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ABSTRACT

On the north canyon wall in the Roosevelt Dam area, 
Gila County, Arizona, lying between the Mescal Limestone 
(Late Younger Precambrian) and the carbonate portion of 
the Martin Formation (Middle Devonian) is a thick sequence 
of clastic rocks.

Petrographic studies and field observations show 
that these elastics are composed of an underlying fine, 
siliceous, pure quartz, submature sandstone, which in this 
report is called Troy Sandstone and assigned to Late 
Younger Precambrian age and an overlying coarse, sili
ceous, immature quartzite which here is called the Martin 
quartzite unit. The Martin quartzite grades upward into 
a sandy dolomicrite. The Martin quartzite and sandy dolo- 
micrite units compose what is referred to in this paper as 
the Martin clastic unit.

The basal four feet of the Troy Sandstone are 
slightly different texturally and mineralogically from the 
balance of the Troy, and are separated from it by one and 
a half feet of breccia. The Troy Sandstone is separated 
from the Martin quartzite unit by a disconformity which is 
marked by a textural change. The Martin quartzite is com
posed of coarse grained sand containing scattered

ix
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inetamorphic pebbles and conglomerate lenses. It grades 
upward into a sandy dolomicrite, with some shale inter
beds, which in turn gradually grades to an essentially 
pure dolomite composing the main portion of the Martin 
Formation.

Study of the mineralogy, texture and quartz types 
indicates that the Troy Sandstone and the Martin quartzite 
unit are different and the derivation of the latter from 
the former is improbable.



INTRODUCTION

Over much of central Arizona the limestone beds 
which compose most of the Martin Formation^ of Devonian 
age overlie a clastic Devonian sequence. The Martin 
Formation may overlie beds ranging in age from Older Pre- 
cambrian to Ordovician. The clastic interval, frequently 
quartzitic, ranges in thickness from few to several hun
dred feet.

Roosevelt Dam is located in T. 4 N., R. 12 E.,
Gila County, central Arizona, where the Salt River cuts 
through the Mazatzal Mountains. In the gorge there are 
excellent exposures of beds ranging in age from Missis- 
sippian to Older PreCambrian granite.

In this Roosevelt Dam area, lying between the Mes
cal Limestone (Late Younger Precambrian) and the Martin 
carbonate, is a thick sequence of sandstone beds. Al
though these elastics have been studied by various writers 
(Ransome, 1916; Stoyanow, 1936; Huddle and Dobroyolny, 
1950; Shride, 1961; Peterson, 1962; Conrad, 1964, among 
others) there is no agreement as to their age and

1. In this paper the Martin Formation is sub
divided into the overlying Martin carbonate unit and the underlying Martin clastic unit. In the Roosevelt Dam area 
the clastic portion is composed of an overlying sandy 
dolomicrite unit and an underlying quartzite unit.

1



2
relationships. Investigators refer to them as being 
entirely of Devonian, Cambrian or Precambrian age, or of 
part Devonian and part of an older age. Dating has been 
based upon stratigraphic position and relationships 
because of the absence of fossils.

The entire sandstone section was examined in 
detail in the field, measured and systematically sampled. 
Because the sandstone is essentially a quartzite it could 
not be disaggregated. Therefore, thin section analysis 
was the main method of study of the different parameters 
of the sandstone.

Portions of the samples were crushed and heavy 
minerals separated by using bromoform. Staining tech
niques were used on mounted crushed fragments to distin
guish between quartz and feldspar and to determine the 
percent of clay in thin sections.

The sequence on the north side of the canyon was 
studied in detail because of its accessibility and because 
the section is relatively free from faults and other 
tectonic complications. Examination of the section on the 
south side supported observations on the north side, but 
because of complex tectonics the section is not as suita
ble for stratigraphic studies. The equivalent sections at 
El Capitan and Coolidge Dam, both also in Gila County,



were examined to permit a better understanding of the 
lithologic variations and relationships.



STRATIGRAPHY

Introduction

The stratigraphic section in the general area of 
Roosevelt Dam from the top down consists of the following 
recognized formations. However, the units which have been 
introduced in this paper to clarify the discussion are 
also included.

Mississippian
Redwall Limestone 

Devonian
Martin Formation

Martin carbonate unit 
Martin clastic unit

Martin sandy dolomicrite unit 
Martin quartzite unit

Cambrian
Abrigo Formation 
Bolsa Formation

Cambrian (?) or Younger Precambrian 
Troy Quartzite

Post-breccia unit 
Breccia unit 
Pre-breccia unit

4
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Younger Precambrian

Basalt flows and intrusions 
Apache Group

Mescal Limestone
Dripping Spring Quartzite and Barnes 

Conglomerate
Pioneer Shale and Scanlan Conglomerate

Older Precambrian
Pinal Schist, metamorphics, granites and quartz veins

Beds of Ordovician and Silurian age are missing in 
the Roosevelt Dam area, but the presence or absence of 
Cambrian beds has not been established.

This study is limited to the clastic section 
occurring between the Martin carbonate unit and Mescal 
Limestone as observed and sampled along the north wall of 
the canyon. These beds strike K. 40° V. and dip 24° N. E. 
The thickness of the units was measured along the road on 
the north side of the canyon, commencing from where the 
west railing of the road crossing the dam intersects the 
canyon wall, and ending at the first massive carbonate 
beds just east of the first main curve of the road. Al
though the section above and below these limits was exam
ined, this paper will be confined to the clastic interval 
and those beds immediately overlying and underlying this 
interval.
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Figure 1 is a stratigraphic column of the rock sec

tion which is exposed on the north wall of the canyon at 
Roosevelt Dam. Figure 2 is a general view of the rocks 
exposed on the north wall of the canyon at the dam.

PreCambrian

Mescal Limestone

The Mescal Limestone consists of hard, thin bedded 
dolomitic, cherty limestone of medium texture. Its color 
varies from greenish gray to light gray. Chert nodules 
and bands varying in size from V4 to over an inch in 
thickness, and up to several feet in width, and from black 
to light gray in color are characteristics of this lime
stone. Weathered surfaces of the limestone show different 
shades of gray and brown.

Basalt Flows (Fig. 3)

Basic igneous rocks are associated with the 
Younger Precambrian sediments of the Roosevelt and Salt 
River canyon areas. Some of these are intrusives and have 
been called diabase sills and dikes (Shride, 1961; Peter
son, 1962). Some of them have extrusive characteristics, 
such as vesicular and amygdoloidal features, and are 
called basalts. The igneous rocks along the road cut on 
the north side of the canyon are herein considered basalts



Fig. 1.— Stratigraphic section of the north 
wall of the canyon at Roosevelt Dam.
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Fig. 2.— General view of the north wall at 
Roosevelt Dam* The Mescal Limestone extends from left to right to the cliff in the middle of the 
picture above the road. The Mescal Limestone is 
followed by a few feet of basalt, the Troy Sandstone, 
the Martin quartzite and sandy dolomicrite units.
The sandy dolomicrite ends just short of where the 
road makes a turn in the picture.



FIGURE 2



Fig. 5*— Pre-breccia Troy Sandstone between 
the basalt and the breccia. The basalt is shown in 
the lower left corner of the picture and is followed 
by the pre-breccia Troy Sandstone (on which the geologic hammer rests), then by the one and a half 
feet of breccia then the post-breccia Troy Sandstone in the upper right corner.
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(Ransome, 1916). Workers in the area recognize that some 
of these basic rocks are diabase and others in the same 
area are basalts.

Approximately eight feet of basalt were measured 
along the road on the north side of the canyon. At this 
point the basalt directly overlies the Mescal Limestone 
with no recognized erosional surface separating them. The 
basalt in places is highly altered and rusty in color, but 
vesicular and amygdoloidal features are readily notice
able. The top 1 1/2 feet is a black, purple, fissile, non
coherent residual accumulation of basalt weathering 
products. Microscopic study of this accumulation proved 
it to be of a very high iron concentration of magnetite 
and ilmenite with their alteration products of hematite 
and limonite. This represents the weathered upper portion 
of the basalt. In the canyon walls above the road, the 
basalt increases in thickness with a tendency for the 
upper part of it to weather to a deep red color, and the 
lower part to weather identically to that along the road. 
Also, in the canyon wall the upper contact of the basalt 
is with the Martin quartzite instead of with the Troy 
Sandstone as is along the road. Conrad (1964-), states 
that high above the dam on the north wall of the canyon 
pre-Martin erosion has cut a channel through the Troy 
Sandstone and into a diabase. The Martin sediments at 
this point rest upon diabase.
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Examination of the south wall of the canyon 

reveals the presence of a much thicker sequence of basic 
igneous rocks between the Mescal Limestone and the Troy 
Sandstone. However, the complex structure of the south 
wall makes close correlations with the north wall diffi
cult.

Troy Sandstone (Fig. 3, 4, 5)

The age of the Troy Sandstone has been a matter of 
controversy. Stoyanow (1936) assigned a Cambrian age to 
it while Shride (1961) assigned it to the Precambrian.
This sandstone is barren of fossils, and age determination 
depends upon stratigraphic relationships.

Along the north side of the canyon the basalt is 
overlain by a total of 138 feet of sandstone. Of this 
interval, the basal 35 feet is herein considered to be 
equivalent to the Troy Sandstone of Younger Precambrian 
age.

The bottom four feet of the Troy Sandstone consist 
of a buff colored, medium grained, slightly calcareous, 
non-bedded, silica cemented sandstone. This basal unit is 
designated as the "pre-breccia” sandstone in this paper.
It is conformably overlain by 1 feet of sandstone con
taining angular, black to purple fragments of fine grained 
iron concentrate, often drawn parallel to the bedding, 
which here is termed "breccia."



