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DESCRIPTION OF MAP UNITS
[Composite symbols are used throughout the map to clarify surficial unit relations that are too small 
to be shown at map scale. Qya/Qia—A slash (/) shows a thin veneer (<2–3 m) of younger deposits 
over older deposits, for example, Qya/Qia shows young alluvial fan deposits, undifferentiated (unit 
Qya), overlying intermediate alluvial fan deposits, undifferentiated (unit Qia). Qya+Qia—A plus (+) 
shows an area containing two units, for example, Qya+Qia shows a deposit containing both units 
Qya and Qia, and unit Qya is more common than unit Qia. Deposits forming <20 percent of the area 
are not included in the unit label. Unit color of a stacked unit (for example Qya/Qia) is assigned to 
the color of the upper unit (Qya)]

SURFICIAL DEPOSITS

MADE LAND

Made land (Holocene; Recent)—Material moved for construction purposes and agricultural 
disturbances sufficiently extensive to make landforms and deposits difficult to identify

STREAM DEPOSITS

Active stream-channel deposits (Holocene)—Alluvial sediment in stream channels 
showing evidence for modern flow, such as reduced perennial vegetation and lack of 
soil. Sediments are loose. Unit displays abundant bar and swale topography. Includes 
fan-shaped distal distributary systems in a few cases. Prone to flooding. Equivalent to 
combined Qya1 and Qya2 fan units of Miller and others (2009)

Young stream deposits (Holocene to latest Pleistocene)—Tan, thin-bedded, moderately 
sorted sand and fine gravel deposited within major stream channels and as lobes at 
unconfined termini of channels. Differs from unit Qas in generally being older, 
although map unit may include small active channels. Bar and swale topography is 
well developed and a typical characteristic for the surface. Surfaces are prone to 
flooding and sheet flow during and after heavy rains. Minor soil development 
expressed as incipient Av horizons and accumulations of very fine sand and silt in 
upper parts of the soil profile. Unit tends to be moderately to well vegetated with 
perennial shrubs such as creosote bush, white bursage, and desert senna

ALLUVIAL-FAN DEPOSITS

Young alluvial-fan deposits, undifferentiated (Holocene to latest Pleistocene)—Alluvi-
al-fan deposits characterized by surfaces and channels that received sediments from the 
latest Pleistocene to the present. Alluvial-fan deposits typically consist of sand and 
gravel. Clasts are moderately to poorly sorted and vaguely bedded. Grains are generally 
subangular to subrounded. Bar deposits tend to be coarser grained than swale deposits. 
Deposits grade from active channels incised into older alluvial-fan surfaces near the 
mountain fronts to undulating depositional expanses where flow is not confined. 
Biologic crusts are rare to common on all surfaces. In the northeastern part of the map 
area, eolian sand is generally worked into the deposits, which leads to a flattening of the 
surface and a soil that is less developed and deeper than otherwise would be expected

Young alluvial-fan deposits, unit 4 (early Holocene to latest Pleistocene)—Surfaces 
are stable. Sediments are moderately indurated. Surfaces have subdued bar and swale 
topography with incipient desert pavement and varnish. Weakly developed desert 
varnish on clasts is a distinctive characteristic for unit Qya4. Soil development 
consists of 1- to 4-cm-thick sandy Av horizon, strong Bw horizon, and stage I to II 
carbonate horizon. Surfaces are moderately vegetated with creosote bush and white 
bursage. Mapped unit includes small areas of younger alluvium that are generally 
located in narrow channels cut into unit Qya4 surfaces and irregular patches of 
younger fan deposits with indistinct boundaries

Intermediate alluvial-fan deposits, undifferentiated (late to middle Pleistocene)—Alluvi-
al-fan deposits characterized by surfaces that have been abandoned for tens to hundreds 
of thousands of years. Clasts are moderately to poorly sorted and moderately bedded. 
Grains are subangular and coarsen toward mountain fronts. Surfaces are generally 
slightly rounded at edges of incised channels. Moderately developed to well-developed 
interlocking desert pavement with a moderate to strong varnish on clasts. Clast bottoms 
are moderately to well rubified. Pavement covers entire surface or occurs as patches. 
Patchy desert pavement may be due to either degradation of surface or to partial burial 
by younger deposits. Soil profile is characterized by well-developed Av horizon as much 
as 8 cm thick, distinct argillic Bt horizons as much as 30 cm thick, and stage II to III 
calcic horizons. Carbonate stringers and nodules occur within Btk horizons and color 
lightening is common. Vegetation typically limited to shoulders of incised channels or as 
isolated clumps on the surface where pavement is weak. Vegetation consists of creosote 
bush and Opuntia sp. 

