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MAP UNITS
(Partial description of units; complete descriptions found in the accompanying report.)

Anthropogenic Deposits
Artificial fill (Recent) — Silt, sand, and gravel under highways or in landfills;  loose or compacted.

Quaternary Eolian, Sheetflood, Colluvial, and Landslide Deposits
Eolian and sheetflood deposits (middle to upper Pleistocene) — Light yellowish brown (10YR 5-6/4) to light brown (7.5YR 6/4) silt and very 
fine- to fine-grained sand. 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.  Loose and up to 2 m thick.
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

Modern stream alluvium (subject to annual deposition) — Very pale brown to pale brown (10YR 6-7/3-4) gravelly sand with minor silt found 
on the floors of active arroyos, generally within channels.  No soil development. Loose. Thickness not directly observed but less than 3 m. 
Younger young alluvium (Historical) — Yellowish brown to pale brown (10YR 6-7/3-4) pebbly sand, sandy pebbles, sand, silt, and clay that 
generally underlies floodplains of active drainages. 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.  Loose and estimated to be 1-2 m thick.
Young alluvium (upper Holocene) — Light yellowish brown (10YR 6/4) to 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. Soil development is very weak, with only incipient development of a Bw 
horizon.  Loose.  Unit is probably related to regional arroyo incision that episodically occurred over the last several hundred years (800 to 2,000 
years ago in the Rio Tesuque drainage; Miller and Wendorf, 1958). Up to about 2 m thick but thickness is highly variable.
Older young alluvium (middle to upper Holocene) — Light yellowish brown (10YR 6/4) 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). 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. 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
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. About 60 cm-thick soil with stage II calcium carbonate morphology has developed on tread. 
Strath is 9-12 m above Pojoaque Creek.  A comparison with Rio Grande terraces presented in Dethier and Reneau (1995), suggests an age of 
10-30 ka.  Up to 2 m thick.
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. Overbank facies 
consists of very fine- to medium-grained sand that is commonly massive and up to 2 m-thick.  Lower contact is 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 a late Pleistocene (30-120 ka) age.  Up to 6 m thick.
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 (7.5YR 6/4) 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. Overbank sediment consists of silt, 
silty sand, sand, and subordinate thinly bedded mud.  Soils developed on tread are poorly preserved; eroded soil remnants 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. 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.  The former are interpreted to be 70-90 ka based on comparison of strath heights (relative to the Rio Grande) (Dethier and McCoy, 
1993; Dethier and Reneau,1995), while Qgt3 on the Horcado Ranch quadrangle is interpreted to pre-date the deposition of the El Cajete pumice 
(Koning and Maldonado, 2001). Up to 15 m thick east of Rio Tesuque and 7 to 30 m thick immediately west of Rio Tesuque.
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. Within 2 m of the base of the deposit is a thick bed of probable El Cajete Pumice, suggesting  
deposition 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.  Loose and 2-6 m thick.
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. Strath is 30-35 m above the Pojoaque River.  Deposit 
very likely grades into Qtpt1, whose age is interpreted to be approximately 120-140 ka. 2 to 6 m thick.
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. Age is not well-constrained. 1-4 m thick.
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. 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
Lowermost terrace deposit of Santa Cruz River  (uppermost Pleistocene) — Light yellowish brown (10YR 6/4) to pink (7.5YR 7/4) sandy 
gravel found in minor, scattered terrace deposits inset into the Tesuque Formation north of Santa Cruz River. May correlate to Qtrg3 deposits 
to the west, suggesting an age of 10-30 ka (McCoy, 1993; Dethier and Reneau, 1995). Loose and up to 6 m thick.
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. A soil 
possessing calcic horizon(s) with stage III calcium carbonate morphology is locally preserved on the top of the deposit. 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, comparable with heights of Rio Grande terrace deposits (Dethier and McCoy, 1993; Dethier and Reneau, 1995) with 
ages of 70-90 ka or 120-150 ka.  Deposits are loose and 10-25 m thick.
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. 
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 
obtained from this unit. Loose. Unit has the same relative height and very likely the same age as unit Qtsc4 to the north of the Santa Cruz River.  
6 m thick near eastern quadrangle boundary but thickens to 24 m to the west.
Middle terrace deposit of Santa Cruz River (middle Pleistocene) — Light yellowish brown (10YR 6/4) to light brown (10-7.5YR 6/4) sandy 
gravel inset into the Tesuque Formation north of the Santa Cruz River. 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 Rio Grande terrace deposits (Dethier and McCoy, 1993; 
Dethier and Reneau, 1995) suggests an age of 150-280 ka.  Loose and 1-2 m thick.
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. Strath is approximately 90 m above the Santa Cruz River. Comparison of these strath 
heights with heights of Rio Grande terrace deposits (Dethier and McCoy, 1993; Dethier and Reneau, 1995) suggests an age of 280-400 ka.  Loose 
and 1-3 m thick.

