49 to 59°) while the down-to-the west 

faults associated with the Pojoaque-Road fault system seem to have the highest dip 

magnitudes (66 to 82°), with some variance of these values for the small faults within 

the transitional link zone between the Pojoaque and Road faults.  These observations 

suggest that these particular fault planes formed relatively early in the second tectonic 

episode and were later rotated to the west (perhaps accompanied by more displacement 

along the fault planes).  It is not immediately clear when the larger faults west of the 

Pojoaque-Road fault system developed, nor how their development relates with the 

monoclinal folding.  On the cross-section, it appears that faults locally mark changes in 

stratal tilt, although more cross-sections should be constructed to verify this.   

 

The Los Barrancos structural zone is an important structural feature in the region.  It 

probably forms the eastern margin of an intra-basinal structural low in this part of the 

basin and very likely relates to a north-south trending zone of structural weakness in 

the crystalline basement or upper crust (Koning and Maldonado, 2001).  The zone has 

significantly responded to rift tectonism, and may have been active as well during the 

earlier Laramide Orogeny.  Seismic data and associated interpretations presented in 

Biehler et al. (1991) indicate that the feature is, in a gross sense, a monoclinal flexure (the 

cross-section was drawn using this assumption), although this investigation indicates 

that this flexure is highly faulted on much of the Española quadrangle.  Furthermore, 

the structure appears to be similar to subsurface flexures observed in seismic data near 

the Rio Chama (Ferguson et al., 1995).  This study and past observations indicate that 

rift extension in the Española Basin is accommodated by both flexure and faulting, with 

flexure being locally more important than faulting. 

 



58 
 

HYDROGEOLOGIC IMPLICATIONS 

Although outside the scope of this study, a detailed hydrogeologic investigation 

would be useful in understanding the Tesuque Formation aquifer.  Lithosome B 

constitutes most of this aquifer because lithosome A did not prograde westwards 

across the quadrangle until after 14-15 Ma.  Lithosome A strata that did extend 

across the quadrangle has been eroded in the Pleistocene, and what remains is 

generally not saturated.  As a guide to future investigation, the author would 

speculate that the relatively coarse Ttbp3 and Ttbp1 units east of the Rio Grande 

may perhaps have relatively higher hydraulic conductivities relative to the other 

map units; analyses of pump test data are needed to verify this.  At the northern 

quadrangle boundary near the town of Santa Cruz, the Tesuque Formation sediment 

is relatively fine-grained and appears to be a relatively poor-yielding aquifer, based 

on data for the Española #6 Well (Jon Shomaker and Associates, 2001).  Unit Ttbp1, 

while relatively coarse in the north, does become noticeably finer-grained to the 

south, and there are suggestions of lacustrine deposits near and south of the 

Pojoaque River (which probably would have low hydrogeologic conductivities, but 

this awaits confirmation by pump test data).  West of the Rio Grande, the Ojo 

Caliente Sandstone (Tto) might serve as a good aquifer because of its sandy, 

subrounded, and well-sorted texture.  Observations of  State Engineer Office water 

well logs indicates that depth-to-groundwater is generally less than 30 m south of 

the towns of La Mesilla and south of the town of Arroyo Seco, and confined aquifer 

conditions may be present in the Tesuque Formation.  
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APPENDIX I. 

This appendix lists several ashes from the Pojoaque and Skull Ridge Members of the 

Tesuque Formation which were submitted for chemical analyses and correlations by 

Nelia Dunbar of New Mexico Tech.  The first section provides the location and 

descriptive data for each tephra sample.  Here, the location of each tephra sample is 

listed (in UTM coordinates, zone 13, NAD 27) and who collected the sample.  Then a 

brief description is provided for each sample, followed by my requested comparisons.  

The second section includes pertinent excerpts from a letter by Nelia Dunbar that 

summarizes her correlation interpretations.  Table A-1 lists the chemical data for each 

sample. 

 

I.  Location and descriptive data for each ash sample. 

 

EC-87-150501-djk     3,974,950 ±10 N, 406,950 ±10 E 

 ash       Daniel Koning    

       May 15, 2001 

            

Grayish ash up to 150 cm thick, but thickness is variable.  Texture is silty.  Trace granitic 

grains worked into the ash.  Ash is hard, massive to planar-laminated to wavy-

laminated.  Ash is interbedded in massive, pink to light brown siltstone and very fine-

grained sandstone.  Ash is estimated to lie about 1600-1700 ft. above the Skull 

Ridge/Pojoaque member contact.    
 