Intermediate alluvial-fan deposits, unit 2 (late Pleistocene)—Alluvial-fan deposits 
characterized by surfaces that have been abandoned for tens of thousands of years. 
Pavement surfaces are compact and flat with well-varnished interlocking clasts and 
strong rubification on the bottom of clasts. Soil development consists of 2- to 
8-cm-thick platy Av horizon, an argillic Bt horizon, and stage II to III carbonate 
development

Intermediate alluvial-fan deposits, unit 3 (middle Pleistocene)—Alluvial-fan 
deposits characterized by crowned surfaces that have been abandoned for hundreds of 
thousands of years. Deposits are generally >2 m thick and substantially incised. 
Desert pavement is typically degraded, occasionally found as patches of moderately 
interlocking, poorly leveled pavement that exhibits moderate to strong desert varnish 
and rubification. Commonly, clasts on surface comprise disaggregated pieces of 
pedogenic carbonate brought to the surface via bioturbation. Av horizons are platy 
and are commonly 4 cm thick and very silty. Strong Bt and Btk horizons exist with 
stage III and IV carbonate development

Older alluvial-fan deposits (middle to early Pleistocene)—Alluvial-fan deposits 
characterized by degraded remnants of abandoned surfaces forming bouldery ridges. 
Compact to cemented. Commonly forms pale-colored ridges with little or no remnant 
depositional geomorphology; ridge tops are a few meters higher than surrounding 
deposits. Many clasts on surface made up of disaggregated pieces of calcic horizon, 
contributing to pale appearance. Stage IV and greater calcic horizons 2–6 m thick

Gravel (early Pleistocene to Pliocene)—Loose to semi-consolidated sand and gravel with 
deeply incised topography. Outcrops have patches of strong desert varnish on clasts. 
Chips of cemented pedogenic carbonate litter the surface owing to bioturbation. 
Deposits exhibit well-developed dendritic drainage patterns. Near-surface soil horizons 
variable to absent. Unit generally lacks original geomorphic surface. The large 
exposure south of the Mojave River overlies gravels assigned here to the Barstow 
Formation and includes a component of groundwater-discharge beds (unit QTgw)

MIXED ALLUVIAL-FAN AND EOLIAN DEPOSITS 

Young mixed alluvial and eolian deposits (Holocene to latest Pleistocene)—Deposit 
consists of alluvial and eolian sediments that are thoroughly mixed. These units are 
found mainly in the northeastern part of the map area, where significant eolian 
contribution stems from Harper Lake and local playas. Deposits are moderately 
sorted to well-sorted sand and gravel. Sediments are typically loose. Soil develop-
ment and desert pavement are similar to or less pronounced than that exhibited by 
correlative alluvial-fan units. Deposits form more muted topographic surfaces than 
alluvial-fan surfaces lacking significant eolian sand. Surfaces are sparsely vegetated, 
generally supporting creosote bush, white bursage, and perennial grasses. Deposits 
grade complexly toward eolian-sand sources by increase of sand component and 
decrease of discrete alluvial beds

Young mixed alluvial and eolian deposits, unit 4 (Holocene to latest Pleistocene)—De-
posit consists of alluvial and eolian sediments that are thoroughly mixed. Deposits are 
moderately sorted to well-sorted sand and gravel. Soil development and patches of desert 
pavement are similar to or less pronounced than that exhibited by correlative Qya4 
alluvial fan unit. Surfaces are sparsely vegetated, generally supporting creosote bush, 
white bursage, and perennial grasses

Intermediate mixed alluvial and eolian deposits (late to middle Pleistocene)—Deposit 
consists of alluvial and eolian sediments that are thoroughly mixed. Soil development 
is similar to or less pronounced than that exhibited by unit Qia. Sparsely vegetated, 
generally supporting creosote bush and white bursage. Primarily mapped in the 
northern part of the map area and near Mount General

