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" : [_ : . e it P vy <o / 4 CORRELATION OF UNITS Ta Andesitic lavas (Early Miocene)--Thin, biotite- and hornblende- bearing andesite REFERENCES Reynolds, SJ., 1988, Geologic map of Arizona: Arizona Geological Survey, Tucson, Ariz.,
Qal Hiltane flows and breccias; locally dark, glassy, and porphyritic. Erupted from Red Anderson, C.A., Scholz, E.A., and Strobell, J.D., Jr., 1955, Geology and ore deposits of the map 26, scale 1:1,000,000.
*61 . A . 5
. Qc QUATERNARY Canyon vent Bagdad area, Yavapai County, Arizona: U.S. Geological Survey Professional Paper Simmons. A.M., 1986, The geology of Mount Hope, a volcanic dome in the Colorado
Qm Pléstocene Tba Basaltic andesite (Early Miocene)--Higk-silica (54 percemt SiO,) basalts with 278, 103 p. Plateau-Basin and Range Transition Zone, Arizona: M.S. Thesis State University of
G omo i
- Tox Pliocene ciinoproxene and olivine. Cropping out in Red Canyon as thin (1 m) flow Fuis. G.S., 1973, The geology and mechanics of formation of the Fort Rock dome, Yavapai New York, Buffalo, 156 p.
CENTRAL} Tbo(Tboi Middle to unus.  Erupted from Red Canyon vant County, Arizona: Ph.D. Thesis, California Institute of Technology, Pasadena, 278 pp. 1988, Contrast in timing, geochemistry and eruptive style in the shift from
Tbg J Goff, F.E., Eddy, A.C, and Arney, B.H.,, 1983, Reconnaissance geologic strip map from mid-Tertiary to extension-related volcanism in the Mohon Mountains. Arizona [Abst.}:
Late Tb Older Basalt (Pre-Miocene?)--Olivine basalt, highly weathered to spalling clays,
Tg NiiGéene B ; Kingman to south of Bill Williams Mountain, Arizona: Los Alamos National Geological Society of America Abstracts with Programs, v. 20, no. 7, p. A306.
medium to dark green in hand sample. Flows are 2-3 m thick
3560 Toj|Tdj TERTIARY Middle Miocene Laboratory Map LA-9202. Las Alamos, New Mexico. Scale 1:48.000. Ward, A.W., Nealey, L.D., and Simmons, A.M., 1986, Petrology of the Mohon Mountains
! T . » . . . . o
TddITdi [Tdf|Tdb|Tdbh|Tdfp Early to Luedke, R.G., and Smith, R.L., 1978, Map showing distribution, composition, and age of late voleanic field, west-central Arizona--a preliminary report [Abst.]: Arizona Geological
'Tdb Tdfb| Tdbb|Tdv . . Cenozoic volcanic centers in Arizona and New Mexico: U.S. Geological Survey Society Abstracts with Programs, v. 16, p. 501
! s Middle Miocene i Contact--dashed where inferred o . S
Ta Miscellaneous Investigation Series Map I-1091A, Scale 1:1.000,000. Wilson, E.D., Moore, R.T., Cooper, J.R., 1969, Geologic Map of Arizona: U.S. Geological
Early G F: Fault--Dashed where inferred, dotted where concealed. Bar and ball on . * ’ .
Tba . Moyer. T.C., 1982, The volcanic geology of the Kaiser Spring area, southeastern Mojave Survey, scale 1:500,000.
