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ABSTRACT

This study is a comparison of the petrology of the 
fine-grained elastics contained in the Pantano Formation, 
the Mineta Formation, the Rillito beds, the Helmet Fanglom- 
erate, and the Tucson Basin sediments. Depositional and 
mineralogic characteristics have been compared, with 
emphasis on the clay and heavy mineral assemblages, to 
determine source rocks and possible correlations.

The Mineta Formation at its two localities was 
probably deposited in the same basin. The Pantano Forma
tion, derived primarily from Cretaceous rocks, may also 
have been connected to this basin. The type II and III 
Rillito beds were derived primarily from older formations 
within the Santa Catalina Mountains. On the contrary, the 
type I Rillito beds are similiar to the Mineta Formation at 
Mineta Ridge and may have had similiar source rocks. Al
though previously believed to be equivalent, no correlation 
between the Helmet Fanglomerate and the Pantano Formation 
is observable.
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INTRODUCTION

Statement of Problem
Mid-Tertiary basinfill deposits occupy many of the 

basins and/or crop out on the surface in adjacent hills in 
eastern Pima County and western Cochise County. These 
deposits attain thicknesses of several thousand feet on the 
surface and in the subsurface. They may be encountered in 
the subsurface at depths below 10,000 feet owing to 
faulting.

The formations involved include the Mineta Forma
tion, Pantano Formation, the Rillito beds, and the Helmet 
Fanglomerate. It has been suggested that these deposits are 
correlative with each other because of similiarities in 
their structural and depositional characteristics (Brennan 
1957; Metz 1963; Pashley 1966; Davidson 1973).

The petrology of the fine-grained elastics occur
ring within these formations has been somewhat neglected. 
The purpose of this study is to use the clay mineralogy and 
heavy mineral assemblages of these formations, along with 
other geologic data, to determine if these formations have 
similiar source areas. The comparison of the clay minerals 
from older formations surrounding the basin with these Mid- 
Tertiary clays may help to determine the source areas.

1



2
Previous Work

The Pantano Formation in the Cienega Gap area was 
initially studied by Brennan (1957) as part of a larger 
study of the Cienega Gap area. Using Brennan’s measured 
section along Interstate 10 in Cochise County, Metz (1963) 
sampled numerous sedimentation units in order to study 
conglomerate and sandstone composition, grain-size distri
bution, heavy mineral assemblages, and to obtain other 
petrologic data. Finnell (1970) had the Pantano raised to 
formation status and revised the stratigraphy (Finnell 
1971). Janders (1978) determined the clay mineralogy of the 
formation as a part of" a comparative study of the sedimen
tary characteristics of the Big Sandy Formation and the 
Pantano Formation. Balcer- (1984) further revised the 
stratigraphy and structural geology and worked out the 
depositional history of the Pantano Formation.

The Rillito beds located in the southern foothills 
of the Santa Catalina Mountains were extensively studied by 
Pashley (1966). Pashley subdivided these beds into type I, 
II, and III beds. Davidson (1973) later considered the type 
I beds to be a Pantano equivalent and the type II and III 
beds to be equivalent to his Tinaja beds. Davidson also 
referred to the Cloudburst Formation (Heindl 1963) located 
in the east part of the Tucson basin as a Pantano equiva
lent.



3
The only work done on the sediments of the Helmet 

Fanglomerate was by Cooper (1960) who included the Helmet 
Fanglomerate as a part of a study of the overall geology of 
the region centered southwest of Tucson. Davidson (1973) 
also considered the Helmet Fanglomerate to be equivalent to 
the Pantano Formation.

The Mineta Formation crops out in the Mineta Ridge 
area and in the Teran Basin. Chew (1952) first studied the 
general geology of the Mineta Ridge area. A more detailed 
stratigraphic and petrologic study of the area was done by 
Clay (1970). Grimm (1978) studied the limestones in the 
area, as well as- those occurring in the Pantano Formation 
in Cienegar Gap. The Mineta Formation in the Teran Basin was 
studied by Grover (1982) who determined the structure and 
stratigraphy of the region. Both Clay (1970) and Grover 
(1982) determined depositional environments of the Mineta 
Formation and speculated on its provenance.

Locations and Accessibility 
The formations involved in this study crop out in 

close proximity in the Tucson Basin and in the surrounding 
area (fig. 1). All the sampling areas were easily access
ible. Four-wheel drive vehicles were necessary only in the 
Mineta Ridge and Teran Basin areas. Sampling of the Pantano 
Formation at Cienega Gap and in the Santa Catalina
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Figure 1. Study area showing sampling locations. Numbers correspond to the follow
ing formations: (1) Helmet Fanglomerate; (2) Mineta Formation/Teran Basin; (3) 
Mineta Formation/Mineta Ridge; (4) Pantano Formation; (5) Rillito beds
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foothills was easily accomplished by sampling roadcuts. In 
the Helmet Fanglomerate area, permission to gain access to 
the land was granted by the ANAMAX Mining Company. Subsur
face samples were made available by the Arizona Bureau of 
Geology and Mineral Technology.

Methods
Field Sampling

Representative samples were obtained from each 
formation. Precise sample locations are listed in Appendix 
A. Sampling intervals varied depending upon completeness of 
outcrops, location of best, outcrops, and accessibility. 
Most of the fine-grained units appeared similiar and were 
relatively thick, so the*number of samples was conser
vative. Subsurface sampler were selected from various 
depths from wells located: throughout the Tucson Basin 
(Appendix B).

Clay Mineral Preparation
Approximately 50 grams of each sample were dis

aggregated and dispersed in Calgon. Representative clay 
fractions were obtained by the pipet method after suffi
cient settling time (Folk 1980). Oriented mounts were 
prepared on glass slides by evaporating several drops of 
the clay suspension. This was done in order to enhance 
peaks from the basal reflections of the clays. X-raying and 
clay treatment before X-raying were done according to
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methods described by Starkey, Blackmon, and Banff (1984). 
Treatments included glycolation with ethylene glycol, 
heating to 550°C, and gentle boiling in dilute hydrochloric 
acid.

Clay Mineral Identification
The clays were identified by analyzing the diffrac— 

tograms of untreated and treated samples. Information 
contained in Chen (1977), Carroll (1970), Warshaw and 
Hoy (1961), Starkey, Blackmon, and Hauff (1984), Reynolds 
(1980), and Brown and Brindley (1980) was particularly 
helpful, especially in characterizing the mixed-layer 
clays.

Heavy Mineral Analyses
Heavy minerals were separated from the conglomer

ates, sandstones, and fine-grained elastics using heavy 
liquids. 300 non-opaque grains from the 4 phi fraction were 
then point counted.

Thin Section Analyses
Thin sections and grain mounts were prepared when 

necessary to better characterize the overall mineralogy of 
the sediments.



STRATIGRAPHY AND SBDIMBNTOLOGY

The stratigraphy and sediaentology of the Mineta 
Formation, Pantano Formation, Rillito beds, and Helmet 
Fanglomerate have been studied extensively in the period 
between 1952 and 1984 by several authors. A brief review of 
these formations will be necessary for a better understand
ing of the material to be covered in this research. Table 1 
is a detailed description of these formations. This table 
was assembled from the work of Balcer (1984), Chew (1952), 
Clay (1970), Cooper (1960), Grover (1984), and Pashley 
(1966).

Helmet Fanglomerate
The Helmet Fanglomerate crops out as a relatively 

continuous section along a north trending line between 
Helmet Peak and Twin Buttes Village (fig. 1). Based on 
Cooper’s (1960) observations, the fanglomerate is at least 
10,500 feet thick and consists mainly of conglomeratic fan 
deposits of probable Early Miocene age. The conglomerate is 
divided into three gradational units. The base of the 
formation is in depositional contact with a rhyolite tuff 
while the top is a fault contact with Paleozoic sedimentary 
rocks.

7



Table 1. Descriptions of the formations in this study
fOMMATlON 
AND MKH8KR

ATI'ROX (MATE 
THICKNESS

APPROXIMATE
AGE

DOMINANT
COLOR

LITHOLOGIC
DESCRIPTIONS

PALEOCIIHBENT
DIRECTIONS

BKPOSITIONAL
ENVIRONMENTS

INTNUSIVES
OR PLOWS

HELMET
PAMQLOMEEATE
Lower Red 
Unit

Total 
tklcknesa 
10,500 foot 
(3200 ■.)

Nq older than 
B. Tort lory

dusky red (5 ̂  
R3/4) to red- 
disk brown 
M0R4/4)

•Coarse, poorly sorted Cgl ealnly 
of Cret. erkose with Bhy and And 
breed aa.

Easterly to 
northeasterly, 
as deterelned 
from pebble 
Imbrications. 
Cooper (I960) 
expressed some 
doubt as to ac
tual directions.

Alluvial fans, 
mud flows, and 
landslides.

m Bm sn D ŝ Bn S sa B an ea

Rrown Unit
Andesite flown 
dated at 3 M I  
1.2 a.y.
Bhy toffs - 
28.6 1.1 a.y.

light to mod
erate brown 
(STR6/4 - STB
4/4)

Coarse, poorly sorted Cgl ealnly 
of Cret. rooks, eoao paleosolc 
rocks, and 1. fort. Ord. Moao- 
11 thologtc breed##, Bhy teffe, 
and taffacooaa adds aloe proaeat•

soaewnai scniesoee 
andesite flows, 
medium dark gray, 
porphyrltlc, with 
.25 - .76 Inch 
flag phenocryats.

Gray Unit

•

Very light 
grey (N8) to 
pinkish gray 
SVRB/1) and 
light brown 
STBS/4

Poorly coaaoltdatod fa, Sltet, 
and Cgl of etetlier lithology 
to the lower two ealte. Breeda#, 
Bhy teffe, and teffaceee# sods 
alee present.

FORMATION
AND MEMBER

APPROXIMATE
THICKNESS

APPROXIMATE
AOS

DOMINANT
COLOR

LITHOLOGIC
DESCRIPTIONS

r m o c u R M N T
■ IRICTIOIII

BBPOSIT10NAL
ENVIRONMENTS

INTNUSIVES
OR FLOWS

MINETA 
FORMATION/ 
Teran Basin
Basal
Conglomerate

Total 
thickness 
3280 feel
(1008 m.)

pale red
dish brown
(10RS/4)

la the south - massive, poorly 
sorted Cgl ef Pinal Sublet 
pebbles. 1* the north - pebble 
Cgl of ea| Op clasts.

Dominant
direction to 
the southwest

Proximal and
mid alluvial 
fan deposition 
and debris 
flows.