Requested analyses:  Chemically compare/correlate to samples H-235, EC-73A-150501-

djk, EC-120-220501-djk, and EC-92-150501-djk.    

 

EC-50b-130501-djk     3,978,070 ±10 N, 407,750 ±10 E 

 ash          Daniel Koning    

       May 13, 2001 

 

18 cm-thick white ash interbedded in light gray and pink siltstone and very fine-

grained sandstone.  This ash lies about 20 ft below ash represented by sample EC-50a-

130501-djk.  Ash is located at least 100 ft below the Pojoaque/Skull Ridge member 

contact but separated from the contact by a fault.     
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Requested analyses: Chemically compare/correlate to samples H-235, EC-73A-140501-

djk, and EC-92-150501-djk.     

 

 

EC-50a-130501-djk     3,978,070 ±10 N, 407,750 ±10 E 

 ash          Daniel Koning 

       May 13, 2001 

 

60-65 cm-thick light gray ash underlain by light gray and pink siltstone and very fine-

grained sandstone.  This ash lies about 20 ft above ash represented by sample EC-50b-

130501-djk.  Ash is located at least 80 ft below the Pojoaque/Skull Ridge member contact 

but separated from the contact by a fault.   
  

Requested analyses:  Chemically compare/correlate to samples H-235, EC-73A-140501-

djk, EC-87-150501-djk, EC-719-051001-djk, and EC-92-150501-djk.        

 

 

19.  EC-120-220501-djk    3,978,130 ±10 N, 407,620 ±10 E 

 ash          Daniel Koning 

       May 22, 2001 

 

40 cm-thick grayish white, massive ash that contains no mafics.  Underlain by pink 

(7.5YR 7/4), well-sorted, very fine- to fine-grained sand and overlain by reddish yellow 

(7.5YR 6/6) silt and reddish brown (7.5YR 5/4) mud.  Ash is located at least 30 ft below 

the Pojoaque/Skull Ridge member contact but separated from the contact by a fault.  

This ash may correlate to EC-73A-140501-djk.   

  

Requested analyses:  Chemically compare/correlate to samples H-235, EC-73A-140501-

djk, EC-87-150501-djk, EC-92-150501-djk, EC-719-051001-djk.        

 

 

20.  EC-73A-140501-djk    3974750 ±10 N, 407750 ±10 E 

 ash         Daniel Koning 

       May 14, 2001 

            

100-180 cm-thick gray ash underlain by pink siltstone and very fine-grained sandstone 

with subordinate reddish yellow thick mud beds.  Ash is silty-textured.  Ash lies in the 
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uppermost Skull Ridge Member about 250 ft. below the Skull Ridge/Pojoaque member 

contact.  It may correlate with ash represented by EC-120-220501-djk.   

 

Requested analyses:  Chemically compare/correlate to samples H-235, EC-50b-130501-

djk, EC-87-150501-djk, EC-120-220501-djk, EC-92-150501-djk, EC-719-051001-djk.    

 

 

21.  H-235      3,970,200 ±10 N, 407,430 ±10 E 

 ash       Daniel Koning 

       December 3, 2001 

                    

90 cm-thick bed of grayish to whitish ash; very thin- to medium-, tabular-bedded.  Ash 

has 0.5-1% fossilized roots, is not altered, and lacks mafic minerals.  Ash is underlain by 

very thin to thick, tabular, well-defined beds of pink to very pale brown silt with minor 

very fine-grained sand.  This ash is located south of the Pojoaque River and probably 

lies above the Skull Ridge/Pojoaque member contact.    

 

Requested analyses:  Chemically compare/correlate to samples EC-73A-140501-djk, EC-

120-220501-djk, EC-50b-130501-djk, EC-87-150501-djk, and EC-92-150501-djk.    

 
 

22.  EC-92-150501-djk    3,971,350 ±10 N, 407,700 ±10 E 

 ash       Daniel Koning 

       May 15, 2001 

                   

10-20 cm-thick white ash with a silty texture.  Ash is interbedded in loose, light 

yellowish brown, fine-grained sand.  Ash lies south of the Pojoaque River and very 

close to the Skull Ridge/Pojoaque member contact.  