Rio Grande And Associated Western Tributary Terraces
Lower terrace deposit of Rio Grande (uppermost Pleistocene) — Light yellowish brown to very pale brown (10YR 6/4 to 7/3) sandy gravel; 
imbrication of clasts indicate a south-southwest paleoflow direction. 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.  Comparison of strath height with heights of terrace deposits along the Rio Grande 
(Dethier and McCoy, 1993; Dethier and Reneau, 1995) suggests an age of 10-30 ka.  Loose and 3-6 m thick. 
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.  Deposits are sharply overlain by volcanic-rich 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 (Dethier and McCoy, 1993; Dethier and Reneau, 1995) suggests this unit was deposited ca.70-90 ka.
Upper terrace deposit of Rio Grande (upper Pleistocene) — High sandy gravel deposit that locally caps ridges and unconformably overlies 
the Tesuque Formation. Strath is approximately 40-60 m above the Rio Grande and 20-23 m above Santa Clara Creek.  Comparison of the 
strath height with heights of terrace deposits along the Rio Grande (Dethier and McCoy, 1993; Dethier and Reneau, 1995) suggests an age of 
approximately 120-150.  Deposit is loose and 3-12 m thick.
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. Strath is about 9 m 
above the Rio Grande.  Deposit has prograded over Qtrg3 so it is slightly younger; estimated at 10-15 ka.  Loose and 3-9 m thick.
Middle lowest western tributary terrace deposit of Rio Grande (upper Pleistocene) — Poorly exposed grayish volcanic gravel that sharply 
overlies quartzite-rich river gravel of unit Qtrg2.  Strath is approximately 30 m above the Rio Grande.  Progrades over unit Qtrg2, so age is 
younger; estimated at 55-70 ka.  Loose and 5-8 m thick.
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. 
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. 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.  Strath is 18 to 40 m above Santa Clara Creek, and 42-70 m above the Rio Grande.  Comparison of strath 
height with heights of terrace deposits along the Rio Grande (Dethier and McCoy, 1993; Dethier and Reneau, 1995) suggests an age of 120-140 
ka.  10-25 m thick.
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 (Dethier and 
McCoy, 1993; Dethier and Reneau, 1995) suggests an age of 350-650 ka. Estimated to be about 6 m thick.
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 Pojoaque River.   Unit QTgp2 contains a bed of pumice lapilli that has an 40Ar/39Ar date of 1.53 ± 
0.04 Ma, 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 2).  3 m thickness reported by Galusha and Blick (1971).

Pliocene Volcanic And Volcaniclastic Rocks
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.

Qes

af 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.  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 and Aby, 2005; Koning et al., 2005; David Dethier, personal commun., 2007; Aldrich and Dethier, 1990).  Two members 
of the Chamita Formation are recognized on this quadrangle: Vallito and Hernandez (following Koning and Aby, 2005).
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.  The channel-fills consist of sandy conglomerate and pebbly sandstone 
in very thin to thick, lenticular beds. 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. Weakly to well consolidated and generally poorly-moderately 
cemented.  Maximum thickness of ~35 m.
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 (Tto) and conformably overlie 
unit Ttbp3.  In the northwest corner of the quadrangle, the upper 35-40 m of this unit extends conformably over Tto. 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.

Tesuque Formation
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.  The Tesuque Formation is divided into two lithosomes based on lithologic composition and provenance 
(lithosomes A and B), which are both further subdivided according to gross textures plus biostratigraphic and age considerations:  units Ttbp3, 
Ttbp2, Ttbp1, Ttbs2, Ttbs1 of lithosome B, 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 the figure below.
Lithosome A, interpreted to have been deposited on a westward-sloping alluvial-slope, 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, and the channel complexes are generally smaller and less broad.  In contrast, lithosome B, deposited on a southwestward sloping 
basin floor with more distinctive, clay-rich, laterally extensive floodplain deposits than those found in lithosome A, 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 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 (Koning, 2002)
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, and 
the members and their common contact are perhaps more accurately 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). Thus, the lithostratigraphically mappable 
lithosomes are differentiated by biostratigraphic member here. 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 (Tto), 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.