Two dike swarms 
and a Rhy sill. 
One dike of Tur
key Track type 
andesite with 
.8 Inch Flag

Conglomerate 
and Coarse
grained Clas
tic Facies

light brown 
(6YR5/8) to 
grayish red 
(6R4/2)

Thick bdd, sag to subrounded Cgl. 
Paleosolc aode, and L. Cret. and 
B. Tort, vole recks predominate. 
Met and platonic cleats present 
la the lower section#. Two tuff-

proximal and 
mid-alluvial 
fee, distal 
fan, end braid
ed stream 
deposition.

phenocryats 
which also over- 
lies the forma
tion.

Fine grained 
Clastic, L|ne 
stone, and 
Evsporite 
Fades

Basaltic And 
dated at 27.29 
1.57 n.y. 
(Scarborough 
and Wilt 1979)

pale red (6 
R6/2), gray
ish orange 
(10R7/4), pale 
yellow orange 
(I0YR8/6)

Mostly thin lam So and Cgl with 
fine |o medium grained Sltet, 
Mdst, and gypsum. Bene lent Ion 
and raindrop ImpressIona 
present.

Sewdflet, near
shore end off
shore lacustrine

Desalt 1c andesite 
with pyroxene and 
Pieg phenocryats: 
located In the up
per pert of the 
sect Ion.

1. Colors and numbers are taken from the G.S.A’s "Rock 
Color Chart" (Goddard et al. 1948).



fable I., Continued

K0KHAT10N 
AND MEMBKR

A I T M O X  ( M A T S  
T H I C K N E S S

AITMOX IMATF 
AOK

DOMINANT
C O LOR LITHOLOGIC 

DKSCHITT IONS
PALROCWRRINT
DIMKCTIONS

D i r o S I T l O N A L
KN7IR0WMRNTR

INTMUSIVIS 
ON FLOWS

MINKTA 7:i0 Feet 
<222 m.)

medio* light 
gray (N6), 
greylab red 
(10*4/2)

Subangutmr Cg1 containing claata 
of Final Scblet, Faleoxolc La, 
Or, and Rhy. T(ie sect Ion flnea
upward.

leaterly: 
aouren wax to 
the weal baaed 
on the etrell 
grapby, not on 
peleocwrrente

Alluvial
plain

Turkey Track 
porphyry la 
Intrusive Into 
and reels on 
the Mlneta Fe.

FORMATION
Mlnetn
Ridge

Crnigloeemte
M e m b e r

Liacnlone
Member

0 to 470 
feet
(143 m.)

li*kt l. dark 
gray (H7-N31

fine-grained, eo#etl##m oncolltIc 
la bade containing Intbdd Rltet, 
la, end Mdet bade, Tble member 
tblckewe to the north.

Lecuetrlne

Upper Rel- 
rltml Mem
ber

0*0 feet
(282 m.)

Fo b bI1 Jawbone 
L. Ottg. to 
S. Miocene 
(Chew 1952)} 
Turkey Tryck 
dated at 26.31 
2.4 m.y.

many ehadee of 
of maroon, red, 
yellow, and 
green

Cenelete of orkoalc Cg), la, lltet 
Mdet, Oype and lonaea of La. Tele 
rock fragoonta predominate. 
Occneleenl rlpptoa obaorvad In 
the groan mndatono.

Lecuetrlne

FORMATION
AND M R M R R R

A PPROXIMATE
TN1CINR81

APPROXIMATE
A R E

DOMINANT
C O L O R

L l f N W & O O I C
R E R C R I P T X O R E

PALSOCURRBNT
DIRECTIONS

•iroilTIOML
m u r o w i m s

RILLITO Unknown due 
to faulting

Younger than 
26 m.y. due to 
presence of 
Turkey Track 
Porphyry 
pebbles

light brown
ish gray (10T 
R7/1), brown
ish gray (SYR 
4/1), pale rad 
(I0R6/2)

Cgl, la, Mdet, and gypsum bode. 
Claata conelet of Talc rack. Or, 
La, end Oat. Turkey Track pebbles 
are present end there Is a lew 
percentage of Catalina Ornelas 
pebbles. St* feet bade ef Tele 
ash occur.

Northwest, 
southwest, and 
west flow 
direct tons ob
tained from 
pebble lubri
cation.

fluvial and 
lacustrine

Type 1

Type II pale red (SYR 
6/2) to pink
ish white 
(7.SYR7/2)

Mostly Cgl with some Se. Seme 
lithologies as In type I, but 
more Catalina Omelee la present. 
Types 11 and 111 laterflager 
with each ether.

We data Pluvial

Type 111 light brown
ish gray (10Y 
87/t), pink
ish gray (7.6 
YR7/2)

Sandy Cgl and Intbdd Se. Catalina 
Onelee la abundant along with 
schist, volcanic rocks and 0*1. 
Few La claata are present. Some 
volcanic ash beds are present. 
Qypaua and anhydrite present In 
the subsurface canter of the 
Tucson Realm la thought to be 
correlative.

Ranges from 
west to south
easterly, gen
erally away 
from the Santa 
Catalina Mts..

Alluvial
fee



Tafile 1., Continued

FORMATION AITHOXIMATK
THICKNKSS

APPROXIMATE
AGE

DOMINANT
COLOR

LIT90L00IC
DESCRIPTIONS

PALK0CU9MKNT
DIRECTIONS

D9P0SITI0NAL
ENVIRONMENTS

INT9USIVSS 
09 FLOWS

PANTANO
FORMATION
Basel
ConKloaerale
Member

Lean than 
100 feet 
(50 m.)

Underlying 
Rby tuff 
dated at 
37.6 my.

moderate red 
(584/6) to 
yelloMiah 
gray (ST7/2)

Poorly sorted seedy Cgl, pebbly 
Se, Slteti end thin La. Upward 
thinning with crude stratifi
cation.Consists chiefly of Cret. 
feebs.

Westerly Debris flow 
deposited on 
an alluvial 
fan.

Llmeaione 
and Sand- 
alone 
Member

475 feet 
(145 n.)

Pollen in La 
dated me 
Miocene 
(flrimm 1970)

grayiab red 
(694/2), yel- 
lowieh gray 
(577/2) to 
light brown 
(6795/6)

Consists primarily of pebbly So, 
but ranges from seedy Cgl to Mdet. 
Cret. sods and fort, vole rechs 
prodonlssts.

Westerly Sheet flood 
deposition on 
a sandy braided 
eutwash plain; 
pending present.

Middle
Conglomerate
Member

1824 feet 
(405 m.)

Andeelte flow 
dated at 24.9& 
m.y. (Sbafl- 
gulleb at ml.
1976)

olive green 
(673/2), pale 
reddish brown 
(1095/4), pele 
rod (1096/2), 
breweleh grey 
(6794/1)

Thick, essrssnlsi upward esquesce 
of Cgl, seedy Cgl, and pebbly Se 
with crude stratification. Sees 
Is lenses end rare Mdet beds 
present. Northern eras ceatelaa 
sharply bedded, angular gravels, 
•edInsets consist chiefly of 
Cret. sods with Tort, andesites.

Westerly Sheet flood 
deposition on 
alluvial font 
also debris 
flows.

Grayish red (1094/ 
2) andesite flow, 
perphyrltlc, with 
•6 - 2.6 Inch

Member
1840 feet 
(500 m.)

pale red (698/ 
2) to polo red 
purple (59P6/ 
2), aone light 
olive gray(676 
/2) greyish 
green (10075/2)

Thinning upward eegseece of poor
ly sorted And Cgl to thin bdd, 
pebbly is with trough n-bdg to 
Mdet ceetelelng gypsum veins end 
bode. This tuff beds also present. 
Sediments consist chiefly of Cret. 
sods with sens Tort* velceatce.

Northeasterly Waning alluvial 
fen, else 
lacustrine

Breccia
Member

Op to 160 
feet (80 m.)

light brown 
(5795/6), light 
grey (97)

Crudely stratified breccia 
containing frecsmbrlsn sod 
Cambrian recks.

We data Debris flows 
end landslides
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The source area is believed by Cooper to be to the 

west where Cretaceous (?) sedimentary and volcanic rocks, 
intrusive porphyries, and granodiorite crop out. Mono- 
lithologic breccias suggest a close proximity for the 
source area.

Mineta Formation
Teran Basin

The Mineta Formation in the Teran Basin consists of 
approximately 3300 feet of non-marine terrigenous rocks, 
limestones, and gypsum. Grover (1984) divided the formation 
into three informal units (Table 1). The basal member rests 
unconformably on Cretaceous Bisbee Group sedimentary rocks 
in the southern part of the basin. To the northwest, the 
basal member rests on Pinal Schist and Paleozoic lime
stones as well as on Upper Cretaceous and Paleocene 
strata. A complete transgressive cycle exists in the Mineta 
Formation ranging from proximal alluvial fan deposition to 
lacustrine deposition.

Mineta Ridge
The Mineta Formation at the Mineta Ridge locality 

consists of approximately 2100 feet of Oligocene non-marine 
sedimentary rocks. The Mineta rests on Precambrian schists, 
Paleozoic(?) metasediments, and pre-Oligocene rhyolite 
flows. Chew (1952) originally divided the formation into 
three informal members (Table 1). Sediments of the Mineta
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Formation were deposited in alluvial and lacustrine 
environments. Climatic indicators suggest deposition in a 
semi-arid to arid environment. Based upon stratigraphy and 
sedimentologic studies. Clay (1970) described a source area 
to the west that consisted of uplifted granite and porphy- 
ritic granite. Paleozoic and Mesozoic sedimentary rocks and 
schist. Location of a volcanic source is unknown.

Pantano Formation
The Pantano Formation consists of more than 3800 

feet of predominantly clastic sediments of Late Oligocene 
and Early Miocene age. The base of the formation rests 
disconformably on rhyolite tuff" whose age is 37.6 m.y. 
(Marvin, Naeser, and Mehnert 1978) and is bounded at the 
top by a breccia. Balcer (1984) divided the formation into 
six informal members (Table 1). Depositional environments 
represented range from debris flows to sheetflood and 
lacustrine deposition. Paleocurrent data from Balcer (1984) 
suggests a westerly source area below the andesite flow 
(Table 1). Above the andesite, a northeast source area is 
suggested.

Billito Beds
The Rillito beds on the surface in the north and 

east portions of the Tucson Basin consist of an unknown 
thickness of terrigenous sediments of probable Oligocene- 
Miocene age. The base of the formation is not exposed.
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Pashley (1966) divided the Rillito beds into three types 
based on pebble composition (Table 1). Catalina Gneiss is 
present in all three types and increases in abundance with 
decreasing age. Source areas for Pashley*s type I and II 
sediments are believed to be to the east of the basin.