, [: Miocene 7 " downthrown side " i " B
Tb Mi A X County, Arizona: M.S. thesis, Arizona State University, Tempe, 220 p. Yo R.A., and Bre W. 1., 1974, The Peach Springs Tuff--its beari 1
i }(,.,,;" \ Tdfb= ¥ {, - Pre - Miocene? b —— y. ty, p p ung, rennan, e Peach Springs Tuff--its bearing on structural
(m Sy \\ <Ll 3 P:Qﬁg " . 1986, The Pliocene Kaiser Spring (AZ) bimodal voleanic field: Geology, geochemistry evolution of the Colorado Plateau and development of Cenozoic drainage in Mohave
-~ — ‘ '\
) 38K . = = . & -
B | 259 DESCRIPTION OF MAP UNITS GEOLOGIC SETTING and petrogenesis: Ph.D Thesis, Arizona State University, Tempe, 312 p. County, Arizona: Geological Society of America Bulletin v. 85, p. 83-90.
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Surficial Units This map is part of a regional study of the Mohon Mountains volcanic field (MMVF) Nealey, L.D., Ward. A.W., Bartel, AJ., Vivit, D.V., and Knight, R.J., 19862, Petrochemistry
in west-central Arizona. Ward and Nealey began work in the Pilot Knob quadrangle in of rocks from the Mohon Mountains Volcanic Field, Yavapai and Mohave Counties,
Qal Recent alluvium (Holocene)--Silt, sand, gravel, cobbles, and bouiders in active 1985, and Ward continued mapping in this and adjacent quadrangles from 1986-89. Arizona: U.S. Geological Survey Open-File Report 86- 423, Denver. Colo.. 19 p.
~ washes. Consists of angular to subrounded, poorly sorted, unconsolidated The Mohon Mountains Volcanic Field is located approximately 70 km east-southeast Nealey, L.D., Ward, A.W., and Simmons, A.M., 1986b, Bimodal volcanism in the Mohon
y material of local derivations. Includes late Quaternary terraces and fans in of Kingman, Ariz.; the field is in the Transition Zone physiographic province between the Mountains volcanic field, west-central Arizona {Abst.]: Geological Societv of America
T | 2858 Francis Creek Basin and Range and the Colorado Plateaus and covers approximately 2400 km’. It Abstracts with Programs. v. I8, no. 5, p. 398.
Qc Colluvium of Pilot Knob Basin (Holocene and Pleistocene)--Yellowish-white comprises several large volcanic centers. including Mohon Mountain (elevation 2273 m.
7 sand, gravel, and cobbles in Pilot Knob Basin derived from silicic lava flows relief 900 m), Mount Hope (elevation 2201 m, relief 515 m), and two small unnamed silicic
and breccias; deposited principally by sheetwash and landsliding. Thickness centers near Red Canyon and Orejana Canyon, as well as the surrounding plateau basalts
( USSR, Wiy be-vps of m o Gusiin, o cont Bokwe Mihe: (Fig: 1). fable 1.--Selected Major Element Analyses of MMVF Rocks in the Pilot Knob Vicinity.
Qm Volcanic mudflow (Quaternary)--Poorly sorted, subrounded to rounded cobbles Reconnaissance mapping of the Mohon Mountains Volcanic Field is included in the
Sample WPK-1 WPK-4 WPK-5 WPK-6 NPK-27 NBM-6 WPKA WFCF-1 WFCD WFCM
and boulders of dacite in a light gray matrix of voleanic sand and gravel. state geologic map of Wilson and others (1969). The first detailed studies in the MMVF :;HPMU't‘it, Tbo Ta Tba Tdfb Tdf Tbx Tdb Tb Qm Clast
m Matrix
gy
Occurs only in the lower 1/4 of Francis Creek. The upstream portion of include those of Ward and others (1986), Nealey and others (1986a, b), and Simmons (1986).
