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of otherwise early and middle Miocene age (fig. 4; Pike and Hansen, 1982; Nielson, 1986;
Nielson and Beratan, 1990; Beratan and others, 1990). The volcanic rocks consist of mafic
and silicic lava flows, volcaniclastic flows and breccias, air-fall tuff, and tuff breccia. The Peach
Springs Tuff of Young and Brennan (1974), a regional ash-flow tuff, crops out high in the
lower Miocene part of the section. The sedimentary rocks include arkosic conglomerate and
conglomeratic sandstones derived from Proterozoic sources, sandstone and sedimentary breccia
derived solely from reworked volcanic rocks, and fanglomerate, sandstone, and claystone from
mixed sources. The lower part of the Tertiary section is intruded by silicic and mafic dikes that
may be feeders for some of the flows.

The dikes are part of a dense swarm of northeast-dipping Tertiary dikes that pervades the
pre-Tertiary basement of the Crossman block. This Mohave Mountains dike swarm forms about
15 percent of the rock volume in the Crossman block (Nakata, 1982) and accounts for a north-
east-southwest crustal dilation of 2-3 km that occurred during regional tectonic extension. The
K-Ar ages considered most reliable as intrusive ages for the swarm range from 19.240.5 to
21.5+0.5 Ma (table 1, Nos. 21-25).

The Tertiary strata below the Peach Springs Tuff correlate broadly with the sedimentary
and volcanic rocks of Fox Wash described by Sherrod (1988) from the Bill Williams Mountains.
Age determinations by the K-Ar method indicate that the age of the volcanic rocks in this sec-
tion is about 19 to 22 Ma (table 1, Nos. 8-11, 13; Nielson and Beratan, 1990; Nakata and
others, 1990). The Peach Springs Tuff is dated from Kingman, Arizona, at 18.5+0.2 Ma (Niel-
son and others, 1990). The steeply dipping to overturned oldest part of the Tertiary section is
overlain succesively by units of early Miocene to middle Miocene age having progressively shal-
lower dips, in places without obvious unconformities between strata. Therefore the stratified
units were deposited during tilting, and they likely record sedimentary influxes that relate to the
tilting and faulting. Conglomerates low in the section are largely roundstone. Higher units
include lacustrine strata deposited in closed structural basins. Fanglomerates and landslide meg-
abreccias crop out high in the section.

North of Lake Havasu City a gently dipping latite flow (Tadf) dated by K-Ar at 19.9+0.5
Ma overlies more steeply tilted flows and strata (Tfts) from which an age of 19.2+0.5 Ma was
obtained. The 30° and greater angular unconformity between the latite flow and underlying
strata records the tilting of the Crossman block (Nielson and Beratan, 1988), so the age of tilt-
ing can be interpreted as near 19.5 Ma. Stratal dips indicate that tilting of other blocks ranged
from before to after deposition of the 18.5-Ma Peach Springs Tuff.

A middle Miocene fanglomerate unit (Tfg) represents the first of two distinct periods of
postdetachment alluviation. Capping it are rhyolite and olivine basalt flows (Tr, Tob) that were
dated at 12.2 to 8.6 Ma (Suneson and Lucchitta, 1983; Nakata and others, 1990). They and
the underlying fanglomerate are relatively undeformed compared to older strata, but in the
southeastern part of the map area they are faulted and are tilted gently southwest, the same
direction as older steeper tilts.

The Bouse Formation of late Miocene and Pliocene age was deposited mostly in quiet
water along the valley that was later to be followed by the Colorado River. A sandy subaerial
facies of the Bouse was deposited in the northern part of the Mohave Mountains area; a similar
facies was mapped south of the Whipple Mountains by Dickey and others (1980).

Undeformed upper Miocene to Quaternary piedmont sedimentary deposits record a sec-
ond period of alluviation. These deposits are fanglomerates composed of unsorted to poorly
sorted, coarse, angular to subangular clastic debris derived from the exposed pre-Tertiary and
Tertiary rocks. The fanglomerates interfinger with river-laid sand and gravel along the Colorado
River west of the study area. Most of the fanglomerate deposits are at least as old as Pleisto-
cene and probably formed a series of large, coalescing alluvial fans (unit QTs1). The depositio-
nal surface later was nearly completely dissected, with levels of erosion generally below the soil
profile, on the west side of the mountains where drainages flow directly into the Colorado
River. Dissection, planation, and reworking is largely responsible for a series of inset terraces
and washes veneered by succesively younger parts of the piedmont unit. Soils are progressively
less well developed on younger units (Wilshire and Reneau, 1992).

Tertiary Structure

Structural relations in the Crossman block indicate that it was tilted as a largely coherent
block. The lower part of the Tertiary section dips steeply to overturned. The tilt persists at
deeper structural levels in the block, as shown by the consistent steep orientations of rotated
Proterozoic diabase sheets, subparallel to the lower Tertiary section. The Tertiary Mohave
Mountains dike swarm maintains a moderate northeast dip all across the block and is unbroken
by faults except in a few places.

The evidence for tilting of the Crossman block implies that it exposes a cross section that
represents progressively greater crustal depths from southwest to northeast. This section repre-
sents 10 to 15 km of crustal thickness if the Crossman block is unbroken and tilted at least 75°
(Howard and John, 1987). Amphibolite bodies within the block trace cryptic Proterozoic folds
that argue against much internal disruption of the block by Tertiary faulting, except where
faults are mapped. The Crossman block may have been translated 40 km from Chemehuevi
Valley, where the western Whipple Mountains below the Whipple Mountains detachment fault
expose a footwall of similar dike swarms and Proterozoic gneisses (Carr and others, 1980;
Dickey and others 1980; Davis and others, 1980, 1982; Howard and others, 1982a; Davis,
1988; Lister and Davis, 1989).

