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Mazatzal Orogeny (Paleoproterozoic)— Pinal Schist

fine-grained, gray-green, quartz-sericite schist
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icuris Orogeny (Meso-proterozoic)Oracle Granite
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Paleozoic - mountain building along

East coast; AZ mostly on trailing edge

Antler orogeny (CA & NV)

Rising Appalachian MounTains

--------------------

Seas go in, seas go out in AZ,
depending on mountain building
on east coast and volcanic activity
on west coast.
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TABLE 8-1 Cratonic Sequences of North America®
Cratonic Sequences renic .
Geologic Time > ) ()I_I(,”’m"' Biologic Events. | \ILC_
Center of craton  Margin of craton AVEIts AgCS
I = = u

3 o s i Himalayan X

CENOZOIC ’\lpmc Age of mammals
La F L Massive extinctions ————

MESOZOIC

Cresaceous

Jurassic

YHdc
Sevier

LATE PALEOZOIC

Permian

Pennsylvanian

Mississippian

Alfegheman orogeny
%s@@y
/]/l//l—'—’_’—

Nevadan —

First flowering plants
Climax dinosaurs and
AMIMOnites

First birds
Abundant dinosaurs
and ammonites

lY)m_m 10

Farst dinosaurs

Massive extinctions ¢
(including trilobites)
Mammal-like reptiles

Alleghenian

Great coal forests
Conifers
First reprifes

Kaskaskia
Antler

Abundant amphibians |
and sharks

Scale trees

Seed ferns

Devonian

EARLY PALEQZOIC

-

AL
PROTEROZOIC

Silurian

Ordoyician

Cambrian

Acadian orogen

410 m.y.a,

7:/”/
/

—
«w Taconic orogeny

ﬁ%geny

Tippecanoe

Acalian—Caledonian }—

Extinctions
First insects
Frrst amphibians
First forests
First sharks

First jawed fishes
Firse air-breathing
arthropods

Taconic

Extinctions

First land plants

Expansion of marine
shelled mvertebrates

First fishes

Abundant shell-bearing
marine invertebrates 1
Trilobites

meiazoans

*The green aress represent sequences of strata, They are separated by major unconformities, mdicated in vellow, Nore that the rock record

most \(l”lll.t w

ologic, orogenic,

1

and glactal events

are added for reference. (Cratonic sequence moded after Sloss, L. L

1963, Bull Geol. Sex. Amser

: eaT Cratonic MArging, just as the tme spans represe sntedd by unconformities are greatest near the center of the craton Mupor
74:95-114.)
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Lull - Mississippian — Escabrosa Limestone
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Mississippian — Escabrosa Limestone

Light gray, coarse, cherty, crinoidal

limestone

Jan C. Rasmussen, Ph.D., R.G.
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Mississippian - Escabrosa

Syringopora —

colonial coral ‘
spirifer Pre-€[€[O]S[DIM[PIPTr[JK]T]Q]
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Twin Peaks Limestone.Quarry
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erJ’aIeezgiCr Sus Picnic c Area

Orogeni Age Alkall
Alleghenian (E coast)/ 3”5 Permian- None Naco Group (Concha &
(Ouachita OK) Triassic Rain Valley at Snyder Hill

Sus Hills, Paleozoic
limestone — Escabrosa?
metamorphosed to
marble near Amole
Granite intrusion
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ate Paleozoic — NW Tucson Mts.
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Late Paleozoic — Permian-SW___
Tucson Mts.

Snyder Hill - look NE
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Arizona on Leading Edge of North
= I — 1
American Plate in Mesozmﬁnozmc

Mountain building, volcanoes, earthquakes, igneous intrusions
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Mesozoic outcrops (252-66 Ma)
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Triassic (252-201 Ma)

Orogeny Sr:hgae:; Age (period) | Arizona Magmatism Tucson Mts. formations
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Late & Middle | Canelo Hills volc.; 2
Middle i plutonic rocks : Recreation Redbeds
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Triassic-Jurassic (252-145 Ma) — W. Tucson Mts.
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Triassic?-Jurassic (252-145 Ma) — W. Tucson Mts.

