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Arizona Mineralization through Geologic History
Complex geologic history é& *“wm

Mineralization related to orogenic episodes
Precambrian = orogenies added to fringes

of continent

Paleozoic = AZ on trailing edge - Eastern orogenies

Mesozoic-Cenozoic = AZ on leading edge -
Cordilleran
Latest Cenozoic = subduction cutoff by San Andreas

B“T

AZ has rich mineral specimens and ore deposits
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Paleozoic =
West-dipping
subduction,
Volcanoes,
Appalachian
Mountains

Continent-

: continent
Sea floor spreading collision and

and mid-ocean ridge | yery tall
volcanism mountains

Tenget s ey
e

TRy Lertay

Mesozoic-
Cenozoic
east-dipping
subduction,
Volcanoes,
Mountains
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Orogenies
In Arizona

Qrogenic

[ o'my Phises

San Basin &
Andreas Range

Age

{Ma)

130

| Age perios

Latest
Tertary

Arzona
Abanmadiern
pnhydrous
basallic
volcanism

Metalum
Alkalic

] Alkalinity I Rescurces

Sand, gravel
salt, zeclites

gypsum

| Mining districts

San Francisco voicanic
field, Sen Carlos oivine
Emerald Isie exclic Cu

Late
(Whipple)

Late Tertiary

velcanies & local
epizenal stocks

Metalum-
nous
Alkaic

Cu-Au-Agn
vens;
epithermal Au-
Ag vens

Catmen. Mammoth
Rowiey Swansea

Middie

Galuro (Oatit)

Mid- Tertiary

alkab-calcie

ignimbritic

velcanics &
plutons

Metalumin
s Alkall-
caloc

Po-Zn-Ag F
veins, replace.:
epitharmal

Silver (Red Cloud)
Castie Dome, Stanley,
Aravaipa

Eany
(Soutn
Mountain

Mid-Tertiary

calc-akalic
velcanics &
plutons

Metalum
Cailc-
alkahc

Au v Cu-W
veins &
dssemnated

Litle Harquahala, Kofa

Eariest
(Mineta)

Mid-Teruary

mostly wathin
‘volcanic gap*

Uranium, clay,
exolic copper

Ao Comelia, Copper
Butte (rom Ray)

Lale
(Wigerne
ss)

Early Tertiary

24mica_garmnet-
muscovite

grantic stocks
silis, gkes

Peralum
Calcic
Cale-
alkatic

Ay dissem. &
otz veins, W
veins,

Oracle (Wilderness

grante), Bocana, Las

Guljes. Gold Basin,
Copperstone

Middie

Laramide | (Morenci)

Cretaceous-
Tertary

granodionte -
quartz
monzonde
porphyry stocks,
NE to ENE-
sinking dke
SWaIms

Metalumin
ous Cale-
alkalic

large
dssemnated
porphyry Cu
systems, local
skarmns & vens,
fringing Zn-Pb-

Ao, Ray, Christmas
San Manuel, Mineral
Parx, Pima, Bagdad,
Silver Bell, Globe-
Mami. Morenci
Superior

Eany
(Tombsto
nej

Late
Cretaceous

qglz. monz.
porph. stocks
ash fows

Metalum
Alkal-
caloic

A9
Pb-Zn-Ag vens
& replacement

deposits

Tombstone, Tyndall
(Glove), Washington
Camp, Salero

Earfiest
(Hillstoro)

mic-
Cretaceous

Volcamcs, small
stocks

Metalum
Alkaic

Cu-Au
hydrotharmal

Hillsboro, NM

Sevier

mid-
Crelacecus

Sedimentary
rocks

Bisbee Group
sediments

Jan C. Rasmussen, Ph.D., R.G.

Late

Late Jurassic

volcanics

Middie

Late &
Middie
Jurassic

Canelo Hills
volcanics;
Dlutonic rocks

porphyry Cu-Au
at Bisbee,
Gleascn

Waerren (Brsbee rmne),
Turquoise (Courtland-
Gleeson)

Eary

Late Triassic

Fluid fiow thru
sedmentary
rocks

Uranium,
vanagum
copoer

Orphan, Grandwew
Monument \Valiey

P e ) e

Triassic

Acadian/ Caledonian

Devonian

Cambnan -

Preterozoic —
Earty Late
Proterozoic

Late Mdde

basaf flows,
dabase dikes

Serpentine
asbestos

Slema Anchea uranium
Chryscble (Salt R
Canyon)

Middie
Proterozoic

K-feldspar
megacrystic or
porphyritic
ganies

Pegmatites &

greisens — Be,

L, Ta-Nb. U &
w

White Picacho,
Tungstona, Four Peaks

Mazatzsl

Late Earty
Proterozoic

Basa® & rhyolite
metavale., schist

Cu-Zn-Ag VMS

Qid Dyck (Bruce)

Yavapal

Late Earty
Proterozoic

Andesite, schist,
medar "lﬂﬂe

Cu-Zn-Au VM8,
Cu-Zn-Ag

Big Bug {iron King)
Verde (Jerome)

Penokean/ Hudsontan

Middle Late
Proterozoic

Schist, banded
cherty son
formation

BIF {Banded
iron formation )

Piles Peak iron

January 16, 2014

WWwWw.janrasmussen.com




Precambrian Orogenies in Arizona
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MIGURE 9.2 Prot lution of the Laj

Durfeq the Early Proterazolc, Archeas cratoms were

farmatien belts catled orogens. (b) L

caton, (a)

sutured along de-
grew along its southern

margin by accration of the Ceatral Mains, Yavapal, a0d Mazatzal oro-

ge2s. () A final episode of Protoerazoic accretion occurred during

the Grenville arogeny,
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Orogenic

Orogeny Phase

Age (period)

Arizona
Magmatism

Alkalinity

Resources

Mining districts

Grenville

Late Middle
Proterozoic —
Early Late
Proterozoic

basalt flows,
diabase dikes

Metalum.
Alkalic

Serpentine
asbestos

Sierra Ancha uranium
Chrysotile (Salt R.
Canyon)

“Oracle/Ruin”

Middle
Proterozoic

K-feldspar
megacrystic or
porphyritic
granites

Peralum.
Calc-
alkalic,
Alkali-
calcic

Pegmatites &

greisens — Be,

Li, Ta-Nb, U &
wW

White Picacho,
Tungstona, Four Peaks

Mazatzal

Late Early
Proterozoic

Basalt & rhyolite
metavolc., schist

Metalum.
Calcic

Cu-Zn-Ag VMS

Old Dick (Bruce)