Fig. 4.— The breccia unit bounded at the 
base by the pre-breccia Troy Sandstone and at the top by the post-breccia Troy Sandstone. Note the way these fragments lie parallel to the bedding. The slight angular unconformity at the base of the breccia units is noticeable.
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FIGURE 4



Fig. 5»— Troy Sandstone-Hartin quartzite 
contact. The difference in texture, bedding and the disconformity are noticeable.
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FIGURE 5



The remainder of the Troy Sandstone is fine 
grained, reddish to light "brown, uniform, massive, poorly 
bedded to somewhat cross-bedded silica cemented sandstone. 
The upper portion of this unit is characterized by red 
liesegang color banding which is independent of the cross
bedding. This banding is absent in the pre-breccia por
tion. A few small, dark, angular, platy fragments of fine 
grained iron concentrate, similar to those found in the 
breccia unit, are randomly scattered throughout the post
breccia unit of the Troy. There seems to be a slight 
angular unconformity below the breccia and separating the 
pre-breccia unit of the Troy Sandstone and the rest of the 
formation. The Troy Sandstone has fair porosity and 
permeability.

14-

Devonian

Martin Formation

The Martin Formation, sometimes called the Martin 
Limestone, in many parts of central Arizona consists of a 
predominantly limestone and dolomite upper portion, and a 
lower predominantly clastic section. The upper portion of 
the formation herein is designated as the Martin carbonate 
unit and the lower portion is designated as the Martin 
clastic unit. The Martin Formation also may contain some 
shale. The formation generally is considered to be of
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Middle and Upper Devonian age. No identifiable fossils 
have been found in the rocks underlying the Martin carbon
ate unit. Therefore, the assigning of a Middle Devonian 
age to these post-Troy elastics has been based upon 
stratigraphic relationships.

Martin Clastic Unit (Fig. 5» 6).— In the Roosevelt 
Dam area 10$ feet of sandstone was measured, between the 
top of the Troy Sandstone and the Martin carbonate unit.
Of this footage, the lower 82 feet is a quartzite and the 
upper 21 feet is sandy dolomicrite.

The quartzite makes a disconformable contact with 
the underlying Troy Sandstone (Fig. 5). It is composed of 
a coarse, siliceous, massive to blocky quartzite which 
varies from salmon red to brown to gray in color. This 
quartzite is slightly calcareous, especially in the lower 
and upper portions. It contains pebbles, mostly polycrys
talline, that are disseminated uniformly throughout the 
quartzite. The size of these pebbles ranges from $-8 mm. 
in diameter. Some of the pebbles measured two inches 
across. In addition to the scattered pebbles, pebbly 
zones or beds, 1-6 inches in thickness, are distributed 
throughout the unit with an average pebble size of about 
8 mm. This is larger than the average size of those 
pebbles scattered throughout the unit. These pebble zones



Fig. 6.— The Martin sandy dolomicrite unit. 
Note the thin bedding and the light green interbeds of shale.
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FIGURE 6



are not continuous but extend laterally from 2 feet to 20 
or $0 feet.

Some shaly beds of brown to gray color with mica 
flakes separate the quartzite beds. Generally they are 
very thin, ranging from 1/4- to 2 inches in thickness. They 
are fairly continuous.

Two structures that may have been bryozoan colo
nies came from approximately 20 feet above the base of the 
quartzite.

Overlying the 82 feet of quartzite are 21 feet of 
sandy dolomicrite herein called Martin sandy dolomicrite. 
It is light brown to gray in color. The clastic part of 
the sandy dolomicrite is composed essentially of inter
mixed quartz grains, half of which are small and angular, 
and the other half are substantially larger and well 
rounded. Some of the larger grains are composite pebbles. 
All of these quartz grains are embedded in a much finer 
textured dolomite. Interbeds of light green colored 
shales are uniformly distributed in the sandy dolomicrite 
unit (Fig. 6). They are continuous and range in thickness 
from 2 inches to 1 foot. The lower portion of the Martin 
sandy dolomicrite unit is carbonaceous.

Martin carbonate unit.— The Martin sandy dolomi
crite grades upward through a series of alternating shale 
and dolomite beds into a fine textured, pure, thick to

17



thin "bedded, light to dark "brown dolomite. This dolomite 
has a strong petroliferous odor on the fresh surface.

18



MINERALOGY

Laboratory Methods of Treatment

Because it was impossible to disaggregate the 
sandstones and quartzites for mineral identification, the 
different samples were crushed in an iron mortar with a 
pestle. Care was taken to crush, and not grind, the 
samples in order to keep the development of fines to a 
minimum and to preserve the mineral proportions and 
textural properties of the grains as much as possible. 
Although the use of crushed samples does not permit deter
mination of actual frequencies of mineral species, it 
still shows the relative abundance of the different min
eral species. The fine dust that developed from crushing 
was eliminated by adding exactly three grams of each 
sample separately to a beaker of water, stirring it, and 
then pouring out the water with its suspended load. The 
coarser fragments settled to the bottom of the beaker, and 
they were dried and used for the mineral studies.

Those samples which showed an iron oxide coating 
over the grains were clarified by boiling them in a 10 per 
cent solution of hydrochloric acid for two minutes.
Samples were examined with the microscope before the acid 
treatment so that the acid soluble minerals could be

19
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recorded. Some of the opaques, especially magnetite, 
ilmenite, and the carbonates were the main minerals either 
eliminated or reduced in size.

To separate the grains into light and heavy frac
tions, acetylene tetrabromide (CgEgBr^, S.G. at 20° = 2.96) 
was used. After separation, the fractions were mounted 
separately on petrographic slides.

Staining methods were used to distinguish the 
quartz and feldspar grains in the Troy and Martin elastics. 
To stain the feldspar, the mounted light fraction was 
treated with dilute hydrofluoric acid, washed and then 
covered with a solution of water soluble malachite green. 
Any feldspar present acquired a green color while the 
quartz remained clear. The same organic dye was applied 
without acid treatment to thin sections to stain the clay 
fraction so that its percentage could be determined.

Detailed Description of Mineral Species

In the following mineral description only abnormal 
features, properties peculiar to the minerals in these 
sandstones, or items pertinent to the problem will be 
mentioned. The distribution and frequency of all the 
mineral species is given in Table 1.



Table 1.— Distribution of mineral species in 
the Troy Sandstone and Martin clastic unit.

YA = Very Abundant A = Abundant 
C = Common 
R = Rare P = Present

D = Detrital
E-Z-C = Epidote, zoisite, clinozoisite



TABLE 1

Troy Sandstone Martin Clastic Unit
Pre-
Breccia Post-Breccia Quartzite Dolomicrite

Unit Unit Unit Unit
Sample Number Sample Number Sample Number

Below
Mineral 5-6d 7-8a 7-8c Contact 8-9a 8-9d 8-9j 9-10c 9-10f 10-lla 10-llb
Quartz 95% 95% 95% 95% 90% 90% 90% 90% 90% 40% 35%Feldspar 1% 1% 1% 1% 2% 2% 2% 2% 2% 3% 1%Chert 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1%Carbonate (D) P P P P P
Carbonate 55% 62%
Clay 2% 2% 2% 2% 6% 6% 6% 6% 6% P P
Zircon A R A VA A C R A C c R
Tourmaline C R R R R R P R R R R
Rutile P P P P P
Biotite P P P P P RMuscovite P P P P R C A
Monazite R P P
E-Z-C C P 0 C P R P
Amphibole P
Pyroxene P P
Chlorite P R P
Anatase R R R C R P P C C R P
Opaques A C A VA VA A C A A c C
Sphene
Garnet P

P P
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Amphibole Group

Hornblende.— Two greatly altered grains were found 
in the pre-breccia portion of the Troy Sandstone. The 
color of the hornblende is dark brown. Because of its 
dark brown color it may be basaltic hornblende. The 
grains have jagged edges and show no rounding.

Anatase

Two types of anatase occur throughout the Troy 
Sandstone as well as in the Martin clastic unit. These 
types are (1) a blue to almost opaque detrital variety and 
(2) an euhedral light to dark gray authigenic variety.
The latter possibly was derived from other titanium bear
ing minerals such as ilmenite, leucoxene, sphene or 
rutile which are found throughout the elastics. The blue 
detrital variety is very slightly rounded and has a dis
tinctive concoidal fracture. The gray authigenic type 
often shows well developed corners of 90% especially in 
the smaller grains.

Carbonate

Calcite.— In some samples a few detrital calcite 
grains were recognized from the Martin clastic unit.
These grains are fairly well distributed throughout the 
section. The color of the calcite is light gray and shows
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cleavage which appears as fine, discontinuous, unequally 
spaced lines. The grains have slightly rounded to irregu
lar, solution corroded, edges.

Calcium carbonate is present as cement and is 
discussed under the section on "Cements."

Dolomite.— Dolomite occurs only in the Martin 
sandy dolomicritic portion of the Martin clastic unit; the 
individual crystals are very small and are mixed with 
coarser sand grains. This dolomite forms the groundmass 
to the clastic portion of this unit. This dolomite was 
probably chemically precipitated as a limestone which was 
later dolomitized. The dolomite crystals become larger as 
the sandy dolomicrite grades upward into a pure dolomite. 
The dolomite is light brown.

Chlorite

Chlorite is secondary and occurs only as the 
complete or partial alteration product of amphiboles, 
pyroxenes and iron-bearing micas. The chlorite is present 
only in the Troy Sandstone and is distributed throughout, 
but is most frequent in the pre-breccia portion and in the 
top two feet of the Troy Sandstone. The color is yellow-
green to green. The grains are irregular in shape and 
show a micaceous habit.
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Clay Minerals

Clay minerals occurring in the samples were not 
specifically identified hut the following criteria were 
used as an approximation as to these which might he present 
(Foil?:, 1961):,

1. Greenish color indicates the presence of chloritic 
clays.

2. Micaceous flakes suggest the presence of sericite 
and fine-grained mica and chlorite.

3. Because the rocks are PreCambrian or early Paleo
zoic, there has been ample time for montmorillo- 
nite and kaolinite to he altered or diminished by 
diagenesis or incipient metamorphism. Therefore, 
the clay minerals are mainly illite.

On the basis of the above suggested clay mineral 
characteristics, it is believed that the clay that occurs 
in both sandstones is illite. Chloritic clay is more or 
less limited to the Troy Sandstone, and sericite is much 
more abundant in the Martin quartzite unit than elsewhere 
in the section. The sandy dolomicrite is devoid of clays.

