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ARTHUR HARVIll NAYBIN III 
The Geology of the Opawica River Complex Quebec, Canada 
(Under, the direction of GILLES O. ALLARD) 

The Opawica River Complex is a layered nafic igneous 

intrusiOn which cuts Archean volcanic roc%S of the Matagami-

Chibougamau Greenstbne 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 intru-

sives were syntectonically affected by low grade (greenschist 

facies) regional metamorphism believed to be of Kenoran age • 

(-2.7 	• 

Mineralogical studies using a petrographic microscope 

and electron probe microanalyzer indicate that the original 

cumulus phases were plagioclase and clinopyroxene. Inter-

cumulus phases were clinopyroxene, plagioclaSe, magnetite, 

and ilMenite. 

Major element chemistry and preserved textural rela-

tionships indicate that the regional metamorphism was essen-

tially isoehemiCAL Gabbroic rocks from the Opawica River 

•Complek show an increase in FeO with a reciprocal decrease 

in 11g° 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 . 

INTRODIJCTION 

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 grooves 

are common. Bedrock exposure is poor and generally 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 canoe. 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 Natagami-Chibougamau Greenstone 

Belt which 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 

1 
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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 and 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 IT 

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 Opawica River Complex and the trondhjemitic 

Opawica River Pluton. This entire sequence was subsequently.  

deformed and metamorphosed. The La Ronde Lake Pluton, 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 northern 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 
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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 frôm tuffs by the. 

absence of bedding. 

Métabasalts typically exhibit a blastogranular 

texture whereas the tuffs have a fragmental texture. The 

dominant minerals are actinolite, plagioclase, epidote, and 

chlorite. Actinolite (z A c = 17) occurs as prisms generally 

1 mm in length with a pleochroic formula x = straw yellow, y 

green, and z = blue. Plagioclase (An8*)1.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 

1Plag.i.oclase determinations marked by * were made on 
sections perpendicular to X,.and those marked by + were made. 
in oils 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 metatuffs 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 units 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 the- region especially the Dore Lake Complex 

(Chibougamau) and the Bell River Complex (Matagami). The 

Op.iwica 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. 
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Figure 4. Well developed crenulation cleavage in felsic 
metatuff. Photograph taken along a logging.,.. 
road just south of Lake Tush.-  Three.inch rule 
is shown for scale. 
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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 metabasalts 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 chical 

analyses. 



La Ronde Lake Pluton  

The La Ronde Lake Pluton is an undeformed post-

kinematic 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 hornblende is 

developed subparallel to the contacts. Presumably this' 

fabric element 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 Là Ronde Lake Pluton (Analyses 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 two feldspars 

being approximately 1:1. 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 hornblende. 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 NaA1Si08- 

KaLSiOB-S'i02-HZ0 (Bowen & Tuttle, 1950, Luth et. al.., 1964, 

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 components 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 - 

quartzofeldspathic material at depths of 35 kilometers or 

so. 

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 

quarter of. La Ronde Township and consists of biotite, zoned 
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NaAlSi308 	 KAiSi308  

Figure 5 	Plot of normative quartz, albite, and orthoclase 
(wt. ) in rocks of the La Ronde Lake Pluton. 
10kb diagram of Luth and others (1964) . • 
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Table 1. . 'Chemical Analyses Of the La Ronde 'Lake Pluton 

SiO2 	 61.5 	 66.1 	 67.6 

TiO2 	 0.03 	 0.02 	 0.02 

A1203 	14.5 	 15.5 	 15.9 

Fe203 	 1.07 	 0.22 	0.17 

Fe0 	 0.90 	 0.34 	 0.24 

IInO 	 0.05. 	 0.04 	 0.03 

MgO 	 1.40 	 0.43 	 0.58 

Ca0 	 3.55 	 2.69 	 2.28 

	

4.60 	 5.59 	 5.44 

	

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 
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plagioclase (An 28 core, An 20 rim *), quartz, perthite, 

muscovite, and epidote. Accessory minerals are apatite, 

sphene, and zircon. Hornblende granodiorite is the other 

rock type. In and specimen this rock is medium grained and 

has a salt and pepper appearance. Mineralogicallyy it con-

sists of partially saussuritized plagioclase (An 30*.), 

quartz, hornblende (Zfc = 24°) with a pleochroic formula 

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, graded 

bedding, and the stratigraphy of the Opawiex. River Complex 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 

anticline (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 that the anticline is. isoclinal. 

S2 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- 

N3OE) Were mapped. 

1 



CHAPTER III 

OPAWICA RIVER COMPLEX 

The Opawica 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, anortho-

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 intercumulus 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 rocks 

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. 