Yavapai

Late Early
Proterozoic

Andesite, schist,
metarhyolite

Metalum.
Calcic

Cu-Zn-Au VMS,
Cu-Zn-Ag

Big Bug (Iron King),
Verde (Jerome)

Penokean/ Hudsonian

Middle Late
Proterozoic

Schist, banded
cherty iron
formation

Metalum.
Calcic

BIF (Banded
iron formation)

Pikes Peak iron

Jan C. Rasmussen, Ph.D., R.G.
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Hudsonian/Mohave Orogeny (2 — 1.8-Ga)

Orogenic

Orogeny Phase

Age (period)

Arizona
Magmatism

Alkalinity

Resources

Mining districts

— —
]

Penokean/Hudsonian

Middle Late
Proterozoic

Schist, banded

cherty iron

Metalum.
Calcic

BIF (Banded
iron formation)

formation

g
SLAVE .77 &8
CRATON 'S¢ 2 428

.
Al

1 900 million - 1.2 billion

1 1.6 billion - 1.75 billion

1.75 billion - 1.8 billion

@ 1.8 billion - 2.0 billi * N
illion - 2.0 billion o e
2.5 billion - 3.0 billion '

FIGURE 9.2 Proterozoic evolution of the Laurentian craton. (a)
During the Early Proterozoic, Archean cratons were sutured along de-
formation belts called orogens. (b) Laurentia grew along its southern
margin by accretion of the Central Plains, Yavapai, and Mazatzal oro-
gens. (c) A final episode of Protoerozoic accretion occurred during

the Grenville orogeny. (c)
Jan C. Rasmussen, Ph.D., R.G.
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Mohave Orogeny — Pikes Peak BIF
Banded Iron Formation

Hieroglyphic Mountains (Pikes Peak) Hematite-Magnetite
Taconite, north-central Maricopa County - Iron Age, Pig Iron, and Besseme:

IN FOF
’“L'”"'5'..' m : 'Mdr’(“P‘; Mun\.‘JlM
[ 0

» odel unt
Chert) ond hem reo. Bap @in,

d
‘ alite liron m.;:.d 19%per (reg

BIF (Jerome Historical

FIGURE 22. - Taconite-Like Hematite-Magnetite iron Formation, Hieroglyphic Mountains, T6 N, museum) Paul Lindberg
Rs 1 and 2 W, Maricopa County, Ariz. Note banded, laminated structure
sample

Jan C. Rasmussen, Ph.D., R.G. January 16, 2014
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Yavapai - Jerome VIMS (1.8 — 1.775 Ga)

Orogenic Age Arlzona
1800- Late Early Andesﬂe schlst Cu Zn-Au VMS, Blg Bug (Iron King),
pai 1775 Proterozoic metarhyolite CaIC|c Cu-Zn-Ag Verde (Jerome)

SLAVE ¢
CRATON %
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Yavapai -Jerome VMS (1.8.—1.775 Ga)

g;ggézmc Age (period) ﬁ\ﬂralizgomn:hsm Alkalinity Mining districts

1800- | Late Early | Early Andesﬂe schlst T Cu-Zn-Au VMS, | VMS, Blg Bug (Iron King),
pai 1775 Proterozoic metarhyolite CaIC|c Cu-Zn-Ag Verde (Jerome)

Sea Water

s Jerome Volcanogemm Sulfide

'm

‘Qz—v

3D model of
Verde deposit by
Paul Lindberg,
Jerome Historical
museum

Bornite, chalcopyrite
Copper iron sulfides
United Verde mine,
Jerome, AZ

AzMMM sample

Jan C. Rasmussen, Ph.D., R.G. January 16, 2014 WWW.janrasmussen.com



Yavapa| fJefr—eme VMS (1800 17/75/I\/Ia)

1800- | Late Early | Early Andesﬂe schlst CuZn-AUVMS, | VMS, Blg Bug (Iron King),
pai 1775 Proterozoic metarhyolite CaIC|c Cu-Zn-Ag Verde (Jerome)
. W

Sea level

Hydrothermal
circulation
of seawater

Hot magma

Deposition of Volcanogenic
Massive Sulfide ore

Black smoker, modern seafloor

Jan C. Rasmussen, Ph.D., R.G. January 16, 2014 WWW.janrasmussen.com



Jerome (Verde m.d.) (1800-—1775Ma)

: Orogenic Age e Arizona .. o .

1800- Late Early | Andesite, schist, " Cu-Zn-Au VMS, | VMS, Blg Bug (Iron King),
P 1775 Proterozoic metarhyolite Calcic Cu-Zn-Ag Verde (Jerome)

Chalcopyrite, copper iron Tennantite, chalcopyrite
sulfide, United Verde mine, - Copper iron sulfides -
Jerome, AZ, AzZMMM specimen United Verde mine,

Jan C. Rasmussen, Ph.D., R.G. January 16, 2014 ]erome ’WZI’H'MMMIM



Yavapai - Big Bug — Iron.King-VMS

Orogenic Age e Arizona .. o .

1800- Late Early | Andesite, schist, " Cu-Zn-Au VMS, | VMS, Blg Bug (Iron King),
P 1775 Proterozoic metarhyolite Calcic Cu-Zn-Ag Verde (Jerome)

Gold from
Big Bug
mine -
Sugar
White )
photo, Ed ,. ¢’§
Huskinson & _,
sample e

»

e
?
. v
g
»
)
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Mazatzal Orogeny (1.75-1.6 Ga)

Orogenic Age e Arizona - . o
| e e e o Y |
1750- Late Early Basalt & rhyolite Metalum. L _
1600 Proterozoic metavolc., schist Cu-Zn-Ag YMS Old Dick (Bruce)
SLAVE

£

&
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Mazatzal Orogeny (1.75-1.6 Ga)

| e e e o Y |

1750- Late Early Basalt & rhyolite Metalum. L _
1600 Proterozoic metavolc., schist Cu-Zn-Ag YMS Old Dick (Bruce)
The Old Dick (Bruce) mine is a Hillside mine, Eureka dist.,

» former underground Zn-Cu- Yav. Co.; source: Bai d - ;
Ag-Au-Pb-As-Co-Cd mine mindat.org .