Tucson Basin Well Samples
Sediments and sedimentary rocks in the Tucson Basin 

consist of poorly cemented conglomerates, sandstones, 
siltstones, mudstones, and gypsum and anhydrite beds. For
mations recognized include the Rillito beds, the Fort 
Lowell Formation1, and younger deposits. Because of the lack 
of stratigraphic markers, correlation and separation of the 
different formations has yet to be done.

Davidson (1973) attempted to correlate the for
mations from well data. More- recent data from a 12,000 foot 
well (well #3311) suggest that Davidson’s correlations may 
be incorrect. Pollen collected at depths of 10,000 and 
11,000 feet in well #3311 were dated as Early Miocene, 
several thousand feet below what. Davidson labeled Early 
Miocene. S. J. Reynolds and R. W. Peirce of the Arizona 
Bureau of Geology and Mineral Technology (Personal communi
cation, 1985) suggest that all the strata that Davidson 
labeled Rillito beds are actually Fort Lowell Formation. 
Davidson was unaware that the Early Miocene strata was 
present at these extreme depths in the basin when he 
correlated the wells.



CLAY AND SILT MINERALOGY

Qualitative determinations of the clay and silt 
mineralogy were performed for each of the formations. In 
many samples relative abundances of the clay minerals could 
be estimated based on peak height comparisons. Table 2 
shows the minerals present in each sample.

Pantano Formation in the Cienega Gap Area 
Samples (TP-1 through TP-6) were collected from 

active clay pits adjacent to the old Pantano Road. All the 
clay peaks are well defined; chlorite and illite are most 
abundant (figs. 2, 3). The chlorite is characteristic of 
chlorite formed in soils and of geologically young chlor
ites (Brindley 1961; Starkey, Blackmon, and Hauff 1984). 
Identification was based on the loss of the 3.54A, 4.73A, 
and 7.0A peaks upon heating as well as the decrease of the 
14A peak to 13.6A (fig. 3). Smectite is present in samples 
TP-1A and TP—IB (fig. 2) which conflicts with the findings 
of Janders (1978) who found chlorite and illite to be the 
only clays present. Quartz, calcite, and feldspar content 
is variable. Trace amounts of hematite are present in 
several of the samples.
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Table 2. Clay and other minerals
identified in the samples

Code for Table 2.

The symbols used in Table 2 are listed 
below with their corresponding meanings.
X - Present
--- — Absent
UNSURE — Could not be clearly deter

mined from X-ray diffractogram 
(Tr.) - Trace



Table 2. Clay and other minerals identified in the samples

FORMATION AND ILLITK CHLORITE SMECTITE CHLORITE/
SAMPLE NUMBER SMECTITE

MINBTA FM./
MINETA RIDGE

TMB-16 X X TRACE TRACE
TMB-20 X X X X
TMB-21 X X X X
TMB-25 X TRACE X
TMB-28 X — — — XTMA-1 X X TRACE mmmmmm

TMA-10 X — — — —

TMA-13 X X TRACE —

TMA-15 X X — — — —

MINETA FM./ 
TERAN BASIN
TMT-1 X XTMT-6 X UNSURE — — — X
TMT-11 X — — — X —  —  —

TMT-12 X — — — — — — X

ILL1TE/
SMECTITE

QUARTZ FELDSPAR CALCITE OTHER

X TRACE X
— X X X
— X X X
— X X TRACE
— X X TRACE

UNSURE X — X HEMATITE (TR.)
— X X X HEMATITE (TR.)

UNSURE TRACE X X HEMATITE (TR.)
— X —— TRACE HEMATITE (TR.)

UNSURE X X X DOLOMITE; HEM.
UNSURE X X — DOLOMITE; HEM.
UNSURE X X X DOLOMITE; HEM.
UNSURE X X X HEMATITE



Table 2., Continued

FORMATION AND
SAMPLR NUMBER

PANTANO FM.

ILLITE CHLORITE SMECTITE CHLOBITB/
SMBCTIT*

ILLITE/
SMECTITE

QUARTZ FELDSPAR CALCITB OTHER

TP-1 A X X X UNSUBB ——— X X X HEMATITE
TP-1B X X X — — — X X X HEMATITETP-2A X X — —  — — — X X X HEMATITETP-3C X X ——— — — — — X X X HEMATITETP-4A X X UNSURE — —— —— X UNSURE X HEMATITE
TP-51 X X ——— X UNSURE X
TP-6A

TYPE I
RILLITO BIDS

X X X UNSURE X

TrI-A X UNSURE X ——— X X X
TrI-B X UNSURE UNSURE X — X TRACE TRACE HEMATITE
TrI-J X UNSURE UNSURE X ——— X X X HEMATITE
TrI-M X — — -4 UNSURE X — X X X HEMATITE
TrI-1 TRACE TRACE X — — X X X HEMATITE
TrI-2 X TRACE X — — — — X X X • HEMATITE



Table 2., Continued

FORMATION AND ILLfTB CHLORITE 
SAMPLE NUMBER
TUCSON BASIN HELL SAMPLES
#2346 910 * % X1000* X X2200* X X2510* X X2980 X X
#3311 7080* X X10400* X X11070* X X11990* X X
#1569 1360* X TRACE1090* X X2060* X X
#1045 315’ TRACE X

435’ X X
•2318 1600’ X X2050’ X X2270* . X X2990* X X

SMECTITE CHLORITE/
SMECTITE

ILtITB/
SMECTITE

X
X — —— ———
X — —— ———
X —
X — ———
X UNSURE
X — — — UNSURE

TRACE — UNSURE
——
X — — mm mm mm
X — «*— — — —
X -*- — - —
X •am mm mm
X —
X mm mm mm
X — —— — — —
X — —— — — —
X — — — —

QUARTZ

XXXX
XX
X
XX
XXXX

K
 K

 K
 K

 X

FELDSPAR CALCITS OTHBR

UNSURE
X
X
X
X

X
X GYPSUM ( T R . )X GYPSUM
X GYPSUMX ANIIYDR.; GYPSUM

X
X
X
X

ANHYDR.; GYP. ( T R . )  
TRACE GYPSUM (TR.)

XTRACE

X
X

X
X

X x
X x
X X
X x
X TRACE
X X

<3



Figure 2. X-ray Diffractograa, sample 
TP-1A; Pantano Formation
Figure 3. X-ray Diffractogram, sample 
TP-5B; Pantano Formation

Code for Figures 2. and 3.
Numbers over the peaks are 2 theta values, 
letters next to each pattern indicate the 
following:

A — untreated.
B - glycolated 
C — heated to 550 *C 
D - HC1 treated

Letters over each peak correspond to the 
following minerals:

Chi — chlorite 
S - smectite 
I - illite
I/S - illite/smectite 
Chl/S - chlorite/smectite 
F - feldspar 
Q - quartz 
C - calcite
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Figure 2. X-ray Diffractograa, sample TP-1A; Pantano 
Formation
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Figure 3• X-ray Diffractograa, sample TP-51; Pantano
Format ion
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Tucson Basin

Samples from various depths were taken from five 
wells located in the Tucson Basin (fig. 4). No significant 
variations in the mineralogy could be detected. Clay 
minerals consist predominantly of smectite and illite with 
minor chlorite. In well *3311, smectite decreases and 
illite increases with depth, with mixed layer illite/smec- 
tite also being present. Quartz, calcite, and feldspar 
(plagioclase and small amounts of K-feldspar) occur in most 
of the samples. Small amounts of gypsum and anhydrite also 
occur in a few samples.

Rillito Beds in the Santa Catalina Foothills 
Samples- labeled TrI from the north and northwest 

areas of the Tucson basin (fig. 5) are mainly composed of 
illite and mixed layer chlorite/smectite. Figure 5a shows 
a chlorite/smectite pattern consisting of a 14-14.4% peak 
which expands to 16.9% with glycolation, and collapses to 
13.6% with heat, with loss of the higher basal reflections 
(Reynolds 1980).

Samples TrI-1 (fig. 5b) and TrI-2 were collected 
from outcrops in the northeastern part of the basin. The 
clay mineralogy differs from the north and northwest 
samples due to the absence of well defined chlorite/smec
tite. These samples also contain less illite and chlorite



Figure 4. X-ray Diffractograms for well 
samples located in the Tucson Basin

Code for Figure 4.
Numbers over the peaks are 2 theta values. 
Letters next to each pattern indicate the 
following:

A - untreated 
B - glycolated 
C — heated to 550 °C 
D — HC1 treated

Letters over each peak correspond to the 
following minerals:

Chi - chlorite 
S - smectite 
I - illite
I/S - illite/smectite 
Chl/S - chlorite/smectite 
F - feldspar 
Q - quartz 
C - calcite
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Figure 4. X-ray Diffractograms from well samples located in 
the Tucson Basin



Figure 5. X-ray Diffractograms for samples 
TrI-J, and TrI-1; Type I Rillito beds
Figure 6. X—ray Diffractograms for samples TMA- 
1, and TMA-13; Mineta Formation/Mineta Ridge

Code for Figures 5. and 6.
Numbers over the peaks are 2 theta values. 
Letters next to each pattern indicate the 
following:

A - untreated 
B — glycolated 
C — heated to 550 °cr 
D — HC1 treated

Letters over each- peak correspond to the 
following minerals:

Chi — chlorite 
S - smectite 
I - illite
I/S - illite/smectite 
Chl/S - chlorite/smectite 
F - feldspar 
Q - quartz 
C - calcite
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Chl/S

TRI-J
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Figure 5. X-ray Diffractograas for samples TrI-J, and 
TrI-1; Type I Rillito beds

Figure 6. X-ray Diffractograas for samples TMA-1, and 
TMA-13; Mineta Formation/Mineta Ridge
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and more smectite. The non-clay mineralogy is similiar in 
both areas , consisting of quartz, calcite, feldspar, and 
hematite.

Mineta Formation at Mineta Ridge
Samples were taken from two different areas in the 

outcrop region, designated TMA and TMB. Relative quantities 
of the minerals from sample group TMA vary significantly 
(fig. 6). Illite/smectite may be present as seen in the 
broad 10A and 14% peaks, particularly in TMA-1 (fig. 6a). 
Smectite is probably present in TMA-1 despite the absence 
of a well defined 16.8% peak upon glycolation. The subtle, 
broad peak which does occur, suggests its presence. 
Quartz, feldspar (plagioclase), hematite, and calcite also 
occur in most of the samples.

