
A'

A

B'

B

C'

C
D'

D

E'

E

F'

F

114°0'0"W

114°0'0"W

114°0'30"W

114°0'30"W

114°1'0"W

114°1'0"W

114°1'30"W

114°1'30"W

114°2'0"W

114°2'0"W

114°2'30"W

114°2'30"W

114°3'0"W

114°3'0"W

114°3'30"W

114°3'30"W

114°4'0"W

114°4'0"W

114°4'30"W

114°4'30"W

114°5'0"W

114°5'0"W

114°5'30"W

114°5'30"W

114°6'0"W

114°6'0"W

114°6'30"W

114°6'30"W

114°7'0"W

114°7'0"W

114°7'30"W

114°7'30"W

34
°0'

0"N

34
°0'

0"N

33
°59

'30
"N

33
°59

'30
"N

33
°59

'0"
N

33
°59

'0"
N

33
°58

'30
"N

33
°58

'30
"N

33
°58

'0"
N

33
°58

'0"
N

33
°57

'30
"N

33
°57

'30
"N

33
°57

'0"
N

33
°57

'0"
N

33
°56

'30
"N

33
°56

'30
"N

33
°56

'0"
N

33
°56

'0"
N

33
°55

'30
"N

33
°55

'30
"N

33
°55

'0"
N

33
°55

'0"
N

33
°54

'30
"N

33
°54

'30
"N

33
°54

'0"
N

33
°54

'0"
N

33
°53

'30
"N

33
°53

'30
"N

33
°53

'0"
N

33
°53

'0"
N

33
°52

'30
"N

33
°52

'30
"N

33
°52

'0"
N

33
°52

'0"
N

33
°51

'30
"N

33
°51

'30
"N

33
°51

'0"
N

33
°51

'0"
N

33
°50

'30
"N

33
°50

'30
"N

33
°50

'0"
N

33
°50

'0"
N

33
°49

'30
"N

33
°49

'30
"N

33
°49

'0"
N

33
°49

'0"
N

33
°48

'30
"N

33
°48

'30
"N

33
°48

'0"
N

33
°48

'0"
N

33
°47

'30
"N

33
°47

'30
"N

33
°47

'0"
N

33
°47

'0"
N

33
°46

'30
"N

33
°46

'30
"N

33
°46

'0"
N

33
°46

'0"
N

33
°45

'30
"N

33
°45

'30
"N

33
°45

'0"
N

33
°45

'0"
N

766000

76
60

00

767000

767000

768000

768000

769000

769000

770000

770000

771000

771000

772000

772000

773000

773000

774000

774000

775000

775000

776000

776000

777000

777000 778000

77
80

00

37
39

00
0

37
39

00
0

37
40

00
0

37
40

00
0

37
41

00
0

37
41

00
0

37
42

00
0

37
42

00
0

37
43

00
0

37
43

00
0

37
44

00
0

37
44

00
0

37
45

00
0

37
46

00
0

37
46

00
0

37
47

00
0

37
47

00
0

37
48

00
0

37
48

00
0

37
49

00
0

37
49

00
0

37
50

00
0

37
50

00
0

37
51

00
0

37
51

00
0

37
52

00
0

37
52

00
0

37
53

00
0

37
53

00
0

37
54

00
0

37
54

00
0

37
55

00
0

37
55

00
0

37
56

00
0

37
56

00
0

37
57

00
0

37
57

00
0

37
58

00
0

37
58

00
0

37
59

00
0

37
59

00
0

37
60

00
0

37
60

00
0

37
61

00
0

37
61

00
0

37
62

00
0

37
62

00
0

37
63

00
0

37
63

00
0

37
64

00
0

37
64

00
0

37
65

00
0

37
65

00
0

37
66

00
0

37
66

00
0
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Description of Map Units

N ote  - Q uate rnary units are  not show n on cross se ctions. N O VE R T ICAL  E XAG G E R AT ION  ON  CR OS S  S E CT ION S

Paleozoic and Mesozoic sedimentary units

Paleoproterozoic to Tertiary granitic and gneissic rocks

YXg
Porphyritic biotite granite - Coarse - to fine -graine d biotite  granite  w ith K-fe ldspar phe nocrysts m ostly le ss than 
    1 cm  but locally up to 4 cm . M afic m ine rals, dom inantly biotite , m ake  up as m uch as 10% of rock unit. L ocally unit
    is w e akly foliate d w he re  associate d fine -graine d le ucogranite  (m ap unit YXgl).

Gneissic, granitic, and metamorphic rocks, undivided - T he se  dive rse  crystalline  rocks form ing the  low e r plate  of the
    Plom osa de tachm e nt fault are  com m only m ylonitic, e spe cially ne ar the  de tachm e nt fault. M ylonitic foliation and
    line ation are  typically re crystallize d, but not so m uch that quartz ribbons are  com ple te ly obscure . Protolith is
    com m only thinly laye re d, fine -graine d quartzo-fe ldspathic biotite  gne iss and dark, fine -graine d m afic gne iss, w ith
    rare  pe gm atite s and local hornble ndite . G ne iss is at le ast locally (canyon at U T M N  3748915, U T M E  768331, N AD
    83, zone  11) de form e d into an L -te ctonite  w ith isoclinal fold axe s paralle l to line ation. A varie ty of structural and
    alte ration phe nom e na have  affe cte d this rock unit ne ar the  Plom osa de tachm e nt fault. S e ve re  bre cciation has
    affe cte d rocks of this unit for te ns to hundre ds of m e te rs be low  the  de tachm e nt fault. R ocks w ithin a fe w  m e te rs of
    the  de tachm e nt fault, and in som e  are as w ithin te ns of m e te rs, are  typically alte re d w ith gre e n color due  to
    abundant fine  chlorite . T his chloritic alte ration is com m only associate d e pidote  and e arthy he m atite . W ithin
    se ve ral te ns of m e te rs of the  de tachm e nt fault, low e r plate  gne issic rocks locally include  carbonate  te ctonite   w ith
    probably Pale ozoic se dim e ntary protoliths.

