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Southern Arizona and Their Paleogeographic Significance'
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ABSTRACT

Thick sequences of Lower Jurassic rhyolitic and andesitic
volcanic rocks in several mountain ranges of southern Ari-
zona contain interbedded quartzarenites. Locally up to 250
m thick, these sandstone lenses, composed of well-sorted
and well-rounded quartz grains, commonly contain large-
scale cross-stratification and are considered to be eolian
sand deposits. The eolian sands were blown up against the
continental side of the Early Jurassic volcanic arc that
trended northwest-southeast across the southwestern mar-

- gin of the North American continent and/or plate at that

time. Paleocurrent data suggest southerly eolian transport
of the sands from the Colorado Plateau area. Correlation
of these sandstones with the Lower Jurassic Navajo and
Aztec Sandstones is indicated by the paleocurrent data as
well as radiometric dating of the interbedded volcanics.
Eolian sand transport southward across central Arizona in
the Early Jurassic indicates that the Mogollon highlands
either did not then exist, or were merely low, discontinuous
inselbergs on a broad back-arc ramp, more appropriately
called the Mogollon slope.

INTRODUCTION

The Early Jurassic paleogeography of southern Arizona
was dominated by a northwest-southeast-trending conti-

- nental margin magmatic arc of “Andean” type (Figure 1).

This magmatic arc extended northwestward into Califor-
nia, southward into Mexico, and was directly related to
eastward subduction of an oceanic plate beneath the south-
western edge of North America (Coney, 1978; Dickinson,
1981). The Lower Jurassic volcanic, plutonic, and associ-
ated sedimentary rocks of the arc terrane are widely scat-
tered in the isolated mountain ranges of the southern Basin
and Range province of southeastern California (Armstrong
and Suppe, 1973; Marzolf, 1980), southern Arizona (Hayes
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et al, 1965; Hayes and Drewes, 1978; Haxel et al, 1980b,
1984), and northern Mexico (Anderson and Silver, 1978;
Rangin, 1978). The arc terrane was separated from thick
Triassic-Jurassic nonmarine sedimentary sequences to the
northeast on the Colorado Plateau (Harshbarger et al,
1957) by a northwest-trending belt about 250 km wide,
where virtually no rocks of comparable age are known. This
belt, which trends across central Arizona and New Mexico,
lies just south of the southern margin of the Colorado Pla-
teau or Mogollon Rim and contains Precambrian basement
exposed over a large area. This belt occupied a position of
great paleotectonic and paleogeographic significance
through geologic time, and has been given several different
names: Texas lineament (Albritton and Smith, 1956;
Moody and Hill, 1956), Deming axis (Turner, 1962), and
Mogollon highlands (Harshbarger et al, 1957; Cooley and
Davidson, 1963; Stewart, 1969; Stewart et al, 1972).

The relationship of the Lower Jurassic clastic sedimen-
tary strata of the Colorado Plateau to the very different
rocks of the volcanic-arc terrane to the southwest, across
this belt of Precambrian exposure, is of significant paleoge-
ographic importance. Coney (1978) suggested that the
ancestral Mogollon highlands stood as a topographic bar-
rier between the alluvial systems of the Colorado Plateau
region and the arc terrane to the southwest. Most workers
dealing with the Triassic-Jurassic strata of the Colorado
Plateau consider the ancestral Mogollon highlands to have
been the source area for the sediments (Harshbarger et al,
1957; Cooley and Davidson, 1963; Stewart, 1969; Stewart
et al, 1972; Blakey and Gubitosa, 1984). The presence of
eolian Navajo-Aztec-equivalent sandstones intercalated
with Lower Jurassic arc volcanics along the rear or conti-
nent side of the arc and definitely south of the inferred
northwest-trending ancestral Mogollon highlands in central
Arizona suggests that a modification of prior paleogeo-
graphic reconstructions is needed (Bilodeau and Keith,
1979, 1984; Bilodeau, 1985).