 

Requested analyses:  Chemically compare/correlate to samples H-235, EC-50b-130501-

djk, EC-73A-150501-djk, EC-87-150501-djk, and EC-120-220501-djk.    
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II.  Ash correlation interpretations for each sample  
 

Analyses and interpretations made by N.W. Dunbar 

June 19, 2002 

 

Methods: 

Samples were mounted in epoxy and polished with pure diamond powder suspended 

in distilled water.  Analyses were made with a Cameca SX-100 electron microprobe, 

and, where possible, 15 shards were analyzed per sample.  Accelerating voltage was 15 

kV, beam current 10 nA, and as large a beam size as possible, up to 25 microns, was 

used.  Major elements, plus Cl, F, and S were measured.  ZAF recalculation procedures 

were used.  Correlations were made using the statistical difference methods, and then 

compositions were double-checked by me.  For discussion of statistical different 

method, see Perkins et al., 1995. 

 

EC-87-150501-djk 

This ash correlates with EC-73A-140501-djk (SD 1.37), EC-120-220501-djk (SD 

1.22) and H-235 (SD 0.85).  It is chemically similar to EC-92-150501-djk (5.14).   

 

EC-50b-130501-djk 

Does not correlate with H-235 (SD 17.73), EC-73A-140501-djk (SD 21.69) or EC-

92-150501-djk (19.30). 

I also don’t find any good corollary in my database. 

 

EC-50a-130501-djk 

This ash is compositionally heterogeneous, and doesn’t correlate with H-235 (SD 

32.7), EC-73A-140501-djk (38.58), EC-87-150501-djk (37.43), EC-719-051001-djk 

(28.05) or EC-92-150501-djk (39.04).   

Also no good corollary in database. 

 

EC-120-220501-djk 
This ash correlates to to EC-73A-140501-djk (SD 1.13) and EC-87-150501-djk (SD 

1.22), H-235 (SD 1.85).  It is also chemically similar to EC-92-150501-djk (SD 5.25).  

It does not match EC-719-051001-djk (SD 16.23). 
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EC-73A-140501-djk 
This ash correlates to EC-120-220501-djk (SD 1.13) and EC-87-150501-djk (SD 

1.37) and to H-235 (SD 1.82) It is chemically similar to EC-92-150501-djk (SD 

5.07).  It does not match EC-719-051001-djk (SD 15.96), or EC-50b-130501-djk (SD 

21.69). 

 

H-235 

This ash correlates to EC-73A-140401-djk (SD 1.82), EC-120-220501-djk (SD 1.85), 

and EC-87-150501-djk (0.85).  It is chemically similar to EC-92-150501-djk (SD 

5.25).  It does not match EC-50b-130501-djk (SD 20.32). 

 

EC-92-150501-djk 

This ash is chemically similar to EC-73A-140401-djk (SD 5.07), EC-120-220501-djk 

(SD 5.25), and EC-87-150501-djk (5.14), and H-235 (5.25).  It does not correlate 

with EC-50b-130501 (19.26) 
 

 

III. Chemical data for ash samples 

 
The relative proportions of major elements -- in addition to fluorine, chlorine, and 

sulfur -- were analyzed by a Cameca SX-100 electron microprobe within individual 

glass shards. See section II of this appendix for more details on the methodology. 

Below, Table A-1 presents the data of these analyses. 
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Notes:  Geochemical quantities are in weight %. Analyses are normalized to 100 wt.%.   Analytical 
precision, based on replicate analyses of standard reference materials of similar composition to the 
unknows, are as follows (all in wt.%): P2O5±0.02, SiO2±0.47, SO2±0.01, TiO2±0.03, Al2O3±0.12, 
MgO±0.07, CaO±0.02, MnO±0.06, FeO±0.06,  Na2O±0.55, K2O±0.27,  Cl±0.07. 
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APPENDIX II. 

Pojoaque stratigraphic section.  Measured about ¾ of a kilometer north of the Pojoaque 

Member type section of Galusha and Blick (1971).  Measured and described along a 

trend of ~260 degrees near the headwaters of Arroyo de Madrid in the northwest corner 

of the Pojoaque Indian Reservation.  Described by D.J. Koning on May 6, 2004, with the 

assistance of Ralph Shroba.  Approximate UTM coord of base: 3975750 N, 406080 E;  

(Zone 13, NAD 27), Espanola 7.5-minute quadrangle, New Mexico.  
 

 

Unit  Description Thickness 

(m) 

 DISTAL ALLUVIAL SLOPE DEPOSITIONAL ENVIRONMENT OF LITHOSOME A  

22 Jacomita #6 ash 
 

 

21 Lithosome A silty very fine-grained sandstone and subequal siltstone:  Medium to thick, 
tabular to broadly lenticular beds; very pale brown to pink; siltstone is thinly bedded.   
 

