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Contact—The identity and existence are certain; where questionable or 
unspecified, features will be queried. The location is accurate where solid, 
approximate where dashed, and concealed where dotted.

Gradational contact—The identity and existence are certain. The location is 
accurate where solid and approximate where dashed.

Key bed—The identity and existence are certain. The location is accurate.

Oil and gas well showing API number.

Radiometric sample locality—Showing age.

 
Inclined bedding—Showing strike and dip. 

Small, minor vertical or near-vertical joint—Showing strike.

Paleocurrent direction determined from imbrication. 

Paleocurrent direction determined from cross-beds. 

Anthropologically Modified Topography.

Cross section line and label.
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ANTHROPOGENIC UNITS
Artificial fill (Quaternary)—Clay, silt, sand, and pebbles used 
for the construction of highway grades along U.S. Route 550.

QUATERNARY
Geomorphic Surface Deposits

Pediment deposits (Pleistocene to Holocene?)—Sand and 
lag gravels that discontinuously cover a graded bedrock 
surface above the Qt5 terrace tread approximately 1 km 
(3,281 mi) north of the mouth of Kiffen Canyon on the west 
side of the Animas River Valley. The unit is thin and 
discontinuous; however, the lack of public access in this area 
prevented deeper investigation.

Lag gravels (Holocene)—Unconsolidated pebbles through 
boulders (primarily cobbles and boulders) derived from 
terrace deposit Qt2 in the northeast map area. These sediments 
have been moved downslope from their original positions and 
form contiguous areas of loose clasts up to 1 m (3.28 ft) thick. 

Arroyo Alluvium
Active arroyo alluvium (Quaternary)—Clay, silt, sand, and 
gravel within channels of active ephemeral and intermittent 
streams. Occupies the lowest geomorphic position in any 
alluvially-active valley. Does not effervesce in 10% HCl. 
Primarily unvegetated; primary successional grasses, forbs, 
cocklebur, tamarisk, and annual forbs are present. Observed 
thickness is 3.1 m (10.2 ft); total thickness unknown.

Inactive arroyo alluvium  (Quaternary)—  Loose to weakly 
consolidated silty sand, sand, and pebbly sand with trace 
pebbles and cobbles. The lack of outcrop exposures 
precludes a detailed description of internal structure and 
total thickness. The deposit has very weak effervescence in 
10% HCl at 10 cm (4 in) depth. No active avulsion or 
deposition observed in aerial photographs, and the deposit 
thickness is likely <10 m (32.8 ft).

Hillslope Deposits 
Colluvium derived from Animas River terrace gravels  (Quaternary)— 
Pebbles through boulders on steep slopes immediately beneath 
gravel-capped terraces. Material is loose to very poorly 
consolidated, with no noticeable soil development, and ranges in 
thickness from 0.1–4 m (0.33–13.12 ft).

Slopewash deposits (Quaternary)—Silt, sand, and gravel 
in alluvial-colluvial aprons around steep outcrops of 
mesas. Bedding not observed. Differentiated from fan 
and alluvial units by its lack of bedding, geomorphic 
position at the foot of steep landforms, and steeper slopes 
(typically 2° or greater, as opposed to <1° for alluvial fans 
in this map area). Thickness unknown.

Fan Deposits
Fan deposits covering the Qt7 terrace deposit  (Quaternary)— 
Deposit of unknown thickness, similar in composition 
and setting to Qft deposit, but split out as a separate 
deposit and illustrated as a pattern so as not to obscure 
details and interpretations of what underlies it. The 
deposit is easily visible in LiDAR-derived hillshade 
images and topographic maps.

Canyon-mouth fan deposits (Quaternary)—Canyon-mouth 
fan deposits overlying alluvium with unknown thickness.

Alluvial fan deposits capping terraces of the Animas River 
(recent to Pleistocene)— Sand-dominated fan alluvium 
covering terrace deposits, up to 18 m (59 ft) thick and 
generally sloping toward the Animas River.

Recent Animas River Fluvial Deposits
Water (Quaternary)—Surface water in the channel of the 
Animas River is visible in aerial imagery. This deposit 
includes water in a few small reservoirs and sewage 
treatment facilities near the Animas River.

Floodplain alluvium of the Animas River (Holocene)— 
Clay through cobbles deposited by the Animas River. 

Bar and channel deposits of the Animas River (Holocene)— 
Pebbles through boulders deposited by the Animas River and 
exhibiting bar-and-swale topography at the surface. 

