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« Depends on plate
tectonics through
geologic history

* Big environmental
changes through
geologic time

 Seas in, seas out —
Paleozoic

« Mountain building -
Mesozoic, Cenozoic

« Warm periods and
ice ages




Arizona Physiographic Pravinces

Colorado Plateau Province
% canyons
» horizontal sediments
% broad warping

Transition or Central
Highlands Province

% lots of faulting
% mostly mountains
% rugged terrain (high relief)

Basin & Range Province
% fault block mountains

% broad alluvial valleys

% sand, clay, salt & gravel -
fill up to 10,000 feet thick




Plate Tectonics

Sea floor
spreading and
mid-ocean
ridge
volcanism
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lce Age at end of Paleozoic —
continents assembled at S. Pole

Source: McGraw Hill, Plummer et al., Physical Geology
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Mesozoic Formations near Tucson
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o Jurassic Abundant dinosaurs
(¥, and ammanites
)
< First dinosaurs
Triassic First mammals
Abundant cycads
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FIGURE 11-1 Paleogeographic reconstruction of the world about 180 million years
ago, when the break-up of Pangea was beginning. (After Scotese, C. R. and McKerrow,
W. S. 1990. Paleogeography and Biogeography, Geol. Soc. London Mem. 12:1-21.)



Arizona’s position w.r.t. plate tectonics in Paleozoic vs. Mesozoic

Island arc Oceanic trenc
(andesitic volcanoes)

Mesozoic — Arizona on leading edge of N.
American Continent — mountain building,
volcanoes, earthquakes, igneous intrusions

s
¢
j-oceanic ridge Andesitic volcano <%

Rift valley Oceanic trench 5

Y Cold sea floor
and mantle rock

Hot
mantle
rock

Paleozoic — Arizona on
trailing edge of N.Am.
Continent - calm seaways

Cold sea floor ™%
and mantle rock




Shallow, shaly
deposition L~
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TRIASSIC PALEOGEOGRAPHY
| Mostly shallow marine

| ] Mostly deep marine

Lowiands being eroded

C] Mountainous areas

A Volcanoes  Scale 1:25,000,000
Gray areas provide 0 500 1000
no data e

FIGURE 11-3 Generalized palcogeographic map for the Triassic of North America.
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Mesozoic — Santa Rita Mts.

= Mt. Wrightson and Mt. Hopkins looking East from Green Valley



Triassic Formations near Tucson
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Early Mesozoic — TriassSIC (251.5-199.6 Ma)
Santa Rita Mts. — volcanics, sediments

Gardner Canyon Fm. volcanics, mudstone, conglomerate (192 Ma)

Mt. Wrightson Fm. volcanics & sandstone (sand dunes) (220 Ma)