Thick sequences of mature quartz sandstones intercal-
ated with rhyolitic to andesitic volcanics of Early Jurassic
age are located in several southern Arizona mountain
ranges. Based on similarities in age, lithology, petrography,
and paleowind directions deduced from the orientation of
large-scale cross-stratification, we correlated these rocks
with the Aztec Sandstone exposed 600 km to the northwest
in the Mojave Desert (Miller and Carr, 1978; Marzolf , 1980,
1982), and the Navajo Sandstone 400 km to the north on the
Colorado Plateau (Peterson and Pipiringos, 1979). The
widespread southern Arizona quartzarenites of Early
Jurassic age are best exposed in five widely separated south-
ern Arizona localities: (1) within the Mount Wrightson For-
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Figure 1—Regional paleogeographic setting of southwestern United States during Early to Middle Jurassic.

mation in the Santa Rita Mountains, (2) within the Ox
Frame Volcanics of the Sierrita Mountains, (3) within the
Ali Molina Formation in the Baboquivari Mountains, (4)
within the Sil Nakya Formation of the Sil Nakya Hills, and
(5) within the Cobre Ridge tuff and other unnamed volcanic
units in the small mountain ranges around Arivaca, north-
west of Nogales (Figure 2).

LOWER JURASSIC SANDSTONE UNITS
Mount Wrightson Formation

In the north-central Santa Rita Mountains (Figure 3),
located south-southeast of Tucson, a minimum of 2,800 m
of volcanic and sedimentary rocks of Triassic(?)-Jurassic
age are widely exposed. These strata, named the Mount
Wrightson Formation by Drewes (1971a), contain the thick-
est and best preserved quartzarenite units in the region. The
Mount Wrightson Formation is exposed in a homoclinal
north-northwest-trending outcrop belt that dips” moder-
ately to the east and forms the backbone, as well as the high-
est peaks, of the Santa Rita Mountains. The base of the
formation is everywhere an intrusive contact. Several intru-
sive bodies of younger Jurassic to Late Cretaceous age form
a distinct northwest-trending plutonic belt along the west
and southwest margins of the Mount Wrightson Forma-

tion. To the north and northeast, the Mount Wrightson For-
mation is truncated by a major, northwest-trending
complex fault zone (the Sawmill Canyon fault zone), and is
unconformably overlain by Cretaceous volcanic and sedi-
mentary rocks to the east.

The Mount Wrightson Formation was informally
divided by Drewes (1971a) into three members. The lower is
at least 457 m thick, composed mostly of dacitic to andesitic
volcanics with lenses of quartzose sandstone and quartzite
(near the basal intrusive contact), that are typically up to 6
m thick and a few hundred meters long. At one locality, sev-
eral lenses converge to form a single body of quartzite over
100 m thick (Drewes, 1971a). Because the sandstones within
the lower member have been metamorphosed, most ves-
tiges of original texture and mineralogy have been
obscured.

The middle member is approximately 1,524 m thick and
contains mostly rhyolitic to latitic flows, flow breccias, and
tuffs, with about 5% dacitic volcanics and 1% sedimentary
rocks (Drewes, 1971a). Most of the sedimentary strata are
lenses of sandstone and quartzite similar to those in the
lower member, and characteristically contain large-scale
cross-stratification. Some of the sandstone lenses are dis-
tinctly tuffaceous (Drewes, 1971a), but most commonly
they are well-sorted quartzarenites (quartz > 90%) with
subrounded to rounded grains 0.2-0.5 mm in diameter. The
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paper.

sandstone lenses in the upper part of the middle member are
almost unaffected by metamorphism, and contributed both
petrographic and paleocurrent (cross-bed) data.