TXgn

Crystalline rocks, undivided - T his unit consists of crystalline  rocks in the  Ibe x Pe ak 7.5’ Q uadrangle  that are
    structurally above  the  Plom osa Pass thrust zone . In the  T ough N ut m ine  are a, rocks of this unit consist prim arily
    of dark, fine -graine d, biotite  granodiorite  and le ss abundant, sim ilar appe aring rock w ith 1-2 cm  K-fe ldspar
    phe nocrysts. U nit is highly fracture d to shatte re d, but not as m uch as a typical rock-avalanche  bre ccia. M inor
    constitue nts are  sparse , sm all intrusions of fine -graine d le ucogranite , ve ry sparse  pe gm atite s, and sparse , dark,
    m uscovitic, quartzose  m e tase dim e ntary rocks of suspe cte d e arly Prote rozoic age .

TXc

Biotite granitoid - Biotite  granitoid in the  Bouse  7.5’ Q uadrangle  is m e dium  to fine  graine d, w ith 8-15% biotite . U nit is
    dark, alte re d, and intrude d by m afic dike s.TXgb

Mafic granitoid - M e dium  to fine  graine d, biotite -hornble nde  m afic granitoid, w ith ~20%, <1m m  hornble nde .
    U nit is e xpose d northw e st of the  T ough N ut m ine  in the  southe aste rn Ibe x Pe ak 7.5’ Q uadrangle  
    and e ast of the  L ittle  Butte  m ine  at the  northe rn e nd of the  Plom osa M ountains.

TXgd

Fine to very fine grained diorite to intrusive basalt - G e ne rally gray, dark gray, gre e nish gray, and black basaltic
    dike s and intrusions and ve ry fine  graine d dioritic rocks.TXmd

Weakly genissic leucogranite - Fine -graine d (0.1 -1.0 m m ) le ucogranite  w ith w e akly gne issic, 3-30 m m  laye ring
    de fine d by variable  quartz-fe ldspar ratios and by w e ak variation in m afic m ine ral conte nt. T he  le ucogranite
    supe rficially re se m ble s a m e tapsam m ite . T his unit is inte rpre te d as M e sozoic be cause  it intrude s Pale ozoic
    carbonate s. Although form ing part of the  uppe r plate  of the  Plom osa de tachm e nt fault, rocks of this unit are
    m ylonitic on the  northw e st side  of R ound M ountain in the  Bouse  7.5’ Q uadrangle .

Mzgl

Jurassic igneous complex of Plomosa Pass - Dive rse  intrusive  rock type s that are  variable y foliate d, including
    hornble nde  diorite , porphyritic granodiorite  (166.4 +/- 1.0 M a U -Pb, S te inke , 1996), and porphyrytic le ucogranite
    locally de form e d into m ylonitic gne iss.

Jic

Unfoliated mafic granitoids - N orthw e st of R ound M ountain in the  Bouse  7.5’ Q uadrangle , rocks of this unit consists
    of dark, e quigranular, m e dium  to fine  graine d granitoids that intrude  chloritic bre ccia and m ylonitic le ucogranite  at
    the  base  of R ound M ountains in the  uppe r plate  of the  Plom osa de tachm e nt fault. M afic m ine rals w e re  not
    ide ntifie d due  to e xte nsive  alte ration.

TKgd

Mudersback Granite -  M e dium -graine d, e quigranular, light-colore d biotite  granite  nam e d M ude rsbach granite  (afte r
    the  M ude rsbach m ine ) by S carborough and M e ade r (1983). A sam ple  of this granite  yie lde d a U -Pb isochron
    date , on thre e  zircon fractions, of 20.4 +1.8 -2.1 M a (date d by M ark M artin, pe rsonal com m unication (1996), and
    re porte d by S te inke  (1996)). 

Tgrm

Sedimentary rocks, undivided - R e crystallize d and de form e d carbonate , calcare ous siltstone , fine  calcare ous
    sandstone , and sandstone . Pzs

Carbonate rocks, undivided - R e crystallize d and pe ne trative ly de form e d carbonate  and silice ous carbonate  de rive d
    from  Pale ozoic carbonate  units (Kaibab L im e stone , R e dw all L im e stone , M artin L im e stone ).Pzc

Bolsa Quartzite  Cb

Martin Formation and Redwall Limestone, undivided - Calcite  and dolom ite  m arble  and silty m arble , com m only
    che rty.MDc

Supai Formation - T hin- to m e dium -be dde d, fine  quartzose  sandstone , silty sand, and calcare ous siltstone  and fine
    sandstone , ge ne rally m e tam orphose d to pale  gre e n calc-silicate  and quartzite  w ith laye ring de fine d in part by
    diffe re ntial w e athe ring.

PPs

Coconino Sandstone - Orthoquartzite  de rive d from  m e dium  to fine  grain quartz sanstone .
Pc

Kaibab Limestone - M e dium  gray lim e stone  m ottle d w ith irre gular silice ous knots and stringe rs. Include s
    re crystallize d and probably de form e d lim e stone  w ith che rt stringe rs that m ay re pre se nt be dding. Also, diffe re ntial
    w e athe ring re ve als thin be ds (2-20 m m ) that appe ar to be  be dding. Approxim ate ly 20 m  be low  top of unit is an
    ~3m  thick gypsum  be d (U T M N  3754125, U T M E  769703, N AD 83, zone  11).