Sample group TMB was taken from throughout a 
section with TMB-16 at the base, overlying a limestone 
unit, and TMB-28 at the top of the section (fig. 7). The 
patterns show illite, quartz, and feldspar to be fairly 
constant. Relative quantities of chlorite decrease from 
sample 16 to 28 and smectite quantities increase. Figure 8 
shows the changes clearly. The decrease of calcite from 
sample 16 to 28 is likely due to the increasing distance 
from the limestone unit. Plagioclase and minor amounts of 
K-feldspar are in all the samples.
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Mineta Formation in the Teran Basin 

All the diffractograms from the Teran Basin have 
fairly obscure and broad peaks making identifications dif
ficult (fig. 9). All the patterns show 10A and 14X peaks 
suggesting mixed, layer illite/smectite. Illite is present 
in variable amounts.. Chlorite/smectite is present in sam
ples TMT-1, -6, and —12 and smectite is present in TMT-10 
and TMT—11. All the * samples contain quartz, feldspar, 
hematite, and dolomite. Most of the samples contain calcite.



Figure 7. X-ray Diffractograas for samples 
TMB-16, TMB-21, and TMB-28 Mineta Formation 
/Mineta Ridge

Code for Figure 7.
Numbers over the peaks are 2 theta values. 
Letters, next to each pattern indicate the 
following:

A - untreated 
B — glycolated 
C — heated to 550 °C 
D — HC1 treated

Letters over each peak correspond to the 
following minerals:

Chi - chlorite 
S - smectite 
I - illite
I/S - illite/smectite 
Chl/S — chlorite/smectite 
F - feldspar 
Q - quartz 
C - calcite
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Figure 7. X-ray Diffractograms for samples TMB-16, TMB-21, 
and TMB-28; Mineta Formation/Mineta Ridge



Figure- 8. X-ray Diffractograas for the <62 micron 
fractions; Mineta Formation/Mineta Ridge
Figure 9. X-ray Diffractograms for samples TMT- 
6, and TMT-10; Mineta Formation/Teran Basin

Code for Figures 8. and 9.
Numbers over the peaks are 2 theta values. 
Letters next to each pattern indicate the 
following:

A - untreated 
B - glycolated 
C — heated to 550 °C 
D — HCl treated

Letters over each peak correspond to the 
following minerals:

Chi - chlorite 
S - smectite 
I - illite
I/S - illite/smectite 
Chl/S - chlorite/smectite 
F - feldspar 
Q - quartz 
C - calcite
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Figure 8. X-ray Diffractograos for the <62 micron
fractions; Hineta- Formation/Mineta Ridge

Figure 9. X-ray Diffractograms for samples TMT-6, and 
TMT-10; Mineta Formation/Teran Basin



HEAVY MINERAL IDENTIFICATION

Point counts were made for a number of samples from 
the Rillito beds and the Helmet Fanglomerate. The results 
are recorded as relative- abundances rather than percentages 
because of several problems encountered during petrographic 
identification (Table 3). Disaggregation procedures broke 
or shattered many grains and thus destroyed some of the 
minerals original crystal shape that would have been 
useful in identification. Many of the grains had hematite 
coatings which masked the grain colors and optical proper
ties. Alteration and weathering also made interpretations 
difficult for the less, resistant minerals like augite, 
diopside, hypersthene, and the epidote—clinozoisite—zoisite 
(E-C-Z) group.

All the samples contain magnetite and hematite and 
many also contain ilmenite and leucoxene. The magnetite was 
magnetically removed before mounting to produce "cleaner” 
slides.

The E-C-Z group is dominant in almost all of the 
slides with epidote and clinozoisite being more abundant 
than zoisite. The epidote ranges from pale green to dark 
green, usually subangular to subrounded, with euhedral 
grains also present. Weathered grains are present in both
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Table 3. Heavy minerals identified in the samples
Code for Table 3.

An approximately logarithmic scale is used to describe the 
following abundances of heavy minerals. The scale was orig
inally proposed by Evans, Hayman, and Majeed (1933) and was 
later modified by Light (1955).

Frequency Number Approximate Percentage Abundance
8
8
8-
7+
7
7-
6+
6
6—
5
4
32
1
X
0

1/2-1

90-100
75-89
60-74
45-59
36-44
28-34
23-27
18-22
13-17
7-12
4-6
2-3
1-2

< 1/2
0

Very common 
Common
Fairly common
Scarce
Rare
Very rare 
Absent

Fairly abundant

Very abundant

Abundant



Table 3. Heavy minerals idenliI Led in the samples
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formations, especially in the Helmet Fanglomerate. The 
clinozoisite usually consists of fairly angular, clear to 
slightly yellow grains. Many grains still retain their 
original elongate character. Grains are often quite 
weathered with a cloudy appearance. Clinozoisite is 
particularly abundant in the samples from the type III 
Rillito beds, comprising as much as 28 percent of the total 
population in some slides. Zoisite is often weathered with 
a cloudy appearance, but its low birefringence and anoma
lous blue color make identification possible. Minerals 
intermediate within the E-C-Z group are also recognizable, 
especially in the types II and III samples. Grains resemb
ling allanite are also present, but the dark brown color 
and weathered appearance of the grains make a definite 
determination impossible.

Zircon is next in abundance in most samples 
consisting of clear, subhedral to euhedral crystals, often 
containing inclusions. Pink zircon is present in both 
formations. Most of the pink zircon is euhedral, but one 
well rounded grain was observed in the type III samples. 
Well rounded grains of clear zircon are present in both 
formations, and are more abundant in the type I and II 
samples than in the type III and Helmet Fanglomerate 
samples.

Apatite is also relatively abundant, consisting 
mainly of clear to slightly cloudy, subhedral to euhedral
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grains with lesser amounts of well rounded grains. Inclu
sions are rather common. No apatite is seen in sample TrI-M 
(Table 3). It is likely that apatite was originally present 
but dissolved during the acid treatment needed to disaggre
gate the sample.

Sphene (titanite) is present in most samples and 
consists of yellowish-brown to dark brown subangular to 
rounded grains. One euhedral grain of sphene was found in 
the Helmet Fanglomerate. Many grains are fractured and 
alteration to leucoxene is evident in some.

Hornblende is present in both the Helmet Fanglomer— 
ate and the Rillito beds. In the Helmet Fanglomerate, it 
appears as dark bluish-green grains with slightly jagged 
terminations with rare dark brown grains of the same 
appearance. Similiar grains appear in all three types of 
the Rillito beds. Tremolite-actinolite occurs in several of 
the Rillito bed samples and consists of clear to pale 
green grains with extremely jagged terminations. These 
jagged terminations, which occur along the cleavage planes 
in the crystal, are characteristic of the weathering of 
amphiboles.

Garnet is abundant in the type III samples compris
ing up to 20 percent of the total heavy mineral popula
tion. The garnet is clear to pinkish-orange in color, 
conchoidally fractured in larger grains and approaching 
euhedralism in smaller grains. Garnets having similiar
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characteristics also occur in the type II and rarely in 
the type I samples. Pilkington (1962) described similiar 
garnets from the Catalina Gneiss and determined their 
percentage composition to be Alm-47, Sp—31, Pyr-10, 
Andr-12. Andradite (?) garnet is found in the Helmet 
Fanglomerate, the type I Rillito beds, and in one sample in 
the type II. It is light to fairly dark yellow and rarely 
greenish-yellow with irregular fractures. Crystal faces are 
sometimes displayed. Several grains show slight rounding. 
One deep red grain of pyrope(?) garnet was found in sample 
TrII-A in the type II Rillito beds.

Barite is found, in most samples and because of its 
poorly defined optical properties confirmation had to be 
made using X-ray diffractometry. The grains are usually 
clear with numerous inclusions giving them a cloudy 
appearance. Most grains are angular, but well formed 
crystals can be found. Many grains are dark brown 
aggregates of tiny crystals.

Augite is present in both formations and consists 
of clear to light green, subrounded grains which are some
times mildly pleochroic. Many grains are weathered and 
altered, particularly in the Helmet Fanglomerate and the 
type I samples. Grains become more abundant and less 
weathered in the younger type I and II samples. Diopside 
is present in some of the samples, but was often difficult
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to distinguish from augite because of its weathered 
appearance and lack of cleavage faces.

Green and brown biotite is present in most of the 
samples and consists of relatively unaltered, subangular to 
euhedral flakes sometimes containing inclusions.

A tourmaline group mineral is present in both 
formations and consists of pinkish-brown subhedral to 
euhedral grains with minor inclusions. Similiar well 
rounded grains occur in lesser amounts.

Staurolite is only present in the Rillito beds and 
ranges from almost clear to dark reddish-brown pleochroic 
grains. Most grains are light yellow to orange. Grains are 
subhedral to euhedral, often with rounded edges. Numerous 
inclusions are almost always present.

Hypersthene is present only in minor quantities and 
consists of slightly weathered, pleochroic green to reddish 
brown grains. Grains are usually subrounded and rectangu
lar, but fairly euhedral grains occur in type III samples.

Rutile is rare in all the samples and consists of 
dark yellowish—brown to dark red grains that are subrounded 
to well rounded in type III samples and subhedral in type I 
samples.



COMPARATIVE ANALYSES

Clay and Silt Mineralogy

The mineralogies of each formation will be compared 
in. this section in order to recognize differences and 
similiarities. As seen in Table 2, the same minerals are 
generally present in each formation* Differences are 
present with respect to relative abundances, consistency of 
the minerals present within a sampling location, and the 
overall appearance of the diffractograms.

Illlte is present in all of the samples. Relative 
quantities vary slightly, but no significant differences 
occur.

Chlorite also occurs in each formation, and is 
particularly abundant in the Pantano Formation. Samples 
from the Teran Basin and Tucson Basin display the least 
amount of chlorite. The Mineta Formation in the Teran Basin 
and at Mineta Ridge show a patchy distribution of chlorite. 
Incidentally, the chlorite present in this study appears to 
be Mg—rich rather than Fe—rich due to the stronger 002 and 
004 peaks (Brindley 1961).

Smectite also occurs in each formation, but shows a 
very patchy distribution in the Mineta Formation. In the 
type I Rillito beds, smectite is found only in the east
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part of the basin and only in the youngest strata in the 
Pantano Formation. The majority of the samples from the 
Tucson Basin show the largest proportions of smectite.

Interlayered clays are present in several of the 
formations. Interlayered chlorite/smectite is found in both 
localities in the Mineta Formation, and in the type I 
Rillito beds. These three locations also show similiarities 
to each other in their occurrences of chlorite and smec
tite. Interlayered illite/smectite is rather difficult to 
detect and its presence or absence could not always be 
determined.