* located 2% miles SSW of ~ o i :

 volcanogenic massive sulfide
deposit i’ ¥

» stratiform ore bodies hosted in %"
the Brindle Formation and the ‘
Dick Rhyolite

The Old ore lenses consist of resinous yellow1sh brown and black sphalerlte
* pyrite concentrated in irregularly spaced, narrow bands

* chalcopyrite in minute stringers and wide

* galena in local pods

+ disseminated tiny euhedral arsenopyrite crystals

 sphalerite veinlets

« some gold and silver

]alﬁf%a%@!é&,@ﬁ@l,lﬁc@ MinDat-Ofg January 16, 2014 WWW.janrasmussen.com




Oracle “anorogenic” Orogeny (1.44-1.335-Ga)

Peralum.
Calc-

K-feldspar Pegmatites &
Middle megacrystic or alkalic greisens — Be, White Picacho,
Proterozoic porphyritic Alkali-! Li, Ta-Nb, U & Tungstona, Four Peaks

granites . W
calcic

“‘Oracle/Ruin”

Euxenite,
White Picacho
pegmatites

Oracle Granite, Santa
Catalina Mts.
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Oracle “anorogenic” Orogeny (1.44-1.335 Ga)

Peralum.
Calc-
alkalic,
Alkali-

K-feldspar
Middle megacrystic or
Proterozoic porphyritic

Pegmatites &
greisens — Be, White Picacho,

Oracle/Ruin’ Li, Ta-Nb, U & | Tungstona, Four Peaks

granites W

calcic

Jan C. Rasmussen, Ph.D., R.G. January 16, 2014 WWW.janrasmussen.com



Oracle “anorogenic” Orogeny (1.44-1.335-Ga)

Peralum.
Calc-
alkalic,
Alkali-

K-feldspar
Middle megacrystic or
Proterozoic porphyritic

Pegmatites &
greisens — Be, White Picacho,

Oracle/Ruin’ Li, Ta-Nb, U & | Tungstona, Four Peaks

granites W

calcic

Amethyst, Four Peaks mine, MaZatzal Mts., Maricopa
Co., AZ
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L
Grenville Orogeny (1200-900-Ma)

Late Middle Sierra Ancha uranium
. 1200- | Proterozoic — basalt flows, Metalum. Serpentine o
Grenville 900 Early Late diabase dikes Alkalic asbestos Chrysotile (Salt R.
) Canyon)
Proterozoic

I o — o b ) .
1 € e K R * .0 -
R o S A S AR | R,

Grand Canyon supergroup
(Unkar Gp. (incl. Cardenas

basalt - 1070 Ma Rb-Sr),
Nankoweap Fm., Chuar Gp.)

Jan C. Rasmussen, Ph.D., R.G. January 16, 2014 WWW.janrasmussen.com



Grenville Orogeny (1200-900-Ma)

Orogenic
Phase

Arizona

Orogeny Magmatism

Age (period) Alkalinity Resources Mining districts

Late Middle
Proterozoic — basalt flows, Metalum. Serpentine
Early Late diabase dikes Alkalic asbestos
Proterozoic

Sierra Ancha uranium
Chrysotile (Salt R.
Canyon)

Grenville

Apache Group

Apache Gp. ,Tohono
Chul Park, Tucson

Jan C. Rasmussen, Ph.D., R.G. January 16, 2014 WWW.janrasmussen.com



2 —/
Grenville Orogeny (1200-900-Ma)

Late Middle Sierra Ancha uranium
. 1200- | Proterozoic — basalt flows, Metalum. Serpentine o
Grenville 900 Early Late diabase dikes Alkalic asbestos Chrysotile (Salt R.
) Canyon)
Proterozoic

Apache Gp., serpentine
Asbestos, Salt R. Canyon

Diabase in Apache Gp. ,Tohono
Chul Park, Tucson

Jan C. Rasmussen, Ph.D., R.G. January 16, 2014 WWW.janrasmussen.com



Paleozoic Orogenies in.eastern-U:S.

Orogenic . Arizoha
Phase AR (peee) Magmatism

[ VL UU'JPUI

Orogeny Alkalinity Resources Mining districts

Miss. —

Alleghenian (Ouachita) Triassic

None Uin sed. rocks Payson uranium

Acadian/ Caledonian Devonian None Limestone

Cambrian —

ord. None

Taconic.

AN - —
Continental crust “not ¥ SR 0 ¢ % ] Oceanic crust

Asthenosphere

Assimilation of lithosphere
into mantle

UPPEN ORDOVICIAN
SETANENTARY FACIES
1Riec reatan

tnat ©F iy 2w
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Paleozoic
Cratonic
sequences

Unconformity bounded
Continental assembly

Temperatus

Pleiszf)ocno Cokd Warm

[+ ]

Age (Millions of Years)

Jan C. Rasmussen, Ph.D., R.G.

TABLE 8-1 Cratonic Sequences of North America*

Cratonic Sequences O . %
! y rogenc . i lce
Geologic Time . ) E ,*’ Biologic Events Nk
Center of ¢craton  Margin of craton AVEIHS AgCS
W
ST s cat Himalayan )
CENOZOIC Alpmc Age of mammals
La E yudc ——+ Massive extinctions ————
% I—— : Sevine First flowering plants
Cregaceons Climax dinosaurs and
1 ¢ AMIMOnites

Nevadan —

“'h'\ﬁ First birds

Jurassic Abundant dinosaur:

"~ | Nevadan orogeny nd o
-

Farst dinosaurs

MESOZOIC

— = 25 R W Sonoma - Massive extinctions
(including trilobites)

Permian Mammal-like reptiles

Great coal forests
Pennsylvanian Alleghenian | Conifers
First repriles

Abundant amphibians
— and sharks

Mississippian Seafatioss
| Kaskaskia Seed ferns

7F— Antler e
T Extinctions

\\ First insects

First amphibians

gﬁledonlmj ’\L«‘gﬂ—( .xlcYImn :::l; :;;:rt:

LATE PALEOZOIC

Devonian

AT
PROTEROZOIC ' metazoans

First jawed fishes

z/
Silurian /V/ Firse air-breathing

Tippecanoe arthropods

Extinctions

N\_\‘\_ o

B Jela et ] ‘ First land plants

ousicinn ' TACONMIC OTOZEIY  toeoc | Epincionof main
e e e s

shelled mvertebrates

First fishes
Abundant shell-bearing
marine invertebrates 1

Trilobites

EARLY PALEQZOIC

Cambrian

*The green aress represent sequences of strata, They are separsted by major unconformitics, indicated in vellow, Nore that the rock record

most complete near cratonic IArging, jst 4y the tme spans represe sntedd by unconformities are greatest near the center of the craton Mupor

bologic, arogenic, and glactal events are ad ided for reference. (Cratonic sequence model after Sloss, L. L. 1963, Bull Geol. Sex. Amer. 74:93-114.)