Pk

Sandstone - Q uartz-rich sandstone  w ith no lithics or m ica. Fine  to m e dium  graine d, locally coarse , ve ry locally w ith
    pe bble s up to 1 cm . L aye ring (be dding?) in unde rlying Kaibab lim e stone  is paralle l to contact w ith this sandstone .
    R ounde d quartzite  cobble s up to 5 cm  diam e te r are  pre se nt at basal 10-20 cm  of sandstone  w he re  contact w ith
    Kaibab is tight (U T M N  3754074, U T M E  769698, N AD 83, zone  11). Be dding is not obviously transpose d in
    sandstone  but clast dim e nsions sugge st flatte ning w ith aspe ct ratios as high as 2:1. Also include s strongly
    cle ave d, pale  m aroon, quartzose  siltstone . At highe r stratigraphic le ve ls (U T M N  3753861, U T M E  769645, N AD
    83, zone  11), unit include s carbonate - and quartzite -clast conglom e rate  w ith subrounde d clasts up to 30 cm
    diam e te r in a silty to sandy and possibly calcare ous m atrix. Carbonate  clasts are  flatte ne d m ore  than quartzite
    clasts, w ith aspe ct ratios as high as 2:1. 

Mzss

Conglomerate, breccia, and sandstone - Conglom e rate  is the  dom inant lithology, w ith clasts up to 30 cm  of
    lim e stone  and fine  sandstone . Clasts are  variably flatte ne d, at one  locality re aching an aspe ct ratio of 10:1.
    L ocally include s sandstone  and bre ccia.Mzcg

Massive hematite-silica rock - H e m atite -silica rock that is m assive , black to re ddish black to dark brow n, hard, de nse
    rock be low  lacustrine  carbonate . U nce rtain if this is prim ary or se condary. Ths

Basal arkose - G e ne rally arkosic sandstone  and conglom e rate , w ith dom inantly subrounde d granitoid clasts up to
    30 cm . In the  southe rn part of the  Ibe x Pe ak 7.5’ Q uadrangle , this unit include s (1) volcanic-lithic sandstone , (2)
    siltstone , lam inate d silty lim e stone , and thick be dde d sandy lim e stone , and (3) m assive  to ve ry crude ly be dde d,
    angular- to subangular-clast conglom e rate , w ith 1-100cm  clasts. M any clasts are  de rive d from  gre e n siltstone  and
    fine  grain sandstone  that looks like  M e sozoic M cCoy M ountains Form ation. In the  northe rn part of the  Bouse  7.5’
    Q uadrangle , this unit consists coarse  to fine , dark re ddish brow n to pale  gray arkosic sandstone . Conglom e rate
    form s 5-10% of unit at low e r stratigraphic le ve ls, and consists of be ds up to 1m  thick w ith subrounde d cobble s of
    granitoids and sparse  quartzite  up to 30 cm  diam e te r.

Tba

Conglomerate, lower unit - T his unit typically consists of brow n to re ddish brow n, m ode rate ly to strongly ce m e nte d,
    poorly sorte d, w e akly stratifie d conglom e rate . Clasts com m only include  m afic volcanics and are  typically
    subangular. R ocks of this unit are  distinguishe d from  conglom e rate  of m ap unit T cg by the ir association w ith m afic
    volcanic rocks (m ap unit T m ) and rock-avalanche  bre ccia (m ap unit T x), and by gre ate r de gre e s of oxidative
    alte ration and lithification.

Tcgl

Limestone - T hin to m e dium  be dde d, gray and tan, variably silice ous lim e stone , com m only slightly to m ode rate ly
    silty and w ith silty be ds.Tl

Limestone, silty limestone, and less common calcareous siltstone and sandstone - Dive rse  lim e stone , silty and
    sandy lim e stone , calcare ous siltstone  and calcare ous sandstone , w ith dive rse  colors. T his unit include s the
    follow ing: (1) L im e stone  and silty lim e stone , in som e  are as platy w e athe ring in 1-10 cm  be ds, (2) calcare ous
    siltstone  and calcare ous fine  to m e dium  to locally coarse  graine d sandstone , and (3) gray, ye llow, and pale  re d
    lim e stone , silice ous lim e stone , and silty lim e stone , ~2-20 cm  thick be ds (locally to 40 cm ) de fine d by variations in
    color and re sistance  to w e athe ring, and containing tan and brow n silice ous laye rs up to 10 cm  thick, probably of
    calcare ous siltstone  but could be  diage ne tic silica or silicifie d tuff. 

Tls

Conglomerate - T his unit typically consists of brow n to re ddish brow n, m ode rate ly to strongly ce m e nte d, poorly
    sorte d, w e akly stratifie d conglom e rate . Clasts are  dom inantly gne issic and granitic, w ith significant basaltic clasts,
    som e  ve sicular. Clasts are  typically subangular, 1-10 cm , locally to 50 cm . At one  location e ast of “Plom osa” Pe ak
    north of Q uinn (Plom osa) Pass (U T M N  3747949, U T M E  769984, N AD 83, zone  11), conglom e rate  clasts include
    chloritic bre ccia and gne iss like  that of the  low e r plate , and form  bold, rounde d outcrops like  those  farthe r north in
    the  Bouse  7.5’ Q uadrangle  that contain m ylonitic de bris from  the  low e r plate  (m ap unit T cgm ). 

Tcg

Sandstone and conglomerate with secondary calcium carbonate - S andstone  and conglom e rate  w ith se condary
    calcium  carbonate  filling pore  space . R ocks of this unit are  e xpose d in the  Ibe x Pe ak 7.5' Q uadrangle  adjace nt to
    the  Plom osa de tachm e nt fault. S e condary calcium  carbonate  is thought to be  de rive d from  hydrothe rm al fluids
    the  circulate d along the  de tachm e nt fault w he n it w as active .