The Whipple Mountains-Chemehuevi detachment fault projects eastward beneath the
Crossman block and is inferred to juxtapose it against deeper mid-crustal mylonitic gneisses
(see cross sections). In the eastern Chemehuevi Mountains and eastern Whipple Mountains the
footwall of the detachment exposes mylonitic gneisses derived from Proterozoic to Tertiary
protoliths and mylonitized in the Cretaceous and Tertiary (Anderson and Rowley, 1981; Davis
and others, 1982; Anderson and others, 1988; Davis, 1988; John and Mukasa, 1990).

An abrupt northeast termination of the Crossman block at its originally deep end is pro-
posed on cross section A-A' in order to help explain a steep gravity gradient at this position.
The gravity gradient led Simpson and others (1986) to model a steep boundary between denser
rocks underlying the exposed Crossman block against less dense (lacking dikes?) bedrock to the
northeast, under a thin sedimentary cover. The gravity model requires a greater density con-
trast (0.12 to 0.15 g/cm3) between bedrock terranes than would be expected from the largely
granitic bedrock exposed in the region and from density measurements of rocks in the Cross-
man block (Simpson and others, 1986). Hence the interpretation portrayed on cross section
A-A' must be considered tentative and uncertain.

A curving family of northwest-striking faults including the Wing fault cut the northwestern
part of the Crossman block. These faults are steep, they cut the Mohave Mountains dike
swarm, and they appear to have significant pre-dike-swarm displacements of gneiss units.
Based on the generalized crustal section inferred for unbroken parts of the Crossman block,
each fault of the Wing-fault family appears to attenuate crustal section, juxtaposing originally
shallower rocks against originally deeper rocks to the north. Chloritized rock is present on the
"deep" northeast side of the Wing fault but not on the "shallow" side, a pattern reminiscent of
chloritized footwalls of low-angle normal faults in the region. Based on the resemblances to
low-angle normal faults in the region, the steep Wing fault perhaps was rotated from an origi-
nally smaller dip.

The Boulder Mine and Standard Wash areas expose numerous fault slices in synformal
arrays structurally over the Crossman, Bill Williams, and Tumarion blocks. The faults in the
Aubrey Hills and the Boulder Mine area mostly dip at low angles, and those in the Standard
Wash area are inferred to also. Fault traces concave to the northeast in the Standard Wash
area are consistent with synformal shapes and low northeast dips for the faults. Cross sections
B-B' and C-C' interpret a shallow depth to the underlying footwall of the Whipple Mountains
detachment fault. The depth is consistent not only with the geology but with the depth to a
seismic-velocity increase interpreted as the base of the highly faulted allochthons (John and oth-
ers, 1987, McCarthy and others, 1987).

The southeast-dipping Powell Peak fault bounds the Tumarion block against higher blocks
of the Boulder Mine area, and the southeast-dipping Crossman Peak fault similarly bounds the
exposed Crossman block against higher blocks of the Standard Wash area. Measured striae on
the latter fault strike northeast in a direction parallel to the direction of extension and regional
fault slips, including slip on the deeper Whipple Mountains and Chemehuevi detachment faults
(Davis and others, 1980; Howard and John, 1987; John, 1987a).

Cross sections B-B' and C-C' portray the Powell Peak and Crossman Peak faults as bot-
toming at shallow depth, so that the Crossman block is connected at depth below the Standard
Wash area and the Boulder Mine area with the Bill Williams and Tumarion blocks. This inter-
pretation is based on (1) the alignment of Tertiary strata in the three big upended blocks; (2)
the moderate (30-40°) dip of the exposed Powell Peak and Crossman Peak faults; and (3) the
synformal array of higher blocks in the Boulder Mine and Standard Wash areas (Howard and
others, 1982a; Howard and John, 1987). An alternate interpretation is that the Crossman
Peak and Powell Peak faults are syndepositional transfer faults, and that the Crossman block
does not intervene between the Standard Wash area and the Aubrey Hills as portrayed on the
cross sections. This latter interpretation is based on stratigraphic coherence in the Tertiary sec-
tion of the Aubrey Hills and Standard Wash areas and stratigraphic contrasts to the Crossman
block (Beratan and others, 1990; Nielson and Beratan, 1990).