the lahar, immediately below Steamboat Tank Canyon, comprises three which were used in the new state geological map of Reynolds (1988). Studies of adjacent Siv, 50.0 58.7 54.1 66.5 65.2 48.4 64.0 47.9 67.3 59.8
well-indurated, fan-shaped deposits. Further downsiream the unit becomes volcanic terranes include those of Anderson and others (1955), Fuis (1973), Young and ALO, 16.2 15.6 14.5 15.1 16.8 16.5 15.6 17.1 12.4 15.2
a massive, highly lithified tongue, in places deeply sculptured by torrential Brennan (1974), Luedke and Smith (1978), Moyer (1982, 1986), and Goff and others (1983). g s . . i o it . e T -
I - ’ Mg0 7.04 4.04 4.53 1.63 0.81 5.89 2.38 5.56 0.99 3.62
floods into smooth, concave and convex streamiined forms. Thickness 3-4 This summary is based on the studies of Simmons (1986, 1989) at Mt. Hope and Mohon
Cao 10.4 5.51 IAR ik 2.96 2.52 1.9 3.92 9.74 1.96 4.16
m Mountain, and those of Ward and Nealey for the remainder of the field
85 o The MMVF comprises two distinet rock suites -- early Miocene (22-20 Ma) rocks ot Na,0 2.96 3.83 3.74 3.86 4.85 4.25 3.99 3.21 1.52 2.80
Bedrock Uni
an andesite-dacite series erupted from Mohon Mountain and its satellitic centers, and late k.0 0.69 2.98 2.84 3.51 3.81 1.06 3.37 0.90 5.61 3.07
Tbx Xenolithic basalt (Plioeene)--Thin, gray-black basalt flows from dikes and cinder .
Miocene-early Pliocene (13-5 Ma) basaits and rhyolites that form a bimodal series. The T 1.59 e V.3 0.42 0.52 2.80 0.57 2.00 0.04 0.58
cones. Basalt contains sub-millimeter plagioclase laths. olivine, and P205 0.25 0.39 0.58 0.12 0.20 0.74 0.28 0.59 0.06 0.23
orthopyroxene: granite. granulite, gabbro, and peridotite xenoliths: and Mohon Mountains volcanic field developed through six stages (Ward and others, 1986; Mn0 0.1% 0.08 0.08 0.04 0.02 0.17 0.05 0.15 0.10 0.05
quartz, plagioclase, olivine, clinopyroxene, magnetite, and amphibole Nealey and others, 1986a, b; Simmons, 1989). The first stage was characterized by 101 0.25 1.95 2.32 2.42 1.46 0.89 1.85 2.39 9.04 6.31
I —— g - central-vent eruptions from Mohon Mountain and the Red Canyon vent, with the production X-ray spectroscopy analyses by A.J. Bartel and K. Stewart. All values in weight percent.
S P n— of pyroclastic andesitic-dacitic breccias and lavas flows at both centers, and trachyandesite B o -
volatile loss and perhaps shallow crystallization. Thickness typically is less lava flows and trachybasalt cinder cones at Mohon Mountain. Most of this activity occurred
' : 4 . Table 2 Selected Trace Flement Analyses of Volcanic Rocks in the Pilot Knob Vicinity.
i 20-22 Ma, Dacite domes were emplaced in the western part of the field in the second stage.
Sample WPK- wPK-4 WPK-5 WPK-6 NPK-27 NBM-6 WPKA WFCF-1 WFCD WFCH
L o Olivine basalt (Middle to Late Miocene)-Fine-grained lava flows Thoi around 15 Ma. Following a significant period of erosion, olivine tholeiites erupted from Map Unit Tbo w Voa e b b - - il
> 3
® = \ Gz 3 ‘ " "
. 3 [ A : é % interlayeted ithiand! overlying Tertiary gravels (T§); Kifown sources are vents in the southwest part of the field (stage 3, 13-8 Ma); these are best exposed along - & & . ég 33. “i .}g gg 3gg ‘150.
2§ ; €5 — i ; y ; ; *Rb 15 63 70. . 4. 34. ! . 1 4.
: g h) eV : g 2 : Z8 dikes (Tboi). As many as a dozen flows are recognized. Most of the flows Burro Creek and Francis Creek (in the Pilot Knob quadrangle). Volcanism migrated *Spr 414 1250 1225. 1050 . 1050. 710. 1100 690. 60. 850.