/ Recreation Red Beds at Red Hills: g
Saguaro Natl. Park West % 4 .;E-:

Brown Mtn
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Middle Mesozoic — Jurassic (201-145 Ma)_—

Nevadan Orogeny (mountain building)

Age Age (period) | Arizona Magmatism A':;:"

Orogeni

c Phase | (Ma) Tucson Mts. formations Age dates
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Jurassic outcrops (201-145 Ma) — W. Tucson Mts:

Basaltic lava flow, welded ash flow sheet with lithophysal cavities,
reddish sandstone and siltstone, rhyolite ash flow tuffs, andesite
porphyry dike
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Jurassic Brown Mountain (201-145 Ma) — W. Tucson. Mts.
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Mid-Cretaceous — West Tucson Mts. —
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Mid-Cretaceous — Amole Arkose: in
dimentary Hills (W. Tucson Mts.)

~

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



Mid-Cretaceous — —
W. Tucson Mts. — g -
Amole Arkose -

Sedimentary Hills

Sedlmentary Hills, looking west from Klnney Road dipping southwest

Jan C. Rasmussen, Ph.D., R.G. April 1, 2017 WwWw.janrasmussen.com



Mid-Cretaceous — W. Tucson Mts.

~—Sedimentary Hills & W. Ajo Rd.
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Fish fossil, ASDM (Kring, .

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



Late Cretaceous — Ft.
= Crittenden correlative

Y W [ncomplete left hind limb,

: ‘ ilium, femur, tibia, etc.
hadrosaur (duck billed
dinosaur) of Late Cretaceous
age (Campanian [83 Ma] or
Maastrichtian [66 Mal])

~550 m NNW of
Gates Pass in
megabreccia clast in
Tucson Mountain
Chaos (now called

basal Cat Mountain
Tuff)
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Folding after mid-Cretaceous Amole
Arkose, before Late Cretaceous Cat

'y

Folded mid-Cret. Amole Arkose truncated by erosion in a nearly
flat plane pre-Cat Mtn. (Late Cretaceous)

Jan C. Rasmussen, Ph.D., R.G. April 1, 2017 WWW.janrasmussen.com



Earliest Laramide Yuma Mine \Volcanics

Age (period) | Arizona Magmatism A':ku:" Tucson Mts. formations Age dates

Orogeni | Age
Orogeny c Phase | (Ma)

Late Porphyritic andesite | MQA

Earliest | 85-76 Cret fl & dikes ?

Yuma King volcanics ?

MIECELLANEOLS
PASSTIGATIONS SERES
AP L2006 SEET I OF D

Rhyolite, dacite, fine-
_ grained andesite,

‘ : porphyritic andesne,
\ | meanc\ g 5 \ N ed. rocks.
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Figure 3. Chemical variation diagrams for Cretaceous igneous rocks
associated with the Tucson Mountains caldera cycle. A, Silica vs.
total iron. B, Silica vs. zirconium. C, Silica vs. total alkalis, showing
UGG compositional divisions (Le Bas and others, 1986). Plot sym-
bols: *, Cat Mountain Tuff; C, tuff of Confidence Peak in megabreccia
blocks; F, postcaldera lavas; T, postcaldera tuff (Beehive Peak); G,
granite of Amole pluton; I, porphyritic dikes and other small intru-
sions; M, precaldera volcanics in megabreccia blocks.

MQA is consistent with
mineralogy at Old Yuma mine.

Jan C. Rasmussen, Ph.D., R.G.
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Late Cretaceous — Old Yuma-Mine

Jan C. Rasmussen, Ph ) 3



Late Cretaceous — Old Yuma -Mine
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/

o
?L}tegretaceeus;OJd\_Y/ Yuma-Mine
Anglesite
Calcite
Cerussite
Chrysocolla
Descloizite
Fornacite
Galena
Hematite
Malachite
Minium
Mottramite
Plattnerite
Quartz
Tetrahedrite
Vanadinite
Willemite
Wulfenite

Vanadinite,
Pbs5(VO4)3Cl, owner Les
& Paula Presmyk, TGMS

- 2012 display

Minium, (Pb**,Pb+O,)
6 mm FOV, photo by
Michael C. Roarke,

e e

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


https://www.mindat.org/min-233.html
https://www.mindat.org/min-859.html
https://www.mindat.org/min-934.html
https://www.mindat.org/min-1040.html
https://www.mindat.org/min-1267.html
https://www.mindat.org/min-1583.html
https://www.mindat.org/min-1641.html
https://www.mindat.org/min-1856.html
https://www.mindat.org/min-2550.html
https://www.mindat.org/min-2721.html
https://www.mindat.org/min-2792.html
https://www.mindat.org/min-3237.html
https://www.mindat.org/min-3337.html
https://www.mindat.org/min-3924.html
https://www.mindat.org/min-4139.html
https://www.mindat.org/min-4292.html
https://www.mindat.org/min-4322.html

V)Nulfenitegoldéﬂm__g-l\din(

Owner Jim & Gail Spann

Owner Stan Keith

Jan C. Rasmussen, Ph.D., R.G. WWW.janrasmussen.com
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MQA Mines in
" N. Tucson Mts.