A comparison of the overall appearance of the dif- 
fractograms also exhibits one prominent difference. Most of 
the diffractograms from the Pantano Formation show rela
tively sharper clay peaks than the other formations. This 
could be the result of better crystallinity of the clays or 
more uniform size of the particles.

The non-clay mineralogy of the samples is fairly 
similiar for all the formations. Quartz is present in 
variable amounts for all of the samples. Feldspar is 
present in most of the samples and in general is a reflec
tion of the low rates of weathering in semi-arid to arid 
environments. Feldspar is particularly abundant in the 
Tucson Basin samples. Hematite and calcite are probably 
recent weathering products and not indicative of their 
source area. Dolomite and gypsum are a reflection of
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their depositional environments, not of their source 
areas. Incidentally, gypsum was present in areas other than 
the Tucson Basin, but only showed up in the Tucson Basin 
diffractograms because of the slightly siltier nature of 
the samples. The reason for this was that only small 
amounts of material were available from the well cuttings. 
In order to have enough sample to be adequately X—rayed, 
some of the silt fraction was included on the slides.

Heavy Minerals
Point counts of heavy minerals have been made for 

the Mineta Formation in the Mineta Ridge locality (Clay 
1970), and for the Pantano Formation (Metz 1963). Grover 
(1982) determined the heavy minerals for the Mineta For
mation in the Teran Basin from thin sections.

Clay (1970) found barite (33-99 percent), apatite 
(2-55 percent), and zircon (0—11 percent) to be the three 
most abundant heavy minerals in the Mineta Formation. Most 
of the zircon is pink and euhedral. Other minerals of 
lesser quantities are pale yellow-pink garnet, green and 
brown hornblende, augite, biotite, and subrounded tourma
line and rutile. Bpidote is also present in minor amounts 
with the exception of two samples which contained almost 50 
percent epidote.

Metz also recognized barite, apatite, and zircon as 
the dominant heavy minerals in the Pantano Formation. The 
zircons are clear and mostly euhedral, with lesser amounts
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of pink zircon. Minor amounts of hornblende, biotite, 
sphene, and B-C-Z are present. No tourmaline, rutile, or 
garnet was reported to occur.

Grover (1982) identified biotite, zircon, and minor 
amounts of tourmaline in the Mineta Formation, although it 
is likely that a more diverse heavy mineral suite is 
present. Heavy mineral determinations by thin sections 
alone can be very limiting.

Using the results from these cited studies and 
those of this study, several similiarities become appar
ent. Clay (1970) previously noted similiarities between the 
heavy minerals of the Mineta Formation and the Pantano 
Formation. Even more similiar are the heavy minerals in the 
Mineta Formation and, the type I Hillito beds. There is a 
close correlation between the heavy minerals in both 
formations (see Table 3) and their relative abundances. In 
particular is the similiarity between the garnet, brown 
hornblende, and other accessory minerals. Slight differen
ces occur with the abundances of the B-C-Z group (higher 
percentages in the type I) and pink zircon (higher percent
ages in the Mineta Formation).

Similiarities between the Helmet Fanglomerate and 
the Hillito beds also occur (see Table 2). The most 
striking similiarity is the great abundance of epidote in 
both formations. Also, dark yellow garnet (andradite?)
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occurs in both the type I beds and the Helmet Fangloaer- 
ate. Garnet of this color is not found in any other 
formation.

It was also noticed that the heavy mineral popula
tions become more varied with decreasing age in the 
Rillito beds (see Table 2). Heavy minerals from the type 
II and III Rillito beds are also quite similiar, but this 
is not very surprising since these beds interfinger with 
each other in some parts of the Tucson Basin (Pashley 
1966).

Barite occurs as an authigenic mineral and thus has 
no relationship to provenance.



PROVENANCE OF THE HEAVY MINERALS

Heavy minerals have been used extensively in the 
past in provenance studies and in some cases for correla
ting strata (Krynine 1942; Turnau-Morawska 1955). The 
relative youth of the rocks (PettiJohn 1941), arid environ
ment, and close proximity of source areas for alluvial 
sediments makes heavy minerals a valuable tool for deter
mining provenance in this study.

Hiatt and Sutherland (1969) reported that heavy 
minerals are less altered in fine-grained sediments because 
of decreased permeability and reduced flow of intrastratal 
solutions through the* pores. Heavy minerals were determined 
from a clayey siltstone (TrI-M) in this study. The heavy 
minerals showed little variance from those contained in the 
coarser samples. This may be a consequence of the relative
ly young age of the sediments and lack of time for dissolu
tion to occur.

The heavy minerals identified in this study are 
fairly common and typical of many igneous and metamorphic 
rock types in and around the Tucson area. Several petro
graphic studies have been done on these rocks (Banerjee 
1957; Eastwood 1970; Erickson 1962; Mauger 1966; Peirce 
1958; Pilkington 1961; Pilkington 1962; Sherwonit 1974).
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Miller (1961) reported on the heavy minerals in recent 
sediments in the Sabino Canyon area derived from the 
weathering of certain Santa Catalina Mountains rocks. 
Unfortunately, several of these studies lack detailed 
descriptions of the heavy minerals.

The occurrence of biotite, zircon, apatite, augite, 
diopside, hornblende, sphene, and epidote is fairly common 
to many of the rocks in the area. Epidote is of hydrother
mal origin in many of the rock types and occurs directly as 
coatings on grains, or as alteration products of hornblende 
(Pilkington 1962). It would be impossible with the data 
available to state specifically which rock types were 
contributing these minerals. However, gravel lithologies do 
indicate the source rocke for some of the minerals in some 
of the formation* (see Table 1).

Other minerals are less common in these Mid-Ter
tiary formations, and occur in fewer rock types in the 
area. These minerals include garnet, pink zircon, stauro- 
lite, tremolite-actinolite, tourmaline, and allanite. Well 
rounded zircon and tourmaline also have a fairly limited 
number of possible sources.

Garnet is a common mineral in metamorphic rocks and 
in pegmatites. Garnet is present in all of the formations 
and is particularly abundant in the type III Rillito beds. 
Miller (1961) reported garnet to be the most abundant 
mineral in the sediments derived from Sabino Canton area of
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the Santa Catalina Mountains. Garnet has been identified in 
the Catalina Gneiss (Pilkington 1962; Sherwonit 1974), in 
the Dripping Springs Quartzite, and in aplites and pegma
tites in the Santa Catalina Mountains (Pilkington 1962). 
There is an apparent correlation between the abundance of 
Catalina Gneiss pebbles and garnet in the Rillito beds. 
This suggests that the Catalina Gneiss is the dominant 
source for the garnet. However, it is probable that there 
is another source for the garnet. Because garnet is present 
in other formations that lack Catalina Gneiss as a source 
rock. Color variations in the garnets in the Helmet Fan- 
glomerate and the type- I Rillito beds may reflect composi
tional differences, and/or different source rocks.

Pink zircon occurs in all of the formations studied 
here. Buhedral and rounded, pink zircon has been reported 
to occur in the Oracle Granite (Banerjee, 1957). Other 
minerals in the Oracle Granite correlate well with what is 
found in the Mid-Tertiary, especially the presence of 
colorless to slightly yellow clinozoisite. Because of 
the age of this granite (Precambrian), it is a very 
likely source for the pink zircon, directly or indirectly. 
Granite clasts of unknown origin have been reported in 
several of the formations in this study (see Table 2). 
Because of the limited number of petrographic studies 
available, it cannot be said that the Oracle Granite is the 
only possible source for the pink zircon found.
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Staurolite- is an exclusively metaaorphic mineral 

and has been reported from metamorphosed Santa Catalina 
Formation (Peirce 1958). Minor amounts of fairly euhedral 
staurolite occur only in the Rillito beds. The abundance of 
staurolite and Catalina Gneiss clasts increases with de
creasing age in the Rillito beds. Presumably, the metamor
phosed Santa Catalina Formation and other metamorphic rocks 
in the-Santa Catalina Mountains are direct sources for the 
staurolite.

Tremolite-actinolite is a common mineral in meta
morphosed limestones of low to medium grade (Kerr 1977) 
and is present in metamorphosed Santa Catalina Formation 
(Peirce 1968), and the Mescal and Abrigo Limestones in the 
Santa Catalina Mountains (Pilkington 1962). Tremolite- 
actinolite occurs exclusively in the Rillito beds. It is 
suggested that these three formations contributed to the 
Rillito beds, but probably not to the other sedimentary 
formations in this study.

Pale brown and pink euhedral tourmaline group 
minerals, found in this study, are characteristic of low- 
rank metamorphic and igneous rocks (Pettijohn 1957,p. 513). 
Miller (1961) found tourmaline group minerals in the Sabino 
Canyon, area, indicating a possible source located in the 
Santa Catalina Mountains. Pilkington (1962) reported
blue—green tourmaline at several localities in the Santa 
Catalina Mountains, although no blue-green tourmaline was
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found in this study. It is likely that at least some of the 
tourmaline found in the Rillito beds was derived from the 
Santa Catalina Mountains* because of the simultaneous 
increase of both tourmaline and gneissic fragments in these 
beds.Pink-brown tourmaline is also found in the Mineta 
Formation, the Pantano Formation, and in the Helmet Fan- 
glomerate. Evidence suggests that the Catalina Gneiss was 
not a significant source for these formations, therefore, 
another source for the tourmaline is likely.

Allanite, a cerium-rich epidote, was noted as 
possibly being present in some of the formations. Allanite 
was found in the Silver Bell Porphyry (Mauger 1966) in the 
Silver Bell and; Pima mining districts. If allanite is 
present in these Mid-Tertiary formations, the Silver Bell 
Porphyry may be a possible source.

Well-rounded zircon and tourmaline in the samples 
suggest an origin from reworked sediments. Supporting this 
is the increase in rounded zircon accompanied by an 
increase in the sedimentary rock fragments in the conglom
erates of the Rillito beds. A low abundance of sedimentary 
rock fragments and rounded zircon in the Helmet Fanglomer- 
ate also supports this. Well rounded zircon is also present 
in the Pinal Schist (Erickson 1962), Pioneer Formation, 
Bolsa Quartzite, and Catalina Gneiss, located in the Santa 
Catalina Mountains (Pilkington 1962). These sources may
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have contributed to the Rillito beds, but probably not to 
the other formations. The Pinal Schist crops out in areas 
other than the Santa Catalina Mountains, and could easily 
have been a source for rounded zircon in the Mineta For
mation in both the Teran Basin and at Mineta Ridge. Well 
rounded tourmaline was not reported in any of the studies 
researched by the author.