& 2 . ' o r ; : ; *7r 117 236 24. 170. 338. 26_6, 2%0. 152)8. 80 210.
- st inoH ORI Tortiany: gravels, andiowevin N sl fibws Sim northeast during stage 4, with the emplacement of quartz-bearing alkalic basalts at about :Eu (gg 53 %g <§§ <§§ %g %é gg IE: %g
~ . g 4 *Ni 92. 0 132. 20. <20. 3 ! . 16. 8.
| 4954 lava plateaus. Each flow is typically 57 m thick Whole-rock 12 Ma The Mount Hope rhyodacite dome and surrounding basaltic lava flows were *7n 73 74 87. 46. 59. 84. 68. 80. 68. 66.
: S . 5 i i i .0 76.0 128.0 30.6 26.0 83.0
potassium-argon ages range from 8-13 Ma (R.J. Miller, USGS). Basalis are ORIORS BRORI. § S5 § Mol (Stge 5) and. die Orejie Ganyan: dyeie dome was 2:- ;gé 1420 1320. 1060. 1250. 770.
N emplaced about 8.4 Ma. The last episode of volcanic activity (stage 6) i ded by th  » 37?‘ 1340.0 16‘2‘2'9 l‘”0'26 1662-53 332‘6
\ - E " al X : st episo volcanic activity (stage 6) is recor v the Co 41.0 19 . 8. 5 z
tentatively correlated with the Sanders Basalt of Anderson and others Cr 249 0 118.0 332.0 42.3 28.4 89.2
N p To— ’ . . .
(1955) emplacement of widespread xenolith-bearing alkalic basaits flows from dikes and cinder Cs 0.18 0.85 n.g8 1.09 1.02 0.33
Hf 2.5 4.7 <8 4.2 6.1 5.6
Tbg  Olivine basalt and gravels of Francis Creek, undivided (Middle to Late s 2 4 2 43:25 R 6§I§3 8§:§(3) zggg
g oD . Ta 0.64 0.72 2.28 .36 s 2
Miocene)--Consists of interlayered olivine basalts (Tbo) and gravels of Oy the "Gmsis-of wwgjor aml tracei clsment geachemistry (Tables 1. 2) and KoAs Th g% ?(5) ?g '11(1) 1%% Z{g
. i s of i i ic Fi 7 92 102. 108. 78 13. 107.
- Francis Creek (Tg) geochronology, we consider the rocks of the entire Mohon Mountain Volcanic Field are of er\‘ s 200, 227 160. 223 nd
two distinct origins. The (older) rocks erupted from Mohon Mountain and the Red Canyon = 31‘(1) .lzgz égg 22 ; 4;3 é;g
T Gravels of Franci k (Middl Mi = ‘hi : : S La 19. .9 : : : .
g ravels of Francis Creek (Middle to Late Miocene)--Tan, white. and gray. Ce 37.7 gz.a 1%9.2 286 21.8 g%é
: i i i f Nd 16.9 8.3 3. sl 9.4 .