Epidote Group

Epidote—zoisite—clinozoisite.— This group of
minerals is not limited to either formation but is more 
abundant in the Troy Sandstone, especially in the
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pre-breccia portion. These minerals are completely absent 
in the dolomicrite unit. The color of the grains varies 
from greenish yellow to brown. The shape of the grains is 
often irregular. The grains show a certain degree of 
alteration. The few prismatic grains are better preserved 
but show some rounding. In some grains, lath shaped 
microlites are perpendicular to the regular cleavage 
traces of the mineral.

Feldspar Group

Feldspar is scarce throughout the clastic section. 
It constitutes about one per cent of the Troy Sandstone 
and about two per cent of the Martin quartzite unit. The 
lower portion of the sandy dolomicrite may have as much as 
three per cent of feldspar. The few grains of feldspar in 
the Troy Sandstone are not generally altered and they tend 
to be more rounded and smaller in size than the correspond
ing quartz grains. Conversely, the feldspar grains in the 
Martin quartzite are sometimes larger than the quartz 
grains, and most of them are altered to varying degrees.
Microcline and orthoclase are the most abundant feldspars. 
Plagioclase is scarce and was distinguished from the other 
feldspars on the basis of albite twinning. The microcline 
and plagioclase are white and the orthoclase is light pink 
in color. The feldspar was either fresh and rounded or
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consisted of altered, angular grains with kaolin and 
sericite as the alteration product in a ring around the 
grain or in patches and crisscross networks of alteration 
zones. The plagioclase was often altered and identifica
tions were difficult. The abundance of microcline and 
orthoclase over plagioclase could be due to the fact that 
lime-rich varieties are less stable than the pure alkali 
feldspars.

Garnet

Only one grain of garnet was identified. It came 
from about 25 feet above the base of the Martin quartzite 
unit. The grain was light brown and had an irregular 
shape with a concoidal fracture.

Mica Group

Biotite.— Two types of biotite are present. The 
green variety is restricted to the Martin quartzite unit;
the brown variety is common in the breccia and pre-breccia 
portions of the Troy Sandstone, and also is distributed 
throughout the Martin quartzite unit. The sandy dolo- 
micrite is devoid of biotite. The biotite flakes often 
show some rounding and a few have angular jagged edges.

Muscovite.— Muscovite is much more abundant than 
biotite, and the grains are larger than the surrounding
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quartz grains. Muscovite is present in both sandstones 
but is much more abundant in the Martin quartzite unit 
than in the Troy Sandstone. Unlike biotite, muscovite is 
present in the Martin sandy dolomicrite. The muscovite 
flakes are colorless to light brown in color and most of 
them show strong strain shadows. The muscovite seldom 
exhibits any rounding and usually has an angular outline. 
In few cases the muscovite showed some alteration to 
sericite. This is especially true for the muscovite which 
is present in the Martin quartzite.

Monazite

The monazite is scarce and is restricted to the 
Troy Sandstone. It is yellow to brown in color. The 
grains are sub-rounded.

Opaque Minerals

Opaque detrital minerals are abundant throughout 
the clastic section, but are much more abundant and better 
rounded at the contact zone between the Troy Sandstone and 
the Martin quartzite unit. These minerals, on the aver
age, are slightly smaller than the sand grains with which 
they are associated. The following species were recog
nized:

1. Magnetite
2. Ilmenite



3. Hematite
4. Limonite
3. Leucoxene

None of these mineral species are restricted to any 
particular formation or part of a formation hut are common 
to all the clastic section. The magnetite is usually sub
rounded. However, it is well rounded in the top three 
feet of the Troy Sandstone and the bottom foot of the 
Martin quartzite unit. Most of these rounded magnetite 
grains have a core of magnetite and a rim of hematite as 
an alteration product. This rim of hematite is not pres
ent around the magnetite grains above or below the contact 
zone except for an occasional grain in the middle part of 
the Troy Sandstone. Ilmenite is also more abundant at the 
Troy-Martin contact. Hematite, limonite and leucoxene are 
always present whenever magnetite and ilmenite are present.

Pyroxene (?) Group

Pyroxene minerals are scarce, extremely weathered 
and are limited to the Troy Sandstone. Because of the 
great alteration of the grains it was not possible to 
positively identify the minerals within the pyroxene 
group, but their greenish color, cleavage and alteration 
products suggest a pyroxene.
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Quartz

The different types of quartz and the inclusions 
within the quartz grains will he discussed in detail in 
the section on quartz-type analysis. Quartz comprises 
about 95 per cent of the Troy Sandstone, 90 per cent of 
the Martin quartzite unit and 40 per cent of the Martin 
sandy dolomicrite unit. Small chert fragments both white 
and gray in color, are present throughout the clastic 
section. The chert occurs as individual grains and in 
pebble aggregates. In few places small jasper fragments 
were recognized in the Martin clastic unit.

Eutile

Only a few grains of rutile were found in the 
clastic section. Eutile apparently is present only when 
ilmenite is abundant such as at the contact between the 
Troy Sandstone and the Martin quartzite unit. This may 
imply that the rutile is authigenic and is derived from 
the associated titanium bearing minerals. The rutile here 
is deep red to opaque. The grains are long, euhedral, 
prismatic crystals. In one place a grain was found 
showing geniculate twinning with angles of 68° between the 
two individuals.
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Sphene

Only two grains of sphene were recognized and 
these were both from the Martin quartzite unit. The abun
dance of authigenic anatase, which possibly was partly 
derived from sphene, may explain the scarcity of sphene.
The grains are dark brown in color, tiny diamond or wedge 
shaped and show virtually no rounding.

Tourmaline

Different varieties of tourmaline were recognized 
in both the Martin clastic unit and Troy Sandstone. Some 
varieties were more common in one section than another. 
These varieties separated on the basis of their pleochroism 
are:

1. Light brown to dark brown
2. Light blue to deep blue
3. Yellowish green to dark green
4. Dark green, non-pleochroic 
3* Pink to opaque, stubby.
6. Pink to opaque, long, slender and prismatic

Varieties 3 and 5 are more abundant in the Troy Sandstone, 
varieties 1 and 2 are more common in the Martin quartzite 
unit. Variety 6 is found only in the Martin sandy dolomi- 
crite unit. Variety 4- is common in all the clastic sec
tions.
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According to Krynine (1946, p. 68) variety 3 is 

characteristic of granites, variety 1 is of metamorphics 
(pegmatized) and 2 is of pegmatite and hydrothermal 
origin.

Host of the grains throughout the clastic section 
are rounded. A few grains of other varieties than variety 
6 are present in the Martin sandy dolomicrite. These 
tourmalines in the sandy dolomicrite are better rounded 
than the grains elsewhere in either Troy Sandstone or 
Martin quartzite. Some of the prismatic, less rounded 
grains occurring in the Martin quartzite unit still show 
vertical striations parallel to C-axis. Inclusions of 
regular and irregular types are common in all the tourma
line varieties.

Zircon

Zircon is by far the most abundant of the trans 
parent heavy minerals. It is found in different varie
ties, and some of the more important ones are:

1. Clear white.
2. Cloudy gray.
3. Light to dark brown.
4. Light to deep pink.
5. Zoned grains.
6. Crains with dark cores.
7. Combination of varieties 5 and 6.
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Variety 4 is restricted to the Martin elastics, and 
variety 6 is restricted to the Troy Sandstone. The latter 
is often of the brown, zoned variety. The smaller grains 
are mostly of the clear to gray types, and are common 
throughout the clastic section. Regular and irregular 
inclusions are common in all varieties. Zircon grains are 
more rounded in the Troy Sandstone than in the overlying 
Martin quartzite unit except that a few small zircons in 
the Troy show virtually no abrasion effects. Because of 
their small size they may have been better preserved while 
the larger crystals underwent more abrasion. However, 
these small, non-abraded euhedral crystals may be authi- 
genic. This difference in the degree of abrasion between 
the coarser and finer zircon grains also exists in the 
Martin quartzite unit. However, some of these small, 
euhedral zircons could have been derived from the small 
euhedral Troy Sandstone grains. The zircon grains present 
in the sandy dolomicrite portion of the Martin are more 
rounded than those zircon grains in either the Troy Sand
stone or the Martin quartzite unit.

Summary

Basically there is little difference in mineral 
species occurring in the Troy Sandstone and in the Martin 
clastic unit. The reasons may be that (1) they both had 
the same source rocks or (2) that the Martin clastic units



were derived from the Troy Sandstone or (3) most probably 
some of the more diagnostic less stable minerals that were 
derived from different source rocks were eliminated during 
weathering, transportation and reworking of the sediments, 
thus leaving both sandstones with only the more stable and 
common minerals such as zircon, tourmaline, rutile and 
micas. Therefore, varieties within mineral species may 
become very significant.

Some of the more significant differences in 
mineralogy between the Troy Sandstone and Martin clastic 
unit are summarized below:

1. Sphene and garnet are scarce and were diagnosed 
positively only in the Martin quartzite unit.

2. Biotite and muscovite are abundant in the Martin 
quartzite unit, especially in the top 50 feet.

3* The epidote-zoisite-clinozoisite group is more 
frequent in the Troy Sandstone.

4. The few grains of green biotite found are re
stricted to the Martin quartzite unit.

5« Amphibole (hornblende) is very scarce and occurs 
only in the pre-breccia portion of the Troy Sand
stone .

6. Pyroxene (?) was present but in an extremely 
altered form and only in the Troy Sandstone.
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7. Pink zircon occurs only in the Martin clastic unit. 
The ones with a dark core are limited to the Troy 
Sandstone.

8. Detrital calcite is restricted to the Martin 
clastic unit.

9. Monazite occurs only in the Troy Sandstone.
10. The green and pink varieties of tourmaline are

more abundant in the Troy Sandstone. The brown 
and blue varieties are more abundant in the Martin 
quartzite unit. The green prismatic, slender 
grains of tourmaline are restricted to the sandy 
dolomicrite portion of the Martin clastic unit.

There is some mineralogic difference between the 
pre-breccia portion of the Troy Sandstone and the rest of 
the Troy. The main mineralogic difference is the abun
dance of epidote-zoisite-clinozoisite in the pre-breccia 
unit as compared to the post-breccia unit of the Troy, and 
the presence of amphibole only in the pre-breccia unit of 
the Troy.



