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ABSTRACT
PROVENANCE AND TECTONIC INFERENCES CONCERNING

THE KEWEENAWAN INTERFLOW SEDIMENTS OF
THE LAKE SUPERIOR REGION

By
George P. Merk

The Keweenawan geology of the Lake Superior basin is
significant because of the great thickness and lateral
extent of the extrusive rocks it contains, the composition-
ally immature red beds which are intercalated with and
overlie the flows, and the fact that this basin forms a part
of a major tectonic feature of North America. The Keweenawan
accumulation also invites speculation as to the structural
relationship between the volcanic pile and the surrounding
borderland.

In order to determine the structural and physiographic
background of Keweenawan events in the Lake Superior basin
‘and the relationship between the volcanic accumulation and
the surrounding borderland during the Keweenawan time, this
-study concentrated upon the sediments intercalated with the
flows as that portion of the sequence uniquely capable of

carrying such information.
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George P. Merk

Representative interflow sedimentary rock samples were
collected from the Keweenawan sections exposed on the
Keweenawan Peninsula, Michigan; Mamainse Point, Ontario;
and the Minnesota shore région of Lake Superior. The results
of this petrographic study coupled with the work of others
indicates that much of the Keweenawan sediments were derived
from local tectonic highs which were mantled by Keweenawan
volcanics. Therefore, the area covered by Keweenawan vol-
canics was probably much more extensive than that indicated
from present outcrops. The general tectonic pattern for the
Keweenawan is then one of local positive and negative
tectonic instability coupled with volcanism. At least three
local areas of uplifts can be discerned from the sedimentary
record.

Although a rift valley hypothesis cannot be totally
disproven, inferred structural relationships in the outcrop
region during at least lower and middle Keweenawan time do

not support such a conclusion.
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CHAPTER I

INTRODUCTION

The Keweenawan geology of the Lake Superior basin is
significant because of the great thickness and lateral
extent of the extrusive rocks it contains, the composition-
ally immature red beds which are intercalated with and
overlie the flows, and the fact that this basin forms a part
of a major, linear, tectonic feature of North America, which
shows many characteristics similar to those of continental
rift zones. The Keweenawan basalt accumulation is now in
the center of the continent and may be the oldest such
plateau basalt known in the geologic record. It differs from
other such accumulations which tend to be marginal to the
continent.

The Keweenawan accumulation is of much interest because
of the current attention to continental structure and the
relationship between the crust and the underlying mantle,

Of particular interest is the structurel relationship between
the Keweenawan volcanic accumulation and the surrounding
borderland.

Even though the structural relationship between the

basalt and the borderland is of great interest, most studies
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of the Keweenawan have concentrated on the stratigraphy,
petrology, and the geochemistry of the volcanic rocks.

These studies serve to shed light on a time scale for these
rocks and present evidence on the origin and differentiation
of the parent silicate melt. However, the only portion of
this sequence which carries evidence of a contempory border-
land is the sediments intercalated with the flows.

Some examination of the interflow sediments has already
been performed; i.e., Lane (1911); Butler, Burbank et al.
(1929) ; Sandberg (1938); Grogan (1940) Tyler, Marsden, Grout,
Thiel (1940); Thomson (1955); White (1957, 1960, 1967):

Hite (1968); and Hubbard (1968). However, to my knowledge,
no attempt has been made to examine the interflow sediments
on a unified basis all around the Lake Superior basin.

This report describes the result of such a detailed
examination and is integrated with studies already performed.
From these results, an attempt to deduce the passive and
dynamic relationship between the volcanic rocks and the

bordering uplands and basins has been made.

Objectives of This Study

A comprehensive study was made of the Keweenawan inter-
flow sediments, especially the sandy phases, in each of the
three major Keweenawan outcrop areas around Lake Superior.
The areas studied were at Mamainse Point in Ontario, the

Keweenaw Peninsula of Michigan, and the North-west Shore



sC

ve

gr

PO

be

ou



area of Minnesota and Ontario. The objectives of this study
were to:

1. determine the degree of contribution of local
sources to the sediment;

2. determine the degree of compoesitional variation
vertically and laterally within each area;

3. determine the structural and physiographic back-
ground of events in each of the three major
Keweenawan outcrop areas, and

4. if possible, build models showing the range in
potential stratigraphic and tectonic relationships
between these three now isolated major Keweenawan

outcrop areas.

