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T

ARTHUR HARVIN MAYBIN IIT
The Geology of the Opawlca River Complex Quebec, Canada
(Under the direction of GILLES 0. ALLARD)

The Opawica River Complex is a layered mafic igneous
intrusion which cuts Archean volcanic rocks of the Matagami-
Chibougamau Greenstone Belt. The volcanic sequence was sub-
sequently intruded by the Opawica River Pluton and then folded
into an east-west trending anticline. The exposed portion of
the complex is about 15,000 feet thick and over 15 miles long.
The complex is divided into two zones: the Anorthosite Zone
and the Gabbro-Ferropyroxenite Zone. The volcanics and intfu—
sives vere svntectonically affected by low grade (greenschist .
facies) regional metamorphism believed to be of Kenoran age
(~2.7 b.y.).

Mineralogical studies using a petrographic microscope
and electron »robe microanalyzexr indicate that the original
cumulus phaszs were plagioclase and clinopyroxene. Inter-
cumulus phases were clinopyroxene, plagioclase, magnetite,
and ilmenite.

Major element chemistry and preserved texturél rela-
tiohships indicate that the regional metamorphism was essen-
tially isochemical. Gabbroic rocks from the Opawica River
Compléx show an increase in FeO with a reciprocal decrease
in MgO and suggest that the Opawica River Complex formed as
a result of fractional crystallization of a basaltic magma

having tholeiitic affinities.
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CHAPTER I
INTRODUCTION

The study area is situated in the central part of
Quebec, Canada. It is bounded by longitudes 75° 25' and
75° 46' west and latitudes 49° 30' and 49° 35' north in the
Southwest Quarter of Guercheville Township (Plate 1), and
the North Half of La Ronde Township (Plate 2). A thick sec~
tion of Pleistocene glacial till masks the paleotopography
and the contact relationships among certain rock units.
Polished outcrop surfaces with glacial striae and gfooves
are common. Bedrock exposure 1s poor and éenerally repre-
sents less than 1% of the map-area. The area is heavily
forested and covered by a carpet of moss. Access to Guerche-
ville Township is limited to float plane and canoce. Logging
roads in La Ronde Township enable access to the northern part
by automobile.

The area is located in the eastern part of the
Superior Province of the Canadian Shield (Figure 1). It is
part of the east-trending Matagami-Chibougamau Greenstone
Belt wnich is bordered by the Grenville Province on the
east and the Kapuskasing Sub-province to the west. This
Archean Greenstone Belt is typical of those which charac-

terize the Superior Province and consists of volcanic and
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3
volcaniclastic rocks with intrusive layered mafic complexes
and coeval granitic plutons. These rocks were affected by
the Kenoran Orogeny dated at 2500 million years by Stockwell
(1964) and more recently by Dallmeyer et al. (1975) at
between 2650-2700 ahd 2780-2820 million years. . After meta-
morphism, the north central portion of the study area was
intruded by a concentrically zoned granitic pluton.

Previous work in the area was largely reconnaissance
in nature and consisted of geologic mapping at a scale of
1:63,360 (Shaw, 1939; Remick, 1955). Present field work con- )
sisted of 1:12,000 geologic mapping and detailed petro-— |
graphic and mineralogical studies.

The purpose of this study is to describe the petrog-
graphy and chemistry of the rock units in the area. Special
attention is given to the Opawica River Complex because of

the economic potential of layered mafic intrusions. .




CHAPTER II

GENERAL GEOLOGY

Introduction

In addition to the Opawica River Complex, six litho-
logic units have been mapped in the study area. The oldest
is a greenstone unit, composed principally of intercalated
volcanic and volcaniclastic rocks. These lithologies were
intruded by the Opawicé River Complex and the trondhjemitic
Opawica River Pluton. This entire sequence was subsequently
deformed and metamorphosed. The La Ronde Lake Plutén, a
post-kinematic concentrically zoned granitic pluton, intruded
the north-central part of the study area. Two other granitic
bodies have been defined, however, chronological relation-

ships to other rocks is obscured by glacial drift.

Metabasalts

The metabasalts are exposed in the nor thern portion
of the study area (Plates land 2). The basaltic rocks can
be divided into two rock types: metabasalts and basaltic
metatuffs. Metabasalt is the most abundant type. These
rocks typically have a fine grained texture and a light
green color. Primary bedding and graded bedding are common

in the basaltic metatuffs. Primary volcanic structures



[92]

preserved in the metabasalts include pillow structures,
scoriaceous flow tops, vesicles, and amygdules. Pillow
structures (Figure 2) indicate a submarine origin for these
lavas. Scoriaceous flow tops and pillow structures provide
excellent top determinations, although pillows are commonly
flattened in the plane of tectonic foliation. Metabasalts
which lack pillows are distinguished from tuffs by the
absence of bedding.

Metabasalts typically exhibit a blastogranular
texture whereas the tuffs have a fragmental texture. The
dominant minerals are actinolite, plagioclase, epidote, and
chlorite. Actinolite (z A ¢ = 17) occurs as prisms generally
1 mm in length with a pleochroic formula x = straw yellow, y =
green, and z = blue. Plagioclase (An8*)l is generally saus-
suritized. Chlorite exhibits anomalous Berlin blue inter-
ference colors, light to dark green pleochroism and is
length fast. Epidote is colorless to light green. Accessory
minerals are sphene and magnetite. Analysis 1 Appendix II is

the only available analysis for the metabasalts.

Metatuffs

Metatuffs are exposed along a thin belt on the south
limb of the Opawica River Anticline in La Ronde Township

(Plate 2). Glacial drift covers much of the area and

lPlagioclase determinations marked by * were made on
sections perpaendicular to X, and those marked by + were made
in o0ils using Tsuboi's method.




Figure 2.

Outcrop of pillowed basalt just north of Tush
Lake. Geologic hammer is shown for scale.
Stratigraphic tops are to the top of the
photograph.



exposures are scarce. The best exposures are along bull-
dozed logging roads. The metatuffs can be subdivided into
two principal rock units: basaltic metatuffs, and felsic
metatuffs.

The metatﬁffs are generally well bedded and graded
bedding in the felsic units provide excellent stratigraphic
top determinations. Locally, the metatuffs are intensely
deformed, exhibiting transposed primary layering (Figure 3)
and crenulation cleavage (Figure 4). Because of their rela-
tive incompetency, it is likely that these uﬁits absorbed
much of the regional orogenic strain.

The dominant rock type is a fine-grained, buff
colored felsic tuff. Quartz and plagioclase (An9%*) comprise
more than 75% of the rock. Subangular to subrounded quartz
gains (up to 4 mm in diameter) and sericitized plagioclase
(up to 3 mm) are present as megacrysts. Sericite or para-
gonite is the only other major constituent of this rock type.
Pyrite was the only accessory mineral identified. The

basaltic metatuffs are similar to those previously discussed.

Opawica River Complex

The Opawica River Complex is a metastratiform igneous
intrusion. It bears striking similarities to other stratiform
complexes in thé region especially the Dore Lake Complex
(Chibougamau) and the Bell River Complex (Matagami). The
Opnwlca River Complex consists of a sequence of gabbroic

anorthosite, anorthositic gabbro, gabbro, ferropyroxenite,



Figure 3.

An outcrop of basaltic metatuff exhibiting
transposed bedding. Vertical features are
glacial grooves and striae. Photograph taken

along logging road south of Tush Lake. Three
inch rule is shown for scale.



Figure 4.

Well developed crenulation cleavage in felsic

metatuff.

road just south of Lake Tush.
is shown for scale.

Photograph taken along a logging

Three inch rule
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and diabase that have been variably metamorphosed. The com-
plex appears to have an overall sill-like morphology, how-
ever, it is locally discordant to the host rock volcanics.
The volcanic sequence has been affected by deformational and
thermal affects associated with the Kenoran Orogeny. The
rocks of the complex exhibit mineral assemblages charac-

teristic of the greenschist facies.

Opawica River Pluton

The Opawica River Pluton intrudes metabasalté and
the Opawica River Complex. It is exposed in the axial zone
of the Opawica River Anticline and is well exposed along the
shores of the Opawica River and Lake Lessard. The most con-
spicuous megascopic structural feature is a foliation reflec-
ting the preferred planar alignment of biotite and muscovite.
This penetrative tectonic surface is generally subparallel to
the trend of the Opawica River Anticline (Plates 1 and 2).
The rock is a grey color and can be classified as a
biotite trondhjemite according to Williams et al. (1954).
The predominant minerals are plagioclase, quartz,’biotite,
epidote, and muscovite. Plagioclase is typically zoned
from An 27* in the core to An 18% in the rims. Chlorite is
a common alteration feature of biotite. Muscovite is inter-
stitial. Epidote is colorless and exhibits characteristic
optical properties. The accessory minerals are sphene and
chlorite. Analyses 35 and 36 in Appendix II are chmeical

analyses.
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La Ronde Lake Pluton

The La Ronde Lake Pluton is an undeformed post-
kinenmatic granitic pluton that intrudes metabasalts and the
Opawica River Complex in the north central portion of the
study area. It is concentrically zoned from a hornblende
monzonite border to a porphyritic quartz monzonite core. A
zone of brecciation is locally developed along the contact
with the Opawica River Complex in Guercheville Township
(Plate 1). The pluton's contacts are discordant to struc-
tural trends of the other rock units. Locally, a foliation
defined by planar preferred orientation of hornblend® is
deve}oped subparallel to the contacts. Presumably this’
fabric elemeﬁt developed during emplacement of the pluton.
No contact metamorphic aureole appears to be associated with
the pluton. The above mentioned descriptions are character-
istic of plutons of the transition zone between the epizone
and the mesozone of Buddington (1955).

Rocks of the La Ronde Lake Pluton (Ahalyses 38-54,
Appendix II) are various shades of pink. In general the
pluton is homogeneous with the only major mineralogical vari-
ation being a decrease in quartz abundance from the core to
rim. Perthite and plagioclase are the most abundant minerals.
throughout the pluton, with the ratio of the @wo feldspars
being approximately 1l:1. Plagioclase (An 23%) is zoned but
the cores are too saussuritized and sericitized to determine
their composition. Perthite is commonly interstitial, but

locally forms phenocrysts (15 by 8 mm) in the core of the
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pluton. Quartz is always interstitial. Hornblende (zA c =
22°) typically comprises less than 20% by volume of the
~pluton. It has a pleochroic formula x = straw yellow, y =
olive green, and z = blue green. Biotite occurs as reaction
rims around horhbleﬁde. Chlorite is locally observed as an
alteration product of biotite and hornblende. Accessory
minerals are epidote, sphene, zircon, and apatite.

Experimental results on the system NaAlSiO -

8

KalL§i0_-Si0 —H20 (Bowen & Tuttle, 1950, Luth et al., 1964,

8 2
and Stiener et al., 1975) have led to a better understanding
of granitic rocks. By plotting normative quartz, albite,
and orthoclase, it is possible to compare granitic rocks
containing more than 80% of these normative componeﬂts to
experimental results. The plot of the normative components
for the La Ronde Lake Pluton (Figure 5) reveals a cluster
near the 10Kb minimum of Luth et al. (1964). Such liquid
compositions could be generated by fractional melting of

quartzo-feldspathic material at depths of 35 kilometers or

S0.

Other Granitic Rocks

Two other granitic bodies are exposed in the north-
west quarter of La Ronde Township. The relative areas of
these two distinct rock types cannot be determined because
the contacts are masked by glacial drift. A biotite grano-
diorite is exposed in the central portion of the northwest

gquarter of IL.a Ronde Township and consists of biotite, zoned
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Figure 5. Plot of normative quartz, albite, and orthoclase
(wt. %) in rocks of the La Ronde Lake Pluton.
10kb diagram of Luth and others (1564).
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Tablc 1. Chemical Analyses of the La Ronde Lake Pluton

Sio 61.5 66.1 67.6

2
Tio, 0.03 0.02 0.02
Al,0, 14.5 15.5 15.9

Fe,0, 1.07 0.22 0.17
FeO 0.90 0.34 0.24
MnO 0.05 0.04 0.03
MgO 1.40 0.43 0.58
cao 3.55 2.69 ‘ 2.28
Na,0 4.60 5.59 5.44
K0 '3.85 | 2.96 3.06
Total 91.45 93.85 95.32

1. Average of two analyses: hornblende monzonite
2. Average of three analyses: hornblende quartz monzonite

3.  Average of 13 analyses: porphyritic hornblende quartz
monzonite




15
plagioclase (An 28 core, An 20 rim *), quartz, éerthite,
nuscovite, and epidote. Accessory minerals are apatite,
sphene, and zircon. Hornblende granodiorite is the other
rock type. In rand specimen this rock is medium grained and
has a salt and pepper appearance. Mineralogically it con-
sists of partially saussuritized plagioclase (An 30%),
quartz, hornblende (Z2A ¢ = 24°) with a pleochroic fdrmula
X = straw yellow, y = blue green, and z = olive green, bio~
tite, epidote, and chlorite. The accessory minerals are

apatite, magnetite, and muscovite.

Structure

Pillow structures, scoriaceous flow tops; gf&ded
bedding, and the'stratigraphy of the Opawiw River Compléx are
the top and bottom criteria used to resolve the structure.
In the northern portion of the study area stratigraphic
tops face north while in the metatuffs to the south strati-
graphic tops face south. The resulting structure is an
anticiine (Opawica River Anticline) with the Opawica River
Pluton exposed in the axial zone. Observed dips are nearly
vertical with the shallowest dips being approximately 70°.
These steep dips indicate tﬁat the anticline is isoclinal.
82 crenulation cleavages were observed locally in the meta-
tuffs, but with less than six readings it is impossible to
resolve this fabric element.

Three faults having the same general trend (N2)E-

N30E) were mapped.




CHAPTER IIT
OPAWICA RIVER COMPLEX

The Opawlca River Complex has been divided into two
zones (Plates 1 and 2); an Anorthosite Zone, stratigraphi-
cally the lowest exposed portion of the complex, and a
Gabbro-Ferropyroxenite Zone which encompasses the upper
portion of the complex. The Anorthosite Zone has a maximum
outcrop width of 12,000 feet (3650 meters). Lithologies
within the Anorthosite Zone (Analyses 2~29; Appendix II) are
(in decreasing abundance): gabbroic anorthosite, aﬁortho~
sitic gabbro, and gabbro. The Gabbro-Ferropyroxenite Zone
(Analyses 30-34; Appendix II) consisting of gabbro, ferro-
pyroxenite, and diabase has a maximum outcrop width of 3000
feet (900 meters). Since the rocks are nearly vertical,

outcrop width is nearly the same as the true thickness.

Textural Relations and Layering

Textural Relations

With the exception of the diabases within the Gabbro-
Ferropyroxenite Zone, rocks of the Opawica River Complex are
cumulates (usage of Wager & Brown, 1967). In other strati-
form complexes (Bushveld Complex, Stillwater Complex, and
Skaergaard Intrusion) the accumulated crystals are either

plagioclase, orthopyroxene, olivine, Fe-Ti oxides, chromite,

16
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and apatite, but in the Opawica River Complex plagioclase
and clinopyroxene are the only cumulate phases. Grain size
varies from 1 mm (Figure 6) to over 15 cm (Figure 7).
Another cumulus texture that is prevalent in the Anorthosite
Zone is a hiatal texture characterized by two distinct sizes
in the plagioclase crystals (Figure 8). This texture could
result from having two generations of plagioclase.crystals.
Primary pyroxene replaced by metamorphic amphibole is
generally intercurulus of the plagioclase and forms large
blastopoikilitic2crystals. Fe~Ti oxides form intercumulus
grains. Cameron (1969) suggests that post-cumulus changes
in cumulus minerals could make minerals appear "intercumu-

lus. It is possible that post-cumulus changes affected the
oxides in the Opawica River Complex in this manner, but
there is no textural evidence to support this theory. The

diabases have an ophitic texture and occasionally contain

megacrysts of plagioclase (Figure 9).

Layering

' Three types of layering in plutonic igneous racks
defined by Wager and Deer (1939) were rhythmic, cryptic, and
igneous lamination. Hess (1960) defined two other types of
layering, phase layering and inch-scale layering, based on

observations of the Stillwater Complex, Montana.

2The suffix blasto- refers to igneous textures that
have survived metamorphism, but the original igneous mineral
has been replaced by a metamorphic mineral.
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Photograph of a polished slab of a gabbroic

Figure 6.

anorthosite sample 73BM164 displaying cumulus

The light phase is plagioclase and

the dark intercumulus phase is actinolite

texture.
replacin

g primary p

vroxene.

o



Figure 7.

33

Photograph of an outcrop of coarse grained
anorthositic gabbro exhibiting cumulus texture.
The light phase is cumulus plagioclase and the
dark phase is intercumulus actinolite replacing
primary pyroxene. Photograph taken along a
logging road in La Ronde Township. Six inch
rule is shown for scale.



Figure 8.

Photograph of an outcrop displaying hiatal

texture in gabbroic anorthosite. Note the two
distinct sizes of plagioclase (light). Photo-
graph taken along a logging road in La Ronde
Township. Six inch rule is shown for scale.

20
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- CM

Figure 9. Photograph of a polished slab of sample 73BM174
displaying megacrysts of plagioclase in a diabase
from the Gabbro-Ferropyroxenite Zone.
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Within the Opawica River Complex rhythmic, cryptic,
and inch-scale layering were observed. On the outcrop
scale, layerihg results from either a difference in the
mafic to felsic ratio (Figure 10), and/or a difference in
grain size (Figures 11 and 12). Slightly irregular layer-
ing (Figure 13) and possible igneous cross-bedding (Figure
14) were also observed. Cryptic layering will be discussed

in another section.

Anorthosite Zone

Rocks o©f the Anorthosite Zone consist of gabbroic
anorthosite, gabbro and anorthositic gabbro. Gabbroic
anorthosite is the most common lithology. The rocks are
coarse gained with the grain size varying from 1 mm to 15
cm. Cumulus textures are common and layering is well
developed.

Plagioclase (An 84-76+) is generally unaltered and
is the dominant cumulus‘phase. -Metamorphic amphiboles have
replaced primary intercumulus pyroxene, but remnant pyroxenes

are locally preserved.

Mincralogy

The essential minerals are plagioclase (50-90%),
actinolite (5-45%), clinozoisite (0-10%), chlorite (0-5%),
nagnetite, and ilmenite (0-25%). Minor constituents are
augit., sphene, and sericite (Table 2). The sericite in the
rock=» may be paragonite since the rocks are low in KZO

(Table 3).




Figure 10.
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Inch-scale layering in gabbro of the Anorthosite
Zone. Outcrop is along a logging road in La
Ronde Township. The geologic hammer is shown
for scale. Layering is the result of a dif-
ference in mafic to felsic ratio.



Figure 11.
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Layering in the Anorthosite Zone resulting from
a difference in mafic to felsic ratio and grain
size difference. Photograph taken along a log-
ging road in La Ronde Township. Six inch rule
is shown for scale. A well developed cumulus
texture can be seen in the gabbroic anorthosite
in the upper portion of the photograph. The
lower portion of the photograph is an anortho-
site. The light colored mineral is plagioclase
which forms the cumulus grains. The dark mineral
is actinolite which replaces primary inter-
cumulus pyroxene.
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Layering in the Anorthosite Zone resulting from
a difference in grain size and mafic to felsic
ratio. Photograph taken along a logging road in
La Ronde Township. Three-inch rule is shown for
scale. A hiatal texture is developed in the
lower portion of the picture. The dark mineral
is actinolite that has replaced primary inter-
cumulus pyroxene. The light mineral is cumulus
plagioclase.
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Irregular layering in the Anorthosite Zone
resulting from a difference in mafic to felsic
ratio. Photograph taken along a logging road
in La Ronde Township. Six-inch rule is shown
for scale. The large light colored mineral is
plagioclase. The dark mineral is actinolite
that replaced primary intercumulus pyroxene.
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Possible igneous cross-bedding in the Anortho-
site Zone. Photograph taken along a logging
road in La Ronde Township. Geologic hammer in
the upper vart of the outcrop is shown for
scale. The rocks in the upper portion dip from
top to bottom while the rocks in the lower por-
tion dip from left to right.
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Table 2. !Modal Analyses of Selected Rocks from the
Anorthosite Zone

1 2 3 4 5 6
Plagioclase | 80 75 65 45 40 40
Actinolite 10 20 15 25 35 45
Chlorite 5 1 1 1 1 1
Clinozoisite-epidote 5 3. 4 8 3 9
Magnetite-ilmaznite 0 1 tr 0 15 0
Sphene ' 0 tr 0 0o 1 2
Sericite 0 0 trx 1 0 .3

74AM5 gabbroic anorthosite
74RA125 gabbroic anorthosite
74AM147 gabbroic anorthosite
74AM64 gabbroic anorthosite
74AM83 gabbro

74RA39 gabbro

o o w N

Percentages based on visual estimates.
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Table 3. Chemical analyses of rocks from the Anorthosite Zone of the Opawica River Complex and
Anorthositic Rocks from the Skaergaard Intrusion and the Bushveld Complex

5 6 10 11 12 13
SiO2 45.7 46.5 48.1 47.1 43.4 42.6 47.2 47.1 47.6 45.7 45.1 44.0 45.3
TiO2 0.18 0.21 0.83 1.61 2.63 1.10 0.49 0.24 0.39 0.19 0.14 23 0.19
A1203 27.7 10.1 9.5 11.2 14.2 12.6 9.8 22.7 22.0 25.9 25.3 17.8 29.7
Fe203 1.12 7.15 6.27 5.94 7.85 7.59 4.79 3.07 2,27 1.97 2.41 4.99 1.23
FeO 1.04 8.51 5.25 11.73 11.38 8.63 4.03 2.65 3.90 1.70 2.08 4,31 1.23
Mn0 0.04 0.22 0.17 0.22 0.14 0.28 0.09 0.11 0.12 0.06 0.07 0.14 0.03
Mg0 4.58 8.25 8.45 8.65 6.35 7.80 8.25 7.25 4,05 3.60 4,50 9.90 1.05
Ca0 16.65 12.65 11.50 10.50 9.50 8.60 15.90 8.60 12.90 15.10 14.85 11.60 16.65
NaZO 2.25 1.40 1.20 2.23 1.61 2,01 1.50 2.08 2.26 2.04 2.10 1.03 2.60
K,0 0.43 0.13 0.21 0.38 0.47 1.10 0.18 . 0.63 0.25 0.42 0.13 0.00- 0.04
Total 99.69 95.12 91.48 99.36 97.53 92.31 92.23 94.43 95.74 96.68 96.68  94.00 98.02
1. 74AM95, Anorthositic Gabbro 8. 74RA39, Gabbro
2. 74AM195, Gabbro 9. 74AM5, Gabbroic Anorthosite
3. 74AM1B, Gabbro 10. 74FA63, Gabbroic Anorthosite
4. 74A:203, Gabbro 11. 74AM104, Gabbroic Anorthosite
5. 74AM92, Gabbro 12. 73BM39A, Gabbroic Anorthosite
6. 74RA55, Gabbro 13. 74AM191, Cabbroic Ancorthosite
7. 74A181, Gabbro

FeO and Te,O

Fe,0

are calculated by using the method of Carman et al., 1975.
903 on rocks from the Opawica River Complex.

Ratios are based on known Fe0 and
See Appendix I for analytical procedures.

[
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Table

3 (continucd)

14 15 16 17 18 19 20 21 22 23 24 25 20
510, 50.1 45.7 46.4 47.7 46.8 46.2 45.5 44 .1 46.2 46,5 45.3 36.9 44.0
TiO2 0.43 0.18 0.19 0.20 0.20 0.58 0.24 0.21 0.19 0.21 0.20 0.19 0.21
A]_ZO3 19.0 25.7 24.2 26.0 30.8 29.4 25.8 26.9 26.4 33.5 28.7 29.9 27.6
FeZO3 3.29 1.37 2.52 1.92 1.15 1.21 2.76 2.03 2.80 1.50 2.47 1.64 2.08
Te0 2.84 1.18 2.18 1.66 0.99 1.04 2.20 1.75 2.42 0.71 2.13 2.39 1.80C
MnO 0.18 0.04 0.07 0.04 0.03 0.01 0.08 0.06 0.05 0.04 0.07 0.03 0.04
Mg0 1.00 1.45 2.00 2.55 1.50 0.55 2.90 3.00 4.80 1.45 3.30 4.40 el
Ca0 14.45 13.85 17.75 17.00 14.35 16.60 15.15 16.15 13.90 15.90 14.35 15.50 16.40
NaZO 2.70 3.93 1.95 2.12 2.38 3.40 2.28 1.96 1.62 2.26 1.50 2.05 1.50
KZO 0.28 0.09 0.C0 0.00 0.00 0.C0 0.23 0.00 0.03 0.03 0.03 0.13 0.00
Total 94.27 93.49 97.26 99.19 98.20 98.99 97.14 96.16 98.41 102.10 98.80 103.13 96.63
14. 74AM199, Anorthositic Gabbro 21. 73BM168, Gabbroic Anorthosite
15. 74RA124, Gabbroic Anorthosite 22. 74AM172, Gabbroic Anorthosite
16. 73BM118, Gabbroic Anorthosite 23. 74AM102, Gabbroic Anorthosite
17. 73BM164A, Gabbroic Anorthosite 24. 74AM64, Gabbroic Anorthosite
18, 73BM110B, Gabbroic Anorthosite 25. 74AM147, Gabbroic Anorthosite
19. 73BM38, Gabbroic Anorthosite 26. 73BM167, Gabbroic Anorthosite
20. 74AM17, Gabbroic Anorthosite

0€



Table 3 (continued)

27 28 29 30 31 32 33 34 35
SiO2 46.0 44,6 48.9 47.5 53.3 50.5 49.5 48.9 50.7
TiO, 0.21 0.23 0.00 0.00 0.10 C.10 0.05 0.10 0.50
A1203 27.8 17.2 30.0 32.3 23.3 27 .4 21.8 26.5 25.5
Fe203 2.08 6.99 0.50 0.70 0.95 1.10 0.00 0.45 1.11
FeO 1.80 5.87 1.30 0.38 2.15 1.55 4.45 2.45 4,07
MnO 0.06 0.18 0.00 0.19 0.00 0.20 0.00 0.00 0.16
Mg0 3.25 §.50 0.55 0.38 0.85 0.15 11.05 4,25 1.90
Ca0 16.25 9.95 16.90 16.00 11.15 12.90 12.45 14.05 11.74
NaZO 2.00 0.78 1.95 1.92 4.35 3.85 0.90 2.10 3.54
KZO 0.00 0.26 0.15 0.43 1.95 0.50 0.05 0.00 0.36
Total 99.45 94.56 100.25 99.84 98.00 98.20 100.20 98.70 99.57
27. 74RA125, Gabbroic Anorthosite
28. 74AM4, Gabbroic Anorthosite
29. Ancorthosite, Critical Zone, Bushveld Complex, Analysis I, p. 104, Analyses of Rocks, Minerals,
Ores, Coal, Soil, and Waters from South Carica, Mem. Geol. Surv. S. Afr., 32, 876 pp.
30. Anorthosite, Critical Zone, Bushveld Complex, Analysis III, p. 104, same reference as 29,
31. Anorthosite, Main Zone, Bushveld Complex, Analysis IV, p. 104, same reference as 29,
32. Mottled Anorthosite, Main Zone, Bushveld Complex, Analysis V, p. 104, same reference as 29.
33, Anorthositic Nerite, Bushveld Complex, Analysis VI, p. 104, same refcrnce as 29.
34, Spotted Anorinositic Hanging Wall Norite, Bushveld Complex, Analysis VII, same reference as 29.
35. Leucocratic Laer LZa, Skaergaard Intrusion, Analysis III, Table 5, p. 152, Layered Igneous Rocks,

588 pp.

