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Introduction 
 
T h e M ount N utt 7 ½' Quadrang le is located in th e Black M ountains just w est of O atman, AZ in M oh av e 
County, w estern Arizona. T h e Quadrang le encompasses portions of th e M ount N utt and W arm S pring s 
W ilderness areas and includes th e east flank of th e north ern Black M ountains and th e piedmont th at 
extends eastw ard from th e foot of th e rang e into Golden Valley. Geolog ic mapping  w as done under th e 
joint S tate-F ederal S T AT EM AP prog ram, as specified in th e N ational Geolog ic M apping  Act of 1992, 
and w as jointly funded by th e Arizona Geolog ical S urv ey and th e U .S . Geolog ical S urv ey under 
S T AT EM AP assistance aw ard #G14AC00424. M apping  w as compiled dig itally using  ES R I ArcGIS  
softw are. 
 
 
Surficial Geology 
 
T h e surficial g eolog ic units in th e M ount N utt 7 ½’ Quadrang le consist of v ery h ig h -standing  relict 
alluv ial fan deposits, boulder-dominated debris flow scars, lev ees, and snouts, and deeply incised 
canyons and inset alluv ial terraces near th e mountain front. In th e middle and distal piedmont deposits 
include w idespread successions of h ig h -standing  and w ell-armored Pleistocene alluv ium, 
unconsolidated distal H olocene terrace and ch annel deposits, and isolated spring  deposits. 

 
S urficial g eolog ic units w ere mapped using  field observ ations, dig ital aerial imag ery, and dig ital 
elev ation models (DEM s). R elativ e ag es of alluv ial deposits w ere estimated using  ch aracteristics of 
clast w eath ering , soil dev elopment, carbonate accumulation, and position in th e landscape (Gile et al., 
1981; M ach ette, 1985; Bull, 1991; Birkland, 1999). S oil dev elopment and carbonate accumulation beg in 
once a deposit is isolated from activ e alluv ial processes. As a result, th e deg ree of soil dev elopment 
and carbonate accumulation are one of th e criteria used to identify th e approximate ag es of surficial 
units.  
 
Young er alluv ial deposits h av e little to no soil dev elopment, retain th e orig inal g rey or brow n color of th e 
alluv ial sediment, and no carbonate accumulation. Clasts in th ese deposits h av e no w eath ering  rinds or 
surface patinas and th us appear brig h ter and fresh er th an older clasts. Young  alluv ial surfaces often 
retain orig inal depositional ch aracteristics such  as bars and sw ales. Conv ersely, older alluv ial deposits 
h av e better dev eloped soils th at appear orang e or red in color, w ith  soil h orizons reflecting  clay and 
carbonate accumulations. Clasts on older alluv ial deposits often exh ibit darkened w eath ering  rinds or 
rock v arnish , and th us appear darker on th e g round and in aerial ph otog raph s. Preserv ed alluv ial 
surfaces may be smooth  and flat (Qi3), becoming  more rounded and coarser w ith  ag e (Qi2). T h e oldest 
alluv ial surfaces (Qi1, Qo, and Q T a) are often eroded, w ell-rounded ridg es w ith  no soils preserv ed and 
th e carbonate h orizon exposed. T h ese surfaces appear w h ite on aerial ph otos due to w idespread 
exposure of th e carbonate h orizon. 
Debris flow deposits are present on steep slopes of th e mountain front and along  proximal ch annels and 
terraces. O th er proximal alluv ial deposits exh ibit strong  carbonate accumulation and are v ery resistant 
to erosion resulting  in deeply incised, narrow ch annels near th e mountain front. Exposures of w ell-
cemented older alluv ium are present along  activ e ch annels and w ith in young er, unconsolidated alluv ium 
th roug h out th e mapping  area, indicating  burial of older alluv ium is relativ ely sh allow. H olocene alluv ium 
along  modern w ash es and arroyos is often inset below older deposits by sev eral meters and confined to 
relativ ely narrow expanses w ith in older alluv ium. W ith in th e modern incised ch annel bottom, young  
terraces are prone to flooding . 
 
 
References cited 
 
Birkland, P.R ., 1999, S oils and g eomorph olog y (th ird edition): N ew York, O xford U niv ersity Press, 430 

p. 
Bull, W .B., 1991, Geomorph ic R esponse to Climate Ch ang e: N ew York, O xford U niv ersity Press. 
F erg uson, C. A., M cIntosh , W . C., and M iller, C. F ., 2013, S ilv er Creek caldera – th e tectonically 

dismembered source of th e Peach  S pring  T uff, Geolog y, v. 41, p. 3-6. 
Gile, L.H ., H awley, J.W ., and Grossman, R .B., 1981, S oils and g eomorph olog y in th e basin and rang e 

area of south ern N ew M exico - g uidebook to th e Desert Project: S occoro, N ew M exico Bureau of 
M ines and M ineral R esources, 222 p. 

M ach ette, M .N ., 1985, Calcic soils of th e south w estern U nited S tates, in W eide, D.L., ed., S oils and 
Quaternary g eolog y of th e south w estern U nited S tates:  Geolog ical S ociety of America S pecial 
Paper 203, p. 1-21. 

Pamucku, A. S ., Carley, T . L., Gualda, G. A. R ., M iller, C. F ., and F erg uson, C. A., 2013, T h e ev olution 
of th e Peach  S pring  g iant mag ma body: ev idence from accessory mineral textures and 
compositions, bulk pumice and g lass g eoch emistry, and rh yolite-M ELT S  modeling : Journal of 
Petrolog y, v. 54, p. 1109-1148. 