The upper member contains the most significant amount
of quartzarenite within the Mount Wrightson Formation
and in the entire region. This member is about 610 m thick,
50% of which is quartzarenite, 40% dacitic and andesitic
volcanics, and 10% rhyodacite (Drewes, 1971a). Locally,
the quartzarenite attains a thickness of 244 m, with large-
scale trough or wedge-planar cross-stratification (1 to 3-m
thick sets) present throughout the section. Petrographically,
the sandstone is fine grained and well sorted, and contains
subrounded to rounded, commonly frosted grains, of
which over 90% are monocrystalline quartz similar to
grains in the quartzarenites of the middle member (Figure
4). The texture and sedimentary structures strongly suggest
an eolian origin for the quartzarenite lenses. The sandstone
becomes increasingly indurated with quartz overgrowths
and sutured grain boundaries as the Sawmill Canyon fault
zone is approached (Figure 3). Along the fault zone, which
forms the northeast boundary of the formation’s outcrop,
the sedimentary lenses are massive quartzite.

Paleocurrent directions from 49 large-scale cross-beds
measured in the thickest lens of quartzarenite in the upper
member of the Mount Wrightson Formation are plotted on
a rose diagram (Figure 5a). Some of the data were obtained
from R. F. Wilson (1978, written communication). The dia-
gram implies southerly paleowind directions roughly
oblique to the trend of the Early Jurassic magmatic arc in
southern Arizona. The vector mean for the data set is
S15°W.

The age of the Mount Wrightson Formation is here con-
sidered to be Early Jurassic. The basal contact of the Mount
Wrightson is intruded by the Piper Guich Monzonite, dated
at 184 + 20 Ma (lead-alpha method), and a date of 220 +
30 Ma (lead-alpha method) was obtained on a welded tuff
from the middle member (Drewes, 1971a). Also, Drewes
(1971a) noted that detritus from the Mount Wrightson For-
mation is contained in the Gardner Canyon Formation, a
red-bed unit found within the Sawmill Canyon fault zone.
Volcanics interbedded with the mudstone member yielded a
zircon concentrate with a 192 + 20 Ma (lead-alpha method)
apparent age. The lead-alpha method is imprecise, and we
consider the ages to be somewhat old for the true age of the
Mount Wrightson Formation (see age discussions for the
Ali Molina and Sil Nakya Formations).

Ox Frame Volcanics

In the central Sierrita Mountains (Figure 6), the next
mountain range to the northwest of the Santa Rita Moun-
tains (Figure 2), at least 1,500 m of rhyolitic to andesitic
flows and tuffs containing lenticular beds of sandstone,
quartzite, and conglomerate is exposed (Cooper, 1971).
These rocks have been named the Ox Frame Volcanics by
Cooper (1971), and have been correlated with the Mount
Wrightson Formation in the Santa Rita Mountains by
Cooper (1971) and Hayes and Drewes (1978).

The Ox Frame Volcanics, in their type locality, are
divided into three members: (1) a lower silicic member, com-
posed of massive rhyolite flows, rhyodacite, and rhyolite
tuffs; (2) a middle andesitic member, with flows of dark
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Figure 3—Simplified geologic map of part of Santa Rita Mountains. Quartzarenite lenses within Mount Wrightson Formation are

stippled. (Modified from Drewes, 1971b, 1971c.)

porphyritic andesite and dacite; and (3) an upper silicic
member, consisting primarily of rhyolitic welded tuffs and
flows with intercalated volcanic sandstone and conglomer-
ate and thick lenses of quartzite (Cooper, 1971). As in the
Mount Wrightson Formation, the quartzite beds are most
abundant toward the top of the formation, typically occur-
ring as scattered lenses a few meters to a few hundred meters
thick and a few tens of meters to over 1,000 m long. Petro-
graphically, the quartzite is fine to medium grained (0.2-0.3
mm), and contains generally subrounded, moderately
sorted, closely packed grains that are over 90% quartz (Fig-
ure 4). The rocks are cemented by silica in the form of
quartz overgrowths, and by sericitic material (clay and chlo-
rite) from altered feldspar or volcanic grains. The exposures

of the quartzite are typically light or dark gray and have
been moderately metamorphosed, as most of the quartzite
lenses are located within 0.5 km of the intrusive contact with
the Harris Ranch quartz monzonite. Quartzite lenses locally
show relict sandstone textures and rare small to medium-
scale (5 to 20 cm thick) cross-bedding. No large-scale eolian
cross-stratification was observed. Locally, the quartzite
lenses are distinctively spotted and mottled.