Age

Formatlon

Bullivisions

Tseription

4

| ¢

Inferred nnconformity-
TR IO

Palepeene(T) {iringo Gulch _Vuill:ml.lns Rhyolitic volennio and clastic mc'r:s.
— ~TUntonformity (major introsong)— — - —
| Upper member____.._.--..| Sxlimentary and voleanic rocks; 2, 500 it.
Arkose member. . wone| Arkose and conglomerate Iargalr facies of welded-tadl
member; H0d= ft.
Balere Formation 5, (K04 Welded-toff member __.... thnt_d.'ncltr walded tuff; 13004 (¢, 72,54 2.2 m.y,
Exzotic-hloek member u?.t-cdtlc voleanies containing largeexaotic blocks; 1,000+
Toower member__________.| Dacitic voleanies; 4004 fi.
Late Uneonformity — -
Cretacems Rhyolithe tnfl member .| Tull interealated in np?er red oonglomerate; 0850 (L.
Tpper :‘Jr;! oong lvmernba Voleande conglommerate Lo slitatons; 1 4004 (L. K
M . b
Fort Crittenden Formatlon 4, 205, 00+ | Brown conglomernie Arkosic conglomeraie Lo giltstone; 2, 0004 [T,
member,
Lawnr red conglomarals Volennle eonglomarnte to sltatons; 800-1,200 fL.
mam ber,
Bhale membar......... ==y Fossilllerons shale, und sandstons; 4-5504- @€,
Uneonformity—————— - —_ - ———
n Turney Banch Formation_.____.______.... Snndstons and rod siltstone.
221 _| Shellenberger Canyon Fomation. .. .. Silgztons and arkoss,
=5 ﬁz: itrpm:he Canyon Farmation. .. ______.. .| Arkaose, siltstone, and Hmestone lanses. .
e illow Canyon Formatloe. .. Arkoen and conglomerate,
Olanes Conglomerate. ____ . _____________ Lirnestons-and-granite colble conglomerate.
——— ————— — Uneonftnily — e
u member Diaeite voleanies and tuflaseous sandstons; i-1,500 ft,
Enrly Bathiul Formatlon 1, 500-2 300 | Middle member | Ehyolite Lo andetits valeanics: B0-1, ﬁm.[t
Cretaraons Lawer member Caongloimerats and valeanic aa.mlsl.am Tk It
Minor inosnformbty e — -
L1} -| Conglomarate and rhyalite valeankes; BH-1,0600 Tt
A RhyﬁlliP to latile voleanics and coﬂglﬂhumta, [E= Te]
Tremporel Formation 1, -2, )
Levwer member____ ... Hh%}]:lll.:_m to dacitic voleankes pnd fEonglomenata) 20—
1,800 ft.
e [ | — TInconformity (major granite introsion) - ——
Early Jurasale ) Arkose, tnflaceons sandstone, tufl, and conglomerate.
L and Coanelo Hills(?) Valeanios LILIES 17347 m.y.
e | e T BODO 0T AL e
Mudstons memhber. . ___ | Hed mudstone, dacite woleanics and conglomarnte.
Gardner Canvan Formalien 1, (- 16220 m.y.
Ailtskone member oL Hexl slltstone and chert pablde songhnmerate,
. — Unstnformlty——er— e — e -- ———
Trinssic Upper member. .. ... - 'I-"cl'liu.n snndstone, andesitic Lo rhyodacithe vixleanios;
2, 000 Tt
Mount Wrightson Formation H, Gl BMiddle member. .. een- R'I‘I}I’-l}“t:lr‘ fo latilic \r-l;ﬂ.vull.lﬂ:, trase of clasile rocks;
B 0= Tt 220430 .
Laowor membser. ... | Dacitic toandvslllcvw:rmlns and sandstone; 15004 T,




Early Mesozoic —
Triassic

(251.5-199.6 Ma)

Santa Rita Mts. —
volcanics, sediments
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Gardner Canyon Fm.
Volcanics, Mudstone (192
Ma)

Mt. Wrightson Fm. Volcanics & W _-é?: 9 i
sandstone (sand dunes) (220 | Xy
Ma)



Triassic volcanics & Sedimentary
Rocks — Mt. Wrightston Fm

ST

Lower = volcanics and sandstone g i
Middle = rhyolite volcanics 220 Ma [f=# 58 =
Upper = Eolian sandstone (sand - ;
dunes) and volcanics

Gardner Canyon Fm.
— mudstone mbr.

= Mt. Wrightson and Mt. Hopkins looking East from Green Valley



granite — Santa Rita I\/It.
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Jurassic Granite - purple oval

Canelo Hills Volcanics - sandstone,
tuff, conglomerate (173 Ma) - black

V=1

Source: Drewes, 1996, USGS Bull. 2083, plate 4




Early Mesozoic — Triassic
Santa Catalina Mts. — none left —




Early Mesozoic — Triassic
Tucson Mts. — Recreation Redbeds




Ash from volcanoes in southern Arizona spread to northern Arizona




FIGURE 12-21 The small, agile
theopod Coelophbysis lived about
220 million years ago, during
the Late Triassic. Coelophysis was
about 3 meters in length. These
fast, agile, bipedal predators may
have pursued their prey in packs,
and there is evidence that they
occasionally even ate juveniles of
their own species. (Copyright
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FIGURE 1217  Rutiodon, a Trinssic phytosaur, Like many other phytosaurs, Rutiodon grew N i
to lengths of 10 or maoree feet, (ustration by Carbyn Toerson,) B What lving ':,"Hl'l wane '..ulr'lu’r Hesperosulus from the Triassic of the southwestern United States,

af convseryent evalution with Rutiodvn
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Middle Mesozoic — Jurassic