1€



32
Polysynthetically twined plagioclase occﬁrs as
euhedral cumulus grains varying in size from 1 mm =15 cm.
The contacts between plagioclase and blasto-intercumulus
actinolite commonly have a border of clinozoisite (Figure

15). Clinozolsite is also present along cracks and frac-

tures in plagioclase and, locally, as pseudomorphs of primary

plagioclase.

Metamorphic actinolite (ZA ¢ =11°-20°, Analyses 1,
2, 3, Table 4) has a pleochroic formula x = straw yellow,

y = green, and z = blue green. Granoblastic and blasto-
poikilitic varieties (Figure 16 A and B) are always inter-
cumulus to plagioclase.

Remnant primary clinopyroxene (Analyses 4 énd 5,
Table 4) were identified. All observed clinopyroxenes have
exsolution lamellae of orthopyroxene (Figure 17) and are
altéred to actinolite.

Pale green chlorite is present in most thin sections
studied. It is pleochroic from colorless to pale green and
is.length fast. Chlorite is commonly found near or along
grain boundaries with plagioclase (Figure 18). This is
probably due to the availability of Al from plagioclase
during metamorphism, however, chlorite can pseudomorph
pyroxene and be intercumulus to plagioclase.

Fe-Ti oxides are found as "intercumulus" grains
throughout the Anorthosite Zone. They do not, however, con-
stitute more than 25% by volume (Table 2). Ilmenite is the

only oxide observed in the lower half of the zone, while



Figure 15.
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Photomicrograph of gabbroic anorthosite (74
AM95) displaying blasto-intercumulus actino-
lite (A) with clinozoisite (C) at the grain
boundary with cumulus plagioclase (P). Crossed
polars, width of field 6.5 mm.
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Figure 16A. Photomicrograph of gabbroic anorthosite (74RA125)
displaying granoblastic intercumulus actinolite

(A) and cumulus plagioclase (P). Crossed polars,
width of field 6.5 mm.
-~ 3 T, gk WA T
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Figure 16B. Photomicrograph of gabbroic anorthosite (74AM147)
displaying blastopoikilitic intercumulus actinolite
(A) and cumulus plagioclase (P). Crossed wolars,
width of field 6.5 mmn.
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Table 4. Electroprobe Analyses of Amphiboles and Pyroxenes
from the Anorthosite Zone of the Opawica River Complex
An. No. 1 2 3 4 5
Sio, 42.2 53.4 50.0 54.9 47.3
A1203 16.5 4.0 10.0 3.4 2.8
TiO2 1.0 0.0 0.0 6.0 0.8
FeO 13.5 11.4 13.8 8.2 11.1
MgO 10.8 15.2 12.5 16.8 14.8
Ca0o 11.8 12.9 11.3 14.5 19.3
Total 95.8 96.9 97.6 97.8 96.1
Analysis No.
1. Sample 74AM17, Actinolite (zA c=20, x = pale yellow, y =

green,
2. Sample
3. Sample
green,
4. Sample

5. Sample

z = bluish green)
74AM95, Actinolite

74AM64, Actinolite (zA c=17, x
z = bluish green)

74AMO5,

Dicpsidic augite

74RA 55, Diopsidic augite

See Appendix for analytical procedures.

pale yellow, y



Figure 17.

Photomicrograph of a gabbro (74RA55). Clinopy-
roxene (CPX) that has been partially replaced by
actinolite (A). Horizontal lines are exsolution
lamellae of orthopyroxene. The diagonal lines

are cleavage traces. Crossed polars, width of
field 3 mm.

36



Figure 18.
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Photomicrograph of gabbroic anorthosite (74AM5).

Blasto-intercumulus actinolite (A) with a border

of chlorite (CH) at grain boundaries with cumulus
plagioclase (P). Crossed polars, width of field

6.5 mm.
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magnetite and ilmenite occur in the upper half. In
reflected light, ilmenite is grey brown in color and strongly
anisotropic while magnetite is grey in color and isotropic.
Magnetite grains generally contain exsolution lamellae of
ilmenite (Figure 19). Ilmenite also occurs as discrete
grains. In scome instances, magnetite is replaced by epidote
and chlorite, but lamellae of ilmenite may still be identi-
fiable (Figure 20).

Sphene and sericite are accessory minerals. Seri-
cite is found associated with plagioclase. In some cases,
the sericite mav be paragonite since the rqcks have very low
concentrations of KZO‘ Sphene commonly occurs as a fine
dust in actinolite, and probably formed from the release of
T; in the reaction titanaugite + H,0 = actinolite + sphene.

It is also found as a replacement product of ilmenite.

Gabbro-~Ferropyroxenite Zone

The Gabbro-FerropyroXenite Zone (Plate 2) is exposed
only in La Ronde Township. Metagabbro, metaferropyroxenite,
and metadiabase are the major rock types that constitute the
zone. The rocks are generally finer grained than those.of
the Anorthosite Zone. The metaferropyroxenites resemble the
enclosing metabasalts, however their lack of volcanic
features and the abundance of finely disseminated magnetite
distinguished them from the metabasalts. The gabbros are
dark green and exhibit well developed cumulus textures

(Figure 21). The metadiabases have a subophitic texture
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Figure 19. Reflected light photomicrograph of a gabbro
(74RA55) . Magnetite (M) grain with exsolved
lamellae of ilmenite (I). The texture resulted
from the oxidation of magnetite.



Figure 20.
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Photomicrograph of anorthositic gabbro (74AM195).
Shown is an original grain of titaniferous magne-
tite that has been replaced by epidote (E), and
chlorite (CH) leaving only the ilmenite (I)
lamellae. Plain light, width of field 6.5 mm.



Figure 21.
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Polished slab of gabbro (74RA144) displaying
cumulus texture. Note the intercumulus nature
of the plagioclase (light) and the cumulus
actinolite and pyroxene (dark).
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and megacrysts of plagioclase (Figure 9) are common. Meta-—
moprhism appears to have produced more extensive recrystal-
lization in rocks within the CGabbro-Ferropyroxenite Zone

than in those of the Anorthosite Zone.

Mineralogy

The principal minerals of the Gabbro-Ferropyroxenite
Zone are plagioclase, actinolite, clinozoisite-epidote,
chlorite, and Fe-Ti oxides. Minor constituents are ferro-
hastingsitc, clinopyroxene, and quartz.

Polysynthetically twinned plagioclase (An 69+) occurs‘
in the gabbros both as cumulus and intercumulus grains. The
plagioclase in the metaferropyroxenites and diabases is
generally saussuritized.

Metamorphic actinolite and ferroactinolite are
present as pseudomorphs of primary clinopyroxene. These
amphiboles vary in color from green to pale green to yellow
(Analyses 1, 2, 3, Table 5):,

Ferrohastingsite occurs associated with lamellae of
ilmenite (Figure 22). This amphibole has a 2V of 10-40°
and is strongly pleochroic: x = straw yellow, y = dark green,
z = dark bluish green. It is thought that ferrohastingite
formed from the reaction: plagioclase + magnetite + augite
+ water = ferrohastingsite. Baskin (1975) reports ferro-
hastingsite from the Dore Lake Complex and writes a similar
reaction: plagioclase + magnetite + ferrocaugite = ferro-

hastingsite. Electron microprobe analysis of
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Table 5. Electron Microprobe Analvses of Amphiboles and
Pyroxenes from the Gabbro-TFerropyroxenite Zone
of the Opawica River Complex

An. No 1 2 3 4 5 6
Sio2 44.8 47,2 56.6 40.6 51.9 51.2
T102 0.9 0.9
A1203 12.8 10.2 1.4 10.8 2.7 2.5
FeO 21.0 21.0 13.2 23.8 10.4 10.0
MgO 6.6 9.0 15.2 7.5 13.8 13.0
cao 11.6 11.6 13.9 9.4 21.6 - 21.6
KZO 0.3

Na20 1.3

V203 1.1

Total 96.8 99.0 100.3 94.8 101.3 99,2

Analysis No.

1. Sample 74RA30, Ferroactinolite (zA c=1l9, x = yellow, y =
green, z = blue green)

2. Sample 74RA30, Ferroactinolite

3. Sample 74RAl44, Actinolite (zA c¢=17, x = pale green, y =
yvellow, z = bluish green)

4. Saaple 74RA143, Ferrohastingsite (zA c=13, x = yellow,

y = dark green, z = dark bluish green)

Sample 74RAl144, Diopsidic augite (zA c=42)

Sample 74RA144, Diopsidic augite

(o) 6]

See Appendix for analytical procedures.
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Plain

showing

.

replacing magnetite, but

)
width of field 6.5

ferrohastingsite (FH
the lamellae of ilmenite still remains.

Photomicrograph of gabbro (74RA143)
light,

Figure 22.
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ferrohastingsite (Analysis 4, Table 5) reveals an appreciable
amount of V203. Magnetites from the Opawica River Complex
contalin considerable amounts of vanadium (Table 8) while
pyroxenes contain no vanadium (Table 5). The vanadiun con-
tent of the ferrohaétingsite and its association with lamellae
of ilmenite suggests that magnetite supplied much of the
needed iron to form ferrohastingsite.

Chlorite is more strongly colored than chlorite from
the Anorthosite Zone and varies from pale green to green.

It has anomalous Berlin blue interference'colors and is
length fast.

Fe-Ti oxides occur as "intercumulus" grains with
similar textural relations as described in the Anorthosite
Zone. Ilmenite is grey brown and strongly anisotropic while
magnetite is isotropic. Sphene occurs as an alteratiqn of
ilmenite (Figure 23).

Remnant primary clinopyroxene identified as augite
was observed in one thin scection. It occurs as cumulus

grains that exhibit various stages of alteration to actino-

lite (Figure 24).

Cryptic Variations

Hess (1960) describes cryptic layering as ". . . the
inconspicuous, and for the most part gradual change in com-
position of mineral phases upward in the intrusive." Plagio-
ciase, clinopyroxene, magnetite, and ilmenite will be used to

illustrate cryptic variations within the Opawica River Complex.
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Tablc 6. Chemical Analyses of Rocks from the Gabbro-
Ferronyroxenite Zone

An. No. 1 4 5 6 7 8

Si0o 44.0 48.7 48.6 47.6 48.4 48.8 47.4 45.4

1i02 1.52 1.04 2.25 1.49 0.23 2.10 0.88 1.10

Ale3 10.2 8.0 11.1 13.5 11.9 10.8 15.3 10.4

Fe2 3 2.86 2.8 2.0 7.10 4.50 6.10 3.06 3.01

Feo 7.19  9.70 14.64 5.97 3.79 9.27 8.94  7.57

MnO 0.20 0.24 0.25 0.05 0.17 0.21 0.21 O.Zd

MgO 12.80 10.50 5.05 6.60 6.65 4.45 6.90 11.45

CaO 7.00 14.50 8.30 11.75 11.35% 9.60 9.55 4.10

Na,0 0.25 0.50 2.90 2.38 2.84 0.95 2.58 0.58

KZO 0.04 0.42 0.20 0.31 0.07 0.01 0.49 0.15

Total 86.06 96.40 95.29 96.75 89.90 92.29 95.31 83.96

1. 74A!74, Metaferropyroxenite

2. 74RA7l144, Gabbro

3. 74RA30, lMetaferropyroxenite

4. 74RA97, Metadiabase

5. 74RA134, Metadiabase

6. 74aM135, Metaferropyroxenite

7. 74RA148, lletadiabase

8. 74RA50, Metaferropyroxenite

Sce

Apvendix for analytical procedures.
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Figure 23.
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Photomicrograph of a gabbro (74RA144). Sphene (S)
has partially replaced lamellae of ilmenite (I)
white carbonate (C), epidote (E), and ferrohas-
tingsite (FH) have replaced magnetite. Crossed
polars, width of field 3 mm.



Figure 24.
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Negative representation of a thin section of
74RA144 a gabbro. Cumulus primary clinopyroxene
(CPX) is partially replaced by actinolite (A).
Plagioclase (P) is intercumulus.
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Plagioclase

Plagioclase persists as a cumulus phase throughout
the Anorthosite Zone and a portion of the Gabbro-
Ferropyroxenite Zone. While plagioclase (An 84-69+) at the
top is more sodic than at the bottom, there is no clgar
trend. There does, however, appear that fluctuations in An
content occurs with an increase in structural height (Figure
25). Hess (1960) attributes similar fluctuations in An con-
tent of plagioclase in the Stillwater Complex, Montana, to
varied rates of crystal accumulation. On the other hand,
Wadsworth (1961) attributes fluctuations on anorthite con-
tent to the replenishment of the magma chamber by parental
magma. It is proposed that Hess's hypothesis besﬁ explains

this phenomenon in the Opawica River Complex.

Clinopyroxcne

Remnant primary intercumulus and cumulus clinopyroxene
containing exsolved lamellae of orthopyroxene was identified
from the Opawica River Complex. Pyroxenes from the Opawica
River Complex (Tables 4 and 5) exhibit a slight iron
enrichment trend (Figure 26), however, their most striking
compositional variation is in calcium content. The trend is
somewhat misleading because the exsolved orthopyroxene was

not analyzed.

Fe-T1i Oxides

Three samples containing coexisting magnetite and

ilmenite were chosen for analysis in order to illustrate any
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Figure 25. Anorthite content of plagioclase (determined

optically) plotted against height above contact
with the Opawica River Pluton. '
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chemical variation exhibited by the minerals. The analyzed
magnetite (Table 8) contained exolved ilmenite which were
not included in the analysis.

In Figures 27 and 28 major and minor oxides are P

plotted against structural height above the level of intrusion

of the Opawica River Pluton. Vanadium was discovered to

have higher concentrations in the magnetites while the

ilmenites had a higher concentration of manganese. A simi-
lar relationship exists between the magnetites and ilmenites

of the Dore Lake Complex (Caty, 1970).

Geochemistry

One of the purposes of this study was to define the
chemical characteristics of the Opawica River Complex. The
preservation of original igneous structures and textures
(Figures 6, 7, 8, 10, 11, 12, 13, and 14) and the similarity
between original minerals and their metamorphic equivalents
indicate that metamorphism was essentially isochemical; thus
the bulk chemistry of the rocks was unaffected (Téble 3).
Since cumulate rocks do not represent liquid compositions,
only gabbroic rocks were chosen to define the complek
chemically.

Several chemical series are recognized in basaltic
igneous rocks among these alkaline, calc-alkaline, and
tholeiitic. The (Nazo + KZO)/SiO2 variation diagram of
MacDonald and Katsura (1964) and Kuno (l965) can be used to

distinguish the alkaline series from the calc-alkaline and

o A —————



Table 7. Analyses of Magnetites from the Opawica River Complex, Dore Lake Comples,
and Bushveld Complex

Total Fe as FeO 94.6 93.6 91.7 83.92 86.06 81.88 7C.78 70.49 63.85
TiO2 nd | nd nd 7.02 4.65 5.72 12.36 16.56 18.19
MnO 0.06 0.35 0.28 0.15 0.08 0.12 0.21 0.25 0.37
V203 2.26 2.05 2.18 1.27 1.33 1.36 0.99 0.41 0.1¢€

Total 96.88 96.03 94.17 92.36 92.12 89.08 84.34 87.71 82.67

74AM92, Opawica River Complex (electron microprobe analysis)
74RA55, Opawice River Complex (electron micrecprobe analysis)
74Ax83, Opawica River Complex (electron microprobe analvsis)

3005, Dore Lake Complex (modified from Caty, 1970, p. 102)

3006, Dore Lake Complex (modified from Caty, 1970, p. 102)

3007, Dore Lake Complex (modified from Caty, 1970, p. 102)

LG, Bushveld Complex (modified from Wager and Brown, 1967, p. 398)
MG, Bushveld Complex (modified from Wager and Brown, 1967, p. 398)
UG, Bushveld Complex (modified from Wager and Brown, 1967, p. 398)

.
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tholeiitic series. An AFM diagram can be used to distinguish
the tholeiitic series from the calc-alkaline series. The
calc-alkaline trend is marked by an alkali enrichﬁent and
lime impoverishment while the tholeiitic trend is marked by
an iron enrichment as well as an alkali enrichment and lime
impoverishment.

The gabbroic rocks of the Opawica River Complex have‘

been plotted on the (Na,0 + KZO)/SiO2 variation diagram

2
(Figure 29). Most of the analyzed rocks are tholeiitic
according to MacDonald and Katsura (1964), but many plot in
the high alumina basalt field of Kuno (1965). Oliveira
(1963) has described similar chemical characteristics for

basalts and gabbros from Chibougamau, and used the SiOZ—Al 0
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(NaZO + KZO) diagram to resolve this discrepancy. Rocks
from the Opawica River Complex are plotted on the Si02—
A1203~(Na20 + K2O) variation diagram (Figure 30) and all fall
within the tholeiitic field.

An Artl diagram was used to distinguish the calc;
alkaline series from the tholeiitic series (Figuré 31). The
chemical variations observed for the rocks of the Opawica
River Complex exhibit an iron enrichment trend, but no alkali
enrichment. The absence of an alkali enrichment trend like
the one exhibited by the Skaergaard Intrusion (Figure 32)
can be explained by the absence.of granophyric differentiates
in the Opawica River Complex. Even ﬁhough there is no alkali

enrichment, the differentiation trend exhibited by the rocks

of the Opawica River Complex has tholeiitic affinities.
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Crystallization History and Evolution of the
Opawica River Complex

In order to design a model for the crystallization
history of the Opawica River Complex, it is necessary to
list significant characteristics of well studied layered
mafic intrusions. Most layered complexes have very similar
stratigraphic sequences (Figure 33). The stratigraphy can
be simplified into four major zones or their equivalents
(Allard, 1973): (1) an ultramafic zone, (2) anorthosite
zone, (3) layered zone or gabbro zone, and (4) granophyre
zone. Although in the Opawica River Complex only two of the
zones are exposed, it is postulated that a granophyre zone
existed and possibly an ultramafic zone. |

The original form of the Opawica Rivér Complex is
believed to be that of a tilted sheet-like body (Figure 34).
It is necessary for the intrusion to be tilted in order to
explain the present outcrop pattern (Plates 1 and 2).A A
single intrusive pulse filled the magma chamber, and crys-
tallization proceeded in a closed system with the 'original
magma having tholeiitic affinities. If the diabasic rocks
of the complex represent a chilled border phase, then the
megacrysts of plagioclase suggest that the original magma
was charged with plagioclase cryStals. Assuming a density
of 2.7 for the magma (Hess, 1960; Wager & Brown, 1967), it
is likely that the plagioclase crystals would have remained
suspended until they reached a size that would enable them

to sink according to Stokes' Law. The cumulate nature of
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Figure 34.

Sketch of the Opawica River
not drawn to scale. '

Complex after crystallization.
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the rocks and layering indicate that the complex formed by
the accumulation of crystals on the floor of a magma chamber.
The lack of a large layered zone suggests that convection
currents of the type hypothesized for the Stillwater Complex
(Hess, 1960) did not play an important role in the formation
of the complex. -

At the conclusion of crystallization, the complex

‘is thought to have the Stratigraphy seen in Figure 34 with

the possible exception of the ultramafic zone. The existence
of an ultramafic zone is necessary to explain the large
voiume of anorthositic rocks differentiating from a basaltic
magma. However, if the original magma was that of a high
alumina basalt having tholeiitic affinities, the existence

of an exténsive ultramafic zone would not be necessary. The
complex was intruded by the Opawica River Pluton and folded
into an east-west trending anticline (Figure 355. The grano-
phyre zone was removed by erosion and the ultramafic éone

if it does exist would be found below the Opawica River

Pluton.




Figure 35.
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Sketch of the Opawica River Complex after foiding but before erosion.
Sketch not drawn to scale. '
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CHAPTER IV
METAMORPHISM

A single metamorphic event believed to be associated
with the Kenoran Orogeny altered the rocks of the Opawica
River Complex. Except for relict primary igneous minerals,
typical greenschist mineral assemblages characterize the
complex and related rocks. The most important primary
igneous minerals of the complex were plagioclase, clino-
pyroxene, magnetite, and ilmenite. The mineral assemblage
albite + actinolite + clinozoisite + chlorite in ﬁhe rocks of
the study area indicate regional metamorphism of the quartz-.
albite-muscovite-chlorite subfacies of the greenschist facies.

Turner (1968) and Winkler (1967, 1974) stress the
importance of the catalytic action of water during metamor-
phism; without which "the metamorphism of basalts to,amphiQ
bolites or chloritec-epidote greenschists would have been
impossible" (Winklex, 1974). Original intercumulus minerals
evidently acted as a channel for water and other volatiles
during metamorphism. As a result, original intercumulus
pyroxene altercd to amphibole; calcic plagioclase remained
stable except along grain boundaries with amphibole where
zolsite and albite became the stable assemblage, and cumulus
pyroxene remained stable except along grain boundaries with
plagioclase where actinolite became the stable assemblage.
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Such conditions may indicate either insufficient quantities
of water available for more complete alteration of cumulus
phases or insufficient porosity-permeability to allow the

passage of water to the entire rock.

Plagioclase

Plagioclase 1is the most abundant cumulus mineral in
the complex. <Calcic plagioclase (An 84-69+) has for the
nost part survived metamorphism. As described above, wheré
water was available in sufficient quantities calcic plagio-
clase altered to an aggregate of clinozoisite and/or epidote
and albite. The following reaction describes the transfoxr-

mation:

5 calcic plagioclase (An 80) + HZO = 2 clinozoisite-Falbite-FZSiO,-FAIZO

2 3

(1)

. ; - - Cn . N
[NaA181308-+4CaA1281208]-FHZO 2Ca2Al3513012(OH)-IhaA181308-F28102 F-Ale3

502.9 cc 466.9 cc

Petrographic evidence indicates that the excess
alunina reacts with augite to form chlorite, which when
present is found at grain boundaries between plagioclase and

actinolite (Figure 36).

Pyroxene

Augite is the only original mafic silicate mineral
identified from the Opawica River Complex. Originally, it

was present throuchout the complex as an intercumulus phase
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and a cumulus phase in the Gabbro-Ferropyroxenite Zone.

Subseguently, augite was altered to actinolite and chlorite:

5 augite -+ HZO = actinolite + 3 CaOl + 28102

5Ca(Mg, Fe) Si,0,+ H,0 = Ca,(Mg,Fe) Sig0,,(0H), + 3Ca0 + 2510, (2)

392.47 cc 406.13 cc

There 1s petrographic evidence that chlorite formed
from the alteration of augite with the addition of alumina.
The formation of chlorite can be described by the following

reaction:

5 augite + A1703 + 4H20 = chlorite + 5Ca0 + 7Si02

5Ca(Mg,Fe)Si20 —FA1203-k4H20== (Mg,Fe)5A12813022(0H)8-F5CaO-+7Si02 (3)

6

417.96 cc 542.14 cc

The excess silica and lime produced by the above
reaction is available for the formation of sphene from

ilmenite (reaction 6).

Magnetite

In the Opawica River Complex‘magnetite is present
only as an "intercumulus" phase. Pctrographic and chemical
evidence indicate that magnetite was an important reactant
in the formation of ferrchastingsite and epi%oge. Ferro-
hastingsite evidently replaced magnetite leaving lamellae
oriented parallel to the magnetite (11l) direction (Figure

22) ., Baskin (1975) reports ferrohastingsite from the Dore
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Lake Comple:x, Chibougamau, and proposes the following

reaction:

NaAlSi O, + l/2CaAlZSi 0

198 203 + 3/ZCa(Mg,Fe)8120

+ 1/2Fe_Si0,.. -+
6 2 26 .
(4)

- " R SO .
1/217‘9304 = NaCaz(Mb,Fe)alL 516A12022(0H)2 + 5102

An alternate reaction, perhaps better suited to the
formation of ferrohastingsite in the Opawica River Complex
follows:

Albite + 2anorthite +2magnetite +2augite + §10, + 1/21\1203 + 2H20 +
0, = ferrohastingsite + epidote + FeO + 1/402
NaAlSi, 0

+2CaAl,.Si,.0_ + 2Fe OA-+2Ca(Mg,Fe)SiZO -+Sioz-+1/2A120 + H,0 (5)

3°8 2728 . 3 6 3 2
572.78 cc
+0 ==NaCa-(Mg,Fe) Fe+3Si Al1,.0,, (0OH) -+20aFe+3A1 Si.0,,(OH) +Fel + 1/40
2 2 A 6 2722 2 TUT2 312 2
567.45 cc
Ilmenite

Ilmenite occurs as an "intercumulus" phase and, as
previously discussed, as lamellae parallel to the (111)
direction in magnetitc. Sphene is observed as an alteration
of ilmenite (Figure 23). The following reaction is proposed

to explain the formation of sphene in the complex:

ilmenite + CaO + 8102 = sphene + FeO (6)

FeTiO3 + CaO + SiO2 = CaTiSi05 + FeO

72.31 cc 68.02 cc
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Discussion

i s e mam

Winkler (1974) states that metamorphism is essenti-
ally an isochemical process. The preservation of original
igneous structures and textures (Figures 6, 8, 10, 11, 12)
in the rocks of thé Opawica River Complex support this
hypothesis, but these observations alone are not sufficient
criteria to support isochemical metamorphism. Turner
(1948) states neither bulk composition nor specific gravity
of the rock remains constant during metasomatic metamorphism.
Table 8 compares specific gravity of rocks from the Bushveld -
Complex and Stillwater Complex to those of the Opawica River
Complex. These comparisons indicate that the épecific
gravity of rocks from the Opawica River Complex are‘baéically
unaffected by metamorphism. Postulated metamorphic reactions
can be used as a criteria for isochemical metamorphism. In
the written reactions for observed mineral assemblages in |
the Opawica River Complex the addition of components from
outside the system is not necessary (reactions 1, 2, 3, 5,
and 6) .