Busterville

Old Yuma
Gila Monster

AAlineral T reast

Waullfenii
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Mine Production from Northern
Tucson Mts. (MQA) (Keith, 1974)

Production
Period
(years)

Pb (%)

Arizona Consolidated
Early 1900s 1,100 0.7
(Uncle Sam)

Twin Hill prospect | 1944 40| | 1] | 4

Minerals in Northern Tucson Mts.

Primary minerals Secondary minerals Other minerals

Arizona Consolidated Copper carbonates, copper
Copper sulfides . .
(Uncle Sam) oxides, copper silicates

Old Yuma Base metal sulfides Wulfenite, vanadinite, etc.
Twin Hill prospect

Quartz, calcite

Lead-zinc carbonate

Source: Keith, 1974, Index of Mining properties in Pima County, Arizona: Arizona Bureau of Mines Bulletin 189. Mindat.org

Jan C. Rasmussen, Ph.D., R.G. April 1, 2017 WWWw.janrasmussen.com



Early Laramide -75-65 Ma — Cat.Mountain Tuff

Orogeni | Age Alkali
Age (period) | Arizona Magmatism nity Tucson Mts. formations Age dates

Granite & Cat Mountain Tuff 73.1 Ma welded tuff
Early granodiorite stocks, rhyolite, Amole Granite- | Kew, 72.3 Ma Silver
Cretaceous rhyolite ash flows, granodiorite, Silver Lily Lily dikes; 73 Ma
dikes dikes
: ' ’ ) &
%3 z &

=

..... Pigrs 3 Gommabiond ook my. dherwmng proeipal wissten
b e Mmmsain | shbess sod by gregagh bo wiies
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Late Cretaceous — Early Laramide orogeny — large volume
of volcanics, calderas, intrusions (75-70 Ma)

Tucson Mts. - Golden Gate (S of Gates Pass) - Cat Mountaln Rhyohte B
73.1+0.2 (Lipman) Ma ignimbrite (rhyolite ash flows)

Jan C. Rasmussen, Ph.D., R.G. April 1, 2017 WwWw.janrasmussen.com



Early Laramide (75-65.Ma) — Exotic Blocks

e origins
e * Landslide blocks that
# % slid into the caldera
from its walls during
eruption (Lipman)
-~ . * QOut-of-place blocks
> ;’;7":‘*’2 shed from thrust faults

B (Kinnison)

o TALL » Wall rocks plucked
F A R from the magma
SR chamber wall below

and then entrained in
&y the erupting ash flows
g, | (Bikerman & us)

House- and car-sizec P
blocks of limestonce 247 W
Tucson Mtn. Chaos
under/intercalate
Cat Mountain Rh | , L ek e
74 Ma ignimbrite e T e Wi B RN
(rhyolite ash flows

WWW] anrasmussen.com



Exotic block of Amole Arkose/Ft.
~ Crittenden equivalent in Gates Pass

‘ T{ - — Y ""L“-v”' \W' - :'" -;'J,

Lithic tuff matrix

Ft. Crittenden
exotic block

Similar exotic block NNW
of Gates Pass contains
hadrosaur dinosaur limb
bones.



Lipman’s Cretaceous ‘caldera’ model—= Cat
Mountain (Rhyolite) Tuff (73-71 Ma)

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

April 1, 2017
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Early Laramide-75-65 Mai(Late Cretaceous)

Ameole Granodiorite, Amole Granite,
Silver Lily dikes, Cat Mountain Tuff
(rhyolite), Tucson Mountain Chaos

'K - Sillca Diogram® W1.% K20 versus Wi.% Si0p

T T t T — T — 1
40 45 %0 55260 65 70 75 8
Wt. % SiO, (R g g Ioboet W1.% Kg ot 378 W% 585 )

Jan C. Rasmussen, Ph.D., R.G. April 1, 2017 WWW.janrasmussen.com



Cat Mountain Tuff (rhyolite) - Gates

Pass (Late Cretaceous 73.1-67.3 Ma)

Gates Pass
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Fissure eruption model for Cat Mountain Rhyolite

Main fissure dike

4 . »
.
( Ly

“Cat Mountain is thickest in North

o ot / \ o
7..."‘-5“"/;.' ?". : '(r : .
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Fissure eruption feeder model at Bren Mountain (from Mayo, 1971)




dikes 723w

Late/Cretaceous:Sil’y‘er Lil

Flssure Eruption

fowing kava spreads out
molten iava .

