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Inclined fault—Showing dip value and direction.

Inclined bedding—Showing strike and dip.

Inclined (dip direction to right) bedding, for multiple 
observations at one locality—Showing strike and dip.

Approximate orientation of inclined bedding— 
Showing approximate strike and dip.

Small, minor inclined fault—Showing strike and dip.

Inclined slickenline, groove, or striation on fault 
surface—Showing bearing and plunge. 

Fluvial transport direction.

Sediment transport direction determined from 
cross-beds.

Cross section line and label.

Head or main scarp of landslide—Inactive, subdued, 
indistinct, and (or) location is approximate. Hachures 
point down scarp.

Key bed—Kcb—Identity and existence are certain. The 
location is accurate. Cross section only.

Anticline—The identity and existence are certain. The 
location is accurate where solid, approximate where 
dashed, and concealed where dotted. The large 
arrowhead shows the direction of the plunge.

Syncline—The identity and existence are certain. The 
location is approximate where dashed, and concealed 
where dotted. The large arrowhead shows the direction 
of the plunge.

Monocline, anticlinal bend—The identity and existence 
are certain. The location is accurate where solid and 
concealed where dotted. Arrows show direction of dip; 
shorter arrow on steeper limb.

Contact—The identity and existence are certain and 
questionable where queried. The location is accurate 
where solid, approximate where long-dashed, inferred 
where short-dashed, and concealed where dotted.

Internal contact—The identity and existence are certain. 
The location is accurate where solid, approximate 
where long-dashed, and inferred where short-dashed.

Fault (generic; vertical, subvertical, or high- angle; or 
unknown or unspecified orientation or sense of 
slip)—The location is accurate where solid, inferred 
where short-dashed, questionable where queried, and 
concealed where dotted.

Normal fault—The identity and existence are certain 
and questionable where queried. The location is 
accurate where solid, approximate where long-dashed, 
inferred where short-dashed, and concealed where 
dotted. Bar and ball on downthrown block.

Fault in cross section showing local up/down offset—The 
arrows show the relative motion along the fault plane.

Explanation of Map Symbols

CENOZOIC
Quaternary
Anthropogenic Units

Anthropogenic fill, excavated and disturbed ground (Recent)—Fill 
along roadways,  across drainages, and excavated and disturbed areas 
from past coal mining.

Anthropogenic dam (Recent)—Artificial fill (likely locally derived and 
excavated) in arroyos to make stock ponds and/or ponds for mining 
operations.

Artificial lake, stock pond, or mining pond (Recent)—Artificial lakes 
made by anthropogenic dams for use as stock ponds and/or ponds for 
mining operations. Most standing water is ephemeral.

Surficial Deposits
Ephemeral lake (Holocene)—Playas/ephemeral lakes filled with 
fine-grained sediment. In the northeast part of the quadrangle, two 
playa areas are formed on top of landslide blocks in sunken depressions 
at the head of the translated material.

Alluvium (Holocene)—Undifferentiated alluvial material filling major 
wash drainages and their tributaries; consists of sand, silt, clay, and 
gravel. Deep arroyo incision (up to 10–20 m/30–60 ft) is evident in some 
areas; the most notable areas in Sundance Wash along County Road 16 
in the northeastern part of the map area and in Bread Springs Wash 
near NM-602 at the western boundary.

Colluvium (Holocene)—Deposits of hill-slope gravel, sand, and soil. At 
UTM 12S 0715304m E, 3925179m N in the northeast portion of the 
quadrangle, Qc appears to be graded to a higher relic surface (possibly 
Qap) that is now incised and eroded by active wash channels.

Colluvium, fine-grained (Holocene)—Fine-grained, hill-slope material 
that flanks alluvium-filled washes. Differs from Quaternary colluvium 
by being sourced from fine-grained (mudstone- and shale-dominated 
facies) portions of Crevasse Canyon and Menefee Formations and not 
always found at the base of slopes but at upper reaches of drainages. 
May reflect sheetflood deposition.

Eolian sand (Holocene)—Undifferentiated, unconsolidated, fine-grained, 
windblown sand; commonly reworks proximal sandstone outcrops. Some 
deposits display a reddish-orange color, which may be due to illitization. 
Up to 1 m tall coppice dunes are present at UTM 12S 0707427m E, 
3926768m N. In the northeast part of the quadrangle on Jurassic Entrada 
outcrops, expansive biological soil crust is observed on Qes.

Younger piedmont-slope alluvium (Holocene)—Alluvial deposit in the 
northern part of the map area that forms a subtle fan northwest of the 
western ridge of The Hogback.

Older alluvium (Holocene)—Undifferentiated alluvial material in 
broad-valley exposures that is not being incised by active arroyos. In 
the extreme northeast corner of the map area, may represent an alluvial 
(pre-Quaternary?) aggradational surface.

