Important Notice

This thesis is the property of HarvardAU'niv’ersity‘ This copy is provided for your personal reference use
only. Further reproduction or distribution in any format is expressly forbidden.

The copyright to this thesis is held by the author or his/her heirs. It is your responsibility to clear
quotation or any other use with the copyright holder.

All inquiries regérding additional copies of this thesis should be addressed to:

Harvard University Archives

Pusey Library

Cambridge, MA 02138
http://library.harvard.edu/university-archives



http://library.harvard.edu/universitv-archives

VOLUTION

phy {farverd
Fulflll nt of the
Degree of uoctor of

Eldred Dewey Wilson

Cembridge, Massachusetts

April 14, 1937




f i =
MU Gsr D5 5




TABLE OF CONTENTS

Page
AL
INTRODUCTION ' visie s aie s sialertabid ol Hile BPEm 1

OF THE: PROBERM® , 408 ASe0 80, |

-]

(¢N]

T WO T T O TN
FIELD WORK AND ACKNOWLEDGMENTS se s et

FACTS AND  INTERPRETATIONS

S

Restonely Bebwime . Sl s L0 Ciis el 4
Pentrel \Arizona Region .. a e eest 6
Gereral stabement i i s 6
dtopoe nephe i S G 7
Gbratieraphy Lol 8
General statement........ 8

yavepad e roupl i s et 8

Deadmen quartzite........ 9

Maverieck shalesiSenssssys 10

Mazatzal quartzitels ... . 10

City Creek seri€Seeececes 10

Porphyry and granite..... 10

Apache DEGE Ly s ety Bl
Paleozoie gtrata. @i siie . L

1

Benozote roekssisis et i i s

BtFuetliretiN T il U Sesiva et e 1.2




General statemente.ese...
B Males SR BE s e ad o s
AL s o B 2 e e kN,
Origin of the pre-
Cambrien structural

features: The Mazatzal
Hovolub Lonnts & vt o e

EART I~ RECTONAT, SETTTNG s oo lsieis s o nisioin aie il

BROBDUCTEON s e s b, (S E e S ks 5w
CHAPTER I - PLATEBAU PROVINCE ‘i iieeeess
il e oo oo Mg s LR e B M e Rl el
Stratigraphy of the Plateau .......
Structure of the Plateau .v.v.ves..
CHAPTER II - BASIN AND RANGE PROVINCE ..

Def Intitdon BERERln SRESHIL sl s ok

Stratigraphy of Besin and Range
PROVINEES oy siee os iie

Structure of Arizone Basin and

Range Province...eeec..
Origin of the IrangeS.cc..css..

Structure within the ranges...

TER III - SUMK
IEDGE OF AL

GeReTal Shabemenrt foth S A e e
Earlier Pre-Cembrian ROCKSesesooess.
General statement...ceeseeeese

o

Schiat and gheigs 0 0 0 000

Page

140L
1L

12

13

V) V] fAV]
(o] » aV]

V]

41
41
43

43

e

e




Page
Vi sham sl Sleies s Fas ey ishe:  ieus e 44
Nevepall selliatsvetiis v s oninsesse 46

Schist in Black Hills
(Jerome quadrangle)eceeecees 50

Schist in Mazatzel Mountains
and. Bl arre  ANCHE e s 57

Pinallachdeh el bl Uil - e 58

Metemorphic rocks of south-

We dbern AP YRona Lt A SN S 62
Metemorphic rocks of western

end northwestern Arizong.... 63

Eerlier pre-Cambrian intrusive
TORRIELNIEIEE S0 s 64
Mazatzal guar tzlbe et T rdd s 8 dd v 70
Later Pre-dambrian Reeleal, s o'd SFHE 000, 73
Grend Cenvon Serle S e dasceaeissees 7S
B de el EO R e ot iuileialietstslis Zolsl b e s e 76
B e Da @ Iiameie o s s ahais. s o v ot slekate silvis s ssin 79

PART II - GENERAL FEATURES OF THE CENTRAL ARIZONA
RPGTON = ddaaas N s 8l

CHAPTER T =SCHOGRAPHYV-HRSSIosbraesspesialiinsg 81
Edmi G el it iP s S R RN e 81
B e e I D S B AN s e 81

Mounteins ‘and Vel ey g o et i o eese 81
d0 2t 5 oy T O e e R s A Dl e A 83
Geperait oo bmra i, SR rR s e T 83
Structural control of drainage..... 84

Climate ‘End vegetab Ton o o A SIS T 0 87




CHARPTERSTEraaSTRATTCRARHY [ e o s vowaabanna a0

Genenal ~STETOMENTLI « sisia o oicssncs oo 90
Pre=CanbrianBOBKS ¢ oo vesesssveneess 91
Formations recognizedeeecoecese 91

B GED AL SOTOUB R o s os oie s snlon s 91
General statement.eeeeess 91

Yaeger greenston€eeececes 92

Hed Rock . rhyolites.seeses 94
Alderiseries.ssscesssonss 98
PDesdmen sguBrtziteda s dves « s aais 102
Natrent ek Belalie . 05 35000, BRES . o 105
MaZatrelaquat b aIEela, o o o nioe e 108

Relation to the Yavapail
ETOUD essssssnss el

City Creek Seri1es.s.sssesseess 112
Diorite ﬁorphyry - R S B G 05
NEosORdipyroXenlteesce o sess e 118
el b o RSP R S SRR S M R 120

Rhyolite DOTPRYDY o siecsossss 123

ADeelie SPOMBIR o clsiaie s nssisss sisns 126
PelcolpieiBpRICSUE S Bt s s o sanos sans 126

Hesopodc. INEETVAL, s s ssssonpsaisssass 130
Tertidtytfocks Lusasilosibotcenssse 130
General statement ceeocesescses 130
Mid-Perblary TOBKE oy swssssss 1351

Late Tertlary rocks «eessscses 132




Queterna Ty QDB ba s 1t et s e e ee sl 137
CHARPTER TIT = BTRUGTURE i oy e ceecnesy cs 137
Generel Bt em e i s Tt o e v e e 137

L A Nl e e R e T Se s 138

300 B o St e D i e i e el A 140
Age end expression sl it 140
Heyverse Mbarilt aor. o s sre s s o b s 140
Tepritanl G Do LY (o e ay sp e LT 4G

Normal faultgeeecoseeceisovinnaas 142

Correlation of the Structural Features 144

PART III - DETAILS OF CENTRAL ARIZONA AREAS .... 146
CHAPTER I - MAZATZAL MOUNTAINS eeecesvoccces 146
Geporapliy o in s v s e e Nie e s tieiare s s o 146

GeneTB ]l COPOLTADNAY 4 eeisios o' voes s 146

Climate, vegetation, fauna,
and dndUSBEEIeE oo cles sisioes i 147

pecessiblA Ly s i il veiiseoie s als 148

Geomorphelaoy o o sullieoila e i diakeitaisie s s sts 148

Northern DOrLIOR . i wonisinisisicississ s 148
Hiddl e sesmenh e sitideiidians o s 155
SORTGHePR UPOP UGN (osiais diereis s s ois siares 158
ooy et S e e e Rt R e By 160
Status of investigation eeeeeeess 160
Formations represented cceeececess 163

Pre-Cambrian TocksS seecsecossoccses 164




vi

Peage

=
(o]
S

eV e I orOUDI o iec s oo v s eis: olss

£
o
N

Yaeger greenstoneessee

Red Rock rhyoliteeeescee 166
Llder derTads o0 e v 169
Deadmen quartzite, Maverick
shale, and Mazstzal quartz-
D T e lelai wilel s nyeiiniiololsi e s shoisiniaiere 186
City Creek seri€Sceeccescees 193

Dlorite PORPHYEY S tccv e svie 193
M. Ord  PYLOXenIGE vtee sles s 193
e oGl e s e G e S 193

Northern portion of
PENEZC e e et boeies 194

Southern portion of
TEHNZC oivis oo sl sleisial v 'sials 196

Pine Mountain porphyry eee.. 198

fpache ropelD ..o oot iio .. 198
Faleozaic formatl 0N des o iesi 201
Pd stribntd omEE stk i o Wt ity 201
Tepeats sandston€sceceeesesss 202
derome 11mestones e e sesies s 204
TePCIEaTY TOCKS. o swie s+ sisiseiesesls vssin 204
Sedlmentery DedSc e vecssssee 204
Vel ean | et o aL Sl i c e ae 204
Carbongte~jasper formetion.. 205
Quaternary GepositSeececescossanss 208

BET I CUUR B G sl e slelsis sle; o ol 's wholiviureie. v o 208




Structure in northern
POXEILon: Gisias s v s us

Structure in central
Jeloioh o e T s S e e SR

Structure in southern
POT LI OB I e ot s

Correletion of struc-
tural featureS.eceese.

Origin of the range...
CHAPTER II ~ PINE CREEK ARFA .sceodos
G O A s 50 e ottell o e s STV g

ituation and extent.......

[ 63}

Climate, vegetation, and
populatien et sds sy

GeomoPPhOlOEY es s divieislow s o0 0 8 8's s s
GROLOLY et o tom e o libem st 4 o6 5 b
Status of investigetion....
Formetions represented.....
Pre-Cembrlan Toelks .« oo sves
Red Roeck rhyoliteses, ..

Mezatzal quartzite.....

Petrographic
features of

quartzite section...

Stratigraphic
considerstions..

Grenlbiec il ol
Palecozole.formations, sses s
;

Tapeats sandstone.....

Devonian and Carbon-
iferous rockSeececssse

236

jav] fav] av]
W\ [¢N] [¢N] (¢
© @ @ a

AV]
[eN
©

)
N
'—_l

249

D LaV] o
ol (9] B
= H ©

ab)
($)]
=

fav]
(9]
[




Cenozpic. LormetlonSes . as e e e 253
et R P b ol BAen i Sy Rt a0 254
CHAPTER III. ZEASTERN TONTO BASIN AREA.. 256

GeooPaphyitG s ine " sl wh 88 St sie s 256

Bituation end extenbay . s oo 256
Rellef end. drainggee. «.evss ve  BOO

tav}
(9}
@

Climate and vegetation.......

[AY)
(9]
(6]

pececsibl Ad by ool St L e

v]
(9]
O

1ol Mol oA S L s o N oy Ll e

aV)
o]
©O

Status of investigetion .....

0o
(o))

Formations represented..se.s.

Pre~CambTrian roeka isis eeses o P

o)
(2]
= (-] =

Do
(o)

Ret"Rock rHyelibes, ob e

Mazatzal quartzites..... 265
Eagshatlaal=Io vy o SRR SIS s R R o)

ADEehel CRGUR Y se% s sleaiciie RO

Paleozoic formationse... 271

BLLPUGUMIO oiatore ae o o visin oinieiain siole BTl

CHARTER IV -~ DEL RIO ARBA .. iiicvisisvas: 277
GEOETaDRT " o's sicivnioe sinre s v s exsilanioals ar R
Bltuation and extenbc.:sosves 877

B eOMOPDPROLOZY  olss srtis o sueoisoiais | LLT

Climate, vegetation, and

populatien’ sascss au. 1278
GEOLGEY Vs oo 60 sre wia b olelerulols vy aistere o b ale (D




Status of investigation ....

Formations representedeeesse

Pre-Cambrian rockSeesssceess

Alder serieSececssesscce

Mezatzal quartzite.....

A
[ o W a b LT W R R W SR

Paleozole formationS.sesews s

Tertiary end Quaterna ‘”y

General Statementeececcocecsocesses

Results of Present Investigation.

ix




Plate

I
@
p
@

Plate

Plate

e}

s
Q
e
0]

LIST OF ILLUSTRATIONS

Page

I. Part of Geologic Mep of Arizona

showing the centrel region....... Pocke

Figure I. Map showing location of the

central Arizona region in

reference to geomorphological

DOV E Bt sntsFogs srafsssEousit slhussiale /oot e 16
II. Structursl map of Plateau in

Al zong.c DY N Het BATTON o4 os oo 23
ITT. Schistose rhyolite near Stodderd,

Bradshaw Mountains quadrangle.... 49
IV. Map showing topographic setting of

the central. Arizonsg. 8refS...s«..s Pock
V-A. Looking southward down Verde

Velley from mouth of Fossil Creek 8%
V-B. Looking northeastwerd up canyon

of Fossil Creek whose rather straight

course .suggests a fault zon€s.... 85
VI. Juniper zone adjecent to timber

and brush zones, north of Pine
Mountein, , Mazatzal Range. Alder
series in foreground, Mazetzal

quartzite ridge in background... 89

et




Plate VII. Southward view of greenstone
slopes east of Yaeger mine,
Bl goke Hillaligorsiauls sl e 93

Plate VIII-A.

=
®
o

Rock, the type locality

of the Red Rock rhyolite..ces.s 95
Plate VIII-B. Red Rock rhyolite on north-

western side of Deer Creek,

Mezatzel Mountaing o aesl s, 95
Plate IX. Microphotographs of Red Rock

rhyolite from near Club Ranch,
Mazatzal Mountains.

A, Showing flow bands marked

by microgrystalline quartz;

ordinary light, 23 diameters.

B. Showing texture; crossed

nicols, 68 diameters. .. ossees 97
Plate X-A, Looking south from Pine Moun-

tain at Mt. Ord in Mazatzal

Mountains. The steep, deeply

dissected slopes are of Alder

Seriles Al s i e e 100
Plate X-B. Upper Gold Creek Cenyon north

from Pine Mountein, Mazatzal

Range, showing Alder series

end greyish Pine Mounteain

12 B ol gl ol SR e BRI 100




el

Plate XI-A., Deadmen gquertzite (D) resting

én Red Rock rhyolite (R) &nd

overlain by Maverick shale (sh)

and Mezatzal quertzite (M),

eastern slope of Maverick

Basin, Mazatzel Rangeeeseceos. 103
Plate XI-B. Thick Deadman quartzite rest-

ing on Red Rock rhyolite (R),

east of Cactus Point,

Mazatzal BaNGE. s oo e s ol sl o 103
Plate XII-A. Typical Maverick shele in

Maverick Basin, faulted

against Red Rock rhyolite (R)

which is intruded by granite (gr).. 106
Plate XII-B. Msverick shale on western side

of Four Peaks, Mazatzal Range.. 106
Plate XIII-A. Near view éf typicel Mazatzal

IS DR GG le s uiconsiiorey o b s Leporons 0b g e is wia 110
Plate XITII-B. Microphotograph of typical

Mazatzel quartzite. Crossed

nicols, 23 diameterseeescees.. 110
Plate XIV. City Creek series with smell-

scale thrust showing in

quartzitic member seveeevno.. 113




Figure 2. Sketch section across upper

CAGYIORERI | ataiet s uisle vilore: vhs s ors] ols. rake ae 115
Plate XV-A, Northwestern slope of Mt. Ord,

Mazatzal Mountains. Rock is

porphyritic pyroxenite, largely

mantled by soil and vegetation.. 119
Plate XV-B. Microphotograph of Mt. Ord

pyroxenite. Phenocrysts of

pyroxene, probably diopside,

in a groundmass of finely felted

pyroxene. Crossed nicols, 80

GILSMEBETE. leve.siesolie dlorans sl ape o slazols shere 119
Plaete XVI-A. Granite intruded into green-

stone, southeast of North Peak,

Mazatzal MountainsS.seeecessoses 121
Plate XVI-B., Jointed granite in Maverick

Basin, Mazatzel MountainsS.:..s.. 12F
Plate XVII-A. Microphotogreph of granite from

Mazatzel Esplanade, west of

Maverick Basin. Or, orthoclease;

M, microperthite; g, quertz,

Crossed nicols, 21 diemeters... 122
Plate XVII-B. Microphotograph of pre-Apeache

granite east of Four Peaks,

Mazatzal Range. A, albite;




Plate

Plate

Plate

XVIIT.

XIX-A.

XIX-B.

A
LAA=H e

XX-B.

XXT.

xiv

Psge
M, microperthite; q, quartz,
in part of later generation.
Crossed nicols, 14 diemeters.. 122
Northeastward-trending dike of
rhyolite porphyry intruding
Alder series and forming crest
of ridge. Upper Alder Creek,
Mazatzal MountainsS.ecsessceses 124
Deformed late Tertiary conglom-
erate in lower Verde Vealley,
wegb of ClubiRenehs osisliecisisieiss 133
Late Tertiary silt and lime-
stone near East Verde River
et Topzitude 1131° 807 (. o.v... 155
Southeastern side of Table
Mountain, Mazatzal Range,
showing 2,000-foot succession
of Tertiary volcanic rocks ... 136
Tertiery baselt (b) resting on
late Tertiary gravel (gl) which
lies on grenite. North bank
of Salt River at southwestern
foot of Mazatzal RangCesseeces 136
Geologic map of northern por-

tion of Mezatzal RangCeseeeeoe Pocket




Plate XXIT.

Plate XXTIIT.

XXIV.

o)
©
ct
®

Plate XXV.

Plate XXVI.

Plate XXVII.

Geologic map of central

portion of Mezatzal Renge... Pocket
Mep showing topography of

centrel and southern portions

of Mazetzal Renge and geology

of Four Peaks 8Te8csccccscses Pocket
Looking west from Tonto

Basin at northern portion

of Mezatzal Renge. North

Peak at right, Mazetzal Peak

at extreme leflececescaccsss 149
Looking northward from near

Club ranch at a remnant of a
pre-Paleozoic surface

(Mezatzal Esplanade) carved

on Red Rock rhyolite and

granite. Ridge of Mazatzal

quartzite at rightecececcces 151
View southwestward from Pine

Mountain showing southwestward

and southward courses of

canyons., Foreground is large-

ly Alder serieSeeecescscccas 156
Looking west at greenstone

slopes on northern end of




Plate

Plate

Plate

Plate

Plate

Plate

Page
Mezatzal Renge west of City
Creek. Cap rock (€t) on upper
left is Cambrien Tapeats
SaNAStONEs sovesvsssccsssscscsne 165

XXVIII-A. Red Rock rhyolite in Daven-

port Canyon, west of Club
RancCheeeesosccscococeossccncnne 167

XXVIII-B. Massive Red Rock rhyolite show-
ing south-southeastward joint-
ing, southeast of Club Ranch.... 167
XXIX. Jointing in Red Rock rhyolite,
Sycamore Creek .eesssvsoneessssas 168
XXX-A., Slete of member 12, Alder series 172
XXX-B. Sharp anticline in member 12
Of Alder Series sesescsvosessssvess 172
XXXI. TFlegegy, laminated grit of member
14, Alder serieScececccscccsscccs 174
XXXII. Looking northwestward at north-
eastward-trending cuertz reef in
fault zone between Red Rock
rhyolite and member 15 of Alder
SEP 1B S eeisveiciosionssisiassesesisiosds 176
FXXIII. Quartzite reef of member 35,
Alder serieScecescccccccscssccss 180

XXIV-A o Quartzite reef of member 39,

R1LABT SETHE Sis sie velsisiorsislsisisie s o elols 182




xvii

av)
m
i

®

Plate ZXXIV-B. Looking southwestward at

squeezed quartzite reef,

member 44, Alder serieS.cecce. 182
Plate XXXV-A. Looking southwestward up

Slate Creek at quartzite

reefs in Alder Series in the

vieinity of Ord group of quick-

gllver claims.cevesesseocscsons 184
Plate XXXV-B. View from north slope of Mt.

Ord across Slate Creek Canyon

showing quartzite reefs in

Alderigerlie sy, v idtdidas ¢d el e 184
Plate LXKVI—A; Mazatzal quartzite in cliff

1,150 feet high resting on

Maverick shele which forms

slopes, west side of

Mazatzal Pe8K eeeosesssccccoss 187
Plate XXXVI-B. Looking north at Mazatzel

quertzite on northwestern

side of Bearnhardt Canyon .... 187
Plate XXXVII-A. Mazatzal quartzite forming

bluffs 1,000 feet high on

western side of Four Peaks... 188
Plate XXXVII-B. Microphotograph of Mazatzal

quartzite from Four Peaks.

Crossed nicols, 28 diameters.. 188




Plate XXXVIII-A.

late XXXVITII-B,

late XXXTX.

=

Plate XL-B.

Plate XLI-A.

Page
Granite slopes south-
east of Four PegKkS..... 195
Aplitic dikes intruding
Maverick shale at Four
RS et ols o e ot alokal s s ot 195

Part of Four Peaks roof

pendant. Rock is con-

torted Mazatzal quartzite,
dipping steeply eastward.,... 197
Tapeats sandstone resting

on City Creek series and
overlein by Devonian lime-

stone (gray) in upper left.
Northern margin of Mazatzal
Esplanade in left background..200
Ridge of gently northeast-

ward-dipping Troy sandstone

S D

(9]

in background, Tertiarj

<

grevel in foreground. South-
eastern portion of Mazatzal
Mountains.eecseesocsescceeess 200
Tertiary limestone in Tonto
Valley, north of lower Gold

Creek., Northern portion

of Mazatzal Range in back-

D
()
8y

STeURAL T sl v oie s 5 e etaliiste




Plate XLI-B., Distant view of Saddle Moun-
tain whose volcenic
succession rises high sbove

the accordant-topped ridges

of the Alder serieSeeccecces

N
©
(&N

Plate XLII-A. Carbonate-jasper formation

resting unconformably upon

RLAdRT SET1E 8 sists ois etersleisis aitiw s 206
Plate XLII-B. Near view of (4), showing

the resistant jasper layers... 206
Plate XLIII-A. Looking southwestward into

upper Maverick Basin along

Maverick feult zone, near

northwestem margin of block

2. M, Mazatzal quartzite;

sh, Maverick shale; R, Red

Rock rhyoliteesescesosssocss 209
Plete XLIII-B. View northeastwerd along

Maverick fault'zone in

block 2, showing quartz

reef mentioned on page 194.. 209

Z

S Sketch section showing re-

lations near northern end

eflMaveri el Baain  shi s s eete 210




XX

Figure 4., Sketch section showing re-

lations at northern end of

Meveriecle BaSIn o eiise o inveises 210
Plate XLIV. Looking westward at syncline

in block 2-a, north of North

Peak, D, Deadmean quartzite;

sh, Maverick shele; gst,

Yaeger greenstone. In right

background are Paleozoic

strata (P) resting on City

Creek beds (c¢) and in fault

contact with the greenstone... 212
Figure 5. Sketch section through northern

portions of blocks 2-a end 2,

av)
=
aV]

north of \North Peak ) .buivnives
Plate XLV. Folded Mazatzal quartzite in

block 2, northwest of North

jav]
=
(¢

Pealt s v eere s lateleohie eistirate
igure 6., Sketch section of folds in
Mazatzal quartzite of block
2, northwest of North Pesk... 213
Plate XLVI. Thrust block 2-c¢ of dis-
ordered Mazatzal quartzite (M)
northeast of North Pesk. Sh,
Meverick shale; D, Deadman

quartzite; R, Red Rock rhyolite... 215




Plate XLVII. Folds in Deesdman quartzite (D)
along eastern flank of range.
A and B, upper Rock Creek;
C, southeast of North Pesak.

Maverick shale (sh) is in fault

contact on left; A and B do

jaV]
]
(&)

HOL Appear O MOD okl iloeine siee
Plate XLVIII-A. Looking southwestward in
canyon of South Fork of Dead-
men Creek at Deadman quartzite
in northwestern limb of syn-
cline (block 5) faulted against
Mezatzel quartzite (M) of
PG e KA =B o oottt sra: vire o e oie e sFer s e lsto 217

te XLVIII-B. Northwestward view of seame

o

limb as shown in Plate XLVIII-A., 217

late XLIX-A. Looking eastward across ridge

southeast of Club Ranch and west

of South Fork of Deadman Creek.

Shows syncline (block 5) of Desad-

men quartzite (D) and Maverick

shale (sh) overridden by Red

Rock rhyolite (R) of block 6 ... 219

Plate XLIX-B. Sharp monoclinal fold in thick




£
om
ct
@
=
.

Plate LI.

Figure 7.

Plate LII-A.

Deadman quartzite, South Fork
of Deadmen Creek ssecossscescss
Looking eastward at Deadmen
quartzite and Red Rock
rhyolite of block 6, thrust
upon the Maverick shale and
Deadman quartzite of block 95,
1% miles west of Mezatzal
Peak. R, Red Rock rhyolite;
D, Deasdman quartzite; sh,
Meaverick shel€sveesecoscescans
Looking north-northeastward
at the slopes west of
Mazatzal Peak (part of block
SIS e A AR R B e e
Diagrammatic sketch section of
structural relations displayed
in Plate LI. Shows faulted end
disordered Mazatzal quartzite
(M) and Maverick shale (sh) of
block 6 thrust over Maverick
shale end Deadmean quartzite (D)
in syncline of block S cseeses
Maverick shele showing drag
folds from thrusting, west

side of Mazatzal Peak cececeese

219

av)
fav)
o

lav)
av]
=

222




Plate LII-B.

Figure 9.

Plate

PRI

ate

LITII-B.

LIV-A.

LIV-B.

Maverick shale showing drag

folds from thrusting, Barn-

D
D
fav]

Reral CERyON .« ois'scaisievisic oo

Sketch section through

AY)
al)
S

CEO USRI A0 E i ais/s vinioisisiole ois she vie
Ransome's sketch section through
Cactus Ridge. (From U. S. Geol.
Survey Prof. Paper 98, Fig. 13) 224
Northeestward view of Deadman
quartzite in Cectus Ridge, the
upturned 1limb of the syncline

shevm” In" Blate LIV in e ois oieis v ate 2285
Southwestward view of Cactus

Ridge; cross-bedding shows top

side to be on right. Compare

WEHCH Lo dIT e MG Chls e ehels state srete 225
Syncline in thick Deadman quartz-

ite east of Cactus Point, looking
northeastward. Right-hand limb

I8 Cactus R1AZEe sescsnsnessssos 226
Looking northeastward along same
syncline as in (A), south of

Meazatzal Peak, D, Deadman quartz-

ite of Cactus Ridge; sh, Meverick

shale showing dreg folds; M,

AV]
V]
(2]

NMazatzel quartbZite e e e sesine sios




Page
Plate LV-A, Drag folds in lower part of
Mazatzel quartzite, Four Peaks .. 227

Plate LV-B. Drag folds in lower part of

Mezatzal quartzite, dying

out upward; Barnherdt Canyon.... 227
Plate LVI. Naturel Bridge over Pine Creek.

Roek 1g/ trevertine, oo vevseeis 235
Plate LVII. Geologic map of Pine Creek aresa 237
Plate LVIII. Microphotograph of porphyritic

Red Rock rhyolite, Pine Creek.

White is quartz, gray is elbite.

Crossed nicols, 18 diameters.... 240
Plate LIX. Southward view of Mazatzal

quartzite west of Pine Creek,

overlapped by Tertiary gravel

on mpperhed o SRt s sl St I 240
Plate LX. Christopher Mountein from west

side of Tonto Creek. Rock is

Mazatzal quartzite (M) faulted

against Red Rock rhyolite (R)

which is intruded by granite (gr) 257

Figure 10. Geologic sketch map of eastern
Tonto Besln 8Pes, . .iasiees oo 260
Plate LXIT, Red Rock rhyolite, Tonto Creek 262

Plate IXII. Mierophotograph of Red Rock

rhyolite from southeast of




Plate LXIV,

Figure 11.

Bear Flat. White is quartz,
gray 1is orthoclase, end black
(s) are largely fregmental
spherulites - Crossed nicols,
foldiemeteng. bl el TS Ea e 264
Plate LXIII-A. Ripple-merked Mazatzal
quartzite, Gordon Cenyon «e.eses .266
Plate LXIII-B, Casts of dessication cracks
in Meazatzel quartzite, Gordon
CENFTOT o e oisials siehs ieisisis Blells aieis sieis ois 266
Basal Apache conglomerate over-
lain by Dripping Spring quartz-
ite (Ds), Haigler Creek «..eo... 269
Sketch section showing relations
in Corden. CERYOR ik v s sie i seslss e

Figure 12,

Sketch sections of relations in
Haigler Cenyon. A, looking

northwestward; B, looking

0
3
(&

NOr L HEa/SEWET A ele s s o nivie s s 56 5 slars s ote

Plate LXV-A. Folds in Mazatzel quartzite,

210 (s 4o s B0 2o Tl o IR e B S S it 274

Plate LXV-B. Southwestwerd view along

Haigler Creek Canyon. Red
Rock rhyolite (R) on left in
reverse fault contact with

Mazatzel quartzite (M) ceoeeooe 274

XXV




o

-
ct

Geologic map of Del Rio area
Thrust faults exposed in
Meazatzal quartzite along
Grenibe . Breek (oo cls sinisineiesie sie
Geologic map of southern
portion of Black Hills.
(Modified from map by Carl

D, Wilson)

e

Lausen and Eldred
Yaeger greenstone south of Mt.
MiBe i Gasloinlviiis s hoin orere.slalsstaisiotets
Red Rock rhyolite, Black
Cenyon, southern Black Hills..
Steeply westward-dipping Alder
beds near Yaeger greenstone
oontactt.....;...............
Westward-dipping Yaeger green-
stone immedietely east of
contact with Alder series....
Dioritic (?) porphyry dikes

in Yeeger greenstone immediate-
ly east of contact with Alder

arnd
SErleSeceeossvooscsovtscscsoossessae

87

Do

Ak}
o]
(]

298




INTRODUCTION

STATEMENT OF THE PROBLEM

Rocks which have been classified as pre-Cambrian
are very prominent in Arizonsa, as indicated by the State
Geologic Map.l The most complete sequences of so-called
Archeen and Algonkien types known in the Southwest crop
out in the Grand Canyon. Formations of known or supposed
pre-Cambrian age constitute about half of the visible
rocks in the State's numerous widely distributed mountain
ranges which are largely isolated from one another by basins
underlain with Tertiary end Quaternary beds.

Arizona's greatest exposures of pre-Cembrien sedi-
mentery and volcenic rocks are in the central mountain
renges, within distarces of 90 to 200 miles from the Grand
Ceanyon. This central region has yielded approximately-
$500,000,000 worth of copper, gold, silver, lead, and
zine, mainly from the Jerome pre-Cembrian deposit and
rartly from numerous Mesozoic or Tertiary veins in pre-
Cembrian host rocks whose salient controlling structures

appear largely to be heritages from pre-Cambrian events.

X
Prepared by the Arizona Bureau of Mines in cooperation
with the U, S. Geological Survey, 1924,




Although portions of this central region have pre-
viously been studied, the locally complex relations, aug-
mented by the rough, brushy surface of much of the country,
have made regional separation, correlation, and structural
anelysis rather difficult. As long as the broader relations
of the several pre-Cambrian formations remained unknown,
the local stratigraphy and structure have been interpreted
diversely by various geologists. Also the structural
features that were accurately determined and had been mapped
could not be correlated or dated, end analytical specu-
lation as to the causes of these locally important fea-
tures seemed impracticable,

The problem of the present research has been to
determine the chief features of pre-Cambrian regional
structure within part of central Arizona. "There is need
for a broad study of the pre-Cembrien mineralization of
the West,"2 and such a study necessarily depends upon
structural interpretations., Central Arizona, which con-
tains the West's most productive pre-Cambrian minerel de-
posits, merits much structural investigqtion of which the

present research represents only a fraction.

2

Butler, B. S., Relation of ore deposits to structural
features and associated igneous activity: Am.Inst, Min,
and Met. Eng., Lindgren Volume, p. 232, 1933,




Lindgren5 has emphasized the difficulty of

perating the greenstone eand sedimentary schists,

which are the two oldest formations exposed in the region.
In other words, a large element of the structural study is
the particular consideration thet must be given to the de-
inition and description of the formestions,,K which are the
material units of the problem, in order to establish the
criteria for thelr recognition as definitely and precise-
ly as possible. Broad concld51ons regarding formations
of such antiquity, particularly in the structuraslly com-
plex end discontinuous exposures afforded by Basin Renges,
are inevitebly based to a disquieting extent upon

o a

1]

umptions.

FIELD WORK AND ACKNOWLEDGMENTS

4 +

This investigation was begun in 1930, after studies
of the pre-Cembrian rocks in the Jerome and Black Hills
districts had revealed complexities which might be solved
by obtaining an understending of the regional structure.

The field work occupied approximately six months' time,

Lindgren, Waeldemer, Ore deposits of the Jerome and
Bradshaw Mounteins ﬂucarcnﬁleu, Arizone: U, S. Geol. “dr—
vey Bull. 782, pp. 20 snd 56, 1926; also pre-Can
greenstone complex of the Jerome quadrangle (dis
our. Geol., vol. 38, p." 462, 1930.
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distributed over widely scattered intervals until late
1935. It was begun as a research problem for the Arizona
Bureau of Mines, whose generous support was supplemented
in 1933 by a grant of $315.00 from the Penrose Fund of
the Geological Society of America.

The members of the Department of Geology of Har-
verd University, especially Professors Kirk Bryen, Mer-
land Billings, Russell Gibson, and D, H. McLaughlin, gave
many constructive suggestions regarding the scope of the
work and the orgenization of the data., Professor Gibson
spent several days examining the field relations in the
region during the summers of 1932 and 1934, The writer is
further indebted to Professors Bryan, Billings, and Gibson
for careful reading and criticism of the menuscript. Ack-
nowledgments are also due Dr. G. M. Butler, Director of the
Arizona Bureau of Mines, for encouraging this research;
and Professors B. S. Butler, R. J. Leonard, M., N. Short,
and A. A. Stoyanow, of the University of Arizona, for

valuable suggestions.

SUMMARY OF FACTS AND INTERPRETATIONS

Regional Setting

The central Arizona arees studied particularly
for this research lie within a portion of the Basin and
Renge Province 120 miles long by 15 to 50 miles wide bor-

dering the southwestern mergin of the Colorado Plateau.




In order to sketch the regional setting, the main topo-
grephic, stratigraphic, and structural features of Arizona
are outlined in Part I and further summerized as follows:

Arizona lies within two mejor physiographic pro-
vinces (see Fig. 1); the Colorado Plateau comprises the
northeastern helf, and the Basin and Range Province the
southwestern helf, of the State.

The Colorado Pleteau in Arizona is & structurally
controlled surface, 4,300 to more than 9,000 feet in
altitude, surmounted by high volcenic mountains and deeply
incised by canyons of the Colorado River system. This
plateau here consists of a basement of pre-Cembriasn rocks
unconformably overlain by maxima of 3,700 feet of Paleozoic
end 5,400 feet of Mesozoic to Tertiery beds. Its main
structurel features are broad to narrow, dominantly north-
ward-trending Leremide folds and probable Hibcene and
later nomeal feaults, - Its major uplift end differentiation
from the province to the south occurred in post-Eocene
time.,

The Basin ranges in Arizona generally do not ex-
ceed 55 miles in length by 20 miles in breadth and 10,000
feet in sltitude. They consist of rocks broadly similar
to those of the Plateau but with a somewhat thicker
Paleozoic section and meny intrusive masses of Mesozoic
and Tertiery ages. The intermont valley troughs are common-
ly filled to considerable depths with Pliocene and probably

e

lso Miocene conglomerate, sandstone, gravel, sand, and




silt, veneered with Quaternary debris. These ranges and
valleys are believed to represent feult blocks whose princi-
pal. development began with the close of Miocene time., The
southeastern and northwestern portions of this province in
Arizona have been affected by Leremide to Pliocene fold-
ing and thrust faulting, eand the whole region has been com-
plexly broken by normal faults, particularly of Tertiary
to Recent ages.

According to the published descriptions, abstract-
ed in Part I, the pre-Cembrian rocks of Arizona comprise
the following units: (1) Laminated to schistose sedi-
nentary and igneous rocks, exemplified by the thick Vishnu
series of the Grand Cenyon eand by the Yavapal, Pinel, end
other schists of the Basin and Range Province, whose chief
structural features prevailingly strike northeast to north-

ward, as a result of regional compression; (2) dioritic

to mafic stocks and dikes; (3) Batholithic messes of

&

anite with associated dikes; (4) the Mazatzal quartzite
of central Arizone; (5) the Unkar and Chuar strata, of
the Grand Canyon, which unconformebly overlie (1), (2),
end (3); and (6) the Apache group, which is probably
equivalent in age to the Unkar and rests unconfommebly

upon (1)}, (2), (3), and (4).

Central Arizona Region

neral Statement

The field work for this research was limited mainly
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to the Mazatzal Mountains, Pine Creek, eastern Tonto Basin
or northern Sierra Ancha, Del Rio, and southern Black Hills
areas (Plate IV) which, as shown by previous work, contein
extensive exposures of pre-Cambrian rocks whose relations

“have not been largely obscured by metemorphism. Collective-
ly, these several areas revesl the pre-Cembrian regional
géology much more completely than does eny one locality.

The present investigation yielded many new data
regarding the pre~-Cambrian stratigraphy and structure of
centrel Arizona and leads to the conclusion that the
principal features of regional structure originated from
a great pre-Cambrian crustal disturbance, termed the

Mazatzal Revolution.

Topography

The principal features of relief, as shown on
Plate IV, are the Sierra Ancha, Tonto Valley, Mazatzal
Mountains, Verde Valley, Black Hills Range, &and Loneséme
Vaelley, all of which trend northwestward. EXach of the
renges exceeds 7,500 feet, but none more than 8,000 feet,
in eltitude. They are from 30 to 50 miles long by 12
to 20 miles wide and epproximately 25 miles apart.
Their slopes are cheracteristically steep, rugged, and
brushy. The ranges end valleys are regerded as slightly
tilted horsts and érabens which were formed largely in

%

late Tertiary time.




Stratigraphy

General Statement: The pre-Cambrien of central

rizona has a recognizable stratigraphy, divisible, in
chronologicel order, as follows: The Yavapal group; the
Deadmen guartzite, Maverick shale, and Mazatzal quartzite;
the City Creek series; diorite porphyry, porphyritic
pyroxenite, granite, end grenite porphyry; and the con-
~lomerate, quartzite, shale, and limestone of the Apeche
-roup. Paleozoic and Cenozoic sedimentary snd volcanic
beds overlie the pre-Cambrian rocks.

Yavapai group: The oldest formation here consists

of volcanic and sedimentary rocks which have previously
been grouped together under the general category of
vevepai schist. Since that formation is only locally
schistose, it is designated in this report as the Yavapeal
groups Its volcanic members are termed the Yaeger green-
stone and Red Rock rhyolite, and its sedimentary portion
the Alder series. The relative ages of these members
nave been obscured by faulting. The sedimentary series
hes previously been regarded &s the oldest by some
geologists, but the meager evidence available appears
to indicate that it is the youngest of the group and
that the greenstone is the most encient.

The Yaeger greenstone crops out in the Black Hills,
Mazetzel Mountains, and eastern Tonto Basin areas. Like

the oldest rocks in the Lake Superior region, it is mede




of intermediate to mafic volcanics, together with a
inor amount of intercalated sedimentary materiel, all
extensively affected by low-grade metamorphism.

The Red Rock rhyolite occurs prominently in the
Mazatzal Mountains, Pine Creek, eastern Tonto Basin, and
Black Hills areas. It consists mainly of massive
rhyolitic flows end agglomerate and minor intrusive
neterial which characteristically show little alteration
other than devitrification. Locally included greenstone
fregments suggest that it 1s younger than the Yeeger
nemb ex «

The Alder series appears extensively in the
azatzal Mountains, eastern Tonto Basin, and Black Hills
1d forms a small outcrop in the Del Rio area. This

series consists largely of shale, slate, and grit, with
some quartzite and conglomerate which, near large in-
trusive bodies, particularly, grade into schist. The
conglomerate contains pebbles of rhyolite similar to the
led Rock, which suggests that the Alder series is the
youngest member of the Yavapal group.

Deadman quartzite: Unconformably overlying the

Red Rock rhyolite in the northern half of the Mezatzal
Hountains is the Deadmen quartzite whose thickness

ranges from 90 to 110 feet in the northern portion end
attains a meximum of approximately 800 feet ih a thrust

block near the centrsl portion of the mountains. This

formation has not been recognized in the other areas.




Maverick shale: Resting with epparent conformity

yn the Deadman quartzite in the Mazatzal Mountains is
e Maverick shele, which renges in thickness from 500
et at the northwest to 800 feet at the southeast. Due,
probably, to further northwestward thinning, it is not
present in the Pine Creek area. It does not appear in the

astern Tonto Basin and Del Rio areas.

Mazatzal quartzite: Lying conformably upon the

verick shale in the Mezatzal Mountains end unconformably

upon the Red Rock rhyolite in the Pine Creek area is the
zatzal quartzite of which a maximum thickness of 3,800
et has escaped removal by erosion. In the eastern Tonto
sin and Del Rio areas, its base is not exposed.