20        135.0 

20 Lithosome A sandstone: Medium to thickly bedded; very pale brown; vfL to fL arkosic 
sand with minor ribbon channel-fill deposits of sandy pebble-conglomerate (granitic 
clasts).  Channels are up to 1 m-deep.  Well consolidated. At top of deposit is Jacomita #5 
ash; this ash is 30 cm-thick, possibly a primary fall-ash. 
 

15.2     115.0 

19 Lithosome A siltstone:  In this unit is Jacomita #4 ash; this is probably fluvially reworked. 1.3         99.8 
 

18 Lithosome A, very fine- to fine-grained sandstone and silty sandstone, with some 
interbeds of siltstone:  Pink to very pale brown; beds are medium to thick, broadly 
lenticular to tabular; sand is  vfL to fL with 5-7% muscovite. 
 
@ 12 m from base is a medium, laterally continuous bed of ash that has a grayish cast.  
This is the Jacomita #3 ash (probably EC-106).  Mapping suggest that this ash lies 13-15 
m above the Blue Gray ash of Galusha and Blick (1971).  The TW biotitic ash bed of Izett 
and Obradovich (2001) is located about 3 m below the Blue Gray ash (13.7 
+/- 0.18 Ma 

40
Ar/

39
Ar age). 

 
Above ash change to 18 degree dip. 
 
Above 15 m is local (~3%) lenses of sandy pebble conglomerate (clasts are 99% granitic).   
 

31.7       98.5 

17 Lithosome A pebbly sandstone to sandy pebbly conglomerate:  Cemented channel fill 
deposit; pebbles are granitic. 
 

0.8         66.8 

16 Lithosome A very fine- to fine-grained sanstone:  Medium to thick, tabular to broadly 
lenticular beds.  Sand is vfL to fL and arkosic. 
 

8.8         66.0 

15 Lithosome A sandstone and pebbly sandstone:  Sand is mostly fU to cL and arkosic.  
Pebbles are granitic.    
 

7.5         57.2 
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Unit  Description Thickness 

(m) 

14 
 

Lithosome A sandstone interbedded with subordinate pebble conglomerate:  Sand is 
vfU-fU, arkosic, and has ~5% muscovite.   Pebbles are granitic.  At very top of this unit, a 
second ash was sampled (Jacomita #2 ash); this ash is in a medium, discontinuous bed. 
 
 At top of unit, decrease dip to 17 degrees.  
 

7.5         49.7 
 

13 Lithosome A sandy pebble conglomerate and pebbly sandstone:  Channel deposit.   
 

4.0         42.2 

 INTERBEDDED LITHOSOMES A AND B – TRANSITION BETWEEN DISTAL 
ALLUVIAL SLOPE AND BASIN FLOOR DEPOSITIONAL ENVIRONMENTS 

 

 

12 Lithosomes A-B Sandstone:  Medium to thick beds of pale brown, vfU-fU sand that 
appears to be a mixture of lithosomes A and B.   
 

3.2         38.2 
 

11 Lithosome B sandstone:    Grayish vfU to fL sand of lithosome B; thinly bedded to 
laminated. 
 

4.5         35.0 

10 
 

Lithosome A sandstone:  vfU to fL sand that is arkosic and has ~3% muscovite.  Possibly a 
channel deposit  
 

1.5         30.5 
 

9 Lithosomes A-B sandstone:  Pink vfL to fL sand in medium to thick, tabular beds; arkosic.   3.0         29.0 
 

8 Lithosomes A-B siltstone:  Pale brown to very pale brown siltstone; bedding not evident.   9.0         26.0 
 

7 
 

Lithosomes A-B silty very fine- to fine-grained sandstone:  Very pale brown to pink, silty 
very fine to fine sand interbedded with siltstone; 1-2% muscovite.  Beds are medium to 
thick and tabular.  Mixed lithosome A-B.   
 

4.3         17.0 

6 Mudstone-claystone: Light brown.  .   1.7         12.7 
   
5 Very fine sandstone and siltstone:  Gray to pink floodplain deposit; 1-2% muscovite.   4.0         11.0 

 
4 Lithosome A pebbly sandstone 

 
0.8           7.0 

3 
 

Lithosome A siltstone and very fine- to fine-grained sandstone:  Grayish and 
interbedded with minor, very thin to thin beds of pebbly gravel of lithosome A.  At top of 
this unit, to the north, Jacomita 1 ash sample collected. 
 