R ansome, F .L., 1923, Geolog y of th e O atman g old district, Arizona: U .S . Geolog ical S urv ey Bulletin 
743, 58 p. 

S pencer, J. E., F erg uson, C. A., Pearth ree, P. A., and R ich ard, S . M ., 2007, Geolog ic map of th e 
Boundary Cone 7.5’ quadrang le, M oh av e County, Arizona: Arizona Geolog ical S urv ey Dig ital 
Geolog ic M ap DGM -54, 2 sh eets, 24,000 scale, 10 p. text. 

T h orson, J.P., 1971, Ig neous petrolog y of th e O atman district, M oh av e County, Arizona (Ph .D. th esis): 
U niv ersity of California–S anta Barbara, 189 pp., 2 plates, 1:24,000 scale. 

Arizona Geolog ical S urv ey Dig ital Geolog ic M ap DGM -118
Geolog ic map of th e M ount N utt 7 1/2' Quadrang le

Geolog ic map of th e M ount N utt
7 ½' Quadrang le,

M oh av e County, Arizona
Ch arles A. F erg uson and Joseph  P. Cook

Arizona Geolog ical S urv ey
Dig ital Geolog ic M ap 118 (DGM -118), v ersion 1.0

December 2016

Qi2

Qy2

Qi2

Qy2

Qy2

Qi2

Qy2 Qy2

Qy3
Qy2

Qy3

Qi2

Qi2

Qi1

Qy3

Qy2

Qi2

Qy3

Qi1
Qi3

Qy2
Qy2

Qo

Qi2

Qi3

Qi2

Qo

Qi2

Qy1

Tba

Tri

Qi3
Qi2 Qi2

Qy2

Qi3

Qi2

Qi2

Qi3Qi3

Qy3

Qi3

Qy3

Qi3

Qi3
Qi2

Qi3

Qi3

Qi3

Qi3

Qi3

Qy3
Qi3

Qi3

Qi3

Qy2Qi3

Qy2

Qi2
Qi3

Qy1

Qy2

Qi3

Qi1

Qi2

Qi2

Qy3

Qy1

Qi3

Qy2
Qy2

Qy2
Qi3

Qi1
Qi3

Qi1

Qy2

Qi1

Qy2Qy2Qo
Qi1

Qy2Qy2

Qo

Qi1

Qi1

Qyd

Qi2

Qi2

Qi2
Qi2

Qy2

Qy2

Qi2
Qi1

Qy2

QiyQy1

Qiy

Qi2

Qi2

Qi2

Qi2
Qy2

Qi2

Qi2

Trl

Qi2
Trx Qi3Qi3

Qy1

Qi3

Qi2

Qy1

Qy1

Qi3

Qi1

Qy3

Qy2

Qy2

Qy3
Qy2

Qy1

Qi2

Qi2

Qi3

Qi2

Qy2

Qy3

Qy2

Qy3

Tt
Qtc

d

Tt
Qy2

Qy2
Qy2Qy2

Qy3
Qy2 Qy3

Qi3

Qi2

Qi3

Qy1

Qy1

Qtc

Qy1

Qy1

Qy3Qtc

Qy2

Qi2Qi2Qi3

Qiy

Qy3

Qi3
Qi2

Qi2

Qy2

Qi2

Qy2
Qi2

Qi2

Qo
Qy2

Qy2

Qi3

TwaTwa

Qi3

Qi2
Qtc Tbl

QTa

Twa

Qi2Qi2

Trx

Trx
Tru

Qi1

Qi1

Qiy
Qi2Qtc

Qyd

Tsc Qy2

Tsu

Qi2

Qtc

Tsc

Qy1

Qtc

Qtc

Tbl

Qi3

Tbi
Tbi

Tbi
Qi2

Tal

Tsc
Qyd

Qtc

Qtc

Qy3 d

Qi3
Qtc

Qtc

Qo

Qtc Qtc
Qi3

Qy1

d

Tgb
Qi1

QtcQy3

Tgb

Toa

Qtc

Qy2

d

Qy3

Qy2

Tru
Tru

Qsp

Tdu

Tcy

Qtc

Qtc
Qtc Tdu

Qy3

Qtc

Qsp

Qi2

Qi2

Tsc

Toa Trx

Tbi

Qtc

Tcy

Tbl

Trx

Qo

TscTt

Tbi Tfs

Qi3
Qy2

Qy3

Trl

Qy1

Qy1
Qy2

Qy2
Qsp

Qy1

Qy2

Tbi

Qy2

Trl Qy3

Tt

Qy2
Qy2

Qy2
Qy2

Qi3

Qy2
Qy1Qy2 Qy1

Qi2

Tsc Qy1 Qy1
Qy2

Qy2Qi2
Qi3

Qy1

Tal

Qy1

Qtc

Tt

Qtc Qi2

Qi3

Qi1

Tt

Qi1

Toa

Qi2

Qy2

Qi2

Qy1

Tt

Tt

Qi3

Qi1

Qi3
Qy2Qi3

Qi2

Qi2

Tba

Qy2Qy1

Qi1

Qi3

Qi2
Qy2

Qtc

Qyd

QtcQy3
QtcQo

QTa

Qi1

Qo

Qi2

Qy1

Qy1

Qy2

Qy2

Qi1

Qy2

Qy1

Qtc

Qi3

QydQy2

Qi3Qi3

Qi1

Qi3

Qi2

Qi3
Qi3

Qyd

Qtc Qtc

Qtc

Qyd

Qi3

Qi3

Qy2

Qi2

Qi3

Qi1

Qi2Qi2

Qi3

Qy1

Qy2

Qy2

Qi3

Qy2

Qo

Qi3

Qi3

Qo

Qi2

Qi2

Qy1

Qi3

Qi3

Qy1

Qi3

Qo

Tgx

Qi2

Qtc

Qy2

Qtc

Qi1 Tsc

Qtc

Qtc
Qtc

Qtc

Qtc

Qtc
Qtc

Qtc

Qtc

Qtc

Qtc

Qy1

Qy2

Qy3Qy2

Qy2

Qy2

Qi2

Qi3Qi3

Qy1 Qi1

Qi3

Qi3

Qtc

Qi1

Qi2

Qi1 Qi1

Tbl

Tbi

Qtc
Qtc

Tg

Tg
Qtc

Qi1

YXu

Qtc

Qy2

Qi2

Qi3

Qtc

Qtc

Qtc

Qi2

Qtc

Qtc

Tri

Qtc

Qi1

Qi2

Qtc

Qi2

Qtc
Qtc

Qi3

Qtc

Qi3
Qtc

Qi2

Qi1

Qtc