PETROGRAPHY

Grain Size

Method of Analysis

Since the conventional sieving method of mechani
cal size analysis could not be applied because of the 
highly indurated character of the elastics, thin section 
size analysis was employed.

The procedure advocated by Friedman (1957) was 
followed. The apparent long diameter of each grain was 
measured with the aid of a calibrated micrometer eyepiece. 
To ensure an unbiased measurement a point counter was 
used. The spacing between counts was predetermined, and 
regular traverses were made across the thin section making 
sure that over 80 per cent of the slide was covered and 
one hundred grains were counted. These measured values 
were then grouped into 0.25 phi (0) categories and their 
percentages were calculated. Cumulative curves were drawn 
using these percentages. From these curves the 5%S 16&, 
25th, 50&, 75& and 84-lb percentiles were read. The equiv
alent sieving values for these percentiles were determined 
using curves that were provided for that purpose by 
Friedman. The new values were then plotted as cumulative
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graphs. Only these final graphs are shown here. It is to 
he understood that the fraction smaller than 3«65 0 (0.08 
mm.), which is a very small percentage, was not considered. 
This fraction would have had scarcely any effect on the 
total frequency distribution, therefore, on the different 
percentile values.

Troy Sandstone

As shown in Table 2, and Figures 7b and 8b there is 
a concentration of fine grains in the 2.50-2.75 0 category 
in the Troy Sandstone rather than the normal uniform de
crease in percentage of the finer fractions. Friedman 
(1957) noted in his studies of thin sections that there is 
also a deviation from a straight line distribution in the 
finest grain size. This abnormal increase in fines in the 
Troy Sandstone may be due to a very late disaggregation of 
pebbles of fine grained aggregates that were carried as 
composite fragments along with the other single grain 
fractions; this late disaggregation contributed an abnor
mal amount to the fine fraction and the result is that the 
sand distribution does not fit the normal grain size dis
tribution of most clastic sediments.

Size analysis graphs and calculations of two 
representative samples of the Troy Sandstone are shown in 
Figures 7a, 7b; 8a, 8b. Figures 7a and 7b are that of the 
pre-breccia portion of the Troy and Figures 8a and 8b are
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Table 2.— Grain-size-distribution data from 
thin section analysis entered as a percent in 0.25 
phi intervals.

Samples:
5-6d = Pre-breccia Troy Sandstone
7- 8h = Post-breccia Troy Sandstone8- 9d = Martin quartzite unit
10-llb = Martin sandy dolomicrite unit
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TABLE 2

Phi Interval
Sample Number

5-6d 7-8h 8-9d 10-llb
-2.0 - -1.75 2
-1.75 - -1.50 4
—1.50 — -1.25 4
-1.25 - -1.00 4
—1•00 — -0.75 6
-0.75 - -0.50 6
—0.50 — -0.25 6 2
-0.25 - 0.00 6 6
0.00 - 0.25 8 80.25 - 0.50 18 80.50 - 0.75 4- 12 8
0.75 - 1.00 8 2 10 81.00 - 1.25 8 6 6 121.25 - 1.50 12 6 4 101.50 - 1.75 12 16 2 81.75 - 2.00 30 32 2 42.00 - 2.25 6 8 22.25 - 2.50 4 10 42.5O - 2.75 16 20 6
2.75 - 3.00 83.00 - 3.25 4
3.25 - 3.50 2



Fig. 7a.— Cumulative curve of size distribu
tion of the pre-breccia Troy sands.
Phi median = 0^q = 1.870 (0.28 mm)

Phi mean = ( 0 ^  + 016)/2 = = 1.940 (0.27)

Sigma phi = (084 - 016)/2 = = 0.560
moderately well sorted

Fig. 7b.— Histogram of Figure 7a
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Figtion of the 
Phi median =

Phi mean =

Sigma phi =

8a.— Cumulative curve of size distribu- 
post-breccia Troy sands.
= 05O = 2.100 (0.22mm)

0Q4 + 0 ^ ) /2 = + 1.60 _ 2.050 (0.24 mm)

(084 -  016) /2  = g = 0.450

well sorted

Fig. 8b.— Histogram of Figure 8a.
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those of the post-breccia portion. It is evident after 
examining the above curves and calculations that the aver
age grain size of the pre-breccia portion is slightly 
larger than that of the post-breccia portion of the Troy 
Sandstone.

The grain size of the Troy is considerably smaller 
than that of the Martin quartzite and sandy dolomicrite 
units.

Troy Breccia.— The lowermost four feet of the Troy 
Sandstone are overlain by one and a half feet of reddish 
brown to black breccia enclosed in a sand matrix. De
tailed microscopic study of the breccia shows it is of fine 
grained fissile iron oxide concentration of chips identical 
to the material of the fissile weathered top portion of the 
basalt. Some of these fragments are angular and others 
are less angular; they frequently are elongate and lie 
parallel to the bedding (Fig. 4). These fragments are from 
a fraction of an inch to two feet in diameter. Some of the 
larger fragments are not fissile but massive and more 
basalt-like. Sometimes this fine iron oxide concentrate 
material is absent and only dark red iron staining of the 
sands takes its place. This concentration of hematite 
staining is so great that in thin sections the slide is 
quite opaque except for where the sand grains occur. 
Microscopic examination of the boundary between the
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stained portion and the clean sand that surrounds it shows 
that this border is not as sharp as it looks to the naked 
eye but is wavy and jagged. Within the stained area occur 
normal quartz grains of size, shape and roundness similar 
to the enclosing unstained sands.

Martin Quartzite Unit

The Martin quartzite unit is more or less unimodal 
with part of the larger grains composed of composite 
quartz grains, and the less coarse grains composed of 
single quartz and few feldspar grains of varying sizes. 
Figures 9a and 9b show size analysis graphs and calcula
tions of a representative sample from the Martin quartzite 
unit. The average grain size is considerably larger than 
that of the Troy Sandstone.

The Martin Clastic Aggregates and Pebbles.— Some 
of the coarse fraction of the Martin clastic unit is 
composed of aggregates ranging in size from 1 to 12 mm. in 
diameter; some of the pebbles in the Martin quartzite are 
as large as 50 mm. in diameter. Thin section examination 
of these aggregates reveals them to be of the following 
different types:

1. Composite grains composed of two or more individ
uals with close optical orientation and strongly 
undulose extinction; often crenulated boundaries



fig
tion of the 
Phi median ■

Phi mean = 

Sigma phi =

9a.—  Cumulative curve of size distribu- 
Martin quartzite unit.
: 05O = 0.490 (0.72 mm)

:084 + 9l6)/2
'0.?8 mm)

1.1? * .C-0.79A . o.560

(0ĝ  - 016)/2 - 1,1? g - 0.970
Moderately sorted

Pig. 9b.— Histogram of Figure 9a.
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occur between the individuals and sometimes 
pulverized small grains are wedged between larger 
ones.

2. Composite grains made up of two or more individ
uals with differing optical orientation and 
straight to slightly undulose extinction, the 
individuals have normal straight boundaries.

3• Semi-composite grains composed of two or more 
individuals with very close optical orientation 
and straight to slightly undulose extinction; the 
contact between individuals is not as obvious as 
in type one and two above, but is distinct because 
the extinction shadow does not sweep smoothly 
across the whole grain but is interrupted by the 
border between the individuals.

4. Composite very fine grained chert having a mosaic 
texture with the grains having a sub-parallel 
optical orientation.

The pebble sized composite grains and aggregates 
are confined to the Martin quartzite unit. Essentially 
all individual grains of the aggregates are composed of 
quartz. In a very few places feldspar and mica were 
associated with the quartz. All the individuals within 
the aggregates fall within the limits of Wentworth's sand 
size, although the aggregate may be of pebble size. In
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the case of the chert aggregates they all fall within 
Wentworth's sand size limits and all the individuals 
within the aggregates are less than 20 microns (0.02 mm.) 
in size. The different varieties of quartz which compose 
these aggregates will be discussed in the section dealing 
with studies of the quartz types.

The pebble size grains are not all aggregates but 
a very small fraction of the pebbles is single grained. 
These large single grains are mostly quartz grains except 
in few places large feldspar grains are present. The 
pebble quartz grains are characterized by an elongate 
outline and a distinct wavy extinction shadow. Some of 
these quartz grains produced a biaxial rather than a 
uniaxial interference figure with a small 2 V of about 
5°. The large feldspar grains are partially sericitized 
around their margins except when the grains are fractured, 
then sericitization is also present inside the feldspar 
grain in the fractures.

Martin Sandy Dolomicrite Unit

In the sandy dolomicrite the clastic fraction, 
which is essentially composed of quartz, shows a bimodal 
character (Table 2; Fig. 10a, 10b). It consists of a 
larger, more rounded fraction and a distinctly smaller 
less rounded fraction. This clastic fraction is embedded



Fig. 10a.— Cumulative curve of size distribu
tion of the clastic portion of the sandy dolomicrite unit.
Phi median = 0^q - 1.310 (0.40 mm)

Phi mean = (0g^ + 0^g)/2 = = 1.500 (0.35 mm)

Sigma phi = (084 - 016)/2 = 2<1<? = 0.690
moderately well sorted

Fig. 10b.— Histogram of Figure 10a.
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in a dolomicrite groundmass. The average grain size of 
all quartz fall in between that of the Troy Sandstone and 
Martin quartzite unit.

Sphericity and Roundness

Thin sections were used for determining sphericity 
and roundness for the same reason that they were used for 
size analysis. Visual charts combining sphericity and 
roundness (Krumbein and Sloss, 1965i p. Ill) were used to 
estimate the parameters of the grains. The number of 
counts per thin section was limited to 50 since increasing 
the number of counts to 75 or even 100 did not appreciably 
effect the percentages of different sphericity and round
ness values of the grains. A point counter was used and 
the grains that showed a change over their original 
detrital properties due to fracturing, overgrowths were 
by-passed. The sphericity and roundness data obtained 
from the same four samples that were mentioned earlier in 
connection with size analysis are graphed in Figures 11, 
12, 15, 14, 15, 16, 17 and 18.