0.8           6.2 

2 Lithosome A pebbly sandstone deposit  
 

1.4           5.4 

1 Lithosome B channel sand intercalated with brown mudstone:  Channel fL-fU sandstone 
and floodplain mudstone deposits of lithosome B.  Use 18 degree dip and 258 degree 
trend. 

4.0           4.0 

  0.0           0.0 
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APPENDIX III. 

Cuttings descriptions for select wells on the Española 7.5-minute quadrangle 

 

The following is descriptive and interpretive data from select wells on the Española 

quadrangle.  Descriptions were performed by the author using cuttings archived at the 

New Mexico Bureau of Geology.  Estimated proportions of pink potassium feldspar 

compared to green quartz grains and volcanic grains (both interpreted to be derived 

from the northeast) are shown in a plot in the associated graphic log for each well. For 

the Nuclear Dynamic wells, cuttings were collected at approximate five-foot intervals.  
 

Nuclear Dynamic well EB-33.  Well is located SW1/4 SW1/4 SW1/4 of section 17, T20N, R9E.  Drilling commenced 
on April 30, 1970 and has a total depth of 1000 ft.   The predominately coarse texture at 915-995 feet is notable 
and may possibly make a good aquifer.     
 

Samples 
(feet) 

Description Interpretation 

 LITHOSOME B BASIN FLOOR STRATA  
0-215  Sandstone:  pink to light brown (7.5YR 6-7/3-4) silt and very fine- to 

fine-grained. 
Primarily overbank deposits on 
basin floor in vicinity of alluvial 
slope.  Lithosome B. 
 

215-255 Siltstone, claystone, and very fine-grained sandstone:  Pale brown 
to light brownish gray (10YR 6/2-3). 

Floodplain deposits associated 
with lithosome B. 
 

255-270 Very fine- to fine-grained sandstone:  light brownish gray (10YR 
6/2); sand is well sorted and litharenite (northeast-derived lithics). 

Floodplain deposits associated 
with lithosome B. 
 

270-425 Siltstone, claystone, and very fine-grained sandstone:  Light gray 
(10YR 7/1-2), light brownish gray (10YR 6.2) and pale brown (10YR 
6/3). 
@ 390 ft:  Fine-grained litharenite (northeast-derived lithics). 
@395 ft:  Fine- to medium-grained litharenite (northeast-derived 
lithics); sand is subrounded (mostly) to subangular and well sorted. 
 

Floodplain deposits associated 
with lithosome B, with 5-8% 
scattered sandy channel-fill. 

425-430 Sandstone:  Light brownish gary (10YR 6/2), medium- to lower-
coarse-grained. Sand is subrounded, well sorted, and a litharenite.  

Channel-fill sand associated with 
lithosome B. 
 

430-545 Claystone, siltstone, and very fine-grained sandstone:  Light 
brownishgray to pale brown (10YR 6/2-3) and light gray (10YR 7/2).   

Floodplain deposits associated 
with lithosome B. 
 

545-550 Sandstone:  Light gray to light brownish gray (10YR 6-7/2); sand is 
medium- to coarse-grained, subrounded, well sorted, and 
litharenite.  Sample mixed with mud (from above?). 
 

Channel-fill associated with 
lithosome B. 

550 Sample not present.    
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Samples 
(feet) 

Description Interpretation 

555 
 

Sandstone:  Light gray to light brownish gray (10YR 6-/2), medium- 
to coarse-grained sand that is subrounded, well sorted, and a 
litharenite.  

Channel-fill associated with 
lithosome B. 

560-620 Claystone, siltstone, and very fine-grained sandstone:  Light gray 
(10YR 7/2).   

Floodplain deposits associated 
with lithosome B. 
 

625-650 Pebbly sandstone and sandstone:  Light brownish gray (10YR 6/2) 
medium- to very coarse-grained sands and very finepebbles.  
Poorly sorted, subrounded (mostly) to subangular, and litharenite 
in composition.  Clasts are mostly grayish to greenish Paleozoic 
siltstone, with minor Paleozoic sandstone clasts. 
 

Channel-fill associated with 
lithosome B. 

650-755 Claystone, mudstone, and very fine-graned sandstone:  Light gray 
to pale brown (10YR 7/2-6/3).   
 

Floodplain deposits associated 
with lithosome B. 

755 White ash:  Ash is within light gray (10YR 7/2) siltstone; ash bed is 
probably thick. 
 

Skull Ridge White Ash #2? 