Methods Used in This Study

The purpose of this study was to compare Keweenawan
outcrops within each area and then compare and contrast the
three Keweenawan outcrop areas. Outcrops and cores were
randomly sampled to obtain representative sand samples show-
ing the range of variability present. Approximately 800
such samples were collected to include (l) possible clasts of
pre-Keweenawan source rocks and (2) the textural and compo-
sitional range present in the interflow sediments. The
interflow sediments present on the Keweenawan Peninsula were

sampled from both core and outcrop collections, whereas the
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samples collected from the North Shore Volcanic and Mamainse
Point series were taken solely from outcrops.

The collected samples were studied in hand specimen by
binocular microscope and over 252 were also examined in
thin section. The thin sections were stained according to
Bailey and Stevens' (1960) technique to facilitate feldspar
recognization and discrimination. The modes of the sand-
stone were determined in thin section by point-counter
technique. At least two hundred grains per thin section were
counted in traverses parallel to the bedding within homo-
genous structural units. The composition of the conglomer-
ates was determined at the outcrop by point counting selected
zones within conglomeratic units. At least 100 point counts
per site were made. The identities of certain problematical
pebbles were determined by subsequent binocular microscope

or thin section study.
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CHAPTER II

GENERAL GEOLOGY OF KEWEENAWAN SEQUENCE
OF LAKE SUPERIOR REGION

Structurally, the Keweenawan rocks form a large syncline
now occupied by most of Lake Superior itself (Figure 1).
Exposures of Keweenawan rocks are primarily confined to the
margins of the lake, where dips range from only a few degrees

up to vertical.

Lower Keweenawan Rocks

Keweenawan rocks in the Lake Superior area may be sub-
divided into three lithologic divisions (Table 1l). Sedimen-
tary rocks lying between the Animikean and the earliest
Keweenawan lava flows are referred to as lower Keweenawan
in age. Their time equivalence around Lake Superior has not
necessarily been established. The lower Keweenawan attains
its maximum development on the Sibley Peninsula where it
consists of sandstones, marls, and shales. The sequence
thins southwestward to form only a thin conglomeratic sand-
stone near Duluth, called the Puckwunge formation (Table 1).
Other sediments thought to be lower Keweenawan are the

Bessemer formation east of Mellen in Wisconsin and Michigan,
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the Barron quartzite in northern Wisconsin and the Sioux
formation in southwestern Minnesota.

These sediments are conformably overlain locally by
lava flow sequences whose age, based upon a reversed mag-
netic polarization for both the sediments and volcanics, is
thought to be lower Keweenawan. Examples of such lava
sequences overlying sedimentary rocks are the Sibley-Osler
Series on the north limb of the Lake Superior syncline, the
Puckwunge-Grand Portage Series and the Puckwunge-Nopeming
Series at the north and south end, respectively, of the
North Shore Volcanic Group in Minnesota, And on the south
limb of the Lake Superior basin, a similar situation occurs
between the Bessemer Sandstone-South Range Lava Series in
Michigan and the Bessemer Sandstone-Mellen and Hurley Lavas
in Wisconsin (Table 1). On the east limb of the syncline,
however, lower Keweenawan lava flows rest unconformably on
pre-Keweenawan crystalline rocks at Mamainse Point, Alona

Bay, and Cape Gargantua.

The Middle Keweenawan Rocks

The middle Keweenawan is made up of a thick succession
of mafic lavas, with lesser amounts of felsic rocks and
interflow sediments. Rhyolite occurs as both flows and small
intrusive bodies. Prominent exposures of middle Keweenawan

rocks are found along the Minnesota shore of Lake Superior,
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10

in east central Minnesota, on the Keweenaw Peninsula, in
Northern Wisconsin, and at Mpamainse Point in Ontario.
In addition, middle Keweenawan rocks form Michipicoten

Island and most of Isle Royale.

The Upper Keweenawan Rocks

The upper Keweenawan sequence consists predominantly
of sandstones and conglomerates overlain by sandstones and
shales. Upper Keweenawan rocks are extensively exposed on
the Keweenawan Peninsula, in Northern Wisconsin, and on
Isle Royale, and possibly along the east shore of Lake

Superior.