Taconic sedimentation.in Arizona

Orogenic Age e Arizoha _ - L

. 490- Cambrian —
| teeee |G | T | N |- ] ]

— -
SE Q -
-
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Taconic sedimentation.in Arizona

Orogenic Age e Arizoha _ - L

g e S v e B S5
Y ‘w Pt Mo .

. 490- Cambrian —
|

o

..V
t | : &
¢ !
% h
11 ¥ v hy o
Wy ¥ “‘
)
% { N \
N \ } G
Al ™ " | O
L RY \ { { ) h
\ QR - 1S e § i :
: 5t Rs
A8 %3 &
VR g 1A
/ e LA 7.
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Taconic sedimentation.in Arizona

Orogenic Age e Arizoha _ - L
R

. -]
None
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Acadian/Caledonian sedimentation in Arizona

Orogenic Arizoha

OIS Phase AR (peee) Magmatism

Alkalinity Resources Mining districts

Acadian/ Caledonian Devonian None Limestone

/ Cordilleran
e
/ Wasaich)
hingeline

| DEVONIAN PALECGEQGAAPHY
:JModyshdwrmlma
| | |:1Mnany dagp maring
i T [ I Lowends baing otoded
. e | B e s
All paleogeographic paintings from Blakey & Rann e jiis s

Gray wreas proviga 0
1o dita e

FIGURE -4 Paleography of North America during the Devonian Period,
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Lull - Mississippian Limestones in Arizona

. ___ .

Clarkdale Cement plant

Sahuari:cz i\/[arblz
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Alleghenian se-dimentation N Arizon/é

——___

North
Amearica
f J -
\‘,‘I )
\ N\ f
South Africa -
Americs
$ O S 7 o
ol N Austraiia
2 . /indias - ; <
Antarctica

Government Butte,
S. of Tombstone

Jan on Permian Colina
Ls. 1967 4 7 #N u{'} ,,.;:‘/
Jan C. Rasmussen, Ph.D., R.G.

Goosenecks of the San Juan R., Hermosa Fm.

]anuary 16 2014 WWW.janrasmussen.com



Alleghenian se-dimentation N Arizon/é

——___

RIS & P
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»

~ lIsland arc Oceanic trenc
andesitic volcanoes

Mesozolic - Arizona was on leading edge
' of N. American continent = mountain
building, volcanoes, earthquakes, igneous

intrusions

i-oceanic ridge Andesitic volcano
Rift valley Oceanic trench

Paleozoic - Arizona was
on trailing edge of N.
American continent =
calm seaways

Jan C. Rasmussen, Ph.D,, R.G. January 16, 2014 Www.janrasmussen.com



Mesozoic — Cenozoic Orogenies

Age
(Ma)

Age (period)

Anzona
Mogmaﬁsm

Alkalinity

Resources

Mining districts

13-0

Latest
Tertiary

anhydrous
basaltic
volcanism

Metalum
Alkalic

Sand, gravel,
salt. zeoites,
m

San Francisco voicanic
field, San Carlos olivine,
Emeraid Isle exatic Cu

Late Tertiary

volcanics & local
epizonal stocks

Metaium-
inous
Alkalic

Cu-Au-Ag in
veins,
epithermal Au-

Ag vEins

Oatman, Mammoth,
Rowley Swansea

Mid-Tertiary

alkali-calcic

ignimbritic

volcanics &
plutons

Metalumin
ous Alkal-
calcic

Pb-Zn-Ag F
veins, replace _;
epithermal

Silver (Red Cloud),
Castle Dome, Stanley,
Aravaipa

Mid-Tertiary

calc-alkalic
volcanics &
plutons

Metalum
Cale-
alkalic

Au +/ Cu-W
veins &
disseminated

Little Harquahala, Kofa

(Mineta)

Mid-Tertiary

mostly within
‘volcanic gap”

Uranium, clay
exotic copper

Ajo Comelia, Copper
Butte (from Ray)

Laramide

Late
(Wilderne

Early Tertiary

2-mica, gamet-
muscowvite

granitic stocks,
sills, dkes

Peralum
Calcic,
Calc-
alkalic

Au dissem. &
gtz veins, W
veins

Oracle (Wilderness
granite), Bonana, Las
Gujgas, Gaid Basin,
Copperstone

Cretaceous-
Tertiary

granodiorite -
quartz
monzonite
porphyry stocks,
NE to ENE-
striking dke
Swarms

Metalumin
ous Calc-
alkalic

large
disseminated
porphyry Cu
systems, local
skams & veins,
fringing Zn-Pb-

Ajo, Ray, Christmas.
San Manuel, Mineral
Park, Pima, Bagdad,
Silver Bell, Globe-
Miami, Morenci,
Superior

Late
Cretaceous

gtz. monz
porph. stocks,
ash flows

Metalum
Alkali-
caicic

Ag
Pb-Zn-Ag veins
& replacement

deposits

Tombstone, Tyndall
(Glove), Washington
Camp, Salero

mid-
Cretaceous

Volcanics. small
stocks

Metalum
Alkalic

Cu-Au
hydrothermal

Hillsboro, NM

mid-
Cretaceous

Sedimentary
rocks

Bisbee Group
sediments

Late Jurassic

volcanics

Late &
Middie
Jurassic

Canelo Hills
voicanics,
plutonic rocks

Metalum
Alkalic

porphyry Cu-Auy
at Bisbee,
Gleeson

Warren (Bisbee mine),
Turquoise (Courtland-
Gleeson)

Late Triassic

Fluid flow thru
sedimentary

rocks

Metalum
Alkalic

Uranium,
vanadium,
copper

Orphan, Grandview
Monument Valiey

Jan C. Rasmussen, Ph.D., R.G.