      

      



Figure: Photograph of a polished slab of a gabbroic 
anorthosite sample 73BM164 displaying cumulus 

' texture. The light phase is plagioclase and 
the dark intercumulus phase is actinolite 
replacing primary pyroxene. 

CM 
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Figure 7 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. 
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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. 
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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, layering results from either a difference in the 

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 of 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. 

Min.LralogX . 

The essential minerals are plagioclase (50-90%), 

-actinolite (5-45o), clinozoisite (0-10%), chlorite (0-5%), 

magnetite, and ilmenite (0-25%). Minor constituents are 

sphe.ne, and sericite (Table 2).. The sericite in the 

rocks may be paragoni.te since the rocks are low in K 

(Table 3), 



Figuré 10. 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. 
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Figure 11. 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 anorthosité 
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. 



Figure 12. 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. 



Figure 13. 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. 



:Figuré 14. Possiblè igneous cross-bedding in the Anortho-
site Zone. Photograph taken along a logging 
road. in La Ronde Township. Geologic hammer in 
the upper part 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 

Plagioclase 80 

Actinolite 10 

Chlorite 5 

Clinozoisite-eoidote 5 

Magnetite-ilmenite 0 

75 	65 	45 	40 	.40 

20 15 

3 

	

35 	- 45 

	

1 	1 

	

3 	9 8 4 

0 

'Sphene 	 0 

Sericite 	 0 

15 0 

1 2 

0 . 	3 

74AM5 gabbroic anorthosite 

2. 74RA125 gabbroic anorthosite 

3. 74Ar=114 7 gabbroic anorthosite 

4. 74AM64 gabbroic anorthosite 

5. 74AM8.3 gabbro 

6. 74RA39 gabbro 

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 Intrùsion and the Bushveld Complex 

1 8 10  11 12 13 

SiO
2 

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 0.23. 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 

Fe0 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 

Mrn0 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 8.95 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 

Na20 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 

K20 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. 74AJ 	;3, Gabbro 11. 74A:11104, Gabbroic Anorthosite 
5. 74AM92, Gabbro 12. 73BM39A, Gabbroic Anorthosite 
6. 74RA55, Gabbro 13.. 74AM191, Gabbroic Anorthosite 
7. 74AMI 1, Gabbro 

FeO` 	and Fe20 are calculated by using the method of Carman et al., 1975. Ratios are based on known FeO and N Fe203 on rocks from the Opawica River Complex. See Appendix I for analytical procedures. 
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Table 3 (continued)... 

14 15 . 	. 	16 17 18 19 20 21 22 23 24 25 26 

SiO9  

Ti02 

A103  2   

Fe203  
Fe0 

MLnO 

Mg0 

Ca0 

Na 0 2 
K20 

50.1 

0.43 

19.0 

3.29 

2.84 

0.18 

1.00 

14.45 

2.70 

0.28 

45.7 

0.1S 

25.7 

1.37 

1.18 

0.04 

1.45 

13:85 

3.93 

0.09 

46.4 

0.19 	.. 

24.2 

2.52 

2.18 

0.07 

2.00 

17.75 

1.95 

0.00 

47.7 

0.20 

26.0 

1.92 

1.66 

0.04 

2.55 

17.00 

2.12 

0.00 

46.2 

0.58 

29.4 

1.21 

1.04 

0.01 

0.55 

16.60 

3.40 

0.00 

45.5 

0.24 

25.8 

2.76 

2.20 

0.08 

2.90 

15.15 

2.28 

0.23 

44.1 

0.21 

26.9 

2.03 

1.75-  

0.06 

3.00 

16.15 

1.96 

0.00 

46.2 

0.19 

26.4 

2.80 

2.42 

0.05 

4.80 

13.90 

1.62 

0.03 

46.5 

0.21 

33.5 

1.50 

0.71 

0.04, 

1.45 

15.90 

2.26 

0.03 

45.3 

0.20 

28.7 

2:47 

2.13 

0.07 

3.30 

14.35 

1.50 

0.03 

36.9 

0.19 

29.9 

1.64 	.' 

2.39 

0.03 . 

4:40 

15.50 

2.05 

0.13. 

44.0 

0.21 

27.6 

2.08 

1.80 

0.04 
nrl 

16.40 

1.50 

0.00 

46.8 

0.20 

30.8 

1.15 

0.99 

0.03. 