City Creek series: In fault contact with the Yaeger

reenstone at the northern end of the Mazatzal Mounteins is
he City Creek series, which consists of more than 1,500
feet of comparatively unmetamorphosed shale with some
uartzite, Resembling nothing known elsewhere in the pre-
Cembrien of the Southwest, this series may represent a for-
mation, younger tham the Mazatzal quartzite, that elsewhere
has been removed by erosion.

Porphyry end granite: Diorite porphyry, porphy-

ritic pyroxenite, granite, and granite porphyry intrude
the Yevapai group. The granite, tentatively correlated
with the Bradshaw granite, of the Bradshaw Mountains, has
been intruded into the porphyritic pyroxenite, Maverick

shale, and Mazatzal queartzite.

10
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Apache beds: The greanite in the Mazatzal Mountains
granite and deformed Mazatzal quartzite in eastern

'onto Basin are unconformably overlain by the conglomerate,
shale, quartzite, end limestone of the Apache group. These

members of the Apache group are considered to be of the
ame general age as the pre-Cambrien Unkar strata, of the

Grand Canyon. They are intruded by sills end dikes of

abase.

Middle Cembrian sandstone, De-

Paleozoic strata:
and

ronien, Mississippian, end Pennsylvenien limestone,
and limestone unconformably over-

‘ermian shale, sendstone,

the pre-Ceambrian rocks.
Tertiary conglomerate, sandstone,

Cenozoiec rocks:

4 LI

estone, gravel, sand, and silt, intercalated with and
srlain by lave, rest upon an eroded surface of the older

end are locally veneered with Quaternary debris.

rocks
Structure
General statement: The chief structurel features
of the pre-Cambrian of central Arizona are closed, open,
The folds

nd drag folds and reverse and normal faults.

and reverse faults are of sub-parallel, northeast to

northward trend. Some of the normel feults strike parallel
to these features and others approximately at right angles

ck
)
£
=1
.

folds prevail throughout

4

Closely eppressed
Alder series, whose beds dip steeply or

he incompetent
A Tew

ven vertically and strike northeast to northward
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s of this type and of the same general trend ere re-
eled in the Deadman quertzite and Maverick shale.

Broad, open folds of low northeast to northward
lunge are characteristic of the more competent formations,
particulerly the Mazatzal quartzite, and are also present
in the City Creek, Deadman, and Maverick strata.

Drag folds, prevaeilingly of low northeast to north-
erd plunge, affect particularly the Maverick shale and
hin-bedded members of the Deadman and Mazatzel quartzites.

Fe

Feults: Thrust feulting is an important structural
ature of the pre-Apache formetions in central Arizona,
exemplified by the Mezatzel thrust, a great low-angle
initial sheer fault that involves the northern half of

e Mazatzel Mountains., With low southeastward dip, it

diagonally across the underlying gently southeast-

=]

H

rd-dipping Mezetzal strata in the northern portion. Al-
though concealed by the Tertiary formetions that flank

the centrel segmemt of the range, this fault doubtless
ffects also the Red Rock rhyolite end Alder serles of

the central segment. Above the fault are imbricated,

slightly deformed to closely folded sheets, separated by

seply dipping reverse faults which branch upward from

the sole. Its minimum displacement appears to be seven

Reverse feults which dip et engles of 45° to 80°

re of common occurrence in the pre-Apache rocks. Part of

ese faults eppear to be contemporaneous with the low-
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1gle thrusting, and part of them probably followed the
tholithic intrusion.

A few vertical faults strike at right emgles to the

0lds and thrust faults and show more horizontal than

vertical displacement. They may be regarded &as tear

1ts. They are believed to be of pre-Apeche age.

Normal feults are fairly ebundant in central
Arizone. Pert of them are pre-Cambrian, probably pre-
Lpache, end part eare Tertiary. Meny of them ere of in-
determinate age, but, wherever they lack topographic ex-
nression, they are regarded as of pre-Cembrian age. The
normel feaults of known and supposed pre-Cembrien age strike
sortheast to northward, dip steeply, and show maximum

displacements of several thousand feet. The later normal

faults of Tertiary age comprise two main systems of which
one strikes northwest to westward and the other northeast
to northward. They are strongly reflected in the present
,opogrephy, although no true fault scarps ere present.
The mountain renges stand above the intervening valley
troughs because the upthrown mountein blocks have been
resistant to the erosion of {uaternary time relative to
the soft Tertiary beds of the downthrown blocks.

Origin of the pre-Cambrian structural features:

The Mazatzal Revolution: It is concluded that the chief

features of pre-Cembrien structure resulted from & profound

crustel disturbance, termed the Mazatzal Revolution. The

subparallel folds, thrust faults, and imbricate, steeply

i

iR
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dipping reverse faults clearly resulted from intense north-

sst-southeastward regional compression. The transverse

sults are believed to have been formed, also during the

,ompression, by shearing normal to the trend of the folds.

despread igneous asctivity, marked by the intrusion of

inte

rmediate to ferromegnesiasn stocks and dikes and the

181rge

st batholithic invasion of granite in central Arizona,

culminated this most intense crustal disturbence. Conse-

juent readjustments gave rise to normel and steeply dipping

reverse faults.

The mountains upheaved by the Mazatzal Revolution

ere deeply eroded to a plain, locally surmounted by ridges

considerable relief, prior to deposition of the Apache

croup. Some of these ridges, buried by Permian to Tertiary

s end exhumed by Tertiary to Recent erosion, still sur-
As the Apache beds are probably equivelent in age

o the Unker, the great pre-Apache erosion interval may

be

reasonably correlated with the unconformity that

separates the Vishnu series from the Unkar group in the

Grand Canyon.

A erustel disturbance of such magnitude as the

Mezatzal Revolution doubtless involved a region much lerger

then central Arizona. This revolution is believed to have

produced the northeast to northward-trending structures
thet characterize the pre-Apache end pre-Unkar formetions
throughout Arizona. Its close folding doubtless gave &

rigid and positive character to those areas where the
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sedimentary succession was very thick. The Colorado
lateau, whose folded Vishnu schist has an estimated
thickness of 25,000 feet, remained relatively positive
after the great pre-Cembrien folding, and the adjacent
central Arizona region underwent no great folding or
feulting between the Mazatzal Revolution and the Tertiary

Basin and Range orogeny. Structural weaknesses inherited

=

from the Mazatzal Revolution may have influenced the
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! PART I. REGIONAL SETTING

INTRODUCTION

The pre-Cembrien formations studied particularly
- this research appear prominently in central Arizons,

ithin Gila, Yavepai, end Maricopa counties (see Figure 1,

re }é}, and extend beneath later rocks for an unknown
istance northeastward. While the present investigation is
rticularly concerned with & northwestward-trending region,
00 miles long by generally less then 50 miles wide, these
netions are probably represented to some degree in other
-Cembrien outcrops of the Southwest. Obviously, the
uectural history involves a large region of which Arizonsa
epresents only a portion. In order to confine the descrip-
| tions within ressonable bounds, however, consideration of
he regional setting is for the most part restricted to a
ﬂ yrief sketch of the main geologic features of this State,

varticularly inasmuch es Arizona lies within the two main

comorphologic provinces of the Southwest, with the

teau-Basin Range boundary 4 roughly bisecting the State

from southeast to northwest (see Figure 1, page 16 ).

0

shown by meny geologists, these two provinces differ

Lbert, }.A., Report on the geology of portiomns of New
o cnd Arizona, exemined in 1873: u.u.ueog. and Geol.
eys W. of the Hundredth Meridiem, vol. III, Geol.,
07, 1875.
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kxedly not only in topography but also in geologic

tory, stratigraphy, structure, and mineralization.

CHAPTER I - PLATEAU PROVINCE

Definition

The Plateau of northern and northeastern Arizonsa,

11y termed the Arizona Plateau, is part of the Colorado

teau which comprises also & large area in Colorado,
teh, end New Mexico. ’In Arizona, its general surface

stitutes large pleins which range in altitude from

ut 4,300 to more than 9,000 feet, meinly as & re-

ction of bedrock structure. These plains are sur-

1ted by several high volcenic mountains and are deeply

incised by cenyons of the Colorado River system. On the

ithwest end south, the Plateau terminates with the

ct
-

ogollon Escarpment, a raggedly indented line of cliffs

, except where locally interrupted by lava flows,

re from a few hundred to more than 1,500 feet in

ht.
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Stratigraphy of the Pleteau5

The Plateau consists of pre-Cambrian to Quater-

y formetions which show considerable local variation
charaecter and thickness.
The Grend Canyon reveals basement rocks of schist,

iss, end granite. Overlying this mass unconformably
are tilted strata which in places total nearly
,000 feet in thickness (see pages 73-76). Both these
oups of pre-Cambrien rocks are unconformebly overlain

some 3,700 feet of Paleozoic beds., The Paleozoic

mmetions heve been designated as follows:

l., Exploration of the Colorado River of the
? X

Powell, J. W
st: Washington, 1875.
lcott, C. D., Pre-Carboniferous strata in
\yon of the Colorade: Am. Jour. Sci., vol.
2, 1883,
oble, L. F., The Shinumo gquedrangle, Grand
trict, Arizona: U. S. Geol. Survey Bull. 549, 1914.
section of the Paleozoic formations of
et the Bass Trail: U. S. Geol. Survey
pp. 23-33, 1923.

Cenyon dis-

Noble, L. F., A
he Grend Cenyon
cof » Paper 131,
A A 4 A y ~ .
We Ha iy B résumé of Arizona Geology: Univ, of
Bureau of Mines Bull. 119, pp. 182-189,1925.

A., Correlation of Arizone Paleozoic for-
Soc. Am., Bull.,, vol. 47, pp. 459-540,

arton,
Z Ariz.

L3

yenow, A.
Llons: Geol.
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Northeastward, the Peleozoic section thins greatly;
in the Defience uplift (Plate II) Supai (Permian) stratsa
inconformably surround &. smell outcrop of pre-Cembrian
juartzite and, as shown by drill records, rest directly
on granite. A maximum of 5,400 feet of Mesozoic and Ter-

tiary beds, mainly of continental origin, are represented

(2]

in the northeastern portion of Arizona.
Volcenic rocks, localized chiefly in east-central

n
SRR A . 2 7 .
irizona and in the San Francisco Mountains, Hopi Buttes,8

1 Shiwits—Trumbullg areas, cover many thousand square

5

miles of the Arizone Plateau. They represent central esnd

Gregory, H. E., Geology of the Navajo Country: U.S.
;¢0l. Survey Prof. Paper 93, 1917; also Longwell, C. R.,
iser, H. D, Moore, "RINGG"Bryan | HKirlivand Palge,BSidney,
{ock formations in the Colorado Pleteau of southeastern
: and northern Arizona: U. S. Geol. Survey Prof. Paper
32, pp. 1-23, 1925,

~Robinson, H. H., The San Francisco volcanic field,Arizona:
Je S¢ Geol. Survey Prof. Paper 76, 1913.

Gregory, H. E., work cited, pp. 83-90.

Dutton, C. E., Tertiary history of the Grand Cemnyon
district: U. S. Geol. Survey Mon. 2, 1882,
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fissure types of Tertiary to Recent age. The greatest
eruptions took plece in the east-central and Sen Fran-
cisco Mountains fields, near the southwestern margin of
the Plateau, and extend southward, over the Plateau es-
carpment, into the Basin and Renge Province. As they
rest upon Permien and Mesozoic strata in the Plateasu and
are considerably leter than the initiation of the Basin-
Range Province, their age is regarded as Pliocene and

younger. As indicated by Darton's structural map (Plate II,

e 23), the great lave fields are associated with broad
anticlines, whereas the plugs are mostly grouped within
the margins of the Black Mesa beasin, and the western

and southeastern borders of the San Juan Basin.

Structure of the Flateaulo

Where well revealed, in the restricted asrea of the

Grand Canyon, the pre-Cambrian structure of the Plateau

10
_ Gilvert, G. K., work cited, pp. 556-567; also Final
Repts., U, S. Geog. and Geol. Surveys W. 100th Mer.,
PLe 1t P Bd - 1B735,
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The later structural features, as denoted by ample
exposures, consist of Laramide folds and post-Eocene nor-
mal faults. These features for the most part trend north-
ward and find clear expression in the topography. The
folds range from broed to narrow and in general are sharp-
ly assymetrical or monoclinal, as indicated by Plate II.
The larger faults, which occur mainly west of Longitude
llZO, drop the Plateau with successive broad steps, fronted

with steep fault-line scarps, westward. The greatest

Dutton, C. E., Tertiary History of the Grand Canyon dis-
trict: U. S. Geol. Survey Mon. 2, 1889.

Hunt ington, Ellsworth, eand Goldthwait, J. W., the
Hurricane fault in the Toquerville district, Uteh:
Harvard Univ. Mus. Comp. Zool. Bull, 42, 1904.

Gregory, H. E., work cited.

Darton, N. H., A resuné of Arizone geology: Univ. of Ariz.,
Ariz. Bureau of Mines Bull. 119, p. 147, 1925.

Moore, R. C., Structural features of the Colorado Plateau
and their origin (Abstract): Geol. Soc. Am. Bull., vol. 34,
No. 1, pp. 88-89, 1923,

Butler, B. S., Relation of the ore deposits of the southern
Rocky Mountain region to the Colorado Plateau: Colo. Seci.
Soe., Proc., wol. 12, pp. 23=86, 1929,

King, P. B., An outline of the struectural geology of the
United States: X¥I Int. Geol. Cong. Guidebook 28, pp. 31-
32, X932,




vertical displacement, mounting to approximately 16,000
feet,ll occurs on the Grand Wash fault st the mouth of
the Grand Canyon and there separates the western portion
of the Plateau from the Basin and Range Province.

The cliffs of the Mogollon Escarpment, which limit
the Plateau on the southwest and south, appear to have
originated partly through erosion guided by faults and
fractures transverse to the present cliff fronts, and
partly as feult-line scarps.

Notwithstanding Robinson's interpretations of the

age of the greatest uplift as guaternary,lz

the principal
elevation of the Plateau appears to have occurred during
Tertiary time, contemporaneous with the Basin-Range orogeny.
This date of the uplift is suggested by the Tertiary,
probably Pliocene, lava flows that mantle, and unconform-

ably abut against, the llogollon Escarpment at several

places.

817}

Longwell, C.R., Geology of the Boulder Reservoir floor,
Arizona-Nevada: Geol. Soc. Americe, Bull., vol. 47,
p. 1458, 1936,

12
Robinson, H. H., work cited.




CHAPTER II - BASIN AND RANGE PROVINCE

Definition

Limiting the Pleteau on the southwest, the Basin
end Range Province includes the southwestern half of
Arizona and extends into Mexico, Californie, and Nevada.
In Arizona, it contains some 150 prevailingly linear,
north-northwestward-trending mountein ranges abruptly
rising from pleins or valleys which locally form closed

basins but for the most part drain to the Colorado River.

Subdivisions

As may be seen from the topographic and geologic
maps of Arizona, the Basin and Range Province is composed
of several local geomorphologic units. These various
units, however, are not readily amenable to definitionm,
and their proper anelysis will be possible only after
much further structural study. A dual subdivision has

13

been made by Ransome who terms the northeastern, pre-

13

Rensome, F. L., Geology of the Globe copper district,
Arizona: U. S. Geol. Survey Prof. Paper 12, pp. 10-16,
1903; Copper deposits of Rey and Miemi, Arizona: Idem,
ProfiiPaper:115; ip. 15,1919 ‘andvDeseriptien-of the
Ray quadrangle: Idem, Folio 217, p. 1, 1923.




vailingly mountainous belt the Mountein Region and the
southwestern portion, which lacks any definite north-
eastern boundary, the Plains or Desert Region (seei
Figure 1, page 16 )« The Mountain Region is regarded
as & continuation of the Mexican Highlends and the
Plains or Desert Region as part of the Sonoran Desert.

The Mountain Region contains relatively large
north-northwestward-trending ranges of which the longest
measures sbout 55 miles, the widest 20 miles, and the
highest peak more than 10,000 feet sbove sea level or
7,000 feet above adjacent velleys or plains. Broad plain-
forming valleys are exceptional in the central portion of
Arizone's Mountain Region, but several with maximum widths
of 20 to more than 30 miles appear in its southeastern
portion.

In the Desert or Plains Region, according to
Ransome, the chief topographic chareacteristic is the pre-
dominance of broad snd comparatively low desert plains.
This definition, however, is subject to the objection
thet the intermont pleins here, although constituting
helf to three-fourths of the fegion, are scarcely broader
then some of those in the Mountain Region. More cheracter-
istic of the Desert Region are its generally smaller but
steeper mountains, with sharply anguler profiles resulting
from the reletively greater aridity. There are a few ex-
ceptionally lerge ranges of which the longest measures

nearly 100 miles, the widest 18 miles, the highest peaks
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some 7,000 feet above sea level, and the maximum locsal
relief about 5,400 feet. The prevailingly north-north-
westward trend of the ranges is interrupted in northern
Yuma County, in west-central Arizona, where relatively
large ranges occur elongated in westerly to southwesterly

directions.

Stratigraphy of Basin end Range Province

The mountains of the Basin and Range Province in
Arizona consist of pre-Cambrian to Quaternary formations,
whereas the valleys or plains, although commonly fringed
with pediments cut on hard rock, are floored with loosely
consolidated sediments of mid-Tertiary to Recent Age.
The principel mountaih—making formations include pre-
Cembrian schist and gneiss; relatively unmetamorphosed
pre-Cambrian sedimentary rocks; pre-Cembrien batholiths
and stocks of granite, stocks and dikes of diorite, end
dikes of felsic to mafic composition; pre-Cambrien (Apache)
beds, 1,400 feet in maximum thickness and intruded by
great sills of diabase; 5,000 feet of Paleozoic strata;
4,700 or more feet of Jurassic and Cretaceous beds;
Mesozoic to Tertiary intrusive masses, predominantly of
felsic to intermediate composition; and thick Tertiary
to Quaternary volcanic formetions.

The Geologic Map of Arizona indicates that pre-
Cembrien schist and gneiss, intruded by greet batholiths

of pre-Cambriean and later granitic rocks, are of wide-
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spread and prominent occurrence within the mountains of
the Basin and Renge Province. The published information
regarding these formations is briefly outlined on pages 46-70.

The Apache group, of late pre-Cambrian age, con-
sists of quartzite, cherty limestone, shale, and con-
glomerate, intruded by thick sills of diabase. It crops
out prominently in the northwestern portion of south-
eastern Arizona and extends northward through the Sierra
Ancha, disappeering beneath the Peleozoic strata of the
Plateau. This group of rocks is described on pages 76-79.

Lower Cambrian rocks appeer to be lacking in the
Basin and Range Province of Arizona, but Middle and Upper
Cambrienl4 strata are well represented in the Mountain
Region and in the southeastern portion of the Desert or
Plains Region., They attain their meximum thickness of
1,200 feet at Bisbeel® &ana Tombstone, in the southeastern
part of the State.

Ordovician beds several hundred feet thick occur

14
Stoyenow, A.A., Correlation of Arizona Paleozoic for-
mations: Geol. Soc. Am., Bull., vol., 47, pp. 462-481,1936.

15
Ranseme, ¥. L., U.S5: Geol. Survey Prof. Paper 98,
P. 145, 1916.




17

16 and et Dos Cabezes,”  , in southeastern

at Morenci
Arizona, but are not represented elsewhere in the region.
gilurian formations have not been found in Arizona.
Devonian end Carboniferous strate occur in meny of
the renges of the lMountain Region and ettain a maximum

thickness of more than 4,000 feet at Bisbee 18

where, through
southeastward thickening, the Mississippian and Pennsyl-
vanien total more than 3,700 feet. These formations also
aeppear in several of the southern Desert raenges as far west
as the Vekol Mountains (Longitude 112°10'),.but farther
west they constitute only sparsely scattered, relatively
small, metamorphosed outcrops.

The Mesozoic era is represented in the Basin and

Range Province of Arizona by sedimentary and volcanic

rocks end by intrusive masses. These formations are

16

Lindgren, Weldemar, Copper deposits of the Clifton-
Morenei district, Arizona: U. S. Geol. Survey Prof.
Paper 43, pp. 62-65, 1905,

17perton, N. H., work cited, p. 296, 1925,

18
Rensome, F. L., Prof. Paper 98, 145-148, 1916.
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present in the southern half of the Mountain Region where
their strata thicken southeastward to more than 4,700 feet
and overlep a deeply eroded surfece of older rocks., Some,
at least, of the metamorphosed shale, sandstone, conglom-
erate, and limestone of southwestern Arizona, which are
shown on the State Geologic Map as pre-Cambrien, are probably
of Mesozoic age.lg

The southwestern region contains considerable sodic
grenite of post-Paleozoic aspect. Stocks of granitic to
monzonitic composition occur in numerous renges of south-
ern Arizona and are important features of many of the min-
ing districts. Some of these intrusions penetrate Lower
Cretaceous rocks, whereas others cut only Paleozoic or
sarlier formetions, and many show no definite age re-
letions. They are believed to be of post-Jurassic to early
Tertiary age.

Volcenic rocks, including rhyolitic to basaltic
flows, tuff, breccia, and minor intrusions, constitute
importent mountein-meking formetions in the Basin and

Renge Province of Arizona. They locelly form series of

creat magnitude, as in the Black Mounteins 20 of north-

10

Wilson, Eldred D., Geology end mineral deposits of
southern Yuma County, Arizone: Univ. of Ariz., Ariz.
Bureau of Mines Bull. 134, pp. 27-30, 1933.
20

Rensome, F. L., Geology of the Ostmen gold district,
Arizona; U. S. Geol. Survey Bull. 743, 1923.
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western Arizona, where the succession smounts to possibly
more than 16,000 feet in thickness. They represent fissure
end central eruptions, with the fissure type apparently
éredominating. Their age, which renges from Cretaceous to
Recent, hes been definitely determined for only & few areas.,
Tn the northern and central portions of the Mountaln Region,
the volcenic rocks sppear to be related to the Plateau erup-
tions which Robinsonzl regarded as late Tertiery. In the
Deer Creekzz region, southeast of Globe, however, the
andesitic extrusive succession is of Upper Cretaceous age.
0f probable Tertiary age are the extensive dacite flows
that, in the Globe, Ray, and Superior regions, underlie
Pliocene Gila conglomerate and overlie truncated dikes
that cut the Cretaceous rocks.g3 Throughout the remainder
of the Basin end Range Province of Arizona, the volcanic
rocks of felsie to intermediate composition locally overlie
Lower Cretaceous beds and have been assumed to be Tertiary,

although the possibility that some of them are lete Mesozoic

Robinson, H. H., The San Fremciscan volcanic field,
Arizona: U. S. Geol., Survey Prof. Paper 76, pp. 91-92,
1913,

09

~Campbell, M. R., The Deer Creek coal field, Arizona:
U.S.Geol. Survey Bull. 225, 1904.

oz

Rensome, F, L., Us. S. Geol. Survey Prof. Paper 115,
PP OH-7L, 1919%




can not be denied. In the Trigo Mounteins, along the
Lonef Colorado River, they are overlain by Miocene or
Pliocene beds.z4 Younger basalts, in part of Recent
aspect end locally resting upon Tertiary and Quaternary
sediments, occupy considerable areas in the southwestern
portion of the State.

Most of the intermont troughs are filled to depths
of several hundred to a few thousand feet with sediment-
ary deposits of Tertiary to Quaternary age.25 The oldest
exposed members consist of medium to coarse-greined ar-
kosic conglomerate and stratified arkosic shele and sand-
stone which appear prominently as tilted fault blocks &t

'ilt. McDowell, in the lower Verde Velley, at Tempe Butte,z6
on lower Salt River, at Baker Peaks, in the Lower Gila
Talley, at Osborne's Well,27ieast of Parker, at the mouth

of the Grand Canyon,z8 end at several locslities in the

52

Wilson, Eldred D., Marine Tertiary in Arizona: Science,
vol. 74, pp. 567-568, 1931,

29
Bryen, Kirk, The Papago Country, Arizona: U.S.Geol.Survey
eter-Supply Paper 499, 1925.

26 .

Lee, W. T., Underground waters of the Salt River Valley,
Arizona: U.S.Geol. Survey Water-Supply Paper 136,p.97,
1905,

27
Wilson, Eldred D., Ariz, Bureau of Mines Bull. 134, 1933,
end Science, vol. 74, pp. 567-568, 1931.

» Irr
28

Lee, W. T., Geological reconnaissance of a part of western
\srizona: U.S.Geol. Survey Bull. 352, 1908,




Papagoz5 end Lower Gila®® regions. These members, which are
intimaetely associated with volcanic rocks in their upper
portion and unconformably underlie beds of Pliocene aspect,
are regarded as of Miocene age. The younger Tertiary mem-
bers comprise a thick series of faulted conglomerate, sand,
silt, and loceal leke beds, broadly analogous to the Gila
conglomerate which Gilbert®® end Rensome3l regarded as
Pleistocene but which Bryen, on the basis of p&leontologic—52
al and geomorphological evidence, regardé as Pliocene.
Relatively thin deposits of loosely consolidated gravel,
sand, end silt of Pleistocene to Recent age mantle the

older deposits in many places.

Structure of Arizona Basin and Renge Province

Origin of the ranges

In the Basin and Range Province of Arizone, the
mountain ranges and their intervening valleys or plains
are believed to be largely of structurel origin, Few of

then appear to have been formed by erosion alone, and most

29
Ross, C.P., Geology of the lower Gila region, Ariz.:
U.S.Geol.Survey Prof. Paper 129, 1922.

30
Gilbert, G.XK., Report of explorations west of the 100th
Meridien, vol. 3, pp. 540-541, 1875.

29
(o) §

Ransome, F, L., U. 8. Geol. Survey Prof. Papers 12 and 115.
cidley, J. W., Preliminary report on fossil vertebrates
of the San Pedro Valley, Arizona: U. S. Geol. Survey Prof.
Peper 131, pp. 120-121, 1922,
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of them possess abundant geologic or geomorphologic
characteristics of mid-Tertiary and later tectonic masses
which have been more or less modified by semi-arid erosion.
It seems hardly conceivable thet streams, at first
suf ficiently vigorous to form velleys locally exceeding
7,000 feet in depth end subsequently of the sluggish or
ieandering quality necessery to produce plains of 20 or
nore miles'width, ever separated these numerous mountain

3
ranges. Spurr,5

nevertheless, concluded that the topo-
graphic forms of the Great Basin are the "net results of
compound erosion active since Jurassic times, operating on
rocks upheaved by‘compound earth movements which have been
probably also continuous during the same period," and that
only the more recent folds or faults find expression in the
topography. Keyes, in papers too numerous to mention here,
likewise supports the erosional idea, but with the radical
contention that the principal agency wes deflation acting
on broad belts of weak rocks which faulting had brought into
juxtaposition with narrow belts of harder rocks.

Contrary to these hypotheses of Spurr and Keyes,
abundant geologic and physiographic evidence for the pre-

dominantly structural origin of the Basin ranges has been

Spurr, J. E., Origin and structure of the Basin Ranges;
Geol., Soc, America Bull., vol. 12, pp. 264-266, 1901.
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Clarence King,55 Dutton,56

brought forth by Gilbert,®

40
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Gilbert, G. K., work cited, p. 41, 1875; also Studies
of Basin Range structure: U. S. Geol. Survey Prof. Paper
15 2Esig =8
35

King, Clarence, U. S. Geol. Expl. Fortieth Parallel Rept.,
vol s Tk, Do 7593, 18783

»

Dutton, C. E., Geology of the High Plateaus of Utah: U.S.
Geog. and Geol. Survey Rocky Mtn. Region, pp. 47-48, 1880.

O

37
Russell, I. C., A geological reconnaissance in southern
Oregon: U. S. Geol., Survey Ann. Rept. IV, 1884,
58
Emmons, S. F., U. 8. Geol. Expl. Fortieth Parallel
Repts, vol. 2, p. 345,.1877.

29

Davis, W. M., The mountain ranges of the Great Beasin:
Harverd Coll., Mus. C.Z., Bull., vol. 43, pp. 129-177,
1903; and The Wasatch, Canyon, and House Ranges: Idem.,
vol. 49, pp. 17-56, 1905,

40

Johnson, W. D., Black Mountains in New Mexico: Am.Geol.,
vol. 31, pp. 135-139, 1903.

Rensome, F. L., Geology of the Globe copper district,
Arizona: U. S. Geol. Survey Prof, Peper 12, 1903; Geology
and ore deposits of the Bisbee quadrengle: U.S.Geol.
rvey Prof, Paper 21, 1904; Copper deposits ef Rey and
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and Ore deposits of the Southwést: XVI, Intermational
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Ransome49 has shown that the mounteins and valleys
of centrel and southern Arizona are of tectonic origin,
with complex fault blockg rather than folds predominating.
In the south-southwestern part of the State, Bryan5o found
thet many of the mountain ranges and plains are demon-
strably fault blocks of post-lava age, and, although
some mountains of uncertain origin existed prior to the
Tertiary volcanic activity, no recognized post-Paleozoic
folding is present there. 1In southeastern Arizonsa, the
1plift of the existing mountains by normal faulting has
been superimposed upon rocks affected by pre-existing
folds and thrust faﬁlts without apperent or recoenized

relation in trend or pattern.

Structure within the ranges

The internal structure of Arizona's mountain
renges has been complicated by extensive normel feulting
énd igneous intrusion, considerable thrust feulting, and
olding.

Intense folding end normael end reverse feulting
arecheracteristic of the pre-Cambrian rocks. One of the
great periods of pre-Ceambrian revolution is discussed on

subsequent pages.

49

Works cited.

50

IV
U. S. Geol. Survey Water-Supply Peper 499, p. 71.




Folding during the Appalachian Revolution has not
been recognized here, although regional uplift must have
sceurred at that time to provide the land messes from
vhich the Triassic and Jurassic sediments of northern
.rizona were derived. Notable intra-range folds of Peleo-
zoic and later strate are known in southeastern Arizona,
in west-central Arizona, and in northwestern Arizona.

South of the Gila River and east of Longitude
111°15*, the folds are mainly of Laramide age. King re-
gards them as representing northwestern extensions of the

exican Highland structures.5l They generally trend north-
westward and in many localities are genetically associated
with southwestward-dipping, low-angle thrust faults of the

seme age.

The basins in which the Pliocene Gila conglomerate
was deposited are believed to be tectonic, but whether due
to faulting or folding is not clear.

Between Tucson and Benson, thrust faults have affect-
ed the Pantano formation, which is regarded as of late Ter-
tiary age. These thrusts sre exceptional, and may not re-
present a general phenomenon, as the Pliocene Gila con-

»lomerate is, so fer as known, affected only by normel faults.

v}

King, P. B., An outline of the structurel geology of the
nited States: XVI Int. Geol. Cong. Guidebook 28, p. 42,
1932,
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In the west-centrel region, in northern Yuma and
southern Mohave counties, folds affect Paleozoic and
lesozoic strate,9®

In northwestern Arizona, folds of north-northeast-
ward strike occur in the Virgin Mountains region, re-
presenting the eastward limit of the Great Basin folds and
thrusts whose age lies between Jurassic and middle
Pliocene. 99

Steeply dipping reverse end normal faults are fair-
ly abundant in the folded regions. Some of these faults
ere of greet magnitude, as at Tombstone, where displace-
nents amounting to more then 4,000 feet are evident.
Butler°% regards this type of steep faults as heving
followed the igneous Wave that was consequent upon the

close folding and low-angle thrust faulting. They ante-

date perhaps most of the ore deposits.

Darton,, N, .H.,. A résumé of Arizona geology: Univ. of
Airiz., Ariz, Bureau of Mines Bull, 119, pp. 215-22,1925.

; Longwell, C., R., Geology of the Muddy Mountains, Nevada,
with & section through the Virgin Reange to the Grand
Wash Cliffs, Arizona: U. S. Geol. Survey Bull, 798, 1928,

Butler, B." 8., Ore deposits as related to stratigraphiec,
structurel, and igneous geology in the western United
States: Am, Inst. Min. & Met. Eng., Lindgren volume,

Pp. 223-226, 1933,




Verious systems of normel faults affect the ranges
and in severel locelities fomm patterns of great complexity.
These feaults are mostly interpreted as results of tension-
el strains incidental to the regionel and local adjustments
that followed the Leramide Revolution and the Tertiary erup-
tive activity. They continued intermittently into Quater-
nary time. No very recent or late Pleistocene faulting of
importance is demonstrable here.
CHAPTER III. SUMMARY OF PUBLISHED KNOWLEDGE

OF ARIZONA PRE-CAMBRIAN

Generesl Statement

Pre-Cambrian rocks crop out in the Grand Canyon, in

the Defiance Uplift of northeastern Arizona, and in most of

the mountein ranges of the southwestern half of the Stete,

&s shown on the Geologic Map of Arizona. Four principal

lithologic divisions heve been recognized: (1) A basement

of schist, gneiss, and small intrusive bodies; (2) batholith-

ic masses of granite; (3) the Mazatzal quertzite, whose re-

lation to the older rocks has not previously been determined;

and (4) younger pre-Cambrien strata which have undergone

relatively little folding end metamorphism. The younger pre-

Cembrian beds (4) in the Grend Canyon and central Arizona

have received considerable attention, but the older basement

rocks, outside of the Grand Canyon and a few mining regions or

districts, have not been studied in detail.

According to published information, the pre-Cembrian

stratigrephic succession in Arizona is as follows:
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Correlation of Arizone pre-Cambrian formations
according to published knowledge

schist with
more or less

greenstone
schist, exten-

Plateau Province Basin and Range Province
=]
o
v Grand Canyon Defiance Central Southern and
] Uplift Arizona western Arizona
Chuar group:
Shale, sandstone, Missing Missing Missing
. and limestone.
(o]
o~
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According to published descriptions, the planes of
foliation or laminetion in the old schist end gneiss pre-
vailingly strike northeast to northward and dip steeply
or even vertically, as a result of intense lateral com-
pression which preceded the emplacement of most of the
pre-Cembrian intrusive bodies. The Mazatzal quartzite
has been described as somewhet deformed and faulted, but
its structural features have not hitherto been studied.
The younger pre-Cambrisn Unker and Apaché strata under-
went faﬁlting, tilting, and slight loceal folding, follow-

ed by extensive peneplanation, before Cembrian time.

Earlier Pre-Cambrian Rocks

General statement

The earlier pre-Cambrian of Arizona is represented
by schist and gneiss, with smell intrusive bodies of
Telsic to mafic composition, end betholithic masses of
grenite., The antiquity of these rocks in the Grand Can-
yon end part of central end southeastern Arizona has been
esteblished by stratigraphic sequence, but, in most of the
Besin end Range Province, it has been assumed from

lithology or intensity of metamorphism.
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Schist end gneiss

The Geologic Map of Arizona shows that, within the
Plateau Province, schist appears only in the Grand Canyon,
whereas, within the Basin and Range Province, it con-
stitutes portions of numerous mountain ranges. It is
prominent in the central and southeastern segments of the
llountain Region and in western and northwestern portions
of the Desert Region, but occurs as smell, scattered
areas in the southwestern part of the State. The schist
category, as thus used, includes the Vishnu schist of the
Grend Canyon, the Yavapai and Pinsl schists of central
Arizona, and some areas of granitic gneiss in southern and
western Arizona, together with undifferentiated areas of
shele, grit, quartzite, conglomerate, and igneous rocks
which, although more or less folded, faulted, and sheeared,
have not been materially recrystallized or foliated ex-

cept near lerge intrusive bodies.

Vishnu schist: Major Powell's exploration demon-

0]

trated®® that the pre-Cambrien formations in the Grand
Cenyon comprise two main systems, differing greatly in

degree of metemorphism and separated by a profound uncon-

o5

Powell, J. W., Exploration of the Colorado River of
the West: Washington, 1875; Geology of the eastern por-
tion of the Uinta Mounteins, p. 70, 1876,
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formity. The older, which constitutes the beasal complex,
s been termed the Vishnu schist end assigned to the
.rchean.

Noble found that the Visghnu schist is composed of
approximeately 50 percent granitic gneiss, hornblende
neiss, and amphibolite; 30 percent mica schist, apparent-
ly sedimentery in origin; 10 percent mafic intrusive rocks;
and 10 percent pink siliceous intrusive rocks. The
gneiss is thought to be the oldest. The foliastion of the
Vishnu is predominantly of northeastward strike end
nearly vertical dip except in the western portion where
& northwestward strike is common.9%

57 who have conduct-

Jan Campbell and J. H. Maxson,
ed field and laboratory studies of the Archean rocks of
the Bright Angel quadrangle between Lone Tree Canyon on
the east and Boucher Creek on the west, determined that

the schist there is dominantly metamorphosed sediments

Noble, L. F., The Shinumo quadrangle, Grand Canyon dis-
triect, Arizona: U. S. Geol. Survey Bull. 549, 1914; (and
J. F. Hunter), A reconneissance of the Archean complex
of the Grenite Gorge, Grand Cenyon, Arizona: U. S. Geol.
Survey. Prof. Peper 98, pp. 95-113, 1916.

empbell, Ian, end Mexson, J. H., Geological studies of
the Archean rocks at Grend Cenyon: Carnegie Inst. Weash,,
arbook 32, pp. 305-306, 1933; idem., 33, pp. 284-285,

L9004,
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thich appeer to have been deposited as send and sandy clay
in the neritic zone of a shallow, subsiding geosyncline,
This series differs from the Proterozoic largely in
sreater degree of metamorphism and intensity of granitic
intrusion in the earlier era. The evidence obtained seems
to indicate that the tilting of the Archesn sediments had
een largely accomplished before any of the major granitic
intrusions took place, since in their emplacement these
>learly have been influenced by the eerlier structure.
Probably the contact metamorphism has been superimposed
upon the earlier regional metemorphism. The Archeen
section here seems to be not less than 25,000 feet thick.
Its beds lie in the limbs of a northeastwerd-trending
isoclinal synecline,

Yeavapal schist: Leminated to schistose rocks

occur extensively in central Arizona. They were first

—

escribed by Blake98 as follows: "This is a great slate
formation which is extensively developed in Arizone.
Lithologically it is like the Taconic slates, and I have
called them the Arizona slates.™

Jaggar and Paleche9® studied this formation in the

Bradshaw Mounteins, renaming it the Yevapei schist. They

y Ym., P., Rep't. of the Governor of Arizona, 1899,

zar, T. A., and Palache, Charles, Deséription of Brad-
fountains guadrangle: U. S. Geol. Survey Folio 126,
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correlseted it with the Vishnu schist of the Grand Canyon,
which, &t that time, was regarded as Algonkien. Their
description may be sumnarized as follows: The Yavapai
schist consists mainly of argillaceous phyllite varying
to slate, mica-schist and chlorite-schist, with locally
included gneiss, granulite, hornfels, epidote-schist,
hornblende-schist, conglomerate, quartzite, and sandstpne.
The typical phyllite is a finely foliated blue or silvery
aggregate of quartz and sericite with sperse greins of
plagioclase; slthough some rare facies contain abundant

microcline and albite, indicating a derivetion from acid

igneous rocks, most of the phyllite appears to be of
sedimentary origin. The conglomeratée lenses-contein well-
rounded to engular, locelly deformed pebbles of granite,
schist, quartz, end quartzite, indiceting that land

nasses of these rocks existed in the region. The queartzite
ocecurs as lenses associated with both the phyllite and the
conglomerate., It is a dense fine-grained rock of gray,
bluish or greenish-white color, somewhat laminated and

cut in every direction with veinlets of white quartz.
fractured surfeces characteristicelly are lined with films
of specularite or limonite. Microscopically, the rock
enerally shows a uniformly fine clastic grain, locally
separated by films of sericite and chlorite. The "horn-

blende schist" is & complex including typicel hornblende

schist, amphibolite, mica schist, epidote, zoisite, garnet,
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and tourmeline schists, hornfels, eand uralitic diabase.
0f these, the hornblendic schist and amphibolite are of
igneous origin; the mice-epidote-, zoisite-, gernet-, and
tourmeline schists and hornfels are believed to represent
local metemorphic phases of the phyllite.

The folietion of the schist is generally parallel
to the originel bedding. Although the sequence of the
series is probably interrupted by thrust and normel faults,
its thickness is estimated at 5,000 to 7,000 feet.

The authors cited interpret the Yavapal schist as
having been compressed into close folds of north-northeast-
werd trend, after which it was intruded by stocks of
Bradshaw granite and diorite, dikes of grenite porphyry,
diorite porphyry, end other rocks, and later stocks of
quartz diorite. Near the granite is a meteamorphic zone,
characterized by the presence of staurolite, andalusite,
hornblende, tourmeline, and biotite.