January 16, 2014

WWwWw.janrasmussen.com



Nevadan Orogeny (230-145 Ma)

Qrogeny

Arizona
Magmatism

Orogenic

Phase Age (period)

Alkalinity Resources Mining districts

Nevadan

Late Late Jurassic volcanics
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Early Nevadan Orogeny (230-205-Ma)

Orogenic Age e Arizona .. - L
[ e I I R
505- Late & Canelo Hills Metalum. porphyry Cu-Au Warren (Bisbee mine),
Middle Middle volcanics; at Bisbee, Turqu0|se (Courtland-
Newvadan 160 Jurassic i Alkalic

plutonic rocks

Gleeson Gleeson)
Earl 230- Late Triassic FsIL;It:iCiirE?th;h . Metalum. vLajirnaancllliJunr:; Orphan, Grandview,
Y 205 s ry Alkalic ! Monument Valley

copper
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Orogenic Age e Arizona .. - L
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JuraSSiC[Nevadan Orogeny| (230'200 IVIa)

Qrogeny S{lggszn'c Age (period) ﬁﬂralizgomngtism Alkalinity Resources Mining districts
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Orogenic Age Arlzona

Earl 230- Late Triassic FsI:IddlrE?:tLh . Metalum. vlégaancll?un% Orphan, Grandview,
Y 205 rocks ry Alkalic conDer Monument Valley
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Jurassic arc magmatism

Orogenic

CIeZEny Fhase

Age (period)

Arizona
Magmatism

Alkalinity

Resources

Mining districts

Nevadan Middle
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Late &
Middle
Jurassic

Generalized paleogeographic map for the Jurassic of North America

Canelo Hills
volcanics;
plutonic rocks

Metalum.
Alkalic

porphyry Cu-Au
at Bisbee,
Gleeson

%3 (foreland?)
[
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Warren (Bisbee mine),
Turguoise (Courtland-
Gleeson
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Jurassm\arc magmatlsm ——

Orogenlc Age Arlzona

505- Late & Canelo Hills Metalum porphyry Cu-Au Warren (Bisbee mine),

Middle Middle volcanics; o at Bisbee, Turquoise (Courtland-
Newvadan 160 ; ) Alkalic .
Jurassic plutonic rocks Gleeson Gleeson)

South end of Mustang Mt& N T N
East of Sonoita, AZ i Wi -

h YT
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Middle Nevadan -

) _—
Warren m.d. (Bisbee)
Qrogeny Orogenic Age Age (period) Arizona Alkalinity Resources Mining districts
Phase (Ma) - / Magmatism

Y 0 OO 00000000 v 0 ]
505- Late & Canelo Hills Metalum porphyry Cu-Au Warren (Bisbee mine),
Middle Middle volcanics; o at Bisbee, Turquoise (Courtland-
Nevadan 160 : ) Alkalic .
Jurassic plutonic rocks Gleeson Gleeson)

: g &
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chalcopyrite
bornite
sphalerite
Pyrite - gangue
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Porphyry Copper mineralization

~ Primary - sulfides Secondary Enrichment - carbonates “oxides”

Weathering leaches copper from top, leaving
reddish iron oxides -iron hat

LIZEOPLY;
PAAI A
5

el

Hematite — limonite, Bisbeé
Copper is precipitated at the water table,
enriching depositwith chalcocite, copper,

azurite, malachite; chrysocolla
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Warren district (Bisbee) azurite—

Orogenic Age e Arizona .. - L

Y 0 OO 00000000 v 0 ]
505- Late & Canelo Hills Metalum porphyry Cu-Au Warren (Bisbee mine),
Middle Middle volcanics; o at Bisbee, Turquoise (Courtland-
Nevadan 160 : ) Alkalic .
Jurassic plutonic rocks Gleeson Gleeson)
e -

’
5

Bisbee azurite
Copper carbonate
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Warren district (Bisbee) secondary

Y 0 OO 00000000 v 0 ]
505- Late & Canelo Hills Metalum porphyry Cu-Au Warren (Bisbee mine),
Middle Middle volcanics; o at Bisbee, Turquoise (Courtland-
Nevadan 160 : ) Alkalic .
Jurassic plutonic rocks Gleeson Gleeson)

malachite

a1 malachite

-
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Warren district (Bisbee) secondary

Orogenic Age Arlzona

505- Late & Canelo Hills Metalum porphyry Cu-Au Warren (Bisbee mine),

Middle Middle volcanics; o at Bisbee, Turquoise (Courtland-
Newvadan 160 ; ) Alkalic .
Jurassic plutonic rocks Gleeson Gleeson)
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Warren district (Bisbee) secondary

Orogenic Age
Phase (Ma)

Arizona
Magmatism

505- Late & Canelo Hills

Nevadan Middle 160 Middle volcanics;

Qrogeny Age (period) Alkalinity Resources Mining districts

porphyry Cu-Au Warren (Bisbee mine),
M:r:;lﬁ?' at Bisbee, Turguoise (Courtland-
Jurassic plutonic rocks Gleeson Gleeson

turquoise
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Warren-district (Bisbee) secondary

Orogenic Age e Arizona .. - L

Y 0 OO 00000000 v 0 ]
505- Late & Canelo Hills Metalum porphyry Cu-Au Warren (Bisbee mine),
Middle Middle volcanics; o at Bisbee, Turquoise (Courtland-
Nevadan 160 : ) Alkalic .
Jurassic plutonic rocks Gleeson Gleeson)
i

chalcocite
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Warren district (Bisbee) secondary

Orogenic Age e Arizona .. - L

Y 0 OO 00000000 v 0 ]
505- Late & Canelo Hills Metalum porphyry Cu-Au Warren (Bisbee mine),
Middle Middle volcanics; o at Bisbee, Turquoise (Courtland-
Nevadan 160 : ) Alkalic .
Jurassic plutonic rocks Gleeson Gleeson)

copper

|
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Warren district (Bisbee) secondary

Y 0 OO 00000000 v 0 ]
505- Late & Canelo Hills Metalum porphyry Cu-Au Warren (Bisbee mine),
Middle Middle volcanics; o at Bisbee, Turquoise (Courtland-
Nevadan 160 : ) Alkalic .
Jurassic plutonic rocks Gleeson Gleeson)

BROCHANTITE
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Turquoise district — Courtland-Gleeson

Orogenic Age e Arizona .. - L

Y 0 OO 00000000 v 0 ]
505- Late & Canelo Hills Metalum porphyry Cu-Au Warren (Bisbee mine),
Middle Middle volcanics; o at Bisbee, Turquoise (Courtland-
Nevadan 160 : ) Alkalic .
Jurassic plutonic rocks Gleeson Gleeson)

Early and Middle Jurassic age dates
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Courtland area = possible Quartz Alkalic; Gleeson Ridge = possible Alkali-calcic
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Sevier Orogeny (145-89 Ma)

Orogenic
Fhase

Arizona

Orogeny Magmatism

Age (period) Alkalinity Resources Mining districts

mid- Sedimentary Bishee Group

Sevier }
Cretaceous rocks sediments

Low angle
thrust Batholiths
Oceanic faults ' Sevier-type

' thrusts
sediments Volcanoes

Oceanic crust

WEST Sea level

Constant dip subduction - Magmatism mostly in California
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Sevier Orogeny (145-89 Ma)