Relatively mild tilting and step faulting in upper Miocene strata (northeastern part of cross
section B-B') may postdate active extension accomodated on the Whipple Mountains and
Crossman Peak faults. The late Miocene tilting may relate to rebound of the detachment faults
and later adjustments of tilted blocks following the end of movement on the Whipple Mountains
fault.
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N o, ST ' o The area lies within a terrane characterized by major low-angle normal faults (commonly
/ o Bt St / 34°22'30° o . 10 KLOMETERS called detachment faults) of Miocene age (Davis and others, 1980; Howard and John, 1987;
| | | | , ’ J,/ A i John, 1987a; Davis and Lister, 1988; Davis, 1988; Carr, 1991). The Whipple Mountains
Figure 1. Index map showing location of study area (shaded), 7 1/2 minute 40 s e A IR o Figure 3. Generalized tectonic map showing tilt blocks and detachment fault is exposed 3 km (2 mi) southwest of the mapped area, and the probably
quadrangles of area, and nearby published geologic mapping. - Lake Havasu City major faults. Arrows show relative direction of movement; barbs equivalent Chemehuevi detachment fault is exposed 8 km (5 mi) northwest of the mapped
v | : on upper plate of detachment faults. Zreah Both dip gently toward the Mohave Mountains area and project beneath it at shallow
epth.
Proterozoic metamorphic and igneous rocks, Cretaceous plutons, and Tertiary dikes
underlie the map area. Tertiary volcanic and sedimentary rocks overlie the Proterozoic rocks.
Tilting to the southwest in the Miocene along northeast-dipping normal faults resulted in steep
to overturned dips of lower Miocene strata and the Proterozoic-Tertiary nonconformity. Conse-
quently the map view restores to cross-sectional views before the tilting, in which deeper crustal
levels in any tilted block are encountered to the northeast. The faulting is inferred to relate to
down-to-northeast motion on the deeper Whipple Mountains-Chemehuevi fault (Howard and
John, 1987). Upper Miocene to Quaternary deposits overlie the deformed rocks.
The largest of the tilted fault blocks is the Crossman block, centered in the map area
(Crossman plate of Howard and others, 1982a). Other large tilt blocks are the Bill Williams,
Buck, and Tumarion blocks (fig 3). Smaller tilt blocks or slices are present in the Standard
Wash, Aubrey Hills, and Boulder Mine areas.
Feldspar Mafic
Minerals Proterozoic and Mesozoic Rocks
Granite gneisses are the predominant Early Proterozoic rocks in the map area. The
Table 1. Potassium-argon (K-Ar), urapium—lead (U-Pb), and fission-track» (FT) age determinations for Figure 5. Modal composition of plutonic rock units, based on an gneisses are like those widely exposed elsewhere in the eastern Mojave Desert region (Wooden
) selected rocks in the Mohave Mountains areq, Arizona ) average of 1000 points counted on stained slabs. See figure 6 for and Miller, 1990) and consist partly of supracrustal rocks and largely of metaplutonic rocks
[K-Ar and FT numen(l:va[iuaae(s1 gg(r)r)l I;Iakata arrlldigtl'rleés (rlll?l?(l));tU—er rager(lrtnagn rt101h36t2 dneterrr]lmed by Wooden and augen gneiss unit. International Union of Geological Sciences (Howard and others, 1982a). Scattered amphibolite bodies (Xga) help to define large folds in
¢ -+ age considered tnTRely To represell crysTaTieation age classification (Streckeisen, 1973) the gneiss terrane. Fold axes plunge to the southwest and restore to northeast plunge if Terti-
Map no. Map Latitude Longitude . Age ary tilting is removed (Howard and others, 1982a).
(sheet 1) unit Samgle no. (34°) (114°) Rock type Method  Material dated (in Ma) Amphibolite is associated with white garnet-bearing gneissic pegmatite (Xgp) in the north-
1 Tob PSIMH-SA 30.7 45  Basalt K-Ar  Whole rock 11.140.3 western part of the Crossman block; it serves as a marker for fault separation to a block in the
2 Tr JP82MH-23 27.7" 3.5  Tuff K-Ar Sanidine 12.7+0.6 Boulder Mine area. The same assemblage also crops out along strike to the northeast in the
3 Tbt  H81MH-18 40.9' 18.7 Basalt K-Ar  Whole rock 14.6+0.4 Buck block, as well as farther southeast in the Crossman block.
19.240.5 Ma (map no. 19) 4 Tps  JP8OMH-192 37.8 20.7°  Tuff K-Ar  Sanidine 17.620.4 Remnant metasedimentary rocks (Xgs) and fine-grained biotite granite gneiss (Xgb) and
19.940.5 Ma (map no. 6) 34°15' 4 Tps P81IMH-2 37.8 20.77  Tuff K-Ar  Sanidine 18.0+0.5 Quart younger foliated monzogranite (Xgp) crop out in the northern part of the area in structurally
TH SCALE 1:250 000 5 Tadf JP81MH-388B 33.8: 19.5: Tuf.f K-Ar P!ag?oclase 17.9+0.5 R high positions of the pre-Tertiary crustal section. Augen gneiss (Xap, Xag, and Xagd) occurs
? 5 1J0 KILOMETERS 6 Tadf  JP8IMH-378 35.4 21.1"  Latite K-Ar B%ogte 19.940.5 EXPLA in structurally intermediate levels of the section and becomes more foliated and more mafic
7  Tps JP8IMH-159  30.7 5.2 Tuff K-Ar  Biotite 18.7+0.7 PLANATION . : : g .
Tfla ] . ) . 3 Ths  JPSIMH-14A 9.7 146  Basalt KAr  Whole rock 17 90,7  Number of with paleodepth. Dating by t.he uramgm-lead .(U-P.b? method mdl.cates an Early Protgrozom age