In summary, the heavy minerals confirm the belief 
that the Santa Catalina Mountains are the dominant source 
rock for the Types II and III Rillito beds. The increasing 
amounts of Catalina Gneiss with decreasing age in the 
Rillito beds, along with an increased number of heavy 
minerals characteristic of the Catalina Gneiss supports 
this.

Another tentative conclusion is that a possible 
source for the pink zircon in this study is the Oracle 
Granite. If this is the only source for this variety of 
zircon in the area, the Oracle Granite is directly or 
indirectly a source rock to all the formations in this 
study.

Source rocks for the other formations in this study 
are probably more varied and can't be stated with any great 
certainty. Exceptions to this are those cases where rock 
types are known from gravel lithology determinations (see 
Table 1).



PROVENANCE OF THE CLAY MINERALS

In general, the clay mineralogy in a sedimentary 
rock is a function of the parent rock, climate, and any 
diagenesis that has occurred, rather than its depositional 
environment. There are two main sources for the clay 
minerals in sedimentary rocks: primary weathering of 
silicate minerals, and the reworking of sedimentary rocks.

Many provenance studies have been done documenting 
the importance of parent rock and climate on clay mineral 
formation (Biscaye 1965; Griffin 1962; Sherman 1952). Un
fortunately, it is often impossible to determine specific 
sources front the clay minerals themselves because different 
rock types can produce similiar clay assemblages. Diagene- 
tic alterations can also make source area determinations 
impossible.

Sources for the Clay Minerals
Primary Weathering

Primary weathering of silicate minerals is the 
original source for most clays. The abundant igneous, 
volcanic, and metamorphic rocks in southeast Arizona are 
probable sources for at least some of the clay minerals.

Illite is the most common of all clay minerals and 
is present in all of the formations in this study. Illite
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is formed from the alteration of feldspars, muscovite, 
biotite, and other silicate minerals. The widespread 
occurrence of these minerals in most rocks leaves little 
doubt that primary weathering is a likely source for at 
least some of the illite .

Chlorite occurs as a primary mineral in certain 
metamorphic and igneous rocks present in southeast Arizona 
(Banerjee 1957; Erickson 1962; Mauger 1966). Chlorite also 
occurs as an alteration product of biotite, hornblende, and 
other Fe—Mg—rich minerals. These minerals occur in the 
Catalina Gneiss, Pinal Schist, and many of the volcanic and 
igneous rocks in the area. Chlorite is a relatively unstab
le: clay and alters to smectite with, the loss of its magnes
ium hydroxide interlayer.

Smectite is a common mineral in sediments of 
Mesozoic age and younger, and is most abundant in Pliocene, 
Miocene, and Oligocene age rocks. Smectite forms primarily 
in semiarid to arid, and alkaline environments where low 
rainfall prevents rapid leaching of the cations. Smectite 
forms from the alteration of illite, muscovite, biotite, 
and chlorite. It is often associated with the weathering 
of volcanics, particularly ash. The abundant volcanic 
rocks in southeast Arizona are a probable source for much 
of the smectite found in this study.
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Pre-existing Sediments

It is believed that many fine-grained elastics are 
derived from pre-existing sediments because of the large 
quantities of these rocks in the geologic record. Approx
imately 60 percent of all sedimentary rocks are shales 
(Potter, Maynard, and Pryor 1980). It would then seem 
likely that at least some of. the fine-grained elastics in 
this study may have been derived from pre-existing sedi
ments. The great abundance of Cretaceous mudstones and 
siltstones in the area make them a likely source. In 
addition, the great quantity of chlorite in the Pantano 
Formation would be difficult to obtain strictly from 
primary weathering.

Archibald (1982) and Inman (1982) reported the 
occurrence of abundant Cretaceous mudstones and siltstones 
in the Whetstone and Santa Rita Mountains. Archibald (1982) 
determined the clay minerals in three samples to consist of 
illite and chlorite, chlorite, and illite, respectively.

Cretaceous samples in this study were also X-rayed 
to determine their clay mineralogy (see Table 4 and figs. 
10 and 11). Illite is predominant in all samples; smectite 
and chlorite are more variable. Kaolinite was also found in 
some of the samples.

The clay minerals in the Cretaceous rocks are 
similiar to those in this study, with the exception of 
kaolinite. Because of the mineralogical variability in the



Table 4. Clay minerals identified in the Cretaceous samples

FORMATION AND 
SAMPLE NUMBER

ILLITE CHLORITE SMECTITE CHLORITE/
SMECTITE

BISBEE GROUP
KC-2 X ——— ——— ———
JCC-3 X ——— TRACE —
KC-4 X ——— X ——
KC-5

SHELLBNBERGER
FORMATION

X

KS-1 X X X UNSURE
KS-2 X —— — X —

ILLITE/
SMECTITE

QUARTZ FELDSPAR CALCITE OTHER

X X EAOLINITE
— X TRACE — — — EAOLINITE
— X — — — — — EAOLINITE
— X X — — EAOLINITE

UNSURE X TRACE — — — EAOLINITE
X X X — EAOLINITE



Figure 10. X-ray Diffractograma for samples 
KS—1, and KS-2; Shellenburger Formation

Code for Figures 10.
Numbers, over the peaks are 2 theta values. 
Letters next to each pattern indicate the 
following:

A — untreated 
B — glycolated 
C —  heated to 550 °C 
D — HC1 treated

Letters over each peak correspond to the 
following minerals:

Chi - chlorite 
S — smectite 
I - illite
I/S - illite/smectite 
Chl/S - chlorite/smectite 
F - feldspar 
Q - quartz 
C — calcite
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KS-1
Chl
14.28

16.40

3.67
14.261

KS-2
16.10

Figure 10. X-ray Diffractograes for samples KS-1, and KS-2 
Shellenberger Formation



Figure 11. X-ray Diffractograes for samples 
KC-3, and KC-5; Bisbee Group; Interstate 10

Code for Figures 11.
Numbers over the peaks are 2 theta values. 
Letters next to each pattern indicate the 
following;

A — untreated 
B - glycolated.
C — heated to 550 °C 
D — HC1 treated

Letters over each peak correspond to the 
following minerals;

Chi - chlorite 
S - smectite 
I - illite
I/S - illite/smectite 
Chl/S - chlorite/smectite 
F - feldspar 
Q - quartz 
C - calcite
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KC-3

[6.00

7 .1 4
1 6 .033 .6 7

KC-5
7 .1 6

Figure 11. X-ray Diffractograas for samples KC-3, and KC-5; 
Bisbee Group; Interstate 10
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Cretaceous samples, it is quite possible that kaolinite is 
a local occurrence. If this is true, small quantities 
of kaolinite would not necessarily be detected in the Mid—  
Tertiary rocks if they do consist of reworked Cretaceous 
rocks.

ILlite and chlorite are the two most abundant clays 
in the Mid-Tertiary formations in this study. These two 
minerals are also the two most abundant clays in Paleozoic 
and older rocks. It is very probable that Paleozoic rocks 
are a source for either the Cretaceous rocks, the Mid- 
Tertiary rocks, or both.

Origin of the Interlayered Clays
The many different origins for the interlayered 

clays necessitates this discussion. Interlayered clays are 
not well understood and some information on their formation 
and occurrences will be necessary for a better understand
ing of the material to follow.

Chlorite/smectite
Information on chlorite/smectite is relatively 

scarce and in most cases is purely descriptive in nature. 
Various mechanisms for its formation have been suggested 
(Sudo, Hayashi, and Shimoda 1962; lijima and Roy 1963; 
Nagasawa and Tsuzuki, 1972), but no one mechanism is 
generally accepted. Sudo and Shimoda (1977) did an extens
ive review of the literature involving interlayered clays
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and came up with the following general characteristics of 
the modes of occurrence: (1) interstratifications are found 
closely associated with monomineralic crystals of the 
component minerals; (2) interstratifications of the same 
type, but varied in the ratios of their component minerals, 
are occasionally found in mutual association; (3) micro
scopically, interstratifications occur as alteration 
products of some parent minerals such as volcanic glass, 
non-clay minerals, and clay minerals; and (4) an inter
stratification A-B is found occasionally between two zones 
represented by the component minerals A and B.

Several specific modes of occurrence have been 
reported in the literature. Chlorite/smectite has been 
associated with weathering and soil formation, evaporitic 
conditions where dolomite may or may not occur, and 
hydrothermal conditions. Experimental work has also been 
done concerning the formation of chlorite/smectite from its 
component minerals.

Chlorite/smectite has been identified in soils by a 
number of authors (Droste, Bhattacharya, and Surderman 
1962; Kodama and Brydon 1968; Clark, Brydon, and Farstad 
1963). Chlorite/smectite usually occurs in an acidic 
environment with chlorite being the original component due 
to its relative instability. Incidentally, in acid soils 
(pH<5), it is not uncommon to find what is referred to as a 
"chloritic intergrade" in which A1 occupies the interlayer
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portions of smectite or vermiculite. It is called an 
intergrade because the interlayer positions are only 
partially filled with A1 (Barnhisel 1977). On the contrary, 
Clark et al. (1963) assumes the original component to be 
smectite because more smectite is found in the lower C 
horizon of the soil.

Chlorite/smectite is also associated with evaporit- 
ic conditions (Grim, Droste, and Bradley 1960; April 1981; 
Fisher and Jeans 1982). It is assumed that the original 
component is smectite in all the studies. The evaporitic 
conditions are believed to concentrate the levels of 
magnesium in the pore waters, thus allowing the magnesium 
to form brucite layers in the smectite structure. Fisher 
and Jeans (1982) noticed a sequence in his study area where 
chlorite was stratigraphically nearest the evaporites and 
smectite was farthest from the evaporites. Interlayered 
chlorite/smectite was found in between the two minerals. 
Fisher and Jeans (1982) assumed early diagenesis to be the 
cause.

The occurrence of chlorite/smectite in distinct 
clay facies has also been observed (Lucas 1968; Tooker 
1962; Peterson 1962; Merrell, Jones, and Sand 1957). Lucas 
(1968) and Merrell et al. (1957) observed an increase in 
the amount of chlorite toward the center of their basins 
with chlorite/smectite and smectite toward the edges. A 
decrease in particle-size toward the center of the basin
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was also noted in the Paradox shales (Merrell et al. 1957) 
and may be the reason for the mineralogical variation. 
Tooker (1962) and Peterson (1962), however, noticed that 
the clay facies were related to the other associated 
lithologies. In particular, chlorite/smectite was usually 
found associated with dolomite. These authors attribute 
these occurrences to a transformation of the clays during 
early sedimentation. Although it is known that clay 
minerals are independant of their environment of deposi
tion, it is most likely that the ion activities in specific 
environments control the formation/transformation of 
interlayered clays.