Lindgren,6o who examined the schist of the Bradshaw
juadrangle during part of the summer of 1922, presents the
following views: The pure sericite schist does not pre-
dominate, but a more common variety is chloritic mice
schist, in part doubtless of sedimentary origin. Banded

agnetite with some red jasperoid occurs in meny places.

Lindgren, Waldemar, Ore deposits of the Jerome and
Bradshaw Mounteins quadrengles, Arizona: U, S. Geol,
survey Bull. 782, pp. 18-19, 1926.




PLATE III. Schistose rhyolite near Stodderd,
~ Bradshaw Mountains Quadrangle,
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Amphibolite and allied greenstone, probably for the most
part schistose and eltered mafic igneous effusive rocks
snd agglomerate, are more abundant than Jaggar and

Palache indicated. Schistose rhyolite or rhyolite por-
phyry (see Plate III) occurs in association with sedi-
mentary schist in most of the districts. The Yavapai
schist as a whole, therefore, appears to represent a series,
unestimated in thickness, of sedimentary beds with a large
emount of interbedded, supracrustel effusive and minor
intrusive rocks. Lindgren correlates the formation with
the Vishnu schist of the Grend Cenyon (page 44 ) and the
Pinel schist of southern Arizona.

Schist in Black Hills (Jerome guadrengle): The

schist complex of parts of the Black Hills Range has
received considerable attention from geologists in
connection with the Jerome mining district, but, as in-
dicated by the following summaries of the published
descriptions, their restricted observations have result-
ed in conflicting views of the local relations.

Provot61 interpreted the schist formation as
heving resulted from intense folding end alteration of
leva and sedimentary beds. He states that in Algonkian

time these beds were compressed into northeastward-trend-

ing folds and intruded by greet diorite dikes follow-

rovot, F. A., Geologicel reconnaissance of the Jerome
district, Jerome, Arizona (Abstract): Eng. and Min., Jour.,
vol, 102, pp. 1028-1031, 1916.




ing the lamination.

Finlay,62 in & somewhet speculative article, stated
thet the oldest rocks seem to be grey or derk-colored green-
stone, derived largely from lave and tuff which hed been
considerably folded eslong north-south axes and intruded
by quartz porphyry and diorite.

Reber65 regarded the schist as divisible into a
great greenstone complex and ean epparently younger series
of bedded sedimentaries containing much fragmental vol-
cenic materiel. Later & period of deformetion, probably

related to the approaching invaesion of & grenitic batholith,

squeezed the bedded sedimentary rocks into close folds of
north-northeastward trend and the greenstone in the southern
end of the distriect into eastward—trending foléds. The area
'es then invaded by maesses of "guartz porphyry" which
ere rendered schistose by further deformation and followed
by the intrusion of diorite. These disturbences no doubt
produced & rugged and mountainous land area, high above
sea level.,

Reber described the greenstone complex as a unit

in regard to thorough dynemic metemorphism and prevalent

yfinlay, Jd+ R., The Jerome district of Arizona: Eng. and
Min, Jour., vol. 106, pp. 557-562, 605-610, 1918,

_ Reber, L, E. Jr., Geology and ore deposits of Jerome
distriet: A.I.M.E., Trans., vol. 66, pp. 3-88, 1920.




oreen color, although ineluding much siliceous material
emong its several different rock types. Part of the meta-
norphism mey be the result of deformation easrlier than that
connected with the intrusion of the Bradshaw granite. The
greenstone, of which some members are identical with those
of .the Lake Superior pre-Cambrian, appears to be largely
surface volcanics with small intrusives.

Large areas of

fragmental material, in part of sedimentary but mainly of

volcanic origin, are present.

According to Reber, the bedded sedimentaries are

o

haracteristically more massive than schistose, though
closely folded; however, they probably correspond closely
enough in composition and general appearance with parts of
the Yavapai schist, to the south, to be included in that
formation, though preferebly as a distinct member." In
the Jerome area they represent a variety of rock types,
from very fine-grained quarﬁzite and slate to thick-bedded
conglomerate, Their beds dip steeply due to close folding,
end some of the siliceous bands show remarkeble crenu-
lations and drag folds.

Lindgren,64 who studied the geology of the Black
Hills during part of the summer of 1922, states that the

pre-Cambrian schist in the Jerome guedrangle corresponds

to the Yavapai schist of the Bradshaw Mountains, though it

64

~Lindgren, Waldemar, Ore deposits of the Jerome end Brad-
shaw Mountains quadrangles, Arizona: U. S. Geol. Survey
Bull, 782, 1926.
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shows a slightly different facies and contains less
sedimentary materiel. In places the schistosity is

less well marked end varies in direction. He describes

a long north-south belt about one mile wide of fissile,
almost vertical schist continuing horthward from the Brad-
shaw Mounteins quadrangle along the western margin of the
Black Hills, finally passing beneath the Cambrian Tapeats
sandstone, Where crossed by the Cherry Creek road this
belt from west to east consists of brown and red vol-
cenic esgglomerate, followed by purple schist and finally
by chlorite-sericite schist, all members striking N. 20° E,
end stending about vertical. The schist is adjoined on
the east by greenstone end granite., The greenstone is
largely, but not entirely, of mafic composition. In
Yaeger Cenyon it consists of fine-grained tuff with
intercalated masses of fragmental material, the series
dipping 45° E, In the Jerome district greenstone, with
intérbedded or earlier masses and streasks of clay slate,
quartzite, banded chert, and other sedimentary rocks,
prevails. The greenstone is rudely schistose, generally
not fissiie, end locally shows lenses of volcanic
agglomerate., Neer Jerome there is much light-colored
msssive to schistose rhyolite which in part is intrusive
into the greenstone and in part represents flows. He con-
sludes that there seems to be no reason for separating

these predominantly volcenic rocks from the Yavapai schist,

end eny distinction between them seems futile.
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Hansen65

states theat the oldest rocks of the dis-
trict consist of a complex, as a whole corresponding to
the Yavepai schist of the Bradshew Mountains. He believes
thet it may be divided into four major units: tuff, frag-
mental greenstone (Deception porphyry), flows, and bedded
sediments. The tuff is siliceous to andesitic in com-
position, and the fregmental greenstone is a rhyolitic
extrusive. The flow series, which exceeds 400 feet in
thickness, is rhyolitic with small round pebbles of jasper
marking the base of each flow. Overlying these rocks is

a series of well-exposed sedimentary beds which occur
widely throughout the district. They include quartzite,
arkosic shale, calcareous slate, and coarse-grained con-
glomerate. Following the deposition of these members,

the series was compressed into close north-northeastward-
trending folds with steeply northwestward-dipping limbs.
It was then intruded by "quartz porphyry" and diorite.

The main or Verde fault, which strikes N, 43° W. and

dips 58° N. E., began in pre-Cambrian time with a ver-

tical displacement estimated at 2,500 feet; in late Ter-
tiery time, renewed movement upon it amounted to 1,360

feet verticelly end 600 feet horizontally.

65 ;
Hansen, Mayer G., Geology end ore deposits of the United
Verde mine: Mining Cong. Jour., vol., 16, pp. 306-311,1930.




Lausen66

separated the metamorphic rocks of the
Jerome quadrangle into Yavapai schist end greenstone
complex, restricting the former to predominantly sedi-
mentary material end the latter to volcanic rocks with
some included beds of sedimentary origin. His conclu-
sions may be summarized as follows:

The Yavapei schist extends northward from the Brad-

shew Mounteins quadrangle &s & narrow continuous belt

(page 53 ) along the western base of the Black Hills. This

belt consists mainly of quartz sericite schist and brown
slate, together with some chloritic schist which mey have
bYeen derived from andesitic material. The brown slate
includes numerous thin layers of impure buf f-colored
dolomitic limestone. West of the Shylock mine is exposed
a bed of conglomerate at least 60 feet wide consisting of
well-rounded pebbles of quartz, quartzite, jasper, gneiss,
and felsite in a schistose micaceous, siliceous cement.
The schistosity strikes northward and dips vertically or
steeply westward, more or less parallel to the originel
bedding.

The greenstone complex, according to Lausen, con-
sists of a preveilingly green to black schist derived

from volceanic flows, tuff, and agglomerate together with

00

Lausen, Carl, Pre-Cambrian greenstone complex of the
Jerome quadrangle: Jour., Geol., vol. 38, pp. 174-183,
462-465,1930.
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more or less sedimentary materiel, intruded by stocks and
dikes‘of augite diorite and rhyolite porphyry and limited
on the south by a granitic batholith that converted the
greenstone into gneiss for a distance of 1,000 feet from

the contact. The flows, in order of supposed sequence,

are mainly andesite, latite, end rhyolite. Generally,

the tuff, which grades into fregmental rock, is highly

indurated and yet shows distinct bedding. Beds of guartz-

ite and ergillite occur in a few places between flows.

The andesite flows are at least 5,000 feet thick and the
felsic flows at least 2,000 feet.
Lausen states that the greenstone complex rests
on the eroded upturned edges of the Yavapai schist; near
the Shylock mine at the western foot of the Black Hills,

the lower formetion is thoroughly recrystallized end

schistose, while the basal flows of the greenstone are
nassive and show no evidence of dynamic stresses other

then deformation into a series of folds. Apparently the

felsic flows are separated from the andesite by an un-

conformity. All of the rocks have been metamorphosed to

some extent and are locelly schistose. He believes that
the greenstone complex is older than the Mazatzal quartzite

nd the Grand Canyon series.

Lindgren,67 however, expressed doubt of the existence

of the folds and unconformity described by Lausen, and

Wi
{

Jour. Geol., vol. 38, pp. 460-462, 1930,
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considered the break between the greenstone and sedimentary
schist to be due to ancient faulting. The greenstone, he
steted, mainly represents extrusive rocks which were
rendered more or less plainly schistose by the same set

of stresses applied in the same general period as those
thet affected the sedimentary schist.

Schist in Mazatzal Mountains and Sierra Ancha:

Some features of the schist in the Mazatzal Mountains end
Sierra Ancha areas have been noted by Ransome,68 whose
descriptions may be summarized as follows:

Between Mt. Ord and Mazatzal Peek is & belt of
schistose and slaty rocks which crosses the central seg-
ment of the Mazatzal Range with a northeast trend and a
width of about 5 miles. To the northeast, it crosses
Tonto Basin and extends, with a width of at least 15 miles,
through the northern end of the Sierra Ancha. Thils belt
of schist appears to coincide with & ridge or berrier
(pages __71-72 ) that seperates Paleozoic sections of
different character. Associated with the schist and slate
are great messes of quartzite, accompanied by some con-
clomerate and shale, all clesrly older than the Apeche

(page 76) end Tonto (Cambrien) groups. Whether the pre-

68

Ransome, F.L., Quicksilver deposits of the Mazatzal Renge,
Arizonas U. S. Geol. Survey Bull. 620, pp. 111-128,1915;
Some Paleozoic sections in Arizona and their correlation:
J.S. Geol. Survey Prof. Paper 98, pp. 155-159, 1916.
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Cembrien quartzites of this region are all or only in
part younger than the schist was not determined. The
southwestern part of the schist belt, in the quicksilver
district, on the West Fork of Sycesmore Creek, is divisible
longitudinally into at least eight zones consisting, from
southeast to northwest, of gray slaty to sericitic schist,
rhyolite porphyry, brown slate, sericitic schist, jaspery
dolomitic limestone, sericitic schist with schistose grit,
brown slate, and rhyolite porphyry (cf. Plate XXII).
According to Ransome, this distribution of the rocks
suggests that the jasper zone occupies the axis of a com-
pressed syncline or anticline.

Pinal schist: The schist of the Globe, Miemi,
Ray, and Bisbee districts was named the Pinal schist by
Rensome.®9 His descriptions may be summarized as follows:

This oldest exposed series, like most crystelline
formations, is not uniform in appearance but shows divergen-
cies which are due both to differences in originasl com-
position and to locel veariations in the intensity of the
metemorphism. In general the Pinal schist is light-
gray to bluish-grey, with a more or less satiny luster

on cleavage surfaces. Texturally the varieties range from

C

(03]

9
Rensome, F. L., Geology and ore deposits of the Globe copper
district, Arizona: U.S.Geol., Survey Prof. Paper 12, 1903;
and Copper deposits of Ray and Miami, Arizona: U. S. Geol.

Survey Prof. Paper 115; 1919%
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very Tine-grained slaty sericitic schist to imperfectly

cleavable, coarsely crystalline guartz-muscovite schist

carrying endslusite and sillimenite in the vicinity of
the Madere diorite, in the Pinal Mountains. Assocliated
with the lustrous sericitic- schist are a few layers of
green emphibolitic schist. West of Ray is en exceptional
facies that probably was originelly a glassy rhyolitic
lave. Some diabasic members occur near Ray.

The schist of the Bisbee district, 44 which, on the
basis of lithologic similarity, is correlated with the
Pinal schist, consists of a uniform fine-grained imperfect-
ly cleavable aggregate, mainly of quartz and sericite,

T

o)
R

nging in color from light to dark gray or greenish
with a satiny sheen. 1Its general character indicates
derivation from aerkosic sands or silts. The dominant
trend of the schistosity appears to be northeastward,
but wide departures from this direction are common.

The minerel and chemical composition of the pre-
vailing kinds of schist, their regular bending, and
finely fissile cheracter are indicative of sedimentary
origin. Furthermore, conglomeratic, sendstone, and shale

members are locally recognizable. The general metemorphis:

70

T

Rensome, F. L., Geology and ore deposits of the Bisbee
quedrangle, Arizona: U. S. Geol. Survey Prof. Paper 21,
1904% end Description of the Bisbee quedrengle: U, S.
Geol. Survey Folio 112, 1914,
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of the Pinal and equivaelent schists at Clifton and Bisbee,
and the probable equivalent schists of the Bradshaw
Mountains and Grand Cenyon, was probably connected
directly with the extensive batholithic invasions of
grenitoid rocks in pre-Cambrien time and was locally
intensified by later intrusions.

Ls might be expected in rocks so old and so in-
tricately intruded by batholithic granite masses during
" more than one geologic period, the Pinal schist shows
veriations in the strike and dip of its planes of schis-
tosity, and locally these planes are intensely crumpled
eand contorted. The prevalling strike is northeast or at
right angles to the principel mountain raenges of the
region. The dip renges from 45° to verticsl. As a rule
the schistosity is approximetely parallel with the
original bedding of the rocks.

In the Clifton quadrangle, some 80 miles east of
the Pinal Mountains and 130 miles north of Bisbee, is a
small area of pre-Cambrian schist which, becesuse of its
geologic relations and lithologie character, Lindgren
correlated with the Pinal schist.7l He described it as a
reddish or reddish-brown guartzose rock, for the most part

imperfectly cleavable but locally fissile with satiny sur-

7

Lindgren, Waldemar, Copper deposits of the Clifton-
Morenel distriet, Arizoma: U. S. Geol. Survey Prof. Paper
43,5 9056%

3
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faces. Microscopically it is a fine-grained aggregate of
quartz with some sericite. In places, small amphibolitic
members are present. The attitude of the schistosity varies
capriciously and has been obscured by jointing, but the
strike prevallingly ranges from east to northeast, and
the dip is steep. The formation has been intruded by some
aplitic end pegmatitic dikes and possibly also by grenite.
Darton noted schist of Pinsl type &t Bronco Ledge
end Haystack Butte, near Salt River, 24 miles north of

Globe. It occurs associated with great quartzite beds

72
that strike northeastward and dip steeply.

Pre-Cambrian schist of Pinal type crops out at

73 eand in South PassV4 of the Dragoon Mountains.

Courtlend
Its preveiling northeastward strike and steep dip have

been locelly disturbed by faulting.

Darton, N, H., & f%sumé of Arizona geology: Univ. of
Arizona, Ariz., Bureau of Mines Bull, 119, pp. 2289-230,
Figs. 49 end 50, 1925,

73

Wilson, Eldred D., Geology and ore deposits of Courtland
end Gleeson, Arizona: Univ. of Ariz., Ariz. Bureau of
Mines Bull. 123, pp.-17-18, 1927,

74

Dumble, E. T., Notes on the geology of southeastern
Arizona: Am. Inst. Min. Eng., Trans., vol. 31, p. 713,1902.
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A

Metemorphic rocks of southwestern Arizona: As

shown by the Geologic map of Arizona, schist occurs in
many of the ranges of southwestern Arizona., According to
Bryan,75 the pre-Cambrian rocks of the region form a high-
ly meteamorphosed complex consisting largely of sericitiec,
chloritic, and hornblende schist, phyllite, and gneiss.
They ere intruded by grenites which he considers as of
pre-Cambrian and of possible Mesozoic ages. Some of the
metamorphic rocks in the southwesternmost portion of this
region are probably younger then pre-Cambrian.76

The schist of the Phoenix Mounteins, which is
separated from the metamorphic rocks of the Mazatzal
Renge by an intervel of only some 35 miles, consists of
well-metamorphosed seriecitic, chloritic, and rhyolitic

schist, quartzite, slate, and marble. These rocks are

79
Bryen, Kirk, The Pepago Country: U. S. Geol. Survey
Weater-Supply Paper 499, pp. 54-55, 58-59, 1925,

76

Wilson, Eldred D., Geology eand mineral deposits of
southern Yuma County, Arizona: Univ, of Ariz., Ariz.
Bureau of Mines, Bull, 134, 1933,




laminated closely parellel to original bedding, with a
prevailing northeastward strike and steep southeastward
dip. They are intruded by dikes of olivine diabase and

ossibly elso by granite.77

Metesmorphic rocks of western eand northwestern

\rizona: Lee mentioned the occurrence of metamorphosed,
feulted quartzite, argillite, and limestone, presumebly
»f pre-Cembrian esge, in Virgin and Willlems canyons.78
Bancroft described gneiss, schist, quartzite,
limestone, dolomite, and argillite, all of supposed pre-
cembrien ege, occurring extensively in northern Yume
County. The quartzite, argillite, and dolomite show only
local metemorphism end resemble nothing known in the

re-Cambrian of the Southwest.79

Lausen, Carl, eand Gardner, E. D., Quicksilver resources
f Arizona: Univ. of Ariz., Ariz. Buresu of Mines Bull,
122, pp. 45-47, 1927,

ﬂee, W. T., Geologic reconnaissance of a part of western
\rizona: U. S. Geol. Survey Bull. 352, p. 15, 1908.

lencroft, H., Ore deposits in northern Yume County,
Arizona: U. S. Geol. Survey Bull. 451, pp. 22-27, 1911l.




Rossgo mentions the widespread occurrence in
western Arizona, north of the Gila River, of granitoid
cneiss, metemorphosed schistose rocks, end metamorphosed
but not schistose limestone and quartzite. He regards
those rocks, with the possible exception of the limestone

“and quartzite, as pre-Cambrian. parton®l discovered
Carboniferous fossils in some dutcrops of' limestone, and
/ilson e found liﬁestone conglomerate pebbles, contain-
ing upper‘Carboniferous fossils, in the argillite of
this region.

In northwestern Arizona, eccording to Schrader,83

chloritic and sericitic schist and schistose gneiss are of
common occurrence. The schistosity generaslly trends

V. 30° E.and dips steeply.

iarlier pre-Cambrian intrusive rocks

Inveding the schist and gneiss are dikes and small

Ross, C. P., Geology of the lower Gila region, Arizons:

Jj. 8. Geol. Survey Prof. Paper 129, pp. 183-186, 1922.

Ariz. Bureau of Mines Bull. 119, pp. 215-222.

Arizona Bureau of Mines Bull, 134, p. 80, 1933.

. Schrader, F. C., Mineral deposits of the Cerbat Range,
Black Mountains, snd Grand Wesh Cliffs, Arizona: U. S.

o

‘e0ol, Survey Bull. 397, pp. 28-29, 1909.
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bodies of felsic to mafic composition and batholithic masses
of granite. These intrusives are prominent in the Grand
Cenyon, eand the granite, as shown on the Geologic Mep of
Arizona, forms large areas in the Basin and Range Province,
particularly in the Mountain Regibn. As these igneous
rocks have been given little detailed study outside of a
few areas and mining districts, extensive correlation of
them is not yet practicable,

In the Grand Canyon, Noble found that the Vishnu
schist was intruded by mafic and pink siliceous rocks.
The feldspars of the latter are generally orthoclase,
microcline, and soda plegioclase. Some of the pink
srenitic intrusives are clearly later than the regional
metamorphism thet caused the foliation of the gneiss and
schist ,84

For some 50 miles downstream from the Hurricane
feult to & point within 20 miles of the Grand Weash Cliffs,
the inner gorge of the Grand Cenyon consists mainly of
ranite, grenite pegmatite, and granitic gneiss with

local smell areas of schist whose leminstion strikes

north-northeastward. The granite, which ranges in color

between light bluish gray, pinkish, eand reddish, is pre-

Noble, L. F., end Hunter, J. F., A reconnaissance of the
Archean complex of the Granite Gorge, Grend Cenyon, Arizona:
U. S. Geol. Survey Prof. Paper 98, pp. 95-113, 1916.




dominantly of medium to rather coarse texture. Moore re-
garded it all as Archeen.85

As described by Jaggar and Palache,86 the granite
of the Bradshaw Mountains, which they nemed the Bradshaw
grenite, is normelly a coarse grenitic aggregate of quartz,
orthoclase, and microcline in asbout egual emounts, with a
little oligoclase, blotite, magnetite, and rare green
hornblende.

Grading into the Bradshaw granite at some locelities
asre masses of quartz diorite which are of granitic aspect
though darker colored. It consists of sbundent green
hornblende; albite or albite-oligoclase largely altered to
sericite, zoisite, and calcite; and a little interstitial
quartz. This diorite was interpreted by Jegger end
Pelache as representing éither (1) endomorphic differen-
tistion in the granite, (2) a local change in composition
of the granite due to solution of materials from the
schist, or (3) a later intrusion of diorite along the
contact of granite and schist while the granite was still

in a semi-fluid condition.

Moore, R. C., Geologic report on the inner gorge of the

and Canyon of the Colorado River: U. S. Geol. Survey
iater-Supply Peper 556, Appendix B, 1925.

86
Jegegar, T. A., and Palache, Charles, Description of
iradshaw Mountains quadrangle: U. S. Geol. Survey Folio
26, 1905,
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Intruded into the Yavepal schist in: the Bradshaw
quadrengle are smell stocks and dikes of massive granular
to porphyritic derk-colored diorite consisting of green
to brown locally fibrous hornblende; feldspar ranging
from sodic oligoclase to sodic labradorite; end abundant
accessory apatite end megnetite. Gabbroid facies of this
type are charecterized by more calcic plagioclase and the
presence of sugite more or less completely changed to
uralite-hornblende.

In the Black Hillsg, the principal pre-Cembrian
intrusive rocks are of grenitic and dioritic composition.
The granite, which appears in the southern portion of

this area as a northward extension from the Bradshaw

Mountains, is regarded by Lindgren87 as normel Bradsheaw
88

greanite. Lausen stetes that, near the schist contect,

it is a grenodiorite. Diorite occurs as numerous dikes

end several small stocks which Reber regsrded as facies

of the Bradshaw grenite and which Lindgren states is surely

one of the youngest of the pre-Cambrisn rocks. He describes
as & normally medium-greined dark rock composed of about

equal parts of augite and altered andesine or oligoclase,

with more or less alteration to chlorite, sericite, and

epidote.

87
Us B+ Geol. Survey Bull. 782, p. 97.

a8

\Jour. Geol., voly 38, pe. 180, 1930,
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In the Mazatzal Renge, between Four Peaks and Mt.

Ord, is abundent rather coarse porphyritic grenite similar

+
19}

o granite known to be of pre-Cambrisn age in other

localities in Arizona.gg

The Pinal schist of the Globe, Miemi, and Ray dis-

tricts®0 is intruded by large masses of granite and

diorite which are unconformably overlein by Apache

(younger pre-Cembrian) strata. The Ruin granite consists

of phenocrysts of flesh-colored, slightly microperthitic
potesh feldspar in a groundmass of coarsely crystalline
enhedral plagioclase,probably oligoclase, and quartz, with
a moderate proportion of biotite. The diorite is & granitic

rock consisting essentially of andesine, locally with

orthoclase and microcline, quartz, and biotite.

a0

Ov

Ransome, F. L., Quicksilver deposits of the Mazatzal

Range, Arizona: U, S. Geol. Survey Bull. 620, pp. 111-

» 1915; Some Paleozoic sections in Arizone and their
orreletion: U. S. Geol. Survey Prof. Paper 98,
pp. 155-159, 1916.

tansome, F., L., U. S. Geol. Survey Prof, Paper 12,
1903; and Prof. Paper 115, 1919.




At Bisbee & stock of probable pre-Cembrian granite
intrudes the Pinal schist. This granite consists of brown
microperthitic orthoclase, quartz, some sodic oligoclese,
end a little biotite, together with accessory tourmaline,
muscovite, apatite, zircon, and magnetite.gl

The pre-Cembrian granite at Clifton consists of
large reddish grains of orthoclase, commonly with micro-

perthite, a few grains of probable albite, quartz, and

accessory magnetite.and zircon. An extreme, locel modi-

69

fication consists chiefly of hornblende, soda-lime feldspar,

and grains of megnetite or ilmenite.92

The Geologic Mep of Arizona shows that granitic
rocks occur extensively in southwestern Arizona. MMuch
of this granite has been found to be of a sodic com-

position corresponding to that of granites of known

l{fesozoic, rather then pre-Cembrien, age.g5

91
Ransome, F. L., U. S. Geol. Survey Prof. Paper 21, 19043
and U. S. Geol. Survey Folio 112, 1914.

[e]
Lindgren, Weldemar, U. S. Geol. Survey Prof. Paper 43,
19085,

93
Bryen, Kirk, The Papago country: U, S. Geol. Survey
ater-Supply Paper 499, pp. 54-55, 58-59, 1925.

Wilson, Eldred D., Geology end mineral .deposits of
southern Yume County, Arizona: Univ. of Ariz., Ariz,
Bureau of Mines Bull, 134, 1933,




70
Western end northwestern Arizona conteins extensive
areas of coarse-grained, locally gneissic red to gray
granite which, in part at least, is of pre-Cambrian age.

According to Lee,94 the rock is composed of orthoclase,

mieroperthite, microcline, oligoclase, quartz, end

biotite.

Mazatzal quartzite
o] . B
Rensome?° desecribed the occurrence of faulted, de-

formed quartzite, with some conglomerate and shale, in the
Mazatzal Mountains, Pine Creek, and eastern Tonto Basin

He found i1t resting unconformably upon "granite"

&S,

page 241 ) and rhyolite but did not determine its

ation to the schistose rocks. He proved that the quartz-
ite 1s unconformably overlapped by Paleozoic strata along
Pine Creek and by Apache (younger pre-Cambrian) beds in

the southern part of the eastern Tonto Basin area.

In 1922 'u."ilson96 described some of the strati-

Iee, W, T., U. 8, Geol, :Survey.Bull. 852, p, 15, 1908,

95
Ransome, F. L., Quicksilver deposits of the Mazastzal

Renge, Arizona: U. S. Geol. Survey Bull. 620, pp. 111-128,
1915; Some Paleozoic sections in Arizona and their
correletion: U, S. Geol. Survey Prof. Paper 98, pp. 155-159,

l9le,

96
Wilson, Eldred D., Proterozoic Mazatzal quartzite of

central Arizona: Pan Am., Geol., vol. 38, pp. 299-312,1922,
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graphic features of this pre-Cembrian quartzite, neming it
the Mezatzal quertzite and correlating with it the quartz-
ite of the Del Rio area and that of the northern portion
of eastern Tonto Basin. The formation showed a thick-
ness of 950 feet at the northern end of the Mazatzal
Range, 2,406 feet on Pine Creek, and 1,780 feet in the

Del Rio area. It was found to be unconformaebly over-
lapped by lower Paleozoic beds at Del Rio and by Apache
end Paleozoic rocks in the northern portion of eastern
Tonto Basin.

Darton 27

recorded further details regarding the
unconf ormable relation of the Mazatzal quartzite to the

Apache and Paleozoic strata.

Ransome98 concluded that, in Cambrien time, the

quartzite and other hard rocks of the Mazstzal Mountains
end eestern Tonto Basin comprised a land barrier "be-
tween the depositional basin of centrel and southern
Arizona end that now corresponding to the Arizona Plateau,

or at least to that part of the plateau between Payson

o
s R Ve Py
Darton, N. H., A resumé of Arizona geology: Univ. of
Ariz., Ariz. Bureau of Mines Bull. 119, pp. 229, 234-236,
1925,

98
U, S. Geol. Survey Prof. Pesper 98, pp. 165-166.




and the Grend Cenyon" end that "the natural barrier

supposed to exist in Cambrian time mey have persisted

in some form, possibly as a submarine ridge, through-
out the Paleozoic era." Stoyanow99 reported facts
corroborating the presence of en ancient land in central
Arizona, apparently an extension of the Insenada land

of Schuchert,loo and proposed for it the name, Mazatza

Gregory101 described an old quartzite that, un-
conformebly overlaein by Permian red beds, crops out in
en area of about 1/2 square mile in Quartzite €anyon,
in the Defiance uplift, some 150 miles northeast of
Tonto Basin. This guartzite, though prevailingly

sive, contains some strata 1 to 8 inches thick, the

planes of which are coasted with fine send, muscovite

9 ;
Stoyenow, A, A., Correlation of Arizona Paleozoic for-
nations: Geol. Soc. Am., Bull., vol. 47, p. 462, 1936.

100
Schuchert, Charles, Paleogeography of North America:
Geol. Soe. Am., Bull., vel: 20, p. 470, 1810,

101
Gregory, H. E., Geology of the Navajo Country: U. S.
Geol. Survey Prof. Paper 93, pp. 17-18, 1917.




fragments, end flattened pebbles of slate. Thin lenses

of conglomerate occur irregularly. Considereble dissemin-
ated hemetite, probebly derived from magnetite, is present.
he strata show anguyler cross bedding, ripple marks, and
mud cracks. Microscopicelly, the quartzite consists of
extremely irreguler angulsr quartz grains aend a few well-
rounded zircon grains, cemented with silica.

The outcrop is intersected by four sets of joints,
trending N. 15° W., N. 55° w., N. 15° E., and N. 70° E.
Gregory does not mention the attitude of the beds, but
their prevailing strike appears to be N. 30° W, and their
dip 18° SW. He points out that the guartzite resembles
some of the members of the Unkar group end inclines to
the belief that it is of lower Algonkian age. Dartonloz
regards it as part of an o0ld ridge that extended north-
west from the Zuni Mountains in New Mexico and epparent-

ly persisted through & large part of Paleozoic time.

It is probably equivalent to the Meazatzel quartzite.

Later Pre-Cambrian Rocks

Grand Cenyon series
Restricted to the Grand Cenyon, the Grand Canyon
series rests unconformably upon the Vishnu schist and

granite and is unconformably overlain by Middle Cambrian

4 / e 3
Derton, N. H., A resume of Arizona geology: Univ. of
Ariz,, Ariz. Bureau of Mines Bull. 119, p. 15, 1925.




Tepeats (Tonto) sandstone. This series of strata wes
iiscovered by Major Powell and separated by Halcottlog
into two groups of which the lower or Unker has an ex-
posed thickness of more than 6,800 feet and the upper or
Chuar more than 5,100 feet.

The Unkar group in the Shinumo quadrangle, west
of E1 Tovar, was separated by Noblelo“’c into the follow-

ing formations:

Unkar formaetions in Shinumo gquadrangle

Feet

Dox sandstone: Micaceous shaly sandstone;

greenish gray in lower portion, red-

brown and vermilion above. Cheracter-

ized by ripple marks and cross-bedding.

Cut by thin sills of intrusive diebase.... 2,297

Shinumo quartzite: Herd, compact cross-
bedded sandstone and quartzite, usually
ot fanie’andteven Yo rainiys S NI ol e st etatarte 1,564

lakatai shale: Argillaceous red shale,

grading upward into arenaceous red

shale and sandstone; prevailingly

ripple marked. OCut by thick sill

of I ehE sE e ke o alale &\ olaloia uts sisisialsts coriaietule 580

103

Walcott, C. D., Pre-Carboniferous strata in the Grand
Tenyon of the Colorado: Am. Jour. Sci., vol. 26, p. 437-

42, 1883; Algonkian rocks of the Grand Canyon of the
uoloraao. Jour. Geol., vol. 3, Pp. 312-330, 1895,

104
Noble, L. F., The Shinumo quadrangle, Grand Canyon
distriet, Arizone: U. S. Geol. Survey Bull, 549, 1914,
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ass limestone: White crystalline

limestone alternating with beds of

sergillaceous and calcareous sun-

cracked red shaele. Cut by thick

sill of diabase near which chrysotile

asbestos is locally developedeseescsess 335

otauta conglomerate: Arkose conglomerate

characterized by lack of sorting and trans-

portation. Rests on an extremely even

erosion surface of Vishnu schisteeeceses 6

According to C. E. Van Gundy,105 these for-
ations, excepting the basal conglomerate, are re-

cognizable in the Unkar area of Walcott, upstreeam

from the Shinumo quadreangle.

The Chuar group, which is known only between the
orthern side of Nankoweap Valley and the upper end of

the big bend of the Colorado River, was found by Walcott

to consist largely of vaeriegated sandstone and shale, to-

ether with a few thin limestone members.

Structurelly, the Grand Canyon series comprises
tilted wedges and blocks which, downfaulted relative to
the pre-Tonto surface, escaped removal by the extensive
post-Chuar peneplanation of that surfece. The Unkar
ledge in the Shinumo quadrangle is limited on the north-

east by the West Kaibab fault which, according to Noble,lo6

rnegie Inst. Wash. Year Book No. 33, pp. 307-308,

Work cited, p. 308.




hes & northwestward trend, a dip of 60° SW., a pre-
Cembrien verticel displacement exceeding 5,800 feet,

nd & post-Paleozoic throw of more them 500 feet. He
jetermined that the wedge itself is cut by numerous
northwestward-trending faults of less than 400 feet, and
commonly ebout 50 feet, throw. In Bass Canyon, & sharp
nonoclinel flexure of about 500 feet throw trends north-
astwerd and passes into a small thrust fault; Noble,
without presenting conclusive evidence, implies thet it
s of pre-Cembrien age.

In the eastern section of the Cenyon, Walcott
found thet the Butte fault, which extends south-south-
castward from Nenkoweap Creek to the beginning of the
big bend, hes & pre-Cambrian displacement of 400 to
.,000 feet and a post-Paleozoic displacement of 2,700

feet, dying out at elither end.

ipache group

Unconfdrmably overlying the schist, grenite, and
lazatzal quartzite in centrsl Arizona is a succession of
juartzite, conglomerate, shele, and limestone that
“ansomelOV termed the Apache group. He gave its

stendard section es follows:

107

Rensome, F. L., U, S. Geol. Survey Prof. Paper 12,
pp. 28-39, 1903; Prof. Paper 98, pp. 136-141, 149-156,
164-166, 1916; Prof. Paper 115, pp. 39-45, 1919.




7 quartzite: Generally pebbly cross-

dded quartzite or sandstone with

nses of conglomerate. Shaly beds

ith worm casts at TOD sececscecssccsccnns 400

'esicular epidotized basalt floWesesoeoesoos 25-75

escal limestone: Thin varicolored, more
or less dolomitic beds with con-
spicuous cherty layers. Intruded by

B DB S B a s o sy sio o) 5" o isims asioioxinye, wiit shousi e &l wis w oisl or 0 6l ¢ b 22D

pping Spring quartzite: Fine-grained

ricolored arkosic quartzite, much

it with dark-red and gray banding.

srtings between beds not distinct;

ripple marked. Intruded by diab&s€eeessess 450

4

Sarnes conglomerate: Smooth, generally
rounded pebbles in hard arkosiec
ment. Intruded by digbasSCececcecrsccccss 5-50

ioneer shale: Mearoon shale, arkosic and
uertzitic near base. Intruded by
A1BDEASE | elesets o bia os b o okeyoksisi 8o s & aysy oy o1 oyerane s saivip 50

snlan conglomerate: Generally rounded
cbbles in hard arkosic cement;
srades upward into arkosic sandstone.
Intruded by GiabasSCecscesrssscocsessosscccces 0-15

The Apache group crops out beneath the

leozoiec strate of the Plateesu at the northeastern

of Tonto Basin where it unconformsbly overlaps
pre-Cembrien schist and Mazatzel quartzite. Resting
unconformebly upon grenite snd schist, it forms the
ierra Ancha and the northeastern portion of the
latenes Plateau along upper Salt River and is present
in the mountain ranges of en irregular area, 85 miles
in maximum width, that, extending southwestward for

0

miles, includes the southeastern Mazatzal, Apache,

i
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nel, Mescal, Tortille, Galiuro, Santa Teresa, Senta

talina, and Vekol ranges.

Ransome orig

inally classified the Apache group as
brian, largely because of its generally conformeble
titude beneath Devonian strata and the lithologic re-

mblence of its Mescal limestone to the Upper Cambrien

Later, however,
rton 108 found that the Troy formation in the Mescal
yunteins unconformebly overlaps the other members of the

ache group end in most places includes in its upper

srtion or is unconformebly overlain by a sendstone con-
eining Upper Cembriesn lingulae. He concluded that the
embers of the Apache group below the Troy are pre-

1brien, end thet the Mescal limestone is equivelent to
e pre-Cembrian Bass limestone of the Unker group, in
rand Canyon.

109

Rensome in 1932, stated that "It has become
? ?

creasingly probable during recent years that this re-
stricted Apeche group (below the Troy quartzite) is

onerally equivelent to the Unkar group."

/ & A . TT. A .
rton, N, H.,, A resume of Arizona geology: Univ., of Ariz.,
z. Bureau of Mines Bull. 119, pp. 27-37, 1925.

1some, F. L., Ore deposits of the Southwest: XVI Int,
l. Cong., Guidebook 14, p. 6, 1932,




Stoyanowllo found, in the Sante Catealina Moun-

teins, that the Crepicephalus texanus fauna,which is

sharacteristic of the Upper Cembrian Abrigo formation,
oeceurs 400 feet above the top of the Troy quartzite;

therefore the Mescel limestone, en older formation than

the Troy, cen not be correlated with the Abrigo. He
1ifferentiated the Troy quartzite from the Apache group,
‘not only because it overleps the Mescal limestone, but
because it carries Cembrien fossils and conformably
underlies younger Middle Cembriean strate." As now re-
stricted, the group includes only pre-Cambrian rocks.
The relative age of the Apache group is a most
important factor from the standpoint of the present re-
scarch. The establishment of its age as pre-Cambrian
neans thet the granite, upon whose deeply eroded surface
it unconformably rests, was intruded during a period of

sreat crustal disturbance that obteined long before the

end of pre-Cambrian time.

Diabase

The disbase, which occurs as dikes and great sills

intruding the Apache group, is of uncertain age. Ransomelll

110
Stoyenow, A. A., Correlation of Arizona Paleozoic for-

mations: Geol. Soc. America, Bull., vol. 47, DP. 472-476,

Rensome, F. L., Description of the Ray quadrangle, Arizona:

J. S. Geol. Survey Folio 217, pp. 10-11, 1923.
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found diabase cutting Paleozoic rocks in the Ray quadrangle,
and assigned it to the early Mesozoic or late Paleozoic.

Short end Ettlingerll® and Gelbraitn'l®

reached similar
conclusions from studies in the Superior district. Dar-
ton, however, believes that the post-Troy diabase of
Rey and Superior represents sn intrusive younger than

great diabase bodies that elsewhere do not penetrate

Troy.

112

Short, M. N., and Ettlinger, I. A., OTe deposition and
enrichment et the Magme mine, Superior, Arizona:
A.I.M.E., Trans., vol. 74, p. 176, 1926.