Figure 2. Landsat image showing selected geographic features. 9 TH , ' . L Unit samples (1642 Ma) for an augen gneiss body in the Bill Williams Mountains (Wooden and Miller, 1990;
Tac s JPBIMH-296 355 22.0°  Rhyolite KA Biotite 19.2£0.5 *table 1, No. 36). Howard and others (1982a) earlier had d th i ith Mid-
K-Ar  Hornblende 16.3+0.4 * e Xap 10 » 0. 90). groupec the augen gneiss with Tl
10 Tis  JPSOMH-223 37.5 20.0'  Perlite KAr Biotite 19.140.6 o Xag 7 dle Proteozoic(?) granitoids of Standard Wash, which it resembles. The augen gneiss commonly
K-Ar Hornblende 17.240.6 * A Xagd 10 coincides with aeromagnetic highs (Simpson and others, 1986). The deepest rocks in the
Tdm 11 Tfts  JPSOMH-139 28.2' 12.0'  Perlite K-Ar  Biotite 20.5+1.6 exposed crustal section are dominated by garnet-spotted leucocratic gneiss (Xgl) in which per-
K-Ar Hornblende 18.8+0.5 vasive garnets, now mostly retrograded, suggest high-grade metamorphism.
12 Tfts  JP8IMH-361 38.0' 18.6'  Volcanic breccia  K-Ar  Biotite 48.0+1.2 Granite and quartz monzonite in Standard Wash (Ysg, Ysgm) are tentatively correlated
13 Tap  JP8OMH-187 37.8 205" Latite porphry ~ K-Ar  Whole rock 19.8+0.6 with rocks of Middle Proterozoic age (about 1400 Ma) described by Anderson and Bender
14 Tdr  P81MH-1 36'5: 2 1'2: Rby?lite K-Ar  Plagioclase 15.1+0.4 o (1989). An aeromagnetic high is associated with the quartz monzodiorite (Simpson and others,
15 Tdm  JN8IMHI0-2 33.7 6.3 Diorite K-Ar  Homblende 22.6+0.7 o | e 1986). The granite is seen to intrude older gneiss just south of the map area in the southern
K-Ar Homblende 26.920.7~ Monzogranite Aubrey Hills. The Standard Wash granitoids are not mapped in the Crossman, Bill Williams, or
15 Tdm JN81MH90-2A 33.7 6.3'  Diorite K-Ar  Hornblende 21.7+£0.7 . 0l &£ ’ ’ ’
16  Tdap BLM-1398 345 88  Andesite K-Ar  Plagioclase 42.7+1.1* Syenogranite)  @° &" e ¢ Buck blocks.
APPROXIMATE SCALE 17 Tda BLM-163-35 358 11.3'  Andesite K-Ar  Whole rock 78.142.0 * - A 98 Swarms of Middle Proterozoic ophitic diabase dikes intrude the gneiss and granitoids (see
18 Tda BLM163A 35.3' 11.6  Andesite K-Ar Whole rock 42.9+1.1* L Granodiorite cross sections; Nakata, 1982; Howard, 1991). The dikes (Yd) are similar to diabase dikes dis-
q,\é(\ 19 Tda PS81MH-15B 33.0' 11.6'  Mircodiorite K-Ar  Whole rock 42.0+1.3* vart tributed widely in Arizona and southeastern California and are interpreted to have an age of
20 Tda H83MH-66 33.6' 5.8 Mircodiorite K-Ar Hornblende 29.240.7 * MS:;;;Z“G} Mogffétiérite iorit about 1100-1200 Ma (Wrucke and Shride, 1972; Hendricks and Lucchitta, 1974; Davis and
21 Tdl  BLM-190-8 324 145" Dacite K-Ar  Whole rock 18.4+0.5 " others, 1980; Howard and others, 1982a; 1982b; Fitzgibbon, 1988). The dikes cut older folds
K-Ar ~ Whole rock (acid)  11.3+0.5 / \ and fabrics without deflection. Their generally northwest strikes and steep dips restore to sub-
2.740.6 MA gg E: ggixggg ggg 12451 Bac?te EQY g:giltz }ggigg . Q‘é';’;‘)';r Plagioclase horizontal when Tertiary tilting defined by the dip of lowest Tertiary strata is removed. Hence
+ - . . aclie -Ar 1 WnVR . . . . .
w3 (rap . 2 2 Td HSRMHIS %65 110 Do Kr Bt 205205 the dikes are ntrerreted as originally horizontal sheets. They are mapped to paleodepths of s
2 e 11.140.3 Ma o5 Tgd  HS2ZMH-57B 34 9 91  Quartz diorite KAr Biotite 215405 Quartz great as m below the Proterozoic-Tertiary noncon ormity. Original depths of emplacemen
x «@ (map no. 1) 2 TKg HS8OMH-310 374 16.6'  Granite KAr Biotite 18.140 5 below thg Proterozoic ground surface musF have been even gr?ater. ' '
> +— Tob FT Zircon 16.6+1.7 * Cooling ages obtained on Proterozoic rocks by the fission-track (zircon) and potassium-
27 TKd HSOMH-311 37.7" 16.7  Diorite K-Ar Hornblende 32.0+1.0 * argon (K-Ar) methods range from 46 to 1372 Ma (table 1; Nakata and others, 1990). The
28 TPd  P81MH-20 32.4' 9.8 Rhyolite K-Ar  Biotite 62.3+1.6 numerical ages tend to young downward (northeastward) in the pre-Tertiary structural sections
29 TPd  G81BW-167 23.6' 5.2'  Mircodiorite K-Ar  Hornblende 332+16 * and are consistent with younger cooling at deeper levels. Age determinations by the
30 Xag P81MH-21B 312 14.1'  Altered gneiss K-Ar  Sericite 54.9+14* 40Ar/39Ar technique support this interpretation (Foster and others, 1990).
30 Xag P81MH-21C 31z 14.1'  Altered gneiss K-Ar S?ﬁdte 65.0£1.6" Mineralized quartz veins in the Mohave Mountains contain sulfides and precious metals
14.1+ 0.4 Ma o ‘ 141 . FT erc_on ) 78.0£1.6 * (Light and others, 1983). The veins cut the Proterozoic diabase and are cut by Tertiary dikes
(J.K. Nakata, unpub. data) ~— | < 30 Xag P8IMH-21A 31‘2, 7 Altered gneiss K-Ar Wh?te mica 91.4£2.3 and have a minimum age of mid-Cretaceous as determined by isotopic dating: medium-grained
30 Xag  P8IMH-21D 31.2 141" Altered gneiss K-Ar White mica 89.7+2.2 white mica in altered gneiss associated with the veins yielded K-Ar ages of 90 to 102 Ma;
8.6+ 0.3 Ma 31 Xgl K81MH-36 32.1 10.2'"  Altered gneiss K-Ar  White mica 92.0+2.3 cal i fine-arained whit . d 7 52 to 78 Ma (table 1. N ’