Intermediate mixed alluvial and eolian deposits, unit 2 (late Pleistocene)—Deposit 
consists of alluvial and eolian sediments that are thoroughly mixed. Patches of 
varnished pavement. Soil development is similar to or less pronounced than that 
exhibited by unit Qia2. Sparsely vegetated, generally supporting creosote bush and 
white bursage. Primarily mapped near Mount General

Intermediate mixed alluvial and eolian deposits, unit 3 (middle Pleistocene)—Deposit 
consists of alluvial and eolian sediments that are thoroughly mixed. Patches of 
varnished pavement. Soil development is similar to or less pronounced than that 
exhibited by unit Qia3. Sparsely vegetated, generally supporting creosote bush and 
white bursage. Primarily mapped near Mount General

EOLIAN DEPOSITS

Young eolian sand deposits (Holocene)—Deposits are composed of tan, moderately sorted 
to well-sorted, fine- to medium-grained, loose sand that forms sheets and dune fields. 
Unit Qye is mapped east and southeast of Harper Lake and north of Mount General, 
as well as along the margin of the Mojave River. Deposits are bare to moderately 
vegetated with Atriplex sp. and perennial grasses; less common is mesquite. Coppice 
dunes around perennial plants are common. Weak to no soil development

MOJAVE RIVER DEPOSITS
Mojave River deposits consist of arkosic sand and gravel that display moderate rounding and sorting 
and that contain minor volcanic and metasedimentary rocks. Pleistocene Mojave River deposits 
(Qomr and Qimr) commonly form positive-relief features similar to ridge-and-valley topography that 
suggest topographic inversion has occurred, similar to late Pleistocene Mojave River deposits 40 km 
to the northeast at Coyote Lake (Dudash, 2006; Miller and others, 2018b). The deposits bifurcate from 
the Helendale area with primarily old (Qomr) deposits west of Iron Mountain leading toward Harper 
Lake and mostly younger deposits in Hinkley Valley. Cox and others (2003) first recognized the 
fluvial deposits as being distinct from alluvial-fan deposits because of their sedimentology and 
provenance. On aerial photographs, branching and sinuous distributary channel patterns are evident. 
The sinuous features appear darker than their surroundings due to a veneer of coarse gravel with light 
to moderate desert varnish. Where fine-grained sediment was not armored by coarse sand and gravel, 
fluvial and eolian processes have eroded the fine sediment. The topographically high sinuous features 
are interpreted as having formed from deflation of the fines in the deposit adjacent to coarse-grained 
channel sediment (Maizels, 1990; Dudash, 2006; Miller and others, 2018b)

Young Mojave River deposits, undifferentiated (Holocene to latest Pleistocene)—Arkosic 
gravel, sand, and silt composed of granitic grus with minor amounts of metasedimentary 
and volcanic clasts; deposit is identical in composition and grain size to older deposits 
sourced by the Mojave River and distinct from locally sourced streams

Young Mojave River deposits, unit 1 (latest Holocene)—Arkosic gravel, sand, and 
silt in the active channel of the Mojave River. It is composed of granitic grus with 
minor amounts of metasedimentary and volcanic clasts. Surface is broadly undulating 
with very muted microtopography. Soil development is absent. Vegetation is gener-
ally absent, although in places Atriplex sp. and rabbit brush occur. Unit is complexly 
interlayered with eolian sand deposits, and where overlain by small patches of dunes 
and sand sheets the eolian deposits are not distinguished on the map

Young Mojave River deposits, unit 2 (late Holocene)—Arkosic gravel, sand, and silt 
with reddish quartzite pebbles. Well bedded with typical fluvial stream-deposit 
characteristics such as normal grading, cross-beds, and less common crevasse splay 
and floodplain sediment. Commonly interbedded with eolian sand near the margin of 
the active Mojave River channel. Lies as much as 1 m above the active channel

Young Mojave River deposits, unit 3 (middle Holocene)—Arkosic gravel, sand, and 
silt with reddish quartzite pebbles. Well bedded with typical fluvial stream-deposit 
characteristics, such as normal grading, cross-beds, and less common crevasse splay 
and floodplain sediment. Deposit displays bar and swale topography, lies 1–2 m 
above modern river channel elevation