755-875 
 

Claystone and siltstone:  Light gray to pale brown (10YR 7/2-6/3). 
@ 810 ft:  Very fine- to fine-grained sand.  
 

Floodplain deposits associated 
with lithosome B. 

875-880 Very fine- to medium-grained sandstone:  Light gray to pale 
brown (10YR 7/2-6/3).   
 

Possibly channel-fill associated 
with low-energy lithosome B flow. 

880-885 Claystone:  Light gray to pale brown (10YR 7/2-6/3).   Floodplain deposits associated 
with lithosome B. 
 

885-890 
 

Very fine- to medium-grained sandstone:  Light gray to pale 
brown (10YR 7/2-6/3).   
 

Possibly channel-fill associated 
with low-energy lithosome B flow. 

890-895 Claystone:  Light gray to pale brown (10YR 7/2-6/3).   Floodplain deposits associated 
with lithosome B. 
 

895-900 Siltstone and very fine- to medium-grained sandstone   Floodplain deposits associated 
with lithosome B. 
 

900-915 Siltstone and claystone Floodplain deposits associated 
with lithosome B. 
 

915-995 
 

Fine to very coarse-grained sandstone, minor claystone and 
pebbly sandstone:  Light gray to light brownish gray (10YR 6-7/2) 
and pale brown (10YR 6/3).  Sand is subrounded (mostly) to 
subangular, moderately to poorly sorted, and a litharenite.  Coarse 
lithic grains and clasts are approximately 50-60% gray siltstone or 
limestone and 40-50% greenish siltstone and sandstone clasts.   
@925-930: very fine and fine pebbles present. 
@940-950: very fine and fine pebbles present. 
@975: very fine and fine pebbles present. 
@955: Claystone. 
@965: Claystone. 
@985: Claystone. 

Channel-fill associated with 
lithosome B. with minor 
intercalated floodplain deposts. 
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Samples 
(feet) 

Description Interpretation 

@995: Claystone. 
 

Nuclear Dynamic well EB-66.  Well is located NW1/4 NW1/4 SW1/4 of section 19, T20N, R9E.  Drilling commenced 
on June 23, 1970 and has a total depth of 1000 ft.   
 

Samples 
(feet) 

Description Interpretation 

 LITHOSOME B BASIN FLOOR STRATA  
5-60 Claystone, siltstone, and very fine- to fine-grained sandstone:  

Very pale brown to pale brown (10YR 6-7/3); sand is subrounded 
to subangular, well sorted, and a lithic arkose.   

Primarily overbank deposits on 
basin floor in vicinity of alluvial 
slope.  Lithosome B. 
 

60-75 Sandstone:  Very pale brown (10YR 7/3), fine- to medium-
grained, well sorted, subrounded, clean sand that is probably a 
litharenite.   
@80: Pale brown (10YR 6/3) and medium- to coarse-grained. 

Intercalated floodplain deposits 
with sandy low-energy channel-fill 
deposits.  Lithosome B. 
 

80 Very fine- to fine-grained sandstone:  light brownish gray (10YR 
6/2); sand is well sorted and litharenite (northeast-derived 
lithics). 

Floodplain deposits associated 
with lithosome B. 
 

85-390. Intercalated siltstone, claystone, and sandstone:  Light brownish 
gray to light ray (10YR 6-7/2) and pale brown (10YR 6/3).  Sand is 
generally generally very fine- to lower-medium-grained.  Coarser 
intervals are noted below, and are subrounded to subangular, 
subrounded (mostly) to subangular, and a litharenite.  Most of 
the coarser sand grains and very fine pebbles are greenish 
siltstone and sandstone, gray limestone is subordinate.  This sand 
is similar to what is on the surface.   
@85-90: Medium- to very coarse-grained sand. 
@95: Clay. 
@105: Clay. 
@115:  Clay. 
@135-140: Medium-grained sand. 
@165: Medium-grained sand. 
@175-185:  Medium-grained sand. 
@220-235: upper-fine to very coarse-grained sand. 
@245: Clay. 
@270:  upper-fine to lower-medium sand. 
@315: Clay. 
@320: Medium-grained sand. 
@325:  Clay. 
@340-360:  Medium- to very coarse-grained sand; very fine 
pebbles at 350 ft. 
@385-390: Clay. 
@390 :  Medium- to coarse-grained sand. 
 

Floodplain deposits associated 
with lithosome B, with minor 
sandy channel-fill deposits. 