As dis cussed earlier, the clastic fraction of the 
sandy dolomicrite is bimodal, one part being composed of 
rounded coarse grains and the other part of angular and 
fine grains. Figures 14 and 18 show the sphericity and 
roundness graphs of only the coarser fraction. The finer
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Fig. 11.— Cumulative curve on probability paper of sphericity distribution of the pre-breccia Troy sands.
Median sphericity = &50 = 0.46
Mean sphericity = (X^ + X16)/2 = ° -72 ^ 0,28 = 0.50
Sphericity standard deviation = (Xg^ - X^g)/2 =

0.72 - 0.28
ss 0.22
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Median sphericity = ^50 = 0.54-
Mean sphericity = (Xg^ + X16)/2 = °»20 _ 0.45
Sphericity standard deviation » (Xg^ - X^g)/2 =

0.70 — 0.202

Fig. 12.— Cumulative curve on probability
paper of sphericity distribution of the post-
breccia Troy sands.

0.25
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Median sphericity = ^30 = 0.43
Mean sphericity = (Xg^ - X16)/2 = —"^7 | - 0.50

Sphericity standard deviation = (Xg^ - X^g)/2 =

Fig. 13.— Cumulative curve on probability
paper of sphericity distribution of the Martin
quartzite sands.

0.67 - 0.33
5 0.17
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Fig. 14.— Cumulative curve on probability paper of sphericity distribution of the elastics of 
the Martin sandy dolomicrite unit (only the larger 
fraction of the two clastic distributions is shown).
Median sphericity = = 0.62

Mean sphericity = (Xg^ + X^g)/2 = _ 0.55

Sphericity standard deviation = (Xg^ - X^g)/2 =
0.78 - 0.52 2 0.23



C
U

M
U

L
A

T
IV

E
 

P
E

R
C

E
N

T

PARTICLE SPHERICITY

FIGURE 14



Median roundness = % 0  = 0.37
Mean roundness = (Rg^ + R1g)/2 .« = O.37

Subrounded
Roundness standard deviation = (Rg^ - R-^gVR =

0.58 + 0.13g—

Fig. 15.— Cumulative curve on probability
paper of roundness distribution of the pre-breccia
Troy sands.

0.22
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Median roundness = ?50 = 0.55
Mean roundness = (Eq^ + 1^)72 = — °*^Q - 0.33

Subrounded
= (Egzj. - E^0)/2 =

Fig. 16.— Cumulative curve on probability
paper of roundness distribution of the post-brecciaTroy sands.

Roundness standard deviation
0.46 — 0.20 -----2----- 0.13
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Median roundness - ®50 = 0.22
Mean roundness = ( R ^  + R16)/2 = = 0.24

Subangular
Soundness standard deviation = (Rq^ - R^g)/2 =

0.35 - 0.13

Fig. 17.— Cumulative curve on probability
paper of roundness distribution of the Martin
quartzite sands.

0.11
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Median roundness = = 0.68
Mean roundness = (Eg^ + B16)/2 = —  Q-g- 0* ~  = 0.60

Rounded
Roundness standard deviation = (Rg^ - R^g)/2 =

0.80 — 0.40

Fig. 18.— emulative curve on probability
paper of roundness distribution of the elastics ofthe Martin sandy dolomicrite (only the larger
fraction of the two clastic distributions is shown).

0.20
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fraction shows the same sphericity and roundness values as 
those of the underlying Martin quartzite unit, hut this 
fraction gradually acquires a better degree of rounding 
higher in this sandy dolomicrite section.

The Martin sandy dolomicrite unit shows better 
rounding and higher sphericity of the sand grains than 
either Martin quartzite unit or the grains in the Troy 
Sandstone, and the grains of the Troy Sandstone in turn 
show better rounding and higher sphericity than do the 
grains of the Martin quartzite.

In general the average sphericity values of the 
grains throughout the clastic section examined at the 
Roosevelt Dam area are slightly higher than the round
ness values; when sphericity values are much higher than 
those of roundness (see Fig. 11 through 18), such as 0.9 
sphericity and 0.2 roundness (for the same grain), this 
may imply that these higher values of sphericity were 
inherent in the grains before they were put in the 
sedimentary cycle. Only a few instances of such a spread 
between sphericity and roundness were encountered.

55



56
Cement

Troy Sandstone

Throughout the Troy Sandstone the main cement is 
silica. The grains are cemented by a very fine mosaic of 
quartz granules rather than by silica in the form of 
chalcedony or opal. Often the interstitial voids are not 
completely filled, therefore, the Troy exhibits a certain 
degree of porosity and permeability which would not be 
expected in a quartzite. Overgrowths or secondary en
largements and intergrowths of the quartz grains are rare 
and were observed only in a few thin sections. According 
to Carrozi (I960) this type of rock is not very widespread 
but frequently grades into quartzitic sandstone in which 
overgrowths and intergrowths become prominent.

The source of the silica is conjectural. Silica 
may go into solution where two quartz grains are in 
pressure contact. There is a concurrent precipitation of 
the silica in some of the pores or areas of less pressure. 
This silica may be deposited as fine quartz or, more fre
quently in the form of an overgrowth or enlargement. Some 
of this precipitated silica can reach sizes similar to 
that of the surrounding detrital grains. It is possible
that this was the case for the cement found in the Troy 
Sandstone but the solution was not extensive enough to 
develop observable phenomena, although it was enough to



permit the cementation of the sands. This will be termed 
intraformational cementation.

Another possible source is the fine quartz frac
tion (Pye, 1944-) • These fine grains would go into solu
tion more rapidly than the coarser grains. Precipitation 
or deposition of this quartz may occur in pores or along 
the side of the grains or wherever pressure is reduced.
If this be the source of silica, it was deposited not as 
an enlargement on the existing grains but independently in 
the pores in the form of extremely small granules of 
silica cement. This is also termed intraformational 
cement.

There is no evidence to prove or disprove the 
presence of interformational cement, or cement introduced 
by migrating water into the formation from some outside 
source.

In places, iron oxide acts as a secondary cement. 
It is to be considered intraformational because its source 
is the alteration of iron bearing minerals present in the 
sediments and the precipitation of the iron oxide as a 
cement around the detrital fragments. However, with 
certain exceptions, notably in the post-breccia unit, the 
red color of the grains is due to iron oxide which coated 
the grains prior to their deposition.

The pre-breccia unit of the Troy Sandstone is 
slightly calcareous, but only in one place was the

57



calcareous cement recognized in the slides in the form of 
tiny gray rhombohedral crystals. Silica cement is also 
present in this part of the Troy Sandstone as in the post
breccia unit. It is believed, but was unable to be proved, 
that the calcareous cementation preceded the silica ce
mentation. Neither iron oxide coating around grains nor 
secondary iron oxide cement are found in the pre-breccia 
unit.

The clay minerals comprise about 5 per cent of the 
Troy Sandstone. Their amount is so small that they are 
not extensive enough to cement the sand or prevent the 
movement of solutions within the formation. Their main 
effect might be to plug some of the pores and thus re
stricting the penetration of migrating fluids which might 
bring about cementation.

Martin Quartzite Unit

Thin section study of the Martin quartzite unit 
reveals definite interlocking and suturing between grains. 
The interlocking of grains could be the result of either a 
complete intergrowth or of interpenetrations due to 
pressure solution. The interlocking of grains is more 
apparent where the quartz grains are virtually free from 
interstitial clay, moderately sorted and closely packed.

Overgrowths are seldom found and when present are 
limited to just a portion of the slide and only to the

58



59
larger grains. Some smaller grains are squeezed or 
fractured and lie between larger ones. Clay is present 
and occurs in two forms (1) as masses which may plug some 
of the pores but usually not enough to completely fill the 
pores and (2) as thin films around the sand grains. In 
the latter case, the overgrowths very often are separated 
partially from the quartz grain by the ring of clay that 
originally surrounded the grain before the deposition of 
the overgrowth. This overgrowth occurs in optical conti
nuity with the main quartz fragment. Overgrowths appar
ently are limited in areas where there is plugging of 
pores by the clays. Only when the pores were not com
pletely plugged so that the silica bearing solutions were 
free to move and where there was open pore space which 
could accommodate overgrowths are they found.

The silica of the overgrowth rims could have 
originated from the small, deformed or chatered grains 
intrapped and squeezed between the larger grains (intra- 
formational), or from introduced silica brought in by 
silica bearing solutions. The cement could even be of 
primary penecontemporaneous origin (Krynine, 194-1).

Although silica in the form of secondary quartz is 
the most common cementing material, in a few instances 
silica having a fibrous chalcednic structure was recog
nized
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A few horizons of the Martin quartzite unit are 

slightly calcareous because of lime cement, while others 
show a small amount of iron oxide cement. Both of these 
constitute minor cements which were introduced after the 
initial silica cementation since they fill around the 
quartz cement and sometimes corrode and partially replace 
the silica cement. An exception to this order occurs in 
a bed two feet thick at the base of the quartzite. Here, 
only carbonate cement occurred and there was no trace of 
silica cement.

Martin Sandy Dolomicrite Unit

In the sandy dolomicrite section the lower portion 
shows silica overgrowths over quartz grains that are in 
contact, while isolated quartz grains, at no time, showed 
any change over their original detrital characteristics. 
This could imply the intraformational derivation of the 
overgrowth silica such as pressure solution between those 
quartz grains in contact. If the silica were derived from 
outside, the isolated grains of quartz also should have; 
overgrowths. Also, since the dolomicrite is impermeable 
and shows no secondary porosity, this outside origin is 
very improbable.
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Nomenclature

In this paper the term quartzite is applied to 
those silica cemented sandstones with over 90 per cent of 
quartz and interlocking of the quartz grains in the form 
of overgrowths, intergrowths and interpenetrations. The 
term siliceous pure quartz sandstone is applied to those 
sandstones with over 90 per cent of quartz and the silica 
cement does not form overgrowths or intergrowths over the 
quartz grains.

Troy Sandstone

The mineralogy of the Troy Sandstone is that of a 
quartzite with over 90 per cent quartz, hut its fabric 
falls short of that of a real quartzite in that it has 
only a very few intergrowths and overgrowths. Therefore, 
the Troy Sandstone at Roosevelt Dam is herein called a 
sandstone. This sandstone is cemented by a fine mosaic of 
quartz granules. Carrozi (I960) defines such a rock as 
quartz-cemented pure quartz sandstone or a siliceous pure 
quartz sandstone. This type of sandstone normally is not 
very widespread but frequently grades into quartzitic 
sandstone in which overgrowths become prominent.