Nevadan Orogen
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Jurassic sand seas - 190 Ma
Navajo Sandstone & correlatives

| | Displaced

terranes
converging
on North
America
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JURASSIC PALEOGEOGRAPHY
:‘ Mostly shallow marine
[:] Mostly deep marine
i—j] Lowlands being eroded

D Mountainous areas

| A< Volcanoes  Scale 1:25,000,000

Gray areas provide 0 500 1000
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FIGURE 11-7 Generalized paleogeographic map for the Jurassic of North America.




Nevadan Orogeny (mtn. building)

o S basin
crust wedge P Backare
Trench Forearc basin garc thrust belt _ Craton

l = v ‘.' ‘ 3 ; : F"O 1 a .:r ._L
g " NS i -
et & 1'. (\ . |

_ .
Py
| A

e ' " \‘- K
o S > Ll

i SRR AN vl Yk, }\c ' \

. .\s‘(}‘ SR X \* 8 - \
; \ S0 y :’ < ' > ' :
*‘. '- ) P . S -

S

Qp 100-Kilometer depth
R e ey e by [ e

Jurassic granitic intrusions




amﬂ...“. ’ u..m.“. LY
A 0y
7 é# m...'_. h.._.»ww A .”..'&s‘w%wwu_

sand-mud

lime

m hw
+1T] an
8= 2 E
] 3
] S €
)

800 300 km




Jurassic Formations near Tucson
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Middle Mesozoic — Jurassic (199.6-
1455 Ma) Santa Rita Mts

Age

Formatlon

Palincene(?)

Gringo Guleh Volennics

~TInepnformity (major intrusong)——

Snlero Formation

Bubdivisions

TDescription

Rhyolitic voleanies and clastic mcts.

Upper member._ .
Arkose member. .

Welded-taff member.

Exotie-block member_ ...

Lower member__.

--.| Epdimentary and voleanie rocks; 2,/ E)IJ .
cenes| Arkose and mna'llumarate largely Tacies of welded-tafl

e her; S,
Bhyodacite welded wuil; 1,200 (4, 72,54 22 m.y.
Dasltic voleanies containing largeexotic blooks; 1,000+

It.
Dracitic voleanics; 404 1.

Uneonformity

Fort Crittenden Formatlon

= Tneonfrmity ———
Turney Ranch Formation.
Shellenberger Canyon Formation
\.trpnchr Canyan Formation
llow Canyon Formation.
(lanee Conglumerate.
——————— U neron fot

4, J00-5, H00--

--H_:Itpollll.-: il :numlv.-l_. -

Tull intercalated ln uj

TUpper red congl

er red conglomerate; 0850 (L

Valeande ale Lo elliatons; 14004 (L

mem

Brown cnfr'.a:bumualn
member,

Lowar red conglomarate

.| Eiltstone and arkose,

Arkozie conglomerats Lo siltatons; 2,004 [1.
Volonnke eonglommarnte to slistons; 800-1 200 (L,
Fossilllerons uhn.le unid smndatons; 4-550+4 (.

Snndstonn nnd rod siltstone.

Arkose, siltstone, and limestone lanses.
Arkcse and conglomerate,
Limestons-and-granite cobble -:nuﬂolm‘rme.