Tscc

Manganiferous sandstone and conglomerate - S andstone  and conglom e rate  w ith pe rvasive  m angane se  oxide s
    filling pore  space .Tscm

Sandstone and conglomerate, lower unit - S andstone , pe bbly sandstone , and conglom e rate . Clasts are  typically
    subrounde d to subangular and de rive d from  T e rtiary volcanic rocks, granitoids, and m e tase dim e ntary rocks,
    w ithout gne issic or m ylonitic clasts like  those  de rive d from  the  footw all block of the  Plom osa de tachm e nt fault. 

Tscl

Sandstone and conglomerate - S andstone , pe bbly sandstone , and conglom e rate . Clasts are  typically subrounde d to
    subangular and de rive d from  T e rtiary volcanic rocks, granitoids, and m e tase dim e ntary rocks.Tsc

Sandstone, lower unit - T an to m e dium  brow n to re ddish brow n, com m only thin be dde d to lam inate d, m e dium  to fine
    graine d sandstone , rare  siltstone , and silty fine -graine d sandstone , locally coarse  to pe bbly. R ocks of this unit are
    distinguishe d from  rocks of m ap unit T ss by the ir association w ith m afic and inte rm e diate  volcanic rocks (m ap
    units T m  and T dh) and rock-avalanche  bre ccias (m ap unit T x).

Tssl

Sandstone - T an to m e dium  brow n to re ddish brow n to re d, m e dium  to fine  graine d sandstone , rare  siltstone , and
    silty fine -graine d sandstone , locally coarse  to pe bbly. R e d colors in som e  are as are  possibly due  to potassium
    m e tasom atism .

Tss

Conglomerate and breccia, undivided - M assive  conglom e rate  w ith clasts up to 1m  of granite , quartzite , w e akly
    schistose  m e tavolcanic and/or m e tase dim e ntary rocks, and rock-avalanche  bre ccia de rive d from  porphyritic,
    coarse -graine d granite . Tcx

Rock avalanche breccia - M assive  bre ccia com pose d of angular fragm e nts de rive d from  dive rse  rock type s. M ost
    are  m onolithologic, and are  de rive d from  granitoids, quartzite , and carbonate . S om e  contain m ixe d-clast
    com positions. In the  southe rn part of the  Ibe x Pe ak 7.5’ Q uadrangle , this unit include s blocks of unshatte re d
    carbonate  at le ast 100m  across. M ap labe l w ith pare nthe tical te rm  afte r “T x”, such as “T x(gr)”, indicate s protolith
    com position of bre ccia, as follow s: T x(gr) – granitic protolith; T x(Jv) – Jurassic m e tavolcanic protolith; T x(m d) –
    fine -graine d m afic dike  protolith; T x(M zcg) – M e sozoic conglom e rate  protolith; T x(M zss) – M e sozoic sandstone
    protolith; T x(M zsv) – M e sozoic m e tase dim e ntary and m e tavolcanic protolith, including hydrothe rm ally alte re d
    rocks; T x(PPs) – S upai G roup calcare ous m e tasiltstone  and m e tasandstone ; T x(Pzc) – Pale ozoic carbonate
    protolith; T x(Pzq) – Pale ozoic quartzite  protolith; T x(Pzs) –Pale ozoic se dim e ntary protolith, undivide d; T x(q) –
    quartzite  protolith, undivide d; T x(T m ) – T e rtiary m afic volcanic protolith; T x(YXg) – porphyritic biotite -granite
    protolith.

Tx

Southern Cross granite - Fine  to m e dium  graine d, ge ne rally e quigranular to w e akly porphyritic granitoid w ith up to 
    20% m afic m ine rals including biotite  and hornble nde . N am e d the  S outhe rn Cross granite  by S tone m an (1985).KJg
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Introduction 
 
T he  Bouse  and Ibe x Pe ak 7 ½' Q uadrangle s are  locate d approxim ate ly 40 km  south-southe ast of the  
tow n of Parke r in L a Paz County, w e ste rn Arizona. T he  Q uadrangle s e ncom pass the  northe rn Plom osa 
M ountains and flanking pie dm onts, as w e ll as part of uppe r Bouse  W ash, the tow n of Bouse , and the  
southe rn e dge  of Cactus Plain. G e ologic m apping w as done  unde r the  joint S tate -Fe de ral S T AT E M AP 
program , as spe cifie d in the  N ational G e ologic M apping Act of 1992, and w as jointly funde d by the  
Arizona G e ological S urve y and the  U .S . G e ological S urve y unde r S T AT E M AP assistance  aw ard 
#G 12AC20464. M apping w as com pile d digitally using E S R I ArcG IS  softw are .   