Keweenawan Intrusive Rocks

Keweenawan intrusives are widespread and abundant in
the areas marginal to Lake Superior. The location of these
intrusives bodies marginal to the Lake Superior syncline, the
exposed Keweenawan lava flows, and the interflow sediments
is significant. These intrusives represent not only potential
feeder systems for the flows, but could also indicate the site
of borderlands which shed detritus in times of volcanic
guiescence.

The largest intrusive in the Lake Superior area is the
Duluth gabbro complex which intrudes the lower and middle
Keweenawan rocks in Minnesota. Other mafic sills, dikes, and

irregular bodies known collectively as the Logan intrusives
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11

also intrude middle Précambrian and Keweenawan rocks along
the northwest shore of the lake from Duluth to Schreiber.
Another complex of gabbro and granophyre rocks intrudes

the Keweenawan volcanics in the Mellen area of Wisconsin.
Rhyolete intrusive bodies are present throughout northern
portion of the Keweenawan Peninsula. The largest of these

is Mount Bohemia, an intrusive complex consisting of grano-
phyre and syenodiorite. A large syenite complex at Coldwell
on the north shore is also thought to be Keweenawan in age on
the basis of radiometric studies. Diabase dike swarms,
mostly thought to be lower Keweenawan in age, are also abun-
dant in areas marginal to the lake. These swarms are
especially abundant along the northwest shore near Pigeon
Point, the east shore from Schreiber to Mamainse Point; along
the south shore in the Huron Mountains, near Lake Gogebic,

near Marquette; and also along the north shore of Lake Huron.
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CHAPTER III

THE KEWEENAWAN GEOLOGY OF THE EAST SHORE
REGION OF LAKE SUPERIOR

Several isolated volcanic sequences, Keweenawan in
age, occur on the east shore of Lake Superior (Figure 2).
Recent radiometric data indicates that the ages of these
isolated outcrops fall within the same range as other radio-
metrically derived dates for lower and middle Keweenawan
rocks elsewhere around Lake Superior. Paleomagnetic studies
also indicate that magnetic divisions within these isolated
Keweenawan sequences permit the various sequences to be
correlated on the basis of magnetic polarity.

Although the Lake Superior shore between Schreiber,
Ontario and Sault Ste Marie, Ontario is formed largely of
Lo&er Precambrian rocks, several prominent, isolated, pro-
montories along the east coast are made up of Keweenawan
volcanic flows and sedimentary rocks. The thickest and most
prominent exposure is at Mamainse Point where the succession
is at least 14,000 feet thick (Figure 2). Michipicoten
Island also contains a middle Keweenawan rock series that
is thought to be about 11,000 feet thick. Lesser occurrences
of Keweenawan rocks are found at Cape Gargantua and Alona
Bay; however, the thickness of the series- at these locations

does not exceed 3,000 feet.
12
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Figure 2. Geological map of the east shore region of Lake
Superior (modified after Halls, 1966).
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Generally speaking, the strike of the various series
is parallel to the broad curve of the shore line and the
axis of the Lake Superior Syncline, with dips inclined
lakeward at angles from 15° to 50°. Burwash (1905) suggested
that these isolated Keweenawan exposures along the lake may
be associated with anticlinal arches marginal to the lake
but plunging lakeward. Structural data on Michipicoten
Island (Burwash, 1905) and Mamainse Point (Thomson, 1953)
appear to lend credence to this idea.

The first detailed geologic map of these Keweenawan
rocks on the eastern shore area of Lake Superior were made
of the Michipicoten Island sequence by Burwash (1905) and
revised more recently by Annells (1970). The first detailed
map of the Mamainse Point succession was made by Moore (1925),
followed by Thomson (1953) and Giblin (1965, 1969). Nuffield
(1955) has described the geology at Alona Bay. The Cape -
Gargantua Keweenawan rocks were described by Ayres (1969).
Recently a detailed stratigraphic-petrographic study relating
the Keweenawan volcanic rocks at Mamainse Point, Alona Bay,
Cape Gargantua, and Michipicoten Island was carried out by
Annells (1970, 1971). Palmer (1970) made paleomagnetic
studies which are useful in correlating these Keweenawan
volcanic exposures.

Van Schmus (1971) states that the best estimate for the
age of middle Keweenawan igneous activity along the east shore

is 1,070 £ 50 m.y. By conducting Rb-Sr analyses on felsites
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interlayered with volcanic sequences, he assigned the
following over-all ages to these sequences: Mamainse Point
(1,070 = 50 m;y.); Cape Gargantua (1.091 +* 40 m.y.) and
Michipicoten Island (953 * 50 m.y.).