(Suneson acdl Lucokita, 1983) 39 Xgb K8IMH-62A 34.9 17.1  Altered rock K-Ar White mica 10243 numerical cooling ages on fine-grained white mica and zircon are o) a (table 1, Nos.
' 33 Ysgn P8IMH9 280°  9.1' Granodiotite ~ FT  Zircon 46.4+5.4 * 30-32; Nakata and others, 1990).
34 Xag H81BW-25 24.3' 7.2 Gneiss K-Ar Biotite 130+4 o The Mohave Mountains and adjacent ranges are near the northeastern limit of the Creta-
Tys e FT Zircon 81.748.7 * o ceous magmatic arc (Burchfiel and Davis, 1981; John, 1981; John and Wooden, 1990). Gran-
35 Xag P81MH-22 29.2' 13.8  Gneiss K-Ar  Biotite 11143 * E.'. o %.A A itic plutons of known and inferred Cretaceous age are widespread to the west but are rare to
36 Xag H81BW-174 24.0 7.9'  Augen gneiss U-Pb  Zircon 1642+12 : o.;} 2N the northeast. Cretaceous rocks in the Mohave Mountains area may be apophyses of the
37 Xagd H82MH-16 36.2 11.1"  Gneiss K-Ar  Biotite 49+11  * D? N deeper batholithic terrane exposed to the west in the Chemehuevi Mountains (John, 1987b).
38 Xagd P81MH-6 37.2 17.3"  Augen gneiss K-Ar giotite 66-7?-7 : This interpretation is based on a hypothesis of Howard and John (1987) that the northern
(1'3;2?_; 02 Ma 7. Tfot 2015516 Ma 39 Xagd PSIBK-12 416 88 Augen gneiss EAr Bliroct(i)tr; ?goi_?;lg . Mohave' Mountains'represent the disp'liaced upper plate to ro'cks exposed in the Chemehuevi
others, 1990) T ~— (map no. 11) 40 Xagd HS7MH-29 330 136 Augen gneiss KAr  Biofite 18845 Mountains. Granodiorite and porphyritic granite (Kgb, Kpg) in thg northerr.i part of the map
T 41 Xagd H81BK-7A 396 95  Gneiss KAr Biotite 264+7 Feldspar Mafic area are correlated to Late Cretaceous rocks of the Chemehuevi Mountains Plutonic Suite
FT Zircon 81,6486 * minerals (John, 1987b, 1988; John and Mukasa, 1990; John and Wooden, 1990).
49 Xgp P8IMH-10 38.4' 21.5  Granite K-Ar Biotite 597+11 * Rocks in the Mohave Mountains area that may be either Cretaceous or Tertiary in age
43 Xga P81BK-13 41.8 8.9'  Amphibolite K-Ar Hornblende 1372441 * Figure 6. Modal composition of augen gneiss unit, based on an include a northeast-striking rhyolite dike dated by K-Ar on biotite at 62 Ma (table 1, No. 28,
44 Xga H83MH-67 33.5' 5.9'°  Amphibolite K-Ar Hornblende 10443 ¢ average of 1000 points counted on stained slabs. International unit TYd), northeast-striking dikes of lamprophyre and quartz porphyry (TKI, TKgp), and small
45 Xgl H87MH-30 33.2' 12.6 Leucogneiss K-Ar  Biotite 116£3 ¢ Union of Geological Sciences classification (Streckeison, 1973). stocks of granite and diorite (TKg, TKd) that yielded middle Tertiary numerical K-Ar ages on
biotite and hornblende (table 1, Nos. 26, 27). Northeast-striking dikes of Laramide (Late Creta-
Tdl ceous to early Tertiary) age are widespread in Arizona (Rehrig and Heidrick, 1976).
Figure 4. Interpretive stratigraphic cross sections showing ° - Rock
relations among subdivided Tertiary units that pre-date Bouse €nozolc ROCKs
Formation. Markedly angular unconformities in sections are The lowest stratified Tertiary unit (Tac) is arkosic conglomerate and sandstone, locally red-
shown by wawy lines. See sheet 1 for description of map units bed, which is assigned an Oligocene or early Miocene age. It nonconformably overlies deeply
and location of sample numbers used for age determinations. oxidized Proterozoic rocks and forms the base of a heterogeneous, dominantly volcanic section
*Some ages listed in table 1 record cooling younger than age of rock (especially for Proterozoic rocks); other ages are
anomalously older than probable rock age (especially for dikes) and may result from excess argon (Nakata and others,
1990). Description of Map Units mentions ages that are believed to reflect crystallizaion age of sampled rock units.
A A
SOUTHWEST CROSSMAN BLOCK NORTHEAST
FEET LAKE HAVASU CITY 30 percent dikes 8 percent dikes 12 percent dikes BUCK MOUNTAINS FEET
5000 — - A N - A N A N — 5000
4000 — BUCK BLOCK L 4000
3000 Xgb Xgl Qs as, Xagd ‘s - 3000
2000 | - WV y " = \v"vm T~ —\ - 2000
1000 fféxiﬁiu Qrd \ ‘ ‘4 A \ // < 1000
——
. Tk — v inferred from ‘ — 1000
models of gravity \‘\ ‘ \\ Tda
2000 - gradient—denser \ L 2000
rocks to the SW »\\\‘\‘ Xgl \ ‘ \\
3000 (Simpson and % ‘ 3000
4000 MYLONITIC GNEISSES R ‘ Xgl ‘\\\@@\ -
MYLONITIC GNEISSES
5000
1000 feet=305 meters
B B'
SOUTHWEST STANDARD WASH AREA NORTHEAST
FEET AUBREY HILLS FEET
3000 — g Qs,a — 3000
2000 | & 2000
Lake
1000 1 Havasu Tyb — 1000
SEA LEVEL — - SEA LEVEL
Ysgm /
10007 WHIPPLE MOUNTAINS  DETACHMENT FAULT -
Seismic velocity boundary
2000 interpreted as the base of [~ 2000
highly faulted allochthons
3000 — 3000
MYLONITIC GNEISSES
4000 — 4000
5000 5000
1000 feet=305 meters
C
NORTHWEST MOHAVE MOUNTAINS
STANDARD
ZEEE_ BOULDER MINE AREA WING aTs; Qs3 g WASH
Qs Yd FAULT Xgb Qs Z
0 Qg id Xgp THI Xgb Qszby o . Qs Tvu Xga - = e
H N 3 = /. S~ N \ — =
1007 h S ) 3 N k 1 fip N %\ — - o Xgs Tdi
SEALEVEL - Kbg Xap— 5 9 / ’ /f < N N \ \ | Xg Xgp — ~ FAULT
Tkl r~ ”
1000 POWELL PEAK FaAULT Kbg e \ ﬁ& A~ ) / Tdl - MO U
2000 — TUMARION CHEMEHU , q . \ . — ~ NTA]NS
BLOCK Evi DETACHMENT FA — - ~ 1
3000 - Large fault mullions uLT \
and grooves (John, 1987a) Xagd \
4000 MYLONITIC GNEISSES CROSSMAN BLOCK