Fissure eruptions
can also erupt

rhyolitic volcanic
rocks (Banda Aku)

A o4
o

The Silver Lily dikes
could be fissure
vents from which
the Cat Mountain
Tuff erupted.

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

AN

“Light-gray to tan, porphyritic
rhyolite, dacite, aplite



'K = Bllkea Disgrom’ WI% K0 versus Wi, % 810y

MAC Mines =

central Tucson Mts. E

 Mile Wide (Columbia,
Copper Bell, Copper
King)-

* Gould —

» Isabel

Gould Mine dump
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Mine Production & Minerals from
Central Tucson Mts.

Mine Production Pb (%)

Columbia (Mile
Wide)

Copper Bell (Mile
Wide)

1954

1937, 1956

1917-1918,
1943
1907-1912,
1940

Isabel 1919, 1962

Copper King

Gould

Mine Primary minerals Secondary minerals Other minerals

Columbia (Mile Wide) |Spotty copper sulfides Copper carbonates
Copper Bell (Mile
Wide)

Spotty copper sulfides Spotty copper carbonates

Amphibole, garnet,
calcite

Gould Copper sulfides, pyrite Minor copper carbonates Quartz, epidote, garnet

Isabel (Bonanza Park, . Partly oxidized lead and

Lead and copper sulfides .
Sweetwater) copper sulfides
Source: Keith, 1974, Index of Mining properties in Pima County, Arizona: Arizona Bureau of Mines Bulletin 189.

Jan C. Rasmussen, Ph.D., R.G. April 1, 2017 Www.janrasmussen.com

Copper King Chalcopyrite, pyrite Copper carbonates




Middle Laramide — Early Tertiary (65-55IVia)

Orogeny

Age (period)

Arizona Magmatism

Tucson Mts. formations

Age dates

Worenci Assenblage
medial Laramide orogeny

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

Cretaceous-
Tertiary

Granodiorite - quartz

monzonite porphyry
stocks, NE to ENE-
striking dike swarms

April 1, 2017

Tuff of Beehive Peak,
porphyritic granodiorite of
Sedimentary Hills &
Saginaw Hill

58.3 Ma Twin Hills
dacite

Arizona Major Mines

COCONING APACHE Loy

YUMA

Y -

NAVAJO

Bourer mewm a2 prrieting WiwaOn (nf
Arzors Dept of Nirws and N esowrane

Ame 2006




Early Tertiary - MCA (Beehive Rhyolite 61-58
Ma) cutting Late Cretaceous - MAC (Cat
Mountain 73-70 Ma) — angular unconformity -
structural event in between

Cat Mountain Rhyolite is LSRG - Nottilted

steeply tilted, but
overlying Dacite of Twin
Hills is not tilted

Jan C. Rasmussen, Ph.D., R.G. April 1, 2017



Syn-Morenci Assemblage, Left
Wrench Tectonics in the Tucson
Mountains (67-60 Ma)

The strike and dip patterns of the Cat
Mountain rhyolite describe a sinusoidal
pattern that forms a broad, oroclinal, Z’ -
shaped, north- to east-dipping flexure that
is consistent with left wrench deformation
on WNW-striking, deep-seated, wrench
fault elements of the Texas Zone .

The Cat Mountain Rhyolite eruptions
utilized the northern wrench fault as a
feeder structure for its eruption around 73-71
\YER

The wrench deformation more-or-less
ended by 58 Ma (the age of the flat-lying
Twin Hill hornblende dacite).



Early Cenozoic — Laramide por. Cu

intrusions — Sedimentary Hills - .......
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Porphyritic granodiorite
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Early Cenozoic — Laramide por. Cu.
~Intrusion Saginaw Hill - SW Tucson Mts. -

¥ os o WHHY RS BT
Phyllic alteration in fine-grained tan to
-1 C Rasmuccan PR licht-gray porphyritic granodiorite




rly Tertiary — MCA = Saginaw. Hill

Mineral List

‘Clay’ Adamite
Cuprite Atacamite
Epidote Beudantite
‘Garnet’ Brochantite

‘Limonite’
Malachite
Muscovite
var. Sericite

Jan C. Rasmussen, Ph.D.,, W.janrasmussen.com



Early Cenozoic — Laramide por. Cu.
= Tuff of Beehive Peak- sw Tucson ts.