Preservation of original igneous textures and struc-
tures, minor changes in specific gravity of the rocks and
postulated metamorphic reactions suggest that metamorphism
was essentially isochemical and isovolumetric with any mig-

ration of elemaents limited to a few millimeters.




Table 8. Comparison of Specific Gravities of Rocks from the Opawica River Complex,

Busiiveld Complex, .and Skaergaard Intrusion.

1 2 3 4 5 6 7 8 9 10 11 12 13

2.78 2.85 2.83 2.79 3.03 3.03 2.79 2.74 2.73 2.79 2.92 2.98 2.95

~SOY U Lo N

10.
11.
12.

13.

74RA124 Gabbroic Anorthosite, Opawica River Complex
74AM17 Gabbroic Anorthosite, Opawica River Complex
73BM39A Gabbroic Anorthosite, Opawica River Complex
73BM167 Gabbroic Anorthosite, Opawica River Complex
74RA148 Metadiabase, Opawica River Complex
74RA134 lMetadiabase, Opawica River Complex

- Anorthosite, Bushveld Complex Analysis I, p. 104, Analyses of Rocks, Minerals, Ores,

Coal, Soil, and Waters from South Africa, Mem. Geol. Surv. S. Afr., 32, 876 jo)e i

Anorthosite, Bushveld Complex, Analysis II, p. 104, same reference as 7.
Anorthosite, Bushveld Complex, Analysis III, p. 104, same reference as 7.
Anorthosite, Bushveld Complex, Analysis IV, r. 104, same reference as 7.
Anorthositic norite, Bushveld Complex, Analysis VI, p. 104, same reference as 7.
Chilled Marginal Gabbro, Skaergaard Intrusion, Analysis XII, fold out after p. 335,
Wager, L. R., and Deer, W. A. Geological Investigations in East Greenland, Pt. III.
The Petrology of the Skaergaard Intrusion, Kangerdlugssuaqg, East Greenland, Medd. on
Gronland, 105, No. 4, 352 pp.

Chilled Marginal Gabbro, Skaergaard Intrusion, Analysis XIII, same reference as 12.
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CHAPTER V
LCONOMIC GEOLOGY

Exploration for base metal sulfide deposits of
Archean to Tertiary age has become more sophisticated since
the volcanogenic nature of many of these base metal deposits
was recognized. Voléénogenic massive sulfide deposits have
man? similiarities (Sangster, 1972). However, these are not
the only important type deposits found in the Archean rocks
of the Canadian Shield. Exploration in Archean rocks of
the Canadian Shield should be directed toward minerél deposits
having a magmatic origin with special attention given to
ultramafic rocks and layered intrusions as well as toward

the volcanogenic type deposits.

Magmatic Ore Deposits

Oxide and sulfide mineralization is known'to occur
as horizons in layered complexes. Chromite, vanadifeious
magnetite, and sulfides of the platinum group mineralé,
copper and nickel, are found associated with layered com-
plexes. Chromite and sulfide horizons are associated with
mafic to ultramafiic rocks (Cameron & Desborough, 1969,
Bicnan, 1969, Cousins, 1969, and Souch & Podalsky et al.,

1962). Because these ninerals occur at the same stratigraphic
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horizons, exploration should be directed to ultramafic rocks
associated with layered complexes. 1In the Opawica River Com-
plex there is no exposed ultramafic zone. If an ultramafic
zone exists, it would probably be located below the Opawica
River Pluton. Vanédiferous magnetite is being mined from
the Bushveld Complex. Magnetites from the Opawica River Com-
plex have very similar chemistry to magnetites from the Bush-
veld Complex and Dore Lake Complex (Table 8). The magnetites
occur in the Gabbro-Ferropyroxenite Zone and are defined by a
magnetic high. In the lithologies studied, magnetite com-
prised less than 25% of the rock by volume. The large
amounts of glacial drift could, however, mask concentrations
of maynetite similar to those in the Bushveld Compléx.

Hence, more work is necessary in order to determine if eco-

nomic concentrations of magnetite are present.

Volcanogenic Ore Deposits

Syngenetic deposits are generally associated with a
volcanic sequence tens of thousands of feet thick (Goodwin,
1968). The volcanic complex can be divided into three main
portions: the lowermost part consists of pillowed and
vesiculated flows generally of basaltic composition, the
second part consists of flows, flow breccias, and tuffs
mostly of andesitic composition, and the upper most portion
consists of flows and pyroclastics of dacitic to rhyolitic
composition (Sangster, 1972). Another characteristic of

these deposits is that the volcanic pile has been intruded
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by rocks of varying compositions. Acid intrusions are the
most common rock types associated with.the volcanic pile
(Sangster, 1972). However, the Chibougamau and Matagami.
areas are two notable exceptions in that they have layered-
intrusions in the volcanic core, as does the Opawica River |
area. These layered intrusions could represent volcanic
cent§?s. If there is a link between mineralization and
layered intrusions, the volcanic rocks in La Ronciere,
Guercheville, Gand, and Lesperance Townships should.be con-
sidered as exploration targets for volcanogenic ore deposits.’
Within the Opawica River Complex, as in the Dore Lake Com-
plex, mineralized shear zones could be expected‘to‘pccur in
the Anorthosite Zone, but no areas of intense alteration
have been observed. However, one must remember that approxi-

mately 99% of the area is drift covered.

s s ST A
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CHAPTER VI
SUMMARY

The Opawica River Complex is an Archean layered
intrusion. It intruded discordantly volcanic rocks of the
Matagami-Chibougamau Greenstone Belt. The volcanics and
Opawica River Complex were intruded by the Opawica River
Pluton, consisting mostly of biotite trondhjemite, and
folded into an east-west trending anticline during the
Kenoran Orogeny. The La Ronde Lake Pluton, a post~kinematic-
zoned granitic pluton, has intruded the Opawica River Complex
and volcanics. The complex and enclosing volcanics have for
the most part been metamorphosed to the quartz-albite-
muscovite-chlorite subfacies of the greenschist facies.
Original igneous structures and textures have been well pre-
served.

The Opawica River Complex is divided into "two zones:
Anofthosite Zone and the gabbro-Ferropyroxenite Zone. Due
to the tilted nature of the original magma chamber and fold-~
ing the Gabbro-Ferropyroxenite Zone is not continous over the
entire outcrop length of the complex.

The rocks are marked by an enrichment on FeO and
depletion of MgO. The rocks are characterized by a high ratio
of Na,0 : K,0. The Opawica River Complex is the result of
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fractional crystallization of a basaltic magma having tho-
leiitic affinities.

Similarities in geology with the Chibougamau and
Matagami areas make the Opawica River-La Ronde Lake region.
an excellent exploration target for volcanogenic sulfide
deposité. Also, one might expect to find magmatic ore
deposits within the Opawica River Complex since layered com-

plexes are known to contain deposits of this type.
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APPENDIX I
LABORATORY PROCEDURES

Petrographic and Mineralogical Techniques

Several laboratory techniques were utilized to obtain
petrographic and mineralogical data. Thin sections from
approximately 100 rock samples were studied using a Zeiss
petrographic microscope. Plagioclase compositions were
determined with the microscope using F. C. Calkins' curves
for sections perpendicular to X. Immersion oils and Tsubqi's
curves for refractive indices of cleavage fragments (Kerr,
1959) were used on plagioclases from the Opawica River Com-
ple=.

Analyses of selected mineral specimens were obtained
using a Materials Analysis Company 400S Electron Microanaly-
zer. Analyses were made on polished sections and polished
thin sections which had been coated with a 250£ carbon film
using a Varian vacuum evaporator. An operating voltage of
15KV and a sample current of 0.05 microamps were used. An
average of five spots on each sample were analyzed using
twentyv second counts and a beam diameter of five microns.
Only background and drift corrections were made since

standards were selected to be very similar to the unknowns.
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Semi-quantitative analyses of all major elements for
actinolites were obtained using a Canberra energy dispersive
detection system compésed of a lithium~-drifted silicon
crystal, and a broad-spectrum, multichannel analyzer. X-ray’
emission spectrographs were made for unknown and natural
mineral standards. Data were collected in 100 second counts.
Peak heights of all major elements in the standards were
graphically plotted and a line of calibration drawn between
corresponding elements of standards. Observed peak heights
of elements in the unknowns were compared with this calibra-

tion to obtain oxide percentages.

Whole Rock Chemical Techniques

Major elements except éodium and magnesium were
analyzed by x-ray fluorescence. A cylindrical teflon mill
(McCrone micronizing mill; McCrone Research Corporation)
filled with corundum cylinders was loaded with 4.000 gramsb
of rock powder and 1.000 gram of cellulose. Standards were
prepared in an identical manner to compensate for possible
aluminum contamination. Ethyl alcohol was added to the mill
and agitated 10 minutes. The resulting slurry was rinsed
and dried. The dry matcrial was placed in a pellet die and
pressed at 20 tons into a solid, stable pellet.

Pellets were analyzed on a Phillips-Norelco x-ray
fluorescence instrument (Model Number PN 3260). Pellets of
USGS standards were used to construct working curves. A

pellet of SiO2 was utilized as a blank for all elements
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except silicon. An internal standard was analyzed at every
fourth count to provide for drift corrections. Count time
was 100 seconds. Drift and background corrections were made
on all samples.
Sodium and magnesium analyses were obtained with a

Model 303 Perkins-Elmer Atomic Absorption Spectrophotometer.
Instrument settings were essentially those recommended by the
manufacturer's handbook. Samples were prepared for chemical
analysis employing the method developed by Medlin, Surh, and
Bodkin (1969).

| Ferrous iron determinations were made by the "Wilson
method" as described in Jeffery (1970). The method consists
of a back titration using ferrous ammonium sulfate with barium
diphevylamine as an indicator. USGS sample W-1 was used as

a standare.
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FEO 1.56 1729 €. (AN 61,78 BL,43 DIFNOX T PCT 17.48 CAT PCT 18.59
uMo R 1 3 | Lc - J.6¢C BNy .
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(Fa) 6.06 <9400 ) A=F~4 DIAGAM
s 3455 £,02 o
M 2.92 2.78 _ HT PCT ALK 2%.70 FE &3.39 MG 33.91 .
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IDENTIFISATION FIELD REANS.. 7334168
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; - 2902 L. 0.0% n,” b4 0.66 3.460 . FAE/OL HT PCT  8.09 MOL PCT 3,30
AL203 9,50 11.53% 0.77 92 1.39 1. 24
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S -£,20 ¢ §.03) r,0" (e 1%.77 14,93 : . o
cL =3+20 {030 TOf 23] 1.82 © 1,83 AN~ AR=-OR NIAGPAM
F =L.35 ( 2430) fu.ar HY 12,567 13459
coz =“¢edd G0 D.0° () 11,23 9,41 HT PCT AN 53.6¢ A8 32.43 0% 3.95
{FS) 1.39 1o47 . .
TOTAL 91,48 LCC.E0 oL £.09 3.00 HOL PCT AN 62,37 4R 33.76 0P 3,38
«H2Z0 91.6% (FgY .. C.,3J0 D05 ’ .
: - (F4) 3.9% 5.3 : : A=F=-M¥ DIAGRAM
) cs 0.3¢C 9,58
i 4 7.32 9,29 . " HT PCT ALK 6.59 FE 53.5% MG 32.52
o ‘ ©CcM © o 0.00 0,28 . . .
) . . IL 1.29 1.5% ) MOL PCT ALX 6.28 FZ 32.70 MG B1.02
; . ‘ HY 6.9 0e39 . .
i ' . - sP 004 .80 (NA+X) AL ATM WT PCT 21,17 GRMATY PST 23.17
i : PF T.00 8,22 v .
| ) : RU 2,35 8.50 (FE+MN)ZLFE+MNMG) ATH WT PCT  52.79 GRHMATM PCT  42.35
N : i AP .07 - Beud . . _
: ., FL £.50 0. 00 . NAZ0/(NA2O+K20) ~ HT PCT 85,11 | KOL P3T  83.58
oy e.39 .39 ’

cC 270 3eul T . FEO/(FED*FZ203) © HT PCT 45,57 MOL PCT  65.05

SaLIc 45,54 40. 886
FEMIC Sholbb B2.82

TOTAL 16639 9i.48 ' ' ' .
. COOMBS BASALT PLCT NE-OL-0Z-0I(=Z25.73)

07= .26 NE= 0,08, OL= .11 DI= .60

66



IDENTIFISATION FIELD READS., TLAYGT 648AR0 ' :3
i ; .
¢ SPECICS INPUT cAaLG nce . MINZRAL CAT W
' s HT cat rR7no - PRONT PRONT

PRACHT PRCNT CT=n3

i :
i ‘ ©S103 47.15 «4.83 0 5,97 az .00 2.6 AN/PL  MT PCT 53,73 MOL PCT 43,25

? TIn2 1.01 1.15  f.¢° cn y.3d p.c0
; Core ~Ted) S.03 8, 2 n.00 LG FA/OL HT PAT 61,65 MOL °0T 32,93
§ aL201  f1.20  12.59 (.17 a2 2.31 2,25 . ’
b 62203 -n0%3 Serd o tif PL 49,63 33.3C IN/HY NT PCT  6C.73  MOL PCT  67.37
4 FI203 . 5.94 4,26 0,10 (an) 29,62 18,27 )
| FE 1.73 9.36 (.17 (&N} 26.91 19.43 DIFMIX WT PCT 28,12 CAT PCT  22.33
K uND 22 18] Lc G.60 . 8,30 . .
: NIO ~5.3C T 3.u01 NE 7.0 ued3 ) QZ-£9-0R NIAGRAM
: 469 8,95 12.72  C.0* KP 6,59 Bofid .
i cto 1.ev3  1L.22 0T HL gl 1.0 . NT PCT  QZ 0.3% &7 89.37  0R 17.53
] SR -5.86 U 2.531 TH 3.c¢ 7.09 .
; 59 =0,36 f C.om) C . MDL PCT Q7 L.C3 A8 87,92 0R 11,13
r vizo 2,23 L.t2 0,00 ac 3.29 T.23 :
| KO . .38 N4 NS 0.u% C.85% C7~ME~KP GIAGRAY
i P20% ~3.50 0.835  P.I° XS 0.3n uedy
! H20+ tewd - HO 1.9° 9038 . MT PCT Q7 45,5% N 49,61 KP 5.0%
H20- -0.00 01 26.87 26,62
' 503 “ue5l .63 0.3° two? 12,63 12,62 MCL PCT  QZ 86467 NI 23.97 K°® 2.3%
: S % B R O 5 D I L (e 5434 7.33 ]
: cL STD B N X I I % 1 (FS) 4,10 9072 AN-A2~0R DIAGPAM
' F 0,45 ( G.53) 9.6" HY 17,48 16,82 . . :
i coz -3.038 .0y . 5r tEN) 11,67 16.22 . . HT PCT AN 47.92 A3 48,54 02 5.54
' i {F5) 5.73 5459 , . ]
| TOTAL 99,36 1€f.%5 oL 6.8 5.71 MOL PCT AN 46,56 AB 48.22 93 5,33
-H20 92.36 : (FO) 4,08 3.3 :
(Fa) 2460 2.37 . A~F=M DIAGPAY
s 6.2 2.55 : '
M7 6.09 8.R1 * HT PCT ALK 8,93 FZ 685.45 MG 39.52
cH €08 9.63 . :
It 2431 3.%6 MCL PCT ALK 8,65 FE 43.34 MG 28433
| : , HM C.ot L.00 _ :
. sP 4.0 0432 (NA+K)Y ZAL . ATM ®T PCT 33,23 GRMATY PST 36,43
‘ ' : pF Gout S 2ed0 ‘ :
RU 2.0 GeD . (FE+MN)Z(FE+MN#MG) ATM HT PCT 71,35 GRMATY PST 52,02
. AP 0.00 GeRE - :
. FL - D.00 2433 NAZ0/ (NA20+¥23) v HT PRT 35,404 MOL P3T 39,92
i : pY 6,00 g.0¢ A o
ce 0.5 0.0 . FEOZ(FED+FE2I3) WT PCT 66438 MOL P3T  8L.04

SALIC = 42.94% 4J. 54
FEXIC 57.U6 58.42

TOTAL  10G.00  99.36 . N '
S COOM3S RASALT PLOT NE-OL-9Z-0T(=43,35)

. 0Z= o18 - NE= Q.00 oL= 32 DI= «51

00T



IOSHTIFIGATION FIELD READS.., 744H92

SPECIES

5102
- T102
7202
40233
£3203
FE203
FEQ
hitle]
NTO
460
cLo
5R9
340
NL20
¥20
2203
H20+
nz2a-
53

cL

coz2

TOTAL

=H20

TurPyTY
Y
PRCHT

43,43

263

=v.19
1,23
=C.23
7.R5
11.33
16
=025
Be 35
905-0
Geu?
~Neoi
1.61
1Y
LT
={evd
-3.00
=C.J0
ks ad
=Leud
=G.9y
~6.39

97.53
97.53

CALG
CAT
POCNT

42495
1.96
.52

16.57
JelGi
5.85
Tete2

 .121
[ 2.063)
9,37
1¢.08
¢ C.L7)
{ €.£31
3.09
«59
.09

L.0J
( DY)
( seu®)
( C.03)
0430

10L.C0

rne4e
FRR0®
cTenT

c.nr
njr
g.7r
g.nr

saLIc

MINERAL

07
co
4
oR
PL
(an)
(AN)
Lte
NET
XP
HL
TH

AC
NS
KS
HO

-
&

W)
(EW)
(FS)
HY
tN)
(F$)
oL
(FO)
(F8)
cs
NT
CM
I
HM
SP
PE
RU
AP
FL -

PY
cc

FZIMIC

TOTAL

GARRRO

CAT
PRCNT

1.37
0.38n
.09
2,97
L7.66
15.45
32.21
.0¢
n.Go
¢.d8C
.37
E.ac

6.0¢
g, 05
.30
.01
14.54
7.27
6,86
2eb2
29.73
13,83
6'90
0,00
0.3
0.00
"a' 5:’
8.77
209
3,92
0'3:
6.0%
OVUG
.20
2.2
0.0%
3.00
0,07

51.939
48,01

166.00

HT

"PRCNT

1.38
alcu
0.53
2.78
43.75
13.52
32,13

G'c:’

0.C4
Cedl
Goul
.80

ey
g.n¢
T.20

G

13,47
7.10
Ly 1C
2.68
19,27
11,72
7_.6;
vel?
G403
0. 00
Geul
11.39
3.0¢

.99 -

C.5¢
Tel D
J.26
g.00
Y0
0.33
3.C6
8+47

47,91
49,62

97.53

ANZOL

FA/NL

EN/HY

0IFNNX

WT

MoL

WY

MOL

wT

HOL

HY
HoL

(HA+K) ZAL

2T

PCT

PCT

PCT

ecT

PCT

AT PCY 68.85 HMCL PCT 67,38

T PCT §.,2) MCL PCT Je13

T PCT 6&L.43 MOL PCT 6

31

o

T PRT 17.79 CAT PCT 19.73

0Z-A2-08 GTAGIAN
QZ 7.77 A3 78.61
N7 27.36 A3 B1.i7
07 -NE-KP DIAGPLM
07 49,62 NS t1.50
QZ 7034 NI 24.73
AN-£8-0R'DIARRAY

AN 64.75 4% 29,23

TAN 53.62 AR 3I5.52

A

A

A=F=4 DIAGRAM
LK 7.52 FZ 499,52
LK 782 FE 52,01

ATHM HT PCT 21.78

(FE+MN) /7 {FE+MN+H5) ATH WT PCT  79.2%

NA20/ (NA20+K2D)

FEQ/(FS0+FE203)

NT PCT 77440

HT PCT 59,18

0R 15.62

oR 11,75

KP  8.%8

KPP L.78

7R 5.97

0 5.85%

4G 22.9%

Y6 39.77
GOMATH PST
GRMATY PCT
MIL P3T

" MOL P3T

COOM3S BASALT PLOT NE-0L-0Z-0I(=36.59)

€2= .32

NEs

300 OLT 425 NI= 40

22.23
62.15
83.39
76.32

TOT.



§ " ———————

Chmm

IDENTIFIZATION
SPECIES INPUT
Wr
PRCNT
s102 42,63
TIin2 140
2202 ~3.5u
AL203 12. 80
£R303 ~f.aC
FE203 7.59
FE0 2.563
MNC 28
Nio -0, 35
“Ga 7.85
cao Buh2
S20 =0.00
940 =C.sC
Hap 2.31
x20 1010
P20s5 -L,32
HZ0+ —ueld
H20-
sS03
S
cL
[~
coz
TOTAL 92.31
92.34

=H20

FIELD REACS.s 74355

CiLC
CAT
PPTNT

L2.65
) 65
C.C3
15.22
Gel3
5,65
7oLy

t .28y
05,331

11.91
Gebt
[ 0.CC

{ ¢.C31

3.89
1.bb
.20

-~
L = N )
e o v e
Mmoaone
[ATEN NN = B o )

1

[

rep
EQ.‘!C.’!
cTany

a,an
c.cr

'\.n"

r.3"
%.00
c.cr
(.a"

GABBRD

MINERAL cayv

PRCNT

Q7 p.n0
co Fou?
4 G.00
0R 7.19
PL Lu,4L3
(an) 19,97
(AN) 24,L7
Lo n.e2
NE Q.00
KP [«
HL God?d
TH n.Cy
AC 0e00
NS 0.02
XS TR ]
L8] Ceu?
I 18.2%
(HO) 9,14
(EM He 87
(FS) 2423
HY 11,460
() 8464
(FS) 289
oL 3,206
(FO) 62
(Fa) 2+.52
Cs ¢.09
uT B.78
(] 0,23
I 1.70
HM L]
SP G235
PF CsCC
RU .23
AP .20
FL 0,37
‘ PY t.0C
ce LA

SALIC  51.62
FEMIC 48,38

TOTAL 1C5.60

W7
PRINT

PP =X

Wt

MOL

WT

HOoL

WY

HOL

HT
MCL

(NA+) /AL

PCT

PCT

PCT

20T

PCT

eCT

PCT

PCT

15

NZ-4R-0R DIAGREM
Qz €.2s A3 72.35
07 £.07 23 73.53

N7-NS=XP NIAGRAM
0Z 45.i9 NI 39.19
QZ 66467 NT 2«.51

AN-A43-0% DTASRAY
AN 48,47 A3 37.23
AN 47,39 A3 38.69%

A-F-M  OIAGAM

ALK 11.,4% FT 59,79

ALK 13.838 FZ 41,37

ATM HT PCT 36.C5

(FE+YN)/Z{FE+HN+MG) ATH WT PCT  72.23

NA20/ (KA20+%20)

FEO/Z(FED+FZ203)

HT PCT  6L.63

WT PCT 53.2%

HT PCT 56.52 MOL POT
4T PST 31,956 MOL ACT
WT PCT 7.1t MOL BCT

WT oCT 23.51 CAT 2CT

o

o

%P

Ko

oR

OR

55426
2409
75.51

27,18

15.71

8432

14.25

13.93

GRMATY PST

MOL PCT

HOL R3T

C0o0MBS RASALT PLCT NZ-O0L-QZ-DI(=37.93)

02= ti.':"

NE=

0.00 OL= .37

a1

l‘*a

" 35.69

53.11
7353

71,65

.€0T



TIENTIFICATION FIELD READS.. T4AYLa1 GABSRO SP. G. 3,15 ' ' ] fs
i} SPECIZS INPUT  CALC 0RC49 ~  MINERAL  CAT U
o WT CAT  £RGP PICNT. PRCNT