Animas River Terrace Deposits
Terrace deposit 7 (Quaternary)—Clast-supported pebbles 
through boulders with lenses of sand. Thickness unknown. 
Found at heights of approximately 3–10 m (10–33 ft) above 
the modern Animas River.  

Terrace deposit 6 (Pleistocene)—Clast-supported pebbles 
through boulders (predominantly cobbles) that are 
subangular to rounded and poorly sorted with lenses of 
sand. Gravels make up 50–70% of the deposit.

Terrace deposit 5 (Pleistocene)—Clast-supported pebbles 
through boulders with lenses of sand. Gravels make up 
50–70% of the deposit. Appears to rest upon a bedrock strath 
developed on the Nacimiento Formation. Observed 
thickness is 3–8 m (1.8–5 ft). Found at heights of 
approximately 50 m (165 ft) above the modern Animas River.   

Terrace deposit 4 (Pleistocene)
Clast-supported pebbles through boulders with sand lenses. Gravels 
make up 50–70% of the deposit. Appears to rest upon a bedrock strath 
developed on the Nacimiento Formation. Observed thickness is 4–11 
m (13–36 ft). Found at heights of approximately 76–94 m (250–310 ft) 
above the modern Animas River.  

Terrace deposit 4e (Pleistocene)—A 4–8 m (13–26 ft) thick 
terrace that formed late in the episode of the fluvial 
system—interpreted by Gillam (1998) as a strath terrace 
based on exposures outside of the map area—and produced 
all Terrace Group 4 deposits (only one other Terrace Group 4 
deposit is present on the map (Gillam 1998)).  

Terrace deposit 4b (Pleistocene)—A 4–11 m (13–36 ft) thick 
cut terrace that formed after maximum aggradation of the 
fluvial system that produced Terrace Group 4 deposits (the 
oldest Terrace Group 4 deposit, Qt4a, is not present in this 
map area but was mapped and defined by Gillam (1998)). 
The surface of this deposit is typically ≈20 m (≈65 ft) higher 
than that of the immediately adjacent deposit Qt4e.

Terrace deposit 3 (Pleistocene)—Clast-supported pebbles 
through boulders with sand lenses. Gravels make up 50–70% 
of the deposit. Appears to rest upon a bedrock strath 
developed on the San Jose Formation. Observed thickness is 
3–7 m (9.8–23 ft). Found at heights of approximately 107–135 
m (350–450 ft) above the Animas River. Age inferred to be 
middle Pleistocene by Gillam (1998). 

Terrace deposit 2 (Pleistocene?)—Pebbles through boulders. 
Not observed in outcrop. Observed thickness is 2–6 m 
(6.6–20 ft); Gillam (1998) reports a thickness of up to 8 m (26 
ft) nearby. Found at heights of approximately 270–300 m 
(880–980 ft) above the Animas River. Age inferred to be 
Pliocene or early Pleistocene by Gillam (1998).

Terrace deposit 1 (Pleistocene?)—Clast-supported pebbles 
through boulders with sand lenses. Gravels make up 50–70% 
of the deposit. Observed thickness is 2–6 m (6.5–19.6 ft). Found 
at heights of approximately 370 m (1,220 ft) above the modern 
Animas River. Age inferred to be Pliocene by Gillam (1998). 

BEDROCK UNITS
Paleogene

Ditch Canyon Member of the San Jose Formation 
(Paleogene)—Sandstones and mudstones with minor 
conglomerate. Sandstones comprise approximately 67% 
of the Ditch Canyon Member, with mudstone making up 
33% (Smith, 1992). Upper contact not observed in the 
map area. The maximum observed thickness is 189 m 
(620 ft) in the map area.

Cuba Mesa Member of the San Jose Formation (Eocene or 
Paleocene)—Sandstones with minor conglomerate and 
mudstones. The upper contact is placed at the base of the 
lowest overlying, laterally continuous, recessive siltstone or 
mudstone and is rarely well-expressed in outcrop. The unit 
appears to be paraconformable, and its thickness in the map 
area is 12–50 m (39.4–164 ft).

Kutz Member of the Nacimiento Formation (Paleocene)— 
Sandstones, mudstones, and rare conglomerates. Individual 
sandstone packages are 1–17 m (3.3–55.7 ft) thick and 
discontinuous over hundreds of meters. The unit's 
thickness was reported by Cather et al. (2019) to be up to 
300 m (984 ft); however, the maximum observed thickness 
in the map area is 160 m (525 ft).

Nacimiento Formation, undivided (cross section only) 
(Paleocene)—Terrestrial mudstones, sandstones, and rare 
conglomerates. Only the upper member, the Kutz Member of 
Cather et al. (2019), is exposed on the map. Approximately 424 
m (1,391 ft) thick in the map area based on logs of the Aztec 
#201A well (30-045-32179) in the southeastern map area.