The over-all age range for these igneous rocks around
the east shore is within the same range of other radiometric
data for middle Keweenawan rocks elsewhere in the Lake
Superior region. Paleomagnetic studies by Du Bois (1962)
and Palmer (1970) suggest a lower Keweenawan age for the
Alona Bay sequence, the lower I,000 feet of the Cape Gargantua
series, and the lower 3,000 feet of the Mamainse Point succes-
sion on the basis of their reversed polarity. Palmer (1970)
indicates that normal directions of magnetization ﬁrevail in
the upper parts of the Mamainse Point, Cape Gargantua, and
Michipicoten Island sections and magnetically these units
should be considered middle Keweenawan in age.

Any reconstruction of Keweenawan volcanic and tectonic
events must account for at least two factors. One factor
concerns the geology of those areas marginal to Lake Superior
and adjacent to the presently exposed Keweenawan outerops;
it is assumed that these adjacent areas were also blanketed
by Keweenawan lavas at one time, but the flows have subse-
quently been removed by erosion. The second factor concerns
the observation that large scale intrusive complexes and dike
swarms of Keweenawan age occur closer to the margins rather

than to the axis of the basin.
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A number of Keweenawan alkalic intrusives complexes
occur in areas marginal to the northeastern and eastern shore
of Lake Superior. The largest such bodies occur at Coldwell,
Wawa, and Chapleau, Ontario (Kerr, 1910; Parsons, 1961).
Kewkenawan rhyolitic plugs, dikes and intrusive sheets occur
at all levels in the Mamainse Point section (Thomson, 1953;
Annells, 1971). Felsic intrusives have also been reported in
the Michipicoten Island sequence (Annells, 1971).

Diabase dike swarms occur from the Schreiber area to
the Montreal River regions. The dikes are fresh, unmetamar-
phosed, strongly magnetic (HalI, 1966), and presently exposed
in regions where the arched cover of Keweenawan rocks have
been removed by erosion.

The dikes may represent a widespread perepheral system
of lava conduits which served as feeders for an extensive.

Keweenawan volcanic terrain that has been eroded.

The Alona Bay Sequence

A series of lava flows of lower Keweenawan age (Du Bois,
1962; Palmer, 1970) is exposed as a narrow rim around the
southeastern shore of Alona Bay (Figure 2). These mafic
flows unconformably overlie pre-Keweenawan rocks.

Nuffied (1955) notes that no intervlow sediments were

observed intercalated with the volcanic succession.
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The Gargantua Cape Sequence

The Keweenawan section in the Gargantua Cape area is
approximately 2,700 feet thick and consists of basalts,
conglomerates and rhyolite unconformally overlying pre-
Keweenawan grantic rocks.

The Keweenawan succession in the Gargantua Cape area
may be conveniently divided into three basalt members
separated by 2 conglomerate members, with the top of the
section capped by Rhyolite (Ayres, 1969). Paleomagnetic
studies by Palmer (1970), indicate that the lower 1,000 feet
of section (within the lower basalt member) is probably
lower Keweenawan, whereas the upper half of the section
should be considered middle Keweenawan.

Ayres (1969) indicates that the conglomerates form at
least 5 percent of the total Keweenawan series at Cape
Gargantua. He also notes that the conglomerates are poly-
mictic in nature, with a composition comprised of 80 to 90
percent basaltic clasts and minerals derived from the basalts;
pebbles of diahase and plutonic rocks are also observed.

The clasts have an average diameter of 3 inches; however,
boulders as much as 2 feet in diameter occur. This composi-
tion is similar to that of the lower interflow sedimentary

horizons at Mamainse Point.
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The Michipicoten Island Sequence

The Keweenawan rocks occupy the entire island as well
as a row of smaller islands of its south shore (Van Hise,
1911). The section on the island consists of 11,230 feet
of mafic and felsic extrusive, felsic intrusive, and sedi-
mentary rocks (Burwash, 1905). The rocks of Michipicoten
Island are unique in comparison with other middle Keweenawan
localities around Lake Superior in that felsitic lavas make
up at least half of the succession. The more mafic members
of the Michipicoten sequence are most abundant in theilower
parts of the succession.