Orogenic Age
Phase (Ma)

145- mid- Sedimentary Bishee Group
89 Cretaceous sediments

Arizona

Orogeny Magmatism

Age (period) Alkalinity Resources Mining districts

Sevier

N\
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~

ilimen“"_'"’ . e,
5(='130 Ma) shallow marine
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Sevier Orogeny (145-89 Ma)

Arizona
Magmatism

Orogenic
Fhase

Qrogeny Age (period) Alkalinity Resources Mining districts

mid- Sedimentary Bishee Group

Sevier }
Cretaceous sediments
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Sevier Oﬁr‘o.ggny (145-89 I\/la) —

Orogenic Age Arlzona
Sevier 145- mld- Sedlmentary Blsbee Group
Cretaceous rocks sediments

Mural Ls. (Bisbee Group) E. of Bisbee
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Earliest Laramide -Hillsboro (89-85-IVia)

Orogenic
Fhase

Arizona

Orogeny Magmatism

Age (period) Alkalinity Resources Mining districts

Earliést mid- Volcanics, small Metalum. C'u-Au
(Hillsboro) Cretaceous stocks Alkalic hydrothermal

Hillsboro, NM

early initial Laramide orogeny
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Early Laramide (Tombstone) (85-65-Ma)

A . e A .
Early Late gtz. monz. Metalum. Fb-Zn-Ag veins Tombstone, Tyndall
(Tombsto | 85-65 porph. stocks; Alkali- & replacement (Glove), Washington
. Cretaceous : i
_ deposits Camp, Salero
Mt. Pinatubo,

Philippines,
1991
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Early Laramide (Tombstone) (85-65-IVia)

A . e A .
Early Late gtz. monz. Metalum. Fb-Zn-Ag veins Tombstone, Tyndall
(Tombsto | 8565 Cretaceous porph. stocks; Alkali- & replacement (Glove), Washington
j [ deposits Camp, Salero

| Tombstone Hills - Uncle Sam Tuff

e
QN \ P - N, & ~~ b N v
) - r % > of 'f' -

% f T LTS 2 o Nl

Tucson Mts. - Cat Mountain Rhyolite - 74 Ma ignimbrite (rhyolite ash
flows)
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Early Laramide

Tombstone) (85-65-Ma)
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late initial Laramide orogeny

Map of Denver anc Tombstone Assemblages of the late initial Laramide orogeny in Arizonz and vicinity.

Figure 4.
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Tombstone silver mines

A . e e e S .
Early Late gtz. monz. Metalum. Fb-Zn-Ag veins Tombstone, Tyndall
(Tombsto | 8565 Cretaceous porph. stocks; Alkali- & replacement (Glove), Washington
j [ deposits Camp, Salero

Wulfenite
fough Nut mine Tombstone

Cochise Co Arizona
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Tombstonesilver telluride minerais

] 1 A S S
Early Late gtz. monz. Metalum. Fb-Zn-Ag veins Tombstone, Tyndall
(Tombsto 5-65 Cretaceous porph. stocks; Alkali- & replacement (Glove), Washington
' [ deposits Camp, Salero
|

'; ? Dugganite - Empire mine.
Peter Megaw specimen and
Sugar White photograph

Emmonsite, b

Megaw
specimen,
Sugar White
photo

Megaw specimen,
: Sugar White photo

Chlorargyrite - John Betts
photo & specimen
MinDat.org
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Glove mine wulfenite, santa Rita Mits.

Argentiferous galena, sphalerite, small amounts of
pyrite, chalcopyrite & quartz

Deposited in permeable zones at the intersection
of a bedding plane fault and favorable beds in
Permian Naco Limestone

Extensive solution of the limestone and deep
oxidation concentrated cerussite, anglesite,
wulfenite, & smithsonite in the leached caverns as
sand carbonate ore
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Middle Laramide - Morenci (65-55-1Via)

Qrogeny

Orogenic
Fhase

Age (period)

Arizona
Magmatism

Alkalinity

Resources Mining districts

Laramide

Middle
{Morenci)

Morenci Assesblage

medial Laramide orogeny

Jan C. Rasmussen, Ph.D., R.G.
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Tertiary

granodiorite -
quartz
monzonite
porphyry stocks,
NE to ENE-
striking dike
swarms
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alkalic

large
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systems, local
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San Manuel, Mineral
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Silver Bell, Globe-
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I\/Ilddle Laramlde - IVIorenC| (65-55 IVIa)

granodiorite - large
quartz disseminated
monzonite Metalumin

Ajo, Ray, Christmas,
San Manuel, Mineral

Middle ) Cretaceous- porphyry Cu Park, Pima, Bagdad,
{Morenci) Tertiary

porphyry stocks, ous Calc- systems, local

NE to ENE- alkalic skarns & veins,

striking dike fringing Zn-Pb-
swarms

Silver Bell, Globe-
Miami, Morenci,
Superior

Miami-Globe
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Sy OEm DR R

s .

Bagdad Morenci
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Laramlde - Ray mine — porphyry Cu

granodiorite - large
quartz disseminated
monzonite Metalumin porphyry Cu
porphyry stocks, ous Calc- systems, local
NE to ENE- alkalic skarns & veins,
striking dike fringing Zn-Pb-
swarms Ag

Ajo, Ray, Christmas,
San Manuel, Mineral
Park, Pima, Bagdad,
Silver Bell, Globe-
Miami, Morenci,
Superior

Middle ) Cretaceous-
{Morenci) Tertiary

Ray shovel, haul truck
Dave Briggs photos
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Laramide — Mission, Silver Bell mines

granodiorite - large
quartz disseminated
monzonite Metalumin porphyry Cu
porphyry stocks, ous Calc- systems, local
NE to ENE- alkalic skarns & veins,
striking dike fringing Zn-Pb-
swarms

Ajo, Ray, Christmas,
San Manuel, Mineral
Park, Pima, Bagdad,
Silver Bell, Globe-
Miami, Morenci,
Superior

Middle Cretaceous-
Laramide (Morenci) Tertiary

y 7
2 4 j{) <

7 %; Y
. N .
P 5 L0y, |

Mission mine

Silver Bell mine

Photos courtesy of ASARCO (Grupo)
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Bornite — peacock

copper — copper iron
sulfide

Chalcopyrite -
copper fools gold
Copper-iron-sulfide
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ma mine
e 5t