Bathtulb Formation

-Minor uneonformity

Temporel Farmation

o memmbier
Middle mamber |
Lawer member

!.Jn:lte wodeanled and tuffaceous sandstona; 0-1,500 ft,
Ly olite Lo andeite Taleanics; S00-1, G It
1"|:||'.‘|g]|:||l|.vt-r|:\|[.-|L wni voleanie sandstone 7004 It

.lT r mambor
Mibddle mem ber. .

onglomerste and rhyolite voleanbes; GH-1,000 Tt
Rhny%llll’ o latite 'rolgnmcﬂ A cmglumrrﬂl&, 1400

ft.
i

Early Jurasabs
L
Lata Triassis

— Uneonformity (mojor granite intmsion)
Canelo Hills(?) Valeanies
e — | Bp0m ol Ly

1,800 fi.

Arkose, tuﬂ'a-canua sandstone, toff, and eonglomerats,
1737 1y,

Gardner Canyou Formalion

Unsonfoemlty ———-——

Maount Wrightson Formation

F.! iltstane member,

19220 m.y.
Redd sllistone and chert pablde conglmerate,

'I.T[lpur mumhw .
Middle member. ..

& e kR
| Dapitic toandesitic vo{:rlnlns, i sandstome; 15004 T,

Eolinn sandstone, andesitic to chyodasitic voleanies:

2. ft.
Ehyolitic to latitle voleanies, trace of clastle rocks;
(0= ft, T30

Infarred unconformity.

Bamvalley Formation

| Marine iimestone, delomite, and sandetone.




Jurassic — Santa Rita Mts.
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Middle Mesozoic — Jurassic
Catalina - Rincon Mts. - none




Middle Mesozoic — Jurassic
Tucson Mts. — Brown Mountain
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Late Mesozoic — Cretaceous (145.5 — 65.5 Ma)

Sevier & Laramide Orogenies (Mtn. Building)
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Jurassic - Cretaceous
batholiths

{ Nl N .

Sierra Nevada co I
,\Bathoiith____ :
o o=
N Az .
Baja California NM ,

Batholith f

N A B
0 400 km \ T
Mexico P2
3 N
FIGURE 11-22 Mesozoic batholiths in west-central

North America.
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Late Mesozoic — Early Cretaceous

(145.5 -65.5 Ma) Santa Rita Mts

Age

Formatlon

Palincene(?)

Gringo Guleh Volennics

~TInepnformity (major intrusong)——

Snlero Formation

Uneonformity

Bubdivisions

TDescription

Rhyolitic voleanies and clastic mcts.

Upper member._ .
Arkose member. .

Welded-taff member.

Exotie-block member_ ...

Tooweér member___________.

--.| Epdimentary and voleanie rocks; 2,/ E)IJ .
cenes| Arkose and mna'llumarate largely Tacies of welded-tafl

e her; S,
Bhyodacite welded wuil; 1,200 (4, 72,54 22 m.y.
Dasltic voleanies containing largeexotic blooks; 1,000+

It.
Dracitic voleanics; 404 1.

Fort Crittenden Formatlon

= Tneonfrmity ———
Turney Ranch Formation.
Shellenberger Canyon Formation
‘.trpnchc Canyan Formation

rly Jurasabs
Lata Triassis

4, J00-5, H00--

--H_:Itpollll.-: il :numlv.-l_. -

TUpper red congl

Tull intercalated ln upper red conglomerate; 0-850 (L.
Valeande ale Lo elltatons; 14004 (L.

mem

Brown cnfr'.a:bumualn
member,

Lowar red conglomarate

Arkozie conglomerats Lo siltatons; 2,004 [1.
Volonnke eonglommarnte to slistons; 800-1 200 (L,
Fossilllerons uhn.le unid smndatons; 4-550+4 (.

Snndstonn nnd rod siltstone.

.| Eiltstone and arkose,

u:mo alt.stonu Bnd llmeslonolnnsaﬂ.

Ulanes Conghunerate.
= neron for

Bathtulb Formation

-Minor uneonformity

o memmbier
Middle mamber |
Lower member

Temporel Farmation

— Uneonformity (mojor granite intmsion)

!.Jn:lte woleanles and tuffaceous nmdnma. * 1 5N 1t
Ly olite Lo andeite Taleanics; S00-1, G It
1"|:||'.‘|g]|:||l|.vt-r|:\|[.-|L wni voleanie sandstone 7004 It

lT r mambor
Mibddle mem ber. .

onglomerste and rhyolite voleanbes; GH-1,000 Tt
Rhny%llll’ o latite 'rolgnmcﬂ A cmglumrrﬂl&, 1400

Rh%ﬂ]ltll: to dacitic voleanks and Eoglomerats; 200-
1,800 ft.