Surficial geology 
S urficial ge ologic units w e re  m appe d using fie ld obse rvations, ste re o ae rial photographs, digital 
orthophotographs and/or ge ore fe re nce d sate llite  im age ry, and digital e le vation m ode ls (DE M s). R e lative  age s of 
alluvial de posits w e re  e stim ate d using characte ristics of clast w e athe ring, soil de ve lopm e nt, carbonate  
accum ulation, and position in the  landscape  (G ile  and othe rs, 1981; M ache tte , 1985; Bull, 1991; Birkland, 1999). 
S oil de ve lopm e nt and carbonate  accum ulation be gin once  a de posit is isolate d from  active  alluvial proce sse s. 
As a re sult, the  de gre e  of soil de ve lopm e nt and carbonate  accum ulation are  one  of the  crite ria use d to ide ntify 
the  approxim ate  age s of surficial units. Younge r alluvial de posits have  little  to no soil de ve lopm e nt, re taining the  
original gre y or brow n color of the  alluvial se dim e nts, and no carbonate  accum ulation. Clasts in the se  de posits 
have  no w e athe ring rinds or surface  patinas and thus appe ar brighte r and fre she r than olde r clasts. Young 
alluvial surface s ofte n re tain original de positional characte ristics such as bars and sw ale s. Conve rse ly, olde r 
alluvial de posits have  be tte r de ve lope d soils that appe ar orange  or re d in color, w ith soil horizons re fle cting clay 
and carbonate  accum ulations. Clasts in olde r alluvial de posits ofte n e xhibit darke ne d w e athe ring rinds or som e  
de gre e  of oxidation (orange  surface  patina), and thus appe ar darke r on the  ground and in ae rial photographs. 
Pre se rve d alluvial surface s m ay be  sm ooth and flat (Q i3), be com ing m ore  rounde d and coarse r w ith age  (Q i2). 
T he  olde st alluvial surface s (Q i1) are  ofte n e rode d, rounde d ridge s w ith no soils pre se rve d and the  carbonate  
horizon e xpose d.  
N um e rous northe ast-tre nding, line ar troughs are  locate d on the  w e st side  of the  northe rnm ost Plom osa 
M ountains in olde r Q uate rnary to Plioce ne  alluvial de posits. Fie ld e xam ination did not ide ntify any othe r fe ature s 
associate d w ith the se  troughs e xce pt in a sm all num be r of locations w he re  the y w e re  associate d w ith faults, 
w hich are  show n on the  m ap. 

Bedrock geology 
T he  northe rn Plom osa M ountains are  a southw ard tilte d fault block bounde d above  and to the  north by the  
Oligoce ne (?)-M ioce ne  e xte nsional Plom osa de tachm e nt fault (S carborough and M e ade r, 1983; S pe nce r and 
R e ynolds, 1991). Displace m e nt on the  fault w as sufficie nt to uncove r m ylonitic crystalline  rocks that m ake  up a 
m e tam orphic core  com ple x. Farthe r south in the  de tachm e nt-fault footw all block, the  Plom osa Pass thrust zone  
consists of m ultiple  thrust faults and folde d te ctonite s de rive d prim arily from  Pale ozoic and M e sozoic 
se dim e ntary rocks (S tone m an, 1985; S te inke , 1996). R ocks of this com ple x thrust zone  are  displace  northw ard 
in fault blocks above  the  Plom osa de tachm e nt fault. Apatite  and zircon fission-track age s indicate  that 
e xhum ation and cooling of footw all rocks be low  the  Plom osa de tachm e nt fault occurre d at about 15-23 M a 
(Foste r and S pe nce r, 1992). T he  southe rn part of the  m ap are a consists large ly of uppe r Oligoce ne (?) to low e r 
M ioce ne  hornble nde -dacite  e xtrusions and shallow  intrusions.  
E xte nsional faulting and basin ge ne sis, and e le vate d ge othe rm al gradie nts associate d w ith m agm atism  and 
crustal thinning, produce d conditions that cause d e xte nsive  oxidative  alte ration and m ine ralization in rocks ne ar 
and above  the  de tachm e nt fault, including barite  ve ins and de posits of he m atite , spe cular he m atite , and 
m angane se  oxide s, w ith associate d se condary coppe r m ine rals (H arre r, 1964; Duncan, 1990). At le ast one  rock 
avalanche  de posit include s bre ccia that w as de rive d from  rocks pre viously subje cte d to argillic alte ration, 
pre sum ably in the  Jurassic, and the n m e tam orphose d during Cre tace ous thrust burial (R e ynolds e t al., 1987). 
E le ctron m icroprobe  analysis of four sam ple s from  3 localitie s ide ntifie d quartz, he m atite , kaolinite , rutile , alunite , 
diaspore , pyrophyllite , topaz, and svanbe rgite  (Ke n Dom anik, U niv. Arizona, w ritte n com m ., 2014; sam ple  
locations: 3760720 U T M N , 770759 U T M E ; 3760753 U T M N , 770791 U T M E ; 3760529 U T M N , 770531 U T M E , 
N AD83, zone  11N ).  
Oligoce ne (?)-M ioce ne  se dim e ntary and volcanic units are  positione d on the  S tratigraphic Corre lation Diagram  
so that the ir infe rre d te ctonic se tting is indicate d by the  “E xte nsional te ctonic stage ”, as follow s: (1) Initial norm al 
faulting re sulte d in subside nce  and de position of basal arkose  and lim e stone  on crystalline  rocks that pre viously 
form e d a highland. (2) T his w as follow e d by de position of rock-avalanche  bre ccias and m afic lavas. T he  
bre ccias are  inte rpre te d to indicate  de ve lopm e nt of high re lie f, w ith bre ccias de rive d from  a big norm al fault 
scarp at the  southe rn or southw e ste rn m argin of a half-grabe n basin. (3) T his w as follow e d by fragm e ntation of 
the  half-grabe n basin into m ultiple  sm all tilt-block half grabe ns, w ith incre asing diffe re ntiation of stratigraphic 
se ctions be tw e e n basins. 