The major characteristics of the Troy Sandstone
are:
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1. It contains less than 5 per cent clay and over 90 

per cent quartz.
2. With the exception of the pre-breccia portion of 

the Troy Sandstone, the grains are subrounded, 
submature, moderately well sorted, fine grained 
and show virtually no overgrowths or intergrowths.

3. It is silica cemented by very fine mosaic quartz 
grains.

The degree of maturity of the sandstones is based 
on textural maturity, as outlined by Folk (1961). 
According to the above characteristics the Troy Sandstone 
at Roosevelt Dam is a fine, siliceous, pure quartz, sub
mature sandstone (Fig. 20).

The pre-breccia portion of the Troy is a medium, 
siliceous, pure quartz, submature sandstone (Fig. 19)•

Martin Quartzite Unit

The term quartzite is applied to the Martin sand
stone here since its mineralogy and fabric are that of a 
quartzite. The major characteristics of the Martin 
quartzite unit are:

1. It contains over 5 per cent clay and about 90 per 
cent quartz.

2. The quartz grains are subangular, immature, 
moderately sorted, coarse grained and show



Fig. 19.— Photomicrograph of the pre-breccia 
Troy Sandstone. No quartz overgrowths or inter- 
growths are present (crossed nicols, 20X).
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FIGURE 19



Fig. 20.— Photomicrograph of the post-breccia 
Troy Sandstone. Eo quartz overgrowths or inter
growths are present. Compare size of grains to those of the pre-breccia unit (Fig. 19) (crossed nicols, 20X).
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FIGURE 20



considerable overgrowths, intergrowths and inter
penetrations between adjacent grains.

3. It is silica cemented.

According to these characteristics the Martin 
quartzite unit is a coarse, siliceous, immature quartzite 
(Fig. 21).

Martin Sandy Dolomicrite Unit

According to Folk's (1961) definition, a clastic 
or terrigenous dolomicrite contains 10 to 50 per cent 
clastic material in a micritic dolomite groundmass. Since 
over 90 per cent of the clastic material is made up of 
sand size quartz grains, it is called a sandy dolomicrite 
(Fig. 22).

Determination of Provenance of the Quartz Grains 

Introductory Statement

Since conventional textural, mineralogies! and sim
ilar studies could not distinguish original rock types from 
which the quartz of the clastic section was derived, quartz 
type studies were employed (Pye, 1944-). In this method, 
varieties of quartz are examined in detail. Since quartz 
is the commonest mineral in these clastic rocks, and it 
readily carries the impression of its origin, a detailed
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Fig. 21.— Photomicrograph of the Martin quartzite unit. Note quartz overgrowth in which the detrital quartz is separated from its over
growth by a ring of iron oxide and a band of clay (sometimes the clay band is missing). In the 
center of the photograph is a composite quartz grain with one of the individuals in total extinc
tion and the boundary between the individuals is 
cremulated. Some smaller grains are wedged and 
deformed between larger quartz grains (crossed 
nicols, 20X).
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FIGURE 21



Fig. 22.— Photomicrograph of the. Martin 
sandy dolomicrite unit. Note the bimodal character 
of the quartz grains with one fraction larger and 
more rounded and the other smaller and more angular. 
The quartz grains are embedded in a dolomicritic 
ground mass (crossed nicols, 20X).
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FIGURE 22



study of it may be the key to the petrogenetic correla
tions and paleogeographic interpretations of these sands 
under study.

Mackie (1890) first classified the origin of 
quartz grains on the basis of their inclusions. Krynine 
(194-0, 194-6) also did extensive work on this subject 
basing his genetic classification on type of extinction, 
inclusions and grain shape. Tyler (1936) studied types of 
inclusions in quartz and his findings were similar to 
those reached earlier by Mackie. Others, such as Baily, 
Bell and Peng (1958) and Blatt and Christie (i960), have 
considered the significance of different quartz properties 
as basis for quartz type identification.

Method of Study

The empirical classification of quartz advocated 
by Folk (1961) was followed keeping in mind the genetic 
classification of Krynine (194-0). To a great extent the 
two are similar.

The quartz grains were microscopically examined to 
determine the type of inclusions, whether vacuoles or 
microlites or both. The type of extinction and the nature 
of the grain (single or composite) also was determined.
The data of every sample, obtained by following the above 
procedure, was separately entered in a table similar to 
that of Table 3* This data was then transferred to
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Table 3«— Example of the first step of quartz 
type classification of one sample based on types of extinction and inclusions in the quartz grains.
Explanation:
A = Single grain quartz with straight extinction 
a = Single grain quartz with slightly undulose extinc

tion0 = Single grain quartz with strongly undulose extinc
tion

D = Composite grain quartz; all individuals have nearly parallel orientation with straight to slightly 
undulose extinction

E = Composite grain quartz; individuals have different 
optical orientations, normal boundaries and straight to slightly undulose extinction.

F = Composite grain quartz; individuals have often
crenulated boundaries and strongly undulose extinc
tion

a = Abundant vacuoles in the quartz grain 
b = Few vacuoles plus microlites in the quartz grain 
c = Few vacuoles and no microlites in the quartz grain 
d = Microlites in the form of needles in the quartz 

grain
e = Ho vacuoles or microlites in the quartz grain



TABLE 3

Sample Number 8-9e 
Extinction Inclusion

Single Composite
A B C
X

X
X
X
X

X

X

D E E

X

X

X
X

a b o d e
XX

X
X
XX

X
X

X
X
X
X
XX
X

X
X
X
X

Remarks

Individuals with crenulated boundaries 
Vacuoles arranged in crossing planes

Vermicular chlorite inclusions

Replacement of quartz by sericite 
Apatite inclusions

Tourmaline inclusionsX X X
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another table similar to that of Table 4-. The values 
derived from Table 4 then were entered in Table 5 which 
includes the values of all the samples. Figure 23 graphi
cally shows the values of Table 5*

To determine the quartz type percentages as shown 
in Table 4 the writer used the graph developed by Folk 
(1961) showing the estimated provenance of quartz as based 
on type of extinction. Folk's graph also is accompanied 
by another graph showing the approximate types of inclu
sions for every particular type of rock. Since this 
accompanying graph showed only an approximation of the 
different types of inclusions, more precise numerical 
values of different types of inclusions for a certain type 
of rock were substituted. These numerical values were 
obtained from Tyler (1936). Tyler's numerical values 
based on percentage are reproduced in Table 6. According 
to this table primary granites show a ratio of vacuoles to 
microlites of 2:1, or twice as many vacuoles as microlites. 
The ratio for a granite gneiss is 3:1, or three times as 
many vacuoles as microlites. Schists show a ratio of about 
1:9, or nine times as many microlites as vacuoles. The 
paragneisses have values similar to those of schists.

Using the ratio of inclusions developed by Tyler 
(1936), as well as Folk's (1961) nature of grain (single or 
composite) and his type of extinction method, different 
quartz types were assigned to each quartz grain



Table 4.— Example of the second step of quartz type classification of one sample based on type of 
extinction and inclusion in the quartz grains. Quartz 
with straight and slightly undulose extinctions are 
grouped together. For explanation of letters see 
Table 3*



TABIiE 4

Sample Number 8-9e
Number

n-p
Inclusion

• Number of Grains 
& Type of Quartz

%  of Type 
of Quartz 
in RockExtinction

OX
Grains a b c d e

A
and
B

11
2

X X X X X X X X
X X X
X  X

13Plutonic 65

C 2 X X

2
Stretched
Metamorphic 10

D 1 X

1
Hydrothermal & 
Pegmatite 5

E 2 X X

2
Recrystallized
Metamorphic 10

F 2 X X

2
Stretched
Metamorphic 10

<3H



Table 5*— Example of the final quartz type 
percentage calculations, also the number of grains 
with straight and undulose extinction and the 
nature of the grain (single or composite) throughout the Troy Sandstone and Martin clastic unit.

Samples:
5-6d and 5-6e = pre-breccia Troy Sandstone7- 8a1 through ?-8j = post-breccia Troy Sandstone
8- 9a' through 9-10i = Martin quartzite unit
10-lla through 10-llc = Martin sandy dolomicrite unit

Explanation:
PI = Plutonic Hy = Hydrothermal 
Pe = Pegmatite Re = Recrystallized 
St = Stretched Me = Hetamorphic 
Stgt = Straight Ext = Extinction 
Und = Undulose
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TABLE 5

% Quartz Type No. of Quartz Grains

Sample
Number PI

Hy&
Pe

Re
Me

St
Me Single Composite

Stgt.
Ext.

Und.
Ext.

5-6d 95 0 0 5 20 0 19 1
5-6e 95 0 0 5 20 0 19 1
7-8a' 100 0 0 0 20 0 20 0
7-8a'' 90 10 0 0 18 2 20 0
7-8b 95 5 0 0 19 1 20 0
7-8c 90 10 0 0 18 2 20 0
7-8d 90 10 0 0 18 2 20 0
7-8e 95 5 0 0 19 1 20 0
7-8f 95 5 0 0 19 1 20 0
7-8g 95 5 0 0 19 1 20 0
7~8h 95 5 0 0 19 1 20 0
7-81 95 5 0 0 19 1 20 0
7-8j 95 5 0 0 19 1 20 0
8-9a' 95 0 0 5 20 0 19 1
8-9a'' 90 5 0 5 19 1 19 1
8-9a''’ 50 20 10 20 13 7 14 6
8-9b 60 0 10 50 16 4 12 8
8-9 c 45 10 5 40 13 7 11 98-9d 50 10 10 30 14 6 12 8
8-9e 65 5 10 20 15 5 14 6
8-9f 75 0 5 20 18 2 15 58-9s 45 0 15 40 14 6 9 11
8—9b 65 0 10 20 17 3 14 6
8-9 D 65 0 15 20 17 3 13 78-91 70 0 0 30 20 0 14 69-10a 70 0 5 25 16 4 14 69-10b 70 0 5 25 16 4 14 69-10c 25 0 5 70 17 3 5 159-10d 55 0 0 45 16 4 11 99-10e 55 0 5 40 15 5 11 99-10g 55 0 0 45 15 5 11 99-10h 55 0 15 30 14 6 11 99-10i 75 0 5 20 17 3 15 510-lla 60 0 5 35 16 4 12 810-llb 55 0 0 45 17 3 11 910-llc 70 0 5 25 16 4 14 6



Fig. 23•— The values from Table 5 of all the 
samples are graphically shown. The change in type 
of quartz is evident and a dashed line is drawn 
through the points of most obvious changes. This 
also coincides with the different units of the 
stratigraphic column.