Young Mojave River deposits, unit 4 (early Holocene and latest Pleistocene)—Arkosic 
gravel, sand, and silt with reddish quartzite pebbles. Well bedded with typical fluvial 
stream-deposit characteristics, such as normal grading, cross-beds, and less common 
crevasse splay and floodplain sediment. Deposit shows indistinct bar and swale topogra-
phy, Bw soils, varnish on pebbles. Near Red Hill, unit may be as old as ~30 ka because it 
overlies a soil developed in top of underlying 45–40 ka unit Qils lake deposit

Intermediate Mojave River deposits (middle to late Pleistocene)—Arkosic gravel, 
sand, and silt with reddish quartzite pebbles. Well bedded with typical fluvial 
stream-deposit characteristics such as normal grading, cross-beds, and less common 
crevasse-splay and floodplain sediment. Deposit shows ridge and valley topography 
with as much as 4 m relief, and crests littered with pebbles, typically varnished. Bt 
and Btk soil horizons common; stage III carbonate development. Moderately 
vegetated with creosote bush and white bursage. Overlapped near Iron Mountain by 
alluvial-fan unit Qia3. As mapped north of the Lockhart Fault Zone, may include 
somewhat younger deposits than remainder of deposit to the south, because ridge and 
valley topography is subdued and slope to north is decreased. Stage III carbonate 
development observed in soils south of Santa Fe Avenue but Bw soils observed in 
shallow holes dug north of that street

Old Mojave River deposits (early Pleistocene)—Arkosic gravel, sand, and silt with 
reddish quartzite pebbles. Well bedded with typical fluvial stream-deposit character-
istics, such as normal grading, cross-beds, and less common crevasse splay and 
floodplain sediment. Deposit shows ridge and valley topography with as much as 8 m 
relief. Stage IV carbonate horizons are as much as 2 m thick and mantle the eroded 
ridge-like landforms. Moderately vegetated with creosote bush and white bursage

PLAYA, GROUNDWATER-DISCHARGE, AND LACUSTRINE DEPOSITS 

Active playa deposits (latest Holocene)—Bare brown nearly flat surface with mud 
cracks; deposit composed of vaguely bedded, poorly sorted mud and sand, calcare-
ous. In places cut by linear fissures that support vegetation. Harper Lake and other 
playas are prone to flooding

Active playa-margin wetland deposits (latest Holocene)—Playa margin deposits 
characterized by pale off-white smooth surface, commonly puffy (very compressible, 
uneven); high salt content and thin crust of CaCO3 and other salts. Composed of mud 
with sand; poorly sorted. Plants presently are limited to salt grass, but dead stalks are 
common, probably representing historical rabbit brush. Represents evaporative 
discharge of shallow water

Young wetland deposits (late Holocene)—Pale-gray, pale-tan, and off-white carbon-
ate-rich mud and fine sand. Bedded, with resistant CaCO3-nodule beds common. 
Small patches of eolian sand. In some places, common dead stalks may represent 
historical rabbit brush described by Thompson (1929). Represents former groundwa-
ter-discharge wetlands. Cut by historical channels.

Young wetland and stream deposits overlain by sand sheets and dunes (late Holo-
cene)—Pale-gray, pale-tan, and off-white carbonate-rich mud and fine sand. Bedded, 
with resistant CaCO3-nodule beds common. Beds include moderately sorted to 
well-sorted sand in thin sheets and lenses, in places cross-laminated; sand-clast 
composition is similar to stream sand in alluvial fans to east and (or) streams 
discharging from Hinkley Valley. Eolian sand mainly stabilized by Atriplex sp., 
locally by mesquite trees. Represents former groundwater discharge and stream 
deposits with young eolian sand interlayered and superposed. Cut by historical 
channels. Dated east of Blacks Ranch as 1,610–1,625 cal yr B.P. (table 4)

Young lacustrine sand deposits (early Holocene and latest Pleistocene)—Deposits 
consist of well-rounded and moderately to poorly sorted sand underlying nearly 
horizontal platform geomorphic surfaces northwest of Red Hill. Surfaces slope gently 
west and are deeply incised by modern stream channels. Platforms appear to cut unit 
Qymr4, which overlies older lacustrine deposits (unit Qils). Boreholes in this deposit 
penetrate many meters of massive sand, primarily derived from Mojave River type 
sources. Deposits may represent beach sand and nearshore depositional environments

