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MIGURE 9.2 Prot ic evolution of the L craton, (a)
Durfeq the Early Proterazolc, Archeas cratoms were sutured aloag de-
f belty catled orog (b) L grow along its southern
margin by accration of the Ceatral Mains, Yavapal, aad Mazatzal oro-
geos. () A final episode of Prot ¢ accretion d during

he Grenville arogeny.

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
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Penokean/Hudsonian/Mohave Orogeny
(2000 — 1800 Ma)

Orogeny

Orogenic
Phase

Arizona
Magmatis

Alkalinity

Resources

Mining districts

Age (period)
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Penokean/ Hudsonian

Middle Late
Proterozoic

Schist, banded
cherty iron
formation

Metalum.
Calcic

BIF (Banded
iron formation)

Pikes Peak iron

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

900 million - 1.2 billion
1.6 billion - 1.75 billion
1.75 billion - 1.8 billion
1.8 billien - 2.0 billion

2.5 billion - 3.0 billion

the Grenville orogeny.
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Penokean — Pikes.Peak BIF—
Banded Iron Formation

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

BIF (Jerome Historical

FIGURE 22. - Taconite-Like Hematite-Magnetite ron Formation, Hieroglyphic Mountains, T 6 N, museum) Paul Llndberg
Rs 1 and 2 W, Maricopa County, Ariz. Note banded, laminated structure
sample

Jan C. Rasmussen, Ph.D., R.G. April 6, 2013 WwWw.janrasmussen.com



Yava p/a,i Jerom-e\\LI\/IS (1800 —~ ;7/7 S/I\7Ia)

Yavapai 1800'
P 1775

Late Ea rIy
Proterozoic

Andesﬂe schlst Cu Zn-Au VMS, Blg Bug (Iron King),
metarhyolite CaIC|c Cu-Zn-Ag Verde (Jerome)

Sea Water

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

3D model of
Verde
deposit by
Paul
Lindberg,
Jerome
Historical
museum
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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
poper iron Sulfias
i

TENNANTITE, CHALCOPYRITE
Copper Iron Sulfide
CufFasS

United Verde Mine, Jerame, Yavapai Co., AZ

. Pheips D Corp i
Donor ps Dodge o0
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Yavapal - Big Bug — lron.King-VVMS

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)

SLAVE %
CRATON'® 4

Gold from Big Bug mine
Sugar White photo, Ed Huskinson sample
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Mazatzal Orogeny (1750-1600-Ma)

—_—

The Old Dick (Bruce) mine is a

 former underground Zn-Cu-Ag-Au-Pb-As-Co-Cd
mine

 located 2% miles SSW of Bagdad.

* volcanogenic massive sulfide deposit

* stratiform ore bodies hosted in the Brindle
Formation and the Dick Rhyolite

 ore lenses consist of resinous yellowish-brown an
black sphalerite

 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
Information source: MinDat.org

d Hillside.mine, Eureka dist.,
Yav. Co.; source: Baird,
mindat.org
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Oracle “anorogenic” Orogeny (1440-1335-Via)

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

Oracle Granite, Santa 4 Peaks Amethyst
Catalina Mts.
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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

Chrysotile
asbestos, Salt
River Canyon
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Paleozoic Orogenies in eastern U.S.
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Taconic sedimentation.in Arizona

Orogenic Age e Arizoha _ - L
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Tonto Group, Grand Canyon (Tapeats Ss. Ledge, overlain by
Bright Angel Shale slope, and Muav Ls. ledge

Bolsa Quartzite on skyline, Rosemont Copper, Santa Rita
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Acadian/Caledonian sedimentation in Arizona

Orogenic Arizoha
Magmatism

Orogeny Age (period) Alkalinity Resources Mining districts

Phase

Acadian/ Caledonian Devonian None Limestone

| DEVONIAN PALECGEOGRARHY
D Moetly shalow manna

| | [ Mostty daep marine

i I [ Lowtnas baing eroded

“ I Mountainous arass

Tl S Volcaroes  Scale 1:25,000,000
FIGURE 9.24 A panoramic view of the Catskill dastic wedge as seen from a location Gray areas provica E 0 1000
ahove south-contral Pennsylvania. Shareline trends Jor abonr 300 kilometers in a no data - I!l;l el
nartheastern direction. (Mudified fiame Woadrmm, 1. L. 1955, Gewl. Sov. Am. Speciad Paper e e
— FIGURE 8.4 Paleography of North America during the Devonian Period,
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Lull IVIississippian Limestones in Arizona

Orogenic Age (erion) Arizona - . .