Tgx

Qo
Tg

Tfsl

Qi2

TgxTgx
Tba

Qtc

Qi2

Trx

Qtc

Qtc

Tgx

Qy2

Qtc

Qtc

Qi3

Qi3
Qi3

Qi3

Qtc

Qtc

Twa

Qtc Qyd

Qi2

Qtc

Qi2

Tbi

Tbi

Qi2

Qo

Tg

Tg
Tdp

Trl Tg

Qtc

Tt

Tt
Tt

Qtc

Qtc

Tt

Tri

Tri

Tfs

Tri

Qtc

Tt

Tt Tt Tdp

Tt

Tdp QtcTt Tfsl Tt

Tfsl

Tt Tg

Trl

Tdp

Tdp

Tg

Qy2

Tdp

Tt

Tg

Tdp

Tt Tg

Tt

Tru

Tt

Tg

Tg

Tru

Tg

Tfsl

Qtc

Tfs

TdpTg Tt

Tdp

Tfsl

Tg

Tru

Tru

Tt

Tru

Tbl
Tru

Tt

Qtc

Qtc

TruTrl

Qtc Tbl
Trl

Tru

Tt

Trl

Tg

Tdu

Tt QtcTt

Qi3

Tt

Qtc

Tt

Tt

Tdp

Tbl

Tru
Tdp

Qtc

Tt

Tdp

Tdp

Tg

Tt

YXu
Tri

Qtc

Tbl

Tt
Tsu

Qtc

Qtc
Qtc

Tbl

Trl

Tbl

Tt

Trl

Tru

TauTbl
Tsu

Tau
TtQy3

Tbu

Tsu

Trl

Tt

Tg

Tg

Tgb

Trl
Trl

Qls

Tt
Qtc

TtTfs

Tt

Tg
Trl

Qtc

Tfs

Tt

Tfs

Trl

Tg

Tru

Qtc

Tfs

Qtc

Tt
Tfs

Tfs

Qtc Tt

Tru

Tfs Tfs

Tt

Tt

Tfs

Tg

Tg

Qo Qo

Qtc

Qtc

Tg
Trl

Qtc

Trl

Tg

Trl

Qtc

Tt

Tg

Tfs

Qtc

Tru

Qtc
Tgb

Trl

Tru

Tt

Tt

Tfs

Tgb
Qtc Tgx

Tfs

Trl

TfslTt

Tba

Tt

Tt

Tru

Tru

YXuTgx
Tru

Tfsl

Tba

Tgx

QtcTt

Tba

Qtc
Tt

Qtc

Tba

Tgx

Tri

Tri

YXu

TriTt

Tt

Tgb

Tri

Tdp

Tri

Trl

Trl

Qtc

Tt

Trl Qtc

Tt

Tt
Tt

Tps

Tg

Qtc

Qtc

Qi3

Qtc

Tba

Tt

Tbl
Tt

Tt
Trl

Tt

Qtc
Tg

Qtc

Trl

Qtc

Trl

Tt

Tt

Trl

Qi3

Tfs
Tt

Tps

Tt

Qtc

Tba

Tru

Qtc Tru
Tfs

Tfs Qtc

QtcQtc

Qtc

Qtc

Qtc

Qtc

Qtc

Tt

Tbu

Tsu
Trl

QTaTsu

Tt

Tt
Tbu

Tru

Tal

Trl

Qy1

Tt

Tt
Trl

Tt

Qi2
TgTrl

Tbl

Tru

Tbi

Trl

Qi2

Qtc
Qtc

Toa
Qtc

Td

d

d
Qi3

Tsc

Tt

Tfs

TgQtc

Tt

Tbl Tfs

Tbl

Tt

Tt

Tt

Tfs
Tru

Tfs

Tsc

Tbl

Tru

Tbl

Tt

Tbl

Tru

Tg

Tsc

Tt

Tsc

Tsc

Tt

Tsc

Tt

Tsc

Tt

Tru

Tfs

Tt

Qtc

Tbu

Qtc
Tsu

Tal

Qi3

Qi3

Qi1

Trl

Tt

Qtc

Trl

Tru

Tt

Tbi

Qy1

Qi3

Trx

Tg
QTa

Tg

Tt

Tsc

Tsc

Tt

Trl

Qtc

Trl

Tru

Trl

Qo

Tgb

Qi3

Tgb

Tgx

Qtc

Tt

Tru

Tt

Tt

Tg

Trl

Tfs Tt

Tru

Tg
Tt

Qtc
Tgb

Tg

Tt

Tfs

Tt

TgbTgx

Td

Tba

Td

Trl

Qtc

Tg

Tg
Tt

Trl
Tg

Tal

Tbl

Tru

Tru
Trl

Tru
Qtc

Toa

Trl

Trl

Tgb

Tg

Trl

Tgx

Td

Tg

Tt

Tru

Td

Tal

Toa

Tg

Trl

Td

Toa

Td

Tg

Tg

Tru

Tru

Tru

Trl

Qi2

Qtc

Qi3

TgbQtc

Qy2

Qy2

Qi3

Qi2
Qi2

Tgb

Qtc

Qtc

Qi2

Qtc

Qi3

Qtc

Qy1

Qtc

Tau

Tau

Tbu

Tg

Tru

Qtc
Tt

Qtc

Tt

Tt
TbiTt Tt

Tt

Tbi

Tru

Tbl

Tbi

10
11

5627 7 62

12

11

8

32

39

44

29

13

19

16

60
58

68
35

4

131415

11

1413
11

1713

17

21
14

26

5

7

68
68
30
13

22
31

12
9

13

4

7

62
2

45427

14

4
83

30
9

33
12

13 13

88

88

14
18

9

64

63
63

13

15

8

29
33

21
12

19
11

5

4

8

7271

13

81

67
66

75

5

11

12 7

82

59

4

14

15

22

5
34

8
45

76

739000
73

90
00

740000

740000

741000

741000

742000

742000

743000

743000

744000

744000

745000

745000

746000

746000

747000

747000

748000

748000

749000

749000

750000

750000 751000

75
10

00

38
76

00
0

3876000

38
77

00
0

38
77

00
0

38
78

00
0

38
78

00
0

38
79

00
0

38
79

00
0

38
80

00
0

38
80

00
0

38
81

00
0

38
81

00
0

38
82

00
0

38
82

00
0

38
83

00
0

38
83

00
0

38
84

00
0

38
84

00
0

38