395-595 Claystone 
@505-513(?): Siltstone and very fine- to lower-medium-grained. 
@517(?)-523(?): Siltstone and very fine- to lower-medium-
grained. 
@565-575: Siltstone and very fine- to lower-medium-grained.  
 

Floodplain deposits associated 
with lithosome B. 
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Samples 
(feet) 

Description Interpretation 

600-995 Intercalated claystone, siltstone, and very fine- to fine-grained 
sandstone:  Light brownish gray to pale brown (10YR 6/2-3) and 
light gray (10YR 7/2).  Sand is subrounded (mostly) to subangular, 
well-sorted, and a litharenite (northeast-derived lithics).  Half to 
most of the lithic grains and very fine pebbles are greenish 
siltstone or sandstone.  
@600-605: Silty clay. 
@610: Very fine-grained sand and silt. 
@615: Silty clay. 
@620: Very fine-grained sand and silt. 
@625: Silty clay. 
@630: Very fine-grained sand and silt. 
@635: Silty clay. 
@640:  Very fine-grained sand and silt. 
@645: Silty clay. 
@650: Very fine-grained sand and silt. 
@655: Silty clay. 
@660: Very fine-grained sand and silt. 
@665: Silty clay. 
@670-690: Fine-grained, pale brown (10YR 6/3) sand that is a 
litharenite to lithic arkose in composition. 
@695:  Silty clay. 
@700-710:  Fine-grained, pale brown (10YR 6/3) sand with 
slightly more northeast-derived lithic grains than pink potassium 
feldspar. 
@715: Silty clay. 
@720: Very fine- to fine-grained litharenite.  Light brownish gray 
(10YR 6/2). 
@725: Silty clay. 
@730: Fine-grained sand and silt. 
@735-785: Subequal clay-rich mud compared to very fine sand 
and silt. 
@790: Very fine- to fine-grained sand. 
@795: Silty clay. 
@800:  Silty clay. 
@810: Very fine- to fine-grained sand. 
@815-855: Subequal clay-rich mud compared to very fine sand 
and silt. 
@860-870:  Very fine- to medium-grained sand; light brownish 
gray (10YR 6/2); litharenite. 
@875-995: Subequal clay-rich mud compared to very fine sand 
and silt. 

Floodplain deposits associated 
with lithosome B, interbedded 
with subordinate sandy channel-
fills. 
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Nuclear Dynamic well EB-74.  Well is located SW1/4 NW1/4 NE1/4 of section 74, T20N, R9E.  It was drilled on June 
27, 1970 and has a total depth of 84 ft.  The cuttings of this well were not described in detail by the author, but the 
original lithologic log was inspected.  800-815 ft is light  brown mud.  At 815-835 ft, there is medium to very 
coarse-grained sand of northeast provenance.   
  
Nuclear Dynamic well EB-101.  Well is located SW1/4 NW1/4 NE1/4 of section 20, T20N, R9E.  Drilling commenced 
on February 29, 1972 and has a total depth of 320 ft.    
 

Samples 
(feet) 

Description Interpretation 

 QUATERNARY VALLEY FILL  
0-25  Mostly white calcium carbonate nodules mixed with subordinate 

granite and lesser lithosome B pebbles. 
 

Alluvium or colluvium that is 
probably Quaternary in age. 

25-40 Mudstone, siltstone, and very fine-grained sandstone:  Light 
brown (7.5YR 6/3).   
 

Floodplain deposits associated 
with lithosome B. 

40-50 Fine-grained sandstone:  Sand is pale brown (10YR 6/3), 
subrounded, well sorted, and has about subequal northeast-
derived lithics compared to pinkish potassium feldspar.   

Floodplain deposits associated 
with lithosome B, with possible 
low-energy channel-fills. 
 

50-270 Siltstone, mudstone, and very fine-grained sandstone:  Pink to 
light brown (7.5YR 6-7/3).  One subrounded, medium, chert 
pebble at 70-75 ft-depth. 
@ 125-140 ft:  Pink (7.5YR 7/3), fine- to very fine-grained sand.  
Sand is subrounded, well sorted, and a lithic arkose to 
litharenite.   
 

Floodplain deposits associated 
with lithosome B. 

270-275 Siltstone and very fine-grained sandstone:  Pinkish gray (7.5YR 
7/2).  

Floodplain deposits associated 
with lithosome B. 
 

275-280 Ashy sand:  White (7.5YR 8/1), ashy very fine- to fine-grained 
sand.  Sand is generally arkosic.   
 