325- Mlss -

Clarkdale Cement plant
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Alleghenian se-dimentation N Arizon/é
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Goosenecks of the San Juan R., Hermosa Fm.
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Alleghenian sedimentation N Arizon/a
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. |
~ lIsland arc QOceanic trenc

i\ _(andesitic volcanoes),
> Mesozoic — 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
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Mesozoic — Cenozoic Orogenies

Orogenic
Phase

Age (period)

Anzona

Magmatism

Alkalnity

Resources

Mining districts

Basin &
Range

Latest
Tertiary

anhydrous
basaltic
volcanism

Metalum
Alkalic

Sand, gravel,
salt. zedites,

Qypsum

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

Late
(Whipple)

Late Tertiary

volcanics & local
epizonal stocks

Metalum-
inous
Alkalic

Cu-Au-Ag in
vens,
epithermal Au-

Ag veins

Oatman, Mammoth,
Rowley Swansea

Middle

Galiuro (Datil)

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

éany
(South
Mountain

Mid-Tertiary

calc-alkalic
volcanics &
plutons

Metalum
Cale-
alkalic

Au +/ Cu-W
veins &
disseminated

Little Harquahala, Kofa

Earliest
(Mineta)

Mid-Tertiary

mostly within
‘volcanic gap®

Uranium, clay
exotic copper

Ajo Comelia, Copper
Butte (from Ray)

Late
(Wilderne
ss)

Early Tertiary

2-mica, gamet-
muscovite

granitic stocks,
sills, dkes

Peralum
Calcic,
Calc-
alkalic

Au dissem. &
gtz veins, W
veins

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

Middie

Laramide (Morenci)

Cretaceous-
Tertiary

granodiorite -
quartz
monzonite
porphyry stocks,
NE to ENE-
stnking 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

Early
(Tombsto
ne)

Late
Cretaceous

qtz. monz
porph. stocks,
ash flows

Metalum
Alkali-
calcic

Ag
Pb-Zn-Ag veins
& replacement

deposits

Tombstone, Tyndall
(Glove), Washington
Camp, Salero

Earfiest
(Hillsboro)

mid-
Cretaceous

Volcanics. small
stocks

Metalum
Alkalic

Cu-Au
hydrothermal

Hillsboro, NM

Sevier

mid-
Cretaceous

Sedimentary
rocks

Bisbee Group
sediments

Late Jurassic

volcanics

Late &
Middie
Jurassic

Canelo Hills
voicanics,
plutonic rocks

Metalum
Alkalic

porphyry Cu-Au
at Bisbee,
Gleeson

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

Late Triassic

Fluid flow thru
sedimentary
rocks

Metalum
Alkalic

Uranium,
vanadium,
copper

Orphan, Grandview
Monument Valley
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Nevadan Orogeny (230-145 Ma)

Qrogeny

Orogenic
Fhase

Age (period)

Arizona
Magmatism

Alkalinity

Resources

Mining districts

Nevadan

Late

Late Jurassic

volcanics

Middle

Late &
Middle
Jurassic

Canelo Hills
volcanics;
plutonic rocks

Metalum.
Alkalic

porphyry Cu-Au
at Bisbee,
Gleeson

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

Early

Late Triassic

Fluid flow thru
sedimentary
rocks

Metalum.
Alkalic

Uranium,
vanadium,
copper

Orphan, Grandview,
Monument Valley

Jan C. Rasmussen, Ph.D.r, R.G.
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wedge
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Magmatic
are

I
thrust belt

Sedimentary
basin
C

WWwWw.janrasmussen.com




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-
Nevadan 160 . ) Alkalic .
Jurassic plutonic rocks Gleeson Gleeson)
Earl 230- Late Triassic FsIL;It:iCiirE?th;h . Metalum. vLajirnaancllliJunr:; Orphan, Grandview,
Y 205 ry Alkalic ! Monument Valley
rocks copper