DETACHMENT

MISCELLANEOUS INVESTIGATIONS SERIES
MAP -2308 (SHEET 2 OF 2)

Davis, G.A., 1988, Rapid upward transport of mid-crustal mylonitic gneisses in the footwall of
a Miocene detachment fault, Whipple Mountains, southeastern California: Geologische
Rundschau, v. 77, p. 191-2009.

Davis, G.A., Anderson, J.L., Frost, E.G., and Shackelford, T.J., 1980, Mylonitization and
detachment faulting in the Whipple-Buckskin-Rawhide Mountains terrane, southeastern
California and western Arizona, in Crittenden, M.D., Jr., and others, eds., Cordilleran
Metamorphic Core Complexes: Geological Society of America Memoir 153, p. 79-129.

Davis, G.A., Anderson, J.L., Martin, D.L., Krummenacher, Daniel, Frost, E.G., and Arm-
strong, R.L., 1982, Geologic and geochronologic relations in the lower plate of the Whip-
ple detachment fault, Whipple Mountains, southeastern California: A progress report, in
Frost, E.G., and Martin, D.L., eds., Mesozoic-Cenozoic Tectonic Evolution of the Colo-
rado River Region, California, Arizona, and Nevada: San Diego, Calif., Cordilleran Pub-
lishers, p. 408-432.

Davis, G.A., and Lister, G.S, 1988, Detachment faulting in continental extension: Perspectives
from the southwestern U.S. Cordillera, in Clark, S.P., Jr., Burchfiel, B.C., and Suppe,
John, eds., Processes in continental lithospheric deformation: John Rodgers symposium
volume: Geological Society of America Special Paper 218, p. 133-159.

Dickey, D.D., Carr, W.d., and Bull, W.B., 1980, Geologic map of the Parker NW, Parker, and
parts of the Whipple Mountains SW and Whipple Wash quadrangles, California and Ari-
zona, U.S. Geological Survey Miscellaneous Investigations Series Map [-1124, scale
1:24,000.

Dunn, J.F., 1986, The structural geology of northeastern Whipple Mountains detachment ter-
rane: Los Angeles, University of Southern California, M.S. thesis, 113 p.

Fitzgibbon, T.T., 1988, Tectonic significance and characteristics of Middle Proterozoic diabase
sheets, eastern Mojave Desert region, California and Arizona [abs.]: Geological Society of
America Abstracts with Programs, v. 20, no. 3, p. 160.

Fitzgibbon, T.T., and Howard, K.A., 1987, Tectonic significance of Middle Proterozoic diabase
sheets in southeastern California and Arizona [abs.]: Geological Society of America
Abstracts with Programs, v. 19, no. 6, p. 377.

Foster, D.A., Harrison, T.M., Miller, C.F., and Howard, K.A., 1990, The 40Ar/3%Ar thermo-
chronology of the eastern Mojave Desert, California, and adjacent western Arizona with
implications for the evolution of metamorphic core complexes: Journal of Geophysical
Research, v. 95, p. 20,005-20,024.

Glazner, A.F., Nielson, J.E., Howard, K.A., and Miller, D.M., 1986, Correlation of the Peach
Springs Tuff, a large-volume Miocene ignimbrite sheet in California and Arizona: Geology,
v. 14, p. 840-843.

Hendricks, J.D., and Lucchitta, 1., 1974, Upper Precambrian igneous rocks of the Grand Can-
yon, Arizona, in Karlstrom, N.V., and Swann, G.A., eds., Geology of Northern Arizona,
Part [, Regional studies: Geological Society of America, Rocky Mountain Section Meeting,
Flagstaff, Arizona, p. 65-86.

Howard, K.A., 1991, Intrusion of horizontal dikes: Tectonic significance of Middle Proterozoic
diabase sheets widespread in the upper crust of the southwestern United States: Journal of
Geophysical Research, v. 96, p. 12,461-12,478.