Ojo Caliente Sandstone (middle to upper(?) Miocene) — Very pale brown (10YR 7/3-4, 8/2) to light gray (10YR 7/2), fine- to medium-grained 
sandstone. In places, the sand is 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. This 
sand 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
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 much coarser. Correlated to the Cejita Member mapped and described east and northeast 
of Española (Manley, 1976, 1977, and 1979; Koning et al., 2005).  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.
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 light brownish gray (10YR 6/2) 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. 
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 since it contains the 
Pojoaque white ash zone (13-14 Ma).  Probably about 480-500 m thick near the Rio Grande.
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 (7.5-10YR 6-7/2), claystone and mudstone, with slightly subordinate pale brown (10YR 6/3) to pink (7.5YR 7/3-4) siltstone and 
pale brown (10YR 6/3) to reddish yellow (7.5YR 6/4-6) fine sandstone. Minor to slightly subordinate coarse channel-fill deposits of sandstone 
with local pebbly sandstone beds. Sediment is weakly to moderately consolidated and commonly underlies valleys. This unit is interpreted 
to generally represent a floodplain environment interspersed with coarse channels derived from the north-northeast. 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.
Lithosome B, Pojoaque Member, subunit #1 (sandstone) (middle Miocene)  — Pale brown (10YR 6/3) to gray (10YR 6/1) sandstone with 
subordinate siltstone and mudstone, and less than 1% conglomerate beds. Narrow gravelly ribbon channels are uncommon; instead, channels 
are relatively broad (several meters in width) and 70-110 cm-deep. 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. It 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. 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.
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; 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. 
Lithosome B, Skull Ridge Member, subunit #1 (sandstone and siltstone) (middle Miocene)  — Pale brown (10YR 6/3) 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. 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
Lithosome A, Cuarteles Member (middle Miocene) — Pink to light brown (7.5YR 6-7/4) to 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. 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. This unit correlates to Barghoorn’s (1981 and 1985) upper conglomeratic facies of the Pojoaque Member, and according to 
their magnetic polarity data and was deposited between 13.1-13.2 and 12.4-12.8 Ma (using the magnetic polarity time scale of Cande and Kent, 
1995).  Up to ~150 m thick on this quadrangle.
Lithosome A, Pojoaque Member, subunit #2 (sandstone and conglomerate) (middle Miocene) — Light brown (7.5 YR 6/4) to light reddish 
brown (5YR 6/4), very fine- to medium-grained sandstone, silty sandstone, mudstone, and siltstone with ~3-15% sandy pebble-conglomerate 
or pebbly sandstone beds. Well consolidated and non- to weakly cemented. Unit grades upward into Ttac over 2-6 m, and is called the 

“salmon interval” of the Pojoaque Member by Galusha and Blick (1971), becoming less distinctive southwards towards the Pojoaque River 
as it progressively contains more coarse channel fills and loses its red color (i.e., progressively becoming more similar to unit Ttac).  This unit 
overlies and gradually grades into unit Ttap1. 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.
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), sandstone, siltstone, subordinate claystone, and less than 15% pebble-conglomerate. 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). 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 unit, 
the buff tuffaceous facies of Barghoorn (1981, 1985), is about 14.0 to 13.2 Ma in age.  Approximately 180-220 m thick.
Lithosome A, Skull Ridge Member, subunit #3 (siltstone and fine sandstone) (middle Miocene) — Brown to light brown (7.5YR 5-6/4) to 
reddish yellow (7.5YR 6/6) siltstone, very fine- to fine-grained sandstone, and claystone. Unit is only differentiated where it overlies unit Ttbs2 
in Section 19, T. 20 N., R. 9 E. 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.
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) 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. 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, including the upper 285 Road Ash, which has an 40Ar/39Ar age of 15.1 ± 0.06 Ma (Izett and Obradovich, 2001). 40-60 m thick north of the 
Pojoaque River.
Lithosome A, Skull Ridge Member, subunit#1 (siltstone and sandstone) (middle Miocene) — Pink to light brown (7.5YR 6-7/4) to very pale 
brown (10YR 7/3) siltstone and very fine- to medium-grained, arkosic sandstone. 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 B and A Strata
Mixed subunit #4, Cuarteles and Cejita Members (sandstone, conglomerate, and mudstone?) (middle Miocene) — This unit lies on the 
upper slopes of Black Mesa and access was restrictioned. It probably reflects an interfingering or a mixture of the Cuarteles and Cejita Members 
of the Tesuque Formation (units Ttac and Ttbc), or possibly consists solely of the Cuarteles Member. Probably 13-12 Ma. 35-55 m thick.
Mixed subunit #3, Pojoaque Member in western part of the quadrangle (sandstone, siltstone, mudstone, and conglomerate) (middle 
Miocene) — 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 subordinate siltstone, mudstone, and pebbly sandstone. Colors 
range from pink (7.5YR 7/4) to light yellowish brown (10YR 6/3-4). Strata are weakly cemented and weakly to moderately consolidated, except 
1-3% of beds which are strongly cemented by calcium carbonate. Unit appears to lie below unit Ttbp3 west of the Rio Grande. Its age is probably 
around 13.3-13.6 Ma. Thickness not known.
Mixed subunit #2, Pojoaque Member (sandstone, siltstone, and conglomerate) (middle Miocene) — Very pale brown (10YR 7/3) to pink 
(7.5YR 7/3-4) sandstone and silty sandstone with minor pebble-conglomerate, siltstone, and claystone. 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.
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). Lies below 
unit Ttmp2, but the contact between the two is not exposed. Interpreted to be composed mostly of floodplain deposits, including paludal 
sediment. Very weakly consolidated. 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.
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. 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.
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 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.