Paleocurrent directions from only six cross-bed orienta-
tions obtained from the quartzite lenses of the Ox Frame
Volcanics show northerly trends (Figure 5b). Half the read-
ings exhibit a west-northwest direction and the other half an
east-northeast direction with a vector mean of N9°E. Inas-
much as all of the cross-strata were small to medium scale



I

694

2
a\mamuu'\ Sredsey 3

SR - Santa Rita
SN - Sil Nakya
AR - Arivaca

CR - Cobre Ridge

26 POINTS

25 S0 25

Figure 4—Standard triangular diagram showing modal percent-
ages of quartz (Q), feldspar (F), and lithics (L) for 26 samples
from four sites. Arivaca samples are from exposures near town
of Arivaca and are considered to be northwest extensions of
Cobre Ridge tuff (classification after Folk et al, 1970).

Navajo-Aztec-Equivalent Sandstones in Southern Arizona

and came from two different lenses, either the paleoslope
was highly variable or unrecognized local structural rota-
tions have affected one or both of the localities. We feel that
the former possibility is the likeliest, because both trends
were also found in the Ali Molina Formation quartzites in
the Baboquivari Mountains. The presence of such clean
quartzarenite intercalated within a thick pile of volcanic
rocks lacking other associated sedimentary strata, when
coupled with the scale of the cross-bedding and the paleo-
current directions, suggests that these rocks were fluvially
reworked from eolian sand deposits. It is also possible that
they are just poorly preserved eolian deposits. The small
number of paleocurrent readings from moderately meta-
morphosed quartzite may not be a significant data set,
though we consider it to be one.

The age of the Ox Frame Volcanics is considered to be
Early Jurassic. The Ox Frame Volcanics are intruded by the
Harris Ranch quartz monzonite (190 + 20 Ma, lead-alpha
method, zircons), which is in turn intruded by the Sierrita
Granite (150 + 20 Ma, lead-alpha method, zircons; 140 +
14 Ma, rubidium-strontium, whole rock) (Cooper, 1971).
The similarity of lithology and contact relationships sup-
port the correlation of the Ox Frame Volcanics with the
Mount Wrightson Formation of the Santa Rita Mountains,
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and the radiometric-age dates provide a minimum age of
approximately 190 Ma for both.

Ali Molina Formation

Several substantial quartzite lenses intercalated with rhy-
odacitic volcanics of Early Jurassic age are exposed in the
west-central Baboquivari Mountains, due west of the Sier-
rita Mountains (Figure 2). These rocks are part of a thick
section of mildly to moderately metamorphosed sedimen-
tary and silicic volcanic rocks that were originally defined
and named the Ali Molina Metamorphic Complex by
Heind! and Fair (1965). Haxel et al (1980a, b) delineated
several thick quartzite lenses within their redefined Ali
Molina Formation (Figure 7).

The quartzite lenses range from gray arkosic sandstone
with coarse (0.7-0.8 mm) K-feldspar grains to white quartz-
arenite (Figure 4), and from 30 to more than 150 m in thick-
ness. The lowermost lenses are distinctly less arkosic than
the uppermost lenses. Several thin sections from each unit
were cut, but the degree of metamorphism present made the
point counts ambiguous; therefore, they are not included in

Figure 4. The degree of metamorphism and the pervasive
jointing also make identification of primary sedimentary
structures difficult but not impossible. Most of the cross-
bedding recognized in the quartzite lenses was small to
medium scale. However, some large-scale cross-beds were
identified in the lower quartzarenite lenses, and their orien-
tations were measured (Figure 5c). The diagram shows a
dominant west-southwest paleocurrent trend with subsidi-
ary west-northwest and southwest trends. The vector mean
for the data is S68°W. A large proportion of the cross-beds
from the clean quartzarenite lenses have paleocurrent
trends to the west-southwest, whereas most of the northeast
and southeast directions are from the arkosic lenses. The
small-scale cross-strata in the arkosic lenses are most likely
alluvial in origin and thus show local variability in paleo-
slope. The arkosic character of the lenses indicates that they
are probably reworked from the rhyodacitic volcanics with
some eolian sand input. In contrast, the large-scale cross-
bedding, clean character, and consistent southwestward
paleocurrent indicators for the lower quartzitic lenses sug-
gest a primarily eolian origin.