113

Gelbraith, F. W., The geology of the Silver King aree,
Arizona: Unpublished Doctorate Thesis, Univ. of Ariz.,
1935,




PART II. GENERAL FEATURES OF THE CENTRAL ARIZONA REGION

GEOGRAPHY
Limits

The present investigation wes limited mainly to
the Mazetzal Mountaeins, Pine Creek, eastern Tonto Basin
or northern Sierra Ancha, Del Rio, and southern Black
Hills areas (Plates I and IV) which, as shown by pre-
vious work, contain extensive exposures of pre-Cembrian
rocks whose relations have not been largely obscured
by metemorphism. Collectively, these several areas Tre-
veal the pre-Cambrian regionel geology much more com-
pletely than does any one locality. They occur within
a region 100 miles long by 15 to 50 miles wide, bounded
by the southwestern base of the Plateau escarpment on

the north, Salt River on the south, Pleasant Valley

(Longitude 110° 50') on the east end Lonesome Vealley

(Longitude 112° 28') end the lower Verde Velley on the
west (Plates I and IV and Fig. 1).
Relief

Mountains and valleys

Plate IV, based upon the 1933 edition of the
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Topographic Map of Arizona,ll4 shows the general relief

of this region end the relative positions of its
quadrangles that have been topographicelly mapped by

the U. S. Geologicel Survey. Of these quadrangles the
Roosevelt, Turret Pesk, and Jerome sheets, on & scale

of 1:125,000 and with contour intervals of 100 feet, were
of great service in studying the region, whereas the
Verde end Holbrook reconnaissence sheets,on & scele of
1:250,000 and with contour intervals of 250 feet, were
unsuitable as base meps.

Bordering the region on the north and northeast
is the broedly linear though deeply indented FPlatesu
escarpment whose rim presents a fairly even skyline
renging from 7,500 feet in altitude at the southeast
to 6,500 feet at the northwest. This feature is in
strong contrast with the mounteinous region under con-
sideration, whose principal features of relief, from
southeast to west and northwest, are the Sierra Anche,
Tonto Besin and Tonto Valley, Mazatzal Mounteins, Verde
Velley, Bleck Hills Range, and Agua Frie or Lonesome
Valley. As indicated by structursl end geomorphologic
evidence (pages _34-38 ), these ranges represent fault
blocks which were eleveted with very little tilting in
reference to the relatively depressed troughs occupied

by the intermmont vealleys. Thelr orogeny is believed to

114 e AN S
Published by the Arizona Bureau of Mines in cooperation
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have occurred largely in late Tertiary time. Although
there has been subsequent intermittent uplift, s evidenced
by the dissection and successive terracing of the

valleys, the integrated character of the Gila River

drainage, pointed out by Waibelt1d

, indicates that the
region has remained fairly steble during recent geologic
time. TXach of the ranges exceeds 7,500 feet, but none
rises higher then 8,000 feet, in altitude or 6,300

feet above the lowest point in the region. These summits
are essentially accordant with the surface of the ad-
jecent Plateau. The ranges are from 30 to 50 miles long
by 12 to 20 miles wide, with rather linear boundaries
that trend approximately N. 30° W, They are character-
ized by steep, ruggedly dissected slopes which cul-
ninate in roughly parallel axial crest lines approximate-

ly 25 miles apart.
Dreinage

General features
Centrel Arizona is drained by the perennial

streams, Verde River and Tonto Creek, and the inter-

115

Weibel, Leo, Die Inselberglandschaft von Arizona und
Sonore: Z. der Gesell. fur Erdk. zu Berlin, Sonderabdruck
aus dem Jubilaums-Sonderband, pp. 68-91, 1928,




nittent Ague Fria River, ell of which are tributaries
to Salt River. Their relative sizes are indicated by
the following table of run-off in acre feet during two

12-month periods:ll6

Stream gze 2919

lonto Creek near Roosevelt 269,000 112,000
Jerde River near McDowell 1,270,000 542,000
gua Fria River near Glendale S 74,500

5alt River near Roosevelt 1,620,000 881,000

Within the mountesins nearly all of the canyons
carry water for & few weeks following the melting of
the snow and for several days after summer storms, but

nly a few scattered springs survive the driest seasons.

structural control of drainage

As shown on Plates I and IV, Tonto Creek flows
southeastward through & broad velley, as does the Verde
River upstreem from the mouth of Fossil Creek. In the
lower part of its course the Verde River follows a
locally narrow cenyon with southeastward, southwestward,
nd southward-trending segments. The East Verde River
has & northwest course. The tributaries of these streeams

ave northeast-southwest courses. As Bryan has pointed

116 :
Surfece water supply of Colorado River Basin, 1919-1920:
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Jo 8. Geol. Survey Water-Supply Paper 509, 1925,




PLATE V-A. Looking southward down Verde Velley from mouth of
Fossil Creek.

PLATE V-B. Looking northeastward up canyon of Fossil Creek
whose rather straight courseé suggests a fault zone.




t, there is a general pegional strike northwest-south-

est in which there ere developed considerable velleys,

1d most of the streams have nerrow canyons in the

ortheast-southwest direction. He suggested the probable

eletion of these trends to post-Gila formation fault-
312

ing end to the position of the lava beds.

The topographic pattern of the region prior to

the Gila sedimentetion occurred, and highlends from which
these sediments were derived. All of the aveilable field
vidence points to a general correspondence of these
topographic features with the present reanges and velley
troughs. The Plateau escerpment wes sculptured essen-
tially to its present fomm prior to eruption of the

Pliocene lavas, as revealed by ample exposures in the

Q

anyon of Fossil Creek. The post-Gila formation fault-
ing resulted in relative uplift of the mountains, accom-
anied by little or no tilting north of Latitude 33° 45',

'he present large, southeastward-trending velleys in

eastward-trending stream courses seem to be governed

1targely by feults and fractures which are later than

he post-Gila laves.

Sryan, Kirk, written communication.




Climete end Vegetation

The temperature, precipitetion, and vegetation of
central Arizona are governed rather closely by the alti-
tude and hence show a wide renge between the limits,
1,600 and 7,900 feet above sea level, represented.

The following seasonal varietions in tempera-

ture have been recorded:

Station Elevation Yeers record Meximum Minimum

Roosevelt 2,175 23 114° 18°

Payson 5,000 15 104° -18°

Natural “
Bridge 4,990 14 103° 6

Clemenceau 3,460 9 1109 18°
Jerome 4,743 27 104° :
Prescott 5,320 =l 105° -12°

The daily range in temperature is great, and at
some places may exceed 65°.

The precipitation is rather seasonal. Nearly
one-half of it occurs from December to March, inclusive,
neerly one-fourth in July and August, and nearly one-
fourth during April, September, October, end November,
with May and June each receiving only fractions of en

inch. In winter the storms tend to be gentle but long

continued, with snow common above altitudes of 5,000 feet
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nd oftenfattaining depths of 48 to 60 inches above
ltitudes of 7,000 feet. The summer storms are pre-
railingly of a local, short, torrential type that in the
ountains often produce violent flash-floods of éreat
erosive power. No records for the higher country are
availeble, but the precipitetion above altitudes of

,000 feet probably exceeds 30 inches annually. Normal

vearly precipitetion recorded in the region is as follows:

Station Elevation Years record Inches

Roosevelt 25195 2E 18.06
e yson 5,000 el 2l .34
ural Bridge 4,990 38 24.17
hilds (Verde

River near

2,650 33 17.67
4,743 29 18.65
5,320 59 18.52
(Bradshaw Mts.) 6,000 S 32.42

The vegetation of central Arizona is divisible
into overlepping zones whose limits are governed primsrily
by altitude. Factors such as soil, groundwater, topo-
'rephy, and shelter exert great local influence. As a
hole the region exhibits four typicel major zones of
lent life: forest, woodlend-brush, grass, and desert
hrub, Forests, mainly of Western Yellow Pine with
some oek esnd juniper, are common above altitudes of
»000 feet. Dense thickets of oak, manzenita and

various thorny bushes ebound from altitudes of 4,000 to

0,500, and locally up to 7,000, feet., There are con-




PLATE VI. Juniper zone adjacent to pine and brush zones,
north of Pine Mountain, Mazatzal Range. Alder series
in foreground, Mazatzal quartzite ridge in background.
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cedimentary, metamorphic, and igneous

posures are

underlein

Paleozoic strata,

with

e
rocks whose

Tertiary

ex-

i

\0LCG3 0

| sedimentary and volcanic formetions, and Quaternary
%cwhwium. The stratigrephic section is as follows:
E;p_——_—i Formation Member Character T?ickness i
(ssification in feet
Iﬁemtocene Alluvium Unconsolidated
5 and silt, sand,
O gravel, and |
M boulders, mainly
g of local origin. "
4 -Unconformity
T-?__————____“ Largely basaltic o
! Volcanic rocks and andesitic .
lava and inter- )
; ) calated tuff. 5=-2,000+
' Pliocene(?) e & 5~ =% =% 3 ' o9 °
iy 59 Gravel, Loosely to
‘ conglomerate, firmly consoli-
! sand, silt,., dated gravel,
| and sand, and silt,
y | limestone locally with .
thin limestone 5 3 .
beds and inter- y
s | calated basalt .
flows; in upper it
Verde Valley,
" predominantly "
E. A .| limestone (Verde
. formation); prob-
ably synchronous $ .
with Gila conglom~
erate. 2,000 + -
— Unconformity :
Miocene or Volcanic rocks Andesitic and
Pliocene dacitic lava
and intercalated
s e e BRI S e e k7 1&1&______2,5_00+_~
Miocene (1) Conglomerate Conglomerate and
Unconformity—| sandstone.

-Pennsylvanian |
Mississippian

tCarboniferous

Coconino
sandstone

Light-colored
cross-bedded
sandstone in
Mogollon

stone and shale in
and near Mogollon
Escarpment.

ly crystalline
limestone:

Redwall limestone
in northwestern
portion of region,
Tornado limestone
in southeastern
portion.

645~

50-
250

Devonian

Cambrian (kiddle)

Limestone

— Disconformity

Dark=-gray thin

to medium-bedded
limestone: Jerome
formation in
northwestern
portion of region,
Martin limestone
in southeastern
portion.

300~
500.

Sandstone

Later pre-
Cambrian

Earlier pre-
Cambrian

Red-brown cross-
bedded pebbly
Troy sandstone in
northern Sierra
Ancha and southern|
Mazetzal Mounteins
areas; dark red-
brown cross-bedded
friable Tapeats
sandstone, 75-100
feet thick, in
northwestern
portion of

region.

75-
400

Unconformity

Apache group
(in eastern
Tonto Basin and
southeastern
portion of
Mazatzal
Mountains)

— Unconformity

Basalt

Mescal

limestone

Vesicular, epidot-
ized basalt,

present at most
Thin-bedded cherty
dolomitic lime-
stone, intruded

Dripping [ Reddish-brown
Spring generally massive,
quartzite| fine-grained
arkosic quartzite.
Intruded by
— _ _ _|disbase. _ |
Barnes Smooth, rounded
conglom- | pebbles in sandy,
erate arkosic cement.
Intruded by
el diabase. _ _ __
Pioneer | Brownish-red hard
shale shale. Intruded by
bt shlidinbages oo
Scanlan | Imperfectly
conglom- | rounded pebbles
erate in sandy, arkosic

cement. Intruded
by diabase.

0-30

Magatzal
quartzite
= Mavertok =il
shale
B Radoan ] o
quartzite
—Unconformity—f
Alder
series
Yavapai group
(previously
termed FFault
Yevapai schist) contact
Red Rock

FFault
contact)

Yaeger
green-
stone

Light-brown to
gray, vitreous,
hard quartzite.
Intruded by

shale; appears

only in Mazatzal
Mountains., In-

| truded by granite. |
Light-brown to
gray, vitreous

hard quartzite,
pebbly at base;
appears only in
Mazatzal Mountains.
Rests unconform-
ably on Red Rock
rhyolite. Intruded
by granite.
s s it
Shale and grit

with some quartzite
and conglomerate;
locally metamor-
phosed. Intruded

by diorite porphy-
ry, porphyritic
pyroxenite, granite,
and rhyolite por-
hyry.

flows and agglom-
erate with minor
intrusives.

rhyolite |Intruded by granite.

_800

5,000+
Massive rhyolitic |

3,800

500~

90~
800

1,000+

Volcanic rocks of
intermediate to
mafic composition
together with some
intercalated sed-
imentary material;
generally affect-
ed by low-grade
metamorphism.
Intruded by
diorite porphyry,
granite, and
rhyolite porphyry.
Base not exposed.




Pre-Cambrian Rocks

ormations recognized

The pre-Cembrien rocks of central Arizona may be

divided into the following formetions:

(1) Yavapai group, including the Yaeger greenstone,

Rock rhyolite, and Alder series; (2) Deadman quartzite;

) Meverick shele; (4) Mazatzal quertzite; (5) diorite

porphyry; (6) porphyritic pyroxenite; (7) granite;

8) rhyolite porphyry; and (9) Apache group. In addition

there 1s the City Creek series, & unit of doubtful corre-

.ation tentatively regarded es younger then the Mazatzel

uartzite,

favapail group
The oldest rocks exposed in

entral Arizona consist of greenstone, rhyolite, shale,

nd grit, with some quartzite and conglomerate. In the

radshaw Mountains end Jerome gquadrengles, these rocks

are more or less schistose, depending upon local conditions

5.8

metemorphism, and were originally grouped together ¢

one formetion, the Yavepai schist.l18 This usage weas
] s €

ggar, T. A., and Palache, Cherles, Description of the
shew Mounteins quadrengle: U. S. Geol. Survey Folio
1905.

indgren, Weldemer, Ore deposits of the Jerome and
dshaw Mountains quadrangles, Arizona: U. S. Geol, Sur-

Bull. 782, pp. 18-19, 1926.




‘0ollowed throughout the region in preparing the

reologic Map of Arizonas. As the Yavapai formetion is

only locally schistose, however, it is referred to in this

schist. Its members are designated as the Yaeger green-
tone, Red Rock rhyolite, and Alder series.

Yaeger greenstone: Probably the oldest member of

the Yavapai group is the greenstone that crops out in
Black Hills, Mazatzal Mountains, and eastern Tonto

ireas. This member is termed the Yaeger greenstone,
‘rom its typicel occurrence east of the Yaeger mine, in
the southwestern portion of the Black Hills,

The Yaeger greenstone cheracteristically forms

i | Lo
ruggedly dissected slopes of 15° to 35°, more or less

iantled by dark olive-dreb soil and dense brush. Like
‘he oldest formation in the Lake Superior region, it is
composed largely of intermediate to mafic flows and small
intrusives, tuff, and agglomerate, together with some
cdimentary material, These rocks show extensive alter-
tlon Bo greenish—black and grayish-green aggregates of
ine-grained chlorite, sericite, and quartz, with local
schistosity but little definite texture. They have
ndergone considerable deformetion and were extensively
invaded by pre-Cambrien batholithic masses of granite and
all bodies of felsic to mafic composition. The thick-
ss of the member has not been determined but eppears to

ceed 2,000 feet.




PLATE VII. Southward view of greenstone slopes east of Yaeger
mine, Black Hills.




The Yaeger greenstone is equivalent to the "green-

stone complex" of the Black Hills, as described by

Reber,llg Lindgren,lzo Hansen,lgl end Lausent®? (abstract-

ed on pages __  51-57 , exclusive of the rhyolitic rocks,
which, in part, at least, are equivalent to the Red Rock
rhyolite.

Red Rock rhyolite: In fault contact with the

Yaeger greenstone is a thick series of dominantly

rhyolitic rocks, consisting of flows together with minor

119
Reber, L. E., Jr., Geology and ore deposits of Jerome

distriet: A.I.M.E:, Trans., vol. 66, pp. 3-26, 1920.

120
Lindgren, Waldemar, Ore deposits of the Jerome and

Bradshaw Mountains quadrengles, Arizona: U. S. Geol.
Survey Bull., 782, 1926.

124

Hensen, Mayer G., Geology end ore deposits of the
United Verde mine: Mining Cong. Jour., vol. 16,
Oop. 306-311, 1930.

1es

Lausen, Carl, Pre-Cambrian greenstone complex of the
Jerome quadrangle: Jour. Geol., vol. 38, pp. 174-183,
162-465, 1930,




k———— 2200 Feet

PLATE VIII-B. Red Rock rhyolite on northwestern side of
Deer Creek, Mazatzal Mountains.




amounts of agglomerate, breccia, and intrusives. This
member which crops out prominently in the Mazatzal Moun-
teins, Pine Creek, eastern Tonto Basin, and southern Black

Hills areas, is termed the Red Rock rhyolite, from its

typicel occurrence in Red Rock Butte, in the central seg-

ment of the Meazatzel Range.

The Red Rock rhyolite tends to form blocky, joint-

controlled slopes of 35° to 70° or more, comparatively
bare of soil and vegetation (Plate VIII-B). It is
charecteristically massive throughout, with flow banding
or bedding apparent only in places, and its intrusive
masses are not readily distinguishable from the flows.
It has undergone considerable folding and faulting,
followed with invasion by granite., Due to its massive-
ness and deformation, the thickness of the rhyolite is
unknown, but apparently exceeds 1,000 feet.

The typical rhyolite is a grayish-brown to reddish-
brown dense rock that breaks with a splintery fracture
whose surfaces reveal sparse small phenocrysts of quartz
and orthoclaese in a stony groundmess. Microscopically,
the rock donsists of a feintly banded, finely granular to
microcrystalline groundmass of quartz and feldspar with
locally corroded phenocrysts of quartz and orthoclase
generally less than 0.25 mm. in diemeter (Plate IX).

In pleces the Red Rock rhyolite is of porphyritic
texture. In eastern Tonto Basin its phenocrysts commonly

range up to 1.75 mm. in maximum dimension, and the rock




FLATE IX. Microphotographs of Red Rock rhyolite from near
Club Ranch, Mazatzal Mountains.

A- Showing flow bands marked by microcrystalline
quartz; ordinary light, 23 diameters.

B- Showing texture; crossed nicols, 68 diameters.




locally conteains numerous fragmental, fine-textured

spherulites. Since, according to Grout,lz5 spherulites

form only in glass, this spherulitic rhyolite represents
devitrified glassy flow,

An exceptionally porphyritic variety occurs at the
northern end of the Mazatzal Range and also below Natural
Bridge, on Pine Creek. This variety is characterized by
phenocrysts, up to 5 mm. in dlemeter, of pink feldspar
and sparse quartz in an abundant dense groundmess., Ex-
emined mieroscopically, the feldspar phenocrysts are seen
to consist of corroded orthoclase and minor albite which
lave undergone more or less sericitization and, in places,
complete kaolinization. The groundmass is made up of
nicrocrystelline, locally sericitized feldspar end quartz,
extensively interspersed with finely divided hematite and
irregular patches of chlorite.

The Red Rock rhyolite in places contains fregments
of greenstone, which suggests that it is younger than the
Yaeger member,

£lder series: In fault contact with the Yeeger
’reenstone and Red Rock rhyolite is & thick series of
locally metamorphosed shale, grit, quartzite, and con-
lomerate. This member of the Yeveapel group crops out

extensively in the Mazatzeal Mountains, eastern Tonto

., Petrography and Petrology, pp. 32 end
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Basin, end Black Hills, and to a small extent in the Del
Rio area. It is termed the Alder series, from its
typical occurrence in the vieinity of Alder Creek, in
the central segment of the Mazatzel Range.

The Alder series tends to form steep-sided canyons
end sharp ridges, thinly mantled in pleces with soil and
talus. ZExcept for its quertzite and conglomerate beds,
which tend to be massive, this series is characterized by
thin leminsation, generelly parallel to original strati-
fication. It is schistose in the vieinity of large in-
trusive bodies,

Shaly members, locally metamorphosed to slate,
phyllite, end schist, comprise more than half of the Alder
series. These members range in thickness from & few feet
to apperently 4,000 or more feet, but there is probably
some duplication by faulting or folding. Aside from local
differences in texture, these shaly rocks are prevailingly
fine grained, readily cleavable, and irregular to splintery
on fraectured surfaces. The most common variety consists
largely of dark-gray to black locally arenaceous compact
shale which cleaves into small slabs and flakes with smooth
;0 splinﬁery fracture. Another common variety is maroon
Lo hematite-red, locelly spotted shale which breaks into
mooth thin slabs several inches to more then a foot across.
iecroscopically, both verieties of shale consist of fine

ngular to ovoid grains of quartz, generally less than 0.1

m. in diameter, in an abundent argillaceous cement of sub-




PLATE X-A. Looking south from Pine Mou

ntein at Mt. Ord in Mazatzal
Mountains. The steep, deeply dissecte

d slopes are of Alder series.

PLATE X-B. Upper Gold Creeck Can
Range, showing Alder series and gra

yon north from Pine Mountain, Mazatzal
yish Pine Mountain porphyry.
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microscopic fineness. The meroon shale is rather
hematitic, end the splintery veriety carries numerous
small shreds of kaolin. All of the mineral particles
have their long dimensions parallel to the leminstion.
Schistose phases are characterized by alteration to
finely divided muscovite, chlorite, and secondary cal-
clite, and, iﬁ places, various contact silicates.

Approximately one-third of the Alder series is
composed of dark-gray to brownish-gray asrgilleceous
arkosic grit. This rock generaslly consists of poorly
rounded to engular grains of quartz and feldspar, mostly
less than 2 mm, in diemeter, in a finely divided muscovitic
cement. Due to stratification of the mineral particles,
it is characteristically flaggy to thinly laminated, and
sane of its more micaceous beds resemble schist.

Conglomerate and quartzite, in many pleces grading
into the grit, comprise about 15 per oeﬁt of the Alder
series. The conglomerete members range in thickness from
a few feet to 1,000 feet, and are generally lenticular.
Depending upon the hardness of their cementing material,
some form prominent reefs, whereas others have little or
no topogrephic expression. This rock consists typically
of subangular to rounded pebbles, mostly less then 4 inches
in diameter, of rhyolité, quartz, Jjasper, and quartzite
in a gritty, ergillaceous, locally micaceous cement.

Mieroscopically, the rhyolite of the pebbles closely re-

sembles the Red Rock rhyolite. The cementing material of




the conglomerate is generally leminated, but the pebbles
show little or no evidence of squeezing.

The quertzite members renge from less then a foot
to more than 150 feet in thickness and tend to be lenticular.
They are the most resistant of the Alder series and stand
out as reefs of which some are more than 50 feet high.
Although prevailingly massive, they are in places thin
bedded with shale partings. The rock is white to gray eand
grayish brown in color end generally cross bedded. It
ranges from fine grained to pebbly, in places grading into
conglomerate and arkosic grit. It is commonly intersected
by veinlets of white quartz.

The Alder series is equivalent to the sedimentary
portion of the Yavapai schist. Due to intense folding and
feulting, the exposed thickness of the series is unknown;
it eppears, however, to exceed 5,000 feet. As all the
observed contacts of the Alder series with the Yaeger
greenstone and Red Rock rhyolite are faults, its relative
ege is not definitely known. The character of the rhyolite
pebbles in its conglomerate members, however, strongly

suggests that it 1s younger then the Red Rock rhyolite,

Deadmen quartzite
Resting upon an eroded, deeply oxidized surface of
Red Rock rhyolite in the northern half of the Mazatzal

Renge, north of Latitude 34°, is the Deadman gquertzite.

This formation, which is nemed from its typical occurr-




PLATE XI-A.

Deadman quartzite (D)
resting on Red Rock
rhyolite (R), and over-
lain by Maverick shale
(sh) end Mazatzal
quartzite (M), eastern
slope of Maverick
basin, Mazatzal Range.

PLATE XI-B. Thick Deadman quartzite resting on Red Rock rhyolite,
(R), east of Cactus Point, Mazatzal Range.




ence on the North Fork of Deadmen Creek, consists of

hard, fine- to medium-grained, thinly stratified, cross-

bedded, cliff-forming quartzite, together with some thin
conglomerate and hemetitic shale members snd en irreguler
basal conglomerate. In general, the upper one-third of
the Deadmen quartzite weathers grayish brown to white,
in contrast with the reddish-brown tint of the lower por-
tion. The thickness of the formation ranges from 90
to 110 feet except in & thrust block &t the southeast
where it attains approximately 800 feet (Plate XI-B and
sec. N-S of Plate XXI). This thick segment may have been
thrust to its present location from a place several miles
farther southeast towards which the quartzite progressively
thickened during deposition.

The basal conglomerate ranges from a few inches to
25 feet in thickness. It is made up largely of pebbles
of rhyolite, quartz, and red jasper, a fraction of an inch
to a foot in diameter, in a rusty-red argillaceous, sandy
cement. Beneath the basal conglomerate the Red Rock
rhyolite is extensively oxidized, in places to depths of
more than 100 feet, indicating an ‘unconformity of con-
sidereble magnitude,

Found only within the northern half of the Mazatzsl
Range, the Desdmen quartzite probably thins out north-
ward, and to the south it has been removed by erosion.
It does not crop out in contact with the Alder series,

but, for reasons given on page _111, it is believed to be




younger,

Maverick shale

Overlying the Deadman quartzite with apparent con-
formity is the Maverick shele, named from its typical
occurrence in Maverick Basin, in the northwestern portion
of the Mazatzal Mountains.

In its type section the Maverick formetion consists
of thin-bedded, locally ripple-marked, fine-greined,
dense, gray shale generally sprinkled with fine flakes of
mice on the bedding plenes and containing elternating
thin seandy to quartzitic beds in the upper portion. It
hes been recognized only within the Mazatzal Mounteins.,
In the northern portion of the range, north of Latitude
540, it lies with apperent conformity above the Deadmen

quartzite. Near the southern end of the range, on the

western slopes of Four Peaks, it has been intruded by

granite at or near the base. The Maverick shale is 800

Tfeet thick at Maverick Basin but thins to about 500 feet

at North Peak; apparently it is thinning greatly north-
ward. Along the eastern flank of the range, it is

generally deformed by drag folds which increase its apparent
thickness (see Plate LII). On the western slope of Four
Peeks, the formation measures approximately 1,000 feet,

but there, also, drag folding has thickened it to some
extent,

In the vicinity of North Pesk, the Meverick shale




PLATE XII-A. Typical Maverick shale in Maverick Basin, faulted
against Red Rock rhyolite (R) which is intruded by granite (gr).

PLATE XII-B, Maverick shal > i
St Range.r s e on western side of Four Peaks,




ranges in color from gray and dark gray to maroon with
light-gray diffusion spots; the maroon color seems to be
ore common in the lower portion, which locally contains
few thin beds of gray quartzite. - The base is cheracter-
istically ripple marked and miceaceous. South of North
eak, the shale is prevailingly gray to pale-greenish
ray on fresh fracture, weathering to dull gray or pale
ellowish. In Barnhardt Cenyon and on the western slopes
Mezatzal Peak, the interbedded quartzitic members of
he upper portion appeer in greater abundance then else-

here., Because of their massiveness and pale brownish

color, they are in strong contrast with the shale and tend

o meke its structure visible from a distance (see Plate LIY).
Microscopically, this interbedded quartzite consists of
closely packed subangular to poorly rounded grains of quartz,

p to 1.25 mm. in diameter, in a limonitic, finely grsnuler
juartz cement. Pronounced wavy extinction is characteristic

f the quartz grains. Of the exposure in Shake Tree Canyon,

etween Cactus Ridge and Mazetzal Peak, Ransome says:l24

These shales resemble nothing I had previously seen in
Arizona., They are gray-green, weathering yellow, fairly
hard, and only moderately fissile, and they effervesce in

cid when powdered. Evidently they are somewhat dolomitic.

o

124
Ransome ,F.L., Some Paleozoic sections in Arizona and

their correlation: U. S. Geol. Survey Prof, Paper 98,
1884 1916%




. about 50 feet from their top they alternate with thin
ds of quartzite and conglomerate. The conglomerate layers
less then a foot thick and cerry pebbles of gquartz and

d jesper." Specimens of the shele from meny different

calities failed to show any effervescence in acld; probably

nsome chanced upon a rare dolomitic horizon.
Microscopic exemination of Maverick shale from several

locelities shows it to consist of fine quartz grains end

ceceous shreds, well stratified in an ultra-fine, iso-

opic cement. The quartz greins are generally less than
0.10 mm. in diemeter, and the micaceous shreds 0,15 mm.,
s1though exceptionally renging up to 0.25 mm., in length.
Some of this miceceous mineral is muscovite, but nuch of

is chlorite which imparts its greenish hue to the rock.
Locally, the cement is merked by limonitic splotches.

According to the microscopic deta, the Meverick

chele is characteristically finer-greined and more ar-

¢illaceous than the shele of the Alder series.

Mazatzal QuartzitelZS

The Mazastzal quartzite, nemed for the Mezatzal
H]
enge, crops out in four different ereas in centrel Arizone.
Resting with apperent conformity upon the Meverick shale

and intruded in pleces by grenite, it mekes up the high,

mein ridge of the northern half, and the crest of Four

{ilson, Eldred D., Proterozoic Mazatzel quartzite of

izore : Pen Am. Geol., vol. 38, p. 504 2




.aks at the southern end, of the Mazetzal Range. Along
ine Creek it lies unconformably upon the Red Rock
yolite and is unconformably overlapped by Paleozoic
nd Tertiary beds. In northeastern Tonto Basin, in
ristopher Mountain and vieinity, it occurs faulted
ainst the Red Rock rhyolite end unconformably over-
apped by Apache, Paleozoic, and Tertiary formeations. Near
-1 Rio it is in fault contact with metemorphosed shale of
e Alder series and unconformebly overlapped by Cembrian,
evonian and Tertiary beds.

Typicelly, the Mezatzel is & very hard, vitreous,
ine to medium-grained, prevailingly cross bedded, locelly

quartzite. Its weathered

-own, reddish brown, light gray, or nearly white, but

ith a characteristic faint purplish tint that is parti-
1larly noticeable from a distance. Its strata, which pre-
ailingly form rugged cliffy to boulder-controlled slopes
(see Plates XIII-A and XEEVT)iswrenge from & few inches to
~veral feet in thickness with 2- to 6-foot beds probebly
he most common. In places relatively thin members of
onglomerate and maroon shale are present. On Pine Creek
he formetion hes a basal conglomerate 300 feet thick.
Measured sections of the lMazatzal c
t to be 1,300 feet thick in the Me
\

,800 feet on Pine Creek (p. 242 ),

sl Rierilpe. 128205
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PLATE XIII-B. Microphotograph of typical Mazatzal quartzite.
Crossed nicols, 23 diameters.




Microscopica )] pical Mazatzel quartzite

ynsists of & closely-pack z¥e to
mbangular quartz grains in s finely grenular, siliceous,
somewhat limonitic cement (Plate XIII-B). The grains, which
stly do not exceed 1 mm. in length, are cheracteristicslly
5 to 50 per cent longer than wide. The

ale of the formation consists of sparse, extremely fine
rticles of quartz eand ksolin in an abundent argillaceous,
iron oxide cement. In places they ere mottled, probably

1e to unequel diffusion of the iron oxide.

Reletion to the Yavapai group: The Maza

Maverick shale, end Deadmen quartzite rest un-
'

onformebly only on the Red Rock rhyolite. They hsve not
sen found overlying the Yaeger greenstone and Alder
eries, probably because the foundation provided by these
olded, faulted, relatively soft members of the Yavepai
roup could poorly resist the erosion that the Red Rock

hyolite has withstood.

Oon Pine Creek the Mazatzal quartzite is separated

rom the Red Rock rhyolite by en erosional unconformity,

roclaimed by & basal conglomerate 300 feet thick. That
he old rhyolite surface sloped southweard is indicated
’ the coming in snd southward thickening of the Maverick
ele snd Deadmen quartzite beneath the Mazetzal quartzite
in the Mazatzel Mountains.
While it is possible thet the Mazatzal quertzite,

sverick shale, and Deadman quertzite were deposited es




sar-shore phases of the Alder series, these formations

y not eppear to finger out or grade into the Alder type
rocks southwaerd, awey from the rhyolite oldland; on the

ontrary, the Maverick and Deadmen thicken in that direction.

irthermore, it cen scarcely be argued that the Alder

sries is younger then the Deadman, Maverick, and Mazatzal

trata, for the Alder conglomerate beds contain abundant

cbbles of typical Red Rock rhyolite but only sparse

sbbles of quartzite, and that quartzite is unlike Deadman

nd Mazatzal material.

It seems most likely that, prior to deposition of
he Deadman, Maverick, and Mazatzal strata, the region
nderwent uplift, probably accompanied by some feulting,
nd the esreas of Red Rock rhyolite now overlain by these

strata were stripped of eny Alder rocks that may have

overed them.

ity Creek series
A thick succession of shale with some interbedded
lartzite is exposed at the northern base of the Mazatzal
ins, on the western side of City Creek (Long»;.lllO

“beyond the northern limit of Plete XXI. These beds

’

re termed the City Creek series.

Here, a northwerd-sloping pediment, capped by

Cembrian Tepeats sandstone, Devonien limestone, and
lertiary-Quaternary gravel, has been dissected to depths

200 or %00 feet by northward-flowing tributaries of




PLATE XIV. City Creek series with smell scale thrust showing
in quartzitic member.




the East Verde River and limited on the north by the
1arrow bottom-lands of that stream. The City Creek series
:rops out for an east-west length of about one mile in

'he bluffs of the pediment overlooking the river, and for
spproximately 1% miles southward in the lower reaches efi
the tributary gulches.

The City Creek series constitutes a faulted, some-
hat folded block that eppears to be a northwerd-plunging,
spoon-shaped syncline with steepening limbs on the east
and south. Its contacts with the Yaeger greenstone on the
ast, west, end south are greatly obscured by talus and
“rush,kbut seem almost certainly to be steeply dipping

faults. The series is intruded by a few nerrow dikes of

diorite porphyry end overlain, with well-exposed, pronounced

angular unconformity, by Cembrian Tapeats sandstone.
Apparently the lowest exposed members of the series
re at the southeastern mergin of the pediment (see
sketeh section, Figure 2). There, the canyon of City
'reek cuts through well-stratified grayish-black to
urplish siliceous shale which is at least 800 feet thick
nd contains at the top a 15-foot member of alternating
shale and novaculitic quartzite (see Plate XIV). In
places this black shale weathers splintery, not unlike
member (4) of the Alder series south of Sheep Mountain
(page _171). The City Creek black shale is sufficiently
herd to scratch ordinary glass, yet can be marked by &

knife, and shows no reaction with acid. Microscopically,
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Figure 2. Sketch section across upper City Creek.




the black shale consists of angular particles of quartz
nd shreds of keolin (%), 1/25 to 1/50 mm. in diameter,
stratified within en abundent, isotropic cement that is
pale green in ordinery light.

The next higher member of the series consists of
thin-bedded, friable maroon shale, about 50 feet thick,
with a 10-foot member of alternating noveculitic quartzite

nd shale at the top (see Fig. 2).

Resting upon this member is thin-bedded maroon to
purple shale with some interbedded quertzite. These beds,
which dip rather steeply and extend northwestward beneath
Paleozoic and Tertiary-Queternery formations, have en
epparent thickness of at least 1,000 feet, but there is
possibly some duplication of faulting or folding.

Farther northwest, where it reappears in the bluffs
fronting the East Verde River, the City Creek series
consists of very thin-bedded, friable grayish-green shale.

As this member is very poorly exposed, its thickness and

structure were not determined.

Resembling nothing known in the pre-Cambrian of the
Southwest and appearing only in fault contact with the
Yaeger greenstone, the relation of the City Creek series
to the other pre-Cambrien rocks is unknown. As it is
asffected by broad folds end smell thrusts (Plate XIV),
this series probably antedates the great period of
folding and feulting thet involved the Mazatzal quartzite

as described on pages 137-145 . ‘Possibly it represents




L1%

4

the protected remnant of a succession, younger than the
lMazatzal quartzite, that elsewhere hes been removed by

erosion.

iorite porphyry
Dikes of grayish-black diorite porphyry occur rather

ommonly intruding the Yaeger greenstone, City Creek, and
Alder series. In general these dikes strike northeastward,
arallel to the regional leminetion, indiceting that they
were intruded efter the principal epoch of folding. As

his folding affected the Mazatzal quartzite, they are
probably younger than that formeation.

Microscopically, the diorite porphyry consists
>ssentially of extensively kaolinized feldspar, chlori-
ized hornblende, and secondery quartz, together with minor
eccessories. Its feldspar, where determinable, is chiefly
oligoclase and some sodic labradorite. The rock bears a
strong field resemblance to the diorite porphyry of the
126

sradshew Mounteins and Jerome guadrangles and may be

ssentially of the same age.

op

150
Jaggar, T. A., and Palache, Charles, Description of the
dshaw Mountains quadreangle: U.S. Geol. Survey Folio
s (P 8,5 1905,

Lindgren, Waldemear, Ore deposits of the Jerome and Bradshaw
untaing quadrangles, Arizona: U. S. Geol. Survey Bull.,
782, pp. 87-58, 1926,




rd pyroxenite
A stock of dense blackish-colored porphyritic

ock, intruding the Alder series and in turn inveaded by
crenite on its southeast, crops out as a belt 3/4 to

1/8 miles wide that extends northeastward ecross the
ezatzal Range at Mt. Ord (Plate XXII). Many dikes of
11s rock, generally less than 75 feet wide and of north-
stwerd trend, intrude the Alder series for a distance

some 35,000 feet from the stock, becoming less numerous

Exposures of this stock are cheracterized by blocky
orms of somewhat subdued angulerity (Plate XV-A) whose
‘0osion has been guided by a principal jointing thet strikes

60° W. and dips 75° 8 E. On the northeastern slope

the mountain, particularly, the rock has been carved
1to steep-sided spurs and cenyons, but its slopes above
titudes of 6,000 feet tend to be gentle and largely

vered with soil which supports exceedingly dense thickets

oak, manzanita, and other brush up to altitudes of

;800 feet, with Jjuniper end pine predominating at higher
levations. Dikes of the porphyry in the less-resistant

der series commonly find expression as canyon narrows

d ridge prominences.

Typicel meterial from the stock appears pale greenish

ray on weathered surfaces and bleck on fresh fracture,
Wwith phenocrysts of pyroxene -up to 5 mm. in diameter in a

nse groundmass. Microscopically, the typical variety

seen to consist of well-formed phenocrysts of & mone-




PLATE XV-A. Northwestern slope of Mt. Ord, Mazatzal Mountains.
Rock is porphyritic pyroxenite, largely mantled by soil
and vegetatione.

PLATE XV-B. Microphotograph of Mr. Ord pyroxenite. Phenocrysts of

pyroxene, probably diopside, in a groundmess of finely felted
pyroxene. Crossed nicols, 80 diameters.
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clinic pyroxene (Plate XV-B) in a holocrystalline ground-

ass of finely felted pyroxene which in places heas under-

one considerable alteration to serpentine and chlorite.

he pyroxene of this rock has the indices and sharp ex-

inction of diopside. Near the granite the pyroxenite

hows silicification of its groundmass.

An exceptional variety of the pyroxenite is character-
ized by small rounded segregatiohs of the phenocrysts
hich, on weathered surfaces, stand out as nodules.,

The relation of the Mt. Ord pyroxenite to the diorite
orphyry has not been détermined. Obviously guided by
he northeastward-trending regional structure, the in-
rusion of the pyroxenite took place after the principal

lding and faulting which, as described on pages 137-1495,

(]

nvolved the Mazatzal quartzite., Hence the pyroxenite is

younger than that formation.

sranite
Granite, intruding the Mazatzal quartzite and older
ocks, mekes up more than half of the Mazatzal Mountains
end eastern Tonto Basin areas, the southern part of the
1

lack Hills, and & small part of the Pine Creek area.

As.a rule the granite forms steep, fairly rugged

lopes, eroded under guidance of northeast and northwest-

joints. In pleces, particularly the Mazatzal

J

ward-trending

Esplaenade (page 152 end Plate XXV), it retains a feirly

1ooth, flat surface which is the remnant of a pre-

ambrian peneplein.
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PLATE XVI-A. Granite intruded into greenstone, southeast of
North Peak, Mazatzal Mountains.

PLATE XVI-B. Jointed granite in Maverick Basin, Mazatzal Mountains.




PLATE XVII-A. Microphotograph of granite from Magzatzal Espleanade,
west of Maverick Basin. Or,-orthoclase; M, microperthite; q, quartz.
Crossed nicols, 21 diameters.

PLATE XVII-B. Microphotograph of pre-Apache granite east of Four
Peaks, Mazatzal Range. A, albite; M, microperthite; q, quartz, in
part of later generation. Crossed nicols, 14 diameters.



This formation includes severel vearieties or phases

wvhose detailed study and separation is & problem beyond
he scope of the present research. They are believed to
ave been intruded from a common source during one general
period.
The preveiling type of granite is of medium to
oarse texture and pinkish-brown color, deeply weathered
o pale yellowish brown, Microscopicelly it consists of
artially keolinized feldsper, quartz, some chloritized
iotite, and limonite derived from alteration of ferro-

nesian minerals. Its feldspars are principally ortho-

clase and microcline, with some albite and microperthite
(Plate XVII).