Other studies have found chlorite/smectite to be 
associated with hydrothermal activity (Blatter, Roberson, 
and Thompson 1973; Bberl and Rower 1977). Heat and magne
sium-rich fluids were found to form chlorite/smectite from 
originally smectitic material.

Experimental studies have been done by a number of 
researchers (Calliere and Renin 1949; Slaughter, and 
Milne 1960; Senkayi, Dixon, and Hossner 1981A; Senkayi, 
Dixon, and Hossner 1981B). Smectite minerals have been 
shown to react readily with magnesium—rich solutions to 
produce minerals similiar to chlorite with a chlorite/smec
tite mineral as an intermediate phase. Chlorite subjected 
to simulated weathering conditions has subsequently
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altered to smectite, with a chlorite/smectite phase also 
formed during the transformation.

Assuming that the chlorite/smectite found in this 
study was formed in place, relating these clays to any of 
the occurrences listed above is difficult.

The presence of evaporitic conditions at the time of 
deposition of many formations in which chlorite/smectite 
occurs is well established. In the study by Grim et al. 
(1960), chlorite/smectite was found as clay partings 
interlayered in evaporite deposits. April (1981) showed 
chlorite/smectite to be fairly abundant in an alkaline, 
lacustrine deposit underlain by a black shale presumed to 
be the source for magnesium. The Pantano Formation would 
best fit these- models, but no chlorite/smectite is found in 
this formation.

These Mid-Tertiary occurrences also have difficulty 
relating to the models of chlorite/smectite formation in 
the weathering environment. This is mainly due to the lack 
of acidic conditions. One possibility is that the chlor— 
ite/smectite was formed as a weathering product on the 
original parent material, and then deposited in the Mid- 
Tertiary.

The origination of the chlorite/smectite within the 
depositional basin is also unlikely. Tooker (1962) and 
Peterson (1962) noted chlorite/smectite to be associated
with dolomite. Dolomite is found in the Teran Basin with
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chlorite/saectite, but dolomite has not been detected in 
the other areas where chlorite/smectite is found. Also, 
contrary to the findings of Lucas (1968) and Merrell et al. 
(1957), the chlorite in the Mineta Ridge area is found in 
sediments that would have been at the basin's edge, and 
smectite is found in the basin’s center.

A hydrothermal source also would not explain the 
abundant occurrence of chlorite/smectite. Hydrothermal ac
tivity is known to have occurred in the study area in the 
Mid—Tertiary, but not to the extent that would be necessary 
to produce all the chlorite/smectite present in the 
formations. Chlorite/smectite associated with dikes and 
hydrothermal solutions tends to be concentrated in an 
aureole surrounding the hydrothermal source.

In summary, the most likely source for the chlor
ite/smectite in this study would be from the transformation 
of smectite in an alkaline/evaporite environment. It may 
also be possible that the chlorite/saectite is from 
pre-existing sediments, due to its sporadic appearance 
in the samples studied.

Illite/saectite
The occurrences of interlayered illite/saectite are 

less varied than those of chlorite/saectite. A better 
understanding of the modes of formation is also known. Two 
modes of formation are applicable for discussion in this 
section: diagenesis and weathering.
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Diagenetic formation of illite/smectite has been 

well documented. The transformation of smectite to illite, 
with an intermediate illite/smectite phase, occurs during 
burial at depths of approximately 10,000 to 14,000 feet 
(Burst 1959; Rower et al. 1976; Weaver and Beck 1971). 
The mechanism for its transformation is believed to be . 
smectite + K-feldspar +■ (mica) — -» illite + quartz +
chlorite. The collapsibility of the smectite structure 
under pressure is believed to be the reason for its 
transformation. The occurrence of illite/smectite in the 
Tucson Basin at depths of 7000 to 11,000 feet can be 
directly related to thin diagenetic process. The possible 
occurrence of illite/smectite in the other formations may 
also be a result of their burial, or burial of their source 
rocks. No evidence is available on the burial depth of any 
of the rocks.

The weathering of illite may also be a source for 
the illite/smectite in these formations. Loughnan (1969) 
states that arid environments are favorable for the 
formation of illite/smectite due to cation retention in the 
soils. Loughnan (1969) referred to two articles as exam
ples: Alexander, Hendricks, and Nelson (1939), and Hseung 
and Jackson (1952). Other studies have shown the occurrence 
of illite/smectite to be related to illite weathering in
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more temperate environments (Jackson, Whittig, and Vanden 
Heuval 1953; Bower and Mowatt 1966; Reynolds and Bower 
1970).

It is assumed that the occurrences of illite/smec- 
tite in these Mid-Tertiary rocks (particularly those in the 
Tucson Basin) are a result of burial diagenesis. Weathering 
may be a source for some of the illite/smectite in the 
formations, but direct evidence is lacking. It is also to 
be remembered that the presence of illite/smectite is only 
speculative in this study due to the difficulty of defini
tive identification.



CORRELATIONS AND CONCLUSIONS

The following sections attempt to synthesize the 
data collected in this study. Because of the difficul
ties in using clay minerals and heavy minerals in determin
ing provenance and for correlating strata, some of the 
conclusions are at best speculative. The abundance of 
volcanism arid tectonism during the Mid-Tertiary also 
creates the possibility of many small basins occurring in 
the geographically small region of this study. This, and 
the numerous types of source rocks in the area, leads to 
the problems of determining, the basin boundaries for the 
different formationav The following conclusions are the 
best explanations for the occurrences and similiarities of 
these Mid-Tertiary formation with the data available.

Helmet Fangloaerate and Pantano Formation 
The Helmet Fanglomerate has been suggested by 

Davidson (1973) to be a Pantano equivalent. None of the 
data accumulated in this study suggests this statement can 
be made with any certainty. What can be stated with 
certainty is that these formations were derived from 
different source areas.

The only similiarity between the Helmet Fanglomer
ate and the Pantano Formation is their approximate ages.
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Both formations also contain reworked Cretaceous rocks 
if what Cooper (1960) labeled Cretaceous is actually 
Cretaceous. Much more apparent are the differences between 
the two formations.

The paleocurrents and gravel lithologies of these 
formations are quite different (see Table 1). From the 
paleocurrents, the source area for the Pantano Formation 
was dominantly from the east, consisting mainly of reworked 
Cretaceous rocks; the source for the mudstone member of 
this formation is apparently from the southwest. The source 
area for the Helmet Fanglomerate was proximal to the west 
and consisted mainly of volcanic rocka.

The heavy mineral assemblages of the two formations 
are also quite different (see "COMPARATIVE ANALYSES" 
chapter). No clays are present where the Helmet Fanglomer— 
ate crops out. The clays that would be expected from the 
weathering of its volcanic source area would be dominantly 
smectite and illite. These clays would have been deposited 
east of the source area. If the two formations were 
connected, one might expect at least some smectite to be 
present in the Pantano Formation. Only small amounts of 
smectite are present in the Pantano Formation, and only in 
the upper part of the formation. The vast differences in 
the heavy minerals also suggests no connection between the 
formations.
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From this information, it is evident that the 

Helmet Fanglomerate and the Pantano Formation had totally 
different source rocks. The data available also suggests 
that the two formations were deposited in different 
basins, although more samples from localities geographic
ally between the two formations would be necessary to 
determine whether or not this is true. If the heavy 
minerals, sediments, and clays characteristic of each 
formation were found to interfinger with each other, this 
would be suggestive of a single basin of deposition for the 
Helmet Fanglomerate and the Pantano Formation.

Mineta Ridge and Teran Basin Areas 
There is a certain amount of data suggesting that 

the Mineta Formation in the Mineta Ridge and Teran Basin 
areas were deposited in the same basin. It is suggested 
here that the two outcrop localities represent alluvial 
fans in opposite sides of the same basin. Several lines of 
evidence support this theory:

(1) Gravel lithologies are fairly similiar for each 
area (see Table 1).

(2) Depositional environments and lithologies are simi— 
liar.

(3) Ages are the same ( Turkey Track Porphyry is intru
sive and extrusive in both areas).

(4) Heavy minerals are fairly similiar.
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(5) The clay minerals and their relative abundances are 

similiar.
(6) Both formations contain sporadic occurrences of 

interlayered chlorite/smectite. Regardless of 
whether the chlorite/smectite is a weathering 
product, a diagenetic product, or derived from pre
existing sediments, its occurrence is rather 
unique.

(7) Both formations show a patchy distribution of the 
clay minerals present.

Slight differences between the formations are evident but 
the overall similiarities strongly suggest deposition in 
the same basin.

Connection between Mineta and Pantano Formations?
There is not enough data to support the idea that 

the Mineta and Pantano Formations were deposited in the 
same basin. The data available does not preclude this 
possibility though. What the data do indicate is that 
there were different source rocks for certain parts of each 
formation, and the same source rocks for other parts.

Three similiarities between the Mineta and Pantano 
Formations stand out: (1) the lithologies, (2) the heavy
minerals, and (3) the thicknesses. The lithologies of both 
formations consist primarily of reworked Cretaceous rocks 
and Tertiary volcanics. The Mineta Formation at both of its 
localities also contains local abundances of Pinal Schist
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and granite of unknown origin, and more Paleozoic rocks. 
Heavy minerals in the Pantano and Mineta Formations are 
also very similiar with less influence from igneous 
sources suggested in the Pantano Formation. The similiar 
thicknesses of sediment and the close proximity of the two 
formations also suggest a similiar basin.

One major difference between the two formations is 
the clay mineralogy (see Table 2). Paleocurrents in the 
mudstone member of the Pantano Formation indicates a source 
area to the southwest. Different source areas for the clays 
are clearly suggested for the two formations from this 
data. Incidentally, the fact that smectite only occurs in 
the upper portion of the mudstone member in the Pantano 
Formation suggests a new source, either underlying the 
original chlorite-rich source or later uplifted.

Paleocurrents from the Mineta Formation in both 
localities indicate source rocks to be to the west and 
northeast. Paleocurrents from the Pantano Formation 
indicate a dominant eastern source area and lesser sources 
to the north, northeast, and southwest. The different 
paleocurrents from each formation suggest different 
source areas, especially for the mudstone member of the 
Pantano Formation. The lithologies and heavy minerals on 
the other hand indicate similiar source rocks. One explana
tion for this may be that similiar source rocks were 
available in different areas surrounding the basin/basins
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of deposition of these two formations. This is very 
probable because Cretaceous rocks and Tertiary volcanics 
are still relatively abundant in this area.

The lack of northern paleocurrents for the Mineta 
Formation and southern paleocurrents for the Pantano 
Formation possibly indicates an absence of source rocks 
between the two formations. This suggests a connection 
between the two formations, but because abundant paleocur— 
rent indicators are lacking for both formations, this is 
very speculative.