Ak eonplomeril

TG FITUR T ¥ Teaiines

e — | Bp0m ol Ly

Lt

Gardner Canyou Formalion

Unsonfoemlty ———-——

Maount Wrightson Formation

Mindstons member.

F.! iltstane member,

Fed muodstone, dacite voleanics and comglomanite.
192420 m.y.
Redd sllistone and chert pablde conglmerate,

'I.T[lpur mumhw .
Middle member. ..

Eolinn sandstone, andesitic to chyodasitic voleanies:

2. ft.
Ehyolitic to latitle voleanies, trace of clastle rocks;
(0= ft, T30

& e kR
| Dapitic toandesitic vo{:rlnlns, i sandstome; 15004 T,

Infarred unconformity.

Bamvalley Formation

| Marine iimestone, delomite, and sandetone.




Early Cretaceous — Santa Rita Mts.
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Cretaceous
palecgeography.
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Early Cretaceous - 100 Ma -




Late Mesozoic — later Early
Cretaceous
(=100 Ma) Santa Rita Mts
Bisbee Group

Foarmatlon Thickni | Bub s TDescription

h Voleanics
major intrsore)-—~

Snlero Formation 1t
anles contalning lBlI"'HﬂhL'LI.l ks 1|de: {

It.
Drascitic voleand
Late ———Unconformity———— -
Cretacecns Rhyalit
Tpper red ﬂuul.om:'r.ll.e
mismber.
Fort Crittenden Formatlon

Turney
Bhelleriherger 311:.(::1 Formal
e

-Minor uneonformity———————|—
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Bisbee Group - pale yellow green -
Kb - 100 Ma - gray shale and
siltstone and some sandstone,
conglomerate, and limestone

Source: Drewes, 1996, USGS Bull. 2083, plate 4




Geologic Map of Rosemont area

» Near vertical
Paleozoic (blue)
Limestones near
crest

» Fault-bounded
Paleozoics on west

» Mineralized
Paleozoics buried
under Cretaceous
and Tertiary
sedimentary rocks

» Cretaceous (green)
bedding trends

| Geologic Map of the Rosemont area, |

| oo Badts N Bomtei: northeast
tv.19)
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Early Cretaceous — Willow Canyon
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» Lower Bisbee Group s
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Early Cretaceous — Apache Canyon_‘Fm.
» Overlies Willow Canyon Fm. e
» Green Ka on cross section

» Siltstone, mudstone, some
fine grained sandstone &
arkose, some thin bedded
brackish water limestone

» Correlates in time with
Mural Limestone, but
terrestrial — rivers, deltas

Proposed South Dry
Stack Tailings Facility
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Cross section of Rosemont area

Rosemont Copper Project
Geologic Cross-Section

Proposed South Dry
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Late Mesozoic — Early Cretaceous
Tucson Mts. — Amole Arkose
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Late Mesozoic — Early Cretaceous
Tucson Mts. — Amole Arkose
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Late Mesozoic — Early Cretaceous
Catalina - Rincon Mts. — Bisbee Group
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Bisbee Group, Mural Limestone 100 Ma

» Marine limestone did
not extend much
further north than
Mule Mts.