4 i i b

df =

Beehive Peak - light gray to tan, massive = A -
dacite ash-flow tuff (formerly Beehive
Rhyolite and Biotite Rhyolite) - 60.2 Ma

B L
B I e LR o T




Early Cenozoic — Laramide MCA
(por. Cu) intrusions - SE Tucson Mts.

gray lava flows

with
8] phenocrysts of
/! plagioclase,
£ biotite, and
hornblende

Only igneous rocks in Tucson
Mts. that contain hornblende.
Jan C. Rasmussen, Ph.D., R.G.

ApI‘ll 1, 2017 i WWW.
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Early Cenozoic — Laramide (MCA) S. Tucson

Mine

Production
(years)

Mts. mine production

Ore
tons

Pb (%)

Battle Axe

1969-1970

14,000
smelter flux

Bee Hive

1925, 1929

small

lvy May

1890s, 1920-1950

500

Old Mission (Old
Bat)

1920-1921;
1923,1937-1938

150

Old Pueblo (Quien
Sabe)

1907-1909, 1936
1937-1970

67
17,895

Palo Verde (Amole
Group)

1918-1954

2,300

Papago Queen
(Saginaw Hill, Gold
Hill, Amole Group)

1917-1934;
smelter flux
1956-1959

3,700

Pellegrin (Arizona,
Old Padre, Starr)

1918-1938

Saginaw

Pre-1900

Snyder Hill
prospect

1922

April 1, 2017

Source: Keith, 1c74, Index of Mining properties in Pima County, Arizona: Arizona Bureau of Mines Bulletin 189; Keith et al.,, 1985 data base
Jan C. Rasmussen, Ph.D., R.G.

WWW.janrasmussen.com




Minerals in Early Cenozoic — Laramlde

(MCA)S Tucson Mts. mines

Mine

Primary minerals

Secondary minerals

Other minerals

Battle Axe

Acanthite, chlorargyrite

Weak and spotty copper oxides
and silicates; cerussite

Baryte, hematite, quartz,
siderite

Bee Hive

Pyrite, chalcopyrite,
galena

Spotty chrysocolla, malachite and
partly oxidized galena

Quartz

lvy May

Lead and copper sulfides;
bornite, pyrite

Partly oxidized lead and copper
sulfides; cuprite

Old Mission (Old Bat)

Copper oxides, cerussite,
argentite, cerargyrite,

Barite, hematite, jasper,
massive manganiferous siderite

Old Pueblo (Quien
Sabe)

Chalcocite

Copper silicates

Drusy quartz

Palo Verde (Amole Gp.)

Sphalerite, galena,
chalcopyrite, pyrite

Slightly oxidized sphalerite,
galena, chalcopyrite and pyrite

Papago Queen (Saginaw
Hill, Gold Hill, Amole

Group)

Disseminated cuprite and
malachite, minor molybdenum
oxides

Pellegrin (Arizona, Old
Padre, Starr)

Spotty oxidized lead and copper
mineralization

Saginaw

Sparse, spotty base metal
sulfides

Partly oxidized base metal
sulfides

Snyder Hill prospect

Argentiferous galena

Silver halides; chlorargyrite,
cerussite, bindheimite,
stetefeidtite

Www.janrasmussen.com
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C = C C ela 0l= C C
Orogeni | Age Alkall
Orogeny c Phase | (Ma) Age (period) | Arizona Magmatism nity Tucson Mts. formations Age dates
None; Eocene erosion
. . : : 43 Ma Wilderness
; Peraluminous 2-mica surface/unconformity ol
Late 55-40 | Early Tertiary granites PAC below Safford Peak GCra:t:tlai r:: hSﬂai:ta
volcanics g
. e B
EARLY LARAMIDE OROGENY (85-56g m.y.qa.) ) o '4-‘"
4
r 2
g,. Y o ". ' : r 'é b )
) . %, 4
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Culminont e v
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raft..‘. Map of strato-tectanic sssemdlages of the o ‘3-\_ AN ! ——)
tulmisant Laramide orogeey In Arizome aned
LARAMIDE OROGENY (56 -43 m. y 0)Lloganty - -

LATE

STRUCTURES MAGMAT | SM

widespread, (2-mica)
garnet-muscovite,
granitoid stocks,
batholithic sills,
aplo-pegmatite dikes
peraluminous,
calc-alkalic & calcic

SW-directed,
low-angle thrusts
widespread,
shallowly dipping
mylonitic zones
general SW shear




