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* Depends on plate
tectonics through
geologic history

* Big environmental
changes through
geologic time

e Seas in, seas out

« Warm periods and
ice ages




Arizona Physiographic Provinces

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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Unconformities in the Grand Canyon

Kaibab Plateau

Grand Canyon, AZ
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Disconformity

Disconformity
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Tucson area
Mountains
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Tucson area geologlc map
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Learn to read Arizona
geologic map
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Middle Proterozoic (~ 1700 Ma)




PreCambrian Arizona

Inner Gorge -
metamorphic
rocks

~ Mountain buuldmg eplsode in ynger' PreCambrian (older Proterozoic)
- 1.7 billion years - Mazatzal Orogeny produced Rocky Mt.-style mountains
*  Metamorphism, folding, later intrusion of granitic rocks
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hnu Schist - Grand Canyon

Intruded by pink

Zoroaster Granite (1400
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Figure 2. Disgrammatic column show-
o lag stratigraphy encountered in mountain
ranges adjacent 1o the Santa Catalina-
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Tucson area Precambrian

1695 - Pinal Schist - Xm

1625 - Johnny Lyon
Granodiorite - Xg

1400 - 1450 Ma - Yg
Oracle Granite Yg brown
Continental Granodiorite



Tucson area Older Precambrlan

Pinal Schist Xm
1695 Ma

Johnny Lyon
Granodiorite Xg
1625 Ma




LAYING THE FOUNDATIONS

We kn(')w nothing about the first
half of earth’s history in this part of
Neorth America! '

- Nearly 2000 million years ago the

most ancient rocks we can new find
in SE Arizona began to accumulate
as sediments and lava flows
deposited on the floor of a sea of
uncharted dimensions.

By 1700 million years ago these

sediments and lavas were intensely
deformed and metamorphosed; fory
the roots of a great mountain range
oriented WSW to ENE across much of
what is now the American southwest. |
These various metamorphic rocks are

now. callectiv nows as Pinal Schist.
i

SANTA CATALINA MOUNTAINS REGION

“older™ Precambrian (700 million vears ago)

Today, Pinal Schist forms most of
the Pinal Mountains, south of
Globe, and can also be found in
small areas in the northern Santa
Catalina Mountains.

Several representative rock types
that dre found in the formation
called Pinal Schist appear to your
right, in the left end of the exhibit
wall.
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Pinal Schist 1720-1660

Pinal Schist — underlying the
limestone at the Twin Peaks
limestone mine - in the West Peak







1625 Ma granodiorite -
Johnny Lyon granodiorite, Rincon
Valley granodiorite
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| FINISHING THE BASEMENT
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Santa Rita Mts. Proterozoic —
Continental Granodiorite ~1420 Ma
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Oracle Granite, 1420 Ma
Continental Granodiorite, 1400-1450 Ma
Rincon Valley Granodiorite, 1420 Ma
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Shallow seas eventually returned to
this region, and gravel, sand, and
mud once again began to accumulate.
Late in the history of these seas
Limestone was deposited, much of it
formed by colonies of afgae called
stromatolites, Basaltic lava flows were
also extruded at a few places.

The piles of sediments and occasional
fava flows that accumulated in these
ancient seas were eventually
compacted and cemented into a
sequence of rock fermations known
today as the Apache Group.

The profound contact between
Apache Group and underlying
crystalline basement is called 2
nonconformity.

In the exhibit wall, that contact can
be seen near the top of this panel,
where the Jowest part of the
Apache Group (Scanlan
Conglomerate} Hes nonconformably
on Oracle Granite.

A different variety of Scanlan
Conglomerate lies nonconformably
on basement to the right of a fault
zone about one quarter of the
distance between this panel and

the next. The entire Apache Group
is present there. Stromatolites form
most of the tan Mescal Limestone at
the top of the Apache Group
section.

Today, rocks of the Apache Group
are especially well exposed far to the
north of Tucson in Gila County.

Apache Group rocks are also
preserved in the northern parts of the
Santa Catalina Mountains: they form
most of the higher ridge crests in the
northern Santa Catalinas, east of the
upper Cadada del Oro and north of
Marble Peak. Apache Group rocks
also form most of the hilltops you
look down onto from the **San Pedro
Overlook™, on the Mt, Lemmeon
Highway.