Petrified Forest Member, Chinle Fm
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Orogenic Age e Arizona .. - L
I I T T
Fluid flow thru Uranium, .
- Late Triassic sedimentary vanadium, ol[flpgna&!n(earﬁgfi\llllgy

I— Diameter of Smface Depression —I

Holocene Allusham

| Meeabepl
Farmaren

| Kaibab Haorichorg Mewhes

| Limestane

|

| Waeods R M.
[:::.x Torady Cangyom Member
| Soligreas Maber

Cacanine Sandstene

Fassil Dleuntain Member

Hermit

Esplanade
Sandstens

Surprise Canyon Farmation
(Mississipgian)

Rodwel Limeateos

BTy ——

Source: Wenrich
Source: Wenrich ok ¥
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Jurassic arc magmatism

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)

p

,-‘ &
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'K, l/

"Quq EM‘"Q:—

JURASSIC PALEOGVHAPHV
Y l [—}Mymmmo
] [:vammnno
‘ | llonw'dsbungaodud 4 — -
[ re— A e TN ) :
| oot SBR[ Paleogeographic maps from ~ ° s

Cray avwes provids 0 800 1020
—_

s

R— — Blakey & Ranney NS

FIGURE 11-7  Generalized paleogeographic map for the Jurassic of North America
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Middle Nevadan - Warren.m.d. (Bishee)

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
. -] AN, e

chalcopyrite
bornite
sphalerite
Pyrite - gangue
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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)
it RENr g =

'

Jan C. Rasmussen, Ph.D., R.G.
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Warren district (Bisbee) secondary

Qrogeny

Orogenic
Fhase

Age (period)

Arizona
Magmatism

Alkalinity

Resources Mining districts

Nevadan

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

Middle

Late &
Middle
Jurassic

Canelo Hills
volcanics;
plutonic rocks

April 6, 2013

Metalum.
Alkalic

porphyry Cu-Au
at Bisbee,
Gleeson

Warren (Bisbee mine),
Turguoise (Courtland-
Gleeson

BOURNONITE
¢ Antimony Sulfide
Lead copp:bCqusa

isbee, Cochise Co.. AZ

Donor: Virginia L Krotz Collection =

www.janrasmussen.com




Warren district (Bisbee) secondary

Orogenic Age e Arizona .. - L

__ r rr _r ]
505- Late & Canelo Hills Metalum. porphyry Cu-Au Warren (Bisbee mine),
Middle Middle volcanics; at Bisbee, Turguoise (Courtland-
Nevadan 160 : ) Alkalic .
Jurassic plutonic rocks Gleeson Gleeson)
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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)
: : A K Y- —

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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<A Defiance mine, wulfenite, Donor: Les Presmyk

Silver Bill mine, wulfenite

Courtland area = possible Quartz Alkalic; Gleeson Ridge = possible Alkali-calcic
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Sevier Orogeny (145-89 IVIa)

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

shallow marine

-~

,.—", ~
= \'l:(q

* Mural Ls. -Blsbee Group E of Blsbee
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Laramide Orogeny (89-43 Ma)

Late 2-mica, garnet- Peralum. AU dissem. & Oracle (Wilderness
(Wilderne | 55-43 | Early Tertiary muscovite Calcic, qtz veins; W granite), Boriana, Las
- 53) granitic stocks, Cale- veins ' Guijas, Gold Basin,

- sills, dikes alkalic ’ Copperstone

granodiorite - _ Iarge Ajo, Ray, Christmas,
quartz disseminated San M L Mi |
- monzonite Metalumin porphyry Cu an Manuel, Winera
Middle Cretaceous- h tock Cal ¢ local Park, Pima, Bagdad,
Laramide | (Morenci) i Tertiary POTPNYTY SIOCKS, | ous Lalc- systems, loca

. . Silver Bell, Globe-
NE to ENE- alkalic skarns & veins, o :
o, . = Miami, Morenci,
striking dike fringing Zn-Pb- .
Superior
swarms Ag