I ' PFCNT  PRCNT CTINT

o s102 47,20 L7.85 .1 nz © Jevt 2.97 AN/PL  WT 207 B0.56 HOL PCT 59.12
TIOZ w9 . 437 T.CP co c.Le Ceud
7R02 -840 .20 G030 4 Ued? 0.23¢ FA/OL HT PCT  0.02 %OL PCT 0433
4L203 2,8)  11.71 1.2° o] 1.16 1436 .
€R2027  ~=t.o0 2.5¢C t.oc PL 36.05 32,17 : EN/HY WT °CT 88,27 HOL PCT 93.53
FE203 L.79 3.65 - 5.0 7Y: 14,74 12.69 o
Fco L.13 Tou2 3.t (an) 21.32 19.068 GIFNOX HT PCT  15.73 CAT PCT 13.G2
40 09 [ W GHY Le 0.60 Gou0
nio - -0.30 [ 2.833 NE 8.32 9.50 0Z-43-0] DIAGRAM |
4690 825  12.L7 f.A° KP 0.06 0.G0 . . o
cA0 15.93 17,27 = C.0f HL £e50 g.00" WY °CT 02 17,77 A3 75.88 O 6.3%
520 AT PR QAL B TH N0 0,40 .
340 =uelil € GeGu) . ‘ MOL PCT QZ 48.64 A% 47,63 0OR 3.75
NAZD 1. 58 2.95  %.07 AC 8.350 Loly .
X20 $18 W23 fJ~ NS Gedd "0.%C CZ~HE=XP DIAGREM
pans w28 LetS Y KS p.n9 2,10 )
H20+ -0.30 _Wo J.02 7.08 WT PCT NZ 55.28 ME 41,10 KP .61
H20- -0, 02 uI 52,93 464 87
503 =Ge0 0.3  £.0° {40} 26.01 24,89 ' MOL PCT Q7 74.67 MNE 23.48 XP 1,55
s =Ca36 f Cafgy 3.0 tEN) 23.57 19.42 .
cL ~0s00 € 0.6D)  f.CP (FS) 2,45 2.65 : AN-£B-0R DIAGRAM
: F “teud  ( C.50) 0.9° HY 1.51. 1.28
* coz . “Ceus 8,66 .07 TENY - 1.35 1.12 WT PCT AN S8.60 AR 73,18 03 3.2¢
! (FS) sl +15 .
: TOTAL  92.23 100.00 TooL 0.6 9.08 MOL PCT AN 57.27 AR 39.80 O 3.13
i -H20 92.235 tFO) G.00 2,34 _
: (FA) 6.83 .92 ’ . © BeF-M DIAGRAM
i cs 0,50 9,90
B MT S.L8 6495 . HT PCT ALK 8496 FE L7.24 MG 44,30
' cM 6.0 © .30 . )
IL- .75 +93 : g MOL PCT ALX €424 F3I 27.17 45 64.39
HM p.ce 9.90 . } : S
sP 0.0u gouo T (NAHK) ZAL . ATHM HT PCT 24,34 GRMATM PZT  27.17
PF G.00 0. 02 : .
: . . RU Seby A (FE+4N)Z(FE+MN#MG) ATM HT PCT  556.34 GRMATY PCT  3Bewls
! o ' AP . 0.00 e, : ’ C
: . FL 9.00 .00 NA2O/(NA2D+K20) HT PCT 89,29 HIL P3T 92.58
oy ©0.00 0.00 . oo , .
ce © 0443 .10 . . FEO/(FZQ+FE203) HT PET 45,59 HOL PCT  65.16

SALIC W, 24 . 35.20
FENIC . 59,76 . 55,03

©OTOTAL 163,29 92,23 : -
C COOMBS BASALT PLOT NS~0L-AZ~DI(=56.55)

P A ' 0z= D7 NE= $.96  OL= 401 DI=  ,92

£0T



IOENT;FI:ATION FIELD REANS., 73439

SPECIES

3102
Ti02
ZR02
L2203
203
FF203
FED
MNO
NIOQ
“G0
CAQD
SRO
3A0
NA2N
X20
pzas
H20+
H20-
S03

cL
coz

TOTAL
-H20

INPYT
wT
PRONT

L7135
2t
=C.]2
22.735
~6.3d"
3437
2+65
11
=C0e7d
T.29
BeR3
=Gels
=U. 20
2,58
«h3
=L.20
=2.u0
=023
“bes?
=%.30
=3slvy
=0.Cd

=Gevd

B4 ,u3
L, 43

caLc
CAT
PRCHNT

45.58
‘17
.00
25.45
Jei @
2.23
2+ 14

{ 29
U G.CJ1
15,64
2.93

[ C.C31
[ c.00
3.92
.78
.39

LR
t C.CI)
( 0.0

t c.C)

.57

cenn

RN
c1enT

L Ted”

(.3f
0.0
t.3"
.57

- ~n
et s

Col”

0.3
J.97

[y

2.3°

tyu" -

.07

3.)"
.00
e.s"
r, e

1ed®

MINERAL

a7z
co

AL

tag

(AN)
Le
NE
P
HL
TH

ac
NS
KS
Yo
DI
(WD}
(EN)
(FS)
HY
(EN)
(FS)
oL
(FO)
(FAa)
s
MT
cH
It
HY
SR
PF
RU
Ap
FL
PY
ccC

SALIC
FEMIC

TOTAL

GARDBRO SP.

CAT
PRONT

2439
"3.37
4.0
_3.88
63.99
15,49
G4eSL
0.05
0493
2.09
0.CO
5.03

5,00
2.09
2.09
3.4
0,40
0,03
2.03
3,03
22.76
25488
1,88
0.52
.59
£,37
0,12
3.35
.03
.35
0,09
2,23
0.6
2,80
D.GC
.02
t.n9
2,04

73.54
26446

1€3., 02

Ge 3412

HT
PRONT

2.38
2.96
G+20
3.72 -

62.25

17.H0

42,66
Gt:‘a
2450
3403

.30

o
-

3
o

sownLao
. o o 0
€ LI DD
YLV O oy W)

17

aNsoL
FasoL
EN/HY

DIFNDX

WT °CT

MOL PCT

WT 3CT

MOL PCT

WY PCT

MOL PCT

4T PAT
AT oGT
WY PCT

WT PCT

7C.
"
ve

89,

23,

8¢ HOL_PCT
31 MoL PCT
41 Mo PCT
7L CAT PCT

NZ~A3-CR JIAGRPAM

Q7 1£.35

Nz 33.

oo

43 76.25 OR

AR 55,87 OR

CZ-NZ=KP OIAGRAM

nz st,

Qz 71,

as

37

NZ 48.22 XP

NE 23.38 Kp

AN=LR-0R OTAGRAM

AN 66.88

AN 65,

58 .

A-F-H

WT PCT ALK 17.23

MOy POT

(NA+K) ZAL

(FE4MN) Z{FE+NN+H5) ATM HT
NAZO/ (NA20+¥20)

" FEQ/(FTO+FE203)

aLx 14,

ATH

57

a3 27,54 O
43 29.7% 0OR
OIAGRAEM

FEZ 35,43 - M6

FE 23.3% MG

69.56 .
7.33

§1:73

25456

15470

1£.13

LHe2%

55,11

UT POT  17.23 OGRMATY P3T

HT °

CT 78475

HT PCT  46.33

PCT  49.54 GRMATM P37

HOL PCT

4ol PCT

conuns BASALT PLOT NE-QL=0Z+NI(=25,06)

nZ= 55 NE=

.00

oL

= 45 0I=

0,30

13,908
29.95
83.33

65.74

vOT



IBENTIFICATION FICLD REANS.. 7 4ANG GAABROIC ANNRTHOSITE SP, G. 2.86 1 €;
SPECIZES INPUT caLc cer’ HINERAL CAT HT
(T34 CAT cane PRCNT PACNT

PRCNT PRCNT (3277

ST02  47.5% 46,01 e.0" 0z .78 X ¢ EN/PL  WT °6T  74.99 MOL PCT 7J.7é

T102 39 ' 28 roa” co © 0400 8,90
ZR02 “leuf B.G3 LY 2 £.a¢ 0.0 ) FAZOL HWT PCT 2,358 HMOL PCT  €.33
AL233 22.30 25.08 1.7" orR 1.54 1.48 .
GR203 ={esd 5.59 a.a7 AL 72.48 68.27 . EN/HY HT OCT 67.%5 MCL PCT 73.15 .
.F5203 2.27 1.55 Q.07 (43} 21.18 19,12 _ ] :
FEO 3.95 3.15 N (Am 54,3y 49,15 ' DIFNDX WT PCT 21,41 CAT POT  23.58
MO 12 ¢ W13) LC 9.%0 0eud .
NTO -6.30 [ C.53) - NE 0.00 feuad . ] nNZ-A8-0R NIAGRAM
MGO 4,35 S.84 0. KP 046G g.03 :
ca0 12,98 13.36  {.3" HL 0.Ch 0,90 o HT PCT GZ 3.78 A% B9,32 0JR 6.9
s =3,43 [ $.59) . TH 0.02 ten0 )
nan =3.4C € 0.621 . . : HOL PCT 0Z 14,73 AR 79.52 0OR 5.79
Na20 .26 4,26 L. AC 0.09 0049 ) -
K20 .25 <31 f.0F NS 2.00 2,30 . QZ-NZ=KP DIAGOALY
P205 ~Ueld L.00 .0" - KS 0,99 .63
H20+ “G.d) . WO h.09 0.:¢ WT PGCT  QZ L7.59 ME uB,39 XKP 3,92
H20- 0.8 0I 12,40 12,112 ‘
s03. “C.ld C.00 t.or [S1! 6.20 6.260 . MOL PCT QZ 53.43 NE 29.33 KP 2.14%
S =0.433 { 0.C8) Qe0r (EN) L, 5% 3. 92 . . .
oL . =L, 9.6 g,0° tFs) 1.54 1,89 ) AN=£3-02 DIAGRAM
F =1,24 { C.01 0,00 HY - - 9,75 CRERA .
coz -C.03 SeLd  d.0° (ZM) 7413 6.7 WT PCT AN 75,46 AB 27,62 02 2.12
tFs) 2.52 2,67
TOTAL 95,74 100.03 oL n, G0 vaed . HOL PCT AN 69,31 ABS 25.61 OR 2,38
=-HZ3 95,74 (FO) . ¢g.0C 0.04 )
(Fa) G.0% 1.9 . _ A=F-4 DNIAGREM
cs c.38 ¢.00 : :
MT 2,48 3.29 . HT PCT ALK 19,72 FZ 49,47 MG 31.31
cH t.20 0.36 : : : : ) :
IL 57 o Th HOL PCT ALX 18,82 FI 32.92 46 43,23
HM 0.50 0.20
sp $.03 0.80 (NA+K) 780 ATH WT PCT 16,13 GRHATY POT 18,13
PF eln a0l - E . :
RU 0.062 5eG3 [FE+MN) Z(FT+4N+4G) ATH HT PCT  65.35 GRHATY PCT 45,55
AP " 0.00 0.¢9 . ‘ : . .
, FL 0,00 6,02 . NA20/ {NA22+K2D) WT PCT  93.06 MOL PST 93,22
PY .50 Ueul :

cc . 6.05 0,25 ] . FEO/(FED+FE203) HT ©CT A3.21 HOL PCT 79.25

SALIC 74483 70.56
FEMIC 25,20 25,138

TOTAL 1C0436 95. 74 '
. COOH3S BASALT PLOT NE-0L-RZ-NT(=22.9%)

.77 eze .25 NE= 3,60 Ol= .21 9I= 54

50T



(SO

IOERTIFICATION FIELD READS,, 733453

SPECIES

s102
Tin2
7R02
ALZ203
£R203
FE2ns
FEO
MNOD
NI
G0
ChO
SR0
san
Nagn
X20
P205
H20+
H20~
So3

cL
coz

TOTAL
-H20

INPUT
RT
PRONT

45,73
W19
=0eld

2%.93

=3

1.497
1.7
W JO
=-3.33
3.52
18.1%
~0.33
-G.J0
2eu
42
“vel3y
=-Ce 33
“ue
-Lagd]
LT
EO R ]
-0.30

-t

Teidd

96.653
96.568

CiLC
CAT

PRIGNT

L3.,38
o 1b
0.30
28,97
C.CC
loebl
1,3%
1 W53)
€ t.C¢}
529

12.356

( 5.03)
{ 0,831
3.75
31
t.G0

.29
€ Call)
€ 0.C0)
{ 0.3%)

G20

ALl e

ceee
rREQAS
cTonT

4.7
o.0r
.17
f.en

Wor
3.C"

t.0"

nm
GeQ"
g.0"
5
e 4
Nelr

L L

.MTNERAL

nz
co
7
OR
PL
(Am)
(e
Le
NE
Xp
HL
TH

ac
NS
XS
WO
o1
(HO)
{ZN)
{FS)
HY
(e
(Fs)
oL
(FO}
(FE)
cs
MT
o
I
HM
Sp
PF
AU
ap
FL
pY
cc

SaLTIC
FEMIC

TOTAL

GABRROIC AMORTHOSITE

CAT

PRCNT

0.7
0.00
0.00
2.50
76,92

15.45

©61.78

.91

2.17

9:02 -

0.9C
0.0e

L.00
22
C.\JG
0.63
12,23
Halu
Sett
59
C.00
3.05¢
Le3
3.99
3.58
'3q
G,C0
2.11
Ge0d
27
0.00
3.20
8421
G.20
9.00
G.33
3.31
2,00

81.60L
18436

100,30

WY
PRCNT

0.00
N.30
.99
2.8
74,25

13,93

6u.27
2.0
1,83

34903
0.00°

G.C

2.5

TRt

S.ul

.
8.2

11.55
6.11
L.75

59
8.00
Gau?
0.0
3.02
2, 95

b7
.38
2,86
7,30

36

0.0¢8
0,28

uelG.

.37
0.1C
6430
Ga02

0,50

78.49
16,19

95463

SP.

Gs 289

AN/PL
FA/ZOL
FN/HY

NIFNDOY

uT PCT

HOL PCT

ut °

0
-4

MOL PCT

HT PCT

HOL PCT

WT PCT
HOL PCT

{NA+K} 700

(FE#MNI Z{FE+MN+HMG) AT WT PCT

NA2D/ (N220+K2D)

FEO/(FEC+FE203)

19

HT PCT &
HT PCT 1
WT POT

HWT PCT 1

NZ-4B-

02 43.93

07 62,41

AN-a-

EN 78,60

AN 77.7¢

A-Fey

ALK 25.28
aLX 22.97

ATH WT

HT

WT

1,23  HoL
3073 =L
3,60 MOL
8.22 CAT
03 DIAGPAM
A7 .29
A% 3.3
KP DILGRAY

NI 33.11
DR NTAGRAM
55 18.47
27 19.05
DIAGREN
FE 37.72
FE 22.13
PCT 13,
55,5
PCT  82.9

PCT 4B.3

PCT
PCT
PCY

°cT

oR

KR

KP

o

bES

46

MG

4 GRMATM PST

2
-

2

8C. 31

9.33
vel0

19.85

3.23

37.33

54430

58 GRYATM PIT

MOL PST

KoL PCT

COOMBS BASALT PLOT NZ-0L-Q2-RI(=18.15)

0Z= 7,0, NEs=

12 oL= » 22

DI=

%13

16.714
35451

8§8.37

85,73

90T



TOENTIFIZATION FIELD REAPS., 7734394

SPECIES

SIo2
TIoz
ZR02
aLza2e3
crP202
FE203
FZo
MND
H1O
MGO
cao
s2a
3.0
NA20
K20
P205
H2O
H20=-
S03

cL
co2

TOTAL,
-H20

INPUT
WY
PRCNT

L4, 0D
23
“Lesd
17.4C
=dedy
4%+ 99
el
16
“C.00
9.946
11./2
“vedl
-0.J¢
123
feld)
=0.C0C
“0.22
=< dl
=wevl
=6,32
=0.2§
=0.36

=620

94,072
+94,1J20

caLc
caY
PPCNT

L3.22
17
)
27.6¢
VeCO
3'69
Se54

t .12)
{ 3.0
16,49
12.21
[P D

(G IR D]
1.9
CacY

.00

.23
t C.CO)
{ bsui)
( J3.00}

t‘lc?’

1C0uv.0U

ccyp
ED_’O:!
crPCY

g.3°0
0.1

“n
.

7.7
g,
c.7"
D.r”

MINERAL

az
co
z
0%
PL
(As)
{(anN)
LeC
NE
kP
HL
TH

aC
NS
XS
WO
oI
(H0)
(EM)
(FS)
HY
(ZN)
(FS)
oL

{FOY

(Fa)
" cs
HT
eH
IL
HH
so
PF
RU
ap
. FL
PY
ce

Salic
FEMIC

TOTAL

GAGNROIC ANORTHOSITE

CAT
PRONT

.92
7,09
2.9°
0437
56,42
3.8
L5.51
8.32
c.u‘}
.09
T.G2
.33

G.2J

37
$.973
0.39

11.54
5.77
5«12

«59

25.17

22.61
2.56
1.03

'90

.1:‘.
LI I
5+53
C.2C

34
Be0¢C
g.00
0.03

Y
0.20
0.0
CeQ3
€.30

58442
43.58

10C.30

\*J)

HY
PRCNT

-3.90
B.2¢C
7.%50
Tedld

52,36
8.72

43.95
Gedl

J.G3

a.i9 -

.30

Geud

G. :;.a
.36
0.5C
g.20
10475
5.68
Yebil
+66
22.09
19.23
2. 8%
«83

« 71
‘12

I
724
D39

o bty
J+00C
0.30
Ul U3
2.43
0.30
0.9%
.00
f.00

+ 52465

41434

4. 00

SP.

Ge 2.?3 20

AM7oL
FA/ZOL
EN/HY

NIFNOX

HT °CT

HOL °CT

HT °0T

MOL PCT

KT PCT

MOL PCT

HGL PCT

C(NA+K) 28U -
CFE+MN) Z(FE+MN+YMG) ATH HT

- NAZO/ {N&20+K201

FEO/(FE0+FE203)

COOMBS SASALT

0z= +33 NE=

WT PCT A3.5 MOL PCT

WT PCT $4.40 MOL POT

WT PCT A7.

16 MCL PCT.

HT PCT 8.72 CAT °CT

1Z-A3-0P DIAGRAM

QZ 0.20

07 C.L3%

48169.50

eRin4,03

QZ-NE=-KP DIAGRAM

0Z 42.83

QZ 66467

NS 54,17

NZ 33,33

AN-£2-0% DIAGRAM

AN 83,45
AN 82.62
A=F-H

ALK 5.09

ALK 4,73

n
-

£Q 15.55
A2 17.38

DIAGRANM

v

FE 65,97

I 25.31

ATH HT PCT 8.1t

PCT 53.79

HT PCT 15C.3C

HT PCT 46434

813

o

Ko

XP

oR

43

v.320

J+00

48,94

6945

GRH4ATY PTT

GRMATM PCT

9,52
33.63

HOL PST 190,03

ML PCT

PLOT NE-OL-QZ-DI(=37.71)

J.80 oL

= « 26

BI=

W31

65.75

LOT



- S 2 Ao e b

IDENTIFITATION FIELD REZADS.. “4AM19Y

SPECIES

S102
TiozZ
7002
203
CR203
FE203
FZ0
MEQO
NIQO
HGO
CRO
san
3240
NaZn
K20
P205
H?20+
H2G~
S03

CL
coz2

TOTAL
-HZ20

INPUT
L

PRCKRT

45,35
.19
-Ney)
29.73
-G53
1,43
1.23
033
=-%eln
1.35
LEdA5
“GeG?
-0.3¢
2.50
lJl‘
-3.J0
~C. 33
-fes8
=Gyl
=0.35¢C
-G
“Lesl

-0.39

98.22

98,22

CaLC
CAT
PRCHT

LZ.31
13
Ry
J2.69
0.3¢
1.0

+ 95

t .52)
r t.23)
L1.56
16.656
€ 6.0
 0.03)
La71
05
0.4C

.03
¢ C.09)
( G.03)
{ Ge3)
04335

103.09

e
RGP
cinny

LI
e
2.1°
l.00
..Cﬂ
L
£.or

1,80

g.0"

T.27
J.Q°
1."'\

N.3°
J.3°
.37
P.ab
%"

HINZRAL

nz
co
4
0oR
PL
(AR}
tanN)
Le
e -
K2 -
HL
TH

AT
‘N3
KS
KO
DI
{HO)
(EM)
(FS)
wy
(s
(Fs)
oL
(Foy
(F2)
cs
MT
CH
IL
HY
sP
. PF
RU
Ap
FL
oy
cC

SALIC
FEMIC

TOTAL

GABBROIC ANORTHOSITE

Dedd

. 0.0¢
G.0"?
24
82,310
12.54
69.34
.02
6,67
Feul
3,33
.02

£.93
6.2
.00
1.77
7,24
3.62
_2.92
73
£.079
0.3
€.00
2421
.02
BeG3
8,09
1,51
1.03
.27
9,08
0,23
0.03
0,00
5e08
L
3,90
0.0y

89.22
16.78

100,36

HT
PRCNT

SPe Gu 2480

AN/PL
FAZOL
CN/HY

DIFNIX

WT PCT

MOL PCT

HT PCT

MOL PCT

WY PCT

HOL PCT

HT PCT
MOL PCT

(NA+K) FAL

21

WT PCT 35,52 MOL PCT
AT PCT  0.C3  MOL ?CT
NT PaT G.u2 MCL PCT
WT PET  17.53 CAT °CT
§Z-43-0% HIASRAH‘
nZ .09 A% c.ca,'oa
QZ C.3v A% J.00 OR
' C7-NE-KP NIAGRAM
NZ 31.23 NZ 63.£0 X©
QZ 51.8% MNE &7.71 XKP
AN-43-02 9IAGRAM
AN 85.27 A% 14.44  OR
AN 34,53 AG.15.13 02
A-Fe4’ DIAGRAY
ALK L1.57 FE 41.88 4G
ALK Sh 3L FE.27.SQ M5

ATH HT PCT 12,48 O6R

(FE+MNI/(FE4“N#4G) ATH WT PCT  75.74 &R

NA20/7 (Na20+K20)

FEQO/(FZ0+FE203)

WT PCT 98.43

UT PCT 46424

34,77

77

«43

16,54
27.36
HATY PaT
HATﬁ.PST
YoL PCT

MOL PST

CO0MES BASALT PLOT NE-0OL-2Z7-D1(=13.34)

Qz= 0.0  NEs

48" CGL= 0.57 NI=

Te52

14.55

57.65

99.08

65.66

80T



ICENTIFISATION FIELD REANS.. 74AH199 ANORTH 5ARARO SPe G, 3,03 :Z :Z
SPECIES INPUT caLc [l MINERAL CAT WT
. uT CAT FI3e PRCNT PRCNT

PRCNT PRCNT €07

sing 56,13  49.91 2.ar Tz fe 96 5.98 AN/PL HT POT 63,00 MOL PCT  Al.51
T102 63 S ¥4 L co C.C0 2.3¢C ‘
ZR02 -C.%3 3.2) 0.0" Z 3.035 Cubi . FA/OL  HT PET 7,00 MCL PCT 3,33
AL203 19.5% 22.31 c.0f OoR 1.78 1,45
CR203  =0.32 ¢.Cn - 8,30 PL 67,92 61470 EN/ZHY HT PET 0,83 MOL PCT J.4d
FL202 3.29 2,47 9.J° e L)) 26.07 22.55
FZO Z.34 2.37 0ot cam 41,814 38.90 . DIFNO3X WT PCT  31.49 CAT PCT  3Jee81
“MND .13 U .1%) Lc . G.03 3.00
Nio =0.32 [ C.00) NE © .60 Go 03 : nNZ-£3-0R DIAG2AY
“G0 1,18 1.48  d.7° KP 0.9J 2.20 .
cio 16,45 15442 £.9° HL 0.2 2.20 . ’ HT PCT QZ 22418 AB 72456 0 5.25
S20 ~0.09 € T.C3) TH ue U §.00 - ]
R40 ~Ced0 C(°C.C01 ) ' . MIL PCT 02 55.53 A8 41.63 3R 2.3%4
HA20 2.7% 5,21 t.0° An “BeC0 0.0¢
x20 28 .36 Seu” NS o 0% 8.0 GZ-NE=XP DTAGRAM
pens  =0.33 GGL G.3" KS 9497 teuwd
H20+ ~Geod WO .9.21 8,98 : HT PCT 0Z 57,70 NS 37,34 XP 2.933
H2D = -t.03 I 9.79 9.35 .
503 “TeTy 0eud J.7% (HO) 4,39 4,75 MOL PCT. QZ 76¢4b NE 22.0G3 KP 1.50
s =2.55 € 2.53) 3.9° (eN) 2.97 2.9 . .
cL =0s35 € JeS3)  Chp1 =Sy 1.93 2.12 AN-AG=07 OIAGRAM
F “CedG 0 2.53) T.0" HY 2.3 Jers : .
coz =-levi SeC2 0.3° (EN) Ge02 Geil ) , *HY PCT AN £1.3% A3 35,04 0O 2.5%
(FS) £.99 (A ] ) )
TOTAL 94,27 400.00 oL 0.33 1,30 ) MCL PCT  AM BC,C3 43 37.41 OR 2,55
=H20 94,27 Co (ro) 0.99 2.02 ' .
tFs) Veud Tel3 . A~F=Y DIAGRAM
g €s - - D453 g.0C0 R
: HT 3.79 L,77 ] HT PCT ALK 28448 FE 62+63 45 9,33
o cH 5405 2,390 . :
: IL -1 « 82 . MOL PCT ALK 35.45 FZ 45.74 MG 13.87
: HY 2,43 G.G6
! sP 0.35 0,36 (NA+X) /AL ATM NT PCT 22.23 GRMATM PCT 24,97
! PE 0.29 6.00 .
i RU €edC ° Ced3 T{FEFMNIZ(FE+MNEYNG) ATH HT POT  88.51 GRHATY POT  77.75
! R AP a3 Gaal .
H FL t.03 Chib ‘NA20/ (NAZO+K20) WT PCT 92,62 MOL. PST 83.51
z ¢ PY G.OJ 0003 N )
cc c.00 JoG3 . FEO/{FSO+FERD3) ~ HT PCT 46,33 HMOL P2T  65.74 -

SALIC 76,65 7G6.38
FZMIC 23.35 23,39

TOTAL ' 106,08 94,27 ’ S
c COOMBS BASALT PLOT NE=-OL-QZ=0F(=15.75)

Qz= .62 NE=  g,.n0n oL= 0.54 DI= 38

60T



INENTIFICATION FIELD READS.. 73I3M1310N GAQDROIC ANODPTHOSITE

SPECIES

5102
Tl02
IR02
ALZNd
€203
Fg£203
FED
M0
NIO
HMG0
CAd
S20
440
NAZO
Keo
P20%
H2N+
Han-
sn3

cL
coz

TOTAL
=-H20

IxPUT
WY
PRCNT

46, By
20
“Cel
3u. 80
bl YR}
1.19
439
«C3
=J. 2
1.5¢
14435
=0.dC
=3.38
2.38
030
~0.03
“lead
-6.0C
=0.32
“C.00
=3.34
=0.C1]
~U.2%

88,29
98,260

CALC
car
PRCNT

43.66
e 1h
t.CD
33.86
Lotd
+81

« 77
r.52)
T Cali]
2.9
{hke3
{ C.00)
{ 2.G3)
Le3C
JeCQ

£e23

5.60
( 6.0
{ Cavul}
 GaCo)
Cedo

100,530

neue

€200
craenT

G.0"
g.0r
%.07
.t
0"
c.0"
f.0r

.37
g.0°

0.7

7.0"
g.Cf
Ce3"
C.a"

G.3"

MINERAL . CAT

PRONT

[+¥4 S.06"
co 87
I c.0C
0R Sedd
PL a3.2¢
(an) 21.52
(A 75.71
Lc 0.02
NE 0.0
KP 0.03
HL G373
TH 0.3G
AC V.00
NS 2.30
KS © .08
" WO C.5n
DI t.GY
(40} t. 00
{E Y 3.33
(FS) TG0
HY 3.56
(EN) 317
{FS} 38
oL .84
(FO) 75
(FA) «39
cs 0.Co
MT 1.21
TM .30
IL 228
HH - 0460
sp Betl
PF 0.30
RU 0+00
AP e.00
FL 0.0%
PY C.00
cc Gsd0
_SALIC 9n.14
FEMIC 589

TOTAL  1C3.d0

HT
PRCNT

0.36G
.79
0.50
0.23
21,213

2918 .

i1.19
e.2¢
Ge02
G20
.7¢C
0,00

Jeuf
t.00
Cedd
2.00
000
Jng
Cuul
0.00
3.29
2.R4
W43
T
l63
11
C.Cu
1,67
0.G92
38
0420
[V ]
Co.lC
DG
0.3
velC
0G0
Deul

92.12

5.8

9827

S92, Gs 2482

AN/PL HT PCT 77.9% MOL

PCT 765.92
FA/OL  HT PCT  14.93 MOL PGT  10.78
EN/HY WT PCT 86,29 MOL PCT 89,22
DIFNDX WT PGT  23.1% GiT PCT  21.52-
0Z-A3=0R DIAGRLH
NT PCT. QZ G.00 AR152.00 0OR €.30
MOL PCT 02 .00 AR178.C1 O  9.33
QZ=NE-X7 DIAGRAM
NT PCT Q7 45.85 NE 54,17 P 249¢
HOL PCT QZ 66.67 NI 33.33 X° =.03
AN-£3-0R DIAGRAM
WT PCT AN 77.95 .43 22,05 O (0.30
MOL PCT AN 76.92 A3 23.68 O 1.10
8-F=H DIAGRAM.
HT PCT ALX 39,53 FE 35,55 MG 24,92
MOL PCT ALK 39.76 FE 21.72 4G 38,52
(N&+K) ZAL ATM WT PCT 15,83 GRMATY PCT  12.71
- (FE+UN)Z(FE#MNSMG) ATH KT PCT 63,34 GRYATH PCT 63,46
NAZ0/ {NE20+X20) . HT PCT 10€.97 MOL PST 100,01
PET . 46.26

FEO/({FEO+FE203) . HT

HOL PCT  65.68

COOMBS RASALT PLCT ME-OL=A7=0I(= &.03)

nz= o4l

NE= Q2400

oL= 60" NIz 0,00

OTT



I0ENTIFIZATION
SPECIES INPUY
WT .