thin-bedded deposits of silt, sand. gravel, and cobbles. Derived principally center represent various mixtures of lower and upper crustal melts, whereas the (younger) Sm 4 1; 6. ;g 12; g? 333 '52 ggg
Eu 1.3 I . 0. o3 3
. E B ) : basalt-rhyolite series of mesa basalts, The Orejana Canyon rhyolite lava and breccia flows, Gd 3.99 4.72 6.77 2.45 .39 6.92
from dacitic and rhyodacitic lava flows and breccias, aithough lower beds b 0.70 0.61 0.94 0.35 .38 2.97
contain Precambrian clasts that may have been derived from the Aquarius and the Mt. Hope rhyolite dome and lava flows were derived from the mantle and lower yg gg? ?%; n?_ag 8}33 i 98 nuz
. . Lu 0.33 0.20 0.25 0.14 .15 0.32
Mountains to the west Well indurated, containing sub-rounded to crust. We suggest that the andesites and dacites arose from crustal melting and mixing in
A1l values in parts pel{ milliona *()! indicatﬁs an;lyst]as by x-ray spectroscopy. AM} other agalysesbbyoisstgumenta]
: J : k - -activation analysis. "nd" indicates that the element was not detected. nalyses performed V. Vivit,
well-rounded clasts. Thin beds and small, well-rounded clasts suggest that early Tertiary time, before regional detachment faulting. Later, mantle-derived basaits S?EfrgﬂdiﬁnTvﬁ.l nl(nigh)tl, and D.M. Mclj(own. E e - ‘
47'30"
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these are alluvial fan and stream deposits. Current bedding indicates
stream flow to the southeast. Interlayered with olivine basalts. Thickness

greater than 250 m

erupted through a crust that had been significantly thinned by regional extension, and
reached the surface relatively unaltered, although some magma locally stagnated long

enough to produce the rhyolites.
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Thj Basalt of Jackass Basin (Middle Miocene?)--Two superposed fine-grained olivine ROCKS IN THE PILOT KNOB QUADRANGLE e e i L
basalt flows in the northeast corner of the quadrangle. The lower flow is The oldest rocks exposed in the quadrangle are highly altered, thin olivine basalt Qc Colluvium
characterized by 1-2 mm clinopyroxene crystals: the upper flow is flows found in the bottom of Francis Creek These lavas have been extensively weathered Tbx Xenolithic basalts
characterized by 0.5 em plagioclase phenocrysts. These flows represent the and are various shades of green and gray owing to the presence of a variety of clays. The
Tbh  Basalts of Mt. Hope region
southwesternmost extent of basaltic lavas erupted from vents in the Mount flows interfinger with thin gravel units that are alluvial deposits related to thicker deposits
: Tdh  Rhyolite dome of Mt. Hope
Hope and Sunrise Peak quadrangles. Each flow is about 2 m thick to be described later. The next oldest rocks are basaltic andesite flows, and andesite and
Tdj Dacite of Jackass Basin (Middle Miocene?)--Dacitic lava flows and flow breccias, dacite lava flows and breccias in the Red Canyon vent area. R.J. Miller (U.S. Geological Trh  Rhyolite flows of Mt. Hope
perhaps a minor eruptive phase from Denny Mountain. Breceias are poorly Survey) determined an age of 21.91 1.5 Ma for a feldspar clast in a dacite breccia. These Thbo 82:&?:, ,-? fé‘g;t;; t‘_)hr ;gus;hseaSt
bedded to massive, unsorted, and contain clasts of dacite and pumice. Clasts lavas erupted from two principal centers, Mohon Mountain and Red Canyon. We recognize Tb Olivine basalts
commonly are 2 cm across. Breccia matrix is predominantly dacite with four petrographically distinct dacite lavas and breccias, based on accessory mafic minerals. —— 3 Tg Gravels 4
prominent clinopyroxene and biotite crystals. Breecia clasts typically One flow type contains hornblende, clinopyroxene, and biotite crystals. whereas a second
Tro Rhyolite flows of Orejana
become smaller upward in the bed and breccia flows grade upward into contains hornblende and clinopvroxene. and a third contains hornblende and biotite. The
lava flows. Several such sequences may be present; total thickness of map fourth type contains all three mafic minerals, but has very bigh (IS percent) modal W ——
unit about 7 m hornblende. Simmons (1988) reports that in the Mohon Mountain quadrangle (immediately Mt. Hope Tdm  Dacites of Mohon Mt.