The interflow sedimentary racks on Michipicoten Island
occur mainly in the lower horizons of the sequence (Figure 2).
These sediments are confined to the northwestern part of the
island, being thickest in the west and thinning out of the
northeast. Because of their location, Burwash (1905) sug-
gested that the interflow conglomerates are associated with
a local anticlinal uplift which resulted in more rapid
erosion and deposition of clastic sediments in that area.

The conglomerates are composed primarily of material
derived from felsic rocks. Mafic clasts are subordinate
but also abundant; granites, greenstones, and biotite
gneisses derived from pre-Keweenawan rocks are also present
in lesser amounts (Burwash, 1905; Van Hise, 1911). These
polymictic conglomerates are similar to those at Mamainse

Point and suggest the nearby presence of a tectonically
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active borderland which was shedding both volcanic-surficial

and nonvolcanic-basement type rocks simultaneously.

The Mamainse Point Volcanic Series

The thickest and most prominent Keweenawan section on
the east shore of Lake Superior occurs at Mamainse Point,
Ontario (Figure 1). It contains appreciable amounts of pre-
Keweenawan plutonic rock fragments in addition to volcanic
clasts. This combination of observations suggests the
presence of a tectonically active borderland which was able
to supply coarse detritus from both volcanic flows and an
underlying nonvolcanic basement simultaneously throughout
the middle Keweenawan succession preserved at Mamainse Point.

Thomson (1953) noted that the Mamainse Point Volcanic
section forms a broadly plunging anticline, which is accentu-
ated by faulting. The dips range from 20° to 48°, with the
steepest dips appearing at the top of the section. The
fanning of dips characteristic of most Keweenawan sections
exposed elsewhere around Lake Superior appears to be re-
vérsed at Mamainse Point. This observation, coupled with the
presence of abundant dike swarms at nearby Alona Bay, indi-
cates that some kind of tectonic folding and fissuring was
in progress during Keweenawan time. The coupling of folding
and dike-intrusion tectonism does not appear to be unique
to the east shore of Lake Superior. Similar occurrences

along with sedimentological and lithologic criteria will be
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presented in the course of this study to suggest that such
diastrophism and voicanism may have occurred around Lake
Superior whenever Keweenawan sediments are intercalated with
flows in areas where diabase dikes are present nearby, such
as on the south shore, the northwest shore, and the east
shore, if not perhaps completely around the Lake Superior
shore.

The estimates of the apparent thickness of the Mamainse
Point Keweenawan succession made in the past vary from
slightly over 16,000 feet (MacFarland, 1866; Moore, 1925)
to 14,300 feet (Annells, 1971). This variation among thick-
neés estimates is understandable in view of the fact that
good outcrops are scarce, a continuous succession is nowhere
exposed, and the effects of possible strike faulting may
produce spurious thickness values.

Mafic lavas make up the greater part of the Keweenan
series at Mamainse Point. Some rhyolite sheets, possibly
extrusive, are also present throughout the sequence (Thomson,
1955; Annells, 1971).

Plugs, dikes and sheets of fine grained rhyolite occur
at all levels in the Mamainse section. However, mafic dikes
are rare (Thomson, 1925).

Nuffield (1955) found numerous dikes cutting the pre-
Keweenawan terrain at the Point aux Mines, just to the north
of Mamainse Point, but only one dike appears to cut the

Keweenawan lavas. Therefore, most diabase dikes are either
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younger than the exposed Keweenawan flows, or they fed

flows which have since been eroded away.

Interflow Sediments

Interbedded with the lava, in the Mamainse Point area,
are at least 9 sedimentary horizons which in total thickness
méke up about 13 percent of the aggregate thickness of the
Marainse section. The thickness of the conglomerate beds
averages over 100 feet, with one near the middle of the
section exceeding 1,700 feet in thickness. The conglomerate
horizons occur on the average at intervals of about 1,900
feet within the Mamainse Point Series. However, they appear
more closely spaced in the upper half of the section. This
change in spacing is also characteristic of the Portage Lake
sequence on the Keweenaw Peninsula. The greater thickness
of the interflow sedimentary beds, and the fact that these
sediments comprise a greater percentage of the total middle
Keweenawan volcanic succession at Mamainse Point than else-
where around the lake, suggests that the terrain east of the
Mamainse depositionary site was a major physiographic feature
such as a fault scarp or a mountain range. This physio-
graphic feature was flanked on its westward margins by

coalescing alluvial fans.