Early Late gtz. monz. Metalum. Pb-Zn-Ag veins Tombstone, Tyndall
(Tombsto 85-65 Cretaceous porph. stocks; Alkali- & replacement (Glove), Washington
ash flows calcic deposits Camp Salero

Earllest mid- Volcanics, small Metalum Cu-Au

Mission Silver Bell
Photos courtesy of ASARCO (Grupo)
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Earliest Laramide -Hillsboro (89-85-IVia)

Arizona
Magmatism

Orogenic

Phase Alkalinity Resources Mining districts

Qrogeny Age (period)

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

KR Kbbs

direction of vergence |
high-angle w

reverse fault

teeth on upper plate

anticline
synctine
monoctine
beach sandstones
nionmarine sediments
sediments

volcanics, alkalic 7
plutons, atkalic
dikes

early initial Laramide orogeny 3 o . . e e éi-‘.;:,h.S‘ : % b
Photo from Peabody Coal (Freeport-McMoran)
Jan C. Rasmussen, Ph.D., R.G. April 6, 2013 WWW.janrasmussen.com




Early Laramide (Tombstone) (85-65-IVia)

S{lggszn'c Age (period) ﬁﬂralizgomngtism Alkalinity Resources Mining districts
Late gtz. monz. Metalum. Pb-Zn-AEJ veins Tombstone, Tyndall
porph. stocks; Alkali- & replacement (Glove), Washington
Cretaceous : i
ash flows calcic deposits Camp, Salero

Qrogeny

Early
(Tombsto
he)

Ma\F/ MM SDR

thrust fauits

teeth on at Sy y
eeth on upper plase u.N
—3+—D anticline -2 0P

— ayncl ine ) T~ ~.
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—+—H wenocting ‘al e ;
B 5 morociine, si '.80 o \.\ \SR .i" g; -t‘c
v Showing both L &
53’;}
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upper and Jower hinges o Miatin
~f—  overturred fold "o c- Qé
—as—"  strike-slip fault ‘k’ H \Ql\ ‘ 1@4 J
e sediments l ,' f. '." % R-D-8 y
fo=* B voleanics, alkali-calcic “i;' Y SB’SR/ / 0 ,7.0 M?
o J Plutens, slkali-caleic <7 ¢ \\\ v”:o::;rr
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Q SWS

e dikes
[ |

w It I

o WA B
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late initial Laramide orogeny

Figure 4. Map of Denver anc Tombstone Assemblages of the late initial Laramide orogeny in Arizonz and vicinity.
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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
_ [ deposits Camp, Salero

Tombstone Hills - Uncle Sam Tuff

o
1

[ A 2O

y

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

Mt. Pinatubo, Philippines 1991
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Tombstone silver mines

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

| Atabandite
| Mn's

| Tombetone Cochise Co
| AMNNA 2033

Emmonsite,

Megaw

specimen, 0 @

Sugar White . *° ‘5 N{

PhOtO " AN T T 4

Chlorargyrite - John Betts

photo & specimen S ine. .
MinDat.org Peter Megaw specimen and 3 g Wﬁ't 3 t,
Sugar White photograph ugar ite photo
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Glove mine, Santa Rita Mts.
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

Jan C. Rasmussen, Ph.D., R.G. April 6, 2013 WWW.janrasmussen.com



Middle Laramide - Morenci (65-55-1Via)

Orogenic

CIeZEny Fhase

Age (period)

Arizona
Magmatism

Alkalinity

Resources Mining districts

Middle

Laramide (Morenci)

Morenci Assemblage

medial Laramide orogeny

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

Cretaceous-
Tertiary

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

April 6, 2013

Metalumin
ous Calc-
alkalic

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

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

Arizona Major Mines

COCONING

Do

Drane

APACHE
NAVAJO

e, e

MARICOPA TTE

,_.""

Bowree mawm a2 g e ece Miwals (v 8

Arrore Dot of Nirws andd Mrwesl Hesoirces
Ame 2006




Laramide porphyry copper (65-55 I\/Ia)

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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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

=~

Sy OEm DR R

s .