A = Pre-breccia Troy Sandstone 
B = Post-breccia Troy Sandstone 
G = Martin quartzite unit 
D = Martin sandy dolomicrite unit
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Composite Grain
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Hydrothermal
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Table 6.— Percentages of different types of 
inclusions in different types of rocks (after Tyler. 
1936).
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TABLE 6

Type of Bock
Type of Inclusions in %

Acicular Vacuoles Microlites
Red Granite 0 97 3
Gray Granite 0 68 32
Granite Porphyry 4- 65 31
Granite Phase of Gneiss 3 74- 25
Schistose Phase of Gneiss 0 88 12
Vishnu Schist 0 8 92
Schist 0 0 100
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examined. The frequency of each quartz type was then 
entered as a percentage. Figure 23 is a multiple graph 
with each curve covering the entire clastic section. The 
first curve shows the percentages of different types of 
quartz, the second curve shows the percentages of single 
and composite grains and the third curve shows the per
centage of types of extinction. In the latter curve 
grains with straight and slightly undulose extinction were 
grouped into one category.

It must be kept in mind that these percentages of 
quartz types are approximates. This always will be the 
case since the different criteria according to which these 
different quartz types are assigned to a particular 
provenance are not clear-cut but are more typical of one 
type of rock than another, with some overlapping. There
fore, general terms were used to describe quartz types. 
These general terms are:

1. Plutonic quartz derived from granites.
2<> Granite-gneiss quartz derived from primary 

gneisses.
3. Stretched or sheared metamorphic quartz or any 

metamorphosed and stretched quartz grains. 
Recrystallized metamorphic quartz formed under 
intensive but non-shearing stresses.

4.
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To illustrate the method used for quartz type 

classification, assume that ten single quartz grains show 
a straight to slightly undulose extinction, seven of these 
grains have a few vocules and three have microlites. This 
would give a ratio of vocules to microlites of about 2:1. 
According to their type of extinction and type of grain 
(single or composite), this material was probably derived 
from plutonic or schist rocks. However, the origin is 
more accurately assigned to a plutonic origin on the basis 
or ratio of vocules to microlites. More than one criteria 
serve to eliminate some possibilities and narrow the 
choice down to one quartz type.

No distinction was made between metamorphic grains 
of igneous origin and those of sedimentary origin. But 
during the course of study, in a few instances, it was 
possible to distinguish between the two types, such as the 
mosaic metaquartzite of sedimentary origin.

Results of Grain Analysis

The Troy Sandstone is composed of fragments 
derived essentially from plutonic granite or granite 
gneisses in the form of single quartz grains and a very 
small percentage of composite grains derived from vein 
quartz. The pre-breccia portion of the Troy contains some 
stretched metamorphic quartz grains which are completely 
absent in the post-breccia Troy.
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The Martin quartzite and sandy dolomicrite units 

are composed of grains showing more varied quartz types. 
About 60 per cent of the fragments are single grains of 
plutonic origin and about 4-0 per cent are of stretched and 
recrystallized metamorphic. Most of the metamorphic 
quartz grains are composite in character. Vein quartz is 
limited to the bottom 20 feet or so of the Martin quartzite 
unit.

Blatt and Christie (I960) conclude that (1) the 
type of extinction of quartz grains is not significant in 
provenance studies of sedimentary rocks, (2) that quartz 
showing non-undulatory extinction is uncommon in plutonic 
igneous rocks, schists and gneisses and (3) that minera- 
logically immature clastic sedimentary rocks contain a low 
percentage of quartz with non-undulatory extinction. They 
further conclude, that mineralogically mature sediments 
have a high percentage of quartz with non-undulatory 
extinction, and that quartz with undulatory extinction 
appears to be destroyed selectively by both mechanical and 
chemical agencies during the successive sedimentary cycles. 
This results in a concentration of quartz with non- 
undulatory extinction. The polycrystalline grains are 
also selectively destroyed with the advancement of the 
sedimentary cycle.

In the Roosevelt Dam area, the relationships 
concluded by Blatt and Christie with regard to type of
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extinction in quartz, do not always hold. The very well 
rounded quartz grains of the Martin sandy dolomicrite unit 
have survived many cycles of erosion or a long period of 
winowing. The sandy dolomicrite contains as many, if not 
more, quartz grains with undulatory extinction as are 
found in the angular ill-sorted Martin quartzite unit. 
Further, the finer, more angular of the bimodal clastic 
fraction of the sandy dolomicrite shows less undulatory 
quartz than the larger well rounded quartz fraction. The 
possibility of post-depositional strain-shadows is elimi
nated since much more or all the quartz in both the Troy 
Sandstone and Martin clastic unit then should show 
undulatory extinction. On the other hand, the Troy Sand
stone, which is texturally and mineralogically more 
mature than the Martin quartzite unit, has much less 
undulatory quartz than that found in the Martin quartzite. 
This latter finding agrees with the conclusions of Blatt 
and Christie in regard to quartz extinction and sediments 
maturity.

In the Roosevelt Dam clastic section, the poly
crystalline aggregates are composed entirely of metamor- 
phic and hydrothermal quartz types. Each pebble or 
aggregate is made up of a number of individual grains 
strongly welded together. These aggregates, both pebble 
and sand size, are well rounded and have survived a 
rigorous weathering, erosional, depositional and
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post-depositional history. The aggregates are found as 
abundantly with the well rounded quartz grains of the 
sandy dolomicrite, as with the more angular, less reworked 
sediments of the Martin quartzite unit, but the coarse 
pebble sizes are present only in the quartzite. These 
polycrystalline aggregates have survived as much weather
ing and transportation as the single grains which accom
pany them. The selective elimination of the polycrystal
line quartz grains depends on the rock type of their 
origin. Quartz aggregates derived from sedimentary or 
igneous rocks will be destroyed much earlier in the 
sedimentary cycle, while those metamorphic aggregates 
with their individuals highly welded together, such as in 
the elastics in the Roosevelt Dam area, are as resistant 
to destruction as the single grains.

It is believed that the hard composite quartz 
grains were rock fragments larger in size than the single 
smaller grains which they accompany, but due to their 
larger size they were reduced in size faster than the 
smaller single grains until they were about the same size 
as those of the smaller single ones; from here on the 
degree of abrasion which both types suffered was the same. 
This is evident in the Martin sandy dolomicrite unit that 
contains, in the coarser clastic fraction, very well 
rounded composite quartz grains equal in size, rounding 
and hardness to the single grains. A fine sandstone may



not show composite grains, not because originally there 
never were any or because they were eliminated, but 
possibly these aggregates, which are made up of many 
individuals welded together, were gradually reduced in 
size without being disaggregated, finally, only one of 
the many individuals that made up the aggregate was left 
while the other individuals in the same aggregate that 
surrounded it were removed gradually by abrasion.



PETROGEHESIS AND HISTORY

Following deposition of the Mescal Limestone, a 
basalt flow locally covered its exposed surface. The 
Mescal Limestone was indurated and probably above sea 
level since the basalt shows no evidence of being a sub
marine flow. Deep weathering of the basalt followed.

Troy Sandstone

The advancing Troy seas covered the eroded and 
weathered Mescal Limestone and basalt. In these seas the 
lower pre-breccia sands were deposited on this basalt 
surface.

Sedimentation then ceased and these pre-breccia 
sands were removed by erosion or were scoured away down 
to the basalt except locally such as along the north and 
south walls of the canyon in the Roosevelt Dam area where 
a few feet of it was preserved. The result is a slight 
angular unconformity at the top of the pre-breccia sands 
and below the breccia which separates these lower few 
feet of Troy Sandstone from the balance of the Troy.

Again sedimentation was resumed. Streams and 
wave action brought in the platy fragments and angular 
boulders of the now exposed and weathered basalt and
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deposited them and the sands in a form of breccia on the 
residual remaining four feet of the earlier deposited 
sediments. The area that contributed this weathered 
basalt material must have been close to the Roosevelt Dam 
area where the fragments were deposited since most of the 
weathered basalt fragments are not well indurated and 
could not have resisted long distances of transportation. 
This local character is supported by the fact that along 
the south wall at the canyon only a quarter of a mile away 
the pre-breccia sandstone unit is only about two feet 
thick as compared to the four feet along the north wall, 
and the individual breccia fragments overlying these two 
feet of sandstone are considerably larger at the southern 
exposure than at the northern one. This might imply the 
derivation of the post-breccia Troy sands from a source 
area roughly south of the Roosevelt Dam area. Those basal 
pre-breccia sandstones of the earlier cycle that survived 
the post depositional erosion, increase in thickness 
northward, and the weathered basalt fragments decrease in 
size in the same direction. A short distance south of the 
dam area it is possible that the pre-breccia sandstones of 
the first cycle of deposition are not present because of 
their complete removal by erosion, and those sandstones of 
the second cycle are in contact with the weathered surface 
of the basalt or even the Mescal Limestone.
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As was explained earlier on page 40, the fissile 

iron oxide concentrate that compose the fragments in the 
one and a half feet of breccia is sometimes absent and only- 
dark iron staining of the sands takes its place. It was 
also noted that microscopic examination of the boundary be
tween the stained portion and the "clean” sand that sur
rounds it shows that this border is not as sharp as it looks 
to the naked eye but is wavy and jagged. These stained sands 
can be explained as having had a small fragment of this iron 
oxide concentrate deposited parallel to the bedding, as is 
characteristic of the rest of the fragments in the breccia 
zone, due to their platy character. Water moving in a 
direction parallel to the bedding diffused this small 
fragment in the direction parallel to the bedding. There 
was very little diffusion across the bedding since perme
ability is least in that direction. The final result is 
a stained portion of sandstone whose largest diameter is 
parallel to bedding, and which gives an optical illusion 
of being an oblate, drawn out fragment in the sand.