» Thick rudistid (clam)
reefs south of Bisbee




Sevier Orogeny (mountain building) 90-70 Ma)

QROGENY CROGENIC PHASE ASSEMBLAGES MAGMATISH TECTONICS MIKERAL RESCURCES EFOCH TIME
SAN Basin & Range Basin & Range ! basaltic grabens salt, cincders, sand | PLICCERE 0-13
AKCREAS volcanism gypsum, zeolites
Transverse Transverse RSNC .r "are en echelen folds getroleun, gas PLICCENE 0-13
trending NE-SW
GALIURD Culninant Galiure Whipple local qtz. alkalic | gravity slice Cu-Au-Ag in detach, | mid-MICCENE 28-13
Z volcanics detachments flts; Au vns up OLIGOCENE
Medial Gatiure Galiuro alkali-caicic ANd-trend folds Pb-2n-Ag vns HICCENE 3B-18
volc. & dikes NW dikes Au vns
Initial Galiuro Mineta rare voicanics lczcal basins U, Cu clastics up OLIGOCENE 38-28
coarse clastics 1ittle data Tow MICCERE
LARAKIDE | Culmirant Laramice | Echo Park peraluminous SW-dir. thrusts Au vns & dissem. ECCENE 56-43
Green River calcic & calc-alk. W, base metals
Rim
Wilderness
Crocopia
Medial Laramice Mcrenci calc-alkalic RE dikes & veins porghyry ccpper EOCERE 75-50
dikes & stocks PALECCENE
Initial Laramide Cenver alkali-calcic NE dir. folds Pb-In-Ag CRETACEQUS 80-6C
. Tombstcre volc. & stocks L thrusts PALEQOCENE
Laranie alkalic stocks NE-shorelines * coal CRETACEQCUS 85-£5
Hillsboro & volcanics E-W wedge uplifts | Cu-Au
SEVIER alkalic stecks S or E dir. Au-Cu CRETACEOLS 105-85
thrusts

Table 1. General framework of Cretaceous and Cenozoic orogenesis in Arizona.
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| ate Mesozoic — Cretaceous

Santa Catalina Mts. — sediments
American Flag Formation — alluvial fans

Upper American Flag Fm. =Conglomerate with
clasts of porphyry, Precambrian granite,
sandstone, and volcanic rocks

Middle American Flag Fm. = Conglomerates
with Oracle Granite, Barnes Congl., and
quartzite clasts ~ N o

" L4

el

Lower American
Flag Fm. = .
Limestone-cobble |
conglomerate |
with phyllite and
sandstone
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Sawmill Canyon fault zone
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Early Laramide Orogeny (mountain

building) — 75-70 Ma)

QROGENY CROGENIC PHASE ASSEMBLAGES MAGMATISH TECTONICS MIKERAL RESCURCES EFOCH TIME
SAN Basin & Range Basin & Range ! basaltic grabens salt, cincders, sand | PLICCERE 0-13
AKCREAS volcanism gypsum, zeolites
Transverse Transverse RSNC .r "are en echelen folds getroleun, gas PLICCENE 0-13
trending NE-SW
GALIURD Culninant Galiure Whipple local qtz. alkalic | gravity slice Cu-Au-Ag in detach, | mid-MICCENE 28-13
Z volcanics detachments flts; Au vns up OLIGOCENE
Medial Gatiure Galiuro alkali-caicic ANd-trend folds Pb-2n-Ag vns HICCENE 3B-18
volc. & dikes NW dikes Au vns
Initial Galiuro Mineta rare voicanics lczcal basins U, Cu clastics up OLIGOCENE 38-28
coarse clastics 1ittle data Tow MICCERE
LARAKIDE | Culmirant Laramice | Echo Park peraluminous SW-dir. thrusts Au vns & dissem. ECCENE 56-43
Green River calcic & calc-alk. W, base metals
Rim
Wilderness
Crocopia
Medial Laramice Mcrenci calc-alkalic RE dikes & veins porghyry ccpper EOCERE 75-50
eiRes & StoTks 2L ESCENE
Initial Laramide Cenver alkali-calcic NE dir. folds Pb-In-Ag CRETACEQUS 80-6C
. Tombstcre volc. & stocks L thrusts PALEQOCENE
Laramie alkalic stocks NE-shorelines * coal CRETACEQCUS 85-£5
Hillsboro & volcanics £-W wedge uplifts Cu-Au
SIRSIIC S.CCKS Sor—t i fo=ta T A L

thrusts

Table 1. General framework of Cretaceous and Cenozoic orogenesis in Arizona.
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Late Mesozoic — Early Cretaceous
Tucson Mts. —

Golden Gate Mtn
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Pyroclastic flows

Caldera collapses

Lake level

Wizard Island

Steam explosions




| ate Mesozoic — Cretaceous

e

Tucson Mts. — Amole Gran




| ate Cretaceous volc. & sed. rocks — Santa Rita Mts.