hornblende and feldspar phenoerysts 1 clinopyroxene; up to 2 m wide

Tdd Dacite dome (Early to Middle Miocene)--Small, steep-sided domes of dacite lava, north of the Pilot Knob quadrangle), pyroxene-bearing dacites were erupted from Mohon
Domes probably developed bv addition of material inside a soiidified Mountain, whereas biotite-bearing dacites comprise the satellitic domes. Thus the lavas and
carapace breceias in and around Red Canyon may be from Mohon Mountaion as weil as the local
77777 Tdi Dacite dikes (Early to Middle Miocene)--Dikes of medium-grained dacite witi vent

Thick deposits of Tertiary gravels, derived in part from intermediate and silicic

Tdf/Tdb Dacitic lavas of Mohon Mountain (Early to Middle solcanic rocks in the area, surround Mohon Mountain and its satellitic centers. Along R 4
T'dbh Miocene)--Dagitic lava flows and flow breccias erupted from Francis Creek, gravels are interbedded with 13-8 Ma olivine basalts. Chemically these
Tdfp/Tdbp Mohon Mounmain (Mohon Mountain quadrangle) and Red Canyon basalts are tholeiites, although petrographically they contain both phenocryst and
Tdfb/Tdbb vent Typical lavas and breccias are grayish to pinkish. groundmass olivine: they might therefore be classified as transitional basalts. These basalts
Tdv and contain quartz, plagioclase, and alkali feldspar. Units were erupted from vents in the Aquarius Cliffs to the w; local, small dikes can also be seen
may be distinguished on the basis of primary and accessory minerals Tdf in Francis Creek The youngest volcanic units are alkalic, xenolith-bearing basalts that
and Tdb are dacite flows and breccias. respectively, with hornblende, contain abundant ultramatic, mafic, and crustal xenoliths, and a variety of iarge matic and 10
clinopyroxene, and biotite; Tdbh is a dacite breccia with high (10-15 percent) felsic crystals. Several of these flows are found in the Pilot Knob and adjacent quadrangles, — '0 S - 10 1 é
. 83 84 F ' { FE 86 ‘ §7 B ' (NEGRO £0) 289 90 640000 FFET (WESS ] ; — ” L1 modal hornblende. Tdfp and Tdbp are dacite flows and breccias with and were erupted from dikes and cones. One of the youngest units in the quadrangle is a . Ki‘lome te;'s ;
hornblende and clinopyroxene and rare biotite: Tdfb and Tdbb are dacite dacitic mudflow found in the lowest reaches of Francis Creek. This unit is composed mostly - -
et 30 L 4
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Bgse from U.S. Geol oglcal SUY’VE_Y = 2 T =" : = Geol ogy mapped by Ward and Neal ey, 1985, . flows and breccias with hornblende and biotite and rare clinopyroxene. of dacitic material derived largely from the Red Canyon silicic center.  The mudflow
Pilot Knob, 1980 00 0 1000 2000 3000 4000 5000 6000 7000 FEET and by Ward, 1989. ‘ - . _ . _

g E ] 5 e 1 KILOMETER Breccias are generally monolithologic and are interlavered with lava flows: spilled into Francis Creek, which was cut after the last olivine basalt flows were emplaced

S [ —— e ——  — —— 3
w § i (TR - in some instances, breccias are succezded by a lava of the same mineralogy. (<8 Ma), and fanned out a few tens of meters upstream, but mostly flowed downstream to
Bl /& JONTOUR INTERVAL 40 F -
3&'-’ ! 1 EETICAL DATUM OF 1929 ARIZONA Vitrophyric dacite (Tdv) occurs between Pilot Knob and Mohon Mountains. the east at least 3 km.
K . ' Figure 1. Sketch ma? of the MMVF;
Individual flows are typically less than 3 m thick Pilot Knob quadrang e is outlined.
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This map is preliminary and has not been reviewed for conformity with U.S. Geological
Survey editorial standards or with the North American Stratigraphic Code. Any use of trade,
product, or firm names is for descriptive purposes only and does not imply endorsement by
the U.S. Government.