Contacts, faults, and geomorphic 
features

contact, accurate  
contact, approxim ate
contact, infe rre d
fault, accurate
fault, approxim ate
fault, conce ale d

line ar ge om orphic fe ature  of
unce rtain origin
line ar ge om orphic fe ature  of
unce rtain origin, approxim ate ly
locate d

she ar zone
thrust fault, conce ale d
thrust fault, accurate
low -angle  fault, approxim ate
low -angle  fault, accurate
de tachm e nt fault, conce ale d
de tachm e nt fault, accurate
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Piedmont units

Deposits of Bouse Wash

Deposits of Cactus Plain

Miocene to Quaternary units

Upper Miocene volcanic units of north Cactus Plain

Miocene sedimentary and volcanic units

Mafic volcanic rocks - Mafic volcanic rocks, dark gray, w ith up to 8%, <3m m  plagioclase , and up to 4% iron oxide s
    as alte ration products of m afic phe nocrysts. R are  sandstone  or be dde d conglom e rate  re ve als orie ntation of
    be dding. In the  southe rn Ibe x Pe ak 7.5’ Q uadrangle , this unit consists of m afic lava w ith up to 20%, <5m m
    plagioclase , 2-4%, <2m m  pyroxe ne , and 1-4%, <1m m  iron oxide s afte r olivine . L ocally this unit contains up to
    15%, <2m m  iron oxide s afte r pyroxe ne (?). In the  northe rn part of the  Bouse  7.5’ Q uadrangle , the se  rocks are
    rare ly quartz be aring, but se ve re  oxidative  alte ration obscure s variations in the  original com position of volcanic
    rocks, and the se  rare  quartz-be aring rocks w e re  not diffe re ntiate d. Also in this are a, rocks of this unit locally
    include  m assive  to poorly sorte d volcanic-lithic conglom e rate  w ith variably rounde d volcanic clasts w ith sparse
    quartz and fe ldspar grains in an indurate d m atrix. Q uartz and fe ldspar grains in m atrix m ay not be  volcanoge nic.

Tm

Tuff - In the  Ibe x Pe ak 7.5’ Q uadrangle , tuff of this unit contains 1-5 cm , irre gular and e longate  pits infe rre d to be
    re lict pum ice  fragm e nts. U nit contains up to 3%, <1m m  biotite , som e  fre sh, ~5%, <1m m  fe ldspar, som e  of
    w hich m ight be  sanidine , and 2-4% volcanic-lithic fragm e nts up to 5 cm . ~5% of rock is <1m m  voids that are
    infe rre d to be  prim ary. T he  top of the  tuff unit is thinly be dde d ove r a thickne ss of ~1m . 

Tt

Bedded pyroclastic rocks - Be ds up to 2m  thick w ith angular, volcanic-lithic clasts up to 30 cm . Clasts are  typical
    hornble nde  dacite  of m ap unit T dh.Tbp

Hornblende dacite - – Inte rm e diate -com position lava flow s, e xtrusive  m asse s, dike s, and irre gular shallow
    intrusions.  T his rock unit is typically bre cciate d, w ith 1-100 m m  bre ccia fragm e nts of dacite  in a sim ilar dacite
    m atrix. T he  unit typically contains up to 3%, <1m m  fe ldspar, and 2-4%, <1m m  iron oxide s de rive d from  m afic
    m ine rals. Contains no quartz and no ve sicle s. R ocks fracture  as if fairly silice ous. In the  southe rn part of the  Ibe x
    Pe ak 7.5’ Q uadrangle , this unit consists of pale  gray volcanoge nic bre ccia w ith 1-5%, <1m m  hornble nde , up to
    2%, <1m m  biotite , som e  fre sh, and 2-9%, <1m m  fe ldspar. L ocally ne ar the  base  of the  unit (U T M N  3740511,
    U T M E  771995, N AD 83, zone  11), it contains up to 30%, <2m m  pyroxe ne (?). R ock unit he re  looks like
    autobre ccia, w ith slightly diffe re nt color fragm e nts of dacite  w ith diffe re nt abundance  of crystals - som e  fragm e nts
    are  crystal poor. At the  highe st stratigraphic le ve ls, ne ar the  southe rn e dge  of the  Ibe x Pe ak 7.5’ Q uadrangle , this
    unit include s vitrophyre  w ith 2-4%, <1m m , fre sh biotite  and hornble nde , and 7-10%, <1m m  fe ldspar. Also in
    this are a (U T M N  3741064, U T M E  772041, N AD 83, zone  11), this unit is a pale  gre e nish w hite , be dde d
    pyroclastic unit w ith volcanic-lithic fragm e nts up to 20 cm  in tufface ous m atrix. Planar be dding is appare nt for
    be ds 1-10 cm  thick. Fragm e nts contain 2-3%, <2m m  biotite , 4-6%, <2m m  fe ldspar, som e  of w hich is sanidine .

Tdh

Intermediate to felsic intrusions, undivided  - In m ost e xposure s, this unit form s crystal-poor fe lsite  dike s or 
    irre gular intrusions, w ith 0-4%, <2m m  quartz, 1-5%, <1m m  biotite , and up to 2%, <1m m  hornble nde . Q uartz is
    abse nt in m ost e xposure s. M afic m ine rals are  typically oxidize d and unide ntifiable  in the  fie ld. T his unit include s
    crystal-poor, flow -bande d rhyolite  w ith 1-2%, locally up to ~4%, <2m m  quartz. T his unit possibly include s
    e xtrusions (dom e s?). In the  southe rn part of the  Ibe x Pe ak 7.5’ Q uadrangle , m ost e xposure s of this unit consist of
    crystal-poor fe ldspar porphyry w ith up to 2%, <2m m  fe ldspar, and locally include s a porphyry intrusion(?) w ith
    10-15%, <2m m  fe ldspar, and 1-2%, <1m m  biotite , and a dike  w ith 4-8% m afics consisting of <1m m  biotite  and 
    <<1m m  hornble nde . At Ibe x Pe ak this unit consists of a hornble nde  dacite  intrusion w ith 5-9%, <1m m  hornble nde . 
    At one  locality (U T M N  3747519, U T M E  769899, N AD 83, zone  11), this unit consists of volcanoge nic bre ccia 
    w ith clasts that contain ~20%, <1m m  sanidine , and ~20%, <<1m m  biotite  and possible  hornble nde . T he  bre ccia 
    m atrix has the  sam e  com position as the  bre ccia clasts. T his is pote ntial sam ple  site  for argon ge ochronology. 