Howard, K.A., Goodge, J.W., and John, B.E., 1982a, Detached crystalline rocks of the
Mohave, Buck, and Bill Williams Mountains, western Arizona, in Frost, E.G., and Martin,
D.L., eds., Mesozoic-Cenozoic Tectonic Evolution of the Colorado River Region, Califor-
nia, Arizona, and Nevada: San Diego, Calif., Cordilleran Publishers, p. 377-390.

Howard, K.A., and John, B.E., 1987, Crustal extension along a rooted system of low-angle
normal faults, Colorado River extensional corridor, California and Arizona, in Coward,
M.D., Dewey, S.F., and Hancock, P.L., eds., Continental extensional tectonics: Geological
Society of London Special Publication 28, p. 299-311.

Howard, K.A., John, B.E., and Miller, C.F., 1987, Metamorphic core complexes, Mesozoic
ductile thrusts, and Cenozoic detachments: Old Woman Mountains—Chemehuevi Moun-
tains transect, California and Arizona, in Davis G.H., and VanderVolder, E.M., eds., Geo-
logic diversity of Arizona and its margins: Excursion to choice areas: Arizona Bureau of
Geology and Mineral Technology, Geological Survey Branch, Special Paper 5, p.
365-382.

Howard, K.A., Stone, Paul, Pernokas, M.A., and Marvin, R.F., 1982b, Geologic and geochro-
nologic reconnaissance of the Turtle Mountains area, California; west border of the Whip-
ple detachment terrane, in Frost, E.G., and Martin, D.L., eds., Mesozoic—Cenozoic
Tectonic Evolution of the Colorado River Region, California, Arizona, and Nevada: San
Diego, Calif., Cordilleran Publishers, p. 341-354.

John, B.E., 1981, Reconnaissance study of Mesozoic plutonic rocks in the Mojave Desert
region, in Howard, K.A., Carr, M.D., and Miller, D.M., eds., Tectonic framework of the
Mojave and Sonoran Deserts, California and Arizona: U.S. Geological Survey Open-File
Report 81-503, p. 48-50.

John, B.E., 1987a, Geometry and evolution of a mid-crustal extensional fault system: Cheme-
huevi Mountains, southeastern California, in Coward, M.D., Dewey, J.F., and Hancock,
P.L., eds., Continental Extensional Tectonics: Geological Society of London Special Publi-
cation 28, p. 313-335.

John, B.E., 1987b, Geologic map of the Chemehuevi Mountains area, San Bernardino
County, California and Mohave County, Arizona: U.S. Geological Survey Open-File
Report 87-666, scale 1:24,000.

John, B.E., 1988, Structural reconstruction and zonation of a tilted mid-crustal magma cham-
ber: The felsic Chemehuevi Mountains plutonic suite: Geology, v. 16, p. 613-617.

John, B.E., Howard, K.A., and McCarthy, J., 1987, Geologic and geophysical evidence for
the nature of upper and mid-crustal continental extension in the Colorado River area, Cali-
fornia and Arizona [abs.]: Geological Society of America Abstracts with Programs, v. 19,
no. 7, p. 717.

John, B.E., and Mukasa, S.B., 1990, Footwall rocks to the mid-Tertiary Chemehuevi detach-
ment fault: A window into the middle crust in the southern Cordillera: Journal of Geophys-
ical Research, v. 95, p. 463-486.

John, B.E., and Wooden, J., 1990, Petrology and geochemistry of the metaluminous to pera-
luminous Chemehuevi Mountains Plutonic Suite, southeastern California, in Anderson,
J.L., ed., The nature and origin of Cordilleran magmatism: Geological Society of America
Memoir 174, p. 71-98.

Light, T.D., and McDonnell, J.R., Jr.,1983, Mineral investigation of the Crossman Peak Wil-
derness Study Area, Mohave County, Arizona: U.S. Bureau of Mines MLA 82-83, 203 p.

Light, T.D., Pike, J.E., Howard, K.A., McDonnell, J.R., Jr., Simpson, R.W., Raines, G.L.,
Knox, R.D., Wilshire, H.G., and Pernokas, M.A., 1983, Mineral resource potential of the
Crossman Peak Wilderness Study Area (5-7B), Mohave County, Arizona: U.S. Geological
Survey Miscellaneous Field Studies Map MF-1602-A, 21 p., scale 1:48,000.

Lister, G.S., and Davis, G.A., 1989, The origin of metamorphic core complexes and detach-
ment faults formed during Tertiary continental extension in the northern Colorado River
region, U.S.A.: Journal of Structural Geology, v. 11, p. 65-94.

Lucchitta, Ivo, and Suneson, Neil, 1988, Geologic map of the Planet 2 SW quadrangle,
Mohave County, Arizona: U.S. Geological Survey Open-file Report 88-547, scale
1:24,000.

Lucchitta, Ivo, and Suneson, N.H., 1994, Geologic map of the Castaneda Hills quadrangle,
Mohave County, Arizona: U.S. Geological Survey, Geological Survey Map GQ-1720,
scale 1:24,000.

Lucchitta, Ivo and Suneson, N.H., 1994, Geologic map of the Castaneda Hills SW quadrangle,
Mohave County, Arizona: U.S. Geological Survey, Geologic Quadrangle Map GQ-1719,
scale 1:24,000.

Lucchitta, Ivo, and Suneson, N.H., 1994, Geologic map of the Centennial Wash quadrangle,
Mohave County, Arizona: U.S. Geological Survey, Geologic Quadrangle, Map GQ-1718,
scale 1:24,000.

McCarthy, J., Fuis, G.S., and Wilson, J., 1987, Crustal structure in the region of the Whipple
Mountains metamorphic core complex, from seismic refraction results [abs.]: Geological
Society of America Abstracts with Programs, v. 19, n. 7, p. 763.