85

00
0

38
85

00
0

38
86

00
0

38
86

00
0

38
87

00
0

38
87

00
0

38
88

00
0

38
88

00
0

38
89

00
0

38
89

00
0

38
90

00
0

38
90

00
0

114°15'0"W

114°15'0"W

114°17'30"W

114°17'30"W

114°20'0"W

114°20'0"W

114°22'30"W

114°22'30"W
35
°7'
30
"N

35
°7'
30
"N

35
°5'
0"N

35
°5'
0"N

35
°2'
30
"N

35
°2'
30
"N

35
°0'
0"N

35
°0'
0"N

Quaternary

Miocene

Pliocene?

Proterozoic 

QTa

Ple
ist

oc
en

e

Qi3

Qi2

Qi1

Qo

Ho
loc

en
e Qtc

Qyd

Qsp

d

Qy1

Qiy

Qyc

Qy3

Qy2

Tcy

TbiTau

Tbu

Tal

Tbl

Tsc

Tdp

Tdu

Tru

Tri Trx

Tgx

Twa Toa Tba

YXu

Td

Tfsl

Tfs

Trl

Tbr

Tt

Tsu

Correlation of map units

Tg

Tps

Tgb

Map Unit Descriptions

Secondary channel alluvium, low terraces, and in-channel bars - R ecently activ e piedmont alluv ium
located primarily along  or w ith in activ e drainag es including  floodplain, low-lying  terrace, less activ e
tributary drainag es to Q yc ch annels, and distal reach es of activ e fan ch annels th at h av e ag g raded
and transitioned to distributary flow  and infiltration. Q y3 deposits are composed of unconsolidated
to v ery w eakly consolidated unv arnish ed sandy alluv ium w ith  a discontinuous pebbly cov er. Q y3
drainag es are often w ider, low er energ y, and more h eav ily v eg etated th an th e Q yc ch annels th ey
drain into. Veg etation consists of larg e creosote, brittlebush , g oldeneye, and oth er small desert
sh rubs. T h ese deposits may exh ibit low-relief bar and sw ale microtopog raph y and are susceptible
to inundation during  moderate to extreme flow conditions w h en ch annel flow  exceeds capacity. Q y3
deposits are g enerally unincised but may exh ibit small rill netw orks adjacent to Q yc deposits.  S oil
dev elopment is g enerally absent or incipient on Q y3 deposits w h ich  exh ibit pale buff to lig h t brow n
(7.5 - 10 YR  5/4) surface coloration alth oug h  local color v ariations exist depending  on parent
material. Q y3 terraces are located 0.5-1m below Q y2 deposits and 3-5m below Pleistocene
alluv ium close to th e mountain front.

Qy3

other units

Piedmont Alluvium

Disturbed ground - H eav ily disturbed g round due to mining , extensiv e excav ation, construction of
earth  dams, and h ig h w ays.d

Holocene debris flow deposits - S nouts, lev ees, scoured debris flow ch annels, and debris
flow-dominated fans. Q yd deposits are located on or at th e base of steep bedrock slopes along  th e
Black M ountains and along  some ch annels w ith in and near th e mountain front. U nit Q yd also
includes areas of erosion (debris flow scars) on h illslopes associated w ith  debris flow  deposits.
Coarse cobble and boulder lag  forms linear lev ees bordering  steep h illslope ch annels or elong ate
lobate debris flow snouts. O lder Q yd deposits are predominantly composed of darkly v arnish ed
coarse cobble to boulder lag  w h ile young er deposits are less darkly v arnish ed to unv arnish ed and
retain a g reater portion of finer-g rained (silty to pebbly) matrix betw een larg er clasts.