Tiu

Rounded-clast conglomerate - Conglom e rate  w ith rounde d to subrounde d cobble s. Clasts are  approxim ate ly 80%
    granitoids, 15-20% inte rm e diate  com position volcanics, and 1-2% quartzite . T he se  are  infe rre d to be  rive r de posits.Tcr

Conglomerate with mylonitic clasts - T an to brow n, m ode rate ly to poorly sorte d conglom e rate  w ith dive rse  clast
    com positions including m ylonitic and chloritic bre ccia de rive d from  be low  the  Plom osa de tachm e nt fault. L ack of
    oxidative  alte ration indicate s that alte ration did not affe ct strata at this high stratigraphic le ve l in M ioce ne
    uppe r-plate  strata or that alte ration had e nde d w he n the se  strata w e re  de posite d and tilte d by faulting.

Tcgm

Fanglomerate - Poorly sorte d, poorly consolidate d, tan to light brow n fanglom e rate . U nit is not tilte d by faulting
    e xce pt in a fe w  e xposure s w he re  it appe ars to be  slightly tilte d.Tsy

Silt, clay, minor sand  - Fine -graine d de posits, som e  are  like ly poorly e xpose d Bouse  Form ation, othe rs are  alm ost
    ce rtainly old e olian de positsQTf

Regolith derived from Miocene conglomerate - Disaggre gate d rubble  de rive d from  conglom e rate  of m ap unit T cg. In
    m any are as this m ap unit is ide ntifie d from  ae rial im age ry, and probably include s substantial are as of
    conglom e rate  (m ap unit T cg) that is not gre atly disaggre gate d.QTcgr

Regolith, undivided - De e ply w e athe re d and disaggre gate d de bris de rive d from  unspe cifie d olde r units.QTr

Sandy deposits in active drainages - R e w orke d sand and fine  grave l in and along active  drainage s in Cactus Plain,
    w he re  source  de posits are  pre dom inantly sand. L ocally include s grave lly de posits in proxim ity to be drock or olde r
    fan de posits.

Qys

Sand surface mantle - Inte rdune  and ne ar dune  are as cove re d prim arily by sand, w ith m inor grave l, silt and clay; not
    spatially associate d w ith drainage s. Pe rce nt cove rage  of sand is variable , but typically is >50 pe rce nt, Include s
    sm all are as of grave l lag, and e rode d fine -graine d de posits.

Qsi

Gravel-mantled erosion surfaces - Ope n grave l lag de posits on e rosion surface s. M ost e rosion surface s are  form e d
    on olde r fine -graine d de posits in inte rdune  are as; som e  are  form e d on e rode d olde r fan de posits around the
    m argins of the  dune  fie ld

Qgi

Gravel and sand surface lag - E rosion surface s w ith ope n grave l lag and com m on, sm all-scale  sandy e olian
    de posits. Com ple x spatial re lationships be tw e e n grave l and sand-dom inate d patche s.Qgs

Dune sand deposits - Q uartz-rich dune  sand de posits, w ith le sse r am ounts of silt and clay associate d w ith m ore
    stable  parts of dune s. M ost are as in w e ste rn Cactus Plain are  dom inate d by line ar dune s that tre nd ge ne rally N E ;
    the se  dune s are  up to 40 ft high. S om e  portions of Cactus Plain are  dom inate d by m uch sm alle r cre sce nt dune s.

Qe

    Terraces along Bouse Wash - T e rrace s along Bouse  W ash that are  only active  during the  highe st flow s.
Qy2r

    Terraces along Bouse Wash - Abandone d te rrace s along Bouse  W ash. Ope n cre osote  fie lds.
Qy1r

Intermediate terrace deposits - Bouse Wash - G rave l and sand de posits w ith a m ix of crystalline  rocks, volcanics,
    and m inor re w orke d rounde d Colorado R ive r pe bble s and cobble s. T e rrace s up to 15 ft above  the  active  channe ls.Qi3r

    Active high-flow channels and terraces along Bouse Wash
Qy3r

    Active main and side channels of Bouse Wash
Qycr

Older deposits - Bouse Wash - Olde r, highly disse cte d te rrace  grave l and sand along Bouse  W ash. G rave l is
    prim arily crystalline  and volcanic lithologie s, but locally contains substantial rounde d grave l re w orke d from  olde r
    Colorado R ive r de posits (Bullhe ad alluvium ).

Qir

Debris-flow deposits and chutes - Boulde ry de bris-flow  le ve e s and snouts, and e rosional scars associate d w ith de bris
    flow  activity highe r on hillslope s.Qyd

Disturbed ground - H e avily disturbe d or cove re d ground associate d w ith m ine  dum ps, e xcavation, and m unicipal
    de ve lopm e nt that has obscure d or coce ale d original ge ologic fe ature s.d

Pedogenic carbonate - E xte nsive , thick (2-4 m ), cliff e xposure s of  pe doge nic carbonate  found high on m ountain slope s.
    T he se  units are  typically form e d on hillslope  colluvium  and are  cove re d by thin, discontinuous laye rs of colluvium .  Qoc

Deposits in modern channels - R e ce ntly active  channe l de posits that are  dom inantly unconsolidate d, ve ry poorly
    sorte d sandy to cobbly be ds e xhibiting bar and sw ale  m icrotopography, but can range  from  fine  silty be ds to
    coarse  grave lly bars in m e ande ring re ache s base d on position w ithin the  channe l. Clasts range  from  sub-rounde d
    to angular. Q ycr de posits are  typically unve ge tate d to lightly ve ge tate d and e xhibit no soil de ve lopm e nt. 