PPCNT

s102 46e23
TIO2 55
ZRJ2 =0+39
AL283 2A.ba
CcR203 IR
FE2D3J 1.2:
FEO 1.34
4NO 31
NIO =024
460 «55
cro 16.63
SR0 =G0
349 =C.332
NA20 3,40
K20 Cadl
pa2ns -C.C3
H20+ =0.223
H20~- '».QU
S03 ~3.03
S ~0edd
cL =0.32
F. =uedl
co2 ~0.03
ToTAL 95,99
-H29 $8.99

FIELD READS.., 7332M3%8

CALC
Car
PRCNT

42467
ll‘J
€.23
32.00
[

« 84
83
{ 51
 Goudl
« 75
16.43
t C.20)
{ .20
6.59
0.8
G.C3

0.C0
( C.C2)
( Ced0)
{ C.90
© 0.00

100462

tgno

geln2
LIenT

7,3¢
€.0°

MINERAL CAT

PRCNT
Qz 0.00
co Leuld
Z. 0.08
OoR 7.0C
PL 80.79
(A} 16.13°
(AMN) 5L479
Lo 04600
NE 8.60
Kp 0,00
HL [RrA
TH 0.09
AC L.y
NS ~  0.32
KS 2,900
HO 5.062
DI 3.23
(w0l 1.52
(EN} 1.5
(FS) .08
HY Y]
(EN) 0.03
(FS) Qe300
oL 0.4
(70} . %.0)
(FA) D60
[} Dal3
MT 1.22
CH 8.03
IL 81
HM " eG2
SP 0.6¢C
PF 030
RU 0,00
AP Q.30
FL 0.0%
PY 0.93
cc 8.00
SALIC 89.49
FZMIC fi.51
TOTAL

160430

HT
PRENT

GABRRIIC ANURTHbSITi SPe Go 2480

24

ANZPL

FA/OL

EN/HY

DIFNDX

AT

HOL
WT
HOL
MOoL
L2)

HOL

{NA+K) 7AL

PCT

PCT

PCT

PET

2CT

PCT

PCT
PCY

WT BCT 8
HWT POT V
NT PCTY
WT o7 2
NZ=-AR-
Q7 G.20
0Z .70
oi-us—
0z 37,91
0z 5i.61
AN-AZ-
AN 81,62
"AN 30,09
A=F-M
ALK 54,84
ALK AC.53

ATH HT

(FE+MN)/Z (FE+MN#MG) ATM WT

NA20/ (NA20+K20)

FEQ/ (FZO+FE203)

T

WT

1.02 Mol PCT 82.13

0.10 MOL PCT 0.0

0.3C MOL PCT 0.32

2.55 CAT PCT 24.71

0R DIAGPAN
AR 9,00
83 0.9
XP DIAG2AM

NZ 59.03

1

NE 48.63
OR DIAGRAHM
A3 13.938
A3 19,94
DIAGRAH
FE 36.29
FE 2%.35
PCT 16.21
PCT  82.37
PCT 1206.47

PCT 46.22

0 0.3}
Y

KP ~e3]
02 6.9
0} 0.30
MG 8.87
46 15.97

GRMATM 23T
GRYATM P3T
©oMoL POT

KoL P3T

€00MB8S BASALT PLCT NE-OL-QZ-NI(=11.63)

07= D.d¥

.

NE=

oTh OL= 0,00

DI= 26

19.02
63.57
133,90

65.64

CTTT
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IDERTIFISATION FIELD REANS,, 74AM1y2

'SBECIES  INPUT

WNT

PRCNT
SIC2 LY rerh
TIO02 2
7202 “%ed )
AL203 33.52
£R203 -c.0¢
FF203 1.93
FO W71
MRO adw
NIQ ~(.09
4560 1.4%
C40 1%.90
SR0 ~teud
840 —ye sl
Naz0 2.2
%20 3
P205 -C.14
420+ “C. 83
H20~- ~Cedd
S03 “Uew
S ~3.39
cL -5.09
F =Gedd
$02 =)0
TOTAL 102.10

-H21 192.10

caLc
:%1
PRCNT

Li1.70
14

[ i}
5Lt
C.Cy
1.71
.53

t .t
[ ¢.C3)
1,94
1,28
I C.031
(2,891
3.93
«U3
Cel5

Poonc
GO oan
Yt s

1C6C.C2

neun
cpono
cynnr,

0.7
LR
'\.u'
0.:’.
n.nﬂ
c':"

r.or

G.Jr
f.3"

g. 1"
.17
n,on

0.3"
1,37
g.3r
g0
S.3r

T MINERAL

nz
ao
7
oR
PL
(AB)
(am)
LC
NE
KP
HL
TH

AC
NS
KS
HO
ni
(H0)
(c™)
(FS)
HY

tENY

(FS)
oL
(FQ)
(Fa)
cs
MT
CcH
IL
HM
sp
el
RU
Ap
FL
PY
cc

SALIC
FEYIC

TOTAL

GABARUIC AMORTHOSITE .SP.

CAT
PRCNT

0.C9
+ 89
B.30
w17
91,74
15, 36
76,38
9,060
2.57
0.0
£.09
Ue 09

]
ve0Q
§.G2
5.00
0.339
0.0
.03
6.02
5T
".01
.05
2.9
2.91
0.00
0.00
1.2¢6
0.9GC
28
17
0.39
0.0
0,10
G.23
0.C3
C.50
~8.03

95.38
beb62

160.00

ur
PRCMT

.50
oAb
Davd
«18
33.33
14495
78.8%
0ot
2.26

Balid

J.00°

G603

G.C0
7.1
]
g.e0
b, C3
2430
7,60
e CO
a0
Vel
0s23
2.53
2453
J.00
Oetd
1.8
veld

00

+ 25
0.C35

JedG-

0eSv
Je«00
0.0%
0.50
Lelw

97,11

%+ 99

162.10

Gs 2.31

ANZPL
FAZOL
EN/HY

DIFNDX

HOL PCT

wT PC

-—

MOL PCT

HT PCT

HOL PCT

HT °CT
MOL PCT

{NA+XK) ZAL

25

KT PCT  84.07  “oOL

WT PCT 0."C MOL
HT PCT 0.0 Mo
HY PCT 17.29 CAT
NZ-48-0R OIAGAY
nZ L.L0 A3 %.02

0Z (.80 AR .09

7 29.34 NE 59.%3

QZ 61.05 NI 3%.61

AM-AR=0 DIAGRAM

AN £3.91 AG 15,90
AN 33,19 A3 16.71
A~F-M  DIAGRAM

m

ALK 38.49 FZ 37.1%
ALK 36,97 FE 20.95

ATH HT PCT 9.6

(FE+HNYI/Z(FT+MN+MG) ATH HT PCT -65.1

NA20/7 (N220+X20)

FEO/(FFO+FE203)

HT PCT 9R.6

WT PCT  32.1

PCT 83.2%
PCT 0,39
PCT .30
PCT 18.10
N 3433
0R  J.)2
K2 .58
KP 24
G2 .49
0 .19
G 26,37
MG 39.29

GRMATY P27
GRMATY PCT
MOL PCT

MOL PCT

CO0MES BASALT PLLT NE~OL-QZ-NI(= Seb8).

0Z= 0.00  NE=

7 oL= 'oé3

0

I=  0.30

11,20
44,83

99413

51.27 ..

¢TT



IDENTIFICATION
SPECICS INPUT
HT

PRONT

Si02- 45.30

Tio2 « 20

702 =Leu

AL2C2 28.7%

€203 “Ueid¥

Fe2n3 2en?

FEO 2¢13
L] 17

NIO -C. 02

MGO 3.3C

cao 14435

S0 ~C.%3
8340 -Ge3C

NAZN 1.590

%20 o723

Pans “C.ul

H20+ ~tel2

H20- ~{.U3

So03 L]

S “Gsul

CL ~Cedd

F ~0eJ0

CUZ 'LU\:J

TOTAL 98.8¢

-H20 98.35

FICLD REANS.. TuaNbY

GALC
CAT

nean

r2mn2

PRONT » CI0OT

42,27
220
Celu
3156
0.0¢
173
1.66

[ 03]
{ C.C3)
L.C9
14.35

t J.8¢03

{ Ge$31
2.71
93
0.C¢

Cedd
[N ]
( GeSu)
t €.037

G430

160400

ron
e
e
gean
B.a0
7.0

Ny

9.1
1,37
c.o"
.07
0"

CHINSRAL

nz
co
z
nrR
PL
(4D)
(AN)
L
NE
KP
HL
TH

an
NS
KS
Ho
01
Q)
(zn)
(FS)
HY
tEN)
(FS)
oL
(FO)
(FA)
cs
HT
cM™
IL
HY
sp
PE
RU
ap
FL
ey
ce

SALIC
FZMIC

TOoTAL

GABOROIC AMNPTHOSITE

cAY
PRONT

8443
v. 92
.30
L.k
83.37
13.57
rG.37
Cei3
0.09
Gou?
2,39
c,a?2

3.33

3.03°

97
8.20
1.5%4

77

57
S b
- 77

57

13
6.79
5.33

«ai
0.00
2.61]
0,08

28
0.00
BERTD]
0.07
2.00
Deun
0.00
0.3
3. 00

B8.01
11,99

100.390

ut
FANNT

AN/PL
FAZOL
EN/HY

DIFNOX

WT PCT

MaL PCT

Wl PCT

MOL PCT

HT PCT
MOL °CT
HT PCT
HOL PCT

(NA+K) /8L

SP. G+ 2.39 26

HT POT A4

4,51 MOL PCT

HT PCT 16.33 wMOL PCT

WT 267 83.i1 MoL P

HT PCT 17.30 CAYT POT

NZ-AA-CR DIAGRAM

Qz (.53

A% 73.3%

A3 74,51

CZ~ME~XP NIAGRAM

0Z 45.12

G7 66467

NE 39.7&4

NZ 24450

AN-£n-0R DIAGPAM

AN 87,02

AN 79,31

L-FeH

ALK 22.48
ALK 26,37

ATH WT

(FE‘HN)/(FEfHN&ﬂG)VATH Wt

NA20/ {NA20+K20)

FFO/(FE0+FEZO3)

WT

.uf

L9 1486
23 15,42
NIAGRAM
FE 45,19
FE 2mi29

PCT  11.59

PCT  63.33

PCT  65.79

PCT 46.32

CO0MAS BASALT PLCT NE-OL-QZ-DI(=

07= .04 NE=

Ge2 aL= 78

oR

o

Ke

cR
oRrR

33.72
13.%3
85.50

19,21

32,42

S1.34

GRHATY PCT

GRHATY PIT-

HOL PCT
MOL POTY
9.41)
2I= 17

11.54
42,93
T4.51
65.72

£€T1T



TOENTIFIZATION FIELD READS.. 75484147

SPECTES 1INPUT

8AQ
Naz9
K20
P205.
H20+
HZ2O-
503
S

cL

F
coz

TOTAL
«H20

T
PPCNT

46.94

19

—ueul’

29.9%
=L

1.64

2439

oi3
-C.CC

ot
12.59
=-C.dl
=5.3C

2. 05

«13
=-3.020
-G+30
=Lyt
“Gouy
TR
«0,33
~5edd
=Gedd

103.13
133,13

CALC
CAT
PRCNT

41.56
-13
OCG\’
31.23
0.C0
*1.09
1.77

{ JC27
[ 4.0
5,82
16,72
t 2.28)
{ Cef3)
3.52
15
o.CC

t.C2
t .00
[ C.C)
{ S00)
C.00

1cC. 06

c(ue
gER20°
Ly

ponn
.00
ten
7.9r
g.0"
0.3"
rogn

n,ar
c.c”

L
L

.37

a,ar
C.or
c'ar
c.on
T.0"

. MINERAL

Qz
co
Z
ORrR
PL
(AB)
(AN)
tec
NE
KP
HL
TH

AC
NS
XS
He

(vo)

tEM)

(FS)
HY

(EN)

(FS)
oL

tFo)

(Fi
cs
MT
cH
I
HH
se
PF
RU

ap
FL

. PY
ce

SALIC
FEXIC

TOTAL

GABSROIC AMNORTHISITE SP. G. 2486 2?
TAT. w7
PRCNT PRCNT
0.29 9.29 AN/PL HWT BCT 84,93 HOL PCT  84.21
0.G0 .73 :
.00 9.00 FA7OL HWT PCT 21.82 MOL PCT 16.15
73 77 :
81.82 8u.72 EN/KHY MT PCT 9.2¢ . MO0L PCT 2.3
12.92 12.72 :
66.97 72.00 DIFNDX WT PCT  15.L0 CAT PCT 41b.47
c.on 2.08 . .
2.52 2.50 NZ-A8=0 DIAGRAM
g.2° c.2¢0 . .
0.¢9 G.50 WT PCT 0Z (.23 A3 .03 OR ¢.23
G.35 Q.00 .
. MOL PCT QZ .50 48 5.00 OR . 3.90
0.6 0.9¢ :
O0.0v 9.2¢ C7-NE-KP DIAGRAH
- 0.00 - Ceud
Osul 0.C0 WT PCT QZ 38,53 NI 58.74 KP 2.73
3.7% 3¢50
1.37 2oy MOL PCT Q7 5%.81 NI 38,58 KP 1.51
1.57 1.48 R .
+3° «38 AN=L3=0R DIAGRAM
G.G0 €23
Q.01 Goul WT PCT AN 84,22 23 14,53 OR »990
.99 Ja.L3 . ’ : .
8.39 8.49 MOL PCT AN 33.48 AR 15.65 OR «89
7.54 6. 64
1.4F 1.85 A-F=¥ DIAGPAY
.00 g.Co
1.60 2,38 HT PCT ALK 27455 FE 37.98 "% 41.47
0.03 "Bebl . . .
+25 « 36 MOL PCT ALK 1B.641 FZ 23.2% MG 58.13
6.3C 0.28 : :
0.00 0.0C (NA+KY 7AL ' ATM HT PCT 10,29 GRMATY POT
0.0 G.Co
ded v ] (FE+MN)Z(FE+HUN+HG) ATH WT PCT 53.29 GRMATHY PCT
.23 3.30 : :
0.G5 f.a¢0 NA2D/ (NA20+K20) . HWT PCT  04.)4 MOL P2Y
Cel0 G.C0
0.92 g.Cu FEO/(FEO+FZ203) HT PCT 59,31 MOL PCT
85:37 83,13
16.63 15.13
166,00 163,13

€0N4YaS BASALT PLCT NE-0L-QZ-0T(=15.56)

nzZ=  0.67 NE= 18 OL= .58 aI= 24

11.75
33'}9
95.99

76.41

PTT



INEMTIFTCATION

SPECICS INPYT

HY

PRECMT
5102 LU0
7102 23
e02 =veud

AL2D3 17.23
CR213 “CedU

FE293 6,99
FEO 5.47
MO «18
n:o -.06
aGe Y
cLo0 a,95
520 “te55
nea -t.38
NZ20 L7
X20 .25
P2N5 -3.JC
H20+ -.10
H20- -Cod3
503 “Le39
S -4.0¢
cL =G.od
F -0.29
co2 ~0.49

TOoTAL 94.56
-H29 94.56

FIELD RFANS..,

CaLG  rcR

CAT cu20”
FRCNT* Ci7nT

W4 36 0.0

17 g, Nr
Colw c.0"
etelh 197
0.0y r.r

5,23 f.0°
LoAd 0"

{ wi5]
[ 6.8
12.63  ".0T
13403 [.0F
{ N0}
{ c.021]
1.5C g.5°
«33 T
.8 5.%°
Geld 3.3°

( €03 3J.0°
( G.30) v L
( C.0C) 9.8F

Vel r.or

16,00

7 4AMY

HINRRAL cart

PRGNT
‘nz 424
cn 0. 07
b4 L83
OR %65
L 53.34
(A 7e52
(AN 45,82
LC 7.0
NE 5.02
XpP UGG
HL g.G2
TH 3.8
Arn G, 393
NS 003
KS 0.17%
A0 g.ne
DI 5.756
tHo} 2.88
(EM) 2,40
(FS) P
HY 28482
(em 22.76
(FS) 6,06
oL 0.02
(Fo) J. 3%
(Fa) 3.5¢C
cs .00
MT 7.85
cM 0.01
It .34
HH 9.0¢
sP 9.0
PF c.q0
3] n.32
AP ¢.2?2
FL 0.G69
PY .30
cC D.CO

SALIC * 59.23
FaMIC L0477

TOTAL 133.00

uT
PRENT

Le27
031
U.2C
1. 54
4G, 256
B.hY

L2,65

Qeud
2.30

Gel 3

0.00"

veud

3.0
%."0

»10

.23
523
2485
2.35

«48
23. A1
19.12
Led3
0.C0
0.23
veu?
Geun
i0.13
0.83

4k
3.65

0.60 -

J. 00
G‘U‘:’
3.0C
£.29

2,32 .

0.02

GABOROIC AMORTHOSITE SP. Go 2.04

AN/PL
FAZOL
FN/HY

DIFNOX

WT °CT

MOL PCT

HT PCT

MOL PCT

HT PCT

HMOL °oC7

WT PCT
HoL PCT

(NA+K) /AL

(FE+YN) Z(FE#MNEMG) ATH WY

NA20/ (N220+K20)

FEO/{FEC+FE203)

28

HT PCT 86,

®T PCT C.

HT °0T  A4.72 MOL

HT PCT 12.

63 HOL
¢ MO
«0 CAT

Q7-28-0P OTASRAM

QI ,39

QZ 6%.82

A3 53.22

A% 24,75

Q7-NE~-KP DIAGRAM

N7 64,12

Q7 31.18

RZ 24,23

NE 15.44

AN=AN=0R -JIAGPAM

&N 83,98
AM 83,32

A~F-H
ALK 4.64

ALK 4.3%5

a3 12,99
43 13.69
DIAGRAM
FZ S7.61

Fz 35.68

ATH HT PCT B.7

HWT PCT

PCT

WT PRT 78,62

h5.17

FCT
PCT
BPCT
PLT
0=

09

Ko

KP

o
oR

MG

MG

3 GRYATY P27

Tl

3.38

37.95

59,95

GRMLTM PCT

HOL PIT

Mot PCY

COOMES SASALT PLCT NE=0L-1Z~NI(=36.32)

nZ= w48 NE=

Ce30 oL

= 36

al=

.16

9.19
44.39
82,01

85,11

STTL



IOENTIFICATION FIELD BELDS.. 7434125

SPECIZS

s102
TI02
Z202
41233
CR203
FE203
FEO
4ho
NIQ
450
cao
$20
3in
NA2D
“20
P255
K20+
H20-
503

cL
co2

ToTAL
=H20

8oyt

LA
PPCNT

46,90
‘21
=-0.20
27.35
“Leuid
2.38
1.30
b
=0.,38
3.25
15.¢25
“beutd
=G, 36
2. Sa
0.JC
=0.33¢
~Ledd
-0.ac
-0.2)
=Loud
=0l

~C.%0

=GeCd

99,45
99,45

CALC
CAT
PRCNT

h2.52
15

roan

32.22
24335
1445
1039
t .25
t C.2%
L.usg
16,99
{ C.00)
t 2.233
3.58
CeCC
€032

c.C9
tc.00)
€ 9.8L)
{ 3.69)
.3

1uC.00

rcve
ZR3IN?

Nkl

'.-IO'J’
gsa"
g.3°
2.a"
C").
g.0"
:-N‘

MINSRAL CAT

PRCNT
Qz 2.00
co 7.03
zZ .00
OR CeCD
PL LR A
(AR) 13.95
(AN) 66.76
Le 2.9%
NE 2436
P .09
HUL .08
TH .00
AC 0.3%
NS JeT0
L& 0.33
WO vedl
DI 13.97
(W0} 5.0419
(EN) e R7
(FS) [-T4
HY .32
(EN) C.03°
(FS) p.02
oL 346
(F0) . 307
(FA) «39
CsS G.0%
‘MT 2.17
CH 0.02
“IL . 29
HH e 03
spP .02
PF 0+00
jU . Je03
AP -0l
FL 0.0%
© PY .39
cec 0.00

SALIC 83,1t

CFZMIC 16449
TOTAL  160.20

GABSROIC ANDPTHOSITE SPs G. 2485

uY
PRONT

2.00
.00
.00
9,00
8".199
13,21
6h,88
g.00
2.01
Gel2
0,79
u.JD

" Deud
G.0¢
.69
3,30

10.37
5,74
Hab ]

73
G{GU
.20

.30

3007

2.59
8

Jeul

3.92

5.23C

«4d

Geoh

0,00

G.22

IRy

Qeu?

.06

vet

302

82,10
17.35

99.45

WY PCT

MCL PCT

WT oCT

MOL PCT

HT °CT

upL PCT

HWT PCY
40L PCT.

(NA+K) 740

ALK 21.91

ALK 21.37

0Z-£9-0R CIAGRAM
QZ C400 "AB 505
0Z L.v3 A3 N,C3
oz-Nz-KD_aIAnaiu
NZ 39.77 NI 55,27
QZ 5C.9%5 NI 39,04
AN=£R=0R DIAGREM

AN 83.52 &R 15,50

AN 82,57 A3 17,33

A=-F=M QIAGRAM

42.59

mn
amn

n
(2]

25.22

" ATH HT PCT 1(.08

(FE+MN)/(FE+MN+YG) ATH WT PCT  59.567

NA2O/(NA20+K20)

FZO/(FZO+FE203)

WT PCT 430,00

WT PCT 46.39

HT PCT  83.5C 4OL PCT  82.57
wT °CT 15,54 HMOL PGT 11.28
WT PCT  0.2C MOL PCT  2.10

HT POT 15,22 CAT PCT 16.35

0% £.30
0 5433
KP 2,00
XP <432
R 0.93
OQ 0-45
Y5 35.59
UG 53.4)

GRMATY PCT  11.84
GRMATH 2CT  39.19
. MOL PCT 130.30

MOL P3T  B5.7%

CGOMBS BASALT PLOT NZ=DL-NZ-0I(=15.7%)

nz= 0,20 NE=

14 oL= «21

NI= .55

9TT



i
:
'
H
i

IDENTIFICATION

SPECIES INPUT

S102
TIin2
N2
2233
£n203
FL2n3
S0
440
NIO-
460
cad
SR0
niQ
KRyl
K20
P2ns
H20+
H20 =~
So3

cL

F
coz2
TOoTAL
~H20

WY

PRONT

45.4¢C

1.1¢
=Ce30
10.0C
=Ceudd

Seul-

7.57
23

-C.30-

11,69

Lell
“el3
=4

)

.15
“0..9
~G.0C
~Ge sl
=leul
“C.IC
=003

~Ledd

=0.00

83.96
83.36

FICLD READC., 7u4R45)

CALC
CaT

rgun
Fea9o

PRCNT , CTOCT

S¢.03
.02
Vet
13.62
Cesd
2.52
T+03

t .19)
{ ¢.231
18.95
L.88
t 4.5351
£ .3
1,25
.21
0.0C

0“;‘
’J‘""
n.3"?