The age of the Ali Molina Formation has been deter-
mined by Wright et al (1981) as Early Jurassic. Isotopic ages
were resolved for two size fractions of zircons from a quartz
porphyry in the Ali Molina and yield a mean lead-lead
method age of 191 Ma.

Sil Nakya Formation

In the Sil Nakya Hills, 80 km west of Tucson (Figure 2),
more than 2,500 m of Mesozoic rhyolite to rhyodacitic vol-
canic flows and tuffs, sedimentary red beds, and quartz-
arenite are exposed (Figure 8) (Haxel et al, 1978). These
rocks were originally described by Heindl (1965) and named
the Sil Nakya Formation. The silicic volcanics make up over
75% of the section, with quartzose sandstone comprising
most of the remainder.

The quartzarenite is poorly exposed, 100-200 m thick,
white to tan in color, well sorted, and fine to medium
grained, with over 95% subrounded to well-rounded quartz
grains (Figure 4). The matrix is comprised of secondary
quartz overgrowths (most abundant), clay, and carbonate
cement (least abundant). In a few places, thin mudstone
beds are intercalated with the sandstone, and in one locality,
maroon rhyolite porphyry has intruded it, recrystallizing
the sandstone to a ridge-forming quartzite. Where well
exposed, the unit is typically thin bedded (2-10 cm), with
rare small to medium-scale cross-stratification. Large-scale
cross-bedding was observed in only one locality, and only
five cross-bed orientation determinations were recorded.
The paleocurrent data show no unique trends (Figure 5d).
The predominant small scale of the cross-beds, lack of any
unique paleocurrent trend, clean character, and thin bed-
ding of the strata suggest that the Sil Nakya sandstones are a
mixture of eolian dune and interdune deposits and fluvial
sands reworked from former eolian deposits.

The Sil Nakya Formation has been isotopically dated by
Wright et al (1981) as Early Juras'sic. Zircons from welded
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Figure 7—Simplified geologic map of part of Baboquivari Mountains.

(Modified from Haxel et al, 1980a.)

Keith and Theodore, 1975). In the Oro
, southeast of Arivaca, Knight (1970) described

over 3,700 m of ignimbritic rhyodacitic to rhyolitic tuffs

.
b

, 1970

(Knight

tuff in the Sil Nakya give a lead-lead method age of 188 Ma.

Blanco area

This age is considered by Wright et al (1981) to be indistin-

guishable, within analytical error, from the isotopic age of

. This

quence was named the Cobre Ridge tuff by Knight (1970)

containing intercalated arkosic quartzites (Figure 9)
and divided into three members: (1) the lower rhyolite mem-

S€

the Ali Molina Formation in the Baboquivari Mountains to

the south.

ber; (2) the middle welded tuff member; and (3) the upper
arkose member. The principal sandstones of interest here

Cobre Ridge Tuff and Unnamed Uni

occur as lenses in the welded tuff member. The Cobre Ridge
tuff is intruded by an undated monzonite pluton (Jurassic

In the Arivaca area, 30-35 km south of the Sierrita Moun-

lcanic and sedimen-

tains (Figure 2), undated Mesozoic vo
tary rocks, including quartzarenites,

e of Knight, 1970) and several

have been mapped Warsaw quartz monzonit
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Upper Cretaceous and lower Tertiary plutons, dikes, and
sills. The entire package is, in turn, unconformably overlain
by clastic sedimentary rocks of the Oro Blanco formation,
strata correlative to Lower Cretaceous rocks to the east.
Because of its lithologic similarity and analogous strati-
graphic position, we believe that the Cobre Ridge tuff can
be correlated with the other Lower Jurassic eolian and vol-
canic sequences of the region.