Ojo Alamo Formation (cross section only) (Paleocene)—Used 
here in the sense of Baltz (1967) to exclude the 
Maastrichtian-aged Naashoibito Member, the unit is not 
exposed on the map. However, well logs in the map area 
provide a thickness of approximately 13–46 m (43–151 ft). 

Cretaceous
Kirtland and Fruitland Formations, combined (cross section 
only) (Cretaceous)—Terrestrial mudstones and sandstones. 
The unit is not exposed on the map and is approximately 
190–450 m (623.4–1,476.4 ft) thick according to well logs in 
the map area.

Fruitland Formation (cross section only) (Late Cretaceous)— 
Terrestrial mudstones and sandstones. Not exposed on the 
map. Approximately 120 to 240 m (394–787.4 ft) thick 
according to well logs in the map area.

Cretaceous units, undivided (cross section only) (Late 
Cretaceous)—Sandstones, siltstones, and mudstones. 
Capped with the Pictured Cliffs Sandstone, in which most 
wells in the map area are set. The units are not exposed on 
the map, and their total thickness is variable; the bottom 
contact is not illustrated on the cross sections. 

Huerfanito bentonite bed of the Lewis Shale (cross section 
only) (Late Cretaceous)—An altered volcanic ash-fall deposit 
widely used as a stratigraphic marker in the subsurface of 
the San Juan basin, and not exposed on the map. Unit age of 
75.76 ± 0.34 Ma reported by Fassett et al. (1997).

af

Qp

Qaa

Qao

Qct

Qsl

Qfcm

Qft

w

Qaf

Qabc

:sjd

:sjc

:nk

:n

:oa

Ku

Kf

Kk

af

Qp

Qaa

Qao

Qct

Qsl

Qfcm

Qft

w

Qaf

Qabc

:sjd

:sjc

:nk

:n

:oa

Ku

Kf

Kk

Qt7

Qt6

Qt5

Qt4e

Qt4b

Qt3

Qt2

Qt1

Qlg Qt7

Qt6

Qt5

Qt4e

Qt4b

Qt3

Qt2

Qt1

Qlg

Qft7Qft7

Description of Map Units

La
te

Pa
le

oc
en

e
Eo

ce
ne

Pl
ei

st
oc

en
e

H
ol

oc
en

e

C
re

ta
ce

ou
s

Pa
le

og
en

e
Q

ua
te

rn
ar

y

0.012 Ma

56 Ma

66 Ma

0 Ma

Fan Deposits Hillslope 
Deposits 

Geomorphic 
Surface 

Deposits A
nt

hr
op

og
en

ic
 

U
ni

ts

A
rr

oy
o 

A
llu

vi
um

Te
rr

ac
e 

D
ep

os
its

Te
rr

ac
e 

D
ep

os
its

unconformityunconformity

Animas River
Deposits

Bedrock Units

KlhbKlhbKu

Kf

Kk

:oa

:nk
:n

:sjc

:sjd

Qt1

Qt2

Qt3

Qt4b

Qt4e

Qt5

Qt6

Qt7

Qabc Qaf Qao

W Qft Qfcm Qft7 Qct Qsl Qaa Qp Qlg af

Ku

Kf

Kk

:oa

:nk
:n

:sjc

:sjd

Qt1

Qt2

Qt3

Qt4b

Qt4e

Qt5

Qt6

Qt7

Qabc Qaf Qao

W Qft Qfcm Qft7 Qct Qsl Qaa Qp Qlg af

scale change

Correlation of Map Units

Ku

Kf

Kk

:oa

:sjd
:sjd

:sjc

:n

:sjd

:sjc

:sjc

Qt7

Qt4b

Ku

Kf

Kk

:oa

:sjd
:sjd

:sjc

:n

:sjd

:sjc

:sjc

Qt7

Qt4b

KlhbKlhb

1,000

1,250

1,500

1,750

2,000

2,250

750 meters 
above sea 
level

3,000

4,000

6,000

7,000

2,500 feet  
above mean 

sea level

5,000

Rd 2310

Rd 2300

bend in 
section

bend in 
section

bend in 
section

bend in 
section

West

A

East

A'

High Hopes 
Spring

Cox 
Canyon?

30-045-32733 30-045-35085
30-045-29029

30-045-30419

30-045-32072
30-045-32179

30-045-31875

(vertical exaggeration 5x)
Geologic Cross Section A–A'