TRE IF — e —— o
N dl aate oL -— - % .

US DEPARTNENT OF T

CORRELATICN OF MAP LNITS AND MINZRALZATION

Fort Crittenden Fm. - rhyolite tuff,
conglomerate, shale

Salero Fm. - sedimentary and
volcanic rocks, tuff 72.5 Ma

Source: Drewes, 1996, USGS Bull. 2083, plate 4




|Latest Cretaceous Igneous Intrusions — Santa Rita Mts.
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CORRELATICN OF MAP LNITS AND MINZRALZATION

Elephant Head Quartz Monzonite - 69 Ma

Madera Canyon Granodiorite — 68 Ma

Josephine Canyon Diorite - 67 Ma

Source: Drewes, 1996, USGS Bull. 2083, plate 4; USGS
Prof. Paper 915, 1976




ﬂ TIMES OF CRUSTAL UNREST

The Mesozoic Era was the time of
the dinosaurs, but no evidence of
them has yet been found in the
Santa Catalina Mountains. Perhaps
this is because the geologic record
of cur region became very complex
during the middle and late
Mesozoic Era:

We do know that by this time most
of this region had once again
emerged from the seas. Near
Peppersauce Cave, in the northern
Santa Catalinas, sedimentary rocks
of Cretaceous age are present.
These strata are known as Glance
Conglomerate and American Flag
Formation.

Glance Conglomerate contains
angular fragments of late Paleozoic
limestones. American Flag Formation
contains rounded cobbles of early
Paleozoic quartzite and boulders of
Precambrian granite. We can thus
infer that these sediments were
probably deposited in aliuvial fans,
not far from their high-standing,
rugged source terrain. Some strata
of American Flag Formation were
deposited in an arm of the sea.

Faulting and meuntain building
must have occurred not long
before, and very close by —
perhaps to the north, along the
Moegul Fault. To the south, the
Geesaman Fault was also probably
active during this time.

American Flag Formation and
Glance Conglomerate are present in
the low area at the top of the
exhibit wall on either side of the
fault to the immediate left of panel
#5.

Additional faults are represented
to the left and to the lower right
of panel #3.

Near where Mt. Lemmon and
Marble Peak are today, a large mass
of dark igneous rock known as
Leatherwood quartz diorite was
emplaced during the mid-Mesozoic
at great depth within the earth’s
crust. A large volcano probably
formed on the earth’s surface at

this site, but the only evidence for

it today is the great diorite pluton
which formed beneath it.
Leatherwood quartz diorite can be
recognized by its distinctive content
of tiny, glassy, lime-green epidote
crystals, and equally small crystals
of khaki-colored apatite.
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Leatherwood quartz diorite is the
dark rock that forms the bulk of the
exhibit wall below and to either side
of this panel.

Sill-like masses of Leatherwood
quartz diorite intruded layered
rocks south and west of the main
volcano/pluton, in what is now the
Santa Catalina “*forerange”.

Intense heat from various
Leatherwood intrusions
metamorphosed much of the
overlying sandstone, shale, and
limestone. Some of the resulting
metamorphic rocks — quartzite,
cale-silicates, and schist « can now
be seen in road cuts at the Mt.
Lemmon Ski Area. Metamorphosed
late Paleozoic imestone forms the
white marble that caps Marble
Peak.

Marble, quartzite, and calc-silicate
rocks may be seen immediately
above and below panel #5. The
white rock at the top of the wall
directly above the right corner of
panel #5 is marble.