About 1275 million years ago, the
relative geologic quicscence that
prevailed during the encreachment of
the Apache seas was interrupted by
vertical movements of great blocks of
crust. Fractures along which such
movements take place are called
faults.

In many places, faults formed
conduits for-the passage of heavy,
won-rich magmas from deep within
the earth’s mantle. This molten
material cooled to form dark basaltic
rocks with a distinctive texture of
interlocking elongate crystals of a
white mineral called plagioctase.
These rocks are called diabase.

Where diabase froze into soligt rock
within fault zones, or in other cracks
and fissures which cut discordantly
across granite or sedimentary layers,
the resulting plutons are called dikes.
More commonty, this diabase magma
wedged between horizontal strata
and flowed laterally for great
distances to form tabular bodies
oriented parallel to the sedimentary
layering. These concordant layers of
igneous rock are known as sills.

In the northern Santa Catalina
Mountains diabase is frequently found
as dikes that cut across Oracle
Granite and other rocks older than
Apache Group. Farther north, sills of
diabase form readily noticeabie dark
tayers in the walls of Salt River
Canyon,

Diabase forms branching dikes in the
exhibit wall on either side of this
panel, and also fills most of the fault
zone to your right. Diabase also forms
several sills between layers of the
Apache Group to the right of this
fault zone.

youngest [Ty SCAL LIMESTONE

- characterized by Fossit aleae colonies
and oecasional masses of Mack ched.

Ancient basalt fows vover Mescad Eimestone in sone
Plages.

erlermined With clear guaitz sand,
BARNES CONGLOMERATE

wobbles of pele colored quartzites

DRIPPING SPRING QUARTZITE
— agtatle for it content of pink potush Reldspar graine

— disiloguished by its content of exg shaped beach

BPIONEER FORMATION

SCANLAN CONGLOMERATE

oldest

& qurter billion vears

— originally shale, now argillite, notable for its cusious
“aplotchy’” white-on-purphe sppernce.

 contuing angular fragments of whatever resistant rocks
were presént on the Wirface of e Land & It was once
again covered by the sea afler an absende of more thiss
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Catalina Rock Wall — Tohono
Chul Park — Ina/Northern
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Tucson - Younger Precambrlan
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Grand Canyon' GroJug
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billion years ago - Fault block mountains (4,000’ offset)
<+ about 10,000 ft thick

+ Eroded away to a nearly flat surface before the deposition of the Tapeats
Sandstone 500 million years ago.



Apache Group sedimentation

le granite

Deposition of flat-1ying sedimer
and limestone) in river pla
Intrusfon of diabase sills (flat
Tine~grained igneous rock
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Unconformity

DHabase

Intrusive contact

Quartzite member

Troy Chediski Sandstone
Quartzite Member

Arkose member

Unconformity

Basalt

Unconformity
Argiilite member

~— Unconformity

MIDDLE Mesgcal Basalt

PROTEROZOIC Limestone | _ ynconformity
Algal member

Lower member

Unconformity

Upper member
Dripping Middle member 140-215
Spring
Quartzite Barnes Conglomerate
Member

APACHE GROUP

Uncbnformity

Pioneer
Shale Scanlan Conglomerate
Member

Unconformity

Granitic rocks

Intrusive contact

EARLY Sedimentary and volcanic rocks, locally foliated
PROTEROZQIC
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Scanlon Conglomerate




Ploneer Shale
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Barnes Conglomerate
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Dripping Spring Quartzite




Basalt




Mescal Limestone Argillite
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‘ Photosgnthesis by blue green algae
(cyanobacteria) since 3.5 billion yrs ago

- When pigments developed in cells,
they could absorb and process light.

- The products of this process were
energy and oxygen.

- Between 2.4 - 2.2 billion years ago,
the greater numbers of cyanobacteria
increased production of oxygen.

- By 1.8-1.6 Ga, O, rose from 1% to

, - 15%.
e/ . = Stromatolites deposited layers of
- - . ' | calcium carbonate in layers.
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Troy Quartzite
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Summary Tucson area Precambrian
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1695 - Pinal Schist - Xm

1625 - Johnny Lyon
Granodiorite - Xg

1400 - 1450 Ma - Yg i '
Oracle Granite Yg brown [
Continental Granodiorite
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