ConglomeratesA

The lithology and size (long axis) of gravel coarser
than 19 mm (-4.25 phi) in the interflow sediments of Mamainse

Point were determined in the field to obtain data pertaining
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to: (1) the lithology present in the source terrain,

(2) relative location of the western margin of the highland,
and (3) whether the highland underwent a single or several
upward movements. The analyses were made by counting se-
lected zones within the conglomeratic units. The sites
were chosen on the bases of stratigraphic distribution and
availability. At least 100 point counts per site were made.
The identities of certain problematical pebbles were
determined in the laboratory by binocular microscope or thin
section study.

A great variety of rock types are represented among the
conglomerate clasts (Table 2). The largest boulders consist
of plutonic rocks and mafic lava fragments (Table 3). Other
pre-Keweenawan, but smaller, rock fragments present in the
conglomerates are Keewatin-type greenstones, and schists,
vein quartz and sedimentary clasts. Mafic lava fragments
generally form the majority of the conglomerate clasts;
however, plutonic rock fragments are generally abundant
throughout the Mamainse Point section (Table 2). No angular
fanglomerates were observed in the Mamainse Point succession.
Because the source of many of the rock fragments may not have
been far east of the present Mamainse outcrop belt, the
absence of fanglomerates suggests that either the mountain
front of the highland did not involve an abrupt break in
slope, or that sections along the outcrop belt are several

miles west of the possible break in slope.
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It appears that a nearby source terrain consisting
of metasedimentary and plutonic rocks was being eroded
during Keweenawan time. The fact that the lower-most flows
rest on weathered granites possessing considerable relief
(Nuffield, 1955; Ayres, 1969) rather than sedimentary or
low ranked metamorphic rocks probably indicates that much
unroofing had occurred prior to Keweenawan time.

It is worth noting that the lower Keweenawan interflow
sediments at both Cape Gargantua and Mamainse Point are
comprised almost solely of coarse mafic volcanic clasts
whereas the stratigraphically higher interflow sediments are
polymictic. This observation about the lower Keweenawan
sediments lends credence to the idea that extensive basalts
flows probably blanketed much of the source terrain in
lower Keweenawan time. Uplift of the areas marginal to the
present Lake Superior syncline during periods of volcanic
quiescence allowed these flows to be eroded, thus forming
a source of detritus for the interflow sediments. Continued
erosion with time laid bare the underlying pre-Keweenawan
rocks which then also contributed detritus to the deposi-

tionary site throughout middle Keweenawan time.

Sandstones and Sandy Phases

Sandstones occur in the Mamainse Point Keweenawan series
in thin beds, as sandy lenses within the conglomerates, or
as conglomeratic matrix. Sixty-four thin sections were

made from samples collected from within these sandy phases.
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All samples were collected solely from outcrops (Figure 3).

Table 4. The composition of the detrital sand-size con-
stituents within the sandy phases of the Mamainse

Point interflow sediments,

as represented by the

mean of the modal analyses of 64 thin sections.,

Volume Frequency

Constituents Y S
Mafic rock fragments 29.9 30.3
Plutonic rock fragments 28.6 25.5
Metasedimentary rock fragments 21.8 23.7
Felsic rock fragments 13.6 15.7
Simple quartz 0l.8 1.4
Plagioclase 02.1 2.8
Undalatory Quartz 01l.1 1.5
Potassium feldspar 00.8 1.7
Polycrystalline gquartz 00.2 0.5

99.9

Y = mean of 64 thin sections.

S = standard deviation of 64 thin sections

The mafic rock fragments appearing in the sandy phaseé

of the Mamainse Point interflow sediments comprise approxi-

mately 30 percent of the total volume of these sediments.

These sand sized mafic fragments display a wider range of

textures than other mafic clasts in exposures elsewhere in

Lake Superior. The mafic clasts at Mamainse Point range in

texture from the fine basaltic to basaltic amygdaloidal to
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Figure 3. Geological map of the Mamainse Point and Alona
Bay areas (after Palmer, 1970).
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diabasic to coarse diabasic. This variety is often present
in a single thin sectjon.

The plutonic rock fragments comprise approximately 29
percent .of the volume of the sandy phases within<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>