Latest Laramide - 53-43 Ma

ll‘
it

\; Wiz “"‘""‘"'

v T . Garnet-
il i DRI P bearing
Wilderness
= e Granite -
------ T top of Mt.
e — Lemmon

Underthrusting of subducting plate toward the NE = SW-directed in upper plate

Jan C. Rasmussen, Ph.D., R.G. April 1, 2017 WWW.janrasmussen.com



Looking SW from
Catalinas looking over
Tucson Mts. to Kitt Peak

Wilderness Granite 43 Ma
arched up circa 28-24 Ma

Towey plEtr of Maricopa dRrost oyeles
{773 uppey slate of Maricopa thewsd wys fen

el an oupper Blate

|

- lowwr plate of Chocolate-4incerd thresl .c._va'..eu:[
¥ AeAA inrict faults | scwetbwesdofivected i

198&0 Phillips drillhole ™
through upper plate into

= lower plate at ~10,500 ft
(Reif & Robinson, 1981)

A"-‘\%i“

- Wure 8. Map of lower plate of the Maricopa thrust

system, showing the

windows previously called

‘metamorphic core complexes'. Keith & Wilt, 1986

April 1, 2017
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Tucson Mts. MAC (Amole Granite 73 Ma) in upper
plate of Maricopa_Thrust Fault; MCA (Leatherwooc
72 Ma) in Santa Catalira Mts. in lower plate

MiMe M Mac Moa  Mwa

R | —
B NG NG -

MAC=Alkali-calcic
MCA= Calc-alkalic

{ :
u—" —

i v y — -
@ 0 WM o o ™ L
Wi N O,

MCA Leatherwood Quartz
Diorite Santa Catalina Mts,  Min. Rhyolite, and Silver Lily dikes




N. Tucson Mts. Evidence of epeiric uplift & erosion =
Eocene erosion surface above flat subduction zone

METERS
J00

Angular unconformity between Late
Cretaceous Yuma Mine volcanics and mid-
Tertiary volcanics of Safford Peak

D’
FEET
4000

Tumamoe Hill

Eocene erosion
surface

\/
LE
1000

Figure 18-25 The subsummit surface formed by the Un Conformity un d er Tumam oC Hlll ].'Ill d—Tertiary

flat-topped Rocky Mountains. This surface, seen here near

Derby Peak. Colorado, formed near the end of the Eacene Overlying Twin HlllS DaCite and Cat Mtn. (Late

Epoch and has since been uplifted and dissected by erosion.

(Michael Collier.) CI’etaCQOUS)




Early Galiuro - Cardinal Ave. U (38-28 Ma)

Lake beds and Uranium sedimentary 329.5 Ma basal

39.28 Mid-Tertiary possible erosion & beds at Cardinal Avenue Saffor ot
secondary & Mission Rd., Pantano Ao ]
enrichment of Cu Fm.

Tertiary Limestone,
Cardinal Avenue

T el Y -
:'&‘ . R . ».'-‘F’

L e K i, it

Jan C. Rasmussen, Ph.D., R.G. April 1, 2017 WWW.janrasmussen.com



Middle Galiuro orogeny'=Datil (28-18-IVia)

Alkali
nity

Orogeny Age (period) | Arizona Magmatism Tucson Mts. formations Age dates

25.1 Ma Safford
Peak dacite,
Safford Dacite, Volcanics 25.9 Ma Safford

of Tumamoc Hill Tuff, 20.3 Ma
Tumamoc basalt
top

Alkali-calcic
ignimbritic volcanics

Galiuro & plutons

Galiuro

Assemblage

Figure 4. Map of Galiuro assemblage of the medial
Galiuro orogeny in Arizona and vicinity.




Mid-Tertiary- MAC rocks.- Tucson Mts.
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Midemarelcamcs—vSaff/ordP( k

S R v i "’ét_,,--"_:,.“ . y,,,,‘_'i;af , 5
= Safford Dac1te _dacitic to ‘fO\APSlllC oJ.ttlc lavas Vent 1ntrus1ons, >
spatter and mterleaved bedded v astic dep031ts (includes forrher

Rillito andesite, Safford Fm. Sa'f%fuff upper.andesite, Safford Yleck)}

Safford Peak from North - broad syncline, probably not a volcanic neck or plug
28.6-26.7 - 25.1 Ma - Tsf2