%.0"

7.3%

MINERAL

Qz
co

OoR
oL
(a9)
(ar)
Lc

Xe
HL
TH

AC
N3
KS
Ho
0I

{x0)

(EN)

(FS)
HY
LEN)
(FS)
oL
(FO)
(F&)
cs
MT
o™
L
HM
sp
PF
RU
AP
. FL
©PY
cC

SALIC
FZA¥IC

TOTAL

METAFCRROPYROXENITE SP. G 2.98

CAaT
PREONT

12.29
2.39
el
1.36

3C.60
He25

2bet2
Ca03
Cels
G932
cloo
1400

.83
Vel
0.0
nloc
J. 03
.97
3.3
.08
48,03
37.91
i¢,.09
(.00
2.02
3.0
3400
3.77
C.Of
1.534
C.00

G.0¢

%.33
LR ]
U.00
A Y
0.00
0.0%2

46,39
53.51

100,03

WY
PRONT

11.C6
1.83
Goud
«89
25.25
4,92
27.34
[Hy
0.%9
«5C
0.30

Jal0

. J.20

q.7¢C
Beidd
GeCD
Be03
Qou?
.90
L0
33.49
28.52
9.97
G.C3
.10

.00 -

¢.C9Q
4+35
c.2¢
2:39
0.50
j'ca
9447
0G0
G.50
B.C0
Oleg

39.32
44, AL

83.95

EN/PL
FAZOL
EN/HY

DIFNOX

WT PCT

HOL PCT

HT POT

MOL PCT

WT PCT

MOL PCT

30

HT PCT 1

NZ-A%-
N7 5%.62
NnZ 89.37

07-NE~
0Z 81.24
QZ 1,23

AN~ AR~
&N }7,53
AN 76,95

A=F=H

WT PCT ALK  3.21

(NA+KY 7AL

. MCL PCT ALK  2.561

ATM WT

(FE+MN) /7 (FE+MN+4G) ATH KT

NAZO/ (NA2C+K20)

FEQ/(FZC+FE203)

HT

WT

356 HMOL PC
80.5¢ M3l PC

74.2]  MOL P

6435 CAT P
02 0IaGRAM
A3 29.12
A7 9,09
K® DIAGAAY
NZ 16.77
NE 7.40
OR NIAGRAM
£3 13.78
A8 18.74
NIAGRAHN
FZ 56.;9

T 29.63

-
n

°AT 10,98
PCT  5%.12
PCT  79.45

PCT 71.55

COO4BS BASALT PLCT Ng~0L-N72=-0T(=6C.29)

azZ= 1314 NE=

J.00  OL= &0

‘oI

T 79.82
T 3.38
T 78.39
T 19.39
02 5.2%
0% 1.55
%P 2,99
ke 1,27
92 3,313
97 3435
MG 57.31
85 87.76
GIMATH PCT
GRHATH PCT
MoL PIY
MOL PCT
= JedD

.70
33.93
8545

84.83

LTIT



e e A

INENTIFIZATION FIELD REANS.. 74497

SPECICS

S102
Tin2
R0
AL203
CR203
FE203
FEO
MHO
NIO
MGO
cA0
s2n
BAD
NA2D
K20 |
P2as5 .
H20¢
H20-
S03

cL
caz2

TOTAL
-H20

INPUT

HT

" PRCNT

w7.69

1.49
=0.04
13.93
=03

7s 14

5:97

35
-0.23¢
6,63
11.75
=y. 21
=5.39
2.38
31
~¢.02
~Geuld
=0.3C
-vs 010
~0.31)
-0yl
-C. 20
“C.ul

96.75
9ha75

CALC
CAT
PRCHT

L1735
1.99
c.09

15.53
dele
5.22
L.87

t .g".’
C 0.03}
Q. 6%
12.29
( 0.09]
{ 0.00)
Le5¢

39
Gs 63

S0
t C.l2)

_‘ J'O:’

( L)
0.G0

100,03

ceup
ER30P
cInnT

9.4%7
;' q'
.07
."

£.a0

3.6"
r.ac

L

.07

Fedr
3.0
Ge0"

2.07
c.nrn
l.07
2.3
£.0ar

MINZRAL

Y4
co
4
OR
PL

(AR}

(AN)
Le
NE
KP
HL
TH

AC
NS
KS
o
01
(HO)
tEN)
tFS)
HY
ey
(FS)
oL’
(FO)
(Fa)
cs
HT
. CH
IL
HY
sP
PF
RU
< AP
FL
PY
cc

SALIC
FIHIC

TOTAL

163.92

METADIARASE SP. Ga 3Jeit
CAT WY
PRCNT PRONT
3.37 345
0,00 BD. 03
C.acl 2.00
1,93 1,83
4a,12 45438
22.52 20,14

. 26453 25.24
c.00 t, 00
[y .89
c.CO 0.3
L7 el
D.4C 0.68
C.C0 G.0C
0.50 g.0C
G.CQ .30
Q.37 g.ce

27.87 2h.15
13.94 13.235
12.37 13.59
1.56 1.76
770 632
6.83 SRS
+« 86 97
g.22 Yaul
Ledl g.30
g.00 0.23
beC@ 0.9
7.82 13,29
.09 0,00
2+19 2,83
0.0 .00
.03 Vell .
3.010 g.0¢
.00 g.00
.00 9.00
2498 t.0n .
B.3¢ .00 L
G.03 Ceuld
"Bh, 2. 53!66
45.58 4b. B9

96,75 R

AN/PL

FL/0L

EN/HY

DIFNDX

HT

HOL

HY

MOL

HY

MoL

Wt
MOL

(NA+K) 75L

PCY
PCT

PCT

PCT

PCT

PCT
PCT

NA207 [N220+K20)

FEQ/(FEQ+FE203)

C(FERMNIZIFEHMNGMG) ATH HT

83.73

27,32

3.88

J.78

29.52

1‘9.17

GRMATY PIT

GRMATH PCT

HT PCT 55,62 MOL PCT
KT 96T  9.03 MOL PCT
HT PCT  85.75 MOL PCT
WT PRT 25,42 CAT PCT
NZ-AB-0R DIAGRAYN
Q7 13.57 &8 79,22 02
NZ 60,78 A3 54.55 OR
Q7 -NZ«KP DIAGPAM
GZ 52,99 NI 42.82 KP
0Z 72489 NI 26,57 XP
AN-AB-0R OIAGRAM
N 53.45 A3 42,66 OR
AN 52.11 AB 4&.11 OR
B=F=M 0IAGRAM
ALK 12.03 FZ 58.45 NG
ALK 12.52 FZ 38,31 MG
ATY HT POCT 28431
ST 79.79
MT PET  58.4R
HT OCT 45,68

¥0L PCT

" MIL. PCY

£OOMBS BASALT PLOT HE-0L-AZ-01(=38.9)

0Z= «10

oL .10

BI= .

72

3t.49
51434
g2.11
65.1%

8TT



INENTIFICATION FISLD REANS.. 74AL14% . MCTADIABASE SP. Gs 3423 qz
: . . 3
SPEICIES INPUT CALC cqup " UMTNERAL CAT HT
wT CaT FRINF ' PRENT PRONT

PRCNT PRCKRT «CTPnT

5102 L7.65 4B.3I8 2,30 nz . 0.00 [ AN/Z2L HT PCT 56.31 HOL PCT 53.35
Tinz - .4% 165 T30 co 0,93 « 30 :
802 =~C.5d 2.03 .3 Z 0.39 vetd . FAZOL HT o6T 43,13 HOL ©3T 36.22
4253 15.4538 17 .AL f.50 OR 3.9% 2,99 . .
CR233 =~C.47 Tty & e PL 54,82 53,65 EN/HY WT PCT '57.25 MOL PCT  63.78
FE203  3.G6 2.25 5.3 {an) 26,47 1,33 .
FTO 8. 3% 7:32  G.n° LAM) 33435 25.72 SIFNDX HT PCY 24,73 GAT PGT  27.53
MKO W20 U 1T Lc 7,36 1406 )
NIO EE P R G A o B | NE 0.39 9etd - 0Z=-AN=0R DIAGRAY
60 6,95 LC0.GR  2.17 Ke G.10 0.23
cTre 9.55  1i.61 o o HL t.0¢ [ WT PCT 0Z 5.00 A3 85,29 O©OR 11.72
530 G, [ .80 TH S 0,00 3,09 - :
CTX) =2.30 [ 0.0 MOL OCT 07 #.¢3 A3 88.89%9 02 11,1l
nazn 2.58 4.89  7.0° ‘AC 0.92 0.0
K20 P49 .61 3" NS G.CD 3.0C . N7<NE-XP NIAGPAM
P20s -0,32 CaC0 2.3 KS n.0¢ 2453 : ’
CH20+ © =C.ud HO .09 0.00 WT PCT QZ 45.52 NE 27,83 XP A.63
H20- ~2.4¢ nl 15,77 15.29 .
s03 0.3 L.00 2.0 (40) 7.A9 7.79 MOL PCT  QZ 66467 NE 29.63 XP 3,72
S P TP G A B B O I (M) 54383 4. 29
cL ~G.ud L PLEGY 2.0 (FS) 2.86 3. 21 . - . AN-AB~0R DIAGRAM
F .70 € n.0L) .0t HY ‘15.58 14.91 ’
coz -G.035 G.00 . C.O0 (EN 10,00 8.5 HT PCT AN 53.74  AB 49,35 0 5,42
(FS) 5.63 6.37 . .
TOTAL 95,31 1Cu.iv oL Beyl 5.56 ] MOL PCT AN 52.42 A% 42,29 03 5.28
-H20  395.31 (FO) 3482 3.75 ) ) i
tFa) 2417 2,514 . 8-F=M DIAGIAM
cs .07 0,32 : :
NT 3.38 Lot . WT PCT ALK 412,97 FZ 54.62 46 31,41
cH 0.0¢ 0.CC . .
L 1.32 1.R7 MOL PCT ALK 12.95 FZ 39,71 MG «7.34
HY 8.97 C.o0 .
sp t.20 0,50 (NA+K) 7AL- ATH HT PCT 28,65 GRIMATY PST 31,22
oF 8.06° 0.00 . :
_RU 3.00 9.0 C (FE+MNI/ZIFT#4H+MG) ATM HT PCT 58,93 GRMATM P27 69.19
AP .09 0,96 )
JFL [ 9.0y NA20/ (NA20+K20) HT PCT 34,96 MOL PST  38.89
PY 0,39 ] . . :
ceC C0.405 0.¢0 . FEQ/(FT0+FE20) : WT PCT 74,58 HMOL PCT  86.66

SALIC  57.d8 53,45 _ : : .
FEHIC 42,12 41,87 - _ »

TOTAL  100.08 45,31 : .
» CODMAS BASALT PLCT NE-0L=0Z-NI(=37.45)

. ' A I - @z=  »21 NIz J.06 OL= .37 DIz .42

B6TT



IOENTIFICATION FIELD READS.s 74RA134

SPECIES

SI02
TI02
Zr0O2
2L203
£R203
FE2C3
FEO
4NO
NIO
MGO
CAD
Sea
9490
N&20
K20
P20S
H2C+
HZo-
S03

CcL
coz -

ToTAL
~H20

INPUT
WT

PRCNT

LY L]
23
=024
11.95
-0,
4.57%
379
17
-8.453
655
11.35
=023
-C.190

- 230

37
=443
=690
={..0
“0eul
=C. 29
“C.d0
-b.30
LTl

89.94%
39,73

caLc
CAT
PRCNT

4y, 91
19
UaC3
14.486
UelY
J.49
3.27

{ 151
{ 0.C091
13.22
12.54
{ no02)
.02
5.68
39
U'Da

Ce0G |

( 0.03)
t 0.0
( 0.6

Ceud

160.00

QLI

ER70P
cioar

3.3
c.ar
2.9"
g.0°
30
(99 I
0.9

HINCRAL

az
co
Z
or
PL
(AB)
(aAN)
Le
NE
KP
HL
TH

AC
NS
KS
HO
nI
(W0)
(EN)
(FS)
HY
{EN)
(FS)
oL
(FQ)
(FA)
cs
MT
cH

IL
HM
SP

PF

RU
ap
FL
PY
ce

sALIC
FEMIC

TOTAL

METADIADASE  SP. G. 3.53

CAY
FRONT

4. 0C
0.00
‘002
.‘.6
53.13
28.39
1.73
2.9l
.00
[Pk}
c.02
G.03

g0.00
d.0C
0000
.C0
J2.78
16,39

14,37

2.99
Te0b
Bell

«92
C.00
3.cC
f.0g
g.70
5.24
.27

«36
f.0U
0-(53
c.00
.0
0.00
0.0
v.08
0.20

54,59

S aS.61

1G0.39

WT
PRCNT

3,88
3.00
05l
bl

43,55

24,53

19.52
.22

.30

AN/PL

FarsoL

EN/HY

RIFNDX

WT

MOoL
wT
MoL
MOL
wT

MOL

{NA+K) £aL

PCT
PCT

)]
[}
-4

PCT

PCT

HT PCT
WT oaT

WT FCT 8

4T PCT 2

nz-28-

Qz 12.69

Qz 42,94

cz-NE-

07 53.21

0z 72.92

AN-AT-

AN 44,39

AN 42.96

AeF-y

ALK 16,30

ALK 15.82

4.81  MOL
0.2 MOL
3.97  MOL
8.32 GAT
OR NIAGIAN
AR 8u.85
48 58,12
KO DIAGRAM
MZ 45,05
NI 25465
0 DIAGRAM
A0 S4.67
23 56,13
DIAGRAM
FE LBt

FE 27.67

ATH HT PCT  38.3

(FE#MN)/ (FE4MN#MG) ATHM WT

NAZ2O/ (NL20O+X20)

CO0MAS BASALT PLCT NE-QL-2Z-NI{(=43.252)

0= »17

FEO/Z{FEN+FE203) -

NE=

HT

HT

PCT K" .8
RCT 97.5%
PCT  45.7

3.2 OL= .08

PCT
PCT
oCT

ecT
0
or

V)

KP

o
PE

4G

46

«31

37.25

S3.b1

3 GRMATY POT

2  GRAMATY PCT

9

2

0I=

MaL POT

MOL PCT

+75

33.93
40.33

395449

65418

02T



TOINYIFICAYION FIELD REANS,. T4AM13S

SPECIES

sIie2
TIc2
2202
4L203
CR203
FZ203
FZO
MG
NIJ
4G
Cao
S20
840
NA2D
K20
P2ns
HZO0+
H20~
s5e3

Cu
r -
coz

TOTAL
-H20

INPYT
WT
PRCNT

LB. 82
2+ 13
={.32
10,10
-ve 30
.10
927
e 28
“Ca 33
bet3
9.6%
-0,%d
-L.3C
« 95
o)1
=G, 3C
U035

=0..5

“GeJ3
-L.20
-t.31
=G.27

=635

92.29
92.29

cALC
CAT
prRENT

51.69
1067
Gel?
13.438
G.39
[T
8.21

[ .19
{ &.533
703
10,93
[ CeC2I
6.3
1.95
W1

.08

COCJ
¢ d.00?
(0.5
{ C.CO2
L.U3

10d.¢90

coep

€RIAne
cTenT

HINERAL

Qz
co
2
o
PL
(af)
(&)
LC
NE
4]
HL
TH

Ac
nS
KS
HG
oI

(40)

{Em)

(FS)
HY

139

(FS)
oL

(F0)

{FA)
s
MT
CH
L
HM
sP
PF
RU
AP
FL
PY
ce

SALIC
FEMIC

TOTAL

CAT
PRCNT

17.52

0.33
0.CO
.27
36.55
9.76
28.30
2.00
[
Gedd
0.0
€.0¢C

.00
G.00
.03
.03
20.54
14.27
6437
3.693

12.37

7.08
Le.6"7
£.39
Cel9d
.03
Cv3%
7.29
0.03
3,35
0.50
.00
¢.031

.05 °

C.d3
0ed®
G.090
L3ed

S6.bb
103'56

100.29

HETA FERROPYROXSMITE SPe G 3.1t

Wy
PICNT

16. 82
t.5C
g«LG

o CH

J3.22
R 04

25.47
th‘
G.do
.20
G.50
.UOCJ:
Gacd
f,00
0,310
c,%9

16. 04
9,37
2453

Su
1J.92
5.26
4.87
g'Uc
250

Lol
Seul.

8434
G.02
3.99
.12
t.20
Covl
0.20
~0.08
S.C0
C.ul

0.C0 .

53,10
42,20

92.29

AN/PL  HT POT 75,80 MOL PCT
FasOL NT PCT  0.7) MGL 2T
FN/ZHY HT PPT  55.45 MOL PCT  62.35
DIFNDX HT PCT 24,92 CAT PCT

NZ-483-0 OIAGRAM

WT 2CT 02 67.51 A3 32.25. 0% 2%
MOL PCT QZ 9C.27 43 9.85 IR 437
C7-NE-KD® DIAGRAM
HT PCT 0Z 82.29 NI 17.L7 %P «13
MOL PCT  QZ 91.72 NI 3,23 X?P T

. AN-23-0R DIAGRAM
WT PCT AN 75.65 43 20,15 03 .13
MOL PCT AN 74,56 A3 25.26 0R 17
' A-F=H DUAGREM ‘
HT PCT ALY ' 4G 25041

4,62 FE 73.97

MOL PCT ALK 5,27 FZI 57,86 M5 37.57

(NA+K) 7AL 12448 GIMATH POT
{FE+MN) /7 (FE+MN+MEG) &TH.HT OCT 81.286 GRMATH PbT
NA20/ (NL20+K20) WT PCT 95.95 MOL P2T

60,31 MOL PCT

FEO/ (FEC+FE203) HT PCT

COOMBS BASALT PLOT KE-OL-1Z-DI(=5C0.74%)

0Z= 47 NE= .00 oL= «12 0I= 43

14,57

65,37

99.31
77.16

12T



IOENTIFICATION FIELD READS.s 73PSIRD

SPECIES

" s102

T2
7R0O2
aLan3
CR203
FE203
FEO
MNO
NIO
G0
CAD
-8R0
340
N320-
K20
P203
H20+
H20~
503

Cu
coz -

TOTAL
-H20

INPUT

WT
PRCNT

62. 95
«33
=C.20
15.50
~0e%9
1,00
1,38
«i3
=03
1.99
7.45
=0.,33
=t.00
Le13
.59
=0.32
-€.0C
-t. 038
=Usdd
=C.ul
-C.20
-£.10
-CeJ3

35.52
95452

caLc
CAT
PRENT

63.75
G2
c.uo
17.64
C.CO
73
1.1°
[ QS |
te.CC
2.74
74067
U u.G3)
[ L0351
7.73
1.85
L.30

— o~
M.
e * o a o
DI R 1D
[N R NN
-

1CC.CQ

reun
Ef3ne
cingT

0.7°
C.2"

i
C.)
3.2°

GCJ'

31.07

3.9"

8.3¢

ge.nr
n,nr

J.Cf

':.'J'.
S.0"
{.6"

e

Je 37

.

YINERAL

Qz
co
z
orR
PL
(A3)
tAN)
LC
NE
KpP
HL
TH

ac
NS
XS
uo
01
o
(e
{FS)
HY
tEn)
(FS)
oL
{Fo)
{F2)
cs
MT
cM
IL
HH
SD
o7
RU
AP
FL
" pY
cec

SALIC
FEMIC

TOTAL

RIOTITE TRONDJHEMITE

CAT
PRONT

17.29
c.ot
G.00
F.24

SR.32

33.67

26415 .

.20
.03

g.010
6.00

0.00

O o0
[ A NS ]
oo

3.00
13¢47
6,74
5.2
1e46
20
.19
35
0.3C
B.00
g.02
t.00
1.39
B.20
oy
u'nq
0.02
6.035

el

C.30
J3.033
0.3%
.33

35415

i1ue385 i

i00.00

Cur
PRENT

17.69
.20
G.C0
8,36

54,27

35,95

16,32
.08
G.L0
G.US
0.29
G. 30

C.C2
T.70
Lol d
0.3
12.95%
6,70
457
*1,86

«22

15

-
[

.00
0.39

G.C0

1.L5 .

0.00
56
.20
.20
.28
B.50
0.3l
Je0w
.00
el

€6.53
16.7C

95,52

ANZPL

FL/CL

EN/HY

OIFNDX

WT

_MOL

wT
MCL

(NA+K) /3L

PCT

Lathi

PCT

°CT
°CT

PCT
PCT

(FE+MN) Z(FE+MN+MG) ATM HT

NA20/(NA20+K2D)

FEQ/(FZO+FE203)

”~~

35

HT PT35S,
HT PCT Q.
HT PCT 73,
AT PCT 61,

61

83
47

53

ugL PCT
MOoL PAT
uoL PCT

CAT ©°CT

QZ-AB=-0R DIAGRAM

aZ 28.7%

QZ 64,17

A3

an

56.82 0

29.63 0%

C7=NE=KP DIARRAM

QZ 78.¢

NE

33.73  K°

ih.87 KP

AN=2A3-0R NIAGRPAM

34,25

16, %%

13.58

19.21

3043

52.53 GRIAATY 22T

51.04 GRMATY PCT

AN 3C.61 A3 55,35 0%
AN 29.61. A3 35.8L OR
A~F-¥ DIAGRAM
ALK 56.93 FE 27.86 MG
ALK 53.3 FE 16.26 46
ATM WT PCT
anT
HT PCT 73,36
HT PCT 57,63

HoL PIT

HOL PCT

‘£0048S BASALT PLCT NE=-0L-Q7-DI(=3L.380)

. 02= 56

\NE=

2.68 oL

] DI= .

%l

54,31
4656
83.7¢

7514

[AAN



B

INENTIFICATION FIELD REANS,. 77IPS133

SPECIES

sto2
TI02
7702
AL203
€203
££203
Fro
uND
NID
46O
CAO
s

NA20
X20
P205
HZ20+
H20~
SQ3

cL
co2

TOTAL
=422

INPUT
HT
PPLNT

71.93
«d1
2.0,
16.43
-8, 0y
21
o2
b
-G.
65
3.06
=C.ud
-2.30
L, 67
1.53

S
=-0.45C

-6.30
=Cedd
“-Teuld
=GeJdy
531
~0.03

Usu?

96.43
96,33

caLeC
cAa7t
PRGNT -

63.78
.C1
Colu
18.72
G.00
.15
23

r .03
{ 6.00)
64
3.07

{ ¢.00)
{ t.02]
8.53
1.83
£.29

. n
Cevw s

t t.00)

L 6.0

{ 8.0
Go00

10043

ren
R0
¢innT

j.c.
f.cr
¢,
n.oe
3.7

el

C. )"
G.01

C.5"
<.

t.J"

3.8
[LP B
“lenn
c.qn

‘?')‘

-HMINERAL CAT

PRLNT

Qz 36.72
con .21
z 0,02
oR 9.15
oL 58,03
(A) 42.66
(AN} 15.37
LC Vel
NE 0.38
KR 0.32
HL .03
TH .20
AC £.33
NS 0.00
XS CeG2
HO 0.00
91 G.60
(HO) - Sau?d
(EN) g.00
(FS) 9.99
HY - 1.565
(EN 1.,28°
(FS) 30
oL 0.9¢C
(FO) 3.09
(Fa} Ced?
cs [
HMT . . W23
cH 0.03
IL Ce01
"M ~C.CO
sP g.0u
PF C.td
RU .00
AP D.0O%
FL g.00
‘ PY £.0¢C
ce Nedd
SALIC 98.11
FEMIC 1.89
1CC.00

TOTAL

BIOTITE TRONDJHEMITE

Lkt
PROANT

32.41
.18
[ L
.36
53.82
3d. 92

14,88

teud
3.0
0.0

0.30

f,02

0.09
.70
0.33
0.0C
Catd
fe2n
Ue il
0.2C
1454
.42

b2
8900
.40
veu?
s 2l

« 30
Ge0G

22
3.2¢
.20
0.80
Lelh
CeiG
0.%0
D.UC
0.07

94,97
1.86

96. 83

ANeL

FasaL

EN/HY

NIFMDX

NT

- HOL

Wy

MOL

La3

KoL

HT
T MOL

(NA+#K) 7AL

(FE+HN)}/ (FSeMN+MG) ATHM WT PCT

PCT

0
(&1
-1

POT

PCT

°CT
PCT

NA20/ (NA20+¥20)

" FEQ/(FZ0+FE203)

36

Y

27.66 MOL

HT ocT
WT PCT  9.93  MAL
WT PRT  72.83 POL
HT BCT 79.90 AT

NZ-AR=0R DIAGRAY
07 4C.19 A3 LA,72
QZ 72L.75 A3 23.77

Q7-NE-KP DIAGRAY
07 67.31 NZ 26.39
02 83.23 NE 13,80

AN=AR-DR JIAGRAM

AN 22,75 A3 62.11.
AN 22,38 AR 63,49
A~F-M

DIAGRAM
ALK 86,52 FZ  7.09

ALX B4.52 FE 5.02

FCT

PCT

PCT

OoR

02

hid

46

ATM WT-PCT 58,34
59.77
WT PCT  75.0L1.