Clinker in Dilco Member, Crevasse Canyon Formation 
(Quaternary)—Brick-red colored deposit likely formed from burning of 
aerially exposed coal. The age is uncertain but likely late Neogene to 
Quaternary given the landscape position.

Perched valley-fill alluvium (Quaternary)—Valley-filling alluvium, 
located in Mancos Shale strike valley, in the northeastern portion of the 
map area. Qap formed from landslides that impounded alluvial 
material and caused local depocenters above the younger and 
lower-elevation Qa surface. Sheetwash/fine-grained colluvial material 
eroded from flanking ridges of The Hogback appear to have collected 
toward an axial position that is not yet incised.

Landslide (Holocene)—Undifferentiated landslide deposits and 
slope-failure debris found in steeply dipping strike valleys in the 
northeastern portion of the map area. Largely characterized by 
translated bedrock and colluvial cover in strike valleys. Where 
discernible, deposits are broken out by their sourced units:

Qlst—Landslide deposits and slope-failure debris sourced 
from Late Cretaceous Torrivio Sandstone member of the 
Crevasse Canyon Formation. Failure occurred along the 
dip-slope into strike valley.
Qlsg—Landslide deposits and slope-failure debris sourced 
from Late Cretaceous Gallup Sandstone. Failure occurred 
against dip-slope into valley.
Qlsd—Landslide deposits and slope-failure debris sourced 
from Late Cretaceous Twowells Tongue of the Dakota 
Sandstone. Failure occurred along the dip-slope into valley.

Quaternary–Tertiary
Perched gravel deposits (Quaternary– Tertiary)—Unconsolidated 
gravel deposits south of Bread Springs Wash. Deposits become 
coarser-grained, less lithologically diverse, and higher elevation to the 
east. Clasts consist dominantly of Permian Glorieta Sandstone and a 
white-purple rhyolite. Glorieta Sandstone was sourced from the Zuni 
Mountains to the east, while the age and source of the white-purple 
rhyolite is unknown but is hypothesized to be from the Mogollon-Datil 
Volcanic Field 100 km southeast.

Tertiary
Bidahochi Formation (Miocene)—Red-orange and cream-pink, 
fine-grained unit with interbedded thin-bedded sandstones. Sandstone 
is vfU to fL with 5–10% vCL to vCU quartz grains. Grains are 
moderately to well-sorted and subrounded to rounded. Fist-sized 
polygonal dessication cracks are common and differ from Kmfg 
dessication cracks that are smaller and browner in color.

MESOZOIC
Late Cretaceous
Terrestrial Units

Menefee Formation (undifferentiated, questionable) (Late 
Cretaceous)—Variable sequence in the southeast part of the map 
composed of pinkish-white to light-tan sandstone that is inset and/or 
cut into olive-drab Cretaceous shales; contains purple-gray shales, 
rust-brown concretionary sandstones, and locally weathers to 
red-white. Stacked channel complexes with pervasive trough crossbeds 
are noted in a roadcut along Bread Springs Road; some sandstone 
bodies exhibit leaf fossils. Unit is ambiguously listed as Cretaceous or 
Tertiary given characteristics of facies that are similar and dissimilar to 
both Kmfg and Tb, and it is currently unclear if this unit represents a 
Cretaceous inset channel deposit or the upstream source-proximal 
channel of the Bidahochi Formation.

Allison Member (Late Cretaceous)—Variable interbedded 
sequence of predominantly yellowish-gray and dusky-yellow 
to olive-drab weathered shale and pale-orange to 
whitish-yellow, very fine- to medium-grained, moderately 
well- to poorly sorted sandstone. Crossbedding is pervasive; 
coal is uncommon to absent. Located only in the northwest 
corner of the Bread Springs quadrangle.

Menefee and Crevasse Canyon Formation
Gibson Coal Member of Crevasse Canyon Formation and Cleary 
Coal Member of Menefee Formation, undivided (Late 
Cretaceous)—Variable interbedded sequence of sandstone, siltstone, 
shale, and coal. Lower part is dominantly olive-drab and characteristic 
silver-blue weathered shales with whitish-yellow crossbedded 
sandstones. Upper part consists of tabular thick-bedded crossbedded 
sandstone with interbedded shales and discontinuous coal seams that 
are commonly up to 40 cm thick. Distinctive rust-brown concretionary 
sandstones are common. Glossy rust-brown fossil woody debris is 
common. Kmfg is approximately 90 m (300 ft) thick.