Bagdad Morenci

Jan C. Rasmussen, Ph.D., R.G. April 6, 2013 WwWw.janrasmussen.com



Bornite — peacock

copper — copper iron
sulfide

Chalcopyrite -
copper fools gold
Copper-iron-sulfide
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~_Superior — Magma mine

PYRITE (e
[T

Magre Man o lin &2
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Porphyry Copper mineralization

Primary - sulfides Weathering leaches copper from top, leaving

them reddish colored g

RIS
ﬁﬁgﬁﬁﬁgﬁﬁ
P57

o s@é &%
% 5 A
S22

-
e !

Copper is precipitated at the water table,
enriching depositwith chalcocite, copper,
azurite, malachite; chrysocolla

1 Kilometer
L
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Outer Pb-Zn zones of Porphyry C@pr@er depesits

‘79 mine e

Arizona Hineral Treas

Tsumebite
170 level, 79 Mine

Crtla County

Onwner: John Callahan
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Latest Laramide — Wilderness (55-43-IVla)

Late 2-mica, garnet- Au disserm. & Ora_cle (Wil_derness
(Wilderne | 55-43 | Early Tertiary muscovite gtz veins; W granite), Boriana, Las
- . granitic stocks, L Guijas, Gold Basin,

: sills, dikes VeIns, Copperstone

Culminant
Laramide
gure 7. Map of strato-tectonic assemblages of the

tuininant  Laramide orogeny n  Arfzona and
vicinity,

“"$1< W, Santa Catalina Mits. From El Conquistador
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L /

Laramide peraluminous 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

Copperstone Gold mine, La Paz Co.

Au
(24 preces)

"0 AZ
Las Guias pima Co AL

On Loan From John Blenne

NATIVE GOLD
Au

Gold Basin, Mohave Co AL
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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),

ous Alkali- veins, replace.; Castle Dome, Stanley,
calcic epithermal Aravaipa

(Datil) Mid-Tertiary volcanics &

plutons

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)

A5 4 [ e ma
Entering _o
WIS S ' X : L N
L (T ) | ! ) Sagusaro v

1 ks .1 W R | N, A\ National Monument | SSNES

§/ Il 4§ . 3 ' ¢ . Il s
L 4 - . " - B
‘; ;;\ “ s A0 \ 44 v Biviet p— y PN X :
y g [ Inl ) A e T L O i
oo 5 \ . :-:_’ P Shs SRAE, o ‘\.:5‘ e "
. i L e S gt 3

Chiricahua Mts. Ash flow tuffs
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Early Galiuro — IVIineta (38—28 IVIa)

Orogenic Age Arlzona
Earllest ] mostly within Uranlum_ clay, Ajo Cornelia, Copper

Jan C. Rasmussen, Ph.D., R.G. April 6, 2013 WWW.janrasmussen.com



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 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

Assembloge

of Galturs svsemtiloge 3f the secta!
y in Arizome eng victwity

Galiuro Volcanics
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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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Wulfenite
Donor: Les & Paula Presmyk

e —— -

Vanadinite

cerussite
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Late Galiuro — Whipple (18-13 Ma)

Orogenic
Fhase

Arizona
Magmatism

Qrogeny 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

FLUONITE
Catmart Flutsrin

Pmantuts Wan Oatman. Wehnes Co A2

B
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Mammoth-St. Anthony. mine (Tiger)

Orogenic Age e Arizona .. - L

Metalum- Cu-Au-Agin
. La_ite . 18-13 | Late Tertiary volc_:anlcs & local inous veins; Oatman, Mammoth,
(Whipple) epizonal stocks Alkalic Rowley,Swansea
B e

mely =

.._';.‘ -
£S5 ”~
c.\ -’"9 : = < s : . .
’%‘\;’} o), Aerial photos courtesy of BHP Billiton, 2006
RAL
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/
. Mammoth-St. Anthony mine(Tiger)

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 ar
faulted, then wulfenite
vanadinite were depos
with later oxidation iAo

or: Leaverites

www.janrasmussen.com



Arisona atlmeral Treasures
pinboleite
Mammoth-51 Anthons mane
Figer. Pinal county