~_Superior — Ma

hematite
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- San Manuel mine
1998

Manuel tailings
overed, regraded

006

Jan C. Rasmussen, Ph.D., R.G. artz on Ch socolla WWW.janrasmussen.com




San Manuel mine
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Latest Laramide — Wilderness (55-43-IVla)

2-mica, garnet-

muscovite ic, A?Zd\iseisr??ﬁ grcs)irﬁifelri (g\g:iielg?f:s
granitic stocks, 9 veins ’ Guijas, Gold Basin,
sills, dikes ’ Copperstone

Late
(Wilderne | 55-43 | Early Tertiary
SS)

EARLY LARAMIDE OROGENY (85-56m.y.q.) Flat

? subduction

LATE LARAMIDE OROGENY (56-43m. ya)

Culminant
Laramide
gure 7. Wap of strato-tecton’c assemblages of the

tulninant  Laranide orogeny in  Arfzona and
vicinity,

g ‘W. Santa Catalina Mts. from El Conquistador
> | N L - s e~ " S f—
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Latest Laramide (Paleocene)mining districts

2-mica, garnet- Au disserm. & Oracle (Wilderness
muscovite qtz veins: W granite), Boriana, Las
veins ’ Guijas, Gold Basin,
’ Copperstone

Late

(Wilderne | 55-43 | Early Tertiary | o itic stocks,

sills, dikes

-
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- Copperstone Gold mine, La Paz Co.
Gold, Las Guijas, Pima Co. AZ
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Galiuro Orogeny - mid-Tertiary (43-13-Ma)

Metalum- Cu-Au-Agin
Late . volcanics & local . veins: Qatman, Mammoth,
e . 18-13 | Late Tertiary ) inous .
(Whipple) epizonal stocks Alkalic epithermal Au- Rowley,Swansea
Ag veins

alkali-calcic . : . _
Middle ignimbritic Metalumin Pb-Zn-Ag F Silver (Red Cloud),

Mid-Tertiary X ous Alkali- veins, replace.; Castle Dome, Stanley,
volcanics &

plutons calcic epithermal Aravaipa

Early calc-alkalic Metalum. AU +/- Cu-W

(South 30-22 Mid-Tertiary volcanics & Calc- veins & Little Harguahala, Kofa
Mountain plutons alkalic disseminated

Earliest i - . mostly within Uranium, clay, Ajo Cornelia, Copper
(Mineta) | 9828 | Mid-Tertlary | o canic gap” - Butte (from Ray)

(Datil)

t" 3 A ’ i Entering g
L (TR ) | ? 0 :
& Vo o e PR A "\
f I.' ;l”’ . A% '( o > ‘

Sagusaro
National Monument |’

Chiricahua Mts. Ash flow tuffs
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Early Galluro — IVImeta (38-28 IVIa)

Earllest ] mostly within Uranlum_ clay, Ajo Cornelia, Copper

Pantano Clay, East
Tucson - 1987
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Middle Galiuro — South Mtn. (30-22 Va)

calc-alkalic Metalum. AU +/- Cu-W
(South volcanics & Calc- veins & Little Harguahala, Kofa
Mountain plutons i disseminated

MID-TERTIARY
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Middle Galiuro — Datil (28-18 Ma)

Orogenic
Fhase

Arizona

Orogeny Magmatism

Age (period) Alkalinity Resources Mining districts

T Ao Vo

Metalumin Pb-Zn-Ag F Silver (Red Cloud),
ous Alkali- veins, replace Castle Dome, Stanley,
calcic epithermal Aravaipa

alkali-calcic
Middle . . ignimbritic
Galiuro (Datil) Mid-Tertiary volcanics &
plutons

Galiuro
Assemblage

Figure 4. Map of Galiuro assemblage of the medial
Galiuroc orogeny in Arizona and vicinity.
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Middle Galiuro — Datil (28-18 Ma)

Orogenic Age e Arizona .. - L
1 | 1 @Oy e~

alkali-calcic
Middle ignimbritic
Galiuro (Datil)

Metalumin Pb-Zn-Ag F Silver (Red Cloud),
ous Alkali- veins, replace Castle Dome, Stanley,
calcic epithermal Aravaipa

Mid-Tertiary volcanics &

plutons
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Alkali-calcic, mid-

Tertiary

¢ Irregular masses and vug linings of
argentiferous lead and zinc carbonates

with pyrolusite,
vanadinite,
wulfenite &
minor malachite,
partly altered arge
disseminated ma
bromide
* in a gangue of irc
fluorite, calcite, gc
rock
* Vein occurs ir
between Tertiar
porphyry, rhyo
tuffs & Laramic
diorite intrusive
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Late Galiuro — Whipple (18-13 Ma)

Orogenic
Fhase

Arizona

Orogeny Magmatism

Age (period) Alkalinity Resources Mining districts

Metalum- Cu'-:ﬂ'\u-Ag in
Late volcanics & local veins; Oatman, Mammoth,

(Whipple) Late Tertiary epizonal stocks K;;;I?C epithermal Au- Rowley,Swansea
Ag veins

| : . Fluorite,
—— ) ] ‘ - ..'- | | "\ Harquahala

Assembiage

. h Q
230D ige oF e Culninent ™ ‘4 Mt

Jan C. Rasmussen, Ph.D., R.G. January 16, 2014 www.-janrasmussen.com



Mammoth-St. Anthony. mine (Tiger)

Orogenic Age e Arizona .. - L

Metalum- Cu-Au-Agin
Late 18-13 volcanics & local inous veins; Oatman, Mammoth,
(Whipple) epizonal stocks Alkalic Rowley,Swansea

Late Tertiary
T

Mohawk s_}_laftL—:l“iger

e o

.._(-‘ -
Wulfe’te, mimetite
F o
c.\ Ia- 9} : = < s : . .
". 3 '
_%5’ LY Aerial photo courtesy of BHP Billiton, 2006
RAL

Jan C. Rasmussen, Ph.D., R.G. January 16, 2014 WWW.janrasmussen.com



Jan C. Rasmussen, Ph.D., R.G.

Wulfenite, vanadinite, gold
in quartz, galena,
sphalerite, anglesite,
cerussite, and many
oxidized minerals

In west-northwest shear
zones intruded by mid-
Tertiary (22 Ma) rhyolite,
with widest fissure veins
occurring in quartz
monzonite (Precambrian)
most intensely shattered
and brecciated

Deposit was oxidized an
faulted, then wulfenite
vanadinite were depos
with later oxidation iAo

, Donor: Leaverites

www.janrasmussen.com



diabéleite

vanad!