In eastern Tonto Basin and the southern part of the
izatzal Range, the granite is unconformably overlain by
younger pre-Cembrian (Apache) beds. In the northern part
of the Mazatzel Range, eslong the East Verde River, and in
the Black Hills, it is unconformebly overlain by Middle
mbrien sandstone. It is probably ecuivalent to the
radshew grenite, of the Bradshaw Mountains (page _ 66),
1d the Ruin Granite, of the Globe district (page 68 ),

with which it is virtually identical.

Rhyolite porphyry

Dikes of rhyolite porphyry occur sparsely in the

Yaeger greenstone and Alder series at various places. These

ikes generaslly do not exeeed 50 feet in width, though the




PLATE XVIII. Northeastward-trending dike of rhyolite porphyry
intruding Alder series and forming crest of ridge. Upper
Alder Creek, Mazatzal Mountains. :




ne that extends across the Mazatzasl Range, through Pine
llountain and Sunflower Ceamp (Plate XXII) has a meximum

idth of one mile., Following the prevailing structure

the region, they strike generally northeast to east-

warde. Within the Alder series, particularly, these dikes
orm prominent ridge crests and narrow cenyons. Pine

ountain ridge in places has a relief of 1,500 feet.

he locus of intrusion of its dike was a fsult contact
between slate and conglomeratic grit (members 12 and 13,
Pe __173-175)-

The rhyolite porphyry is typically a fine-grained
orphyritic gray rock that weathers pale yellowish gray.
(icroscopically, it shows phenocrysts of quartz, ortho-
2lase, and sodic plagioclase in a microcrystalline ground-
ass of sericitized, kaolinized feldspar and quartz.

The smeller dikes of rhyolite porphyry show little
or no dynemic metamorphism, but the Pine Mountain dike is
leminated for some tens of feet inwerd from its edges.

nsomel2” states thet "it appears to have been affected
)y the same forces that gave the schists their present
sharacter." This lemination, however, could be explained

s the result of cooling of the dike and relief or readjust-

ient of regional stresses, acting on originel flow planes

which were particularly well developed near the edges of

ensome, F. L,, Quicksilver deposits of the Mazatzal
nge, Arizona: U.S. Geol. Survey Bull. 620, p. 117,1915.




the mass.

The concordence of the rhyolite porphyry dikes with
the local and regional structure is strong evidence that
they were intruded after the principal epoch.of folding
2nd feulting end hence are younger then the Mazatzal

uartzite, They may be genetically related to the grenite.

.pache group
The Apache group, of younger pre-Cembrian age, un-
onformebly overleps the Yavepai group, Mazatzal quartzite,
and greanite in the eastern Tonto Basin areas,snd the granite
t the southeastern end of the Mazetzal Range, It does
10t appear farther northwest in the centrel Arizone areas.
my

he general lithology and age relations of the

Apache group have been described on pages _76-79 .

Pealeozoic Rocks

The Paleozoic rocks of the Plateau crop out in the
ilogollon escarpment, beneath which the pre-Cambrian

cerrene of central Arizone disappears northeastward.

That Paleozoic strata at one time covered the central

region and have been largely stripped away, back to this
regged line of cliffs, is evidenced by their several
scattered, deeply eroded remnants in the areas studied.

The Mogollon escarpment affords the following




aleozoice section:128

irosion surface

ERMIAN
Kaibab formation: gray to buff
limestone and celcareous
sandstone; more or less re-
HOEEdM Y ET OGN % iv'e s s/t oieisiv are s sivisie s sials sis o e

Coconino sendstone: Light-yellow
to white fine-greined massive
gross-pedted sand Sbones o e v ols b s olsiste s iotatiets 600-1,000

o

Supai formetion: Red shale and sand-
stone with some sandy limeston€eeesececeses 1,000
isconformity

ENNSYLVANTIAN
Limestone with interbedded con-

glomerate, sandstone, and sheale

thins out northwest of Pine....
isconformity
SSIPPIAN

Redwall limestone: Gray to buff
T AT STIOTIET 4 e e e ols sosire ss oty o iy gty

isconformity
IVONTA

Jderome formation: Gray compact
limestone, in pert arenaceous .

Compiled from the following sources: Rensome, ¥. L.,
some Paleozoic sections in Arizona and their correlation:
8. Geol, Survey Prof, Pdper 98, 1916; Darton,: N. - H.,
résumg of Arizona geology: Univ. of Ariz., Ariz.
ureau of Mines Bull., 119, 1925; Stoyanow, A. A
Correletion of Arizona Paleozoic formati Soc.
ls , Bull., vol. 47, pp. 459-540, ) ; and Wi n, Eldred
«, unpublished notes.




isconformity

MBRIAN (1\‘7—3;‘—‘- )

MA DULET )

epeats sandstone: Dull red-brown
cross-bedded friable pebbly

SHId SERNESD S RESNRL B NN RS IR Gk 80-100

reat unconformity

southeastern margin of
of Mazatzal lend,
>st upon the Apache group

e following

TRTAN
1 o0loo Ll LN

Erosion surface

-gray pure,
limeston€.eesss.

Tornado limestone: Light
si

comparatively mes

VONIAN

Martin limestone: yellowish to brown
erenaceous and argillaceous lime-
Btonel ahade BEHA StORO .. %  SELANANE RSN

Troy sandstone Light-brown cross

-bedded
pebbly sand
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After Rensome, F. L.,

e

and Stoyanow,
rk cited.




The Paleozoic streta of the Plateau we
pre-Cambrian surfece that has undergone deep
rosion end extensive peneplanetion., In centrel .
owever, there remained a northeastward-trending mountain
as Ransome pointed out (page 71 ), comprise

land barrier between the Paleozoic depositional besins

" northwestern and southeastern Arizona. i thi

barrier, which Stoyenow termed Mazatzal lend

as not been determined, b it mu have been at least
including > Mazatzal Mountains, Pine
and eastern Tonto Ba 5, and it extended

or an unknown distance northeastward, appearing in the

efiance uplift (pp.72-73 ), 150 miles northeast of

onto Basin. Stoyanowl30 has brou ught forth convincing
thologic and faunal evidence showing that the Mazatza

nd acted as a barrier through later pre-Cembrian and all

€

through early Peleozoic, up to Pennsylvenien time "when

le sea encroached upon the existing part of the barrier

nd, indeed, rolled over it." The materials that make

s : A B i gl 13
the Permian Coconino sandstone were, according to McKee,™"

erived from Mazatzal land.

Stoyanow, A. A., Correlation of Arizona Paleozoic for-
rmations: aeol Soc. Am., Bull., vol. 47, pp. 459-540,1936.

D., The Coconino sendstone - its history and
‘negie Inst. Wash., Publ. No. 440, pp. 77-115,




Mesozoic Interval

No Mesozolc rocks are present in central Arizona,
ut they may once have covered the region and since been
tripped by the erosion of Tertiary and Quaternary time.
11 that can be szid in our present state of knowledge
is that there is a break in the stratigraphic record from

he Permian to the Tertiary.

Tertiary Rocks

reneral statement

The Tertiery 1s represented by loosely to firmly
ronsolidated sedimentary beds and by volcanic rocks., Al-
though these formestions have not yielded fossils, their
robable age can be fairly well inferred from existing
cnowledge of the structural, physiographic, and sedi-
nentgtion history of the Tertiary in adjacent perts of
rizona. As the Tertiary rocks are involved in the later
structural events of the region, they merit more attention
than could be given them during the present research. No

has been made to work out their details of

d structure or to show more then their

an
iistribution on Plates XX D2, 1 IRl ©.6 B I A o1 0

?

nd LXVI.




These Tertiary formetions represent two epochs of
which the older is regarded as Mid-Tertiary, possibly

lliocene, and the younger as Pliocene.

Mid-Tertiary rocks

The mid-Tertiary rocks include sedimentery beds,
endesite, end dacite.

The sedimentary beds consist of stratified, in-
durated hematite-red arkosic conglomerate and sandstone.,
This succession, which crops out with a thickness of more
then 1,000 feet at Mt. McDowell, northwest of the Junction
of the Verde and Salt rivers (Plate IV), underlies the
later deposits of the deeper vealleys to an unknown extent.
The red beds are lithologically identical to those at

Fapago Saguaro and Tempe Butte, 15 miles farther south-

west, which Bryan 132 has described and considers as pre-

Pliocene in age. In all localities they have been faulted
end tilted, and at Tempe Butte they are overlain by a thick
tilted bed of endesite. The abundance of ferric iron in
the red beds indicates that their meterials were derived
from a region that had rreviously undergone deep oxidation.
They may be equivelent 4n age to the Whiteteil conglomerate

of the Globe and Ray districts, which underlies the dacite

133

Bryen, Kirk, The Papago Country, Arizona: U, S. Geol.
Survey Water-Supply Paper 499, pp. 59-60, 1925; and
written communication.

?




end is probably early or middle Tertiary.l9®

The dacite of the Globe and Ray districts, which
Rensome regarded elso as early or middle Tertiary, extends
northwestward through the Superstition Mounteins and abuts
against the southern end of the Mazatzal Range. Between
this range end the Salt River, the dacite consists of
essentially flat-lying flows and tuff, totalling more than
1,500 feet in thickness. In places it is underlain by

endesite.

Late Tertiary rocks

Unconformebly overlying the mid-Tertiary red beds
and dacite is a thick series of poorly stratified con-
glomerate, sandstone, silt, and impure limestone. . This
series floors the intermont troughs and in many localities
extends high into the mountain ranges. In places it is
intercalated with and overlain by volcanic rocks of
eandesitic and basaltic composition.

The conglomerate crops out at many places, chiefly
as bluffs and steep slopes cut by the deeper stream
chennels of the Verde and Tonto valleys. It consists of
ill-assorted angular to rounded boulders, pebbles, and

sand, eroded from the older rocks of the region. These

materials are more or less firmly consolidated and dis-

133
Rensome, ¥. L., Copper deposits of Ray and Miami, Arizona:
U, S. Geol. Survey Prof. Paper 115, pp. 67-68, 88, 1919,




PLATE XIX-A. Deformed lste Tertiary conglomerate in lower Verde
Valley, west of Club Ranch.

PLATE XIX-B. Late Tertlary silt and limestone near East Verde River
at Longitude 111° 30’




tinctly bedded (Plate XIX-A).

Soft, friable, pale yellowish-brown sendstone, inter-

bedded with conglomerate, silt, limestone, end basalt, meake

up & large part of the younger Tertiary sedimentary series
between the northeastern base of the Mazatzal Range and the
Zast Verde River. It also mantles much of the older rock
surface at an altitude of approximately 6,000 feet be-
tween Maverick Basin and Knob Mountain, in the northern
portion of the Mazatzal Range.

In some localities impure hard to chalky limestone
oceurs associated with the late Tertiary beds. Inter-

bedded with conglomerate, clay, and basalt and containing

large saline deposits, it constitutes the Verde fommation

which covers ean area of 300 squere miles in the upper

Verde Valley.154 This formation atteins a thickness of

more then 2,000 feet and rests upon basalt. Limestone,

assoclated with conglomerate and basalt flows, forms

prominent bluffs along the lower Verde River in the vicin-

ity of Letitude 34°. Interbedded with conglomerate, sand-

stone, and silt, it crops out et the northeastern end of

the Mazatzal Range and also in the western part of Tonto

Valley, near Latitude 34°,

As indicated by their texture and composition, the

conglomerate, sandstone, and silt were laid down by local

134
Jenkins, Olaf P., Verde River lake beds near Clarkdale,
Arizona: Am. Jour. Sei., bth ser., vol. 5, pp. 65-81 1925.




streams under semi-arid climatic conditions. The lime-

stone wes deposited in lakes which resulted from temporery

obstruction of the mein drainage channels by leva flows,

aided to some extent by faulting.

Alﬁhough these deposits have not yielded fossils in
central Arizona, their age is regarded as late Tertiary,
probably Pliocene. They are broadly similar to the Gila
conglomerate, of southern Arizona, which Bryan has shown
to be Pliocene. ILike that formation, they represent the
period of sedimentation that occurred after the present
renges and valleys had been outlined snd preceded the Basin
and Range faulting. Furthermore, they overlie and are
interbedded with leva flows of probable Pliocene age.

Volecanic rocks mantle large areas in the region, as
shown by the Geologic Map of Arizona. Extending across
the Plateau escarpment from the San Frencisco Mountains
volcanic field, these extrusive rocks cap the Black Hills,
floor much of the Verde Valley downstresm from Cemp Verde,
and cover portions of the Mazatzal Range. They consist
of flows, breccia, and tuff, in part andesitic but largely
basaltic in composition. The series, which ranges in
thickness from less than 100 to more then 2,000 feet,
rests upon an irregular surface of erosion.

The eruption of these rocks evidently occupied a
rather long intervel of late Tertiary time, They occur
intercalated with and overlying the late Tertiary sedi-

unentary beds, and in the Black Hills end Mazetzal Moun-




PLATE XX-A. Southeastern side of Table Mountain,

Mazatzal Range,
showing 2,000-foot succession of Tertiary volc

anic rockse.

PLATE XX-B. Tertiary basalt

which lies on granite. North bark of Salt River at
foot of Mazatzal Range.

(b) resting on late Tertiary gravel (gl)

southwestern
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tains, they clearly antedate the block faulting that gave

rise to the mountain ranges. A large portion of the series
is later than the development of the Plateau escarpment ,
which probably followed the initiesl uplift of the ranges.

Quaternary Deposits

The intermont troughs of central Arizons are

veneered in most places with ill-assorted, commonly un-
stratified gravel, sand and silt, from less then a foot
to a few tens of feet thick. This alluvium is of local
l derivation. It is doubtless of Quaternary age and in

places is undergoing deposition at the present time.

CHAPTER III. STRUCTURE

General Statement

The earlier pre-Cambrian rocks of central Arizona
have undergone intense folding, accompenied by reverse
end normal faulting end widespread batholithic invasion,
whereas the later pre-Cambrian, Paleozoic, and Tertiary

formations have been dislocated mainly by normal fault-

ing. The folds and reverse faults are of subparallel,

northeast to northward trend. Some of the normasl faults

strike parallel to these features and others approximate-

ly at right angles to them.



The earlier folding, feulting, end associated

lgneous activity, which ocecurred long before deposition

of the Apache group, merk a crustal disturbence termed

the Mazatzal Revolution. After this revolution the region

passed through many cycles of uplift, erosion, and sub-

sidence, but appears to have undergone comparatively

little further deformation until normal feulting in late

Tertiary time gave rise to the present mountain ranges.,

Folds

The folds in central Arizona are of closed, open,

end drag types. As a rule they plunge st low or modersate

engles northeast to northwerd, and their sxisl planes

tend to dip southeastward., The formations involved in the
folding are, in order of observed intensity, the Alder
series, Maverick shale, Deadman quartzite, Yaeger green-
stone, City Creek series, Mazatzal quartzite, end Red
Rock rhyolite, all of pre-Apache age.

The closed folds are sharp, steep-limbed flexures
vwhich tend to be slightly overturned northwestward. They

range in width from a few inches to several thousend feet:

>

the syncline exposed west of Mazatzal Peak (Plate XXI,

sec. N-S) has & minimum emplitude of 4,000 feet, end the

one indicated by Plate XXII, section S-0, in the central

segment of the Mazatzel Range, appears to be more than

six miles across. Throughout central Arizona most of the
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Alder series, a large part of the Yaeger greenstone, and
in places the Red Rock rhyolite, Deadman quartzite,
Meverick shele, and the lower portion of the Mazatzal
quartzite, are affected by folds of this type. The folded
strata, particularly if argillaceous, are more or less
leminated parallel to original bedding, but, except on
bends, show no change in thickness due to flowage, end
no microscopic evidence of recrystallizetion due to re-
gional pressure., Their metemorphism to phyllite and
schist is restricted to the vicinity of intrusive bodies,
particularly of granite.

Open rather than closed folds predominate in the
relatiﬁely competent Red Rock rhyolite, Deadman quartzite,
end Mazatzel quartzite, and elso in the City Creek series.
These open folds are generally broed, gentle flexures
vhose limbs dip less than 50° (Plates XXI and LXVI),
but some are sharp bends of which one limb, due to north-
westward overturning, dips steeply or even verticelly
(Plate XXI). They have the same northeast to northward
trend and plunge as the closed folds.

Dreg folds, affecting &ll the deformed rocks, though
best developed in the Maverick shale, Deadmen quartzite,
eand the lower portion of the Mazatzal quertzite (Plates
LIT end LV) occur within the bends of many of the\major

folds end in the lower portions of the thrust slices.

They are rather uniform, sharp flexures, generally less




140
then ten feet in amplitude, with pronounced northwestward
overturn. Marking zones of differential movement, they
die: out or give way to bedding faults in the more com-

petent rocks.

Faults

Age and expression

The principal faults recognized in central Arizona
are of two ages, pre-Apache and late Tertiary. The pre-
Apache faults are of low-angle thrust and steeply dipping
reverse and normal types that, as a rule, have not greatly
influenced the present topogrephy, whereas the Tertiary

faults are of normal type and tend to be strongly ex-

pressed in the topogrephy.

Reverse faults

Striking parallel to the folds are numerous re-
verse faults which have greatly dislocated the Meazatzal
quartzite and older formations but do not affect the Apeache
and younger rocks. These faults exert more or less con-
trol over dreinege lines end saddles. In places the actueal
fault plane is visible. Where hard, brittle rocks,
particularly quartzite and rhyolite, are involved, the
trace of the fault is marked by breccia and gouge, and
the footwall tends to be shattered.

The reverse faults dip from a few degrees to 80°




southeastward. The low-angle thrusts are apparent only in

the more competent beds but possibly involve also the

closely folded Alder series. Although some of the steeply

dipping reverse faults probably followed the batholithic
invesion, most of them appear to be related to low-angle
hrusts. Due to insufficient key beds, their meximum displace

| ment 1s generally indeterminate; in meny ceses it plainly
exceeds 1,000 feet,

The low eangle and steeply dipping reverse faults
are particularly well exemplified by the Mazatzal thrust,
e great low-angle initial shear feault that involves the
northern half of the Mazatzel Mountains., From its apex
in & saddle one mile south of North Peak, it is treaceable
southward for 7 miles, disappearing where intruded by pre-
Cembrien granite on the southwest (Plate XXI) and con-
cealed by Tertiary formetions on the east, beyond the limits
of Plete XXI. It probably continues 10 miles farther
southeastward, beneath the central segment of the range,
to the intrusive bodies at Mt. Ord. Its minimum dis-
plecement is 7, and may exceed 17, miles. The exposed
portion of the thrust cuts, with low southeastward dip,
diagonally ascross the underlying gently southeastward
dipping Mazatzél strata. Above the fault are imbricated,
slightly deformed to closely folded sheets of Red Rock

rhyolite, Deadman quartzite, Maverick shale, and

llezatzal quartzite. These sheets are separated by steep-

ly southeastwerd dipping reverse faults which branch up-




ward from the sole. Above the presumed southeastward
extension of the thrust in the central segment of the
range are blocks of Red Rock rhyolite and folded, steeply

tilted Alder beds. These blocks are separated by steeply

dipping faults (Plate XXII). that strike northeastward,

Tear faults

The pre-Apache rocks are cut in places by vertical
feults which strike northwestward, perpendicular to the
folds, and affect the topogrephy only as zones of weakness
to erosion. They are further characterized by horizontal
displacements of a few hundred feet, but their vertical
displacements are generally indeterminste. A fault of this
type exposed along the South Fork of Desdman Creek, in the
Mazatzal Mountains (Plate XXI), shows a displacement of
approximately 150 feet vertically and more than 200 feet
horizontally. Another, between Red Rock and Sheep Moun-
tein, in the seme range (Plate XXII), has a displacement
of approximaetely 300 feet horizontally and an unknown
enount vertically.

These faults are interpreted as pre-Apache tears
which resulted from the compressive stresses that gave

rise to the folds.

Normal faults
Normel faults are fairly abundent in central Arizona.

Part of them, truncated by & pre-Cambrian erosion surfeace
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and overlain by undisturbed Cembrisn strata, are of pre-
Cambrian, probably pre-Apache, age. Some are of indeter-
minate age, but, wherever they lack topogrephic ex-
pression they may reasonably be regarded as pre-Cambrian.
Others are strongly reflected in the present topogrephy
and in places cut Tertiary beds.

The normal faults of known and supposed pre-Cambrian
age strike northeast to northward, dip steeply, and show

displacements of a few tens to several thousand feet,

They are well exemplified in the northern and central por-

tions of the Mazstzal Range (Plates XXI end XXII), as
described on pages 208-228 | and in the Black Hills (Fig. 13
and page Al

The Tertiary normal feaults comprise two main
systems of which one strikes northwest to westward and the
other northeast to northward. Their‘displacement ranges
from a few feet to more then 1,000 feet. They dip steep-
ly or even vertically and are cheracterized by strong re-
flection in the present topography. Minor faults of this
type occur locally within the mountains, as shown in the
Pine Creek area (pages 254-255). Those of great displace-
ment are found in places separating the Tertiary (Piiocene)
beds of the ﬁalley troughs from the hard rocks of the
mountain ranges. There appears to have been little or no
tilting associated with these faults north of Latitude

330 45', No true fault scarps are present, but the moun-
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tain fronts mey be regarded as profoundly eroded fault-
line scarps. The mountéin ranges stand above the inter-
vening valley troughs beceuse the upthrown mountein
blocks are resistent to erosion relative to the soft

Tertiary beds of the downthrown blocks.

Correlation of the Structural Features

The volcenic activity that formed the earliest

known rocks, the Yaeger greenstone and Red Rock rhyolite,
was doubtless occasioned by crustal unrest, but its
associated structural features are obscure. It was
followed by a long period of erosion and sedimentation
during which the several thousand feet of Alder beds were
deposited. This sedimentation wes interrupted by regional
uplift, eccompanied probably by some faulting, and con-
sequent denudation of large areas of Red Rock rhyolite
upon which the Deadman quartzite, Maverick shale, and
Mazatzal quartzite unconformably rest. Hence some of the
normal faults that separate Yeaeger greenstone and Red
Rock rhyolite from Alder beds may have originated in pre-
lazatzal time.

The field relations indicate thet the major features
of pre-Cambrian structure in centrel Arizona resulted
from one profound crustal disturbance, the Mazetzal Re-
volution, which occurred after deposition of the Mazatzal

quertzite and long before Apache sedimentatiomn. The sub-




parallel folds, thrust fsults, and imbricate, steeply
dipping reverse faults, so strongly developed in the
Mezeatzal quartzite and older formations, clearly resulted
from intense northwest-southeastward regional compression;
the overturn of the folds indicates that the direction

of thrusting was northwestward. The tear faults, which
strike normael to the trend of the folds, are believed to
have been formed by sheering stresses set up by the com-
pression. Widespread igneous activity, consisting of the
intrusion of dioritic to pyroxenitic stocks and dikes and
the largest batholithic invasion of grenite in central
Arizona, culminated this most intense crustal disturbance.
The regional compression induced lamination and slaty

cleavage, but no marked recrystellization, in the in-

competent rocks. Schistosity is apparent only in the

vicinity of the larger intrusive bodies. Readjustments
consequent upon the compression and igneous sactivity
gave rise to normal and steeply dipping reverse faults
of northeastward strike.,

The Tertiary block faults, which are parallel to
pre-Apache structural features, probably followed breaks

or zones of weaekness inherited from the Mazatzal Rewolution,




PART III - DETAILS OF CENTRAL ARIZONA AREAS

CHAPTER I - MAZATZAL MOUNTAINS

Geography

Genersal topography
The Mazatzal Mounteins are in centrel Arizone, neer

the southwestern margin of the Plateau. The range trends

about N. 30° W., from the Salt River on the south to the

Bast Verde River on the north, between the valley of Tonto
Creek on the east and the Verde River on the west. It is
50 miles long by 12 to 18 miles wide and has a somewhat
sinuous crest that presents & skyline of prevailingly
rounded, though locally rugged, peeks and saddles. The
saddles exceed 4,500 feet in altitude, whereas the higher
peeks rise about 3,000 feet higher. From north to south,
these summits are: North Peak (eltitude 7,449 ); Mezatzal
Peak (7,914); Cactus Point (7,600); Sheep Mountein
(7,260); Pine Mountain (6,250); Mt. Ord (7,155); and Four
Peaks (altitude 7,645 feet above sea level or 5,500 feet
above Rooscvelt dem). Most of the range is asymmetrical
in cross section, with the slopes considerably shorter am

steeper on the east than on the west. The slopes on both

sides have been intricately dissected by deep and narrow




canyons,

Climate, vegetation, fauna, and industries

At Roosevelt the temperature extremes so far re-
corded are 1140 and 18° F., and the mean ennual pre-
cipitation is approximately 18 inches. No climatic re-

cords for the range are available, but its highest por-

tions probebly have minimum temperatures of -20° or lower

?

and & mean ennual precipitetion of more thanm 30 inches.
This high country contains meny smell intermittent end
perennial streams, whereas most of the streams in the
cenyons of the lower flanks are ephemeral and carry only
seasonal run-off, largely as flash floods.

The slopes that exceed the angle of repose in steep-
ness appear as rather bare rock, but the ridge crests’
and gentler slopes commonly maintain sufficient soil to
support & fairly dense vegetative cover. Western Yellow
Pine, with some spruce and scattered oak, abound in favor-
able places above altitudes of 5,500 feet. Between alti-
tudes of 4,000 to 5,500, particularly, end up to 7,000
feet on some southwestern slopes, are dense thickets, 4
%o 10 feet high, of oek, manzanita, and other verieties
of brush. A widely overlepping zone of juniper lies be-
tween the timber and brush zones.

The principal netive animels are bear, deer, moun-

tein lion, wildeat, wolf, coyote, numerous kinds of
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smaller animels, and meny verieties of birds.

Seasonal grazing, prospecting, mining, and trepping
are the only industries. Most of the inhebited ranches
are in the low country near the southwestern margin. Aside
from the foot-hill areas, the remainder of the range, in-
cluding more than 500 square miles, had in 1935 about

6 year-long residents.

Accessibility

A highway connecting Roosevelt with Payson follows
the valley of Tonto Creek and connects with the Bush
Highway, which skirts the southwestern portion of the range
and crosses its middle segment. A few secondary roads
brenching from these highways lead to mines and prospects.
The northern foot of the range is reached by a road that
leads from Payson to Teylor's ranch, on the East Verde
River. Treils built by the Forest Service, stockmen, and
prospectors greatly facilitate animel transportation into
the more remote sections, but much of the country is so
rugged eand brushy as to be accessible only on foot, and
many sections of the brushy areas can not be penetrated

without cutting.

Geomorphology

Northern portion

The northern portion of the Mazatzal Range, &s here




XXIV. Looking west from Tonto Basin st northern
portion of Meazetzal Range. North Peak at
right, Mazatzel Peek at extreme left.
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considered, extends from the East Verde River (approximately
Latitude 34° 15') on the north to Sheep Mountain (Latitude
349 5 miles south of Mezetzal Peak, on the south, end
from the Verde River on the west to the floor of Tonto
Basin on the east. It comprises an area 10 to 23 miles
long from west to east by 15 miles wide and includes more
then 250 square miles.

In this area, the summits are more than 7,000 feet
above sea level, with Mazatzal Peaek rising to 7,914 feet,
the highest point in the range. For about 3 miles north
of Sheep Mountain, the crest of the range is an irregular
peak-studded ridge whose ruggedly dissected, sparsely
wooded slopes are characteristic of the massive and
jointed Red Rock rhyolite. Northward, the crest is broader,
with & succession of six rounded to blocky peeks rising
above a locally timbered ridge of narrow rolling mesas
notched by five rather abrupt passes a few hundred feet
deep. The general configuration of the meseas reflects the
gently folded structure of the constituent Mazatzal
quertzite, and the notch-like peasses mark traces of re-
verse faults.

Northward from North Pesk, which is 7,449 feet
above‘sea level, the range descends gradually in 4% miles
to & terminus at the East Verde River where it has an
altitude of 3,300 feet. This descent begins with & steep
to cliffy, somewhet bushy surface thet cuts across 950

feet of flat-lying Mazatzal quartzite and continues with a




PLATE XXV. Looking northward from near Club ranch at a remnant of
a pre~Paleozoic surface (Mazatzal Esplanade) carved on Red
Rock rhyolite and granite. Ridge of Mazatzal quartzite at
righte.
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309-35° slope over some 500 feet of horizontal Meverick

shele to a narrow, timbered flat on the Deadmean quartzite,

thence over fairly steep northward-ridged brushy sur-

faces of Red Rock rhyolite and Yaeger greenstone to a

wide dissected terrace of loosely consolidated Tertisry

sediments flooring the valley of the Fast Verde River.

Two well-defined breasks in the greenstone slopes mark

traces of prominent southeastward-trending faults.,

In cross-section, the northern portion of the

Mezatzal Range is asymmetricel, with & long western back

slope and & steep eastern front (see sections, Plate XXI)

that suggests a dissected fault-line scarp.

Westward from the crest of the range there is a

raether abrupt descent on Mazatzal quartzite and Red Rock

rhyolite to & deeply dissected areas, 7 to 10 miles wide

from east to west, thet appears to be the remnant of a

gently westward-sloping surface, here termed the Mazatzal
Esplanade, whose altitude ranges from about 6,300 feet

on the east to 4,300 feet on the west (see Plates XXI

and XXV). On the north, west of City Creek, it ter-
minates with a slope on greenstone that descends ebout
2,000 feet in a mile, forming the southern wall of East
Verde Cenyon. On the west it overlooks, with an indented
front of extreme irregularity, the narrow valley of the
Verde River. The Esplenede itself is floored by pre-

Cambrien quartzite end rhyolite slong its eastern mergin,
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pre-Cambrien greenstone along its northern edge, and else-

where by pre-Cambrisn granite. As the granite and green-
stone are overlain by isolated and thin remnents of
Cembrien end Devonien strata and by many bodies of Ter-
tiary gravel and lava, the Esplanade is belleved to re-
present a peneplain of pre-Cambrien age that was largely
stripped and resurrected by erosion in Tertiary time.
Since the eruption of the Tertiery lavas that once covered
this resurrected plain, it has been again dissected. The
pre-Cambrian surface appears to have extended nearly to
the western base of the present upper ridge, which probably
stood as an islend during Cembrian end later Paleozoic
sedimentation. The relatively late dissection of this
resurrected peneplain has been accomplished by south-
westward flowing tributaries of the Verde River, particular-
ly Deadmen, Sycamore, and Wet Bottom creeks, which heve
carved steep-sided canyons, 1,500 to 2,500 feet deep.
Their long parallel southwest courses indicate struc-
tural control as do the courses of their branch streeams.
Both sets of stream courses appear to follow faults of
two systems heving southwest and southeast trends. Both
types of faults are shown in Plate XXI.

North of Barnhardt Canyon, which trends eastward
from the pass 2 miles north of Mazatzal Peak, the eastern
descent of the range begins with a steep to cliffy,

=

somewhat ruggedly indented surface that cuts across 500




to 1,000 feet of Meazatzal quartzite and continues with a
locally dissected 20° - 40° slope over lMaverick shale to
a folded, faulted reef of quartzite. For about & mile
north of Barmhardt Canyon or to the deep south fork of
Rock Creek Canyon, the eastern flenk below the quartzite
reef is a fairly gentle brushy slope of faulted, tilted
shale and quartzite which have been deeply dissected
into eastward-trending alternating canyons and spurs. The
crests of these spurs show a general accordance of
elevation. North of the south fork of Rock Creek, this
segment is a 15° - 35° slope of Yaeger greenstone which
is generally chearacterized by its exceedingly dense
cover of brush. Where the older rocks terminate against
the Tertiary sediments of Tonto Basin, the spurs are
canmonly marked by a well-developed notch, 20 to 100

feet deep, that suggests the trace of a fault. Eastwerd,

the spurs end rather abruptly at the irregular western

margin of the upper velley terrace, which here is
dissected to depths of 100 to 150 feet. At the north-
eastern foot of North Peak, present dissection of the
Tertiary beds is somewhat retarded by a dense growth
of cypress that gives way southward to grass lands with
scattered brush.

Southward, between the deep notch of Barnherdt
Ceanyon end that of Shake Tree Canyon, the eastern flank
of Mazatzal Peek descends as a long quartzite slope of

about 25° that steepens to 35° - 450 g short distance




west of its contact with the Tertiary sediments. South

of Shake Tree Canyon is a northeastward-trending ridge,

celled Cactus Ridge, of steeply-dipping quartzite

(Plates XXI and LIII) which culminates in Cactus Point.
To the west and south are long, steep, ruggedly dissected
Red Rock rhyolite slopes which culminete in Sheep Moun-
tain end constitute the northwestern side of the Canyon

of Deer Creek.

Middle segment

The middle segment of the Mezatzel Range, &s here
considered, extends from Sheep Mountain (Latitude 340)
on the northwest to the summit of Mt. Ord on the south-
east end from the Verde River on the west to the floor
of Tonto Basin on the east. It is an area of 150 square
miles that is 16 to 20 miles long from east to west by
9 miles wide.

The topogrephy of this segment differs from that
of the northern portion of the renge in asccordence with
its geologys Composed essentially of northeastward-
trending belts of steeply dipping slete, grit, rhyolite,
and intrusive bodies, locelly overlain by Tertiary
grevel and volecanic rocks, its topography reflects the
combined influences of structure, stratigraphy, and
antecedent configuration.

Southeast of the rhyolite mass of Sheep Mountain

and west of the meain divide the area has been deeply




PLATE XXVI. View southwestward from Pine Mountain showing
southwestward and southward courses of canyons. Foreground
is largely Alder series.




dissected with nerrow cenyons tributary to the southward-
flowing drainage of Sycemore Creek (Plates XXII end
XXIII). In the pre-Cambrian rocks, these tributaries
flow in zig-zag courses, guided by joints, minor faults,
and the lemination of the Alder series. Their inter-
vening ridges tend to be flat-topped with accordant
summits between altitudes of 5,400 to 5,600 feet., These
sumits, which are locally mantled with loosely con-
solideted Tertiary debris conteining large angular blocks
of basal Paleozoic sandstone, seem in part to repfesent
en erosion surface of moderate but still mountainous
relief. Whether this surface is pre-Cambrian, like the
pre-Paleozoic Mazatzal Esplanade described on pages 152—155,
or is Tertiary, has not been determined. Sheep Moun-
tain, Mt. Ord, and Pine Mountain probably survived as
mountains rising above this surface.

East of the main divide and north of Slate Creek
is a succession of deep, narrow cenyons tributary to
Slate and Gold creeks and principally of southeastward
trend, which appear to have.eroded headward under guid-
ence of Joints end minor faults perpendiculer to the
regional Strike.

Slate Creek pursues a northeastward course gener-
ally parallel to the regional strike, although somewhat
influenced by local structures. Its tributariés from the
south have cut deep, nerrow canyons, mostly perpen-

dicular, but in part parallel, to the regional strike.




The dissection of the pyroxenite stock of Mt. Ord has

been sccomplished by canyons eroding headward along

joint systems.

Southern portion

The southern portion of the Mazatzal Range, as

here considered, extends from the summit of Mt. Ord on
the north to the Selt River on the south and from the

Verde Valley on the west to the floor of Tonto Valley

on the east. It is an area of 350 squere miles thet is
24 miles long from northwest to southeast and 12 to 18
miles wide, This area is geomorpholbgically distinct
from the northern and middle segments of the range be-
cause it consists largely of granite with only smeall local
masses of sedimentary and volcenic rocks. This granite
gives rise to relatively less angular topographic forms,
and the slopes as a rule are somewhat gentler, with can-
yons that tend to be broader. In the small areas of
sedimentary, metemorphic, and volcanic rocks, however,
the relief is decidedly angular and rugged.

Southwerd from the summit of Mt. Ord (elevation

7,155) to Four Peaks the crest of the range consists of

rounded peaks of less than 6,300 feet altitude, separated

by broad flats or saddles generally less than 1,000 feet

lower., The most noteble of these flets, at Reno Pass,

Edwards Park, and Four Peaks Pass, as shown on the topo-

grephic map (Plate XXIII), are 1% to 2 miles long by 3/4




to 1% miles wide. Although ranging in sltitude from
agbout 4,800 feet at Reno Pass to 5,700 feet at Four
Peaks Pass, their surface is thinly mantled with soil

and loosely consolidated gravel. They mey represent rem-
nents of the same ancient surfece as appears between lMt.
Ord and Sheep Mountain. Four Peaks (altitude 7,645),
which represents en eroded roof pendent of steeply east-
ward-dipping Mezatzal quartzite end metamorphosed
Maverick shale, intruded by grenite, has a jagged crest,
a steep eastern dip slope, and a precipitous western
front more than 1,000 feet high (see Plate XXIII). South-
east of Four Peaks the divide is marked by another flat
area, about 25 miles long by 3/4 miles in meximum width
end 6,100 feet in altitude. Mantled with gravel and
soil, it may be a remnent of the o0ld surface that eppears
in Four Peasks Pass. South from Four Peaks, the range
descends, in a horizontal distence of 6 miles, from an
altitude of 7,645 feet to 1,600 feet at the Salt River.
The regularity of this slope is interrupted near the
river by the dissected flat leva mesas forming the
Painted Cliffs.

Sycamore Creek, in the southwestern portion of the
renge, occupies a fairly straight southwerd-trending
canyon that, in part at least, follows a fault zone.

The lateral cenyons in the southern portion of the range
Prevailingly trend northeast-southwest, in accord with

the principal jointing in the granite (page 196 ).




Meny of their tributeries follow northwest-southeast

courses, which is the direction of a minor system of

jointing. The intercanyon spurs show a general

accordence of summits at altitudes of 3,300 to 3,500

feet, like those at the northeastern base of the range
(pege 154 ). They mey be the dissected remnants of an

uplifted Tertiary pediment.

Geology

Status of investigation

135 made two short trips into the

In 1912 Ransome
eastern portion of the Mazatzal Mounteins incidental to
a general study of the conditions of Paleozoic sedi-
mentation in Arizona. He described & pre-Cambrian rhyolite,
unconformably overlain by & series of quartzite and shale
whose structural relations were not understood. He in-
ferred that these rocks had comprised & barrier ridge in

A

the Paleozolc seas (page 71 ).

In 1914, Rensome made a ten-day exemination of the

135
Rensome, F. L., Some Paleozoic sections in Arizone and

their correlation: U. S. Geol. Survey Prof. Paper 98,

pp. 157-159, 165-166, 1916.
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quicksilver deposits 136 that hed recently been discovered

in: the canyons of Sycemore Creek, southwest of Pine

Mountain, in the central part of the range. Incidental

to his description of these deposits, he gave an inter-

pretation of the local structurel feastures (pages 57-58 )

and some speculations on the composition of parts of

the range,

During parts of 1920 and 1921, the geologists of

the Arizons Bureau of Mines mapped the range. Due, how-
ever, to the rough, brushy character of the country and

a shortage of time and funds, this work was limited to a
137

broad classification of the formetions, and no attempt

was made to work out the structurel details.

In 1924-1926, Carl Lausen and E. D. Gardner mede a

brief study of the quicksilver resources,l38 which had

136

Ransome, F. L., Quicksilver deposits of the Mazatzel
Renge, Arizona: U. S. Geol. Survey Bull. 620, pp. 11l1-
128, 1915,

137

Wilson, Eldred D., Proterozoic Mazatzal quartzite of
central Arizona: Pen Am. Geol., vol. 38, pp. 299-312,
Nov., 1922,

138
Lausen, Carl, and Gardner, E. D., Quicksilver resources

of Arizona: Univ. of Ariz., Ariz. Bureau of Mines Bull.

122, pp. 60-105, 1925; Lausen, Carl, Tourmaline-bearing

cinneber veins of the Mazatzael lMountains, Arizona:

Econ. Geology, vol. 21, pp. 782-791, 1926.




undergone considerable development during the decade

subsequent to Ransome's work.

A short summery of the geology of the range was

prepered by Leusen for the Lindgren volume.l39

Approximately four months' time, distributed over

widely seperated intervals from the middle of 1930 until

late 1935, was spent in the Mazatzal Mountains area for

the present research. Due to the rough, brushy character

of most of the country this field work was largely done
on foot, using enimal transportation mainly to establish
| 2 few temporery cemps in the more remote locelities.
The U. S. Geological Survey Tufret Pesk sdvance topographiec
sheet, on a scale of 1:96,000, was used as a base map
for the northwestern portion of the range, snd enlarge-
ments of the Roosevelt sheet, published in 1912 on a
scale of 1:125,000, for the middle end southern segments.
No adequate topographic mep was available for the area
that adjoins the Turret Peak sheet on the east and in-
cludes the eastern slope of the range north of Latitude
349,

Professor Russell Gibson, of Harverd University,
spent approximately five days in the area and provided

meny helpful suggestions.’