1.50 

14.35 

2.38 

0.00 

Total 94.27 93.49 97.26 99.19 98.20 98.99 97.14 96.16 98.41 102.10 98.S0 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. 74A:;164, Gabbroic Anorthosite 
18. 73B?t110B, Gabbroic Anorthosite 25. 74ÀM147, Gabbroic Anorthosite 
19. 73BM38,- Gabbroic Anorthosite 26.. 73Bri167, Gabbroic Anorthosite 
20. 74AM17, Gabbroic Anorthosite 
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Table 3 (continued) 

27 28 29 30 31 32 33 34 35 

SiO
2 

 46.0 44.6 48.9 47.5 53.3 50.5 49.5 48.9 50.7 

TiO2  0.21 0.23 0..00 	. 0.00 0.10.. 0.10 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 

Fe0 1.80 5.87 1.30 0.38 2.15 1.55 4.45 2.45- 4.07 

Mn0 0.06 0.18 0.00 0.19 0.00 0:20 0.00 0.00 0.16 

Mg0 3.25 8.50 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 

Na20 2.00 0.78 1.95 1.92 4.35  3.85 . 0.90 2.10 3.54 

R20 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. 74A(4, Gabbroic Anorthosite 
29. Anorthosite, 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 Norite, Bushveld Complex, Analysis VI, p. 104, same refernce as 29. 
34. Spotted Anornositic 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.  
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Polysynthetically twined plagioclase occurs as 

euhedral cumulus grains varying in size from 1 ram -15 cm. 

The contacts between plagioclase and blasto-intercùmulus 

actinolite commonly have a border 'of Clinozoisite (Figure 

l5). Clinozoisite is also present along cracks and frac-

tures in plagioclase and,.locally, as pseudomorphs of primary 

_;plagioclase. 

Metamorphic actinolite (ZA c =11°-20° Analyses 

, 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 and 5, 

Table 4) were identified. All observedclinopyroxenes have 

exsolution lamellae of orthopyroxene (Figure 17) and are 

altered 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 ps.eudomorph 

pyroxené. and be intercumulus to plagioclase. 

Fe-Ti oxides are found as "intercumulus" grains 

throughout the AnorthositeZone. 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. 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 granoblâstic intercumulus actinolite 
(A) and cumulus plagioclase (P). Crossed polars, 
width of field 6.5 mm. 

Figure 163. Photomicrograph of gabbroic anorthosite (74AM147) 
displaying blastopoikilitic intercumulus actinolite 
(A) 	and cumulus. plagioclase (P). Crossed polars, 
width of field 6.5 mm. 
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Table 4 	Electroprobe_Analyses of Amphiboles and Pyroxenes_ 
.from the Anorthosite Zone of the Opawica River Complex 

An.. N 

Si02 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 0.0 0.8 

FeO 13.5 11.4 13.8 8.2 11.1 

Mg0 10. 8 15.2 12.5 16.8 14.8 

CaO 11.$ 12.9 11..3 14.5 19.3 

To L al 9.5.8 . 	06.9 97.6 97.8 96.1 

Analysis No. 

Sample 
green, 

2. Sample 

3. Sample 
green, 

Sample 

Sample 

74AM17, Actinolite (zA c.20, x = pale yellow, 
z = bluish green) 
74AM95, Actinolite 

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

74AM95, Diopsidic augite 

74RA 55, Diopsidic augite 

analytical procedures. 
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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. 

t 

1 

ie 



Figure 18. 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. 

anisotropie 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 some 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 may be paragonite since the rocks have very low 

concentrations of K20. Sphene commonly occurs as a fine 

dust in actinolite, and probably formed from the release of 

Ti  in the reaction titanaugite + H2O = actinolite + sphene. 

It is also found as a replacement product of ilmenite. 

Gabbro-Fe.rropyroxenite Zone  

The Gabbro-Ferropyroxenite Zone (Plate _2) is exposed 

only in La Ronde Township. Metagabbro, rnetaferropyroxenite., 

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. .Thé gabbros are, 

dark green and exhibit well developed cumulus textures 

(Figure 21). The metadiabases have a subophitic texture 



Figure 19. Reflected light photomicrograph of a gabbro 
(7.4RA55) 	Magnetite (M) grain with exsolved 
lamellae of ilmenite (I). The texture resulted 
from the oxidation of magnetite. 



Figure 20. Photomicrograph of anorthositic gabbro (74AM195) . 
Shown is an original grain of titaniferous magne 
Lite 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. 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 (Figuré ̀ 9) are common. Meta- 

moprhism appears to have produced more extensive recrystal_.  

lization:in.rocks within the Gabbro-Ferropyroxenite Zone 

than in`those of the Anorthosite Zone. 