Probably White Ash No. 1 of the 
Skull Ridge Member. 

280-315 Mudstone and siltstone:  Light brown (7.5YR 6/3). Floodplain deposits associated 
with lithosome B. 
 

315-320 Muddy very fine- to lower-coarse-grained sandstone:  Light 
brown to pinkish gray (7.5YR 6/2-3); mud may be from overlying 
strata or drilling mud.  Sand is a litharenite to lithic arkosic, 
subrounded to subangular, and well-sorted.    

Channel-fill of lithosome B. 

 
 
Nuclear Dynamic well EB-102.  Well is located NE1/4 NE1/4 SW1/4 of section 20, T20N, R9E.  Drilling commenced 
on February 29, 1972 and has a total depth of 420 ft.  Channel-fill deposits at    280-295 ft and 400-410 ft may 
possibly be productive aquifers because of their coarse texture. Note that this well is down-dip from EB-101; since 
strata are dipping about 5 degrees west in the vicinity, this means a 70-80 ft of depth difference of strata between 
the two wells. 
 

Samples 
(feet) 

Description Interpretation 

 QUATERNARY VALLEY FILL  
0-35  Siltstone and very fine- to fine-grained sandstone:  Light Floodplain deposits associated 
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Samples 
(feet) 

Description Interpretation 

brownish gray to light gray (10YR 6-7/2); sand is subrounded to 
subangular, well-sorted, and a litheranite.  Abundant pebble-
size nodules of calcium carbonate. 
 

with lithosome B. 

40-75 Mudstone, siltstone, and very fine-grained sandstone:  Pale 
brown to very pale brown (10YR 6-7/4).   
 

Floodplain deposits associated 
with lithosome B. 

80-160 Siltstone and very fine-grained sandstone, with minor 
mudstone:  Pink (7.5YR 7/3).   
@ 75-80:  Subequal potassium feldspar compared to northeast 
lithics. 
@90-95:  Fine to medium-grained sand; sand is a lithic arkose 
to litharenite, subangular to subrounded, and well sorted. 
 

Floodplain deposits associated 
with lithosome B or the alluvial 
slope-basin floor transition. 

160-165 Ash:  White ash with ~5% reworked detrital sand (arkosic  Probably White Ash No. 3 of Skull 
Ridge Member. 
 

165-220 Siltstone and very fine-grained sandstone: Pink (7.5YR 7/3).  
@195-200: Fine- to medium-grained sand; sand is subrounded, 
well sorted, and has approximately subequal potassium 
feldspar to northeast-derived lithic grains. 
 

Floodplain deposits associated 
with lithosome B or the alluvial 
slope-basin floor transition. 

220-245 Siltstone and very fine-grained sandstone:  Light gray to pale 
brown (10YR 6/3 to 7/2). 

Floodplain deposits associated 
with lithosome B. 
 

245-250 Ash:  White ash mixed with ~5% very fine to fine sand grains 
(slightly more potassium feldspar compared to northeast-
derived lithics).   

Probably White Ash No. 2 of Skull 
Ridge Member. 
 

250-280 Siltstone, mudstone, and very fine- to fine-grained sandstone:  
Brown to pale brown (10YR 5-6/3) to light brownish gray (10YR 
6/2).    

Floodplain deposits associated 
with lithosome B. 
 

280-295 Very fine- to upper-medium sand:  Brown to pale brown (10YR 
5-6/3) to light brownish gray (10YR 6/2); sand is subrounded, 
moderately to well sorted, and a litharenite.    
 

Channel-fill of lithosome B. 

300-395 Siltstone, mudstone, and very fine- to fine-grained sandstone:  
Brown to pale brown (10YR 5-6/3) to light brownish gray (10YR 
6.2).    
@375-380:  Very fine- to medium-grained sandstone; sand is 
subrounded, moderately to well sorted, and a litharenite.  Two 
rounded, blackish to dark grayish pebbles that may be 
limestone. 
 

Floodplain deposits associated 
with lithosome B. 

400-410 Pebbly sandstone:  Light brown to pale brown (10-7.5YR 6/3); 
sand is very fine- to very coarse-grained, subrounded, poorly 
sorted, and a litharenite.  Pebbles are mostly greenish to 
grayish sandstone and siltstone, dark limestone(?), and minor 
granite.  Pebbles are poorly sorted and subrounded.   
 

Channel-fill of lithosome B. 

410-420 Mudstone:  Light brown (7.5YR 6/3-4). Floodplain deposits associated 
with lithosome B. 