Nakata, J.K., 1982, Preliminary report on diking events in the Mohave Mountains, Arizona in
Frost, E.G. and Martin, D.L., eds., Mesozoic—Cenozoic Tectonic Evolution of the Colorado
River Region, California, Arizona, and Nevada: San Diego, Calif., Cordilleran Publishers,
p. 85-90.

Nakata, J.K., Pernokas, M.A., Howard, K.A., Nielson, J.E., and Shannon, J.R., 1990, K-Ar
and fission-track ages (dates) of volcanic, intrusive, altered, and metamorphic rocks in the
Mohave Mountains area, west-central Arizona: Isochron/West, no. 56, p. 8-20.

Nielson, J.E., 1986, Miocene stratigraphy of the Mohave Mountains, Arizona, and correlation
with adjacent ranges, in Cenozoic Stratigraphy, Structure, and Mineralization in the
Mojave Desert: Geological Society of America Cordilleran Section, 82nd Annual Meeting,
Guidebook and volume, Trips 5 and 6, p. 15-24.

Nielson, J.E., and Beratan, K.K., 1988, Time of detachment faulting from Miocene sequences,
Colorado River extended terrane [abs.]: Geological Society of America Abstracts with Pro-
grams, v. 20, p. 393.

Nielson, J.E., and Beratan, K.K., 1990, Tertiary basin development and tectonic implications,
Whipple detachment system, Colorado River extensional corridor, California and Arizona:
Journal of Geophysical Research, v. 95, p. 599-614.

Nielson, J.E., Lux, D.R., Dalrymple, G.B., and Glazner, A.F., 1990, Age of the Peach Springs
Tuff: Journal of Geophysical Research, v. 95, p. 571-580.

Pike, J.E.N., and Hansen, V.L., 1982, Complex Tertiary stratigraphy and structure, Mohave
Mountains, Arizona: A preliminary report, in Frost, E.G., and Martin, D.L., eds, Meso-
zoic—Cenozoic Tectonic Evolution of the Colorado River Region, California, Arizona, and
Nevada: San Diego, Calif., Cordilleran Publishers, p. 91-96.

Rehrig, W.A., and Heidrick, T.L., 1976, Regional tectonic stress during the Laramide and late
Tertiary intrusive periods, Basin and Range province, Arizona: Arizona Geological Society
Digest, v. 10, p. 205-228.

Sherrod, D.R., 1988, Preliminary geologic map of the Monkey's Head 7.5-minute quadrangle,
Mohave County, Arizona: U.S. Geological Survey Open-File Report 88-899, scale
1:24,000.

Simpson, R.W., Gage, T.B., and Bracken, R.E., 1986, Aeromagnetic and isostatic gravity
maps of the Crossman Peak Wilderness Study Area, Mohave County, Arizona: U.S. Geo-
logical Survey Miscellaneous Field Studies Map MF-1602-B, scale 1:48,000.

Streckeisen, A.L., 1973, Plutonic rocks: Classification and nomenclature recommended by the
IUGS Subcommission on the Systematics of Igneous Rocks: Geotimes, v. 18, no. 10, p.
26-30.

Suneson, N.H., 1980, The origin of bimodal volcanism, west-central Arizona: Santa Barbara,
University of California, Ph.D. dissertation, 293 p.

Suneson, N.H., and Lucchitta, Ivo, 1983, Origin of bimodal volcanism, southern Basin and
Range province, west-central Arizona: Geological Society of America Bulletin, v. 94, p.
1005-1019.

Wilshire, H.G., and Reneau, S.L., 1992, Geomorphic surfaces and underlying deposits of the
Mohave Mountains piedmont, lower Colorado River, Arizona: Zeitschrift fiir Geomorpho-
logie, v. 36, p. 207-226.

Wilson, E.D., and Moore, R.T., 1959, Geologic map of Mohave County, Arizona: Arizona
Bureau of Mines, University of Arizona, Tucson, scale 1:375,000.

Wrucke, C.T., and Shride, A.R., 1972, Correlation of Precambrian diabase in Arizona and
southern California [abs.]: Geological Society America Abstracts with Programs, v. 4, p.
265-266.

Young, R.A., and Brennan, W.J., 1974, Peach Springs Tuff: Its bearing on structural evolution
of the Colorado Plateau and development of Cenozoic drainage in Mohave County, Ari-
zona: Geological Society of America Bulletin, v. 85, p. 83-90.

Wooden, J.L., and Miller, D.M., 1990, Chronologic and isotopic framework for Early Protero-
zoic crustal evolution in the eastern Mojave Desert region, SE California: Journal of Geo-
physical Research, v. 95, p. 20,133-20,146.

Cl
SOUTHEAST

FEET
— 3000

— 2000

— 1000

— SEALEVEL

1000

— 2000

— 3000

— 4000

1000 feet=305 meters

Note: Thin Quaternary units may be omitted
or exaggerated in cross sections.

GEOLOGIC MAP OF THE MOHAVE MOUNTAINS AREA, MOHAVE COUNTY, WESTERN ARIZONA

By
K.A. Howard, J.E. Nielson, H.G. Wilshire, J.K. Nakata, J.W. Goodge,

S.L. Reneau, B.E. John, and V.L. Hansen
1999

INTERIOR—GEOLOGICAL SURVEY, RESTON, VA—1939

5000

Any use of trade, product, or firm names in this publication is for descriptive
purposes only and does not imply endorsement by the U.S. Government

For sale by U.S. Geological Survey, Map Distribution, Box 25286, Federal
Center, CO 80225

Available on World Wide Web at http://geopubs.wr.usgs.gov/data.html