Mineralogy  

Thé principal minerals of the Gabbro-Ferropyroxenite 

Zone are plagioclase, actinolite, clinozoisite-epidote 

chlorite, and Fe-Ti oxides. Minor constituents are ferro- 

hastingsito, clinopyrôxene, 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 pieochroic: x = straw yellow, y = dark green,. 

z = dark bluish green. It is thought that ferrohastingit 

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 + ferroaugite = ferro- 

hastingsite. Electron microprobe analysis of 



	

2.7 	2.5 

10.4 . 	10.0 

	

13.8 	13:.0 . 

	

21.6 	21.6 

101.3 	99.2 

,Table 5. Electron Microprobe Analyses of Amphiboles and 
Pyroxenes from the Gabbro-Ferrôpyroxenite Zone 
of-the' Opawica-River Complex 

TiO
2 

 

A1203  12.8 .10.2 . 1.4 10.8 

FeO 21.0 21.0 13.2 23.8 

MgO 6.6 9.0 15.2 7.5 

Ca0 11.6 11.6 13.9 9.4 

K2O 0.3 

Na20 1.3 

V 20.3  1.1 

Total 96.8 99.0 100.3 94.8 

Analysis No. 

1. Sample 74RA30, Ferroaçtinolite (z/Vc=19, x = yellow, 
green, z = blue green) 

2. Sample -74RA30, Ferroâctinolite 
3. Sample 74RA144, Actinolite (zA c:17, x= pale green,. y 

yelleWii z = bluish green) 
Sample, 74RA14-3, Ferrohastingsite (zn ç_13, x- yellow, 

3102 	44.8 	47.2 	56.6 	40.6 	51.9 : 	5.1.2 

	

0.9 	0.9 

y,= dark green, z = dark bluish green) 
Sample 74RA144, Diopsidic augite (zA c =42). 
Sample 74. RA144, Diopsidic augite 

See Appendix for analytical procedures. 



Figure 22. Photomicrograph of gabbro (74RA143) showing 
ferrohastingsite (FH) replacing magnetite, but 
the lamellae of ilmenite still remains. Plain 
light, width of field 6.5 mm. 
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ferrohastingsite (Analysis 4, Table .5)-reveals an appreciable 

amount of V203. Magnetites from the Opawica River Complex 

contain considerable amounts of vanadium (Table 8) while 

pyroxenes contain no vanadium (Table 5).. The vanadium con-

tent of the ferrohastingsite 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 alteration of,. 

ilmenite (Figure 23). 

Remnant primary clinopyroxene identified as augite 

was observed in one thin section. It occurs as cumulus 

grains that exhibit various stages of alteration to actino- 

lite (Figure 24) 

Cryptic Variations  

Ness (1960) describes cryptic layering as 	the 

inconspicuous, and for the most part gradual change in com-

position of mineral phases upward in the intrusive." Plag.io-_ 

clase, clinopyroxene, magnetite, and ilmenite will be used to 

illustrate cryptic variations within the Opawica River Complex. 



Cherftical Analyses of Rocks from thé Gabbro- 
Ferropyroxenite.Zone 

Table 

An. N o . 

46 . 

 44.0 	48.7 	48.6 	47.6 	48.4 	48.8 	.47..4 	45.4.. 

1.52 	1.04 	2.25 	1.49 	0.23 	2.10 	0.88 	1..10 

10.2 	8.0 	11.1 	13.5 	11.9 	10.8 	15.3 	10.4 

2.86 	2.8. 	2.0 	7.10 	4.50 	6.10 	3.06 	3.01 

7.19 	9.70 	14.64 	5.97 	3.79 	9.27 	8.94 	7.57 

0.20 - 	0.24 	0.25 	0.05 	0.17 	0.21 	0.21 	0.20 

12.80 , 	10.50 	5.05 	6.60 	6.65 	4.45 	6.90 	11.45 

7.00 	14.50 	8.30 	11.75 	11.35 	9.60: 	9.55 	4.10 

0.25 	0.50 	2.90 	2.38 	2.84 	0.95 	2.58 	0.58 	' 

0.04 	0.42 	0.20 	0.31 	0.07 	0.01 	0.49 	0.15 

86.06 	96.40 	95.29 	96.75 	89.90 	92.29 	95.31 	83.96 

S 

Ti02  

A1203  

Fe203  

FeO 

Mn0 

Mg0 

CaQ 

Na20 

0 

Total 

1: 74A:174, ?•Ietaferro?yroxenite 
2. 74RA144, Gabbro 
3. 74RA30, I•ietaferropyroxenité 
4. 74RA9 7 , Metàdiabase 
5. . 74RA134, Metadiabase 
6. 74i•i135 , P•Ietaférropyroxenite 
7; 	74RA14 8 , Iletadiabase 
b. 	74RA50 , Metaferropyroxénite 

See Appendix for analytical procedures. 
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Figure 23. 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 min. 
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24. Figure 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 clear 

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 best explains 

this phenomenon in the Opawica River Complex. 