26.6 Ma - Tsf1

White- ‘to hght -gray and tan, nonwelded ash-flow tuff, tuffaceous sedimentary rocks
red- brown conglomerates, tuffaceous rocks, black glassy lé‘nses of dacitic spatter; -+~
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Tumamoc Hill and ‘A’ Mountain,
viewed from the south (Ajo Rd)

Student field trip question: Is ‘A Mountain’ a
volcanic cone or is it an erosional remnant of
lava flows and ash fall tuff?

s~ Spencer and others, 2003

ELEVATION (feet) o B,

2500
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Sequence of Rocks, ‘A’ Mountain

Rock Special name formation | Age
type features (Ma)
Tth Basalt | Some vesicles | Tumamoc Lava flow | 23-24
basalt
T Tuff Pink tuff, Tumamoc | Ash fall 26.4
Tan tuff, tuff 27.4
pumice
fragments
TC Agglo [ Basalt (< Agglom- Cinder 26-28
merate | linch) erate fall}
fragments, tuff Sstreams
matrix
Tab Basalt | Vesicular, pasalt Lavafiow | 27.6
Ttt Ande- | Large NUrKey, 28.6
site plagioclase lirack
crystals andesite

Jan C.

Rasmussen, Ph.D., R.G.

April 1, 2017
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Black Mountain (Del Bac Hills) 25.4-24:1 M3
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Black Mountain, view to south from Valencia Rd.

e Turkey Track porphyry ~28 Ma




Late Galiuro — Whipple (18-13 IVia)

Age (period)

Arizona Magmatism

Tucson Mts. formations Age dates

Whipple
Assemblage
@ pple ssscenloge of 1

O Sregeny 'n dripone and wiginits

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

Late Tertiary

Quartz alkalic
volcanics;
detachment faulting

April 1, 2017

None in Tucson Mts,

Model of detachment faulting
at Picacho Peak and Catalina
fault

For us this is denudation
faulting on the former
Maricopa thrust system during
uparching ~ 24-24 Ma

No denudation faulting in
Tucson Mts.

WwWw.janrasmussen.com




Late Galiuro — 18-13 Ma

Eastward tilting of Cretaceous volcanicswaspre-58 Ma,
before denudation faulting.

“Resurgent Amole pluton (=72
Ma) in the northern Tucson
Mountains was emplaced soon
after eruption of the Cat
Mountain Tuff but cooled and
was magnetized after
northeastward tilting (50°-85°)
of the adjacent caldera-fill
sequence” (Hagstrum &
Lipmann, 1991)

Tucson Mountains did
slide off of the top of Santa
Catalina Mountains



Late Galiuro = 18-13 Ma _

—

/

~+ Nearly flat-lying volcanics on ‘A’ Mountain were earlier (28
Ma) than movement on the Catalina detachment fault
(20.5-14.6 Ma) and are not tilted by detachment faulting in

the Catalinas.

v Tucson Mountains did

slide off of the top of Santa
Catalina Mountains

Jan C. Rasmussen, Ph.D., R.G. April 1, 2017 WwWw.janrasmussen.com



Late Galiuro—18-13 Ma

Chemistry of 72 Ma Leatherwood Quartz Dioriteis calc-alkalic, while

whole rock chemistry of 73 Ma Amole Granite is a\kali-calcic. These are
not the same rock mass, as thfir geochemical chara
different.

cteristics are very

'K - Silica Diogram' W1.% K20 versus W1.% Si0p MAC Amole

' granite &
granodiorite,
Cat Mountain
Rhyolite, and
Silver Lily
dikes

MCA Leatherwood Quartz Diorite
55 3 60 ° .
TR ol O Santa Catalina Mountains

Tucson Mountains did
slide off of top of the Santa
Catalina Mountains

Jan C. Rasmussen, Ph.D., R.G. April 1, 2017 WWW.janrasmussen.com



Late Tertiary - Basin & Range fault blocks

Age (period) | Arizona Magmatism Tucson Mts. formations Age dates

Latest anhydrous basaltic Tertiary-Quaternary
Tertiary volcanism alluvium

Basin and Range
Valleys filled
with sand,
gravel, clay,
gypsum, & salt

S PHOENI

'

Yellow=Dbasins
Jan C. Rasmussen, Ph.D., R.G. April 1, 2017
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A

San Andreas

orogeny structures

i
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Basin and Range Assemblage
/ Transtensional strain domains

&3 grabens

= high-angle normal faults

~=~inferred or covered normal faults

was. Strike-slip faults
Transverse Assemblage |

Transpressional strain domains

anticlines

plunging anticlines

synclines

plunging synclines
kd

O U

mer ana Suwner. 1981

sl fawlts = Scarborough ang pibars, 1963
SErike=slin faults = keitn and Swan, pers. cowan.

fatus = Spencer. 1982, Mrost and athers, 190




San Andreas-type transform fault cuts off
eaStward-SUdeCting Slab 1250 miles (2000 km)

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

30 million years

=

20 million years Triple Junctions
AREHRNARY FAATE !