Quartz grain analyses indicate that most of the 
Troy Sandstone has been derived from plutonic sources such 
as granite batholiths or granite-gneisses; a small per
centage of the pre-breccia quartz came from a stretched 
metamorphic source and a small percentage of the post
breccia quartz came from a vein quartz source. Precam- 
brian granite and metamorphic rocks are abundant. These
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granites are also known to have been invaded by a number 
of white quartz veins. The textural properties of the 
quartz grains and the presence of detrital chert of gray 
color throughout the Troy Sandstone imply the derivation 
of the Troy sediments from older sediments which in turn 
were derived from plutonic* gneissic and vein quartz 
sources. Some of these older sediments were limestones 
or dolomites, probably the Mescal Limestone, from which 
the gray chert was derived. The abundant epidote and the 
few grains of pyroxene and amphibole which would not sur
vive more than one cycle of erosion were probably derived 
locally from the alterations of the ferromagnesian min
erals in the basalt (Moorhouse, 1959)• Thin section 
examination of the basalt reveals the presence of epidote 
and pyroxene as part of its mineralogy. These locally 
derived, single cycle grains of epidote, pyroxene and 
amphibole were deposited with the multi-cycled grains 
throughout the Troy Sandstone. The abundance of the 
opaque minerals can be attributed partly to a basalt 
origin.

Throughout the Troy Sandstone the main cement is 
silica. The pre-breccia portion of the Troy is also very 
slightly calcareous with the carbonate occurring in the 
form of cement. The post-breccia portion of the Troy 
contains in addition to the silica cement a slight local 
secondary ferruginous cement that was formed by the
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alteration of the iron bearing opaque minerals which are 
abundant in the Troy Sandstone. No proof as to the para- 
genesis of these cements was found but it is believed that 
the carbonate cement preceded the silica cement since both 
the pre-breccia and post-breccia portions of the Troy are 
silica cemented, but only the pre-breccia portion contains 
some calcareous cement. The carbonate cement in the pre- 
breccia portion was the original cement and formed before 
the post-breccia sands were even deposited. After the 
post-breccia Troy sands were deposited silica bearing 
solutions cemented both the post-and pre-breccian portions 
of the Troy. The nature of the silica cement throughout 
the Troy is the same, and occurs as a tiny mosaic of 
quartz granules. This suggests the cementation of the 
entire Troy section by silica all at one time. There is 
no evidence that the silica cement replaced the carbonate 
cement in the pre-breccia portion or vise versa, but if 
the carbonate cement came after the silica cement then 
both portions of the Troy Sandstone might be expected to 
be calcareous. The iron oxide cement in the post-breccia 
portion of the Troy came later and when present is 
deposited over the silica cement.

The uppermost few feet of the Troy Sandstone lying 
immediately below the contact with the Martin quartzite 
unit, has a high concentrate of all types of opaque min
erals, and especially very well rounded magnetite. Some
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of the magnetite has a hematite alteration ring around the 
magnetite core implying the weathering of the grain and 
oxidation occurring in this upper Troy zone. This hema
tite coating is generally absent on the magnetite grains 
occurring lower in the section which were not as deeply 
weathered. Also the magnetite grains are not as rounded 
lower in the section. This weathering probably occurred 
during the post-Troy-pre-Devonian erosion interval.

Martin Quartzite Unit

The Martin elastics were deposited first by the 
Devonian transgressing seas over a land surface of low 
relief, but streams had enough energy to carry some 
coarse pebbles. Shifting currents developed sand and 
shale interbeds. Gradually sand deposition was replaced 
by carbonates and they covered all the older elastics.

As indicated earlier no fossils that can be used 
to date the sediments as Devonian have been found in the 
quartzite but stratigraphically it is assigned a Devonian 
age on the basis of (1) the unconformity at its base and 
(2) the gradation upward at its top into definite Devonian 
beds.

The Martin quartzite unit has been derived at 
least in part from different sources than the Troy Sand
stone. Quartz grain analysis indicates that the major 
part of the sand grains are of a plutonic source, but 40



per cent of the grains came from stretched and recrystal
lized metamorphic terrain. Vein quartz seems to he absent 
except in the basal 20 feet. Some of the major differ
ences between the Martin quartzite unit and the Troy 
Sandstone are:

1. There are some mineralogical differences.
2. The Martin quartzite unit carries a higher per

centage of clay.
3. The Martin quartzite has more varieties of quartz 

especially those of recrystallized and metamorphic 
sources.

4. The Martin sandstone is a quartzite while the Troy 
is not.

5. The grain size of the Martin quartzite unit is 
considerably larger than the Troy Sandstone.

6. The grains of the Martin quartzite unit are less 
rounded than the Troy.

7. The Martin quartzite unit has a considerable per
centage of quartz pebbles and aggregates while the 
Troy Sandstone is essentially devoid of pebbles.

Because of the above differences between the Troy 
Sandstone and Martin clastic unit it is improbable that 
the Martin quartzite unit could have been derived from the 
Troy as suggested by Shride (1961) and Conrad (1964-).
Yet, it is possible that some of the finer fraction of
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the Martin was derived from the Troy Sandstone for two 
reasons;

1. The finer fraction in the Martin quartzite unit 
tends to be of the plutonic type quartz which also 
makes up about 90 per cent of the Troy Sandstone 
and is of about the same grain size as the Troy.

2. At one location a rock fragment 4 mm. in diameter 
that was identical to the Troy Sandstone in every 
respect was found in the Martin quartzite unit.

It is believed that the Martin quartzite unit was 
not derived from other older sediments since the texture 
is not that of a rock derived from older sediments. How
ever, there are a few factors that suggest a partial 
derivation from older sediments , such as the rounded 
pebbles and small grains of detrital chert. The few 
small chert grains present could have been derived from 
the Troy Sandstone or from the Mescal limestone. The 
rounded pebbles are often assumed to represent more than 
one cycle of erosion but because of their size they 
received more abrasion and rounding than the smaller 
grains they accompanied thus giving the false impression 
of having gone through more than one cycle of erosion.

Thin section examination of some of the quartz 
overgrowths shows that often the detrital quartz grain 
is separated from its overgrowth by a band of iron oxide
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and then by a band of clay. The clay band is then fol
lowed by the quartz overgrowth (Fig. 21). Sometimes the 
middle clay band is not present but the iron oxide band is 
always present. These relationships imply that the quartz 
grains were coated with a film of iron oxide before these 
grains were deposited. This suggests its derivation from 
perhaps older red bed sequence of sediments or a laterite 
type of soil.

Martin Sandy Dolomicrite Unit

The quartz grains in the Martin sandy dolomicrite 
unit show that they are similar to the quartz types of the 
Martin quartzite unit, and are plutonic as well as 
stretched and recrystallized metamorphic quartz types. 
Therefore, it is possible that all the Martin elastics, of 
both the quartzite and sandy dolomicrite units, were 
derived from the same source area.

The sandy dolomicrite is composed of a combination 
of clastic (essentially quartz grains) and non-clastic 
(carbonate) material. The clastic portion is bimodal and 
the non-clastic portion is a fine micritic dolomite which 
serves as the ground mass for the quartz grains. This may 
represent a "Textural Inversion" (Folk, 1961).

The changing depositional environment from near 
shore to a clear marine' carbonate environment is shown by 
a gradual change from the base of the dolomicrite upward.
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The grains "become more spherical, better rounded and 
sorting improves. On the other hand the percentage of 
feldspar and detrital calcite decreases as does the size of 
the sand grains. Conversely the percentage of the dolo- 
micrite increases.

The presence of dolomicrite and the two different 
clastic fractions mixed together suggests the mixing of 
the products of three energy levels. Uonrad (1964) 
suggested that this could indicate the mixing of two 
environments in which sands from a barrier island or from 
a beach are blown into a quiet warm water in which carbon
ates are being deposited. However, with the clastic frac
tion being partly composed of larger more rounded grains 
and partly of smaller more angular grains, two different 
sources must have contributed these elastics.

At the base of the Martin sandy dolomicrite unit 
where the quartz grains are more abundant a number of the 
quartz grains are in contact with each other and a number 
of quartz overgrowths are seen in thin sections. Since 
the amount of dolomicrite gradually increases over the 
clastic portion until it is essentially a pure dolomite, 
the quartz grains are separated more and more by carbonates 
until they are no longer in contact, and no quartz over
growths are present. It is essentially a gradual change 
from the calcareous sandstone environment of the Martin



sandy dolomicrite unit to the arenaceous dolomite and 
finally to the carbonate environment of the Martin car
bonate unit.



CONCLUSION

The following conclusions are reached with regard 
to the Troy Sandstone and Martin clastic unit and their 
relationships at the tioosevelt Dam area.

1. The Troy Sandstone is of Late Younger PreCambrian 
age and was largely derived from older sediments 
which were originally derived essentially from 
Plutonic sources.

2. The sediments show evidence of more than one 
erosional-depositional cycle.

5. The Martin clastic unit of Devonian age was 
deposited on a land surface of low relief which 
resulted from a prolonged pre-Martin period of 
erosion.

4. The Martin elastics were deposited on virtually 
flat lying Troy Sandstone beds.

5* The Martin clastic unit is composed of an under
lying quartzite unit and an overlying sandy dolo- 
micrite unit.

6. The sediments of the Martin quartzite unit appear 
to have a single cycle characteristic and are 
principally derived from plutonic and metamorphic 
terrains.
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7* The Martin quartzite unit grades upward into a

sandy dolomicrite which in turn grades into a pure 
dolomite.

8. The cement throughout the Troy Sandstone and 
Martin quartzite unit is essentially silica.

9. The Troy Sandstone and the Martin clastic unit are 
different in texture, mineralogy, degree of 
maturity and source of derivation of sediments.

10. The Martin elastics were not derived from the Troy
Sandstone with the possible exception of some of
the fine fractions of the Martin elastics.
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