Clinopyroxene  

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-Ti 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 
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Figure 26. Plot of pyroxenes from the Opawica River Complex.. 
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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 

plotted against structural height above the level of intrusion 

f 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 (Table 3). 

Since cumulate rocks do not represent liquid compositions, 

.only gabbroic rocks were chosen to define the complex 

chemically. 

Several chemical series are recognized in basaltic 

igneous rocks among these alkaline, calc-alkaline, and 

tholeiitic: The (Na20 + K20) /Si02 variation diagram of 

MacDonald and Katsura (1964) and Kuno (1965) can be used to 

distinguish the alkaline series from the cale-alkaline and 



11111 11111 1111 ® MN 1111 i 8111 .MK NEI 11E1 111111 r ENO 111111 - 11111 11111 

83.92 86.06 81.88 70.78 70.49 63.95 

7.0,2 4.65 ' 5.72 12.. 36 16.56 18.19 

0.15 0.08 0.12. 0.21 0.25 0..37 

1..27 1..33 1.36 0.99. 0.41 0.1E 

92.36 92.12 89.08 84.34 87.71 82.67 

Ti02  nd 

MnO . 0.06 

V203  2.26 

Total 96.88 

Total Fe as FeO. 	94.6 	93.6 '  91.7 

nd 

0.35 
	

0..28 

2.05. 	2..18 

96.03 	94.17 

Table 7. Analysés of Magnetites from the Opawica River Complex, Dore Lake Comptes, 
and Bushveld Complex 

1.  
2.  
3., 

74AN92, Opawica River Complex (electron microprobe analysis) 
74RA55, Opawice River .Complex (electron microprobe analysis) 
74A:î83, Opawica River Complex (electron microprobe analysis) 

4. 3005, Dore Lake Complex (modified from Caty, 1970, 	p. 	102) 
5, 30.06, Dore Lake Complex (modified from Caty, 1970,.p, 102) 
6. 3007, Dore Lake Complex (modified from Caty, 1970, 	p. 102) 
7, LG, Bushveld Complex (modified from Wager and Brown, 1967, p. 398) 
8.  MG, Bushveld Complex (modified from Wager and Brown; 1967, p, 398), 
9.  UG, Bushveld Complex (modified from Wager and Brown, 1967, 	p. 398)- 

nd - not determined 
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Figure 28. Oxide variation in ilmenites from the Opawica River Complex 
plotted against structural height above the level of intrusion 
of the Opawica River Pluton. 
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tholeiitic series. An AFM diagram can be used to distinguish 

the tholeiitic séries from the cale--alkaline series. Thé 

cale-alkaliné trend is marked. by an alkali enrichment and 

l-me impoverishment'whilé. 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 (Na20 +.K2.0)/Sî02  Variation diagram 

(Figure 29). Most of the analyzed rocks are tholeiitic 

according to MacDonald and Katsura (1964), but many plot in. 

thé high alumina basalt field of Kuno (1965). Oliveira 

(1963)- has described similar chemical characteristics for 

basalts and gabbros from Chibougamau, and used the SiO2-A120 

(Na20 + K20) diagram to resolve this discrepancy. Rocks 

from the Opawica River Complex are plotted on the Sî02  

A1203-(Na20 + K20) variation diagram (Figure..30) and all fall 

within the tholeiitic field. 

An AFf-i diagram was used to distinguish the cale 

alkaline series from the tholeiitic series (Figure 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 34 

can be explained by the nhsence of granophyric differentiates 

in the Opawica River'Complex. Even though there is no alkali 

enrichment, the differentiation trend exhibited by the rocks 

of the Opawica River Complex has tholeiitic affinities. 
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(Na20 + K20)/Si02  plot for gabbroic rocks of the 
Opawica River Complex. ( * 	after McDonald 
and ICatsizra, 1964) ,( 	after Kuno, 1965) . .: 



Si09= 45.00 -47.50 

Figure 30. Sb0 -11203-Na??O + K20 variation diagram (Kuno, 
1960) for gabbroic rocks of the Opawica River 
Coviplex (wt. ô) 	T = Tholeiite, H = High alu-. 
mina basalt, A = Alkali olivine basalt.' 
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Figure 31. AFM diagram of the gabbroic rocks of the Opawica River Complex (wt. ô 
A = Na20 + K20, F = Fe203 + FeO, M= MgO. Magma fields after Kuno, 
1959. 
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Crystallization History and Évolution 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, 1973Y: (1) an ultramafic zone,-  (2) anorthosite 

zone, (3)-layered zoné 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 River 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 

single intrusive pulse filled the magma chamber, and crys-

tallization proceeded in a closed system with the'original 

magma having tholéiitic affinities. If the diabasic rocks 

of the complex represent a chilled border phase then the 

inegacrysts 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 Complex after crystallization. 
not drawn to scale. 
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Figure 35. Sketch of the Opawica River Complex after folding but before erosion. 
Sketch not drawn to scale. 