Crevasse Canyon Formation
Bartlett Member (Late Cretaceous)—As mapped, the Bartlett member 
consists of a thick- to massive-bedded, whitish-yellow sandstone that 
erodes into a bulbous nature. This sandstone is in sharp contact with 
underlying Kcdi; overlying Kmfg forms an approximate contact. In most 
places, Kcb is mapped solely as the sandstone, but at UTM 12S 709738m E, 
3922802m N Kcb is interpreted based on no apparent coal seams and only 
coalified tree fossils. Here, Kcb is characterized by a grayish-white silty to 
sandy facies devoid of coal seams. Possibly as much as 45 m (150 ft) thick 
overall, but thinner where mapped as a single sandstone package.

Dilco Member (Late Cretaceous)—Variable interbedded sequence of 
shale and carbonaceous shale, coal, siltstone, and sandstone. Distinct 
olive-drab weathered shales are very common with medium- to 
thick-bedded pale-orange-yellow to white sandstone; some sandstones 
are tabular while others are distinctively channel-bodies that 
occasionally are observed to cut into underlying facies. Coal seams are 
common, and range from approximately 16 cm thick but can be up to 
meter-scale thickness. Unit is approximately 140 m (460 ft) thick.

Key bed of the Dilco Member (map only) (Late 
Cretaceous)—A medium-bedded, whitish sandstone in the 
upper part of Kcdi, 1–2 m (3–6 ft) thick. This sandstone 
separates lower Kcdi facies from the upper, approximately 30 
m (100 ft) of Kcdi that is below the Kcb contact. The sandstone 
body can be correlated across the map area and serves as a 
distinctive marker bed.

Torrivio Sandstone Member (Late Cretaceous)—Distinctive pinkish to 
white, medium- to coarse-grained, poorly to moderately sorted 
sandstone with subangular to subrounded grains; locally arkosic. 
Notably differs from underlying Gallup Sandstone lithology in color, 
presence of feldspar, and apparent total lack of bioturbation that may 
suggest a change from marine to non-marine conditions. Unit is 
approximately 20 m (65 ft) thick.

Marine and Marginal Marine Units
Gallup Sandstone (Late Cretaceous)—Pale-orange-yellow to 
white-yellow, very fine to fine-grained (vfU to fU), subrounded, 
moderately to well-sorted quartz-dominated sandstone with abundant 
trough crossbeds and bioturbation. Three sandstone bodies separated 
by shale, carbonaceous shale, and coal horizons are observed and 
referred to in descending stratigraphic order as the D, E, and F 
sandstones. Upper contact was mapped as a coal horizon that is in 
sharp contact with Kct. Unit is approximately 90 m (290 ft) thick.

Mancos Shale (Late Cretaceous)—Dark-gray to black, fissile shale, 
weathers yellow to olive-drab; forms recessive hill slopes and strike 
valleys. Outcrops are rare but present on the backside of ridges beneath 
overlying Gallup Sandstone (F sandstone) in the northeast part of the 
quadrangle. Lower contact with Kdt is sharp and upper contact with Kg 
appears sharp. Unit is approximately 120 m (400 ft) thick.

Twowells Tongue of the Dakota Sandstone (Late Cretaceous)—White 
to gray, fine-grained (fL), moderately sorted, subrounded 
silica-cemented sandstone that weathers olive-gray to yellow. Where 
observed, base of Kdt is a medium-bedded (20 cm thick), fine-grained 
(fL) sandstone that exhibits vertical burrows.

Whitewater Arroyo Tongue of the Mancos Shale (Late 
Cretaceous)—Dark-gray to black, fissile shale, weathers yellow to 
olive-drab; forms recessive hill slopes and relatively narrow 
intermediate strike valleys between Kd and Kdt. Outcrops are rare. 
Lower and upper contacts with Kd and Kdt, respectively, are sharp.

Dakota Sandstone (Late Cretaceous)—Well-indurated, buff-white, 
fine- to medium-grained (fU to mL), well-sorted, rounded, silica and 
calcite cemented quartz arenite; weathers to olive-drab to yellow-white. 
Locally weathers to red-white in the northeastern part of the map area. 
Bioturbation, symmetric ripples, and crossbedding (trough and planar) 
are present in areas. Scouring geometries expose different parts of the 
lowest Dakota Sandstone and in places contain thin coal beds and 
olive-gray shale.

Undivided Dakota Sandstone, Mancos Whitewater Arroyo Tongue, 
and Dakota Twowells Tongue (Late Cretaceous)—Combined units for 
cross sections. Units are approximately 90 m (300 ft) thick.

Jurassic
Morrison Formation, undivided (Jurassic)—Grayish-pink to pink-red, 
friable to indurated, medium- to coarse-grained sandstone and 
conglomeratic sandstone with trough crossbedding. Below the base of 
Kd, consists of a white, poorly sorted crossbedded conglomeratic 
sandstone that exhibits kaolinite rhombs and pebbles. The middle to 
lower part consists of yellow and gray muds, white-pink sandstone, and 
red sandstone. Unit is approximately 60 m (200 ft) thick.