HT PCT

f8.230

26449
5430

77.9%

6438

10447

GRMATY P2T

GRMATY PIT

HoL PCT

MOL PCT

C0OMAS BASALT PLCT NE-OL=1Z-0I(=32.37)

.0Z= | .97

NE=

Gel0 oL= o 03

oI

= 92,00

61.98

39.31

82,34

75.43

€CT



IOENTIFICATION FIELD RESDS.. 71941569

SPICIES

§102
TI02
12
aL2os
ca203
FE203
FZO0
HNO
HIO
MGO
cao
SR0
340 -
Nizn
X20
P205
K20+
H20-
S03

cL
co2

TOTAL
-H20

INPUT
wr
ARCNT

6053
33
=034
15415
=Coeuy
Xy
79
]
=C.30
0
3.8
=%.3
~0.00
L. 95
2ebk5

"
=8.30

=Ce]
-0 35
vl
=G.0C
“Ceul
=0Ledl
=Ca%u

88,51
88.51

CALC
CAT
PRCKT

€62.53
.\‘.2
.02
18,45
S.0%
37
€1

|G RS |
{ 0.031
62
ba21

[ 2.631
.33
9.92
3.23
c.cC

Cyut
¢ ¢.02)
( C.3)
( G.C0)

Gelu

166,03

cen

FQROP
“eIecT

a.j‘
r]l UF
T.I7
¢,

EET
e 4

MINERAL

nz
co
Z
OR
PL
a2y
{aN)
LC
NE
KP
HL
TH

a
-

NS
xS
HO
nI

{RO)
tem
(FS)
HY
{EN)
(FS)
oL
(Fo)
(Fa)
cs
MT
cM
IL
HY
SD
PF
RU
ip
Ft.

1"

- .
Lo

SALIC

FIMIC

TOoTAL

HR MON7ONITE

CAT
PRCNT

15. 16
.02
2.9235

16.15

6235

49.63

13425
2.0%
go2d
033
0.35
Je3r

Gs 23
L2y
G.u:
$.09
b.22
2.11
1.23
+«88
T
f.u3
£.23
0.0
.28
.24
9.410
-1
£.3¢

U5

Ce0C
G.00
GCeul
.30
G.00
£.39
.08
0.0¢

oy,17
5,83

1604335

T
PRCNT

14,57

0,368
6.30

iL,L8 .

53.77
41.89
41.88
e.C0
2.03
C.0L
.66
.73

.52
a0
G.068

+ 94
3.93
1.97
1.357

.23

G.38

:_QUO
0.04
.30
Qoc?
B
W 7Y
JeT0

"
.

0.89
0.06
.25
0433
0.0
L8603

.50

T 3.0¢6

82,92
5.59

85.51

37

AN/PL WT PCT 2
£AsOL  WT PCTY
EN(HY .HT PCT

DIFNDX WT PCT 7

. Az-28-

WT PCT 0Z 25.65

MOL PCT Q7 53.%6

£Z-NZ-

WT PCT  QZ 56448

MOL PCT QZ 75.92

- AN- AR

HT PGT AN 17.41

HOL PCT AN 16.79

_ B-F-y

HT PCT ALK 82,61

MOL PCT ALK 82.3%

(NA+K) 720 ATH HT

(FE+MN) Z{FE+YN+4GY ATHM HT

‘NA20/ (NA20«X20) - HT

FEC/(FEC+FE203) - WT

2,18 moL PCT
0.G63  MaL PCT
§.00  MOL 267
L.5%  £AT oCT
0R OIAGRLY
43 53.96 O
23 35.063 0

KP JIAGRAM

R 23.38

RoLL.51

MZ 31.9% KP £1,38

NE 18.16 K

02 DIAGRAY
B3 51,37 0
a8 52,77 9
NIAGaEH

FE 13.1% ¥
FE ?.Qé [
PLT 71.15
PGCT. 79.2%
PLT  6#R.89

PCT 59.32

R 21.21°

R 23.44

;' 4445

6 7.72

GRHATY 22T

GRYATY PIT
HOL PCY

MIL PCT

£0048S BASALT PLCT NE-OL-QZ-NI(=19,38)

0Z= .78 NE= 0.0 OL= .00 9

I= .22

71.25
62'39
75400

76442

veT



INENTIFICATION FLIELD REZ0DS.. 713543 HS MONTONITE 2R
. ‘ : &
. SPECIES INWT  CALE  £CvP MINERAL  CAT HT
AT car  re3go paguT PRCNT
PRENT  PRCNT  C7onT
sro2 2,50 65.54 0,97 az Q.27 9.55 HT PCT 7.8 MCL PCT
1102 033 €2 n.cr ca 0455 g.10 ,
IR02 | =Lesd 0 .83 f2f 4 0.1 3.06 - WY PCT .C.32 MCL FCT
AL203  13.37  15.73  C.0° .02 32.55 31,32
Cu203 P30 GeGu .07 rL 43,17 39.62 HT °CT  89.27 MCL PCT
FEZD3 1465 1,20 %.0r (any 39,93 33. 9%
FZ0 1.1 «89 .37 an) 3.19 3.0 KT PCT  76.50 CAT PCT
MO L4085 f .(5) LG S 0433 g.cn .
NIO =083 € .00 NF G.0¢ 0,33 . 0Z-£3-02 DIAGRAM
GO 2063 3.u7  CLOF K 9.09 - 3.90 :
cAd Y3 3.3 C.af HL 0,00 0.29 NZ 12.47 A3 45,65
SR0 =277 [ £.93) ™ 0,03 c.3c
9 -C.uf L Caryl G7 16.99 43 33,53
NE20 4,25 8,00 T an v.du V. A
x20 5.25 B.51 .37 NS 1,05 2.7¢ Q7-NE-K? DTAG2RY
P2as . =il c.02 a, KS 306 Gaud
H2O+ -0.33 HO 7432 3.03 0Z 54,51 NI 25.43
H20- -Ceu0 oI 11.17 14,59 ‘
503 =3.9) 2.89  g.2r (ve) 5459 5,57 Q7 72.52 NC 15.45
s =3¢t .0 t.Or (ZN) 5.12 4,41 _
cL =Ceid € 94001 %.0° (Fs) b7 «53 AN-AR-0R JIAGRAM
F “0oud [ £0.00)  B.5C HY 1.9% 1.76 :
coz ~0.0% 7.2 3.7 {EN) 1.82 1.57 AN 5,34 33 51,31
: tFs) 17 .19 :
TOTAL 94,35 106,33 oL 050 7.30 AN n,21 23 52,87
-H20 94,35 (FO) £.03 J.00 '
, (7 dend 2.0z A-F=M DIAG2AM
¢s 0.01 6.0
. MT 1.81 2.39 ALK 64,87 FI 13.7¢
CH 0,30 3.20
iL «0u ) ALK 59.36 FZ 12,23
HM £.4? 2,00 :
sp 6.00 9463 ATH WT PCT 122.95
PF 2.99 9.CY .
RU 0,30 G, 00 (FE+MN) 7 (FE#YN+HG) ATH WT PCT  58.85%
AP 6,33 veul
FL g.u0 0.2 NA207 (NA20+X20) WT PCT 44,69
© oy g.o¢ 2.8
¢c 6.0 .20 FEO/ (FEO+FE203) HT PCT 4.0
SALIC  .84.9§ 79.606
FEMIs 15+91 14,71
TOTAL 100,00 94,35

COOMBS RASALT PLCT NZI-0L-17-DI(=22.43)

Q.00 oL= (4

- GeT



TIENTIFICATIOR FIELD READS.. 7738%i15

SPECIES

" sIoz2
TIC2
7002
AL203
£2203
FE203
FZ0
MNO
NTO
460
cr0
$20
nan
NAZO
X20
P20°
20+
H20~-
503

cL
co2

TOTAL
=H20

INPUT
HT
eRCNT

65.19
02
-%.00
16.45
0w
25
«39
Wb
-0.3C
P
2430
~Ge3
-Z433
Sedle
215

- -
“Lesvuy

L=t

0.0
LT

-Led3
=Ll
=C.30
=300

94,18
QL8

CaLc
CLT
PRCNT

6302
.61
c.C0
18.77
Gell
13
.31

(¢ 03]
{ €.02
'53
3.°5
2.0
L Ce31
1.4
3'6:‘

G.02

eep

zp300
c1ogT

9.5°
0.0"

. MINERAL -

az
co

oR

PL
{an)
(AN)

NE
KP
HL
TH

AL
NS
KS
Ho
nI
(W0}
(EN)
(FS)
HY
(EN)
(FS) '
oL
(FO)
(FA)
cs
HT
cH
IL
"KM
SpP
PF
U
AP
FL -
3%
cC

SALIC
FIMIC

TOTAL

HB QT7 MONZCNITE-

CAT
PRONT

14.68
4.00
3.97%

18,22

63.81

51,09

11.82

Ja.¢
1,313
0. 90

Qa0
7.00

G0
g.30
.02
2a8?
2eTl
1.37

«98

«39
«25
'16
37
2.40
§.30
6.2
S.uC

«28

0033

«03
D]
.38
d.c0
8.390
.38
J.00

2.00 -

0(00

96470
3'30

1ne.30

HT
PRCNT

AN/PL
Fa/0L
EN/RY

OIFNOX

HT PCT

MOL PCT

WT PCT

MOL PCT

WT PCT

MOL PET

¥T oCT
HOL PCT

INA+K) 7L

39

HY PCT
HY FOT
HT PCT

HT BfT

19.43  HoL PCT

0.

11 “OL PCY

65.52 MOL 2CT

79,47 AT °CT

02-A8-CR DIAGRAM

07 19.58 A3 53.99

0Z 51.40

A3 36,21

QZ-NE-KP JIAGRAM

Q7 55.53

07 73.28

ME 31,98

NE 18,3¢

AN=-23=0R DIAGRAM

AN 14,

AN 14,

9%

41

A=F=M

ALK 89.59

ALK 87,

ATH

76

wT

(FE+MN) 7 (FE+HN#HG) ATH HT

NAZOZ (NA20+K20)

FEO/ (FEZO+FE203)

COOMBS BASALT PLOT NE-0L-QZ-0I(=17,68)

Q2= ~v%4 T NEs=

2408

vY

WY

Al 52.C3
A8 63.39
IAGRAM
FE  B.72
FZ 5,03
PCT  75.34
PCT 67.81
PCT  65.25
PCT 59,37

oL

= «01

R
OR

K»

X2

oR

oR

4G

MG

13.52
0432
71.53

84.38

2136

12.53

.‘.2- l’?

23.135

22+2¢

4e20

721

GRMATY P2T

GOMATY
oL
roL

0I= .t

P

Pe

PC

-
5]

T

-
1

T

74,81
47.56
74.76
76,46

9¢T



IDENTIFICATION FIELD READS.. 739414 H3 NTZ MONZONITE . lq.()
SPELIES TINPUT CALC ce MINERAL CAT WY
. WY CAT TRIND PRAONT PRTANT

PRCNT PRCNT $T12nT7

5102 H6ewT 65,114  3.0C nz 17.176 17445 AN/ZPL HT OCT 8,85 Mol PCT  8.%3
TioZ .12 . .21 f.Le co 0.0 2,96 - _
20902 ~C0.n5- ¢.00 .90 b4 £.09 - .00 FAZOL WT PRT  0.8) “OL PCT  .0,33
ALZD3 14,14 26434 £.9r oR . 19,39 19.32 .
€CP203  ~L.39 9,04 G. 3" PL 57,49 . 51.u4 . EN/ZHY MT PCT  3.05 . MOL PET 3.10
Fezns e23 17 7.07 tan) 52.66 45,83 ' . . .
FEO «34 .28  0.0° {ANY L83 %.56 BIFNDX WT FAT 82,6 CAY PCT  89.1t
¥ e L03) : Lc 7.¢00 0.0% . . .
HIO -0.93 T 0.09) NE 0.32 Q.40 " . 0Z=-AR=0R DIAGRAM
460 © .55 85 N,.5F KP U.32 .83 : :
ca0 2.7¢ 2.8, 2.0° HL .02 uell : WT PCT Q7 2:.06 AR 56.76 03 22.13
S}0 0.2 ( £.201 N TH 5463 Jes0 . :
340  ~0,35 [ {.051 . . : MOL PCT N7 54,21 A3 33.47 OR 12.32
NA2D . 5,54 13,53 1.9° AC .27 - 9.2%
K20 .16 3.63 1.1 NS 2.u3 0.e ’ N7Z=NE=-XP DIAGRAM
P295 “N,33 .03  f.27 XS £.99 c.62
H20+ 0,73 , WO 1.7 1.59 HT PCT . QZ S$5.A5 NS 20.75 XP 12,60
H20- ~C.99 21 4407 3.85
s03 “C.$3 - 0.00 Q.07 (RO). 2483 - 2,08 HOL PCT QZ 76.15 NI 47,47 K2 5.43
S BT 5T N O P e ) B A 1 (z\) 1.61 1.37 T
cL -vits [ CLeul) 2.6 {Fs) 2 W48 AN=£8-03 JTAGPAM
F =2.96 ( £.53)Y .07 HY Ged3 [P .
coz “Gald B0 d.or ($41)] 3.07 ] : . WT PCT AN 6.54 A3 67,29 O0R 26425 °
: : {FS) 0+33 3,22 . .
TOTAL  93.76 1li.09 oL © Qe Joi? MOL PCT AN #.28 A3 58,57 OR 25.22
=H20 93,06 : {FO) + €492 0.39 : :
{Fa) 0.94 0.5¢ . : A-F-M DIAGRAM
cs 0,36 .00 . ) .
MT %25 +33 ] ' TOHT POT ALK 88,52 FT 5,86 M5 S5.6h4
cM - 8,02 5.3¢ T .
IL .03 .Ct . MOL PCT ALK 86.06 FE &4.34% MG 9.50
HM 6.00 0.69 | : )
L1 2,30 . $.99 (NA+Y) ZAL ATH WT PCT 8B9.31 GR¥ATM POT  88.18
PF .00 6.06 ) . :
RU 0.0" 0,00, (FE+UN) 7 (FE+MN+MG) ATM HT PCT  57.99 GRYATY PZT 37,47
A0 ‘0409 7.8¢ : :
FL c.93 7.0¢. -7 NA20/(NAZO+K2D) BT PCT 64,12 MOL PST  73.09
- 0.90 veCC B . .
ce 0,58 9463 ., FEO/LFS0+F=203) ) WT PCT 59,65 MIL PCT 76457
SALIC 93, 94 87,15
FEMIC .25 5.91
ToTaL 100,00 93.26 .

CO0MBS BASALT PLOT NE-OL-QZ=DI(=21.13)
07=  JRT NEs §.0%  OL= 0,60 DI= .19

LZT



1 IDENTIFITATION FIELD READS.. 7394113 HB 0TZ MONZONITE. 4 1
‘ : SPECICS [NPUT  CALC  FC¥S MINERAL  OAT WT
. . . wT CAT ER290 PRENT PRCNT

PHCHT PRCNT CT1°0T

SIQ2 66.77 64,26 1.00C Qz  16.7¢ 17.32 : . AN/PL HWT PCT 15.33 MOL PCT 15.53

TI02 1 N E B B L co £.0% J.00
z’n2 =0, 42 0.3 f.00 z n.00 .0.00 FAZOL MHT PCT 0,02 MOL PCT  3.90
: . AL223 15,93 13.£3  C.0f OR 17,63 16,78 .
. G203 =0.7 Codd 3" PL 63.12 57.64 : EN/ZHY -HT FCT 6%.65 NOL PCT 75.53
’ FZ2e3 | W16 12 G.0° tan) 53,32 L8.23 .
FEO .31 .25  C.0° (AN S 9,81 9,41 DIFNOX WT FET 82,33 CAT PCT 87.5)
"NO W23t W52 Le £.50 2,33 .
Nio 0.8 T CaC11 : NE 8,00 g2 . ' C7-A3-0R DIAGRAY
450 .18 54 hih 14 Kp G.0¢ 5.00
ci0 2,62 2.53 d.:7 HL .02 9.49" ) WT 28T Q7 21.C3 &8 58.59 0% 23.38
Ska “2.90 L 0.80) . TH 8.2 2,40 . "
: 50 L33 0 0.233 : MOL PCT N7 SL,.12 A3 34.55 92 11,33
| NL29 .73 11.866  n.nt Af G.20 2.1t :
; X20 2.05% 355 0.6 NS GGG g.50 - . Q7-NE=XP OIAGDAM
' P05 .13 53 %5t KS 0.0 2.52
' : H2O+ T =7.u0 Wo c.on n.C0 . WT PCT  QZ 56,63 MT 321,74 KP 11.58
H2C= -3.4¢L DI 2.6 2.11 .
sn3 ~C.00 0.C0 0.7 (H0) 1.33 1.08 © MOL PCT NZ 76.78 NS 13,22 X° 5,91
S ~f.ud ( CeRGY  CuC” {EN) .75 «66
cL TS N S B P A (FS) 232 .35 : AN-AB~0R DIAGRAM
F 0,12 € 5,23 G.ar HY .30 .33 . .
: co2 N3 Cedl  2oG° (2N 26 .21 , HT °CT AN 12.45 AB 64.31 0% 22,55
(FS) W15 W11 .
’ TOTAL 94,42 10 ul oL COews Cd.00 . MOL PCT AN 12.17 47 66.15 03 21.58
l -H20 Sheb2 (FO) Cedd .50 ) ’ .
; - . CUFAY L 3.0) 0.C¢ o . ' A-F=4 DIAGOAM
ns 0,02 3.00
! : : HT 17 .23 : WT PCT ALK 92,24 FS 5,02 46 3,74
i : cH £.60 ¢.23
I . o IL .01 .32 HOL PCT ALK R9,72 FE 3.91 45 6.35
. . : H4 .92 . 9.C6 : : )
SP L.c2 3.03 (NA+K) 740 - AT¥ WT PCT 78,27 GRYMATH 23T 78.31%
: . . PF 0.CC g.c0 . .
i : U Le 9 3.6 - . (FE+MN)/(FE+MN+HG) ATH WY PCT  6L.O5 GRMATY 237 43.71
. - . o : ap 0.0¢C 3.5C ’ . '
: : B v FL .00 .  0.3% NA20/ (RA20+K20) HT PCT 66474 MOL P3T 75.31
. © o py .62 £.0C . - .
ce g.02  3.c0 . FEO/(FEO+FE203) HT PCT  65.96 MOL P3T 81.16

SALIC 97,30 91. 74
- FEMIC 2,79 2,68

. TOTAL 1604063 - 96442 : ’
; : ’ COO4BS BASALT PLET ME-0L-1Z-0I(=19.21)

n7= .83 NEz £.3%  OL= L1 AI= .1t

8¢T



amemr.

INENTIFIGATION FIELD REACS.. 733431 43 QTZ YOMZONITE v . 42
SPECIES INPUT  CALS  CCYP - MINTRAL  CAT we
T CAT  [R=90 . PACNT  PRENT

PRGNT  PRCNT  CInAT

S1o2 6793 63.82 g.1r nz 15.08 16.L5 AN/PL  HT oFfT 12,39 MOL PCT 12,24
B § €1 ‘b1 oo cn £.00 3.50 .
7R02 -%edd 0.09 3.7 z 0.09 1.08 - FA/OL HT ©oCT 0.3 MOL PCT  3.3)
ALZD3 15,53 17.17 to1" ow - 19.u2 19.15 )
CiZ03  =yeu® fer8 A PL 59,19 55,37 FN/HY NWT PCT 86.75 “CL PCT  89.58
Fz203 23 v 16 n.9r (an) 51.93 48,23 . : .
FEQ o3 .27 J.cn tan) 7.24 7.14 OTFNDX WT PCT 83,62 CAT PCT  80.4%
MNO i [ W03) LC 9,93 2,82
M ~L 30 [ 2.00) NE 3402 2400 . . CZ-AR-02 NIAG2:YM
uGo 1. 25 1,73 1.2" oEp 2.02 0,00 . .
cao 2458 2.52 oo HL 0.3 0.u0 . : WT PCT 0Z 19,23 23 57.82 0% 22.95
S0 =0, [ C.00) TH 2.00 0.32
g0 =Ge33 L £.33) . : MOL PCT QZ 51.38 &3 35,33 0 13.23
. ONA2D 5,73 12,39 3.8 AG 7,99 ] -
© K20 3.24 3438 2.00 NS _0.32 v.52 : - CZ-NE-KP DIAGRAY
P205 -L.0d .00 L.50 XS G. 30 0.0% - .
H20+ el : HO .33 0.50 WT PCT 0Z 55.64 NE 11,22 XP 13.0a
H20- ~C.3C i 21 427 .16
S03 “0eui £.03 g.nr (%o} 2.t 2.28 “OL PCT 02 75.35 NS 17.94 KP  6.78
S =033 ( T.00) 3.7 (EM) 1.9:2 173 ) : .
cL ~Ceuw? T L LeLL)  TLIF . HUFS) .22 25 AN-£3-0% DIAGRAM
F "~Ced8 € Ge03I}  CO0F HY 1.77 1. 63
coz “G.0C 0.00 Ler: tEm 1.59 Lol . HT PCT AN G.53 A3 3%.73 0O 23,59
(FS) 18 .22 : N
TOTAL 6,72 165403 . oL .03 T.00 MOL PCT AN 6,22 A3 55,77 0 24.7¢
«H20 S6.72 (FQ) 0463 Uelidd " .
’ {FA) .23 .50 : A-F=-M DIAGOAM
cs .53 0133 - '
9T .26 +33 . WT PCT ALK 83.00 FZ 5433 MG 11.52
CcH t.U0 GeLT . .
It W3 08 <. T MOL PCT ALK 77,26 FE 3,77 4G 18.35
HH M.86% [P . ' . . ’ ’
sP 0,08 . wes? (NA+K) ZAL ATH WT PCT 84,37 GRMATY PCT 83,12
PF 2,30 Peaf . : _
RU G.00 0.58 .o (FE+MN)/ (FE+MN®4G) ATM WT PCT  37.70 GRYATY PCT  20.87
AP $.C3 .00 : T ] - .
FL 0.30 0.20 NA20/ (NA20+K20) . RT PCT A3.75 MOL PST 72.78
. PY 0.0¢ de 0L : P -
cc G.30 dewd FEO/(FSO+FE203) WT PLCT 59,65 MOL PIT 76457

SALIC 93,63  91.5%
FIMIC 6,32 6:16

TOTAL 1CC.0v 96472 .
COCMBS BASALT PLOT NE-0L-QZ-NI(=21.13)

- Qz= 76 NEZ= Qe3¢ oL= oloe " 0OI=  ,29

62T



IDENTIFIZATION FIELD READS.. 733494

SPECIES

sIoz2
TIoZ2
7R32
AL207
CRrR203
FE203
FEO
4NO
NID
460
cL0
SRO
BLO
NA2O
Ken
pers
H2G+
H20~
503

cL
£o2

TOTAL
-H20

INPUT

L1
PRCNT

65.12
02
=Uefs
15.93
=i
«19
«29
35
=008
39
Calely
=C.3¢C
~3.00
3450
3ed3
=C.%0
“Casd
=C.30
“Ge3th
=0.¢3
“Ceuy
~Caul
=0.d2

92.9)
92.94§

cALC
car
PRCNT

63,82
01
0.C3
18,461
Godd

rye
c£qrap

cT= 0T,

2.9°
Lonn
3,50
.00
5.3%
n.3°
8,0

MINERAL

az
co
Z
oR
PL
{an)
(aN)
LC
NE
Ko
HL
TH

ac
NS
KS
HO
nI
()
(EN)
(FS)
HY
(EN)
(FS)
oL
(F0)
(F &)
s
MT
cH -
L
HH
sP
PF
RU
AP
FL
PY
" ce

SaLlc
FIMiC

JOoTAL

POR H3 QTZ MONZONITE

CAT
PRONT

15.57
9.90
2,08

ia.17

62.81

£2.565

192.15
9.04
34035
.50

=]
-
[ 3]
=y

(= ¢
o
L=}

[T NN NN ¥}
¢« o ¢ o o
CIFe I D3O
1Oy G 2L O

97.45
2.5%

ivC.00

HT
PRLNT

15.88
.30
o010

18.42

56447

L5.83
9.9
'J-'\;
Jeul
.2

a.1n

“e v

G.US.

.58
c.0C
Lel0
C.20
2.%6
1.0%
B
35
W7
o114
«Jo
h e,
2.ul
J.80
.73
.28
G309
lo‘*
0.C20

~
Cavul

0,00

veal

Gs03

C%el0]

3.0C
Geul

30,37

2453

92.90

43

AN/PL  WT PCT 16,93
FA/OL WT FOT .03
EN/HY HT PCT  Bu.i7

QIFNOX WT BAT  Ay.78

WT PCT 0Z 19.65 A3 5%.03 OR 22.3

HOL PCT QZ 52.0 AR

MOL PCT 16.17
oL PCT 2.03
MOL PCT 75.18

CAT ©CT 37,29

Q7=£8=-0R DILG2EM

e

35.20 DR 12,75

Q7=NE=KP DILGPAM

V
(¢ 2N
-4

HT Q7 55.88 K

O
-1

MOL P 02 75.52 NI

Ji.44 XP 12458

17.97 KP 5,54

AN=AB-0R DIAGRAM

HT PCT AN 12483 £9 62.93 0O 24.13 -

- MOL PCT AN 12,40 A9

6u.31 OR 23.29

A-F=M NIAGRAM

(L4}

WT PCT ALK 91,77 F

m

HOL PCT ALK 9(.67 F
(N3+K) 7AL . ATHM WT POT
(FE+MNY/Z(FE+HN+MG) ATM HT PCT
NAZO/ (NA2D+K20) WT PCT

FCO/FS0¢FS203) " Wr PCT

U
(g}

2 M6 3.21

(%]

«73 MG 5.54

7878 GRMATH PIY
BR27 GRMATY PIT
TN HOL PCT

5a,57  MoL PsT

COOMRES BASALT PLOT ME-OL-QZ-01(=17.55)

n?s .88 HE= 3,0 oL=

77.93
48.43
73.41
76461

0fT



SPECIE

SIoz2
Tinz
IR22
AL203
CR2903
FE203
FZ0
HNO
NIO
MGO
cAQ

S0

Ha29
K20
p2ns
H20+
H20~-
503

cL
co2

TOTAL
-H20

INPUT
WT
PRCNT

67.3C
OJ‘.
=feud
15+ 19
“Ceud
016
23
W J3
=330

« 55,

2+18
=C. GG
~0.al
5¢6¢
276
~0eG2
~C.230
=L 33

=Cedd

=-2.2C
“Uevid
=G.03
~Cou?