Intermediate lacustrine sand deposits (late Pleistocene)—Deposits consist of 
well-rounded and moderately sorted to well-sorted sand and silt with minor clay and 
calcite matrix. Sand grains are commonly quartz, feldspar, and lithic fragments that are 
characteristic of a Mojave River source. In areas east of Red Hill, deposit is thin- to 
medium-bedded well-sorted sand to silt, with some beds being biotite rich and with less 
common beds of muddy sand. Anodonta shells locally present in this unit were dated by 
Meek (1999) at 25,000±310 14C yr B.P. to indeterminately old. Age assumed by Garcia 
and others (2014) as 40,000–45,000 yr based on luminescence dating. Shell at top of 
exposed section dated herein (table 4) as 34,380–35,360 cal yr B.P.

Intermediate lacustrine gravel deposits (late Pleistocene)—Massive or thin- to medi-
um-bedded, medium to very coarse sand and fine gravel. Underlies convex-up, 
constant elevation geomorphic forms characteristic of beaches and laterally persistent 
deposits that slope gently in contrast to nearby alluvial-fan deposits. Grains are 
commonly moderately sorted quartz and feldspar. Highest beaches at 660–661 m 
(2,165–2,170 ft) represent repeated lake stands near that elevation

Groundwater-discharge wetland deposits (early Pleistocene to Pliocene)—Carbon-
ate-rich silt and fine sand with a hard carbonate cap formed in zones of former 
groundwater discharge. Lies within upper part of unit QToa alluvial-fan deposits 
along Route 66 in southern part of map area and lies within unit QToa sand and 
gravel southeast of Lenwood. Dated at latter locality by presence of ash bed 
correlated with ~2.05–2.5 Ma Honey Lake ash bed of Cox and others (2003)

ROCK UNITS

PLIOCENE VOLCANIC ROCK

Black Mountain basalt (Pliocene)—Basalt that is dark brown to dark gray, vesicular to 
massive, with abundant phenocrysts of olivine (or iddingsite) and plagioclase, along 
with minor pyroxene. Lava flows apparently emanated from vicinity of Black 
Mountain and are present widely in eastern and southern Water Valley in sets of two 
or three flows, 8–12 m thick in total. Conspicuous columnar jointing. Flows lie on or 
near Miocene granite and rhyolite in many locations and are overlain by alluvial-fan 
deposits of unit QToa. Dated by Oskin and Oriondo (2004) as 3.4 to 3.8 Ma

MIOCENE SEDIMENTARY ROCK

Barstow Formation (Miocene)—Sandstone, siltstone, and limestone in the Mud Hills area 
of the type Barstow Formation (MacFadden and others, 1990). Consists of sandstone, 
siltstone, limestone, and minor volcanic rocks near Lenwood. Rocks in type section are 
older than 19 Ma to as young as ~14 Ma (MacFadden and others, 1990)

Gravel (Miocene)—Gravel and conglomerate of uncertain age. Medium- to thick-bedded 
with two debris-flow beds. Contains angular to subrounded pebbles and cobbles in sand 
matrix. Clasts are variable: mylonitic granite, mafic granitoid gneiss, quartz monzodio-
rite, and marble. One clast of tuff was observed. Rare boulders as wide as 60 cm. Clast 
composition is consistent with a source similar to rocks in the southern Iron Mountain. 
Unconformably overlies metamorphic rocks and underlies unit QToa along the Mojave 
River near Johnstons Corner

Avalanche breccia (Miocene)—Rock-avalanche breccia in thick sheets from nearly 
uniform source rock. Exposed in hills along west border of map area and southwest 
part of Lynx Cat Mountain. Conglomerate beds lie between breccia sheets locally. 
Appears to underlie granite-boulder conglomerate of uncertain age (included in map 
unit Ta) south of Santa Fe Avenue. Rocks in breccia sheets are typical of the northern 
Iron Mountain bedrock: marble, granitoids, and gneiss with minor quartzite