Zuni Sandstone (Jurassic)—“Candy-striped” red and white, thin- to 
medium-bedded, fine-grained (vfU), subrounded, moderate- to 
well-sorted eolian sandstone that forms resistant cliffs and slopes. Some 
white beds consist of resistant, interbedded carbonates that are 
lenticular. Striping is 15–50 cm thick. Planar and trough crossbeds are 
in small/thin approximately 10-cm-scale sets that differ in magnitude 
from large-scale crossbeds of underlying Je. Unit is approximately 75 m 
(250 ft) thick.

Todilto Limestone  (Jurassic)—Thin-bedded, white to gray, sandy 
carbonate and evaporite deposit. Contains interbedded folding that has 
been interpreted to represent algal/stromatolitic mounds (e.g.: Lucas et 
al., 2021). Unit is approximately 30 m (100 ft) thick.

Entrada Sandstone (Jurassic)—Distinctive red-orange, very fine- to 
fine-grained, massive-bedded eolian sandstone with large (10-m-scale) 
crossbeds. Sand grains are subrounded to rounded and well-sorted. 
Weathers to pale-orange with thin stripes/stringers of dark-pink, white, 
and gray. Up to 90 m (300 ft) thick on the Bread Springs quadrangle and 
as much as 180 m (600 ft) thick on the Fort Wingate quadrangle to the east. 

Triassic
Owl Rock Formation (Triassic)—Light- to dark-gray, very fine-grained 
to silty limestone bed that weathers to bluish-purple and orange-yellow 
in places. The top surface has a rough and jagged “rip pants” texture. 
Resistant to weathering and forms a small hogback ridge in the northeast 
corner of the map area. Unit is approximately 1–2 m (3–6 ft) thick

Petrified Forest Formation, undivided (cross section only) 
(Triassic)—Purple to red package of mudstone, sandstone, and 
siltstone. According to Anderson et al. (1998), the Petrified Forest 
Formation comprises the lowest Blue Mesa Member, Sonsela Sandstone 
Member, and upper Painted Desert Member. Only the upper Painted 
Desert Member is exposed on the Bread Springs quadrangle. Up to 230 
m (750 ft) in total thickness.

Painted Desert Member (Triassic)—Pale- to deep-purple, 
pale-reddish-brown, bluish-white, and light-greenish-gray 
mudstone, sandstone, and siltstone. Smectitic facies are 
common in mudstones. Forms low-relief landscape in the 
northeast corner of the map area. Total thickness, according 
to Anderson et al. (1998), is up to 165 m (550 ft) thick.

Bluewater Creek Formation, undivided (cross section only) 
(Triassic)—According to Anderson et al. (1998) and as observed in the Fort 
Wingate and Upper Nutria quadrangles to the east and southeast, 
respectively: consists of pale-reddish-brown, pale-red, dark-reddish-brown 
mudstone and silty mudstone. Three members are present, as modified 
from Anderson et al. (1998): the Lower Member, a reddish mudstone; the 
middle McGaffey Member, a white to gray sandstone with basal carbonate 
clast conglomerate; and the Upper Member, again, a reddish mudstone 
unit. Unit thickness is up to 80 m (270 ft) thick.

Moenkopi Formation and Shinarump Formations (cross section 
only) (Triassic)—As modified from Anderson et al. (1998) based on 
observations in the Upper Nutria quadrangle to the southeast: 
moderately reddish-orange to white-purple, medium- to thick-bedded 
sandstone that exhibits planar and trough crossbeds. Base consists of a 
mottled white, purple, and black, pebble-clast conglomerate. Above the 
Moenkopi Formation is the Shinarump Formation that exhibits chert- 
and quartzite-pebble clast conglomerates and conglomeratic sandstone 
with yellow muds. Unit is as much as 20 m (70 ft) thick or more.

PALEOZOIC
Permian

Permian, undivided (cross section only) (Permian)—Combined 
unit consisting in stratigraphic ascending order of the Abo, Yeso, 
Glorieta Sandstone, and San Andres formations. As much as 330 m 
(1,000 ft) total thickness.

PRECAMBRIAN
Proterozoic

Basement rock, undifferentiated (cross section only) 
(Proterozoic)—Early Proterozoic medium-grained, equigranular, 
biotite granite, according to Anderson et al. (1998).
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Figure 1—Regional map displaying the generalized extent and scale of the Nutria fold in relation to the Bread Springs 
quadrangle. Geology from the Geologic Map of New Mexico OFGM-304. Unit descriptions can either be found in this 
publication or from the geologic map-unit descriptions in OFGM-304. Note: Kmf and Kcc
1:500,000 state geologic map, and new Bread Springs mapping pushes Kmf further to the south.
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