Qyd

Quaternary hillslope talus and colluvium - U nconsolidated to w eakly consolidated v ery poorly
sorted ang ular rock debris deposited on and at th e base of bedrock or h ig h -standing  alluv ial slopes
and mantling  h ig h ly eroded bedrock h ills.

Qtc

Broad, low relief alluvial fan and terrace deposits - Q y2 deposits consist of piedmont terrace
deposits located primarily along  th e flanks of incised drainag es, isolated intrach annel remnants,
and low -relief terraces inset into older alluv ium. T h ese deposits consist of predominantly fine
g rained unconsolidated to w eakly consolidated poorly to moderately w ell-sorted sediments w ith
sub-rounded to sub-ang ular cobble and boulder-dominated bars. W h ere inset into older alluv ium,
Qy2 deposits are planar w ith  remnant bar and sw ale microtopog raph y. S oil dev elopment on Q y2
deposits is minor, ch aracterized by incipient stag e I-II calcium carbonate accumulation in th e form
of small filaments and medium brow n (7.5 YR  5/6) surface coloration w ith  locally redder deposits
w h ere deriv ed from g ranitic parent material. In some locations th in Q y2 deposits ov erlie older
Pleistocene deposits. In th ese locations w ell-v arnish ed boulders protrude th roug h  unv arnish ed,
young er, sandy Q y2 alluv ium and v eg etation may be more similar to populations observ ed on
Pleistocene deposits.  Veg etation on Q y2 surfaces consists of numerous medium creosote, yucca,
small sh rubs, w eeds, g rasses, and cactus. T h ese surfaces are subject to inundation during
moderate to extreme flow conditions w h en ch annel flow exceeds capacity or due to ch annel
mig ration on low-relief portions of broad distal fan deposits. Planar Q y2 terraces are typically
elev ated from 0.5 - 1.5m abov e young er alluv ium and activ e ch annels w ith  less relief relativ e to
oth er surfaces w ith  increasing  distance from th e mountain front.

Qy2

Inactive alluvial fan remnants, terraces, and bars - Q y1 deposits consist of planar terraces along
larg er fan drainag es inset into older alluv ium. T h ey stand up to 1-2 m h ig h er in th e landscape th an
Q y2 deposits, are not part of th e modern drainag e system except possibly under flood conditions,
and partially ov erlie Pleistocene deposits in some areas, especially near th e mountain front. Q y1
deposits are composed of sandy to pebbly sw ales w ith  coarser unv arnish ed to moderately
v arnish ed cobble to small boulder bars. Bar and sw ale microtopog raph y is somew h at muted by
incipient pav ement formation. Pebbles and cobbles exposed in cross section exh ibit stag e I-II
calcium carbonate accumulation w ith  some clasts exh ibiting  th icker CaCO 3 rinds on th e
undersides. M any areas of Q y1 deposits appear lig h ter on aerial ph otos due to th e abundance of
ov erturned CaCO 3-coated clasts and carbonate flakes on th e surface. Larg er clasts are
surrounded by a medium brow n matrix of fine sand to silt. S urface color rang es from 5-7.5 YR
5/4-5/6 depending  on location in th e piedmont and dominant parent material. Veg etation on Q y1
deposits is similar to th at found on Q y2 deposits; medium creosote, yucca, catclaw, small sh rubs,
w eeds, and g rasses. Elev ation difference betw een Q y1 and Q y2 deposits decreases w ith  distance
from th e mountain front.

Qy1

Partially buried Pleistocene alluvial fan deposits - Qiy deposits represent areas in th e piedmont
w h ere patterns of alluv ial fan erosion and deposition h av e resulted in minor to discontinuous burial
of older alluv ium by young er deposits. Q iy deposits are ch aracterized by intermittent exposure of
older, CaCO 3-rich  piedmont alluv ium beneath  unconsolidated H olocene deposits. T h e distribution
of Q iy exposures is predominantly along  eroded edg es and broad sw ales w ith in th e underlying
older alluv ial unit. Q iy deposits occupy similar elev ations in th e piedmont as th e older deposits th ey
cov er.

Qiy

Intermediate alluvial fan and terrace deposits - Qi3 deposits near th e mountain front are located at
h ig h er elev ations in th e landscape th an H olocene alluv ium but are partially buried by young er
deposits farth er from th e mountain front w h ere relief betw een Pleistocene and H olocene deposits is
reduced or absent. W ide terraces are planar w h ere preserv ed and exh ibit remnant bar and sw ale
microtopog raph y w h ich  h as been ov erprinted and smooth ed by pav ement formation, inflation, and
ch urning  by v eg etation. Very coarse, medium to w ell-v arnish ed boulder dominated bars are
partially buried by moderate pav ement dev elopment in surrounding  sw ales. Clast cov er is
composed of v esicular basalt and mixed v olcanics. Basalt clasts are th e most v arnish ed lith olog y
and Q i3 surface color v aries depending  on lith olog y dominance. Veg etation on Q i3 surfaces
consists of small sh rubs, creosote, catclaw  acacia, yucca, ch olla, and ocotillo. M any Q i3 surfaces
appear w h itish  on aerial ph otos due to abundant ov erturned CaCO 3-coated clasts and carbonate
flakes on th e surface. S urface soil color is medium brow n 5-7.5 YR  5/4.