139 ;
Am. Inst. Min. and Met. Eng., Lindgren volume, pp. 318-
319, 1933,
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Formations represented ‘
|
|
§
Northern portion lilddle segment ‘| Southern portion
Age
classification Formation Thickness Formation Phickness Formation Thickness
in feet in feet in feet
Quaternary Alluvium Alluvium Llluvium
Unconformity Unconformity Unconformity
Tertiary Basalt and andesite | 2,000+ Basalt and andesite 1,000+ Basalt and andesite 1,000+
(Pliocene) Sedimentary beds ~ | 1,500 | Sedimentary beds 1,500+ || Sedimentary beds | 1,500+~ ~
Unconformity Unconformity Unconformi ty
(Miocene ?) lissing lMissing Dacite and andesite 2,000+
Unconformity Unconformity Unconformity
Carboniferous
A _(M_].SSISS:L&)JL&D.)_ _liissing Missing B o R Tornado limestone i dp,
Devonian = | Jerome limestome | _ Bo+ | lissing 7 A | Martin limestone — | BEE
Disconformity Disconformity
Cambrian (Middle)| Tapeats sandstone 100 Missing Troy sandstone 160
Unconformity e — e — Unconformity
Later liissing lissing Apache group
pre=Cambrian T T TR
S el Sl T L LSRR g & Tiescal Timestons
\ Dripping Spring
\ quur zite 500+
Diorite porphyry Diorite porphyry, \ Barnes conglomerate | 15-20 |
and granite porphyritic pyro- T 6_11—961_‘_ ghale . 7 TESS T
xenite,rhyoclite \ Scanlan conglomerate 30
porphy and ———7Unconformity
___________ Lo granite | Granite
Barlier City Creek series 1,500+ i Mggdner oo W 0T T T e
pre~Cambrian - ——f— — — — — = |- — — — 4 —e— e e
liazatzal quartzite 1,300+ Mazatzal quartzite 1,250+
| lavericx shale _ " 500-800 ] | Maverick shele _ _ T | "800 _ ]|
Deadman quartzite 90-800 Missing
——Umeenformity ——— — | ' _ s Ble o 7 0 o e
Yavapai group lissing
m.EsTng— S R
_________ Lol Fault cont —
Red Rock rhyolite 1,000+ Red Reaic rﬂyollte 1,000+
Fault contact — === = — = e R
Yaeger greenstone 2,000 Missing




Pre-Cembrian rocks

Yavapai group: The Yaeger greenstone, Red Rock

rhyolite, and Alder series, which comprise the Yavapai
group and were previously termed the Yavapai schist,
appear extensively in the Mezastzal Mounteains, north of

Latitude 34°,

Yaeger greenstone: Greenstone occurs throughout

several square miles in the northernmost portion of the
renge. From the granitic srea of the Mazatzal Esplanade
(Plate XXI) this formation extends northward for some
3 miles, disappearing beneath Tertiary volcanic rocks on
the northern side of East Verde Canyon, beyond the limits
of Plate ZXI. For a mile west of City Creek it is
limited on the north by fault contact with the City
Creek series (Fig. 2). North of North Peak snd south-~
eastward to the vicinity of Rock Creek, beyond the limits
of Plate XXI, it crops out as narrow fault blocks bounded
mainly by Red Rock rhyolite along the base of the
mountains and by Tertiary sedimentery beds northeastward.,
Smell arees of so-called "greenstone" occur within the
Alder series (page 173 ), but they are chloritized or
dark ferruginous beds of that series rether than of the
unit under consideration.

The greenstone of the llazatzal Mountains is in-
truded by the post-Mazatzal granite at the northern
margin of the Mazatzal Esplanade (Plate XXI) and by a

small stock of similar granite at the eastern base of
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PLATE XXVII. Looking west at greenstone slopes on northern end
of Mazatzal Range west of City Creek. Cap rock (€%) on upper
left is Cambrian Tapeats sandstone.
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North Pesk, beyond the limits of Plate XXI. It is over-
lain by a few remnants of Middle Cambrien Tapeats sand-
stone, Devonien limestone, and Tertiery rocks, but its
contacts with the other formations of the area are faults.
Its pre-Cambrian age is established by its field re-
lations with the Paleozoic beds and with the post-
Mazatzal granite, which is of pre-Apache age. Composed
largely of intermediate to mafic volcanic rocks thet have
been extensively affected by low-grade metamorphism, the
greenstone of this range constitutes a readily dis-
tinguishable unit identical to the Yaeger greenstone of

the Black Hills (pp. 92-94),

Red Rock rhyolite: The Red Rock rhyolite which,

feox reasons stated on pages 98, 111-112, is regarded as
next younger than the Yaeger greenstone, appears ex-

tensively in the northern and central segments of the

llazatzal Range (Plates XXI end XXII). Feaulted against

the greenstone on the north, intruded by the post-
Mazeatzal granite on the west, end unconformebly over-
lain by Deadmen quartzite, it is the fundemental rock
from North Peek to Cactus Point. From Cactus Point to a
fault contact with the Alder series at the southern base
of Sheep Mountain (Letitude 34°), it forms the high

main ridge. In its type locality of Red Rock, a butte
in the central segment of the range, the rhyolite crops

out over en area 3/4 to 2% miles wide by more than 7 miles




PLATE XXVIII-A. Red Rock rhyolite in Davenport Canyon, west of
Club ranche.
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PLATE XXVIII-B, Massive Red Rock rhyolite showing south-
southeastward jointing, southeast of Club Ranch.
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PLATE XXIX. Jointing in Red Rock rhyolite, Sycamore Creek.
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long (Plate XXII), limited on the northwest and southeast

by fault contact with Alder beds.

Alder series: The Alder series, which is regarded

as next younger then the Red Rock rhyolite (pages 102, 112),
occurs typically'in the basin of Alder and Slate creeks,
in the central segment of the range. Between Sheep
Mountain and Mt., Ord the series crops out as two north-
eastward-trending belts, each abouf 35 miles in meximum
breadth, separated medially by the fault block of Red
Rock rhydlite that includes Red Rock. The northern belt
is limited on the northwest by fault contact with the
Red Rock rhyolite of Sheep Mountain, and the southern
belt temminates on the south at the Mt. Ord pyroxenite
intrusion. Fair to excellent exposures obtain on some
of the slopes end in many of the canyons, revealing the
members shown on Plete XXII. These members, however,
mos tly represent groupings of smaller units, the de-
tailed mepping and study of which are beyond the scope
of the present probleﬂ.

The following section obtains between Sheep
Mountein and Mt. Ord:

Section of Alder series between Sheep Mountain

and Mt. Ord (numerals refer to the cross-

section, Plate XXII).

Feet
1) The first sedimentary member, southeast "




of the Red Rock rhyolite mass of Sheep Mountain,
consists of thinly leminated, soft, dark reddish-
brown to hematite-red,l40 spotted slate, separated
from the rhyolite by a fault that dips 70° SE.

Due to its reletive softness, this slate fomms

saddles across the southeastwerd-trending ridges

of the locality. This member is characterized

mainly by its paper-thin, slightly wrinkled

laminee which ere commonly merked with diffused
reddish-gray lenticuler spots up to 1 inch by

1/4 inch in size. Microscopicelly the typical

materiel consists of very fine ovoid to angular

greins of quartz, generally less than 0.1 mm. in
diemeter, in a hematitic clay cement of sub-
microscopic fineness. These greins are well
stratified, with their long dimensions parallel

to the lemination. This lemination dips 70° -

80° southeastward. In places, it is cut by

fracture cleavage which indicates that the top

side of the beds is on the southeast. A few dikes

of rhyolite porphyry here intrude the series

perallel to its stratification; although generally
naerrow, these dikes locelly measure 200 or more

feet in width and form ridge crests between
southwestward-flowing tributery cemyons (Plate

XVIII). Thickness of member (1) eecececececesces 9S00

2) Southeastward, the first slate grades
into & belt of dark purplish-red mudstone
with predominating lenses of conglomerate
whose pebbles consist mainly of rhyolite,
quartzite, slate, and jasper. These
pebbles, which are rounded to ovoid &and.
subangular, as a rule range up to 4 inches
in diesmeter, with some exceptional ones of
rhyolite, up to a foot in diemeter, ne&ar
the southeastern margin. Microscoplcally
the typical rhyolite of these pebbles con-
sists of phenocrysts of quartz and ortho-
clase, up to 1.5 mm. in meximum dimension,
within a microcrystalline groundmass of
quartz and orthoclese. Of the pheno-
erysts, the quartz shows rounded to em-
bayed outlines, and the orthoclase commonly
forms cerystals of rectalinear cross section.
Sparse shreds of biotite, largely altered to
chlorite, are present. Epidote is fairly
sbundent in the groundmass, but the ortho-

140
Ridgeway's 72m to 5%m.
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clase phenocrysts are unaltered. This rhyolite
bears a striking resemblence to the Red Rock
rhyolite.,  Thiekness of (2) ce.asaseiii 1,000+

%-11). Faulted against this conglomeratic
member on the southeast is a belt of locally
schistose grit, shale, and slate. It is
intruded by a few narrow dikes of rhyolite
porphyry end diorite porphyry which strike
and dip with the lamination. Beginning
with about 200 feet of reddish-purple slate
(3) it grades into fairly messive to moder-
ately fissile, splintery, dark-gray slate
(4) which dips steeply southeastward and
crops out over a width of about 1/4 mile.
Microscopicelly, this splintery variety
consists of subengular to well-worn ovoid
grains of quartz, generally less them 0.05
mme. in length, together with numerous
smaller shreds of kaolin eand somewhat
larger grains of an unknown dark opague
mineral, in a cement of submicroscopic
fineness. These grains are arranged with
their longer dimensions parallel, apparent-
ly by original stratification rather than
as a result of metamorphism. In places,
this splintery variety contains beds of
maroon shele and leminated grit which dip
80° SE. Some of the grit grades into
conglomerate, with rounded pebbles mainly
of quartz and quertzite. The splintery
shale grades into gray quartzitic beds,
epproximately 500 feet thick (5), succeeded
by some 1,100 feet of moderately leminated
greenish shale (6) with about 75 feet of
greyish spotted beds, containing & few
narrow veins of cerbonate and jasper ad-
jacent to which noteble chloritization
has teken place. This shele 1s followed
by about 600 feet of schistose grit (7)
which grades into conglomerate (8)
approximaetely 300 feet thick. This
conglomerate contains long slivers of
shale and subrounded pebbles, up to
seversl inches across, of quartzite and
rhyolite. It grades into well-bedded
argillaceous derk grit (9) approximately
800 feet thick, laminated parellel to the
bedding.
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PLATE XXX-A. Slate of member 12, Alder series.

k—— 300k

12 of Alder series.

PLATE XXX-B. Sharp anticline in member




12)

The next member consists of about 1/% mile
of chloritic schist (10) conteining irregular,
lenticular, late Tertiary veins of dolomite
with jasper, as shown on Plate XXII end
described on pages 205-207 . It is succeed-
ed by 1/4 mile of schistose sedimentary
meterisl including quertz-sericite schist,
black slate, and conglomeratic beds (11).

On Alder Creek, at Sunflower Cemp, this
member contains cinnebar lodes, adjacent

to which more or less chloritization is
appearent.

Total thickness of members (3-11) «....

Faulted ageinst (11) on the southeast

is & belt of chocolate-brown slate

very similar to (1) but without the
prevalent greyish mottling. It is

well laminsted, for the most part
parallel to the bedding. Except for

a sharp enticline that appears at

the northeastern margin, in the canyon

of Sycemore Creek (Plates XXII,

sec., S-0, and XXX-B), this bedding

ranges in dip from 75° to 85°. This
member conteins the Pine Mountain group
of cinnabar deposits. Intruded along

the southeastern margin of the slate is

a branching, irregular dike of Pine Moun-
tein rhyolite that attains a maximum
width of nearly a mile but loceally
pinches out (Plate XXII and pages 124-126).

© 8 60600506009 000006000800 800000

Along the southeastern mergin of (12),
except where obliterated by the Pine
Mountein rhyolite dike, is a bed of
conglomerate locelly grading into
quertzite along the strike end form-
ing & prominent reef 50-200 feet
wide. It is mede up of pebbles of
red jesper, quartz, quartzite,
rhyolite, and sericitic slate in e
sericitic, gritty, greylsh to brown-
ish cement. These pebbles, which are
subanguler to poorly rounded, mostly
do not exceed 3 inches in diemeter,
though some are considerably larger.
They show little or no squeezing, but
their cement is rather fissile

173
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PLATE XXXI. Flaggy, leminated grit of member 14, Alder series.




14)

perallel to the bedding. The rhyolite
of these pebbles resembles typical Red
Rock rhyolite. Microscopicelly, it
consists of an aggregate of very

finely crystelline quertz end feldspar,
together with sperse, small phenocrysts
of quartz and scattered grains of magne-
tite, veined with dark iron oxide and
thin stringers of quartz that shows wavy
extinction. Near the Pine Mountain
rhyolite dike, particulerly, the cement
is veined with thin, branching quartz
stringers which tend to follow the
lamination. On upper Sycamore Creek
where the Pine Mountain rhyolite dike
pinches out, the conglomerate member

is apparently in feault contact with

the shale of (12), indicating this
contact to be the locus of the rhyolite
ditkelAntEPRaton Ll Tl G St e s e . .

Conglomeratic member (13) grades
southeastward intc a series of dark
gray schistose feldspathic grit,
gray quartz-sericite schist,
schistose quartzite, shele, and
several relatively thin con-
glomerate beds., The grit tends
to be rather frieble and flaggy
(Plate XXXI). In the vicinity of
the Mercuria and Gold Creek cinnabar
deposits, this series shows exten-
sive sericitization and bleaching;
on Alder Creek it includes about
100 feet of chloritic schist. The
conglomerate contains considerable
shaly material and rather abundant
subangular to rounded pebbles of
rhyolite which closely resembles
the Red Rock rhyolite., Microscopically,
the typicel rhyolite of these pebbles
consists of a finely crystalline
groundmess of quartz and feldspar
with -sparse phenocrysts, up to 2 mm.
in diemeter, of quartz and orthoclase;
the quartz phenocrysts are corroded
and embayed, and the orthoclase forms
subhedral crystals. Traversing the
rock are veinlets of fine-grained
quartz which shows wavy extinction, as
does the quartz of the phenocrysts.
The beds of member (14) preveilingly

50-200
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PLATE XXXII. Looking northwestward at northeastward-trending
quartz reef in fault zone between Red Rock rhyolite and member
15 of Alder series.
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strike N, 309-65° E. and dip 70°-85° SE.
Secondary cleavage, observed at a few

places, indicates that the top of the

section is towards the southeast. A

fault that strikes northeastward and

dips 309-45° NW. terminetes this member

against Red Rock rhyolite on the

B B et lois & s sl slsaciats s i reie | DO 0E

Southeastward from this mediel mass
of Red Rock rhyolite, the Alder
series continues. Within the area
mapped on Plate XXII, the contact
between rhyolite and sedimentary rocks
is obscured by talus and soil, but
north of Gold Creek, it appears as a
fault whose fissure is occupied by a
vein of jaspery quartz veined with
white quertz. This jaspery vein, which
locelly forms a reef 150 feet high
(Plate XXXII), indicates that the fault
strikes N, 359 - 45° E, and dips
709 SE.

(The following observetions regard-
ing members (15) to (44), inclusive,
apply to the section exposed in the
southeastward-trending cenyon that heads
a short distance north of Red Rock and
joins Slate Creek at a point 1/4 mile
below the Rattlesnske quicksilver
property).

15) The first member exposed south-
east of the rhyolite, within the area
mepped on Plate XXII, is a belt of
rather messive dark gray to black rock
whose lesmination strikes N. 60° E. and
dips 700 - 85° SE. Its contact with
the rhyolite is obscured by talus.

Much of the dark-grey portion of this
member is densely mottled with lenticular
black spots,.up to 4 mm., in length, which
prove to be flekes of altered shale.
Microscopicelly, the rock is seen to be
extensively altered to chlorite and cel-
cite; abundant sericite, finely divided
grains of quartz and magnetite, a few lath-
shaped crystals of a cloudy mineral re-
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sembling feldsper, and sparse augen of pinkish
secondary calcite, up to 6 mm. in diemeter, are
present. The sericite particles, particularly,
show parallel arrangement,

A minor portion of this member is massive,
dense, fine-grained black rock with scattered
round to eye-shaped quartz grains which range up
to 1 cm. in diameter. Microscopic examination
of this rock reveals a minerel composition
similar to that of the mein portion, except for
much less sericite and calcite and more abundant
magnetite, quartz, and chlorite.

Apparent .thickness, of .\ (15) . srsesssecsnsses 285

16) Soil covered; forms low saddle on
adjacenbrnidees] Ve ttet Nl cREGE o e ivianiaisee . 50

17) Slabby, thinly laminated gray to

brownish-gray grit. This grit is composed

meinly of rounded to subangular grains of

quartz, up to 2 mm, in dismeter but

generally smeller, together with slivers

of dark gray slate, in fine-greined

muscovitic cement. The longer dimensions

of the grains are parallel to the lamination

and beaadBe ¥kt s e s e s SnlanG s h aE s R e e e 425

18) Likesf17) but much finer grained....sesqs 40

19) Alternating shaly grey leminated grit
and quartzite. Cross bedding indicates

that the top side 1s northwest..isecececees 100
20) Grayish-brown quUaTrtziteceeeeeceoeeceooes 15
21) Slabbyesehilstose gTit «essoamsissnesssnos 10

A dioritic dike, epproximately 450 feet
wide, occurs between members (21) and (22).

22) Platy, fissile, brown schist consisting
of quartz, sericite, and sericitized slivers
Of Slabed.diaa.seme st R B U e s s asiaee 10

23) Thin-bedded, slabby, cross-bedded
gray quartzite with shale partings which
are less prominent southeastwardessceseceess 250

24) Like (23), but with less shal€eeeeessss 75




Thin-bedded, cross-bedded gray quertzite
with a few shaly partings and a white
10-foot reef-forming member 10 feet from
conbEet Wit WZ M LIt R Las e e e i e h

Cross-bedded, fine grained gray

quartzite grading into thin-

bedded quartzite that alternates

with gray shale., Cross-bedding

shows the upper side to be on

the DOPLhWelE o0 iasaieinoiesiosioisaasissias sl o’ 100

Thinly leminated miceceous slate
foming gradational contact with

(LBl SRR A e TN R O 10

Thinly laminated, fine-greined,
irregulerly pitted micaceous

schist, characteristicelly

mottled with long, thin irregular
lenses  ofIImoNbEOL. ettt wliiaisie deienien

Moderately fissile, mediumly fine-
greined micaceous gray grit with
some particles of shale; inter-
bedded with numerous thin layers

of brown quertzite and intruded,
parallel to the lamination, by
a diorite-porphyry dike 40 feet

s USSP AT b S R L T e

Poorly laminated muscovitic grit,
locally quartzitic; grains mainly

of well-rounded quartz, less

then 1 mm. in diameter; weathered
surfaces splintery and of brown-
ish-gray to derk-grey color;

bl et e LR R B Tl S e i

ledium-bedded, medium-greined
quartzite, weathers brownish

colored. Contact with (30) 2

is a feult that strikes N.35  E.

end dips almost verticallyeeesceseesees

Shely sandstone with good frecture
cleavage which indicates that the
northwestern side went

Felativel i mpl ol iivic vt slatae cieicislhlaie uie
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PLATE XXXIII. Quartzite reef of member 35, Alder series.




34)

35)

36)

37)

39)

40)

41)

Quartzite 11ke (B1) duichivice ssioannsis

Platy sandstone forming seddles
on adjacent ridgeS.ccececcceccccocsns

Medium-greined white quartzite,

in beds 2-3 feet thick,

sparsely veined with quartz

stringers; weathers to & prominent
brownish colored reef (Plate XXXIII)..

Moderately leminated, pebbly,
micaceous gray grit; pebbles,

which consist mainly of coarse
angular to splintery shale and
quartzite, range up to 4 inches

10 lengbh Jiiic s sivecse sisnsiisinsieesiees

Coarse~-grained, pebbly,

prominent reef-forming, gray
quartzite; forms gradationsl

contact with (36). Cleavage
indicates that the northwestern
side went relatively UD ececovcososns

Messive grayish-green chloritiec

BERISES o0 alieiv i cieainle v s 5 o'y slolibuaictate oile o st era

Medium to thin-bedded, medium-
greined, cross-bedded, reef-
forming, gray quartzite; contains
small spersely disseminated

pyrite metacrysts and a few

small spots of copper stain;

strikes N. 60° E, and dips

560 NW. (Plate XXXIV-A)eeseccocscocns

Well-laminated sandy to gritty
pale-brown shele; conteains

flakes of shale together with
grains of quartz and jasper up

to 2 mm. in diemeter; cross
bedding shows top side to be
towerds the northwest; forms
gradational contect with (41)......

Thinly leminated dark gray to
purplish gray phyllite. Shows
considerable crenulation end a
few speculerite-bearing sand-
stone members about 175 feet

20

50

75

10

15

30

25
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PLATE XXXIV-A. Quartzite reef PLATE XXXIV-B. Looking southwest-
of member 39, Alder series. ward at squeezed quartzite reef,
member 44, Alder series.




42)

43)

44)

45)

from (40). Weathers slabby to splintery.
Intruded, a few feet from (40) and
parallel to leminetion, by a 25-foot
dike of diorite POTrphyIryeecccccoscoccscss

Rather massive fine-grained gray
guartzite, extensively veined with
quartz stringers and somewhet
crenulated; weathers shiny brownish
gray to faint purplish gray and

forms prominent reef which strikes

N. 60° E. and dips 70° - 85° NW.
Contact with (41) not exposedeceececcscs

Covered by talus but shows abundant
shaly floBleessccsoseccssoscccsssoonssses

Thin-bedded, fine to medium-

greined, purplish- to brownish-

gray quartzite with some thin

shele partings. Extensively veined
with stringers of white quartz which
locelly contains abundent specularite.
This member shows crenulations of
broad emplitude and appears to be
folded into a sharp syncline. Forms
reef locally more than 50 feet

Righecescoesossssscsassssnosotssosnecncne

Some two miles farther east, in
the vicinity of the Ord group

of quicksilver claims, quartzite
reefs (42) and (44) show con-
siderable faulting and folding

and sppearently represent the upper
portion of a closely appressed
anticline. The queartzite reefs
lens out alondg the strike (Plate
XXII), due probably to faulting.
Importent quicksilver deposits are
localized along this zone of dis-
turbance.

Faulted against (44) is a belt
principally of slate with some
phyllite. Thin lenses of quartzite
locally occur along its southern
margin. Some 800 feet south of the
Rettlesneke property, this slate

belt conteins en infaulted wedge,
approximately & mile long by 500 feet

750

60

50

25
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PLATE XXXV-A. Looking southwestward up Slete Creck at quartzite
reefs in Alder series in the vicinity of Ord group of
quicksilver claimse.

PLATE XXXV-B. View from north slope of Mt. Ord across Slate Creek
Canyon showing quartzite reefs in Alder series.
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wide of brownish-grey gritty beds. The

slate, which strongly resembles members

(1) and (12), is thinly laminated, mostly
parellel to the original bedding, end
weathers into large slabs. The color,

which is dark purplish and hematite

red in the vieinity of the quicksilver
deposits on the northern side of Slate

Creek, ranges through pale buff to various
shedes of grey southeastwerd. Microscopicelly
this slate consists of rounded to asngular
grains of quartz, generally less than 0.1 mm,
in diameter, stretified within a hematitic,
clayey cement. Thickness of (45) seeevceecs 2.500 &

46)Feaulted against the slate of (45) on the
southeast is a belt of dark-gray to
purplish-gray shale which is similar to
(45) but more massive and locally
By R s ke vk BB00~4,000

47 )Low reef of medium-greined to pebbly
dark-gray to purplish-gray
quartzite which crops out, as
indicated on Plaete XXII, for a length
of ebout 15 miles, cut out by
strike feulting eastward; dips
80° N.; cross-bedding indicates
that top i1s to northesecececceccccococcces 150

48)Slate similar to (45) ceceeccsscesccsoccs 200

49)Prominent reef-forming coarse-
grained grayish-white quartzite;
dips 800 N seeevecorosssrsscecsccaosnnns 125

50)Slate like (46), grading into
phyllite southwardesessscsesecssccosccnns 1,000+

51 )Southward from (50) the phyllite
grades into grayish-white to reddish
quartz-sericite schist end schistose
grit. This belt is intruded by
meny dikes of porphyritic
pyroxenite, most of which strike
east-northeastward, parallel to the
schistosity. Approaching the Mt.Ord
pyroxenitic stock, the member
shows more intense metemorphism,
characterized by foils of fine-




greined quertz end sericite curved

around quartz augen which renge up

to 0.2 inch in diemeter. Exposures

here (altitude 5,000-6,300) are

considerably mentled with soil

which supports a dense growth of

brush and timbeTr.eecessceccssecccsascs 4,000

On the south and southeast,
(51) is limited by the Mt. Ord
pyroxenite intrusion as shown
on Plate XXII.

Deadman quartzite, Meverick shale, and Mazatzal

quartzite: In the northern portion of the Mazatzal
Mountains the Red Rock rhyolite is unconformably over-
lain by the Deadman quartzite, succeeded by the
Maverick shale and Mazatzal quertzite, which meke up
the high mein ridge from North Pesk to Cactus Point
(Plates XXI and XXIV). The general features of these
strata have been described on pages 102-112.

As indicated at the head of Maverick Basin
(pages 194, 214 __end Figs. 3 &and 4 ), the
Deadman, Maverick, and Mazatzal formations were
probably intruded by the pre-Cambrian grenite in the
northwestern part of the area. They do not appear in
the central segment of the range. In the southern
portion, at Four Peeks, the Maverick shale and
Mazatzal quartzite (Plates XII-B, XXXVII, end XXXIX)
oceur as a roof pendant of the pre-Cambrian granite
batholith (Plate XXIII), but the Deadman quertzite is

not exposed.

186
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PLATE XXXVI-A.

Mazatzal quartzite in
cliff 1,150 feet high
resting on Maverick shale
which forms slopes, west
side of Mazatzal Peak.

PLATE XXXVI-B. Looking north at Mazatzal quartzite on
northwestern side of Barnhardt Canyon.
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PLATE XXXVII-A. Mazatzal quartzite forming bluffs 1,000 feet high
on western side of Four Peaks.

PLATE XXXVII-B. Microphotograph of Mazatzal quartzite from
Four Peaks. ~ Crossed nicols, 28 diameters.
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Above the Mazatzal thrust (pp. 141-142 ), the
Deadman, Maverick end Mazatzel formations have been
extensively dislocated by folding end faulting, but
beneath it their sequence remains undisturbed. Their
most complete succession eppears on the eastern side
of Maverick Basin (North Fork of Deadmean Creek, near
C-C', Plate XXI). Here the cenyon wall slopes from
an altitude of 6,500 to 3,900 feet in & distance of

1/2 mile and affords the following section:

Section on eastern wall of Maverick Basin

Thickness

Formation Features in feet
Mazatzal J’ Top of spur; altitude 6,500 feet.
quartzite 1) Quertzite, hard, vitreous,

fine~grained, cross-bedded;
beds 1 foot or less thick and
P PPl eSmAPREU A58 e o o8 s 0 nsie s e nre 250

2) Quartzite, hard, vitreous,
fine-grained, cross-bedded;beds
gWfect o more Bhiek o, selsseee 225

3) Quartzite like (2) but
coarser and less vitreouS..eeees 75

4) Quartzite, hard, medium-

to coarse-grained, prevallingly
cross-bedded; grayish-brown,

weathering brownish; beds

mostly 2-6 feet thick and

el R — D i, i aels s iies & eeis waie 300




Maverick
shale

Deadman
quartzite

4

5) Quartzite similar to (4) but
fine-to medium-greined, more
vitreous, and locally cross-
bedded; some beds weather
Trere ey o idtiete sio alolls s st altate tolle mialielle whare 210

6) Quartzite, hard, fine-
grained, brownish-gray,
weathering dark brown;
beds 2 feet thick near
top, grading to less than
a foot thick in lower portion.. 240

L (Total Mazatzal quartzite)e..ee.... 1,300

7)Shale, thin bedded, fine
grained, dense, gray;
locally ripple marked and
micaceous on bedding planes;
contains alternating sandy
to quartzitic beds in
upper few feeb coeveccescones 800

8)Quartzite, hard, fine-
grained, cross-bedded,
weathers reddish-brown;
beds 1/2 to 1 foot thick;
Tormsthblaf £ e il s e s s oos 75

9)Quartzite, hard, fine-greined
to pebbly, thin-bedded.
Bedding planes marked by
thin layers of maroon
shaele containing small
flakes of muscovite;
weathers light gray and
forms bluffesesscesocsccecsns 15

10)Conglomerate of small
rounded pebbles of
rhyolite and quartz
in a siliceous cementec.es... 1/2-2

(Total Deadman quartzite)eesseee. 92

Red Rock rhyolite, ﬁpper portion somewhet oxidized.
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The following section is present at North Peak:

g Thickness
Formation Features in feet

( 1) Top of North Peak,

altitude 7,449. TFeint
bluish-gray to white
quartzite, for the most
part fine-grained but
conteining cross-bedded
layers of relatively
Goarsergralnda, ol oo e 100

2) Irregular bed of con-
glomerate: Oval pebbles,
Mazatzal to one inch in diameter,
quartzite 4 of white quertz, red
jasper, rhyolite, and
slate, in an arkosic
CeMENT s sssvcvoscossceacss 1k

3} Similar to (1) but
generally coarser
greinedesccsvescccecsane 139

4) Conglomerate bed like

e kene ale NI 0TI 3

5) Massive, cliff-forming
coarse-grained gray
quartzite with some
altered feldspathic
EPEINE ST el ot o Tl o o Tat ol 102

6) Similar to (5) but more
brownish’ In' “coloTe.es e 295

7) Pebbly red-brown
quartzite with numerous
cross-bedded layerSesso. 80

8) Similar to (7) but more
vitreous, finer greained,
and thinner bedded. Con-
tains relatively darker
lenses and bands up to
2 inches wide. A few
ergillaceous strata, up
to 3 inches thick, in




lower 150 feet. General
color brownish-gray to red-
DT OWR el ¢ es « 2 o etake usise sislsiele e 250

9) Massive, medium to fine-
grained cross-bedded
vitreous red-brown to
grayish-brown quartzite;
weathered surfaces sandyesss 150

10) Massive, cliff-forming
red-brown quartzite
with some fine to coarse-
grained dark-red layers.
Contains small pebbles
of white quartz, red jasper,
feldsper, and slate. In-
cludes a few strate of
ripple-marked, spotted
maroon shale up to about 10
inches thick sceecoccscccanss 100

(Total Mazatzal quartzite)essoss. 950

Maverick.['lz) Gray and dark-grey to
shale HaTOON . 8halent s o/ e is s einiesles 400

13) Shale like (12) but
largely maroon with
light-grey diffusion
spots. Lower portion
contains a few thin
beds of gray quartzite.
Base characteristically
ripple marked &and

M GECEOUS e ol oo sltiaac s sisiess 100
\fTotal Meverick shale)eeeecesocss 500
Deadmen 14) Hard, fine to medium-

quartzite grained, thinly stratified,
cross-bedded grayish-

brown to white quartzite;

forms cliff. Conteins a

few feet of shaly,

ferruginous, locally

micaceous ripple-marked

beds at the tOD eeecoccccccnn 30
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15) Hard, fine to medium-grained,
thinly-stratified, cross-bedded
reddish brown quertzite;
formarcl IfE 0. it s ldlste o Sists bpetieras 55

16) Massive red shale with
rounded pebbles of rhyolite..e.... S
Total Deadman quartzite.sssseesse 90

Red Rock rhyolite, deeply oxidized.

City Creek series: (See pages ST

Diorite porphyry: Dikes of diorite porphyry,

deseribed on pages 114, 117 | intruded the Yaeger
sreenstone, Alder series, and City Creek series at many
places. Most of them, however, are too narrow for ex-
pression on maps of the scale of Plates XXI and XXTII.

Mt. Ord .pyroxenite: The Mt. Ord pyroxenite, which

crops out only in the central portion of the Mazatzal
Range, has been described on pages _118-120 |

Granite: Granite constitutes more than half of
the Mazatzal Mountains area. In the northern portion of
the range it crops out over a large area on the Mazeatzal
isplanade, west of the main ridge (see Plete XXI), end as
a small area southeast of North Peak (Plate XVI-A), beyond
the eastern limit of Plate XXI. In the southern part of the
area it forms the bulk of the renge from Mt. Ord to the Salt
River.

This formation includes several varieties or phases

whose detailed study and separation are beyond the scope

of the present problem. They appear, however, to have been




intruded from a common source during one general period at
the culmination of the Mazatzal Revolution (page _145 )

Northern portion of range: On the western side of

the range, north of Latitude 34°, the granite is uncon-
formably overlain by remnants of Cambrian sandstone,
Devonian limestone, Tertiery gravel, and Tertiary volcenic
flows. It intrudes Yaeger greenstdne on the north and Red
Rock rhyolite on the southeast. Its contact with the Red
Rock rhyolite is particularly well exposed in Meverick
Besin where the granite hes a fine-grained border phase
"frozen" to the rhyolite and conteins inclusions of
rhyolite up to 10 by 6 feet in size. Near the heed of
this basin a tongue of the granite %00 feet wide intrudes
the rhyolite as sketched in Figure 3, page LB .

About 3/4 mile farther north a similar tongue of granite
intruding the rhyolite is separasted from the Mazatzal
quartzite by a width of only & few hundred feet of talus.
The quartzite here is extensively silicified and veined
with quartz stringers which in the Maverick fault zone
(page 214 ) form a prominent quartz lode that is
traceeble for some 7 miles farther southwestward. This
southeastern contact of the grenite, along the North

Fork of Deadmah Creek (Plate XXI), forms a ratherAstraight
line and appears to have been localized by the Maverick
fault,

The grenite of the smell stock that intrudes the

194




PLATE XXXVIII-B.

Aplitic dikes in-
truding Maverick shale at
Four Peaks.
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Yaeger greenstone southeast of North Peak, beyond the
eastern 1limit of Plate XXI, is similar to the grenite
of the»northwestern part of the range.

Finer-greained phases, weathering pinkish or
pale reddish brown, are locally common, as in the
vieinity of the Mazatzal trail east of Knob Mountain
(Plate XXI).

Southern portion of range: Granite intrudes

the Mt. Ord pyroxenite on the southeastern slopes of
Mt, Ord end, forming most of the range from there to
the Salt River, constitutes an area 24 miles long by a
maximum of 17 miles wide. It is strongly jointed in
two directions of which one strikes N. 25° W, with a
dip of 75° NE., end the other strikes N, 40° E. with a
dip of 75° SE.

In general, this granite is of similar appear-
ance and identical minerealogic composition to the
granite of the northwestern part of the area. South-
ward it is predominantly of coarser texture, with ortho-
clase phenocrysts ranging up to 2 inches in diemeter.
Aplitic phases occur prominently in the area ﬁortheast
of Four Peak Pass.

The granite of the southern part of the area has
a roof pendant of Maverick shale and Mazatzel quartzite
at Four Pesks (Plate XXIII) and includes numerous,

mostly smell, masses of schistose, altered rock,




|<‘4 800 feet .
4

PLATE XXXIX. Part of Four Peaks roof pendant.
Mazatzel quartzite, dipping steeply eastwarde

197

Rock is contorted
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particularly in the esrea extending for 33 miles east of

Four Pesks. Here are notable areas of medium-grained

hornblende diorite which appear to be border phases of

the grenite, although there is a possibility that they

represent a separate intrusion. Microscopically, this
rock is composed essentielly of keolinized oligoclase and
sodic labradorite together with chloritized hormblende
end & little interstitial orthoclase. Five miles east of
Four Peeks the grenite unconformebly underlies Apache
strata. Microscopic examination shows this pre-Apache
grenite to be minerelogically identicel to the granite of
the northwestern part of the range.

Pine Mountain porphyry: The Pine Mountain por-

phyry occurs sparsely as dikes at various pleces in the
Yaeger greenstone and Alder series and is prominent
only in the viecinity of Pine Mountain, in the centrel

pert of the range (Plete XXII). This formation has been

described on pages _ 123-126 .
Apache group: In the southeastern portion of

Mazatzal Mounteins, in the vicinity of Roosevelt dem,
Apache strate unconformably overlie the pre-Cembrien
granite throughout an area of seversl sguare miles

(Plates I and XXIII). In places they are overlain by

Middle Cembrien Troy Seandstone.




4
Ransome g measured the following section of the

Apache beds in the canyon of Salt River at Roosevelt dam:

1. Vesiculear,basalt st oW aiiltise. el » 50

2. Mescal limestone: Hard,
rather thin-bedded
cherty dolomitic lime-
STON e T s T S S e o 300

3. Dripping Spring quartzite:
Fine-grained vericolored

arkosic quertzite, much of

it with dark-red and grey

banding; partings between

beds not distinet; ripple

51l o Y SR AR sl st 500

4, Barnes conglomerate:
Pebbles mainly of white
quartz and hard vitreous
quartzite generally less
then 4 inches in diameter,
in ebundant sandy melriX...... 20

5. Pioneer shale: maroon shale

grading into hard arkosic

sand stone below. Intruded

by diabase sill probably

800 Tee bubhliekeaicols e alsiele s elo ein 255

6. Scenlan conglomerate:
Well-rounded pebbles, up
to 9 inches in diameter,
of white quartz, brown
fine-grained vitreous
quartzite, and a little
red jasper, closely
packed in a matrix of
dull red-brown coarse
ganadsbeNe, R e 30

7. Coarse-grained reddish
grenite; red tint
generelly fades to gray

141
Ransome,F.L., Some Paleozolc sections in Arizone and

their correlation: U. S. Geol. Survey Prof. Paper 98,

Pp. 149-152, 1916.
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PLATE XI-A. Tapeats sandstone resting on City Creek series and
overlain by Devonian limestone (gray) in upper left. Northern
margin of Mazaizal Esplanade in left background.

PLATE XL-B. Ridge of gently northeastward-dipping Troy sendstone
in background, Tertiary gravel in foreground. Southeastern
portion of Mazatzal Mountains.




o
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a short distence below the contact.

The quartzite pebbles of the Scanlan and Barnes
conglomerates are lithologically identicel to meaterisl
from the Mezatzal quartzite. Probably they were de-
rived from some neerby portion of the ancient Mazatzel
Mountain range; their large size indicates that they
did not travel far.

As stated on page 78 , the Apache section
below the Troy quartzite or sandstone is regarded as
of Unkar type. It is separasted in age from the Mazatzal
quartzite by an intervel thet included the Mezatzal

Revolution and extensive peneplenation,

Paleozoic formations

Distribution: In the northern part of the
Mezatzel Mounteins are several small erosionel remnants
of Cembrisn Tapeats sandstone and Devonian Jerome
limestone. Some of these remnents are on the northern
margin of the Mazatzal Esplanade, as indicated by
Plate I end in part by Plate XXI, and others (Plate I)
are at the northern foot of the range, at elevations
1,600 to 2,300 feet lower then those on the Esplenade.

At the southeastern foot of the range, near
Roosevelt dem (Plates I and XXIII),Cembrian Troy send-

stone, Devonian Martin limestone, end Mississippien




Tornado limestone (page 128 ) occupy an area of several

square miles.,

Tapeats sendstone: The basal Paleozoic formation

in the northern part of the area consists of dull red-
brown cross-bedded friable pebbly sandstone, generally
conglomeratic at the base and 80 to 100 feet thick.
Where the main trail reaches the Mazatzal Es-
planade, 2% miles northwest of North Peak, a small rem-
nant of this formation, resting upon the pre-Cambrian
grenite and Yaeger greenstone (Plate XXI), consists of
a basal conglomerate, about 50 feet thick, grading upwerd
into thick-bedded pebbly pale-red brown sandstone. The
conglomerate is composed mainly of smooth ellipsoidal
pebbles, up to eight inches in diameter, of Red Rock
rhyolite, coarse and fine-grained granite, and a little
quartzite, in a sendy cement. This conglomerate, which
is lacking in the outcrops farther north, suggests the
proximity of a land mess during lower Paleozolc time.
The occurrence of large angular blocks of this
sendstone on the flat-topped ridges southwest of Pine
Mountain (page 157 ) indicates that the basel Paleozoic
beds once covered that part of the range and were re-
moved by erosion during Tertiary time.
A The basal Psleozoic sesndstone of the northern part
of the Mezetzal Mounteins is lithologicelly identicel to

sendstone occurring six miles farther north, in the Pine
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PLATE XLI-A. Tertiary limestone in Tonto Valley, north of lower
Gold Creek. Northern portion of Mazatzal Range in background.