The sandstones in the welded tuff member of the Cobre
Ridge tuff occur in lenses of two main types: (1) poorly
sorted, medium to coarse-grained subarkose with subangu-
lar to subrounded grains of quartz, K-feldspar, plagioclase,
and volcanic rock fragments; and (2) moderately to well-
sorted, medium to fine-grained quartzarenite with sub-
rounded to well-rounded grains of quartz and minor
K-feldspar (Figure 4). Locally, the subarkose lenses also
contain volcanic conglomerate zones and small to medium-
scale cross-bedding. The quartzarenite lenses are massive to
medium bedded, and commonly contain large-scale cross-
stratification. Paleocurrent directions from 10 large-scale
cross-beds are plotted on Figure Se. The diagram shows a
dominant south-southeast trend with a vector mean of
S17°E. These clean quartzarenites are interpreted as eolian
deposits, whereas the coarser arkoses are of probable flu-
vial origin, much the same as the sandstones interbedded in
the thick silicic volcanics of Early Jurassic age in the region.

The other localities around Arivaca that contain thick
silicic volcanic sections with intercalated quartzose sand-

stones have similar lithologies, though the sandstones com-
monly occur near intrusive contacts and are moderately
metamorphosed to quartzite. No large-scale eolian cross-
stratification was observed in these outcrops, though small
to medium-scale cross-bedding was observed. Petrographi-
cally, they are all medjum to coarse-grained, poorly to mod-
erately sorted arkoses and subarkoses (Figure 4) of
probable fluvial origin.

In the Pajarito Mountains, between the Oro Blanco area
and Nogales, Riggs (1985) described a 3,000-m thick section
of Lower or Middle Jurassic(?) rhyolite to rhyodacite flows
containing intercalated arkosic sandstone lenses, which she
correlated with the Cobre Ridge tuff. These rocks were pre-
viously mapped by Drewes (1981) as Upper Cretaceous
Salero Formation volcanics and Cretaceous rhyodacite por-
phyry. Detailed analysis of the intercalated sedimentary
rocks has yet to be made.

SEDIMENTOLOGICAL IMPLICATIONS

Mature quartzarenites interbedded with very thick
sequences of rhyolitic to andesitic volcanics are an unusual
association, especially if the quartzarenites are hundreds of
meters thick and are the dominant sedimentary rock type in
the section, with only minor sedimentary red beds and vol-
canogenic sediments. For an adequate explanation, the
provenance of the sandstones must be unrelated to the vol-
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canic arc, and the depositional mechanism must produce a tions owing to local topography in the back-arc area are two
well-sorted, mature quartzarenite. possible explanations for the various subordinate paleocur-

The large-scale cross-bedding, so common in the Mount  rent trends shown on the rose diagrams of Figure 5.
Wrightson Formation and less common in the other units,

provides evidence for eolian transport and deposition of REGIONAL CORRELATIONS
sands from the north and northeast (Figure 5). Fluvial : ’
reworking of the quartzarenites (small to medium-scale The Lower Jurassic mature quartzarenites in southeast-

cross-bedding) and deviation from prevailing wind direc-  ern Arizona are here specifically correlated with Aztec