Qi3

Active channel and arroyo deposits - Q yc deposits are composed of unconsolidated, v ery poorly
sorted sandy to cobbly eph emeral piedmont ch annel sediments. Larg e boulders and cobbles are
common in poorly sorted Q yc alluv ium near th e mountain front w h ile distal Q yc alluv ium is
composed primarily of w ell-sorted sand w ith  isolated pebble and cobble-dominated bars. Ch annels
exh ibit bar and sw ale microtopog raph y w ith  bars composed of coarser sediments. Q yc deposits
rang e from unv eg etated in activ e ch annels to w ell-v eg etated w ith  small sh rubs, catclaw acacia,
creosote, and desert broom on bars. N o soil dev elopment is present in Q yc alluv ium alth oug h
v arnish ed and CaCO 3-coated clasts rew orked from adjacent older deposits may be present. Q yc
deposits commonly become submerg ed during  moderate to extreme flow conditions and can be
subject to deep, h ig h  v elocity flow and lateral bank erosion. Ch annels are g enerally incised 0.5 to
1.5m below adjacent H olocene alluv ium and may be incised into adjacent Pleistocene alluv ium by
5m or more.

Qyc

Spring deposits - F ine g rained, mounded, ch alky w h ite spring  deposits found near ch annel bottoms
in th e proximal piedmont east of th e Black M ountains. S ome Q sp deposists are located near activ e
seeps ch aracterized by w et, muddy soil and locally dense v eg etation. Baker S pring  is one such
location and is labelled on th e topog raph ic basemap.

Qsp

Landslide - Landslide composed of th e trach yitic lav a of F lag  S pring  in a tributary of
Cottonw ood Canyon.Qls

Bedrock units

Older intermediate alluvial fan and terrace deposits - Qi2 deposits stand 1 - 2m h ig h er in th e
landscape th an Q i3 deposits. S ome Q i2 terraces are inset below older alluv ium by 3 - 4m near th e
mountain front. Clast lith olog y includes basalt and mixed v olcanics. T h ese deposits exh ibit darker,
more w ell-dev eloped v arnish  th an nearby Q i3 deposits especially w h ere basalt clasts are
abundant. S ome larg e, long -standing  stationary basalt boulders w ith in Q i2 deposits exh ibit th ick
sh iny rock v arnish . Q i2 deposits also exh ibit a more mature, interlocking  pav ement and more
adv anced (stag e II-III) calcium carbonate accumulation th an Q i3 deposits. N ear-surface laminar
layers of calcium carbonate and interlocking , carbonate-coated boulders are exposed along  eroded
edg es of Q i2 deposits along  activ e ch annels.  Q i2 remnants are broadly planar but may exh ibit
subtle rounding  near th e edg es of broad surfaces. T h e flanks of preserv ed Pleistocene surfaces
are cov ered by abundant ov erturned clasts exch ibiting  carbonate rinds and v arying  deg rees of
v arnish . CaCO 3 flakes litter eroded crests and flanks of Q i2 surfaces. Pav ement in th ese areas h as
been destroyed by v eg  ch urning  and disturbance of underlying  soil carbonate h orizons. Veg etation
on Q i2 surfaces consists of small sh rubs, creosote, yucca, and ocotillo.

Qi2

Older, higher standing intermediate alluvial fan deposits - Qi1 deposits are relict alluv ial fan
remnants located close to th e mountain front th at stand h ig h er in th e landscape th an Q i2 and
young er deposits. Q i1 deposits may be deposited atop eroded bedrock pediment or older,
w ell-cemented alluv ium including  Q o deposits and basin-filling  alluv ium. Exposed, partially buried
clasts are w ell-v arnish ed except w h ere exfoliation w eath ering  h as deg raded th e surface of
long -exposed clasts. Despite th e presence of w ell v arnish ed clasts present at th e surface in
basalt-dominated deposits, Q i1 surfaces appear w h ite on aerial ph otos due to an abundance of
CaCO 3 rinds, flakes, and ov erturned clasts littering  th e surface. T h e presence of abundant soil
carbonate at th e surface indicates Q i1 deposits are sufficiently long  standing  to h av e dev eloped
sig nificant soil carbonate and subsequently become ch urned by v eg etation and bioturbation.
U ndisturbed desert pav ement is discontinuous or absent ov er much  of th e surface except in pebble
dominated sw ales. Q i1 deposits are broadly rounded and exh ibit deeply incised mature tributary
drainag e netw orks. W h ere exposed in ch annel w alls, th ese deposits exh ibit w ell dev eloped (stag e
III-IV) calcium carbonate accumulation. Ch annel w alls may be undercut and exh ibit a coarsely
sculpted appearance due to th e lev el of cementation exposed by incision. Veg etation on Q i1
deposits is similar to th at found on Q i2 deposits alth oug h  yucca and ocotillo are more abundant. 

Qi1

High standing, deeply dissected and eroded alluvial fan remnants - Qo deposits appear v ery w h ite
on aerial ph otos due to abundant and continuous exposure of calcium carbonate flakes, rinds, and
ag g reg ate ch unks of underlying  carbonate layers. Qo deposits stand up to 6m h ig h er in th e
landscape th an adjacent Q i1 deposits in th e proximal piedmont and ev en h ig h er relativ e elev ations
near H idden Valley w est of T h imble M ountain. S ome Qo deposits are deposited atop a bedrock
pediment 1.5 km from th e mountain front. F ormer bar and sw ale deposition h as been erased by
bioturbation and th e majority of v arnish ed clasts h av e been ov erturned, exposing  carbonate
coating s on th e undersides of clasts. O cotillo, ch olla, yucca, and creosote are th e dominant
v eg etation on Qo deposits.  