Qyc

Active channels, low terraces and bars - Pie dm ont alluvial de posits locate d along active  drainage s including sm all
    channe ls, adjace nt low  te rrace s, or floodplain are as. Q y3 de posits are  com pose d of unconsolidate d, unvarnishe d
    sand, grave l, and silt de posits. 

Qy3

Broad drainages and piedmont terrace deposits  - Q y2 de posits consist of te rrace  de posits locate d prim arily along
    the  flanks of incise d drainage s and low -re lie f te rrace s inse t into Ple istoce ne  age  fan de posits. S om e  Q y2 de posits
    com prise  e xte nsive  low  re lie f alluvial fans w he re  unconfine d by olde r pie dm ont alluvium . T he se  de posits consist
    of pre dom inantly fine  graine d unconsolidate d to w e akly consolidate d se dim e nts w ith sub-rounde d to sub-angular
    pe bble  to cobble  bars on the  surface  and be ds and le nse s in cross se ction. 

Qy2

Young deposits, undifferentiated - Prim arily fluvial de posits, w ith sm all e olian dune s and sand she e tsQy

Piedmont terraces and isolated alluvial fan deposits - Q y1 de posits consist of planar te rrace s along large r 
    pie dm ont drainage s and re m nant alluvial fan de posits on low e r pie dm ont are as. Q y1 de posits are  com pose d of 
    sandy to pe bbly sw ale s w ith coarse r unvarnishe d to ve ry lightly varnishe d pe bble  to cobble  bars, and partially 
    ove rlie  Ple istoce ne  de posits in som e  are as. 

Qy1

Young alluvial fan deposits - Young, active  alluvial fan de posits that are  late rally e xte nsive  and com pose d of 
    grave l, sand, silt associate d w ith distributary drainage s and broad she e tflood are as.Qya

Intermediate alluvial fan and terrace deposits, undifferentiated - U ndiffe re ntiate d m iddle  and late  Ple istoce ne  
    alluvial fan and te rrace  de posits.Qi

Young intermediate alluvial fan and terrace deposits - Pe bble , cobble , and sand de posits in low  te rrace s and 
    alluvial fans. M ode rate  varnish on clasts, m ode rate  grave l lags to w e ak pave m e nts, but pave m e nts not w as w e ll
    de ve lope d as Q i3. S oil de ve lopm e nt is w e ak to m ode rate .

Qi4

Intermediate fan and terrace deposits - G rave l and sand de posits w ith m ode rate  to tight de se rt pave m e nts, dark
    rock varnish, form ing re lict alluvial fans and inte rm e diate  te rrace s. S oil de ve lopm e nt is m ode rate , w ith slight
    re dde ning, m inor clay accum ulation, calcic horizon de ve lopm e nt II-III.

Qi3

Older intermediate fan and terrace deposits - G rave l and sand de posits, w ith m inor silt and clay, associate d w ith
    m ode rate ly e rode d re lict alluvial fans and inte rm e diate  te rrace s. R ock varnish and pave m e nt de ve lopm e nt is
    variable , quite  strong on w e ll-pre se rve d surface s and m ode rate  to w e ak on m ore  e rode d surface s. Incision of
    m ode rn w ashe s be low  Q i2 surface s range s from  1-3 m .

Qi2

Higher dissected alluvial fan and terrace deposits - H igh disse cte d grave lly alluvial fan de posits and disse cte d
    te rrace  de posits. Alluvial fans are  de e ply e rode d, w ith lim ite d pre se rve d fan surface  re m nants. S oil de ve lopm e nt
    range s from  strong on w e ll-pre se rve d surface s to w e ak to m ode rate  on e rode d slope s. Q i1 te rrace  de posits are
    up to 15 m  above  Osborne  W ash.

Qi1

Very high old alluvial fan deposits - Coarse  grave lly high rre m nant alluvial fans w ith ve ry strong calcic soil
    de ve lopm e nt w he re  surface s are  re asonably w e ll pre se rve d. Cobble s and boulde rs are  com m on. Planar surface s
    are  typically supporte d by carbonate  ce m e ntation and coarse  grain size , but are  also de e ply e rode d and high
    above  active  w ashe s.

Qo

Hillslope talus and colluvium - Hillslope talus and colluviumQtc

Hornblende dacite vitrophyreTdhv

Bouse Formation - fine siliciclastic deposits - G re e n, tan, to re ddish brow n clay, silt, sand, and m inor lim e stone  and 
    tufa.Tbs

Bullhead alluvium? - Q uartz-rich sand and rounde d pe bble s and cobble s of Bullhe ad alluvium ; som e  fine r-graine d
    de posits locally; in a fe w  outcrops, re sts ove r e rosional unconform ity on Bouse  de posits. U nit is probably corre lative  
    w ith Bullhe ad alluvium .

Tcb?

Pebble conglomerate - R e ddish w e akly to m ode rate ly consolidate d pe bble  conglom e rate  w ith le nse s of le ss
    consolidate d re ddish sand laye rs. U nit is m ainly e xpose d along the  low e r banks of w ashe s unde r Ple istoce ne  fan
    surface s but fan re m nants are  also pre se nt. M ay be  slightly tilte d.Tcy

Bullhead alluvium - Q uartz-rich sand and rounde d pe bble s and cobble s of Bullhe ad alluvium ; som e  fine r-graine d
    de posits locally; in a fe w  outcrops, re sts ove r e rosional unconform ity on Bouse  de positsTcb

Deeply incised fans without preserved surfaces.QTa