Knfove losy

William L. Bilodeau and Stanley B. Keith 699
COLORADO PLATEAU, SANTA RITA SIERRITA BABOQUIVAR] SIL NAKYA ARIVACA COBRE
Ma STAGE NORTHERN ARIZONA |MOUNTAINS, ARIZONA |[MOUNTAINS, ARIZONA| MOUNTAINS. ARIZONA HILLS, ARIZONA | RIDGE AREA. ARIZONA
(imlay, 1980) (Drewes, 1971) {Cooper, 1971, 1873) (Haxel ot o, (Haxel ot al, (Knight , 1970)
160 ] 1980a.b) 1978, 19800)
—
% Callovian
@ . Entrada Sandstone 2 NAUALA N
L/ U U 4
« 1707 Carmel Fm. Gardner Canyon
2 Fm. Rodolfo Fm.
2 Page Sa. S 102 ’f,:' Plf’h-“)f A \
: it (i
z 180 Bajocian ’-
- JJ i I J I
Autertan J M J DA AANAZNAA] MJ‘./ L ?LAUNAIA
,_o.. vJ J JJ_‘JA iuNJ‘m A ) Mulb_err. Wash Fm. «(188 Ma. Pb - Pp) | Cobre Ridge Tuft
4 {pre-190 Ma, Pb -*9 Pitoikam Fm. . d U med
@ 190 Toarcian avajo Ss. . T(1e1 Ms, Po - PO and Unname
2 {350 - 500 m.) Mt. Wrightson Fm. Ox Fra[ne 4 Sil Nakya Fm Mesozoic
« — | *(220 Ma. Pb -= Volcanics Ali Molina Fm : Volcanics
3 Pliensbachian Kayenta Fm. : and Sandstones
Z onn o mnnd) Tr YN AN MUT 0 ?
< 2000 o urlan Moenav ingate ”"‘F ‘M-( v hr M2 MM r [
Fm. Ss. W F
Hettanglan
Q
@ 2109 Rhastian
«
<
£ Chinle Fm.
w Norian
S 2204 . Radiometric Age Datal

Figure 10—Stratigraphic correlation chart comparing Lower Jurassic rocks from the five southern Arizona localities to Colorado
Plateau formations of similar age. Time scale from Palmer (1983); age ranges of Colorado Plateau Jurassic units after Imlay (1980).

e . ,’

# \ o \ '

N ~

\-. N "~
¢ Shallow /™~ /
¢ Marine : EARLY TO MIDDLE
Sea S / JURASSIC
/ /.-‘/:\'a ' 200 - 180 Ma

AN <

NAVAJO ERG

/ Low-Lying /

ANCESTRAL / ;

(L RoCKIES
T~

» .
c .
@ e~
=] .
b4 :
O /
—_| —
o I
z - :
M. /
-
~. /
-

0 500 KILOMETERS

[ )

S——

P 300 MILES

Figure 11—Regional paleogeographic map of southwestern United States in Early to Middle Jurassic showing extent of Nugget-
Navajo-Aztec erg. ’



700

Sandstone 600 km to the northwest, in the Mojave Desert
and southern Nevada, and to the Navajo Sandstone 400 km
to the north, on the Colorado Plateau (Figure 10). Of the
five southern Arizona localities of these sandstones, the
Mount Wrightson Formation in the Santa Rita Mountains
is the best exposed, least metamorphosed, and contains
ubiquitous large-scale sweeping cross-beds of eolian origin.
The southwest to southeast paleowind directions (Figure 5)
correlate well with the directions reported for the Aztec
Sandstone (Poole, 1962; Marzolf, 1982) and for the Navajo
Sandstone (Poole, 1962).

The age of the Navajo and Aztec Sandstones is still some-
what controversial, as the age assignments are based on
data mainly from the rock units above and below the for-
mations, and from widely separated localities. Marzolf
(1982) summarized most of the known relationships, and
stressed that the Navajo and Aztec Sandstones are time-
transgressive units not everywhere of the same age. He sug-
gested wide age limits of Late Triassic (Rhaetian) to Middle
Jurassic (Bajocian) as maximum and minimum ages. The
latest geologic time scale, compiled by Palmer (1983) for the
Decade of North American Geology would date this age
range as approximately 212-180 Ma. Most workers now
agree that these formations are probably entirely of Early
Jurassic age in most if not all localities (Peterson and
Pipiringos, 1979; Imlay, 1980). The age data for the south-
eastern Arizona sandstones are consistent with these age
ranges. The 190 Ma isotopic age determined by Wright et al
(1981) for the Ali Molina and Sil Nakya Formations makes
them Pliensbachian to Toarcian, consistent with the age
assignment of Imlay (1980) for the Navajo Sandstone (Fig-
ure 10). Freeman (1976) suggested that parts of the Chinle,
Moenave, Wingate, Kayenta, and Navajo formations are
all lateral facies of one another and, thus, that parts of each
unit may have regional age equivalence.