Units Depicted In Cross Section But Not Shown On Map

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. 

Combined units Ttbp1, Ttbp2, and Ttbp3 of lithosome B of the Pojoaque Member — 14.9-13.3 Ma.

Undifferentiated strata associated with lithosome B of the Skull Ridge Member — Includes units Ttbs1 and Ttbs2. 16.1-14.9 Ma.

Undifferentiated strata associated with lithosome B of the Nambé Member — Generally pale brown to light gray to light brownish gray in 
color and composed of clay, silt, and fine sand floodplain deposits. 25.6-16.1 Ma.
Relatively fine-grained, lithosome A strata of the Nambé Member of the Tesuque Formation — 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). 18(?)-
16.1 Ma.
Lower, coarse-grained, lithosome A strata of the Nambé Member of Tesuque Formation — Composed of very fine- to medium-grained 
sandstone and siltstone, with minor mudstone and channel-fills of coarse sandstone or pebbly sandstone. 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. 
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. Probable age range of 26 to 20 Ma (Koning et al., 2011; Kelley et al., 2013).
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. 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 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).
Pennsylvanian strata, undifferentiated (Pennsylvanian) — 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).
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.  

Qam

Qayi

Qay1

Qtp3

Tp

Tcv

XYu

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.

Tcb

Ttan

Ttbn+Tab

MAP SYMBOLS
Location of geologic cross section. 
Location of measured Pojoaque stratigraphic section.
Geologic contact. Solid where exposed or known, dashed 
where approximately known, dotted where concealed, 
queried where uncertain.
Gradational geologic contact. Long dash approximately 
known, short dash concealed or inferred.
Normal fault. Solid where exposed, dashed where 
approximately known, dotted where concealed. Bar-ball 
on downthrown side. Tic shows dip of the fault plane.
Normal fault located by aeromagnetic survey. Bar-ball on 
downthrown side. Tic shows dip of the fault plane.
Tephra beds:
   El Cajete pumice.

   Tephra beds of the Pojoaque Member:
      Basaltic lapilli
      Non-correlated white ash in upper Pojoaque Mbr.
      Non-correlated white ashes
      No. 6 white ash
      No. 5 white ash
      No. 4 white ash
      No. 3 white ash
      No. 2 white ash
      No. 1 white ash
      Thin white ash bed
      Northern Pojoaque Bluffs ash
      Northern basal ash
      Southern basal ash.

   Non-correlated gray ashes below the PWAZ.
   Tephra beds of the Skull Ridge Member:
      Non-correlated whitish ashes
      Upper 285 Road ash
      Middle 285 Road ash
      Lower 285 Road ash
      No. 4 white ash 
      B ash
      F ash
      No. 3 white ash
      “Ash Gamma” of Galusha and Blick (1971)
      Non-correlated gray ashes.  

Strike and dip of horizontal bedding.
Strike and dip of inclined bedding.
Paleocurrent vector measured from clast imbrication; tail 
of arrow is located at measurement.
Channel-axis paleocurrent vector; tail of arrow is located 
at measurement.
Paleocurrent vector measured from foreset dip direction; 
tail of arrow is located at measurement.
Paleocurrent vector measured from tool marks; tail of 
arrow is located at measurement.
Sample location.  Labeled samples are tephra localities; 
unlabelled are from lithesome B outcrops.
Domestic-water supply well. 
Drill hole for uranium exploration. 
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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 Geology 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 authors made from geologic mapping, and available geophysical (regional gravity and 
aeromagnetic surveys), and subsurface (drillhole) data.

Cross-sections should be used as an aid to understanding the general geologic framework of the map area, and not be the sole 
source of information for use in locating or designing wells, buildings, roads, or other man-made structures.
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Ttbp2

Southern basal gray ash of PWAZ 
(samples Jacomita #1 and EC-103*)

*Tephra sample labels correlate with those of Slate et al. (2013).
‡Unit numbers described in Appendix II of accompanying report.

 Unmapped ash (sample Jacomita #2*)

 PWA #2 (sample Jacomita #3*)

 PWA #3 (sample Jacomita #4*)

 PWA #4 (samples Jacomita #5
and EC-109*)

 PWA #5 (sample Jacomita #6*)

Approximate location of the projected PWA-TW 
biotitic ash bed of Izett and Obradovich (2001; 
40Ar/39Ar age = 13.7±0.18 Ma)

Gradational
Zone

Ttap1

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).

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 II for 
descriptive data regarding this section.
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