R
Owner: Les & Paula Presmyh

April 6, 2013

1rsong Alineval Treasures

Cauledonite

Ansend Slncral Creasures
Hemimorphiie an guaris
Mazmaatle %t Nathowy mnne

Tiget, Fiisl coonty

(woer Flagg Minemul | sandation
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Arvsond Mineral Teeasures

Linarite

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

April 6, 2013

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

limetite

Jan C. Rasmussen, Ph.D. 1ussen.com



30 million years 1250 miles (2000 km)

astward-subducting plate

A |
20 million years Triple Junctions
i e

EARLY MID-TERTIARY OROGENY 143-22myal

=

LATE MID-TERTIARY OROGENY (22 ~13myu)

l

Present

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

______m X Spreading center—Arrows indicate

direction of movement

Foom Subduction zone—Sawteen on
upper plate

S Fault—Arrows indicate direction of
relative movement

A Triple Junction
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Loromide rockas
Mid-Turtiary rocks

Besin  Range rochs

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

& PLED™ONT FALILS

s VALLEY-LENTES FACICS

COMRLE-SRAINED ALLUVIUW

?  TEMRACLS AND FLODDFLATN

Willcox Playa

April 6, 2013
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Industri Inerals - Late CenozoM

Sand & gravel
Kalamazoo Clay - 1987

Jan C Rasmussen Ph B R G April 6, 2013 www.janrasmussen.com



San Andreas — Basin & Range (13-0-Ma)

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 gypsum Emerald Isle exotic Cu

San Franciseo Peaks; Flagstaff

April 6, 2013 WwWw.janrasmussen.com




Orogenies
In Arizona

-oceanic ridge
Rift valley

Andesitic volcano
Oceanic trench

Basin & Latest '2’;’;’.3‘
Range Testiary valcen

Sand, gravel
salt, zeclites.

qypsus

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

Middie

Late volcanics & local
(Whipple) n Late Tertiary epizenal stocks
anty calc-alkalic atalum Au +£~ Cu-W
(Soutn 30-22 | Mid-Tertiary volcanics & Calc- veins &
Mountain plutons alkalc dssemnated

(5, [ [ty [ [ s org s

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

Silver (Red Cloud)
Castie Dome, Stanley,
Aravaipa

Litle Harquahala, Kofa

Eariest " mostly wahin Uranium, clay, Ao Comelia, Copper
| Mnaay |02 | Motemey | JCENTS | - | mcesper | utevomuug

Ay dissem. &
otz veins, W

2-mica_garnet-
(wli:n:m 5543 | Early Testi muscovite
as) ty cat grantic stocks,

» large
dsseminated
Metalumin porphyry Cu
Laramide |m y | 8555 C::_t:;:;u S | porphyry stocks, | ousCale- | systems. local
NE to ENE- alkalic skams & veins,
strking dke fringing Zn-Pb-
SWarms 5

glz. monz. Metalum Pb-Zn-Ag vens
porph. stocks Alkal- & roplacement
ash fows caleic deposits

Sedimentary
rocks

Late Jurassic

Crelaceous
Late & Canelo Hills Al
volcanics;
plutonic rocks

230- Fluld fiow thru
Earty ” 0% Late Triassic sadmentary
rocks
Moghananvacrtn) | 555 | frasue | N | - |

basaf flows,
dabase dikes

Late Midde
1200- | Proterozoic —

Grgmitie 300 | Earty Late
Proterozoic

Pegmatites &
" > 1440- Middie gressens — 8o,
amae 1335 | Proterozoc > L, Ta-Nb. U &

w

ol

1775 Proterozoic metarhyolite Calcic Cu-Zn-Ag
Middle Late s‘:m’:\"’ Metalum |  BIF {Banded
Proterozaic fernaBan Calcic iron formation)

Penokean/ Hudsonian

April 6, 2013

e e I T I I
Cambnan -
e[S e [

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

Blsbee Group
sediments

Waerren (Brsbee rmne),
Turquoise (Courtland-
Gleescon

Orphan, Grandwew
Monument \Valiey

Slema Anche uranium
Chryscble (Salt R
Canyon)

White Picacho,
Tungstona, Four Peaks

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