Figure 36. Sketch of the Opawica River Complex, as it appears 
today. Sketch not drawn to scale. 



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 the rocks of 

the study area indicate regional metamorphism of thé 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 ithout which "the metamorphism of basalts to amphi- 

bolites or chlorite-epidote greenschists.would have been 

impossible" (Winkler, 1.974). Original.intercumulus minerals 

evidently acted as a channel for Water and other volatiles 

during metamorphism. As a result, original intercumulus 

pyroxene altered to amphibole; calcic plagioclase remained' 

stable except along grain boundaries with amphibole where 

zoisite 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 tô allow the 

passage of water to the entire rock. 

Plagioclase  

Plagioclase is the most abundant cumulus mineral in 

the complex:_ Calcic plagioclase (An 84-69+) has for the 

most part survived metamorphism. As described above, where 

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 transfor-

mation: 

5 , calcic plagioclase (An 80) + II2  

[NaA1Si308  +4CaAl2Si208] +H20 = 2Ca2A  

clinozoisite + albite + 2Si02  -t- A1203  

(1) 
i3012(OH) +NaA1Si308  + 2Si02  +A1203  

502.9 cc 	 466.9 cc 

Petrographic evidence indicates that the excess 

alumina reacts with augite to form chlorite, Which when 

present is found at grain bôundaries.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 throughout the complex as an intercumulus phase 



392.47 cc. 
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and a cumulus phase in the Gabbro-Ferropyroxenite Zone. 

:Subsequently, augite was altered to actinolite and..chlorite: 

5 augite + H0 = actinolite + 3 Cao + 2S102 

5Ca(.fg,Fe)Si206+ H20. = Ca2 (i•ig,F~'e)5Si80Z2 (OH) 2 + 3Ca0 + 2Si02 

406.13 cc 

There is petrographic evidence :that chlorite formed 

from the alteration of augite with the addition of alumina. 

The. formation of chlôrité can be described by the following 

reaction: 

5 augite + A1203 + 4H2O = chlorite + 5Ca0 + 7Si02 

5Ca(Mg, Fe)Si206 + A1203 +411 0  =(Mg, Fe) 5Al2Si3022 (OH) 8 + 5Ca0 + 7Si02 	( 3) 

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). 

Ma g n.e tite  

:In the Opawica River Complex magnetite is présent 

only as an "intercumulus" phase. Petrographic and chemical 

evidence indicate that magnetite was an important reactant 

in the formation Of ferrohastingsite and epi oche. Ferro. 

hastingsité evidently replaced magnetite leaving lamellae 

oriented parallel to the magnetite (111) direction (Figure 

22). Baskin (1975) reports ferrohastingsite from the Dore 



572.78 cc 

+02 = NaCa~ (tig,Fe)4Fe+3Si6A12012(OH)2+ 2CaFe+3Al2Si3012(011) + Fe0 + 1/402 

567.45 cc 

Ilmenite 

70 

.Lake Complex, Chibougamau, and- proposes the. following 

reaction: 

NaA1S1'308 + 1/2CaAl2Si.20$ + 3/2Ca(Mg,Fe)Si206 + 1/2Fe2Si026 

1/2I'e 0 = NaCa (1`Ib,Fe) Fe JSi Al 0 (OH) + Si02 
3 4 	2 	2  

An alternate reaction, perhaps better suited to the 

formation of ferrohastingsite in the Opawica River Complex 

follows: 

Albite + 2anorthite +2magnetite +2augite + Si02 + 1/2A1203-+ 2H20 + 

= ferrohastingsite + epidote + Fe0 + 1/40~ 

NaA1Si 308 + 2CaAl2Si20s + 2Fe30<< +.2Ca(Mg, Fe) Si206 + S i02 +1/2A1
2 

0
3  

+ H2O (5).'  