Wultenite, milemyes

, . 3 o g ‘)"
Wulfenite, dioptase dioptase = hemimorphite caledonite

Mammnath_ce a_.. ;
Jan C. Rasmussen, Ph.D., R.G. January 16, 2014 Www.janrasmussen.com



Arvsond Mineral Teeasures

Linarite

Jan C. Rasmussen, Ph.D,, R.G.

January 16, 2014

FITAEWA TTinesa
Wi e wthe
CManwrmats ¢ As

Ergny P
Fav A vy

rsong tHineral Trvasures

Leadhillite
Nlarrirre -5 Artfumiy vsine
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« Barite, wulfenite, cerussite, base-metz

sulfides, with secondary minerals of ceru
anglesite suite, wulfenite suite, caledonite
and vanadinite suite.

« In northwest fissure veins in mid-Tertia
andesite and rhyolite flows and dikes

d mimetite

Jan C. Rasmussen, Ph.D. 1ussen.com
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Orogenic Age : Arizona .. - L
| Orogeny Phase (Ma) Age (period) Magmatism Alkalinity Resources Mining districts
. anhydrous Sand, gravel, San Francisco volcanic
San Basin & 13-0 Lat'_ast basaltic Metalqm. salt, zeolites, field, San Carlos oliving,
Andreas Range Tertiary . Alkalic )
volcanism gypsum Emerald Isle exotic Cu
1 M i

Valleys filled with sand, gravel, clay, g;yp

1 LARAMIDE OR MID-TERTIARY VOLCANICS

2 MID-TERTIARY SEDIMENTS

3 BASIN FILL

Jan C. Rasmussen, Ph.D,, R..

PIEDMONT FACIES

3

VALLEY-CENTER FACIES
COARSE-GRAINED ALLUVIUM
TERRACES AND FLOODPLAIN

January 16, 2014

www.janrasmussen.com
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30 million years 1250 miles (2000 km) /
AETRNY AATE

astward-subducting plate

EARLY MID-TERTIARY OROGENY (43-22m.y.0l

=y

LATE MID-TERTIARY OROGENY (22 ~13m.y.0.)

l

Present

BASIN ond RANGE DISTURBANCE (13-0 my.a)

____m Spreading center—Arrows indicate
X direction of movement
Foom Subduction zone—Sawteen on
upper plate

S Fault—Arrows indicate direction of
T relative movement

A Triple Junction

Jan C. Rasmussen, Ph.D., R.G. January 16, 2014 Www.janrasmussen.com
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Industri inerals - Late Cenon

A

A e Gypsum rose
. e
Sand & gravel

Kalamazoo Clay - 1987

THENARDITE
Sodium Sulfate

Jan C. Rasmussen, Ph.D., R.G. January 16, 2014 Www.janrasmussen.com



San Andreas = Basin & Range (13-0-Va)

San Basin & Latest anhydrqus Metalum. Sand, grgvel, San Francisco volc_:a_nlc
13-0 ) basaltic . salt, zeolites, field, San Carlos oliving,

Andreas Range Tertiary . Alkalic )
volcanism Emerald Isle exotic Cu

|
R A, R AR R 2
"r}'w sd\f& San'Carlos- AR 52 T Mo
W 4 7
’\) '. .

-
.

‘\"‘~" w
e m\

San Franciseo Peaks; Flagstaff

January 16, 2014 WWW.janrasmussen.com




c Arzona
(oo | [, [ Foromio) | Ay [ Mty s | hora s

nhydrous Sand, gravel
Basin & Latest .
Orogeniesin Arizona 1 EAEIEIEEES A |
Late velcanics & local
(Whipple) n Late Tertiary epizenal stocks

Middie
arty calc-aikalic Metaluim Au +£- Cu-W
(South 30-22 | Mid-Termary volcanics & Calc- veins &
Mountain plutons alkalc dssemnated

-oceanic ridge Andesitic volcano
Rift valley Oceanic trench Z

Late 2‘;‘:&:&'“' Au dissem. &
(W::me 5543 | Early Testiory | Co0 ks, ; otz veins, W

: ge
dssemnated
Metalumin porphyry Cu
£ ” st | s5ss C’;':;‘;‘" porphyry stocks, | ous Cale- | systems. local
NE to ENE- alkalic skams & vens,
sinking dke ﬁngnn Zn Pb-
SWarms

glz. monz. Metalum Pb-Zn- M vens
85-65 a r. . s porph. stocks Alkali- & replacemen
ash fows deposits

Volcames, small
Stocks

Late & Canelo Hills
volcanics;
plutonic rocks Gleason
Fluld fiow thru Uranium,

| e s O W L

basaf flows,
dabase dikes

Pegmatites &
1440- gressens — 8o,
o 1335 Protuozuc > Li, Ta- Nb us

ARl e el T
v e | Gase | OIS
1775 Proterozolc me(arn ne C-aluc Cu-Zn-Ag

Schist, banded
Middle Late Metalum BIF {Banded
Penokean/ Hudsontan Proterozaic cheny won Calcic formation)

Jan C. Rasmussen, Ph.D., R.G. January 16, 2014 WWW.janrasmussen.com

San Francisco voicanic
field, Sen Canos oivine

Silver (Red Cloud),
Castie Dome, Stanley,
Aravaipa

Eariest " mostly wahin Uranium, clay, Ao Comelia, Copper
Motenery | Socmege | - | ‘cumecopper | outevomsag

Oracle {Widerness
grante), Bocana, Las
Guljes. Gold Basin,

Ao, Ray, Christmas
San Manuel, Mineral
Parx, Pima, Bagdad,
Silver Bell, Globe-
Mami. Morenci
Superior
Tombstone, Tyndall
(Glove), Washington
Camp,_Salero

Hillsboro, NM

Bisbee Group
mml!

Gleescon
Orphan, Grandwew
Monument \Valiey
410-
mm-—

Slema Anche uranium
Chryscble (Salt R
Canyon)

White Picacho,
Tungstona, Four Peaks

Qid Drck (Bruce)
Bag Bug (lron King),
Verde (Jerome



Arizona Mineralization through.Geologic History
Complex geologic history {q:@

Mineralization related to orogenic episodes

AZ has rich mineral specimens and ore deposits

Jan C. Rasmussen, Ph.D., R.G. January 16, 2014 WWW.janrasmussen.com