Qo

Very old alluvial fan deposits - Q T a deposits are deeply dissected, v ery w ell-rounded,
h ig h -standing , relict alluv ial fans located close to th e mountain front. Q T a deposits are v ery poorly
sorted, w ith  particles rang ing  in size from v ery larg e boulders to sand, but consist mostly of cobbles
and boulders. Q T a deposits form rounded ridg ecrests and are relativ ely th in ov er bedrock close to
th e mountain front. In th ese setting s, Q T a sediment orig inally mantled bedrock pediment and h av e
subsequently been dissected. T h ese deposits represent ancient erosion and deposition of th e
landscape and g rade to former lev els of v alley fill. S ubsequent erosion and incision of th e
landscape h as left Q T a remnants standing  up to 100m abov e adjacent modern ch annel bottoms.

QTa

Lower basaltic andesitic lava - M afic lav a containing  2-4% <4mm plag ioclase ph enocrysts >>
<2mm idding site and/or pyroxene.  M atrix is typically g lassy to v ery fine-g rained crystalline.Tal

Lower basaltic lava - M afic lav a containing  2-10% <3mm ph enocrysts of idding site and pyroxene
>> plag ioclase.  M atrix is typically strong ly crystalline.  T h is unit occurs in v ery th ick (>50m) flow
units in th e south -central part of th e map area (particularly along  old route 66) w h ere it g rades into
similarly th ick sill and dike masses th at intrude rh yolite lav as (T rl and T ru).

Tbl

Volcaniclastic rocks - S andstone, cong lomerate, and lesser, nonw elded, mostly felsic pyroclastic
rocksTsu

Conglomerate of Sitgreaves Pass - Volcaniclastic cong lomerate and sandstone dominated by
sub-ang ular to sub-rounded clasts of felsic v olcanic rocks: ph enocryst-poor trach ytic lav a,
ph enocryst-rich  dacitic lav a, rh yolitic lav a, and rh yolitic ig nimbrite.  S parse g ranitic and porph yritic
clasts of probable Proterozoic and Laramide (Late Cretaceous – early Paleog ene) are locally
present.

Tsc

Trachytic lava of Dodger Peak - Lig h t colored ph enocryst-poor trach ytic lav a containing  <5%
<3mm plag ioclase > <3mm biotite and/or h ornblende ph enocrysts. T h e lav a is named for
Dodg er Peak, a prominent peak just to th e north  of th e north w est corner of th e map area.  T h e
peak is a probable source v olcano for th e map unit.  T h is map unit correlates w ith  th e F lag  S pring
T rach yte lav a as mapped by T h orson (1971) in th e north ern part of th e map area, but is g iv en a
different name since it is clearly a young er unit.

Tdp

Upper dacitic lava - Dark colored moderately ph enocryst-rich  dacitic to trach ydacitic lav a containing
12-30% ph enocrysts of 2-15mm plag ioclase > <3mm biotite, pyroxene, and/or h ornblende.Tdu

Upper rhyolitic lava - Lig h t colored moderately ph enocryst-rich  rh yolitic lav a containing  5-15%
ph enocrysts of <20mm K-feldspar and plag ioclase > <7mm quartz > <3mm biotite, and
<7mm h ornblende.  T h e mafic ph enocrysts rang e from <1% to 3% by v olume and th e
biotite:h ornblende ratio v aries betw een 5:1 to 1:5.  O lder flow s in sequences g enerally h av e more
abundant and larg e h ornblende ph enocrysts.  T h is map unit correlates g enerally w ith  th e
Cottonw ood rh yolites of T h orson (1971).

Tru

Rhyolite porphyry - Aph yric to v ery ph enocryst-poor rh yolite.  Contact relationsh ips indicate th at th is
unit is mostly intrusiv e w ith  respect to adjacent rocks.Tri

Phenocryst-rich rhyolite porphyry - R h yolite dikes containing  10-25% <10mm ph enocrysts of
K-feldspar and plag ioclase, <6mm quartz, and sparse <3mm biotite.Trx

Trachytic lava of Flag Spring - Lig h t colored ph enocryst-poor trach ytic lav a containing  1-5%
<3mm ph enocrysts of plag ioclase > <3mm biotite and/or h ornblende.  T h is map unit correlates
w ith  th e F lag  S pring  T rach yte lav a of T h orson (1971) at its type area.

Tfs

Lower trachytic lava of Flag Spring - Dark colored, aph yric to v ery ph enocryst-poor trach ytic to
andesitic lav a containing  <1% <1mm ph enocrysts of biotite and/or h ornblende > <1mm
plag ioclase.  Lav as of th is type locally underlie th e T rach ytic lav a of F lag  S pring  in th e north ern part
of th e map area.

Tfsl

Felsic pyroclastic rocks undifferentiated - Lig h t colored nonw elded ig nimbrite, ash -fall tuff, and
surg e deposits occurring  in sequences up to sev eral tens of meters th ick interbedded w ith  rh yolitic
and dacitic lav as th roug h out th e map area.  T h e unit also includes interbeds of v olcaniclastic
sandstone and pebbly sandstone, especially w h ere associated w ith  th e v olcanic breccia (T br) unit
in th e north ern part of th e map area.

Tt

Volcanic breccia - Clast-supported unimodal to bimodal (in terms of clast types) v olcanic breccia
dominated by clasts of ph enocryst-poor trach ytic lav a and/or moderately ph enocryst-rich  dacitic
lav a.  T h e unit occurs interbedded w ith  sev eral lav a units in th e low er part of th e v olcanic pile in th e
north ern part of th e map area.