Ilmenite occurs_ as an "intercumulus phase and, as: 

previously discussed, as lamellae parallel to the (111) 

direction in magnetite. Sphene is observed as an alteration-

- of ilmenite (Figure 23): The following reaction is proposed 

to explain the formation of,sphene in the complex: 

ilmenité + Ca0 + SiO2 = sphene + Fe0 (6) 

FeTiO3 + CaO + Si02 = CaTiSi05 + FeO 

72.31 cc 	 68.02 cc 
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Discussion 

tiVinkler. (1974). states that metamorphisin is éssenti- 

ally an isochemical process. The preservation of original: 

igneous structures and: textures (Figures 6, 8, 10, 11, 12) 

in the rocks of the 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 B.ushveld 

Complex and Stillwater Complex to those of the Opawica River 

Complex. These comparisons indicate that the specific 

gravity of rocks from the Opawica River Complex are basically.. 

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 elements limited to a few millimeters. 
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Table 8 Comparison of Specific: Gravities of Rocks from the Opawica River Cemplex; 
'Bushvld Complex; .and.'Skaergaard Intrusion. 

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. 

1. 74RA124 Gabbroic Anorthosite, Opawica River Complex 
2. 74AM17 Gabbroic Anorthosite, Opawica River Complex 
3 	73BM39A Gabbroic Anorthosite,. Opawica River Complex 
4. 73B141167 Gabbroic Anorthosite, Opawica River Complex 
5. 74RA148 Metadiabase, Opawica River Complex 
6. 74RA134  Metadiabase, Opawica River Coi^plex. 
7. 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 pp. 
8. Anorthosite, Bushveld Complex,.Analÿsis II, p. 104, same referencé.âs 7'. 
9. Anorthosite, Bushveld Complex, Analysis III, p. 104, - same reference as 7.. 
10. Anorthosite, Bushveld Complex, Analysis IV, p. 104,. same reference as 7. 
11. . Anorthositic norite., Bushveld Complex, Analysis'VI, p.. 104, same reference as 7. 
12. Chilled Marginal Gabbro, Skaergaard Intrusion, Analysis XII;.fold out after p. 335, 

Wager, L. R., and Deer, W.. A. -Geological Investigations in East Gréenland, Pt...III. 
The 'Petrology of the Skaergaard Intrusion, Kangerdlugssuaq, East Greenland, Medd. om. 
Gronland, 105, No. 4, 352 pp. • 

13. Chilled Marginal Gabbro, -Skaergaard Intrusion,. Analysis XIII, same reference as 12. 



Exploration for base metal sulfide deposits o 

CHAPTER V 

.ECONOMIC GEOLOGY 

Archean to Tertiary age has becbme more sophisticated since 

the volcanogenic nature of many of these base metal deposits 

was recognized. Volcanogenic massive sulfide deposits have 

many similiaritics.(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 mineral deposits 

having a magmatic origin with special attention given to 

ultrarnafic 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,.vanedifeious 

magnetite, and sulfides of the platinum group minerals, 

copper and nickel, are found associated with layered com-

plexes. Chromite and sulfide horizons are associated with 

mafic to ultramafic rocks (Cameron & Desborough, 1969, 

E3ichan, 1969, Cousins, 1969, and Souch & Podalsky et al., 

1969). Because these minerals occur at the same stratigraphic 
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horizons-, ex plo ration should be directed to ultràmafi.c rocks 
associated'with layered complexes. In the Opawica River.Com-

plex there is no exposed ultramafic zone.- If an ultramafi.c 

zone exists, it would probably be• located below the-Opawica 

River Pluton. Vanadiferous 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 litnologies studied, magnetite corn= 

Prised less than 25% of the rock by volume- The large 

amounts of glacial drift could, however, ma8k concentrations 

Of magnetite similar to those in the Bushveld Complex. 

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 iaSsociated 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 

.cenrs. If there is a link between mineralization and 
\, 

layered intrusions, the volcanic rocks in La Ronciere, 

Guercheville, Gand, and Lespérance 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 beexpected'to occur 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. 



CFI[îPTER 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: 

Anorthosite `Lone 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 onFeO and 

depletion of Mg0. The rocks are characterized by a high ratio 

of Na20 : K20. The Opawica River Complex is the result of 
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fractional crystallization of a basaltic magma having tho_ 

lcitic .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 

deposits. 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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LABORATORY PROCEDURES 
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Petrographic and Mineralogical Techniques. 

Several laboratory techniques wereutilized 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 TsUboi's ,  

Curves for refractive indices of cleavage fragments (Kerr, 

1959) were used on plagioclases from the Opawica River Com-

plex. 

Analyses of selected mineral specimens were obtained 

Using a Materials Analysis Company 400S Electron MiCroanaly-: 

zer, Analyses were made on polished sections and polished 
0 

thin sections which had been coated with a 250A 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 

twenty 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 composed of a lithium-drifted silicon 

crystal, and a broad-spectrum, multichannel analyzer. X-raye 

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 sodium 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 grams 

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 material 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 

i•Iodel 303 Perkins-Elmer Atomic Absorption Spectrophotometer. 