LATE MID-TERTIARY OROGENY (22 ~i3m.y.0.)

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

Spreading center—Arrows indicate
X direction of movement

Subduction zone—Sawteen on
upper plate

N Fault—Arrows indicate direction of
T relative movement

Triple Junction

Jan C. Rasmussen, Ph.D., R.G. April 1, 2017 WWW.janrasmussen.com



R TR

Oceanic-continental convergence

Rising Appalachian MounTains Avalon
priimin
P A S s
mQ\ S Gt ' 4
Eastern lapetus Occan

Orogenic | Age Alkall Tucson Mts.
Orogeny Phaso (Ma) Age (period) | Arizona Magmatism nity forRmations Age dates
Tertiary-Quaternary
»\nz::as B:::; g 130 'L:nn:: Anhydrous basakic aluvium, Recortsdo Tulf 12.9 Ma
ae y valcanism in Roskruge Mts
18- Quattz alkalic
Late 13 Late Tetiary | valcanics; MQA None in Tucson Mts
detachment faulting
261 Ma Safford
- Alkallcalcic Safford Dscie & Peak dmgg ’l::
R associated tuffs, Saffoed Tuff,
Guiuro | MR Sy | W Tesam |} DTN MAC | vocancs &umsof | basal Tef1, 26.6-26.4
“Tumamos Hitl Ma Turramoee
basalts
Lake beds and Uranium sedimanmtary
38. possibie ecosion & beds at Cardinal Avenue 38.5 Ma vasal
Eaiest 28 M- Tertiary socondary & Missicn Rd , Pantano | Safford volcanic How
anrichment of Cu Fm
None. Eocene erosicn
Pesaluminous 2-mica p 43 M3 Widemess
Late 58- Eardy Tertiary | granites at great PAC mﬁm’“"mpm' Granite in Santa
< depths beiow Hstiord Catalina Mis
voicanics
Tutt of Beshve Peak,
2 Pophyritic porphyntc granodicrite
Middie | 55 | CEIRCROUS | prancdionite stocks, | MCA | of Sedimentary Hills & | 8 2Ma T Hils
¥ daches, andesitas, Saginaw Hit S Tucson
Laramiie tufls Mes
Grante & Cat Mountain Tuff 731 h;zamuﬂ
80- Late grancdiorits stocks, thyolits, Amole Granite: | Kow, 72.3 Ma Siver
Bary: | 85 | Cretaceaus |yciteashiions, | MAC | Granodiodte; SivecLily | Lily dikes; 73Ma
: dikes dikes Amole Granite
85- Late High K shoshanae, Yuma Mne volcancs in Large hadrosaw
Eariest 75 Cretataous latite, and ryoite MQA N Tucson M= Ft dinosaur bones in
lavas Crittenden s5. equialent sandstone
145- mud- Amaole Arkose (Albsan-
Sevier &9 Cretaceous None ) Cenomanian) 100 Ma
160- : 2 Andesite porphyry of
Late 145 Late Jurassic Volcanics Brcads Mointai 156 Ma
Nevadan -
Mgl [ A0 || ot S e Wokommc e sy Recteation Redbeds 180 Ma?
200- Naco Group (Concha &
Alieghenian "’6'7 Pomian Nane Ran Valley at Snyder
e Hill, Schermer at Sus P A
Ancestral Rocky Mts/ | 315- Horquika at Sus P.A. and
Cuachita g7 | Mddle Penn None ¥ Twin Peaks
a 1 Martin, Escabrosa at
Aca:;zrlE\c\?)n. f’B?) Devonian None Twin Peaks, Rilito
@ ~ Cement mine; Sus PA
L Taconio (E coast) ‘42% Cvdonaan None Cm‘;:?}:’g‘o;:sk:bngo
PCA.
1440 Oracie
’ Meso- K-tekispar PAC. d
Piouris - Grante - Twin Peaks =1440Ma
1335 proferozaic WVS& ar Some South sidle
porphyntic granfies
1750
Palea- Pinal Schust = Twn
Mazalzal 1600 | Broterozoic MG Peaks West side ~1650 Ma
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