94.96
G495

CALC
- CAT
FRCNT

Bu 57
et l
Velu
$8.21
GsC3
.12
12

t .r21
(GRS
.3
224
 5.033
.1
10. 02
3.3:

el

-~
[l I i oo 2 ]
D ea i3I
L.y
o

« & & o @

163.00

INENTIFISATION FIELD REARS,, 738497

reye -

£R3InD
cTanT

2.0

L L

(.:"
31"
f.0"
“.n

L

MINERAL

Qz
co

nrR

148}
[€AN]
Lc
NT
KPP
HL
™

AC
NS
KS
40
oI
1HO)
(zny
{FS)
HY
(EN)
(F)
oL
_(FO)
tFa)
cs
MY
CcM
IL
HM
5P
pF
RU
AP
FL
oY
cn

SALIC
FENIC

TOTAL

caT
PRCNT

17.8%
03
.02
16.52
63.29
52.39
11.23
vy
"17.912
Laid

G.00.

7.3

g.0u
Celill
PGy
9.6C

~ .
Vedud

CelT .

L

.02
2, 1%
1.85
.29
.30
t. 3%
330
GeuG
£.d9

« 01
0.20
0.08
0.0¢
P00
3400
0.0
o2
o0

97.57
2.33

166.CC

POR HB8 QTZ HONZONITE

WY
PANMT

[N LS = B o Y RIS 3 = RS-0 o )

@ e & 8 @ & o 4 % s e 6 ¢ s e g @

LI AT W DL OV Y €Y Ce € ) € O D

“

NGLGWNOCOOWNVICOWODLadoQ

"9.66
8468
9.56
043C
Ivs
0.28
J.00
G.CC

92.76
2.29

94,98

44

anseL
FAZOL
EN/HY

NIFNDX

WT PCT

MOL PCT

WY PCTY
. MoL PCT
HT PCT

MOL PCT

(NA+K) /8L

[FZEMNY Z(FS#MNEMG) AT HT

NA20/(NA20+K2D)

FEO/(FED+FE203)

0z

HT 2CT ¢
RT oCT
KT BT A
HT PCT B
nz-£8-
07 22.7%
QZ 56454
a7-NE-
07 57.61
Qz 76.75
AN-2R-
AN 14,58
AN 14,04
L=F=Y
ALK 88.87
ALY AE,41
CATM MT
WT

HT

B.58 MOL P

p.20 MoL P

T 17.73

3.%9. MCL PCT 35.393

1.9% CAT PCT 856.35%

0% 7T4%RAY
£3 57.83
83 32.t7

KP DTASRAM

Mg 31,23

MI 17,65

0R DIAGRAY
A% 57,90
A% 65,25
DIAGREN
FE 6,18

3.82

[d]

".'
2T 75.08

PCT 44,47

PCT  B7.47

PCT 58,97

£00MBS NASALT PLOT NE-OL-0Z-DI(=20.353

+»95  NZ=

8.68

oL= 5

KP  5.50
93 21.52-
0 23.72
4G 5435
96 11.57
GAMATY PST
GRMATH PCT
voL P3T
MOL PGT
DI= 3439

75437
25.87
75.92

7615

TET



INENTIFICATION FIELD READS.., 739481

SPECIES

SI02
TI02
IR02
ALP03
cr203
FE2C3d
FEO
HHO
NIO
MGO
cx0
S0
|40
N329
* K20
P205
H20+
K20~
S03

CcL
coz2

TOTAL
-H27

INPyT
WY
PRCNT

67443
11
~C.00
15.58
=CsC3
L5
23
¢33

bl TR
65
2.0
“%.C3
=ve 1L
578
3.16
=C.33
“Leuld
“5.e03
=0eul
-0.%0
=033
~Geud
=0sC0

95414
S5. 1%

caLc
CAT
PRCHNT

BuelS
«+C3
Colvu
17.5%
%.03
W12
«18

{ +£2]
£ 2.4))
+ 93
2429

¢ c.00)
{ 2.201)
¢, 72
3.85
hEg ]

C.Cd
€ .00}
t 8.20)
( Ged0)
7407

100,00

[»g iy
gRre
cTanT

.90

T.1"

MINZRAL

[+¥4
cn

02
PL
(&)
(&)
LC
NE
Ko
HL
TH

LC
NS
KS
HO
oI

(we)
tEW)
{FS)
HY
CLEN)
(Fs) -
oL
(FO)
(Fa)
cs
HT
cM
L
HM
SP
PF
RU
AP -
FL

. Y

cc

SALIC

FEMIC

TaTAL

POR M ATZ MONZONITE

CAT
pacuT

16.16
0.23
3.99

19,27

681,05

53.58

ToL7
g.02
.08
~Gedcg
.22

0.9¢
0.¢C9

Seud
GG
0.058
2.33
i.19
1.1
.09
08“
»75
W05

C.00

.90
t.00
G.33
17
CeGO
'16
0.93
0.0
0.C6
0.3
0.3
0.33
" Le00
.02

9h. 48
3.52

1L0.00

WT -
_PRCMT

O I+

AN/PL
Fa/oL
EN/HY

DIFNOX

HT PCT

MOL PRT

WT PCT

KoL PCT

HT PCT

MoL PCT

HY PCT
MOL PCT

{MA+K) £AL

45

HT PCT 12.38 MOL PCT

HT PCT 0.G2 MOU PCT

WT 2CT S2.73 HMOL PCT

AT PCT  54.48 CAT P

NZ=-AR«0R GIAGRAH

0Z 20,6 A3 57.90
02 52.58 473 34,38
Q7-NE-KP DIAARRAY

07 56,27 HE 31.35%
Q7 75.85 NE 17.95
AQ‘AB‘OQ DIAG?AH

AN 9,67 A3 65.37
AN 9,33 A8 65,71
A=-F-M DIAGRAM

ALK 89.58 FE 3.91
ALK 86418 FE 2456

ATH HT PCT 83.82

{FE+MN) /LFE+MNMG) ATH HT PCT ' 44,47

NA20/(NA20+K20)

FEO/(FZC+FE203)

HT PCT  6L.GE

HT PCT 58.97

o]

OR.

Ko

o

03

0

MG

MG

GoMATY PCT

GRMATM PGT

12.5%

Gele

24435

23.98

64321

12.55

yoL P3T

oL

- C00M3S BASALT PLCT NE-OL-0QZ-0If=19.34)

nz= 036_ NE=

de0C oL=  ..C2

DI

PZT

»12

82.98
25.87
73.55
76416

ceT



IDENTIFIZATION FIZLD READS,. 7384124

SPESIES

SI02
YIioe
ZR32
AL223
c€2203
FE2O3
FEOD
HH0
NIO
MGO
cA0
S0

" 840
H320 .
K2o
p235
HoC+
H2n=-
SC3

cL
coz’

TOTAL
~H20

INPUT
HT
PRCNT

67+ 93

]2
=Geu?
45,10
-0

+ 15

22

.gz

‘=C.J0

30
244
=dad3
~L.0C
L.1%
RIRY)
=3.32
-C.C2
=(.1
“Cen.
~£.J0
=0.0
=G.30
~bely

94614
94,61

(

caLc

caTt
PRENT

65.71
o1
.94
18016
0.32
o1t
.13
YLD
0.03)
W03
2.18

0.50)

0.003
9. 34
3.38

.00

~ {40
FSIn"
c1onT

[
[?.‘\’1
r.c"
PR Ay
c.n?
t. Jﬂ

[ T30

9.3¢
7.9
t.r
6o 30
near

.MINERAL

nz
an
Z
oR
PL
(28)
(AN)
LC
NE
KP
HL
™

AC
NS
XS
WO
134
(W)
(EN)
tFs)
HY
(=¥}
(£s)
oL
(FO)
(FL)
¢S
M7
oM
L
HY
SP
PF
]U
ap
FL
. Y
ct

SALIC ©
FEMIC

TOTAL

POR KB QTZ HONZONITE

CAT
PRCNT

21,23
62
JFe03
19,61
57 01
L6514
10.92
Coflu
N.C5
3.03
G.GC
.20

(&)

st e e
Qg Cc Ou

I CIOI DD
212 YD S

Q'JV‘
C.CC
.30
a.ca
0.03
Ced?
0.99

95467
1.33

106493

‘uy
PRCNT

ac o
..+ . s
LIRS I |

fer

AN/DL

FA/nL

 EN/HY

DIFNDX

HT

HoL

WT

MCL

HT

HoL

HT

MoL

(NA+K)} 7L

PCT

PCT.

PCT

PCT

PCT

°CT

(FE+MN) Z(FE+MN+#MG) ATH WT

NAZ2DZ (NA2O+K20)

FEO/(FEO+FZ203)

«G2 MOL PCT -

)

~
-

T

T

PCT

HT °CT 19 18.99
HT PCT 0.3 MOL PGT  3.30
KT PCT  71.46 de Pér 7643
WT 90T 82,35 GaT PCT 57,15
NZ-£3-0 DIAGRAY
Q7 2646 AR 52,85 03 22.53
Q7 %1.53 A8 27.u3 OR 11,23
07-NE-K® DIAGRAM '
N7 59.6% MNE 27.75 KO 12.35
QZ 78,31 NI 15,33 KP 6439
AN-£3-0R DIAGRAH
AN 14,70 A3 59.11 0R 25.19
AN 16,18 A3 83.54 0% 25.27
A=FeM OIAGRAH
ALK 92,75 FE 4,22 4G 3.2
ALK 97.82 FI 3,21 MG 5,37
" ATH HT PET  7L.51  GRMATH
PET. 52,3t GRMATY
WT PCT  61.19  HOL
WT PCT  59,u6 HOL

. . COOMRS BASALT PLOT NE-OL=-12Z-0I(=22.37)

nZ= +97

NE

= £.00  OL= .03

nI=

P

~
v

9,99

T

€E€T



INENTIFICATION FIELD REAPS.. 733493

SPECIES

SI102
TIO2
I02
aL2a3
€a2a3
FE233
FEO
“NO
NIO
MGO
cin
SRO
340
N&2D
K20
Pens
H20+
H20-
S33

cL
coz

TOTAL
=H20

18PyT
HY
PRCNT

67.63
RN
=G,a0
1,75
“G.0?
-15
w23
04
“C.00
63
2..‘8
=0.03
=C0.20
5. 54
2.55
“Gedl
=0.32
=GeJd
“Ceud
-0
~C.27
=043C

~5eul

95,32

95.92°

CALC
CAT
PRCNT

6L.89
01
Cedn
17.82
C.0u
.12
o148

{ +03)
[ 6.00)
« Q3
2.L5

C 2.00)
C 5.001
1ue 31
3.26

C.0°0

Lell
¢ 0.00)
¢ C.28)
t c.o0)
Ge30

102.00

D e3Mm a3

(L]
T RIAP
atonT

kI

237 3% I

Y K2 D e L 02 3

42
3

a oD
.
M- ]
k B ]

.37

e

9.90

r.ar
3.3"
t.07
t.0"

.30

.

MINZRAL

Qz
cn
b4
OR
PL
(a8}
(AN}
LC
NE
kP
HL
™

AC
NS
KS
WO

T
+

(R0)
(EN)
(FS)
HY
LEN)
{FS)
oL
(FO)
(Fa)
cs
HY
cY
IL -
HM
sp
PF
RU
AP
FL

L4 Y

ce

SALIC
FEMIC .

TAOTAL

POR HB QTZ MONZONITE

cAT
PRCNT

18,53
S5.C2
.03

16.29

62.18

51.56

13.63

- 0.€3
053
J. U8
003
‘Jlaa

G.G0
GeC3
%.69
G.0¢
1‘29
Y-18
+55
«ga
1.52
1.31
vl
0.G3
0.00
raC0
nlqc
17
Ce03
«01
g.00
G0y
tend
J.0¢
£.03
.03

C.00 -

GeC3

97.10
360

100.03

T
PRCAT

19.3¢
Q.00
.90
15,72
57.43
LG, &8
13.25
C.C0
‘G 05
0.0
9.00
3L

g ]
r.re
Deul
3.00
1.74
«65
ILB
«1C
1.34
1.1“
«2h
G50
f, ¢
.02
C.3¢
23
3,50
.02
g.0%
0.0C
G LG

=
rou

Ce20
Je2d
0.00
0.60

az2.15
2487

95.02

47

ANZPL  WT PGT  17.9%
FA/OL WT PCT 0.0
EN/JHY HT OCT. 82.33
DIFNDX HT PCT  61.99
NZ-A8-0R 9

WT PCT 0 23.57 A3
MOL PCT 0Z S7.73 A3
NZ-NE-KP 7

WT 96T 07 52.58 NE
CMGL PCT  0Z 77.09 NE
. AN=-£8-02 O
KT PCT AN 14,07 89
MOL PCT AN 13.56 &9
' A~F-4 DI

NT PCT ALK 89.76 FE
MOL PCT ALK 85,25 FE

(NA+K) 7AL ATM HWT PCT

C (FEYNI/{FS+MN#MG) ATH HT PRT

NA207 (NA20+K20) HT PcT

FEQ/(FE0+FE203) HT PCT

MOL PCT 17.49

MoL PCT 3.0

¥0L PCT 85,94

CAT PCT B85435

IAGRAM
57.24
22.12

TAGRAM
31.01
17,41

IARRAM
BLe35
65,730

AGRAM

75,8
5.7
67.56

54,87

Oé 6,19

OR 13.15

KP 1G.8¢

KP 35,50

0 21.538

0 23.75

MG 11.59
GRMATY P3T
GRYATY PST
- Moy P3T

HOL PLT

COOMBS BASALT PLOV NE-0L-2Z-NI(=21.34)

NZ= 490  NE= 0.0¢ OL=

-

A

nI= .06

76.15
26,35
75,99

76.16°

PET



IDENTIFICATION FIFLD REANS.. 733487 POR HB QTZ MONZONITE R . ) AL{B
SPECIES 1INPUT CALC ~Ce . MINERAL CcAT . M7

wr CAT FR20° . PRCNT PRENT
PRCNT PRCHT CT°AT -

S102 67,50 66,36  J.9° 0z 17443 17.96 : ANZOL  WT PCT  13.25 MOL PCT  17.%3
TI02 [ - S 2.9" - co L.9% 075 . -
2302 “ua .00 . Zz Ge08 2.LC FA/0L - WT PAT  C,20 HOL PBT  0.32
41203 16.15 18.15 LN o0R 2057 19,5 ’
CR203 - =400 Ge2d torr PL 60.20 55,70 EN/ZHY WT PRT 68,55 MOL PCT 74,12
Fz293 .23 17 1,10 (A) 69,73 5,52
FEO .34 W27 fant (AN) 13.47 10417 DIFNDX WT PCT 82,99 BAT PET 85,92
“ND W3t sT2) Lc €. Geud ’ .
NIO “G.33 [ 04%7) NE 2,33 0. o0 : NZ-208-0R DIAG2AM
HGO G 57 2430 KP Ge00 .58 : .
caA0 2.4 24439 ¢.ar HL 603 2.¢0 . : WY PCT 0Z 21.64 AB 54,86 G 23,33
S0 =Ceud [ Tviu) TH 3.09 300 )
340 ~3.00 L. . ’ MOL PCT €Z 55.09 A3 34,53 OR 12,5¢
N&20 5,38 9,95 c.a" AS £.06 c.00 .
X2C 3,35 4eul 1. NS Jeaq .30 Q7=-NE=-KP DIAGRAM
P205 (.32 t.C0 G.9" X3 G.09 Go38 . :
H20+ -C,d% .HO 9.99 D456 WT PCT 0QZ 56.9% ME 29,72 XP 13.35
H2C- -3 0l 1.59 1,55
503 -Sed C.58 L (W) .80 L o8t HOL PCT QZ 75434 MI 16,86 <P 5,83
S ~G. 00 € G.C3Y D0 (EH) +39 W52 . 7
cL T M S T 1 P I - {FS) .24 24 . AN=£B=-0R DIAGRAM
Foo ~0,33 L 0.83) f.5M HY o Tu 75 - .
co2 -G, 03 Catd 1.8 (EN) '55 W48 HT PCT AN 13.53 A3 83,54 0 25,33 -
. (FS) W19 22 : :
TOTAL 95,79 180.60 oL ©0.20 G50 : HOL PCT AM.13.75 28 61.95 ©CR 25,33
=420 65,79 (F0) f.99 3.5 : .
) (Fa) G+l daul ) © A=F«<M QTAGRAN
cs 3.32  J.it . : .-
MT v25 «33 WT PCT ALK 39,95 FI  5.91 MG 4413
cH 0G0 3,50 . .
IL «03 s . MOL PCT ALK 38.33 FI 4.LB MG T7.1%
HY J.30 o.0C '
‘§P 0.99 8,06 (NA+K) 7EL ATH WT PCT ' 78,75 GRMATM P27 76.92
PF .08 .00 )
RU L0.Ce 0.C0¢ T (FEFHM)/Z(FE+MN#4G) ATM WT PCT 65,12 GRYATY PCT 44,75
AP betin .56 . ) : :
FL ¢.03 Gei5 NAZ2O/ (NA20+X20} WT PCT  51.9§ MOL P3T  71.25
.+ PY G20 0.30 : . o
cc. c.00 ve 08 FEQ/{FS0+FE203) HT PCT  59.65 MOL PCT  76.57

SALIC  97.39 93,16
FEMIC 2461 2.63

. ToTAL 102.C9 95.79 . :
t €00M3S BASALY PLCT ME=OL-2Z-0T(=19.45)

Q7= «90 - NE=  2.0C oL= «D02 0I= «28

GET



h _ IDENTIFICATION FIELD REANS.. 77341J1 POR HB QTZ MOMNZONITE 49
SPELIES INPUT  CALC  £CMP  * [MINERAL  CAT ur
. HY CAY gER%° PRONT PRGNT

,PRCNKT PRCHT r126"

$102 65.90 63,31 .07 az 14,48 14,7 ANJPL . MT PCT 18.31 0L PCT  17.04%
TI02 W21 .01 0000 co GoLC t.c0 . '
ZR02 ~5euy 2.ul L z L. 0.¢0 FAZOL WY PGT  G,39 MOL PST 3,390
AL263  16.59 18,94 {.07 o 19,76 18.79 ) :
CR2C3 -0.ud ‘5.00 0.0 PL 63,82 57.80 ENJHY MT PAT  77.656 HMOL PCT  82.34
FE203 12 W37 naar 1an) 52.69. 47.22 v
FZ0 .15 12 0 tan) 11413 11.58 - DIFNOX HT PCT 8,98 CAT.PST  83.93
9yna ol { «C3} [} cel0 J.80 i .
NIO € 03 [ G041 NE 0.02 Lot : NZ-38-0% NIAGRAM
HGO «35 51 paan KP 0.02 2.00 o . .
cao 2061 2.52 .00 HL  °  g.3¢ ° 2.0 WT PCT DZ %8.39 48 58,33 0O 23.23
. SR0 ~C %1 [ 2.64) TH 0.00 0. 00 . _
d ’ 340 =640 G.C35) MOL PCT QZ £9.93 A% 35.37 0OR 13.5%
: NAZD 5.5 10,54 9,3° AL c.00 - 005 | . .
X20 3.1 3.85 .00 NS 9,59 n.ne £Z-NE-K® DIAGRAM
‘P203 “Cudt 2,20 3.0 Ks 8463 I
. H20+ -t.)2 W0 €.318 9,00 WT PCT 07 55.17 NI 34,63 XP 15.2¢
H20~- -G.Gd OI 1.186 1-19
; o 503 —Neus Veud  £.27 (%0) .58 W57 . MOL PCT QZ 75.03 NZ 18.18 KP 6.82
i s =uelC f B0L) 0.2% (EN) oh7 Wbl
: cL =009 ¢ L.C8) %I (FS) «13 .12 . AN=-A3-0% DIAGRAN
‘ F ~€.3) ( C.C3) 2,00 HY .66 «BE ] .
cdz .33 o83 J.0° (e «Sh 4 WT PCT AN 13.82 A8 51.65 OR 24.53
TOTAL 93,32 100,00 oL - 0.02 9.0% oL PCT AN 13.32 &3 53,04 IR 23.64
=420 93,32 (FO). 0.33 Gow0 . :
(Fa) 5403 CeS? . A-F-M DIAGREH
cs S0.0C  f.50 : :
HT - T W16 WT PCT ALK 93.59 FE 2.7 46 3,74
cM 0.00 0.60
IL o0l .2 . HOL PCT ALK 91.57 FI  2.01 MG 6.42
: . . ) HH 2.08 5406 :
i ’ ] se B.00 - J.3¢ (NA+K) ZBL . © ATH KT PQT  77.63 GRMATY P3T  75.49
; PF 6.00 0.00 . -
; RU G.30 0.93 . (FE+MN)Z(FE#MN#MG) ATH KT POT  50.75 GRHATM POT 31452
| S ' : AP Se? T 0.00 : X
: : . FL 0,04 0416 ' NA20/ (NA20+K2D) WT PCT 63,72 HOL PGT 72.73
: . pY 2.35% 0.C3 - ) :
é cC 0,60 3¢ FEO/(FEQ+FE203) HT PCT 60,10 KOL P3T 76433
' : ' saLIc 98,56 91,46
: FE“IC 1.9% 1.586
TOTAL 120,00 93.32 o : :
. COO4AS BASALT PLOT HE-OL-QZ-DI(=16.30)
: QZ= .91 NE= 6.0C, OL= .02 0I= .7
b N .
! ¢ .
I .
i
13

9¢T



SR

IOENTIFICATION FIELD REANS.. 7733484

SPECIES

sin2
Tinz
7702
ALTIO3
2203
FT203
Fz0
vHO
NIO0
“G0
cAQ
SR0
BAO
NAZD
K20
P205
H2C+
H2N=
S03
S .
cL
3
*Co2

TOoTAL
~HZ20

TNPyUT
WY
PRCNT

71.10
rul
~uen)
15.72
~5.32
«J8
.12
«6Z
=0, 0%
33
14348
LR
=Gl.JdC
5.2%
2¢3%
=CsC2
=. 20
=%. 3
=uelsd

-0.38

-f‘.sa.

~0.3%

-deuy

96.79
96.79

(

caLe
CALT
PRCNT

o
~

-
@ o

* e s e oo

S ONC e

NSO w

.
[
—

o021
£.33)
o9
1.32
9.20)
2.£3)
3. 85
3443
veb0

93

.M
CelGo)
0.C35)

Ce®d

[ lad
3300
cierry

7.00
'J' ’J"
T
Q.0"
.0r
r, a2
2.CF

3.9°

e
vu.

HINERAY

nz
co
z
0R
PL.

{aAR)

(A
Lc
ME
KP
HL
™

At
NS
KS
Ho
NI

(HO)
(EM)
(Fs)
HY
{EN}
(F3)
oL
HFO)

GS
MT
CH
it
HM
sp
PF
U
ap
FL

-1

(4

saLIcC
FeMIC

TOTAL

(Fa)

PC? HG CTZ HONZONITE

CAY
PRCUT

. €3 E3 LI €3 €Y LI 4B
45 O3 a0 €D €3 U3 CF Y

-
*

-
)
[¥ol

0. 00

c.\:ﬂi

0,33
9.39

0e 00

93,74
.+1.26

1fC.09

HT
pRoMT

26e32
1.063
2.7¢C
16.78
S8.07
4,02
[P
0.0
Geuld
‘R.LE
0,03
c."3

0.010

3.5
.50
J.002
Loul
1453
J.0¢C
.05
057
12
.08
DG
g,
d+39
12
0,28
230
.00
f.3C
9.GC
J.00
0.cC
G35
JeG
8,60

95.59
1.20

96'7q

50

AN/PL
rasol
EN/HY

DIFNOX

a2
po

2l
[
—

MOL PCT

WY PCT

MCL PCT

HT PCT

MOL PCT

NZ-AB8-0R NIAGRAY
N7 32.86 A48 53.76

QZ 55.59 AR 25,33

e

CZ=-Ne~KP NIAGRA
QZ 61.63 MNZ 27,58
Q2 79.62 N 15.L3

AN-AR=CR DIAGSAM
AN 9,53 A3 65,66
AN 9,17 A8 66.95

A-F=M DIAGRAM

WT PCT ALK 93.63 FE 2.3%

MCL PCT

{NA+K) AL

ALK 91,37 FT 1.73

ATH WT PCT 75,25

(FE+MN) / (FE+#MN#HG) ATY 4T PCT  LL.97

NA20/(NA2QC+KZ20)

FEO/(FZ0+FE203)

WT PCT 64,89

HT PCT  63.10

HT PRT  12.68 MOL PCT  12.2%
"1 FCT C.22 MOL PCT .33
WT BPOT  B3.12 MOL PET  33.51

WT PCT 87,5% CAT PCT 986.33

0% 19.18

9% 9.33

XKP 19,90

KPP 5.35

33 24.581

0 23.34

"6 4433

MG B3I

GRYATY PCT
GRMATH P37
MOL PCT

M3L PCT

. 'COOH3S BASALT PLCT NE=0L-QZ-NI(=26,07)

‘Qz= .93 NE=

0.00 oL= KA

DI= 0.33

74,59
26,28
73.75

76'93

LET



. IDENTIFICATION FIELD READS.. 7IMMHE POR HB QT7 HONZONITE ' 551
SPECIES [IAPUT CALC cg4p - MIMERAL CAT HT
HT cat ceano PRONT PRCNT

.

PRCONT PRCNT CT3CT

SI02  69.7T° 65436  1.90 nz 19.79 29,7« ' ~ AN/PL WT PCT 16418 HMOL PCT  15.43

t102 o1 W01 e co 0,60 0.C0
%02 =g 0C . 0,03 a.qr z 0.00 Ge G0 FAZOL HWT PCT 3,33 MOL PCT  Jedd
AL203  15.7C 17.66 Nt R 18.39 17,45
CR203  <=Cs.) teld  GL0° PL 6562 55.93 EN/HY WT PCT 79.02 MOL POT  $3.19
FE203 W11 TR B (an) 51,26  45,5%
FEO W16 .13 f.er (aNy Q,33 9.25 DIFNOX WT PCT 85,45 - CAT PCT  89.45°
“NO W1t W01} Le 2.¢9 0.6 . : :
NIO =Ced8 T €443) NE 6.0 3.m2 : N7-AR-0R NIAGRAM
460 .38 TN I KP 1,92 %e58 :
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