ANTA CATALINA MOUNTAINS REGION
late Mesozoic and early Cenozoic Eras

Farther north in the Santa
Catalinas, a mass of andestte
porphyry was emplaced at about
this same time. At some places this
andesite porphyry brought with it a
valuable content of copper and
other metals. This ore is mined
near the town of Mammoth, and is
smeled into copper metal at-San
Manuel. San Manuel andesite
porphyry is usually grey where
excavated in the mine, but surface
exposures of related rocks in the
northern Santa Catalinas are usually
thoroughly altered to have a
greenish color. In that area this
formation is known to some as Rice
Peak andesite porphyry.
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San Manuel/Rice Peak andesite
porphyry is the greenish rock
displayed in the exhibit wall below
the next panel.

- 156-40 million years aga)

At a somewhat later time, deep
within the earth’s crust to the

south of the main intrusion of
Leatherwood quartz diovite, a large
mass of garnet-bearing granite
formed. This white granite is known
as Wilderness granite, and is found
today mainly in the **Wilderness of
Rocks”, south of Mt. Lemmon.

Most good exposures of Wilderness
‘granite are accessible only by trails,
but you can examine a variety of
this rock along the highway at the
General Hitchcock Picnic Area.
Wilderness granite is noteworthy for
its wine-red garnets, but is also
unusual in that it contains crystals
of BOTH black mica (bietite) AND
white mica (muscovite).

Wilderness granite forms the crest
of the exhibit wall above and to
the right of this panel.
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Disseminated
copper deposits
Tungsten  (“porphyry coppers”) Lead-zinc-silver




Late Mesozoic — Late Cretaceous
Tucson Mts. — Old Yuma Mine
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| atest Cretaceous igneous Intrusions — Santa Rita Mts.
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Elephant Head Quartz Monzonite 68 Ma

Source: Drewes, 1996, USGS Bull. 2083, plate 4



|Latest Cretaceous Igneous Intrusions — Santa Rita Mts.
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‘Madera Canyon Grano.d

Source: Drewes, 1996, USGS Bull. 2083, plate 4



|_ate Mesozoic — Late

Cretaceous — Santa Rita Mts.

Wulfenite Pb(MoO,)




Middle Laramide Orogeny (mountain

building) — 65-55 Ma)

QROGENY CROGENIC PHASE ASSEMBLAGES MAGMATISH TECTONICS MIKERAL RESCURCES EFOCH TIME
SAN Basin & Range Basin & Range ! basaltic grabens salt, cincders, sand | PLICCERE 0-13
AKCREAS volcanism gypsum, zeolites
Transverse Transverse RSNC .r "are en echelen folds getroleun, gas PLICCENE 0-13
trending NE-SW
GALIURD Culninant Galiure Whipple local qtz. alkalic | gravity slice Cu-Au-Ag in detach, | mid-MICCENE 28-13
Z volcanics detachments flts; Au vns up OLIGOCENE
Medial Gatiure Galiuro alkali-caicic ANd-trend folds Pb-2n-Ag vns HICCENE 3B-18
volc. & dikes NW dikes Au vns
Initial Galiuro Mineta rare voicanics lczal basins U, Cu clastics up OLIGOCENE 38-28
coarse clastics 1ittle data Tow MICCENE
LARAKIDE | Culmirant Laramice | Echo Park peraluminous SW-dir. thrusts Au vns & dissem. ECCENE 56-43
Green River calcic & calc-alk. W, base metals
Rim
Wilderness
Crocopie
Medial Laramice Mcrenci calc-alkalic RE dikes & veins porghyry ccpper EOCERE 75-50
dikes & stocks PALECCENE
Initial Laramice venver ATRATT=cEIeTe | neatrfohds— | Pb=in=hg SRSTAEEG———8-50—
. Tombstcre volc. & stocks L thrusts PALEQOCENE
Laramie alkalic stocks NE-shorelines * coal CRETACEQCUS 85-£5
Hillsboro & volcanics £-W wedge uplifts Cu-Au
SEVIER alkalic stecks S or E dir. Au-Cu CRETACEOLS 105-85
thrusts

Table 1. General framework of Cretaceous and Cenozoic orogenesis in Arizona.
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