PLATE XLI-B. Distant view of Saddle Mountain whose volcanic

succession rises high above the accordant-topped ridges of
the Alder seriese




Creek area, which Stoyanow 142 orrelated with the
Tapeats (Middle Cembrian) sandstone of the Grand
Canyon section.

Jérome limestone: Remnants of thin to medium-
bedded hard light-grey limestone overlie Tapeats sand-
stone in the northern portion of the Mazatzal Moun-
tains asrea. Although yielding no fossils other than a
few poorly preserved Spirifer fregments, this limestone
is lithologiceally identical to the beds occurring nesar
the East Verde River, 8 miles farther northeast,which
StoyanOW’l45 correlated with the Devonien Jerome for-

mation.

Tertiary rocks

Sedimentery beds: The Tertiery sedimentary beds

that floor the Verde and Tonto valleys and in places ex-
tend high onto the Mazetzal Mountains ere described on

pages 130-135  and indicated in part on Plates XXI,

XXIT, end XXTIII.

Volcanic rocks: (See pages

Plates I, XXI, and XXII).

142
Stoyanow, A. A., Correlation of Arizona Paleozoic for-
metions: Geol. Soc. America, Bull.,, vol. 47, p. 462, 1936.

143

Stoyanow, A. A., work cited, pp. 497-500.
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Carbonate-jasper formation: Extending northeast-

ward across lower Alder Creek, southwest of Pine Mounteain,
is & zone, about 1/8 mile in meximum width, of yellowish
dolomitic limestone with red jasper (Plate XXII). It
occurs as branching lenticular verticel veins within the
Alder series and as overlying masses which eppear to heve
been deposited on the surface.

In the veins, which pinch out 2 miles east of
Longitude 111° 30', the dolomitic limestone includes
broken fragments of jasper ranging from less than an inch
up to more thean e foot in diemeter, together with some
irregular bands of jasper; locelly the whole is traversed
with a network of white quartz veinlets. In places, the
jasper contains finely disseminated pyrite. Within dis-
tences of a few hundred feet on each side of the main
zone are seversl veins of the dolomitic limestone without
jasper end a few thinner veins of jasper with little
or no limestone., In the vicinity of these veins as well

as of those of the main zone, the Alder rocks show strong

chloritizetion and locel steining by iron oxide. Within a

distance of & few hundred feet downstream from the main
zone are several bands, up to 10 or 20 feet thick, of
hemetitic, slightly pyritic.iron formation in the Alder
series.

The overlying masses, which are best exemplified
by the bold outerops in the walls of the canyon of Alder

Creek, consist of slternating bends, from less than an
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PLATE XLII-A. Carbonate=-jasper PLATE XLII-B. Near view of (A),
formation resting unconformably showing the resistant jasper
upon Alder seriese layers.




inch to more then a foot wide, of the dolomitic limestone
and jasper (Plate XLII). These banded masses lie, with
low northwestward dip, upon a rugged erosion surfece of

the Alder series. Near their northern margins, particular-
ly, they are transected by vertical brecciated zones

which resemble the veins.

The jasper and carbonate material seems clearly
to be of hydrothermel origin. Apparently the jasper was
formed first, then brecciated, and later recemented by
calcium-magnesium carbonete; further fracturing eand
gilicificetion formed the veinlets of white quartz.

Rensome 144, followed by Lausen 145,

regarded the
jasper and dolomitic limestone as of pre-Cembrien age
and occupying the axis of a compressed syncline or
enticline, On the contrary, evidence of late Tertiary
age for the deposit seems to be offered by its flat-
dipping, undeformed messes which rest upon an erosion
surface little different from the present topography.

The material may represent a phase of the hydrothermal

activity that gave rise to the quicksilver deposits of

this immediaete region.

144
Work cited and U. S. Geol. Survey Prof. Paper 98,
Dl "Y'

145

Lausen, Cerl, end Gerdner, E. D., Quicksilver resources
of Arizone: Univ. of Ariz., Ariz. Bureau of Mines Bull.
122, pb. 68, 60, 1987




Quaternary deposits

The mountein pediments, valley terraces, and flood
pleins are veneered in most places with ill-assorted,
commonly unstratified grevel, sand, eand silt from less
then & foot to & few tems of feet thick. This alluvium

is of local derivetion and of Pleistocene and Recent age.

Structure

Structure in northern portion: In the northern

portion of the range, the principal feature of structure
is the Mazatzel thrust (pages _141-142 ). Above its
sole the pre-intrusive rocks have been extensively dis-
loceted and folded, but below it they are deformed only
by broad folds and by faults of normal and tesr types.
The direction of overturning of the folds and the dip of
the reverse faults indicates that the thrusting weas

northeastward.

o

On the map and cross sections of Plete XXI, the
dominant structural units or blocks are designated by
numerals. Blocks 1, 1l-a, and 1-b lie below the Mazatzal

, and 6 are above its sole.

o

thrust, end ‘blecks 3, 4, 4-8,
Blocks 2, 2-a, 2-b, 2-c, and 2-d are interpreted as por-
tions of the thrust mass which have been dislocated by

normal feulting in reference to block 1.
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PLATE XLIII-A. Looking southwestward into upper Maverick Basin along
Maverick fault zone, near northwestern margin of block 2. M, Mazatzal
quartzite; sh, Maverick shale; R, Red Rock rhyolitees

PLATE XLIII-B., View northeastward along Maverick fault zone in block
2 showing quartz reef mentioned on page 194.




admon (r

o
7€

M. F&. L
2
=

<7500 feet

o Granrte
Mazotzg/ guarizite
[: Red Rock /‘/7)/0///‘3

Figure 3. Sketch section showing relations near northern end of
Maverick Besine

Sy

Quortz fode 200" rwide
N 70 us 200" wide

+~2,000 feel-A
Bial  Gron/te
B8 vozotrof 700/‘/‘1/’/@
[::J Red Bock rhyolste

Figure 4. Sketch section showing relations at northern end of
Maverick Basine.




Blocks 1 and 1-b consist of Red Rock rhyolite,
Deadmen quartzite, Meverick shale and Mazatzal quartz-
ite. Southwest of North Peak their beds are gently
flexed into a hroad open syncline of low southwestward
pitch. This southwestward pitch is in marked contrast
to the prevailing northeastward pitch of the folds in
the thrust masses. Southwest of the Club Ranch, block
1-b displays a broad, open esnticline of northeastward
piteh. Blocks 1 ana 1-b are separated at the South Fork
of Deadmsn Creek by a northwestward-trending tear fault
that shows a displacement of epproximately 150 feet
vertically and more them 200 feet horizontally. Block 1
is & horst between blocks 2 and 2-d.

Block l-&, which consists of Red Rock rhyolite
and flet-lying Deadmen quertzite, has been dropped by
normeal faulting for sapproximetely 100 feet in reference
to 1. It is & horst between blocks 2 and 2-a on the
northwest and 2-b on the southeast.

Blocks 2 and 2-a are complex thrust slices of
Red Rock rhyolite, Deadman quartzite, Maverick sheale, eand
Mazatzél quartzite which occur as a graben between
Yeaeger greenstone on the northwest and blocks 1 and l-a
on the southeast.

In block 2-& is exposed a feaulted syncline (Plate

XLIV and Fig. 5 ) that trends somewhat west of north.

This radical departure from the trend of the regional




PLATE XLIV. Looking westward at syncline in block 2-a, north of
North Peak. D, Deadman quartzite; sh, Maverick shale; gst,
Yeeger greenstone. In right background are Paleozoic strata (P)
resting on City Creek beds (C) and in fault contect with the
greenstone.

NE.
”A/’ £, } Deadman Qrzite

_Z7eadman
? 2/ 7‘ . e

5000 feet—— ——pi e il T

Figure 5. Sketch section through northeastern portions of blocks 2-a
and 2, north of North Peak.




PLATE XLV. Folded Mazatzal quartzite in block 2, northwest of North
Peak.

(Mayér/'ci shale

2 Cross bedoing denotes

. Fop ssde up

/r/l/azr//za/ @rerte.

w,

Moverick shale 200

Greensfone

3600 feet ———————

Figure 6. Sketch section of folds in Mazatzal quartzite of block
2, northwest of North Peake.




folding may have been caused by pre-existing, opposing
structure thet deflected the compressive forces. A
like expleanation was suggested by Mansfield 146 5 ex-
plain the almost right-angled change in direction of
the Rocky Mountain thrusts along the northern base of
the Uinte Mounteins.

The northeastern fourth of block 2 has undergone
intense folding and faulting, as shown by Plate XLV
and Fig. 6. This block has been depressed about 500
feet in reference to block l-a, and its southwestern
portion is intruded by the pre-Cambrien granite on the
northwest. Its contact with the grenite appears to have
been localized by a southwestward continuation of the
fault that seperates it from the Yaeger greenstone on
the northwest. In Meverick Basin, this fault formed &
zone, two branches of which are shown on Plate XXI and
Blzs. 5% It is termed the Méverick fault zone.

Block 2-b presents a roughly triangular outcrop
of Red Rock rhyolite, Deadman gquartzite, and Maverick
shale, separated by normel faults from blocks 1l-&, 1,

snd 2-d on the west and from Yeeger greenstone on the

east., Northeast of North Pesk, it is overlein by a small

146 '
Mensfield, G. R., Geogresphy, geology, and mineral re-
sources of part of southeastern Ideho: U. S. Geol., Survey
Prof. Paper 152, p. 383, 1927.



k= 90 et —4

215

PLATE XLVI. Thrust block 2-c of disordered Mazatzal quartzite (1)
northeast of North Peak. Sh, Maverick shale; D, Deadman

quartzite; R, Red Rock rhyolitee




XLVII-A XLVII-B

XLVII-C
along eastern flank
southeast of North

PLATE XLVII. Folds in Deadmen quartzite (D)
ontact on left;

of range. A and B, upper Rock Creek; C,
Peak. Maverick shale (sh) is in fault c
A and B do not appear on mape

—— 150 feet ﬂ
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PLATE XLVIII-A. Looking southwestward in cenyon of South Fork of
Deadman Creek at Deadman quartzite in northwestern limb of
syncline (block 5) faulted against Mazatzal quertzite (M)

of block 4-a.

in

PLATE XLVIII-B. Northeastward view of same limb as shown
PLATE XLVIII-A.




thrust slice (2-c) of contorted Mezatzal quartzite.

Block (2-d), which consists for the most part of
steeply eastward to almost vertically dipping Maverick
shale, lies betweén block 1 on the west and block 2-b
and Yaeger greenstone on the east. ‘Along the western
margin of block 2-d, the Deadman quartzite of block 1
has been steeply upturned, faulted, and folded (Plate
XLVII).

Block 3 is a slightly crenulated thrust slice
of Maverick shale and Mezatzel quartzite resting on
block 1.

Block 4 is a thrust slice of Mazatzel quartzite
resting on block 1 and separated from block 3 by a
steeply southwerd-dipping reverée fault.

Block 4-a consists of Mezetzal quertzite thrust
upon block 1l-b and separated fram block 4 by the tear
fault in the South Fork of Deadman Creek.

Block 5 is made up of Deadmen quartzite and
Meverick shale, separated from blocks 4 and 4-a by &
steeply southeastward-dipping reverse fault. These beds
are folded into a gently northeastwardépitching closed
gyncline whose southeastern limb passes sharply into the
broad anticline (Plate XLIX-B) that underlies block 6;
these folds ere overturned northwestward. The Deadmen

quartzite, which is seven or eight times thicker than the

normal, may have been thrust to its present location from

a place several miles farther southeast towards which it



PLATE XLIX~-A. Looking eastward across ridge southeast of Club
Ranch and west of South Fork of Deadmen Creeks. Shows
syncline (block 5) of Deadman quartzite (D) and Maverick
shale (sh) overridden by Red Rock rhyolite (R) of block 6.

FeOgegs ===

PLATE XLIX~B. Sharp monoclinal fold in thick Deaduen quartzite,
South Fork of Deadmen Creeke. '




'4_——— 700 Feef _—'—ﬁl

PLATE L. Looking eastward
at Deadman quartzite

and Red Rock rhyolite of
block 6, thrust upon the
Maverick shale and
Deadman quartzite of block
5, 14 miles west of
Mezatzal Peak. R, Red
Rock rhyolite; D,
Deadmen quartzite; sh,
Maverick shale.
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l— 800 feet —

PLATE LI. Looking north-northeastward at the slopes west
of Mazatzal Pesk (part of block 6).

*

Figure 7. Diagrammatic sketch section of structural relations
displayed in PLATE LI. Shows faulted and disordered Mazatzal
quartzite (M) and Maverick shale (Sh) of block 6 thrust over
Maverick shale and Deadman quartzite (D) in syncline of Block 5.
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"— 200 Feet —"

PLATE LII-A. Maverick shale showing dfag folds from thrusting, west
side of Mazatzal Peak.

PLATE LII-B.
Maverick sheale
showing drag folds
from thrusting,
Barnhardt Canyon.




progressively thickened during deposition.
Block 6, which includes Mazatzal Peak, Cactus
Ridge, and Sheeﬁ Mountein, is a very large. thrust slice
of Red Rock rhyolite, Deadman quartzite, Maverick shale,
and Mezatzal quartzite, overlying blocks 5 and 1-b. Its
Deadmen quartzite, like that of block 5, is 700-800 feet
thick. Southeast and southwest of the Club Rench, the
Red ROCK rhyolite of this block is intruded by the pre-
Cembrisn granite. Southeast of this ranch, the rhyolite
is separated from the grenite by a steeply southeast-
werd-dipping reverse feult (Plate XXI) that 1s inter-
preted as having followed closely upon the intrusion.
The strate of block 6 have been strongly affected by
drag folds (Plates LII and LV-B) whose overturning in-
dicates that the thrusting wes northwestward. South and
southeast of Mezatzal Peek is a broad, open, northeast-
ward-pitching syncline, overturned northwestward. Its
eroded, steeply dipping southeastern limb forms Cactus
Ridge end Cactus Point (Plates LIII and LIV). A cross-
section sketch of this syncline, as exposed on the North
Tork of Deer Creek (Sheke Tree Cenyon), neear the eastern
base of the mountains and beyond the limits of Plate XTI,

is shown in Figure 8, Here the Deadman beds show &

slight discordence in dip that Rensome 147 gttributed to

147
Ransome,F.L., Some Paleozoic sections in Arizone and

their correlation: U.S.Geol. Survey Prof., Paper 98,
p. 158 end Fig. 13, 1916.
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Figure 9. Rensome's sketch section through Cactus Ridge.
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e - ~_ 250 feet |

LATE LIII-A. Northeastward view of Deadman quartzite in Cactus
Ridge, the upturned limb of the syncline shown in PLATE LIV,

— 500 Feet

PLATE LIII-B. Southwestward view of Cactus Ridge; cross-bedding
shows top side to be on right. Compare with Figure 9.




1,000 Feet

PLATE LIV-A. Syncline in thick Deadman quartzite east of Cactus
Point, looking northeastward. Right-hand limb is Cactus Ridge.

PLATE LIV-B. Looking northeastward along same syncline as in (A),
south of Mazatzal Peak. D, Deadman quartzite of Cactus Ridge;
sh, Maverick shale showing drag folds; M, Mazatzal quartzite.




~

B 3
i AN
: Q
Q

N

PLATE LV-B. Drag folds in
lower part of Mazatzal quartzite,
dying out upward; Barnhardt

Canyon.

PLATE LV-A. Drag folds in
lower part of Mazatzal
quartzite, Four Peaks.




a sherp anticline, as illustrated in Figure 9, Detailed
examination, however, reveals good tangentisl cross
bedding that proves the top side of the beds throughout
this section to be towards the northwest,

Structure in centrsl portion: The Mazatzal

thrust probebly dips deeply beneath the middle segment

of the range. Block 6, of the northern portion, ter-
minates at the southeastern base of Sheep Mountain (Plate
XXII) where a fault that strikes northeastward and dips
70° SE. separates it from red shale (member 1, page 170 )
of the Alder series. In the vicinity of Windsor's cebin,
about 1} miles beyond the northern limit of Plete XTI,
this fault contact is followed by the deep canyon of

Deer Creck.

Between Sheep Mountein and Ht. Ord the renge
consists of two blocks of the Alder series, separated by
e fault block of Red Rock rhyolite., The northwestern
block is intruded by en irregular body of Pine lMountain
porphyry thet trends northeastward, and the southeasstern

block is limited on the southeest by the Mt. Ord

pyroxenite intrusion, which also trends northeastward.

- On the southeastern slopes of Mt. Ord, this pyroxenite
is intruded by the pre-Apache granite.
The beds of the Alder series, which strike north-
eastward and dip steeply, have been dislocated by numerous

bedding faults end deformed in places by minor folds.
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Nevertheless, their somewhat symmetricel distribution and
respective structurel -positions, as determined by cross
bedding, conglomeratic layers end felse cleavage, are
such as to indicate that they occupy a broad closed syn-
cline (Plate XXII, Section S-0) with gentle northeast-

ward pitch. Northwest of Red Rock is & tear fault that

probebly was formed at the time of the folding. The

parallelism of the intrusive bodies with the strike of the
bedding indicates theat they were emplaced after the fold-
ing., Their advent probably merked the culmination of the
Mazetzal Revolution.

Structure in southern portion: The pre-Apache

granite that intrudes the Mt. Ord pyroxenite on the
southeastern slopes of Mt, Ord forms most of southern
portion of the range. It is strongly Jointed in two
directions of which one strikes N. 25° W. with a dip of
75° NE., and the other strikes N. 40° E. with a dip of
75% " 8E.

In the vicinity of Four Peeks, this grenite in-
cludes numerous, mostly smell, bodies of metemorphosed
rock, laergely of sedimentary origin. The high mass of
Four Peeks 1s a roof pendant of Maverick shale and
Mazatzal quartzite (Plate XXIII) whose beds strike
northeastward, dip steeply southeastward, and have been
strongly affected by dreg folds (Plete LV-A) whose

direction of overturn indicates northwestward thrusting.
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Correlaetion of structurel features: The north-
eastward-trending, subparallel folds, thrust faults, and
steeply dipping reverse faults and the northwestwerd-
trending tear faults are attributed to the compressive
stresses that marked the Mazatzal Revolution and cul-
minated with the intrusion of the diorite porphyry,
Mt. Ord pyroxenite, and pre-Apache granite of centreal
Arizona. These structural features do not involve the
Apache, Paleozoic, and later rocks of this region. They
affect rocks which,_et the head of Maverick Basin and
in Four Peasks, are intruded by the pre-Apache granite.
The parallelism of the intrusive bodies with the regional
structure, as exemplified in the central portion of the
renge (pages 117-126 ), indicates that their em-
placement followed the folding. TFurthermore, the above-

mentioned folds and faults are identical to structures

of known pre-Apache age which are present in the eastern

Tonto Basin area (pages 271-276 ).

The northeastward-trending normal feults within
the range find little expression in the topography, except
where followed by stream courses. They are probably
related to the Mazatzal Revolution.

Origin of the renge: The Mazatzal Revolution

doubtless gave rise to a gigantic northeastward-
trending mountain range. This range comprised the
land barrier (Mazatzal land) which, &s Ransome and

Stoyanow have shown (pages _71-72 ), existed
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through lete pre-Cambriasn end a lerge part of Paleozoic
time. The Tertiary Basin and Renge feulting, which
may have been locelized in part by structural weaknesses
inherited from the Mazatzal Revolution, cut this ancient
mountain renge at right esngles into graben and horst
blocks. The present Mazatzal Mountasin range represents
one of these horsts, between the Tonto-East Verde graben
on the northeast and the less-definite narrow graben or
feault zone of the lower Verde Valley on the southwest;
This graben-and-horst relation is indicated by strong
evidence.

Along the northeastern front of the range, north
of North Pesk, is a well defined fault (Plate I), referred

ast Verde fault, that separates Tepeats

ke

to as the
sandstone and Devonian limestone on the north from

Yaeger greenstone on the south. The base of the Tapeats
here is at en altitude of 4,000 feet, which is 2,000

feet below the base of the Tepeats sandstone remnant

on the Mazatzal Esplanade (Plate XX )o Hence there is a
vertical displacement here of 2,000 feet, but some of it
mey be on unrecognized faults that find no expression in
the steep, brushy greenstone surfeace. The East Verde
fault is merked by a well-defined topographic breek in
the greenstone slopes, whereby it was traced with reason-

able certainty for a distance of 8 miles. It is probably

of late Tertiary age.




232
The contact of the Tertiary sedimentary beds with
the older rocks along the northeastern foot of the range

is a fault marked by a notch, 20 to 100 feet deep, on the

ridges. In the gulches, it is generelly obscured by

talus, but in a few places is seen to dip 75° NE., It mey

represent a southeastward continuation of the East Verde
fault,

Six miles northeast of Rye Creek, in the vicinity
of Payson (Plate I), are numerous exposures of flat-lying
Tapeats sandstone at altitudes of 5,000 feet or more,
proving that the northeastern side of the Tonto-East
Verde trough here was displaced 1,000 feet vertically.

At the southeastern end of the Mazatzal Range, a series
of step faults on the northeastern side of the trough
have effected a verticel displacement exceeding 5,000
feet, as shown by the elevations of the Apache strata on
the Sierre Ancha and at Roosevelt reservoir (Plates I
and IV).

The Apache, Paleozoic and Tertiary beds in
southedstern portion of the range, in the vicinity
Roosevelt reservoir, are tilted at low to moderate
angles northeastwerd. The main part of the renge, however,
does not appe tilted. At numerous pleaces on its
crest 3 g dg are remnants of Tertiary sedimentary
and volcenic beds which show only initiel dips. Further-
more, the remnants of Paleozoic strata upon the Mazatzal

Esplanade also lie flet.




Little evidence was obtained for the graben
nature of the lower Verde Valley, downstream from the
mouth of the Eest Verde River, because the formations
exposed there consist almost entirely of granite over-
lain by Tertiary sedimentery and volcanic rocks in which
no key beds have been recognized. The late Tertiary
beds in the lower pert of the valley have been faulted

end tilted (Plate XIX-A). The steep spur-ends that mark

the western limit of the Mazatzal Esplansde are suggestive

of a dissected fault-line scarp, but they might slso be
due to lateral planation by the Verde River. The lower
Verde Valley, which pursues an irreguler S. 30° W. to

S. 40° E. course, may, as Bryan 148

suggests, have been
localized by post-Gila formation feulting end by the
position of the lave beds. Its tributaries have long,
rether straight southwest and southeast courses,
epparently governed largely by fault lines.

The southern end of the range is marked by the

Salt River whose course is governed in part by joint-

ing and in part by post-dacite faulting.

148
Written communicetion.




PINE CREEK AREA

Geography

Situation and extent

The Pine Creek area, which extends southward
along Pine Creek from the base of the Mogollon Escarp-
ment to a point 6 miles north of the Mazatzal Mounteins,
is 10 miles long end 9 miles wide. The area is access-
ible by the Payson-Pine road, which crosses its north-
eastern corner, and by a branch roed that leads to Natural

Bridge.

Climete, vegetation, and population

At Natural Bridge (altitude 4,990) the meaximum re-

corded temperature is 103°, the minimum is 6°, and the

average annual precipitation exceeds 24 inches. The
southward-sloping mesas flanking Pine Creek Cenyon range
up to more than 6,000 feet in altitude and receive some-
whet heavier precipitation. They ere fairly well mentled
with soil which supports scattered groves, chiefly of
juniper and scrub pine, interspersed with areas of grass
and shrubs. Osk snd thorny brush predominate on the lower
slopes., The irrigested, thinly soil-mantled trevertine

terrace at Natural Bridge is intensively farmed. Here is
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PLATE LVI. Natural Bridge

over Pine Creek. Rock
is travertine.




situated a summer resort that contains the only local

population.

Geomorphology

The central feature of the Pine Creek area is a

southwestward-trending ridge of steeply northwestward-
dipping Mazatzal quartzite that crops out through essen-

Erosion

tially flat-lying Paleozoic and Tertiery beds.
has stripped away part of the Tertiary beds and dissected
the pre-lava Tertiary peneplain or pediment that here
slopes southward from the base of the Mogollon Escarpment.,
This dissection has been accomplished largely by the
dreinage system of Pine Creek, & perennial tributery of
the East Verde River with a rather straight course to the
south-southwest. This creek has carved & narrow ceanyon,
locally 1,200 feet deep, through the northern end and
along the southeastern contact of the quartzite ridge.
Springs issuing from the Carboniferous limestone at &
point 5 miles downstream from Pine have deposited a

large terrace of travertine that extends across the inner

gorge of the canyon, forming the picturesque arch known

as the Goodfellow Neturel Bridge.
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Geology

Status of investigation

In 1912, Ransome 149 ede a brief reconnaissance

of the Natural Bridge area, incidental to a general study

of the conditions of Paleozoic sedimentation in Arizona.
He recognized that the pre-Cembrian quartzite rose as a
monadnock in the Paleozic strata.

During parts of 1920 and 1921, the writer mepped
this area for the Geologic Mep of Arizona and measured
stratigrephic sections 150 of the quartzite,

Four days were spent in the Pine Creek area for
the present investigation, in order to review the
stratigrephy and structure of the quartzite and to

correlate the underlying formation.

Formations represented
The Pine Creek area is made up of pre-Cembrian

rocks overlain by Paleozoic strata and Tertiary sedimentary

149
Rensome, F. L., Some Paleozoic sections in Arizona and

their correlation: U. S. Geol. Survey Prof. Paper 98,
pp. 158-159, and Fig. 14, 1912,

150
Pen Am. Geol., vol. 38, pp. 299-312, 1922.




and volcanic beds.

The pre-Cambrian rocks include Red Rock rhyolite,
Mazatzal quartzite, end pre-Cembrian granite.

The Peleozoic strata, which overlie the rhyolite
and unconformably overlep the quartzite, consist of
Cembrien sandstone, Devonien, Mississippian, and Penn-
sylvenien limestones, end Permian shale and sendstone.

Tertiary sedimentary beds in places mantle the
Paleozoic formations and are overlain by Tertiery vol-
canic flows.

Plate LVII indicates the generel distribution of
formations in the Pine Creek area., This map, however,
is based on the Verde reconnaissance topographic sheet
(1885) whose scale is inadequate for more than a very

generalized expression of the geologic features.

Pre-Cambrian rocks

Red Rock rhyolite: The oldest exposed formation

consists of chocolate to red-brown locally porphyritic
rhyolite which forms the steep-walled inner gorge of
Pine Creek Canyon downstream from Naturesl Bridge. This

formation weathers to blocky joint-controlled slopes

which, although generelly free from soil, give little

or no hint as to the original structure.

The porphyritic variety (page _ 98 ) pre-

dominates at Netural Bridge but gives way downstream to



PLATE LVIII. Microphotograph of porphyritic Red Rock
rhyolite, Pine Creek. White is quartz, gray is
albite. Crossed nicols, 18 diameters.

PLATE LIX. Southward view of Mazatzal quartzite west of Pine
Creek, overlapped by Tertiary gravel on upper right.
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the typicel Red Rock materiel, cheracterized by an

aphenitic groundmass and smell quartz phenocrysts, with

only local phases of the porphyritic variety. In places,

it contains inclusions of altered greenstone,

Although this formation hes previously been

termed grenite 151 and grenite porphyry,192 its general

field and microscopic characteristics are essen-
tially identical with those of the Red Rock rhyolite
of the Mazatzal Mountains (pages 94-98, 166 ).

Mazatzal quartzite: In the Pine Creek area no

Deadman quartzite end Maverick shele are apparent, but a
thick succession of typical Mazatzal quartzite, with
prominent basal conglomerate unconformably overlying
the Red Rock rhyolite, crops out as an irregular north-
eastward-trending area, 6% miles long by 35 miles wide,
which is surrounded and unconformeably overlapped by the
Paleozoic and Tertiary beds. True to its general type,

the Mazatzal quartzite along Pine Creek Canyon forms

blocky, rugged, barren slopes whose prevailing pale-

151
Rensome, F. L., work cited.

152
Hinds, Norman E, A., Ep-Archean and Ep-Algonkien inter-

vals in western North America: Carnegie Inst., Wash.

Publ. No. 463, p. 10, August, 1935.




brown to reddish-brown color embodies & distinctive
faint purplish tint that is particularly noticeable
from a distance. Its thickest exposed section is near

the southwestern end of the area, where headward erosion
of tributeries to Pine Creek have stripped beck the later

formations.

Section of Mazatzal quartzite near southwestern end
of Pine Creek arce

Medium to coarse-grained, banded,
cross-bedded, vitreous red-
brown end greyish-brown gquartzite

r in beds 1 to 3 feet thick secesvcsees 60

2) Like (1) but with conspicuous
partings of ripple-marked red

SHELE: laiatais viepsiotsTonaters slo s oisl siis siors s s suo's o 35
3) Like (1) but weathers reddereeecece. a5
4} R ed. cana Ve Sl el Citon okt olohs sksstats o 6 o0 s 5

5) Like (1) but redder and more
strongly cross beddeGeeceececscssscns 75

6] Likes (2] it tiate sioteishs craisiage. sfabasocr s s o 5o s 25

7) Like (1) but with thin hemetitiec
sandy partingSeeeccccsceccccscccoecs 60

8) Medium to coesrse-grained, cross-
bedded, sparkling, vitreous
brownish red quartzite, in beds

= b0l 2 £eet. thi ek, digmtesre v oo siosoiaies

fav]
(&)

Like (8) but with some sandy to
shaly partingSeeecceececcececsosess 65



13)
14)
;5)
16)

17
18)

19)

20)

At (T2 A S SR LR e B Pl 35
e (IO T e e le oot tat sk atie dode skafaehay o lalis feiie o 40

Medium-to coarse-grained, cross-
bedded, vitreous, sparkling,
browvnish-red quertzite, 1in beds

2 to 2 feet thick, with fewer

sandy to shaly partings then in (9) 60

Alternating fine-grained red
quartzite and slabby sandy
red Shale eececsssecsscocssscsosse 30

Fine-grained cross-bedded red
quertzite with some sandy shale
PErtingSececoceceeccessscsccsonse 15

Like (13), with one-third to one-
half ripple-merked sandy red
Shal €isete sue ese o 0ysre bes seaiarsois s o s s e ooe 95

Fine-grained, cross-bedded,
sparkling, vitreous quartzite,
in beds 1/4 to 1 foot thicke..e. 30

Like (15) but with less shale... 5

Like (16) but fine to medium-
grained and with some sandy
red shale partingseeeeecceececess 70

Fine to medium-grained, cross-

bedded, sperkling, vitreous

red-brown quartzite, in beds

1/2 to 2 feet thick with

Hemetitic sandy partingSeccececes 180

Like (19) but in beds 2 to

% feet thick with some thin

layers of small, well-

rounded quartz pebbleSceseecccs. 140

Like (20) but browner; beds
1 to 1 foot thick, weathering
more massive in lower portion.... 655

Thin-bedded sandy mMemberesesosese lO‘




Similar to (21) but contains
more conglomeratic beds with
generally rounded pebbles of
rhyolite, jasper, and quartz
up to 13 inches in diemeter;
forms reef and weathers greyish

DrOWN eseeoseoossossssssscsssssascsns 50

Like (21) but approximately
1/45; sendvaned She kit e oo s oo se 15

Brownish-red to purplish
spotted sandy shale and shaly
SEM OO v e o s o oia s orn sis o e sl sisin sl s olte 160

26) Fine to medium-grained
vitreous red-brown gquartzite,
in beds & to 2 feet thick
with approximately 1/3 spotted
. purplish-red sandy sheal€eseessees

D
[$]]

27) Like (26) but with very little
Sh8lEeesssscacssssosoonooosnassnnns 10

28) Like (26) but more than one-
el f ishial o viehle e s sneinisleisie sieleoletas sie b515)

Y LiKe BE ) o5k ceisieisiasis s viossniiensie 40

) Messive pale-brovmn reef-
forming quartzite with
locel pebbly layers like (23).... 70

31) Like (30) but in beds 3 to 3
feet thick; forms ridgeececcessses 345

32) Similar to. (31) but more con-
glomeratic, with pebbles of
rhyolite, jmsper, and white
quartz; cross bedded on
grand scale; bedding meassive
and indistinct.cesescsccscesccses 70

%) Like (32) but in distinet
beds: 1. to 3 -feet thicKesssosossses 285

N

34) Like (33) but reddeTreessescccscss 205

(&

35) Like (33) but redder and more
eros s bedded, e s oo oioeles seole s 120



Iron-stained, keolinized
DHGCILL el & dls AN SOBRY ol Y e 75 est.)

37) Fine to medium-greined,

locally pebbly, hard,

vitreous greyish-

B eNn Vgl r EZTBE, . o8 sah s s 200 (est.)

38) Grayish-brown arkosic con-
glomerate with rounded to
subangular pebbles, less than
an inch to more thsn a foot
in dismeter, of Red Rock
rhyolite, quartzite, and
Jaspery rests on eroded
surface of Red Rock
et o L i o o e S P R %00 (est.)

Northeastward along the strike, the upper por-
tion of this section is mentled by Paleozoic and
Tertiary beds, but the lower portion crops out un-
interruptedly in the bluffs along the west side of
Pine Creek. A short distance northwest of the traver-
tine arch where these lower members are readily
accessible for detailed exemination, the following

section was measured by tape.

Section of Mazatzel quartzite et Natural Bridge

1) Measuring down from immediate-
ly below contact with
Carboniferous limestone,

Hard, vitreous grey to red-
brown quertzite, alter-
natingly coarse and fine
grained. Beds 6 inches to
2 ifiget vthi clede s o, SOl GHI TN o




fab]

Similer to (1) but finer
greined.ceceecssoecsossossssssssosss

Heard, vitreous, gray

to brovn quartzite with
subengular grains up to

1/8 inch in diemeter. Beds
massive and slightly cross
beddedeseesosssssssoscscesscnssss

Parting layer of fine-grained,
shaly mauve-colored sand-
stone, grading into Beeeeeecccas.s

e e L e Vollalta ¥ st <listte e oimilenata e nile
Eiket(i4); Teradestinto 4( B v oo oy

Herd, vitreous gray to red-

brown quartzite, alternatingly
coarse and fine greined, with
quartz grains up to Z inch in
diemeter in lower portion.
Conteins a notable emount of

red jasper perticles. Beds
messive and slightly cross bedded.

Parting layer of fairly hard,
fine-grained red shele€esssessseses

Herd, vitreous, coarse-
grained, like (7) cevvecesssnnnene

Feirly herd, fine-grained,
cy sandstone containing
some grains of red jespeTecseseccs.

Didloe (1O SRS =3 o8, SRS SRt

Like (8) but ripple-merked and
slightly SenNd¥ecscososscsososccsocns

Herd, vitreous, light brown
quartzite. Mostly fine grained,
but with grains up to g inch

in dismeter intermingled or
sorted into bands. Notable
smounts of red shale and jasper
fragments. Locelly keolinized.

Beds massive end feirly evellesssoss.

Feet

V)
S
(Y]

29%
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spotted, maroon shale,
ng ripple-marked con-
with the quertzitececesesess

Light-gray quartzite whose

grains ere mostly white

quartz averaging about

1/16 inch in diemeter, together
with some smeller ones of red

1= ) o O T I I I S T I A SR

Ripple-marked red, spotted sheale.

Like (15} but some of the coarse
particles renge up to z inch
in diametereescecscocrorscscocesccs

Tilee? (1600 A0 JSHR SENNIANSNE didibd,

Vitreous, somewhat cross-bedded,
grey to light-brown quartzite,
lergely en aggregate of fine and
coarse grains with some bands of
coarser material, a few lenses of

shale like (16), and a few lenses

of arkose. In general, the particles
are rounder than those in the higher
members of the series, and fewer

are of jasper. Bedding ranges from
1/2 to 3 feet in thickness.cseesees

Shaly bed grading into mauve-
colored sandstone and quartzite.
Shows grand-scale ripple marks

of which some are 7 feet from
crest to crest by 9 inches high...

Highly vitreous reddish quartzite,
generally fine grained but with
some coarse subangulaer particles.
Contains several lenses of red
shele. Bedding 5 to 4 feet

thick, lower 20 feet cross bedded.

Red, spotted, ripple-marked shale.




Cross-bedded red-brown quartzite,
generelly a -semi-sorted
aggregate of fine and coarse
subanguler particles up to

1/8 inch in diemeter; some grains
of red jasper present., Beds

5 feet in meximum thickness....

Like (23) but more reddishe....

Like (23) but somewhat more
17 T o0 e 0 P PPN s PO S SRS g

Fairly persistent red, gray-
spotted argillaceous sandstone
grading into quartzitesceesecocss

Simt TP te (25 Lol e e e

Iron-stained rhyolite, locally
spherulitic and containing masses
of compact kaolin more than

0.2 inch in ‘diemeterc.. e eeeeoiseisis

Herd, vitreous, fairly even-
grained greyish-brown quartzite,
in beds 3 to 3 feet thick. Con-
tains some beds about one foot
thick of hard, vitreous feairly
uneven-grained, cross-bedded,
grayish-brown quartzite with
noticeable subangular particles
of red jasper. Tends as a whole
to be fractured and jointed and
forms Jjagged topographyeceececsecsess

Brick-red conglomerate with ar-
kosic cement. Pebbles, well-
rounded or oval to subangular

in shape, of typical red

Rock rhyolite, quartzite,

red shale, end jesper, generally
less than an inch in diameter
near top, but increasing to a
foot or more near base. Shows
rude massive bedding, best de-
veloped in the upper 75 feet,
and considerable jointing..seseoscses

Like (30), but mainly con-
glomeratic coarse srkose with
irregularly distributed pebbles;




sheared parallel to bedding;
rests on eroded surface of
Red Roelk Thyolite.ssesessesessses 100

Total thickness of section... 1,145

Petrographic features of quartzite section:

Thin sections of samples teken from 12 different beds of

the Mazetzal quartzite in the Pine Creek area show
closely pecked angular to sub-angular, locelly enlarged
grains of quartz cemented with finely divided siliceous
limonitic material. The typical interbedded maroon
shale is meinly argillaceous and ferruginous material
of ultre-microscopic fineness with sparse fine particles
of quartz and keolin.

Microscopically the interbedded rhyolite member

245

o uifes ’

end 28, page 248 ) shows corroded,
altered phenocrysts of orthoclase, up to 0.2 inch in
diemeter, in an altered, siliceous, microcrystalline
groundmass. The feldspars of the rock have been ex-
tensively replaced by keolin. Much secondary quartz
and finely divided iron oxide have been developed in the

groundmass.

Stratigrephic considerations: The thick basal

conglomerate with its coarse angular boulders, pre-

dominently of Red Rock rhyolite, indicates the proximity




of s pre-Mazatzal highland. As no conglomerate of such
thickness end with boulders of such size end angularity
occurs in the Mazatzal Mountains section, this highland
probably rose northwestward. Thus if the pre-quertzite
surface of rhyolite sloped southeastward with a gradient
of a little more than 100 feet per mile, it could have
stood considersbly higher in the Pine Creek area than
the top of the Maverick shale of the Mazatzal Mountains
area, That the non-deposition of the Maverick in the
Pine Creek area may have been due to such & sloping of
the old continental shelf is suggested by the northward
thinning of the Maverick in the Mazatzal Mountains, as
steted on pege __105 .

The intraformational rhyolitic member probably
represents a flow thet was erupted during & brief
pause in sedimentation, rather than a sill. There is
no evidence of erosion of its upper surface, such as
might be expected in an intraformationel flow. On
the other hand, it shows no cross-cutting relations:
and did not effect any eppreciable metemorphism of
the quartzite. In places it shows chilled borders
and swirling flow lines. TFurthermore, its spherulites
153

indicative of & surface flow with glassy ground-

153
Grout, Frank F., Petrogrephy and Petrology, PP. 32-232,
1932,




mass.