PALEOGEOGRAPHIC IMPLICATIONS

The Lower Jurassic sandstone sequences in southern Ari-
zona provide important details for defining the northwest-
southeast trend of the Early Jurassic confinenfal margin

“magmatic arc as well as the northeastern or continentward

‘edge of the arc (Figure 10). Quartzite and quartzarenite
interbedded with volcanogenic sediments in the Mojave
Desert region have been correlated previously with the
Aztec Sandstone in southern Nevada (Miller and Carr,
1978; Marzolf, 1980, 1982). These Aztec-equivalent or
Navajo-equivalent sandstones suggest that clean quartz
sands were blown up against the rear or continental side of
the Early Jurassic magmatic arc in southern California.
Our studies suggest that this was also the case in southern
Arizona (Bilodeau and Keith, 1979, 1984).

In Arizona, isotopic dating of the interbedded volcanics
of arc affinity, and the recorded paleowind directions from
cross-bed orientations present stronger evidence that eolian
sands were blown into the region of the magmatic arc than
do the Mojave strata. Based on regional studies of the entire
western United States, Kocurek and Dott (1983) agreed

Navajo-Aztec-Equivalent Sandstones in Southern Arizona

with our correlations and developed an integrated paleoge-
ographic and paleoclimatic picture for the Early Jurassic.
The effect of our correlations on reconstructions of Early
Jurassic paleogeography in central and southern Arizona
are significant. The presence of north-derived eolian sand-
stone intercalated with arc volcanics in southern Arizona
places important restrictions on the location, elevation, and
duration of the Mogollon highlands from the Late Triassic,
when they are inferred by some to have been the source area
for various members of the Chinle Formation (Stewart,
1969; Stewart et al, 1972; Blakey and Gubitosa, 1983,
1984), to the Late Jurassic, when they are thought to have
been the source for the Morrison Formation (Cooley and
Davidson, 1963). Most paleogeographic reconstructions
consider the Mogollon highlands as a structurally uplifted
region trending northwestward across central Arizona in
the area of the present Mogollon Rim. Our data suggest that
during the Early Jurassic, the Mogollon highlands either (1)

did not exist in central Arizona, or (2) existed as a discontin-

uous series of low uplifts or inselbergs separated by wide
lowlands or passes, and thus were nqt able to block south-
ward transport of eolian sands across central Arizona and
up the rear flank of the Early Jurassic magmatic arc (Figure
11).

The eolian sands were blown from a large interior desert
or erg at the south end of ashaltow back=arcsea (Stanley et
al, 1971; Kocurek and Dott, 1983), across v slopi
plain we call the “Mogollon slope,” and up against the mag-
matic arc where the quartz sands interfingered with the arc
volcanics. The term “Mogollon slope” has been used previ-
ously as the present-day northward sloping region of the
Colorado Plateau between the Mogollon Rim and the Little
Colorado River (Lance and Wilson, 1960; Wilson, 1962),
and as the paleogeographic area between the Late Triassic
Mogollon highlands and the Chinle depositional basin to
the north (Cooley and Davidson, 1963). The latter usage is
extended here to include the area of central Arizona
throughout the Triassic and Jurassic (Bilodeau, in press).

Local topographic features on the “Mogollon slope” and
in the foothills of the northeastern flank of the volcanic arc
may have caused fluctuations in Early J urassic paleowind
directions. Fluvial reworking and local lacustrine condi-
tions commonly destroyed the eolian sedimentary struc-
tures and produced a variety of secondary paleocurrent
directions directed parallel to and away from the volcanic
arc. The source for various members of the Upper Triassic
Chinle Formation was probably the magmatic arc itself
rather than the Mogollon highlands, although Triassic igne-
ous rocks have yet to be found in southern Arizona and
northern Mexico (Anderson et al, 1984).
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