Tbr

Lower rhyolitic lava - R h yolitic to rh yodacitic lav a containing  3-7% ph enocrysts of <20mm
K-feldspar and plag ioclase > <10mm quartz and <2% <3mm biotite and/or h ornblende.  T h e
lav as are g enerally darker in color th an th e ov erlying  T ru rh yolitic lav as and th e K-feldspar
ph enocrysts, w h ich  are g enerally more abundant and larg e th an th e plag ioclase, are commonly
rimmed w ith  plag ioclase (rapakiv i texture).  T h e unit correlates g enerally w ith  th e Antelope quartz
latite of T h orson (1971).

Trl

Dacitic to trachydacitic lava - Dark colored, ph enocryst-rich  lav as containing  10-25% ph enocrysts of
<8mm plag ioclase w ith  1-3% <4mm biotite and/or g reen pyroxene (aug ite).  In some areas,
flow s can be differentiated on th e basis of dominance of biotite v ersus pyroxene ph enocrysts, and
in g eneral, pyroxene>biotite v arieties are older.  T h is unit correlates g enerally w ith  th e Gold R oad
Latite of T h orson (1971).

Tg

Basaltic dikes - Basaltic dikes containing  2-10% ph enocrysts of <3mm idding site and pyroxene in
a plag ioclase-rich  crystalline matrixTbi

Upper basaltic andesitic lava - M afic lav a containing  sparse (1-3%) <2mm ph enocrysts of
plag ioclase > idding site and/or pyroxene.  M atrix is typically g lassy to v ery fine-g rained crystalline.Tau

Upper basaltic lava - M afic lav a containing  2-10% <3mm ph enocrysts of idding site and pyroxene
>> plag ioclase.  M atrix is typically strong ly crystalline.Tbu

Proterozoic igneous and metamorphic rocks -  Granitic g neiss, g ranitoid, sch ist, and diorite.  Diorite
is probably M esoproterozoic in ag e.YXu

Lower dacitic lava - Dark colored moderately ph enocryst-rich  dacitic lav a containing  15-30%
<10mm plag ioclase > <4mm biotite and sparse h ornblende and/or pyroxene.  F low s are
g enerally lig h ter colored th an th e ov erlying  O atman Andesite (T oa).  An interv ening  unit, th e
Esperanza T rach yte, pinch es out just to th e south w est of th e south w est corner of th e map area. 
T h is unit is correlativ e g enerally w ith  th e Alcyone T rach yte of R ansome (1923).

Td

Basaltic andesitic lavas - M afic lav as containing  3-10% ph enocrysts of 1-4mm g reen pyroxene
(aug ite) > <4mm plag ioclase.  T h in (<15m) flow s of th is unit occur in th e east-central to
north eastern parts of th e map area in a stratig raph ic interv al similar to th e W rig ley M ine (T w a) and
O atman (T oa) mafic lav as.  

Tba

Oatman Andesite - Andesitic to trach ydacitic lav as containing  5-10% <10mm plag ioclase
ph enocrysts > <4mm g reen pyroxene (aug ite) > <5mm biotite.  T h e classic Oatman Andesite of
R ansome (1923) is named for extensiv e exposures in and around th e tow n of O atman just to th e
w est of th e south w est corner of th e map area.  Actually a quartz latite based on analyses by
T h orson (1971) th e unit h as long  been equated w ith  more mafic (tw o pyroxene, no biotite) flow s of
th e basaltic trach yandesite of W rig ley M ine.  T h e Esperanza T rach yte, w h ich  pinch es out just to th e
south w est of th e map area, is ov erlain by th e W rig ley M ine lav a and ov erlies th e Oatman Andesite. 
Lav as of th is unit are interbedded w ith  uppermost dacitic lav as of th e T d unit.

Toa

Basaltic trachyandesite of Wrigley Mine - M afic lav a containing  3-7% ph enocrysts of <4mm g reen
clinopyroxene and black orth opyroxene > <5mm plag ioclase.  T h e unit occurs in th e south w est
corner of th e map area w h ere it underlies dacitic lav as of th e T g  unit.  In th e v icinity of th e Black
Eag le M ine, th e lav a ov erlies less mafic (slig h tly biotite-ph yric) lav as of th e O atman Andesite.  T o
th e south w est, th e unit extends at least 15km into th e Boundary Cone map area w h ere it ov erlies
th e Esperanza T rach yte of R ansome (1923) and h as been analyzed for g eoch emistry (S pencer et
al., 2007). 

Twa

Pyroxene-dominant dacitic lava - Dark colored, ph enocryst-rich  lav as containing  10-25%
ph enocrysts of <8mm plag ioclase w ith  1-3% <4mm g reen pyroxene (aug ite) > biotite.Tgx

Conglomerate - Poorly indurated, g ently east-dipping  cong lomerate and sandstone
Tcy

Tps
Peach Spring Tuf - W elded rh yolitic ig nimbrite containing  5-35% ph enocrysts of <5mm sanidine >
<3mm plag ioclase and <1% <3mm biotite.  T h e ig nimbrite is zoned w ith  ph enocryst content
increasing  g radually upw ards from 5-15% in th e main mass of th e ig nimbrite.  T h e uppermost part
is a v itroph yre th at records a dramatic upw ard increase in ph enocrysts from 15-35% th at is
accompanied by a transition from rh yolitic to trach ytic composition (Pamucku et al., 2013).  T h e
Peach Spring Tuff h as yielded a sanidine Ar/Ar date of 18.78 +/- 0.02 M a (F erg uson et al., 2013).

Tgb
Biotite-dominant dacitic lava - Dark colored, ph enocryst-rich  lav as containing  10-25%
ph enocrysts of <8mm plag ioclase w ith  1-3% <4mm biotite > g reen pyroxene (aug ite).
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