BEDROCK

Rhyolite (Miocene)—Rhyolite containing phenocrysts of feldspar, quartz, and biotite in 
an aphanitic matrix (30–85 percent). Feldspar typically is altered to clay. Rock is 
light gray, fresh, more commonly red, brown, or dark gray due to alteration. Gener-
ally complexly altered, fractured, and faulted. May grade into dacitic composition 
(Fletcher and Martin, 1998) but many reasonably fresh samples collected for 
whole-rock chemistry yielded rhyolite compositions (tables 1, 2). Considered to be 
the extrusive equivalent of the Waterman Hills Granite (unit Tw; Walker and others, 
1995) but also intrudes unit Tw near Red Hill. As mapped, includes lahar and 
conglomerate intervals at Mount General, as well as white rhyolite dikes. In vicinity 
of Mount General, base of unit is a detachment fault and rhyolite is generally, but not 
everywhere, highly fractured within ~4 m of the fault

Waterman Hills granite of Walker and others (1995) (Miocene)—Biotite granite to 
granodiorite with common septa and pendants of metamorphic rock. Color index (CI) 
is 5 to 15, rarely to 25; mafic minerals are biotite with subordinate hornblende in a 
few locations. Subequigranular to distinctly porphyritic with potassium-feldspar 
phenocrysts, generally medium-grained matrix but fine grained near Mount General. 
In places, very fine grained matrix and sheeted dikes (Anderson, 2017) suggest a 
hypabyssal intrusive setting. Aplite dikes common at Lynx Cat Mountain. Dated by 
Walker and others (1995) at ~21–24 Ma by U-Pb analysis of zircon. Similar rock in 
the Hinkley hills forms northwest-striking, 250-m-wide dikes that widen toward 
Mount General. At Mount General, the Waterman Hills granite is cut by a detachment 
fault, below which the granite is fractured over a distance of 20–40 m, with fracture 
intensity increasing upward to the fault. Waterman Hills granite in the Harper Lake 
Fault Zone is similarly fractured throughout. Locally developed mylonitic fabric, 
commonly associated with chloritization, observed in northern Lynx Cat Mountain, 
southeast Mount General, and hills in the Harper Lake Fault Zone

Mafic plutonic rocks (Mesozoic)—Mafic plutonic rocks ranging from diorite and gabbro 
to mafic tonalite and quartz monzodiorite. Hornblende, biotite, and plagioclase 
feldspar are conspicuous. In many places, strongly foliated to gneissic and cut by 
numerous and varied dikes, as well as including septa of metamorphic rocks

Felsic plutonic rocks (Mesozoic)—Granitoids such as granite, felsic tonalite, and 
granodiorite. Generally biotite, quartz, potassium feldspar, and plagioclase feldspar 
present. Typically foliated or gneissic; CI generally <15. Cut by numerous dikes of 
varied composition

Marble (Paleozoic?)—Marble derived from limestone and dolomite. White to pale-gray 
and brown limestone marble with local impure areas of calc-silicate rock, also 
dolomite marble. Dolomite marble common in the Hinkley hills, less common in Iron 
Mountain. Interlayered with schist and quartzite, as well as sills(?) of granitoids. 
Correlated with Precambrian to lower Paleozoic strata by Martin and Walker (1991)

Metamorphic rocks (Mesozoic, Paleozoic, and Neoproterozoic?)—Metamorphic rocks 
ranging from schist to quartzite and schistose quartzite (Boettcher, 1990). Calc-sili-
cate rocks derived from shaley limestone common in northern Iron Mountain. 
Correlated with Precambrian to lower Paleozoic strata by Martin and Walker (1991). 
Near Mojave River at Johnstons Corner, includes metavolcanic rocks of the Hodge 
volcanics of Bowen (1954), considered to be metamorphosed Jurassic Sidewinder 
Volcanics (Martin and Walker, 1991)

EXPLANATION OF MAP SYMBOLS
Contact—Solid where location certain; dashed where location approximate

Quaternary fault—Solid where existence certain, location certain; dashed where 
existence probable, location approximate; dotted where existence probable, location 
concealed; queried where questionable

Lineament—Vegetation lines and subdued linear troughs, many associated with fault 
zones and parallel to mapped faults. Others are fissures at high angles but adjacent to 
the Mount General Fault

Anticline

Marker bed—Pale-gray, calcium-carbonate-cemented bed in unit QToa. Grades laterally 
to unit QTgw wetland deposits

Inclined bedding—Showing strike and dip
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