Greanite: Medium to coarse-gresined, pinkish-
brown granite, unconformably overlain by Paleozoic
and Tertiary beds, forms the gorge of the East Verde
River in this area, as shown on Plate LVII. It is
microscopically identical to the prevailing type of
pre-Cembrian grenite of central Arizona (pp.120-123 ).
Paleozoic formations

Tapeats sandstone: The basal Paleozolc formetion

of the Pine Creek area consists of dull red-brown,
cross-bedded, friable, pebbly Tapeats sandstone which

is exposed in Pine Creek Canyon, downstreem from & point
about 3/4 mile south of Naturel Bridge, end in the East
Verde gorge (Plate LVII). Its thickness averages about
100 feet but, due to irregulerities in the pre-Ceambrien
sur face, ranges considerably from that emount. In Pine
Creek Cenyon it rests on Red Rock rhyolite and uncon-
formebly abuts against the Mezatzal quartzite near which
it tends to be conglomeratic. Along the East Verde
River it unconformably overlies the pre-Cembriasn grenite.

Devonian end Carboniferous rocks: MMore than

1,300 feet of limestone beds overlie the basal sand-
stone and unconformebly lap against the Mazatzal

quertzite near which they are sandy to conglomeratic and




cherty. Stoyanow 154 yo5 studied these limestones fram
East Verde crossing, 5% miles east of Pine Creek, north-
ward to the Mogollon Escarpment and obtained fossil

evidence for subdividing them as follows:

Thickness in feet

Pennsylvanian - moderately
bedded limestone much
interbedded with
conglomerate, sandstone,
end shele; includes &
congl omerate, in places more
than 50 feet thick, contain-
ing boulders of Mezatzal
quartzite. Separated from
Migsissippian by a 50-foot

basal conglomerateecceccecesecnso 1,000 +
Mississippien (Redwall

limestone) - Light-grey,

crinoidal, partly

crystalline limestonEeceeeeccss 50-80

Devonian (Jerome formetion)-

Thin to medium-bedded

limestone. Lower 25-30 feet

fleggy and somewhat sandy;

grades upward into compact

limestone overlain by about

20 feet of red shal€eccosccosecs 300 4

154

Stoyanow, A. A., Notes on recent stratigrephic work in
Arizona: Am. Jour. Sei., vol, 12, pp. 311-315, 1926,
end Correlation of Arizona Peleozoic formations: Geol.
Soc., Americe, Bull., vol. 47, pp. 497-500, 512, 1936.
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In the Mogollon Escarpment, within e distance

of less than 2 miles north of the Mazatzal quartzite
outerop (Plete LVII), the Pennsylvenian strata are
overlein by epproximetely 650 feet of Supai (Permien)
red beds, succeeded by more than 1,000 feet of Coconino
(Permian) sendstone. These formations doubtless once

e

extended southward over the Pine Creek area and were

removed by pre-FPliocene erosion.

Cenozoic formations

The pre-Pliocene Tertiary pediment that en-
croaches upon the southwestern mergin of the Plateau,
elong the base of the Mogollon Escarpment, is locelly
mantled with moderately consolideted sendy conglomereate,
overlain by basaltic flows which cep the mesas over-
looking Pine Creek. In this conglomerate, well-rounded
pebbles of granite indicate that a granitic maess some-
where in this region stood higher than the pediment
when the gravels were deposited. Conglomerate, send-
stone, end impure limestone representative of the
‘lacustrine beds described on page 134 , limit the erea
on the south. For reasons stated on pages __ 34, 135 ,
these formetions ere believed to be of Pliocene age.

Quaternary gravel and silt occur as a thin

veneer upon parts of the mesas and along the stream

courses.




Structure

The Mazatzal quartzite of the Pine Creek area
constitutes a northeastward-trending ridge flanked
by unconformably overlepping Paleozoic and Tertiary
formations., This ridge disasppears beneath the
Cerboniferous strata of the Plateau on the northeast
and is limited by pre-Pliocene Tertiary grabeh step
faulté on the southwest. Near the southern limit of
the quartzite outcrop, three of these northwestward-
trending faults are well exposed cutting the Paleozoic
section east of Pine Creek. TFrom northeast to southwest,
they show verticel displecements of approximately
50,200, and 300 feet, respectively. The southwestern-
most exposures of Cambrian sandstone here are approxi-
metely 800 feet higher in elevation then those at the
mouth of Pine Creek, indicating that one or more
additional feults of this succession probably occur,
hidden from view by the Tertiary formations of the East
Verde Velley. These feults are believed to be of pre-
Pliocene Tertisry age, and they may represent renewed
movement upon zones of weskness which were developed
during the Mezatzeal Revolution. -

The quartzite beds constituting the ridge in

general strike northeastward and dip 33° to 55° NW.,
but in the northwestern portion of the area they de-

viste somewhat from this attitude, as shown on Plate LVIT.
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They ere broken, at right angles to the strike, by
numerous joints snd small faults along which notable
sericitization and deposition of specularite have taken
place. In the northwestern portion of the area the
Mezetzal gquartzite has been cut by a fault that strikes
northeastward and dips 70°NW.

The o0ld quertzite ridge is either a fault block
or the eroded limb of a fold. If a feult block, it mey
represent the northeastern continuation of block 2,
of the Mazatzel Mountains (see page 211 rand Plate XXI1).
In either case it was upheaved prior to the Paleozoic
sedimentation, probebly during the Mazatzal Revolution
as part of the great northeastward-trending mountain
range of which the pre-Cembrien rocks of the present
Mazatzel Mountains, eastern Tonto Basin, and Del Rio
areas are remnents. The northwestward-striking faults
end joints may have been initisted as shear breaks re-
sulting from the northwestward-trending compressive forces
that gave rise to the folds during the Mazatzsl Revolution.
The steeply northwestward-dipping fault in the north-
western portion of the area may have been formed upon re-

lease of the compressional stresses.




CHAPTER IIT - EASTERN TONTO BASIN AREA

Geography

Situetion and extent

The eastern Tonto Basin area, which extends along
the base of the Mogollon escerpment between Tonto Creek
on the west and Pleasant Valley on the east, is 11 miles

long by 7 miles wide.

Relief and dreainage

In this srea the principal topogrephic feature
is Christopher Mountain which trends eastwerd from the
head of Tonto Creek to Gordon Cenyon, between the Pleasant
Velley trail on the south eand Christopher Creek,at the
foot of the Mogollon Escarpment, on the north. This
mountain, which is 6 miles long emnd 1% miles wide, rises
steeply from an altitude of 5,000 feet at Tonto Creek
to a long, nerrow mesa crest with en éltitude of 6,700-
7,000 feet. Except near the few principel cenyons, the
mountain has not undergone particularly rugged dissection,
Its top appears to represent a remnant of an early Ter-
tiary or pre-Tertiery peneplain. Composed essentially of
hard, resistant quartzite, it has withstood well the

erosion to which it hes been subjected since denudetion
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E LX. Christopher Mountain from west side of Tonto Creek. Rock is Mazatzal quartzite (M)
faulted against Red Rock rhyolite (R) which is intruded by granite {gr),
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in Tertiary and Quaternary time.

The area is drained by Tonto Creek and its
tributaries which have carved out & besin with a
succession of closely spaced, generally narrow, deep
canyons, Tonto Créek flows southwestward under con-
trol of the major regionel structure, and its tributaries
show guidance by joints, bedding, and differential

hardness.

Climete and vegetation

As this area receives a yearly precipitation of
25 to 30 inches, including considerable snow, the cenyon
bottoms end surfaces that permit soil esccumulation support
a fairly heavy growth of pine timber, particularly on
northern slopes. FPortions of its lower southerly slopes
are mentled with a thick growth of oak, manzanita, and
desert brush. Tonto Canyon and the velley of Christopher
Creek contain several small patches of -arable land upon

which hay, corn, and truck crops are grown.

Accessibility

An improved road from Payson leads across upper
Tonto Creek, slong the foot of the escarpment, via the
head of Gordon Creek and Colcord Mountein, to Young.
The Pleasant Valley treil leads down Gordon Canyon and,
skirting the southern bese of Christopher Mounteain,
joins the Payson road at Kohl's ranch, on upper Tonto

Creek.




Geology

Status of investigation

During 1920-21, while carrying on reconnaissance
mepping of the regipn for the Geologic Map of Arizona,
the writer found quartzite of Maszatzal type uncon-
formably overlapped by the Apache and Paleozoic rocks
in the northeastern porticn of the area. Additional
visits were made in 1922 and 1927, primarily to review
the conditions of the Paleozoic unconformity.

In' 1925, Darton,155 after cereful examination of
the Gordon Cenyon and Haigler Creek locelities, published
a brief description of the relations of the pre-
Cambrien and Paleozoic formetions there.

Five days were spent in the eastern Tonto Besin
area for the present investigation, in order to review
the critical relations in Gordon Canyon, Haigler Can-
yon, Upper Tonto Creek, and Christopher Creek. This
study was made to check the previous observations that
the Mazatzal quartzite had been deformed in pre-Apache
time, and to determine the relations of the pre-Cembrian
igneous rocks to the Mazatzel Revolution in this aresa,

As the only topogrephic meps aveilable for the region

155

Darton, N. H., A résum€ of Arizona geology: Univ.
of Ariz., Ariz. Bureau of Mines Bull. 119, pp. 234-
236, 1925,
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were the old Verde and Holbrook sheets, on a scale of

1:250,000, no geologic mapping was attempted.

Formations represented

The eastern Tonto Basin area is made up largely
of pre-Cembrien rocks (Fig. 10) of the same genersal
lithology and structure as those of the Mezatzal Range
from which they represent a northeastward continuation.
They include folded and faulted Red Rock rhyolite and
Mazatzal quertzite, granite, and unconformably over-
lying Apache beds. The Paleozoic strata of the Plateau
unconformebly overlep the pre-Cembrien formations on
the north. Loosely consolideted gravel, sand, and silt
of Tertisry end Quaternary ages mantle much of the

southeastern portion of the earea.

Pre-Cambrian rocks
Red Rock rhyolite: The rhyolite appears in two

irregular areas. The larger of these outcrops, which is

faulted against Mezatzal quartzite on the east, in-
truded by granite on the southwest and west, and over-
lapped by Tertiary snd Quaternery beds on the south-
east, extends, with a width of generally less than a
mile, from the ridge east of Bear Flat northward along

the western base of Christopher Mounteain to the foot of

the Plateau escarpment where it disappears beneath
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‘PLATE IXI. Red Rock rhyolite, Tonto Creek.
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Paleozoic limestone. The other rhyolite area trends
northesstward along upper Heigler Creek, faulted
against Mazatzal quaftzite on the northwest and over-
lapped by Apsche, Paleozoic, end Tertiary formetions.
It was termed granite by Darton.

The rhyolitg is largely of extrusive aspect. It
locally reveals well-defined flows and agglomeretic
phases but generally is homogeneous, dense, and without
aepperent bedding planes. The rock prevailingly forms:
steep to cliffy, rugged, locelly brush-covered slopes
of pale-brown to reddish-brown color, These slopes
show several systems of Jjoints of which the strongest
strikes southwestwerd and a weeker one strikes north-
westwerd. Constituting the zones of minimum resistance
to erosion, these joints determine the courses of
narrow, steep-welled canyons. This structural control
of streems is strikingly exemplified in the cenyon of
Tonto Creek, 2 miles downstream from Kohl's ranch,
where e deeply incised meander & mile long by 1/4
mile wide clearly follows Jjointing in the rhyolite.

Microscopically, the rock consists of a finely
granular to microcrystalline groundmass of quartz
end feldspar with fairly abundant locally corroded
phenocrysts of guartz and orthoclase. The phenocrysts
of quartz commonly raenge up to 1 mm., in diemeter, and

those of orthoclase attein lengths of 1.75 mm. Some
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PLATE LXIX: Microphotograph of Red Rock rhyolite from southeast
of Bear Flat. White is quartz, gray is orthoclase,and black
(s) are largely fragmental spherulites. Crossed nicols,
23 diameterse
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specimens contaih numerous fragmental, fine-textured
spherulites up to 1.5 mm. in diemeter. In the vicinity
of the granite contact, abundant fine-grained secondary
quartz and some epidote have been develofed.

Spherulites, according to Grout,l56 form only in
glasses, and their presence 1s one of the criterie for
distinguishing surface flows from intrusive sheets.

This rhyolite closely resembles the Red Rock
rhyolite of the Mazatzal Mounteins, with which it is

correlated.

Mezetzel quartzite: In the eastern Tonto Basin

area no Deadman quartzite and Maverick sheale are exposed,
but more then 1,000 feet of typiceal Mazatzal quartzite

is faulted against, and presumably overlies, the Red

Rock rhyolite. This quartzite appears at the southern
base of the Mogollon Escarpment, within the angle be-
tween Tonto and Gordon creeks where, forming Christopher .
Mountain, it crops out over an irregular aree 6 miles

long from egst to west by 13 to 4 miles wide, as indicated
on Fig. 10, A few smell isolated masses of the formation
are exposed between Gordon Creek end Young. The Chris-

topher Mountain outcrop is faulted ageinst Red Rock

156
Grout, Frenk F., Petrography end Petrology, Pp. 952
end 232, 1932.
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PLATE LXIII-B, Casts of dessication cracks in Mazatzal
quartzite, Gordon Canyon.




rhyolite on the west end southwest and unconformebly
overlapped by Peleozoic limestone on the north,
Apache strate on the east, and loosely consolidated
Tertiary end Quaternary beds on the south. . In the
northwestern slope of the canyon of upper Haigler
Creek, the quartzite i1s faulted ageinst Red Rock
rhyolite on the southeast end unconformably overleapped
by Apache strata on the east, Paleozoic formations on
the north, and Tertiary and Quaternary beds on the
west. On Tonto Creek, 1-3/4 miles downstream from
Kohl's ranch, a smell, narrow block of the quartzite
is intruded by granite on the west and apparently
faulted asgeinst Red Rock rhyolite on the east.

The pre-Apache quartzite of eastern Tonto Besin
forms engular, barren slopes of prevailing pele-
brown to reddish-brown color. The formation is thick
to thin bedded, fine to coarse grained, prevelilingly
cross bedded, very hard and vitreous, locelly ripple
merked (Plate IXIII-A), end in places conteains thin
partings of arenaceous spotted maroon shale of which
some sre merked by dessication cracks (Plate IXIII-B).
It bears such close lithologic similarity to the
typical Mazatzal quartzite, of the Mazatzal Mogntains,
thet there can be little doubt of its identity with

that formetion.
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Granite: In eastern Tonto Basin a batholithie
mass of granite unconformably underlies the Paleozoic
and Apeche strata on the north end east. On Upper
Tonto Creek, 1% miles downstreem from Kohl's ranch,
the granite intrudes & small fault block of typical
Mazatzal quartzite. East of upper Tonto Creek and
southeast of Bear Flat it intrudes the Red Rock rhyolite.
For more than 100 feet away from this contact it shows
a fine-grained border phase and locally inecludes blocks
of the rhyolite. Near the contact, the rhyolite has
been notably silicified end epidotized and in places
conteins disseminated iron oxide pseudomorphous &after
pyrite.

This granite forms gentle wooded to steep,
rugged barren slopes whose configuration shows in a
marked way the effects of rather intense northeast-
ward-trending jointing. It is & pinkish-brown coarse-
grained holocrystelline rock consisting lergely of pink
feldspaer end grayish-white quartz. Microscopically,
the feldsper is entirely orthoclase and microperthite.
No ferromagnesian minerals are present. Sericite,
kaolin, and iron oxide are rather abundant as altera-
tion products, end cloudy masses of limonite and an
undetermined smorphous grayish-white minerel occur inter-
stitially. The rock very closely resembles the normel

pre-Cambrian granite of the Mazatzal Mountains.,




PLATE LXIV. Basal Apache conglomerate, overlain by Dripping
Spring quartzite (Ds), Haigler Creek.
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Apache group: Strata of the Apache group are
exposed unconformebly overlepping the Red Rock rhyolite
on upper Haigler Creek and the Mazatzal quartzite in

Haigler and Gordon cenyons (Figs. 11 and 12, pages

The lowest exposed Apache member is Dripping
Spring quartzite which, near the contact with the
Mezatzal quartzite and Red Rock rhyolite, is conglomeratic.
On Haigler Creek the contact is marked by a basal or
marginal conglomerate, approximately 100 feet thick, of
oval to engular and domino-sheped pebbles in a sparse
arkosic cement. The pebbles, which range from en inch
up to 4 feet in diameter, are mostly of Mazatzel
quartzite with a few smell ones of oxidized Red Rock
rhyolite (Plate LXIV). On Gordon Creek the pebbles of
the basal or marginal conglomerate are angular neer the
contect and rounded some 50 feet farther away. The
Dripping Spring quertzite lacks the hardness end vitreous
luster of the Mazatzal quartzite snd is thin bedded,
well bended, end of greyish to maeroon color. On Helgler
Creek, according to Darton,l57 it is intruded by an

irregular sill of diebase, 175 feet below the top.

1.57 I S S e
Work cited, p. 235.
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The Dripping Spring quartzite is overlain by
80-100 feet of altered, siliceous, locally shaly Mescal
limestone, followed by Peleozoic strata.

Paleozoic formations: Overlying the Apache beds

at the east and unconformably overlepping the pre-Cambrian
Red Rock rhyolite and Mazatzal quartzite on the north is
Carboniferous limestone which extends northward beneath
ﬂhe strata of the Plateau. In the vicinity of its contact
with the older rocks, this limestone is very conglomeratic.
On the northwest, the Cerboniferous limestone is under-
lain by Devonian limestone and Cembrian Tapeats sendstone
which in turn rests upon the grenite. Rensome and
Stoyanow (pages 71-72, 128) have pointed out that the
pre-Carboniferous rocks on the northwest of this area

differ markedly from those on the southeest.

Structure

The pre-Apache formetions of the eastern Tonto
Basin area comprise part of the northeastward-trending
mountain range, referred to on page _ 230 _, that was
upheaved during the Mazatzal Revolution, long before
Apache time,

In the cenyon of Gordon Creek the Mazatzal

o

% A (o] “
quartzite strikes N. 15 E. and has a general dip of

N

59 SE,, whereas the Dripping Spring quartzite that

unconformably overlaps it strikes N. 27° ¥, and dips
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Figure 1l. Sketch section showing relations in Gordon Canyon.
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PLATE LXV-A. Folds in Mazatzal quartzite, Gordon Canyon.

PLATE LXV-B. Southwestward view along Haigler Creek Canyon.
Red Rock rhyolite (R) on left in reverse fault contact with
Mazatzal quartzite (M)
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10° NE., flattening considerably northeastward. The
Mezatzal strate show large-scale dreg folds (Plate
IXV-A and Fig. 11), in contrast to the uncérenulated thin-
bedded Dripping Spring quartzite end the overlying
incompetent Mescal limestone.

On the northern side of Haigler .Creek Cenyon the
Mazetzal guartzite lies in en anticline that pitches
epproximately N, 20° E, and whose limbs dip 45°. Because
of its pitch the strike of its northwestern limb is
N. 60° E., end of its northeastern is N. 20° W. The
steepness of this pitch is largely due to upturn or
drag in the vicinity of a reverse fault that strikes
N. 60° E., dips 60° SE., and brings Red Rock rhyolite
on the henging-wall side ageinst Mazetzel quartzite
(Plate IXV-B end Figure 12). The rhyolite near this
fault is silicified, and the quartzite for more than
150 feet away from it is much shattered. The con-
glomerate and Dripping Spring beds that unconformebly
overlap the northeastern limb strike N, 45° W, end
dip 20° NE., flattening considerably northeastward.

They also overlsp the rhyolite, but are nowhere dis-
placed by the fault; hence its movement is of pre-
Apache age.

Northeast of Bear Flat and east of Tonto Creek

the Mazatzal quartzite of Christopher Mountein is faulted

against Red Rock rhyolite on the southwest and west.




This fault contact, which trends about S. 10° E, end
swings southeastward across the ridge east of Bear
Flat, is characterized by rather extensive shearing

in both formations. No good exposures of its dip were
found, but its southeastern segment appears to be

8 steeply dipping reverse fault that, northwestward,
passes into the zone of a shear fault. The quartzite
of the mountain lies in gentle north-northeastward-
trending folds, locelly complicated by steeply
dipping reverse and normel faults which, in all probe-
bility, closely followed the folding and granitic
intrusion as a phase of the Mazatzel Revolution. The
tilting of the Apache beds in the northeastern part of
the area may be interpreted as having resulted from
later local uplift; Darton 158 implies that it wes of

pre-Troy age.

158
Work cited, p. 234.




CHAPTER IV. DEL RIO AREA

Geography

Situastion and extent
The Del Rio pre-Cembrian area, as mapped on
Plate IXVI, extends for e length of 6 miles by a
maximum width of 2 miles elong Granite Creek, upstream
from the junction of that streem with the Verde River.
It begins at a point one mile east of Del Rio, a station
on the Phoenix brench of the Senta Fe railway, some 20
miles north of Prescott and 6 miles south of the Plateau.
The Phoenix-Ash Fork highway passes a short dis-
tance west of Del Rio, and secondary branch rosds lead
from this highway into the southern, western, end northern

portions.

Geomorphology
This section of country represents the north-

western extremity of the Black Hills Range which, as

Lindgren 159 states, appears to be & horst. The Del Rio

159

Lindgren, Weldemer, Ore deposits of the Jerome and
Bradshaw Mountains quedrengles, Arizona: U, S, Geol.
Survey Bulil. 782, p. 8, 1926,
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pre-Cambrian outcrops are bounded by the loosely con-
solidated gravel and sand of Chino Velley on the south,

a lava-capped plain, 4,500 feet above sea level, on the
west, dissected Paleozoice streta on the north, and a group
of ridges, carved in volcenic rocks, on the east. These
ridges, which attain a meximum altitude of 5,500 feet,
with general local relief of a few hundred feet, have

been intricately dissected by tributaries of the Verde
River and of Grenite Creek. Granite Creek has bisected
the pre-Cembrian area with a meandering, northwestward-
trending shallow canyon whose course has been determined
largely by structure; Near the northern end of the erea
the Verde River has carved a shallow cenyon whose
meandering, east-northeastward course seemed to be
determined, at least in part, by locel structures within

the Paleozoic strata.

Climate, vegetation, and population.

The annual precipitation of this area probably
ranges from 14 to 20 inches. The temperature commonly
exceeds 100° in summer end drops to & few degrees below
zero in winter.

Excepting the quartzite, whose slopes are essen-
tielly bare, all of the'rocks are mentled with thin

but somewhat discontinuous soil which supports a relatively
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sparse growth of juniper, brush, and grass. ©Some famm-
ing is done at Del Rio, and a few ranches are dis-
tributed slong the Verde River and Granite Creek, parts

of which carry water throughout the year.

Geology

Status of investigation
During 1920 and 1921 the writer mapped the Del
Rio area for the Geologic Mep of Arizona and correlatedl®0
the pre-Cembrian quartzite there with the Mazatzal
quertzite of the Mazatzal Mountains. The Paleozoic and
later formetions were mapped in 1927 and 1929, in-
cidental to a deteiled survey of the Jerome quedrangle.,
Three deys were spent in the Del Rlo area
for the present investigation, in order to review the
stratigraphy and structure of the pre-Cambrian quartziﬁe
and its relations to the Paleozoic strata., Professor
Russell Gibson, of Harvard University, spent part of a

dey in the area and contributed helpful observations.

Formations represented

The formations exposed here consist of pre-Cembrian

160
Pen Am. Geol., vol. 38, pp. 299-312, 1922.
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Alder series, Mazatzal quartzite, and granite, Cambrian
sandsteone, Devonian and Mississippien limestones, Per-
mian red beds, Tertiary and Quaternary sedimentary beds,

and Tertiary volcenic rocks.

Pre-Cambrian rocks

Alder series: Near the mouth of Granite Creek

(Plete LXVI) is a northeestward-trending area, 3/4 mile
long by 1/8 mile wide, of generally fine-grained, well-
lemineted, dark-gray to brown phyllite and argillaceous
sandstone of Alder type. Its leminetion and apparent
bedding strike N. 45° E, end daip 50° NW. It is uncon-
formably overlein by the Peleozoilc end Tertiary beds and
faulted sgainst Mazatzal quartzite on the northeast.

Mazatzal quertzite:  The next oldest exposed

formetion consists of guartzite which, on the basis of
lithology, structure, and stratigraphic position, is
correlated with the Mazatzal quartzite. It crops out
as an irregular area, 2 miles in maximum width, that
extends northwestward for 4-3/4 miles along Granite
Creek, end as two smell areas near the Verde River
(Plate LXVI).. The quartzite is faulted egainst the
Alder series and unconformably overlepped by Cambrian
sendstone, Devonien limestone, Tertiary and Quaterneary
sedimentary beds, and Tertiary volcanic rocks.

The following section of the quartzite weas




meesured by tape, beginning with the stretigraphically

highest exposed member in the western part of the area:

Section of W

zatzel quertzite east of Del Rio

Teet

1) Medium to fine-grained,
generelly sorted, cross-bedded,
heard, vitreous light-gray
quartzite, in beds 1 to 5
Teeby bR Clerlsisiehs o +GIOE SR BHABERE o s 250

o

Alterneting cross-bedded,

hard, vitreous red-brown

massive gquartzite and

conglomeratic beds with oval

to subangular pebbles, rang-

ing from 1/4 ineh to 3 inches

in diemeter, of quartzite,

white quartz, red jasper, and
redagilabescto. ot damansented Ele. 150

3) Similer to (2) except for
parting bands of hard, arkosic
ripple-marked red slate
renging from about 1/8
inch to more than 28 inches
ingthicknessnd. s ooy vnssiibie. . 35

4) Conglomeretic light gray
quartzite with pebbles up
to 6 inches in diameter........ 50

5) Similar to (4) but with
sparser pebbles in a rusty-
redneement . .. S0 Baomndd oo 250

6) Like (5) but somewhet more
vitreous and lighter colored.
Pebbles generally less than
an -ineh in diameters.icesssess s 200




7)

10)

At

12)

13)

14)

15)
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Coarse-grained hard, vitreous
quartzite with some con-
glomerate I e e o ot e al'a telle s iaRe 78

Coarse-grained, cross-bedded,
slabby red quartzite,
locelly sendy and bendedecseesses 40

Fine-grained, cross-bedded,
hard, vitreous light-
brown to gray quartzite.sceeeeccss 160

Similer to (9) but coarser

grained to conglomeretic with

rounded pebbles, up to an

inch in diameter, mainly

of white qUartZeecscecsccoscsccccss 70

Coarse-grained, cross-bedded,

locally conglomeratic dark-

brown sendstone with some

reddish bandSsescssvessccosscsocss 200

Coarse-grained flaggy sand-

stone with alternating bends

of micaceous, arenaceous

gpotted red slate ceeceereecaccen 65

Conglomerate of unassorted sub-

angular to rounded Debbles,

1/8 inch to 6 inches in diameter,

of white quartz, red jasper,. and

slete in a coarse arkosic cement.. 85

Coarse-grained, cross-bedded,

hard vitreous gray to light-

browvn quartzite, locelly

streaked with magnetiteceeseeceesaes 100

Similar to (14) but very

hematitic, partlcularly along

fractures. Seguence is

interrupted here bg a fault

that strikes N. and

dips 10° it W DA RPN pyl 50

Totel thickness of section.. 1,780




East of the fault that interrupts the section in
member (15), there appears to be several hundred feet
of quartzite beds, stratigraphicelly higher then &
which weather blackish.

Of the two small outcrops mentioned as occurring
near the Verde River, one appears 1/2 mile southeast
of the mouth of Granite Creek, at the northeastern end of
the exposure of Alder beds, end the other is 27 miles farther
northeast. The one neer Granite Creek is about 1/8 mile
in diemeter and consists of coarse-grained, pebbly,
vitreous quartzite which strikes N. 302 E.. dips 30° WW.,
and is faulted against the schist on the southwest; it
is unconformably overlapped by Cambrian sandstone, De-
vonian limestone, Tertiary lava, and eslluvium. The
northeestermmost outecrop is epproximately 1/2 mile long
by 150 feet wide and consists of coarse-grained, pebbly,
vitreous quartzite which for the most part strikes
N. 55° W, and dips 10° SE,but has been somewhet disturbed
by feulting. It is entirely surrounded by Tertiary and
Quaternary sedimentary beds.

An outstanding feature of the Mazatzel quartzite
of the Del Rio area is the prevalence of fine, well-
rounded to sub-angulsr vebbles of white quartz. At the
time of its deposition, therefore, & fairly high, rugged
land mass with many exposed quartz veins existed in the

vicinity.




Granite: A small mess of aplitic granite, bounded
by Tertiesry sedimentary and volcenic beds, crops out in the
southeastern part of the area (Plete IXVI). It is
lithologically similer to eplitic phases of the pre-
Cembrian grenite of central Arizona, and is believed to be

of pre-Cambrien age.

Paleoioic formations

The basal Paleozoic formation that unconformably
overlies the'Alder series and overlaps the Mazatzal
quertzite consists of coarse-grained to conglomeratic,
flaggy, red to white sandstone whose exposed thickness
ranges from a few feet to several tens of feet., Where
thick, it is lithologically identical to the Middle Cambrien
Tepeats sandstone of the Grand Canyon region, but where
thin and overlapping the quartzite, it is less like the
typicel Tapeats and may be of Devonian age.

Overlying the Tapeats sandstone and in places
directly overlapping the Mazatzal quartzite are a few
hundred feet of dark gray to buff impure Jerome limestone
(Devonien). In pleces near the Mazatzel contect it con-
tains pebbles and angular blocks of the quartzite.

The Devonisen limestone is locally overlain by

fairly pure light-gray Redwall limestone (Mississippian),

red beds.
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Tertiary and Quaternary formations

Overlying the pre-Cembrian end Paleozoic for-
mations and comprising the high ridges east of Granite
Creek is a series of several hundred feet of andesitic
to dacitic platy volcanic flows snd allied breccia and
tuff of probable Tertiary ege. The peak 2% miles east
of Del Rio is a cone.of these rocks, indicating them to be
of central eruption type. .

Resting upon these volcenic rocks and the older
formations is a series of loosely consolidated, poorly
stratified gravel and sand of probable Pliocene age.
They are overlain by basalt flows west of Grenite Creek
and north of Del Rio. With a thin mentle of Quaternary
debris and silt, these Tertiary beds form the wide floor

of Chino Valley.

Structure

The beds of pre-Cambrisn Alder series exposed
in the Del Rio area strike N. 45° E. and dip 50° N,
The Mazetzel quertzite against which they are faulted
has similer strike and dip. The quartzite of the main
area, as shown by Plate LXVI and Section R-M, lies in
broad folds of preveiling northeastward trend, with
limbs of moderate to steep dip and N. 40° E. to N. 20° W.

strike. These folds are locally associated with north-




287

PLATE LXVII. Thrust faults exposed in Mazatzal quartzite along
Granite Creek.
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eastward-striking thrust faults, as illustrated by

Plate LXVII. At its southwestern margin the quartzite
has been steeply to vertically upturned (see Plate LXVI),
presumably by a northwestward-trending feult whose

trace 1s concealed by elluvium.

The Paleozoic strata for the most part lie essen-
tially flat but in the southeastern portion of the area
strike northwestward and dip 20° NE. This disturbance
of the Paleozoiec rocks, which appeears also east of the
volcenic cone and several miles eastwerd, antedates the
endesitic lavas.,

The Paleozoic strate unconformebly overlep the
roughly eroded folds of the Mazetzal quartzite with a
very merked discordance in structure, proving that the
principal folding and faulting that affected the pre-
Cembrian formetions took place prior to deposition of the
Middle Cembrien Tapeats sandstone. The trend of the
folds, the attitude of the pre-Cembrian strata, and the
strike of the thrust faults are all characteristic of

the Mazatzal Revolution.




CHAPTER V. SOUTHERN BIACK HILLS

General Statement

The Black Hills comprise a horst range, 25 miles
long by e maximum of 10 miles wide, that trends north-
westwerd from Cherry Creek to the Verde River, between
the Verde Valley on the northeast and the Agua Fria or
Lonesome Valley on the southwest.

This renge, which conteins the great pre-Cambrian
copper deposits of Jerome in its northeastern portion,
the Yaeger copper deposit at its southwestern base, the
Cherry Creek pre-Cambrian esuriferous veins on the south,
end numerous smell prospects, has received considerable
attention from geologists, although its detalls have never
been completely or satisfactorily worked out. An abstract
of the published results of these investigations is given

on peages 50~-57 and 67 . The topogrephy was mepped

in 1902-1903 by the U. 8. Geologicel Survey as part of the
Jerome quadrangle, on a scale of 1:125,000. In 1919-1920

16l

a geologic reconnaissence mep of this quadrengle was

made by Olaf P, Jenkins end the writer, for the Arizona

16l
U. 8. Geol. Survey: Bull, 782, Plate I.




Bureasu of Mines. During parts of 1925-1930 detailed
mepping of the geology was carried on by the Arizona
Bureau of Mines, with Carl Lausen beginning a study of
the pre-Cambrian rocks and the writer separating the
Paleozoic and later formeations.

The Black Hills Range is made up of a basement
of pre-Cembrian rocks unconformebly overlain by some
2,300 feet of Cambrian to Permian stratea which are
locally capped by Tertiery basalt and Tertiary and
Quaternary sedimentary beds. It attains a meximum
elevation of 7,720 feet above sea level or 4,400 feet
above the Verde River and 2,800 feet above Lonesome
Velley. Its northeastern front represents a precipitously
eroded fault zone along which, as estimated by the United
Verde geologists, at least 2,500 feet of vertical dis-
placement occurred in pre-Cembrien time and more than
1,350 feet since tﬁe eruption of the Tertiary basalt.
These later movements have involved the lacustrine and
gravelly sedimentary beds of probable Pliocene age that
occur in the Verde Vaelley. The southwestern slope of
the range also represents an eroded fault zone of pre-
Cambrien to late Tertiary age.

The pre-Cembrian rocks consist largely of green-
stone, rhyolitic, end sedimentary schists, intruded by
diorite, grenite porphyry, and rhyolite porphyry, and

limited on the south by intrusive contect with a batho-
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lithic mess of grenite esnalogous to the Bradshaw granite
of the Bradshaw Mounteins. Although much detailed work
remains to be done before the structurel relations of
these pre-Cembrisn formations can be fully understood,

it has been shown thet in pre-Cambrisn time, probably
before the advent of the prinecipal intrusions, the
schists were compressed into close folds of prevailing
north-northeastward trend end affected by locally complex
faulting. Considerable pre-Cembrien faulting also
followed the intrusions. Due to these structurasl com-
plexities and also to obscurity of the contacts, the local

51-54,

reletions are not readily epparent. As stated on pages *©

Reber and Hansen, of the United Verde Copper Company
regerded the greenstone as older than the sedimentery
schist, whilelLausen cited (pege 56 ) what he regarded
as unconformities to prove that the greenstone is younger
and is in turn overlain by the rhyolite. On the other
hend, Lindgren (peges _56-57 ) strongly disagreed

with Lausen's observations and interpretations and
suggested that the bresk between the sedimentery and
greenstone schists may be due to an ancient fault along

the western base of the Black Hills,

Results of Present Investigation

A detasiled study of the pre-Cambrien formations
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PLATE LXVIII. Yaeger greenstone south of Mt. Mingus.




of the Black Hills is beyond the scope of this research.
From what is already known of the arees, it seems likely
that the "greenstone complex" here is in large part
equivalent to the greenstone of the Mazatzal Mountains,
the rhyolite is analogous to the Red Rock rhyolite, and
the sedimentary schist is equivelent to the Alder

series of that range. In view of this probability, the
discordance of Lausen's conclusions (pages 55-56 ) with
evidence found in the Mazatzal Mountains necessitated an
exeminaetion of the criticel points of his field evidence
as to age relations. Accordingly, seven trips, of which
one was with Professor Russell Gibson, of Harvard
University, were made into the southwestern portion of the
renge in search of the unconformity end the contrasts

in grades of metamorphism that Lausen featured there.

Five days were spent examining the greenstone in the
centrel portion, south of Mt. Mingus, and the rhyolite
in the southeastern portion of the range.

The intermediste to mafic rocks of the "green-
stone complex" are termed the Yaeger greenstone
(pages 92-94) and correlated with the greenstone of the
Mazatzal Mountains.

The rhyolitic portion of the "greenstone complex"
is commonly & pale-brown to grey rock which shows smsll

phenocrysts of clear cquartz and white feldspar in an

t is identical

H

abundant dense, fine-grained groundmass.




PLATE LXIX. Red Rock rhyolite, Black Canyon,
southern Black Hills.

295




296

PLATE ILXX. Steeply westward-dipping Alder beds near
Yaeger greenstone contact.




o
O
3

in field eppearance and microscopic features to typical
Red Rock rhyolite, with which it mey reasonably be
correleated,

The sedimentary schist, which has been intruded
locally by narrow dikes of diorite porphyry, consists of
thinly leminated, brown to brownish-red slate and phyllite
with some arkosic sandstone and a ﬁrominent bed of
squeezed conglomerate composed of well-worn pebbles, meinly
of quartz, jasper, esnd rhyolite in a fine-greined siliceous,
sericitic cement. As these metemorphosed sedimentary

rocks bear & striking field resemblance to portions of

the Alder series of the Mazatzal Range, they are correlated

ailed to demonstrate that the
greenstone unconformebly overlies the sedimentary schist,
as postulated by Leusen, or to support his statement that
the sedimentary schist is "thoroughly recrystallized and
schistose while the basal flows of the greenstone are
massive and show no evidence of dynemic stresses other
than deformation into a series of folds." On the contrary,
a steeply or vertically dipping fault of northward strike
separates the two formations throughout a disteance of
more then 4 miles, with intermittent exposures extend-
ing from the overlying Paleozoic beds north of Yaeger
Cenyon to the grenite tongue 1/8 mile south of the

Shylock Mine. This grenite tongue (Fig. 13), which




PLATE LXXI-A. Westward-dipping Yaeger greenstone immediately east
of contact with Alder seriess.

298

PLATE LXXI-B. Dioritic (!) porphyry dike in Yaeger greenstone
immediately east of contact with Alder series.
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O

intrudes the greenstone and extends westward to the
southern projection of the fault zome, is doubtless
responsible for at least part of the hydrothermel
metemorphism that has affected both the Alder series
end the Yaeger greenstone in this area.

Tmmediately east of the fault the greenstone
consisfs of coarse-grained, intensely sheared, clastic
beds (Plate 1XXI-A) which strike northwerd and dip 15°
to 75° W. They have been intensely chloritized and
carbonatized and weather pale yellowish-brown to dull
green in color. Intruding them are large irregular dikes

of dense, derk-colored rock which dominate the landscape

(Plate IXXI-B) end probably are the "messive andesitic

flows" of Lausen.l62

Exemined microscopicelly, this rock
shows skeletal phenocrysts of entirely sericitized
feldspars in a fine-grained chloritic, sericitic ground-
mass.

In the centrel portion of the area, south of Nt.
Mingus end 2 to 4 miles east of the Shylock mine, the
greenstone contains relatively more recognizable vol-
canic members and has been extensively intruded by lerge

dikes of diorite porphyry. There its bedding strikes

162
Jour. Geol., vol. 38, p. 179, 1920.
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N. 60° E, end dips steeply southeastward.

No definite evidence for the relations of the
rhyolite to the greenstone was obtained. Wherever seen
together, these two formetions ere in fault contact.

The lamination of the Alder series, which closely
parallels original bedding, strikes N, 20° E. and dips
steeply to almost verticelly.

Tt is concluded thet the principal structures

(¢]

in the southern portion of the Bleck Hills Range result
from the Mazatzel Revolution. Large, closed folds, such

v &
1

as are characteristic of the Mazatzal Revolution, appear

e

to have involved the Yaeger greenstone and Alder ser

es
€S,

whose beds prevailingly strike northeast to northweard and

w0

dip steeply. In all probability, the Red Rock

rhyolite of the area was also involved in this folding.
The faults that separate the Yaeger greenstone from the
Red Rock rhyolite and Alder series strike northeast to

—

northward. They are earlier then the Paleozo

e
e}
e
o
o
10
a
B
o

also, so far as known, earlier then the pre-
greanite; hence their correletion with the Mazatzal Re-

volution seems highly probable.
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PLATE XXI. Geologic map of northern portion of Mazatzal Range.
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PLATE XXII. Geologic map of central portion of Mazatzal
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PLATE XXIII. Map showing topography of
central and southern portions of
fazatzal Range and geology of

Semi-consolidated, locally
stratified gravel,
sand, and silt

(Quartzite, conglomerate, shale, and
limestone. Includes some areas of
Middle Cambrian Troy sandstone)
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