Type I Rillito Beds
From the data accumulated in this study, it is 

possible that the type I Rillito beds and the Mineta 
Formation at Mineta Ridge had similiar source rocks. Paleo
currents, gravel lithologies, heavy minerals, and clay 
minerals all support this thought.

Paleocurrents from the two formations indicate a 
source geographically between the Rillito beds and the 
Mineta Formation. Even though the type I Rillito beds are 
younger than the Mineta Formation, the same source rocks 
could have been present during the deposition of both 
formations.

Gravel lithologies are fairly similiar for both 
formations, with volcanic rocks abundant in both formations 
and granite and limestone common to both (see Table 1). 
Heavy minerals in each formation are also similiar, as
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was noted previously in this study. The presence of 
chlorite/smectite in both formations also suggests a rela
tionship between the two formations, assuming this mineral 
is not a recent alteration product.

All the data listed above merely suggests the 
possibility of common source rocks for both formations. 
None of the- data can be regarded as conclusive.

Tucson Basin Sediments
Samples from the Tucson Basin were studied to 

determine if any correlations could be made with the other 
formations in the basin. On the basis of the clay mineral
ogy alone, nothing can be stated regarding its relationship 
to the Helmet Fanglomerate, Rillito beds, or the Pantano 
Formation. The relatively higher amounts of smectite 
present in the samples suggests different sources for the 
clays. Unfortunately, due to the lack of detailed litholo
gies and heavy minerals for the Tucson Basin rocks, little 
more can be stated with any certainty.



APPENDIX A

DESCRIPTION OF SAMPLE LOCATIONS 

Helmet Fanglomerate
All samples were collected from outcrops in small 

ravines and washes south of Helmet Peak in the Twin Buttes 
quadrangle in the sections listed below, within T. 17 S., 
R. 12 E.. All samples consist of yellowish-gray to reddish- 
brown conglomeratic matrix.

SAMPLE NUMBER LOCATION
TH-5 SW1/4SW1/4NW1/4 sec. 25
TH-6 SW1/4NW1/4NE1/4 sec. 26
TIT—7 SW1/4NB1/4NB1/4 sec. 25TH-9 NW1/4SB1/4SW1/4 sec. 24
TH-18 SW1/4SB1/4SW1/4 sec. 12TH-20 NE1/4NW1/4SE1/4 sec. 14TH-24 NW1/4SE1/4SW1/4 sec. 13TH-29 NW1/4NE1/4NE1/4 sec. 24

Type I Rillito Beds
Samples A through X were collected from various

locations in the Santa Catalina foothills in the Tucson
North quadrangle in the sections listed below within T. 13
S., R. 14 E.. Samples 1 and 2 are in the Agua Calliente
Hill quadrangle within T. 13 S., R. 16 E.. Samples A, E, J,
K, M, N, 1, and 2 are brown to pale red mudstones and
siltstones. Samples F, R, V, and X are grayish red to pale
red sandstones and conglomeratic matrix.

64



65
SAMPLE NUMBER LOCATION

TrI-A SW1/4NE1/4SW1/4 sec. 4
TrI-E SW1/4NW1/4SW1/4 sec. 4
TrI-F SE1/4SE1/4NE1/4 sec. 4
TrI-J SW1/4SW1/4NB1/4 sec. 4
TrI-K SW1/4SW1/4NE1/4 sec. 4
TrI-M SW1/4SE1/4NW1/4 sec. 15
TrI-N SW1/4SE1/4NW1/4 sec. 15
TrI-R NB1/4NW1/4NW1/4 sec. 9
TrI-V NW1/4SW1/4NW1/4 sec. 9
TrI-X NW1/4SW1/4NW1/4 sec. 9

' TrI-1 SW1/4SW1/4SW1/4 sec. 29
TrI-2 SW1/4SW1/4SE1/4 sec. 29

Type II Rillito Beds
All samples were collected from readouts in the 

Santa Catalina foothills in the Sabino Canyon quadrangle in 
the sections listed below within T. 13 S., R. 15 E.. Sam
ples are from yellowish-gray to pale red sandstone and 
conglomeratic matrix.

SAMPLE NUMBER LOCATION
TrII-A
TrII-B
TrII-C
TrII-D
TrII-E
TrII-F
TrII-G
TrII-H
TrII-I
TrII-J
TrII-X

NW1/4NE1/4SW1/4 sec. 25 
NW1/4SE1/4NE1/4 sec. 25 
SE1/4NE1/4SW1/4 sec. 24 
SW1/4SE1/4SW1/4 sec. 24 
NE1/4NW1/4NW1/4 sec. 25 
NW1/4NW1/4SW1/4 sec. 25 
SW1/4NE1/4NW1/4 sec. 7 
NW1/4NE1/4NW1/4 sec. 7 
NW1/4NB1/4NW1/4 sec. 7 
NW1/4NE1/4NW1/4 sec. 7 
SW1/4NE1/4NW1/4 sec. 7

Type III Rillito Beds
All samples were collected from roadcuts in the 

Santa Catalina foothills in the Tucson North quadrangle in 
the sections listed below. Samples 1, 3, 5, and 6 are
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within T. 13 S., R. 15 E., and samples 4, 7, 8, 9, and 10 
are within T. 13 S., R. 14 E.. All samples are from light
gray, yellow-gray, and light 
matrix.

SAMPLE NUMBER
TrIII-1
TrIII-3
TrIII-4
TrIII-5
TrIII-6
TrIII-7
TrIII-8
TrIII-9
TrIII-10

brown to red conglomeratic

LOCATIONS
SE1/4SE1/4NE1/4 sec. 26
SB1/4SE1/4NW1/4 sec. 26
NE1/4SW1/4NE1/4 sec. 25
NW1/4NE1/4SW1/4 sec. 30
NE1/4SW1/4NB1/4 sec. 20
NW1/4NE1/4SW1/4 sec. 12
NE1/4NE1/4SW1/4 sec. 12
NW1/4NW1/4NW1/4 sec. 13
SB1/4NW1/4NW1/4 sec. 10

Pantano Formation
All samples were collected from clay pits in the 

Cienega Gap area in the Rincon Peak quadrangle in the 
sections listed below within T. 16 S., R. 17 E.. Samples 
are grayish-red, pale red , and pale olive mudstones and 
siltstones.

SAMPLE NUMBER LOCATIONS
TP—1A NW1/4NE1/4NW1/4 sec. 35
TP-1B NW1/4NE1/4NW1/4 sec. 35
TP-2 A NW1/4NW1/4SW1/4 sec. 26
TP-3C SW1/4NE1/4SW1/4 sec. 27
TP-4A NE1/4NB1/4SE1/4 sec. 28
TP-5B NE1/4NE1/4NE1/4 sec. 28
TP-6A NB1/4NE1/4NE1/4 sec. 29

Mineta Formation/Teran Basin
All samples were collected from the Teran Basin in 

the Soza Mesa quadrangle in the sections listed below
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within T. 13 S., R. 20 E.. Samples consist of light gray, 
pale olive, and pale red siltstones and mudstones. Sample 
TMT-12 was interbedded with gypsum.

SAMPLE NUMBER LOCATIONS
TMT-1 SW1/4NW1/4SE1/4 sec. 21
TMT-6 NE1/4SE1/4SE1/4 sec. 21
TMT-11 NW1/4SE1/4NE1/4 sec. 27
TMT-12 SW1/4SB1/4NB1/4 sec. 27

Mineta Formation/Mineta Ridge 
All samples were from surface outcrops in the 

Mineta Ridge area in the Soza Canyon quadrangle in the 
sections listed below. Samples labeled TMA are within T. 13 
S., R. 19 E., and samples labeled TMB are within T. 13 S., 
R. 18 E.. TMA samples are pale red siltstones and olive 
gray mudstones. TMB samples are olive gray to olive brown 
mudstones. Sample TMB—16 was interbedded with limestone.

SAMPLE NUMBER LOCATION
TMA-1 SE1/4SW1/4NE1/4 sec. 30
TMA-10 NW1/4NW1/4SE1/4 sec. 30
TMA-13 NW1/4SW1/4NE1/4 sec. 30
TMA-15 NW1/4SW1/4NE1/4 sec. 30
TMB—16 SW1/4SW1/4NE1/4 sec. 24TMB-20 NW1/4SW1/4NE1/4 sec. 24TMB—21 NB1/4SW1/4NE1/4 sec. 24TMB-25 SW1/4NW1/4NE1/4 sec. 24
TMB-28 SW1/4NW1/4NE1/4 sec. 24

Schellenburtfer Formation (Cretaceous)
These samples were collected from outcrops within 

the Empire Mountains in the Empire Ranch quadrangle in the
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sections listed below within T. 18 S., R. 16 E.. Sample
KS-1 is a pale brown mudstone and KS-2 is a moderate, olive 
brown mudstone.

SAMPLE NUMBER LOCATION
KS-1 NE1/4NE1/4 sec. 35
KS-2 NE1/4NE1/4 sec. 35

Bisbee Group (Cretaceous)
These samples were collected along 1-10 in the 

Cienega Gap area in The Narrows quadrangle in the sections 
listed below within T. 16 S., R. 17 E.. The samples are of 
olive green mudstones.

SAMPLE NUMBER LOCATION
KC-1 
KC-2. 
KC—3 
KC-4

NW1/4NW1/4SW1/4 sec. 33 
NW1/4NW1/4SW1/4 sec. 33 
NW1/4NW1/4SW1/4 sec. 33 
SB1/4SE1/4NE1/4 sec. 32



APPENDIX B

TUCSON BASIN WELL LOCATIONS

Samples from the various wells listed below were 
made available by the Arizona Bureau of Geology and Mineral 
Technology. Wells #2318, #2346, and #3311 are located 
within the Tucson, Southeast quadrangle. Well #1569, *2396, 
and #1045 are located in the Tucson, Tucson East, and 
Tucson Southwest quadrangles, respectively.

SAMPLE NUMBER LOCATION
1569 SB1/4NW1/4SW1/4 aec. 2, T. 15 S. R. 14 B2318 SW1/4SW1/4SW1/4 #ec. 10, T. . 16 S. R. 15 B
2396 SW1/4NW1/4NW1/4 #ec. 16, T. 15 S. R. 15 B
2346 NB1/4SB1/4SB1/4 mec. 25, T. 15 S. R. 14 E
1046 NW1/4NB1/4NB1/4 aec. 35, T. 16 S. R. 13 E
3311 SW1/4NB1/4 aec. 5, T. 16 S. R. 15 B
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