Instrument settings were essentially those recommended by.the 

Manufacturer  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 

dipheylamine as an indicator. USGS sample W--1 was used as 

a standare. 
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-H20 	93.49 	 (FO) 	0.00 	0.00 

	

(FA) 	O.C?. 	0.02 

	

CS . 	0.09 	9.00 

	

MT 	1.53 	1.99 

	

CM 	0.00 	0.02" 

	

IL 	.25 	.34 

	

HM 	J.JO 	0.130 

	

SP 	0.01 	9.00 

	

PF 	. 	0.00 	0.90 

	

RU 	, . 0.00 	0.00 

	

AP 	0.00 	'0.00 

	

FL 	0.00 	0.00 
• PY 	0.9J 	G.JC 

	

CC. 	0.05 	. 0.00 

	

$A'LIC 	86.39 	79.85 

	

FEMIC 	13.61 	13.64 

	

TOTAL 	100.00 	93.49  

AN/PL WI POT 72.45 MCL PCT' .71.28 

	

FA/OL WT PCT, 9.00 MOL PCT 	0.30 

' FN,/HY WT °CT 	0.90 	MOL' PCT 	j.10 

,̂S.FNOX WT PCT 27.53 CAT PCT 31,60 

OZ-AB-OR lIAGRA,H- 

WT PCT OZ 0.00 Al 0.0J OR 0.10 

MOL PCT, OZ C.09 Al. C..JO O2 0.03. 

07-p1f-K0,OIAGPAM 

NT PCT 0Z 33.72 NE 65.19 KP 1.79 

MOL PCT OZ 54-.64- NE 44.69 KP ' .57 

AN-A9-0R OIA:?AH 

WT OCT AN 71.54 A9 27.32 OR' .73 

MOL PCT AN 70.77 Al 25.91 OR 	.72 

OIAGPAM 

WT PCT AiK 50.'12 FE 31:50 M6 15.98 

MOL POT ALK 51.35 FE 19,.95 MG 23.73 

(NA*K)/AL 	' 	ATM WT PCT 21.98 GRM:.TM PCT 25.54 

(FE+MN)/(FE+MN+MG) ATM WT PCT 5$.55 GR,MATM PCT 48.70 

NA20/(NA20+K20) 	WT PCT 97.76 	MOL POT 98,52. 

FE0/(F'cO+F_203) 	WT PDT .46..27 	MOL PCT 65.69 

COOMBS BASALT PLOT. NE-Ot-OZ-OI(=18.30) 

OZ= 	0.00 	Nc= 	..48 	OL= 	0..00 	OZ= 	.52 .. 



COOMBS BASALT PICT NE-OL-1OZ-OI(=17.9C) 

07= 0.46 NE= .15 OL= .13 OI= .72 

Mill ! IIIIIII 111111 MID MI IIIIII MI i 1E11 NM WIN Mil 11E11 i. IMP Mill 

~ 

I7ENTIFI;ATICN FIE10 REAOS.. 74AM17  GA00ROIC`ANORTHOSITE 

SPECIES: IIPUT CALC CC"0 	MINERAL CAT 	WT 
wT 	CAT E-0?00 	 PRCNT PRCNT 
PRCNT PRCNT CT'r' 

SI02 	45.57 , 43.15 	0.3" 	02 	0.00 	3.00 
1102 	.24 	.17 	0.1' 	CO 	v.00 	û..10 
ZR02 	-C.JC 	0.60 	C.7P 	7. 	C.00 	3.00 
AL203 	25.62 - 28.97 , C.'r . 	OR 	1.39 	1.36 
CR233 	-Cu 	..CJ 	r.3r 	PL 	77.4G . ..74.59 
F_203 2.7= 1.97 n,rr 	(An).. 16.43 15.19 
EEO - 	2.2: 	1.75 	(.qr. 	(AP)) 	66.93 	59.48' 
MNO 	 _ . E .051 	 LC 	0.00 	0.02 
410 	-i,... ( Ii.'i51 	 NE 	2.73 	2.27 
MGO 	2.1G 	4.19 	1.P^ 	KP 	0.30 	0.60. 
CAO 	15.15 	1.5.41 	(.)" 	HL 	0.07 	3..1 
SRO 	-0.3C C 0.001 	 TH 	0.03 	0.u1 
930 	-C.Oy C 0.031 
NA20 	2.28 	4.20 	0..0" 	AC 	0.00 	0.33 
K20 	,23.. 	.28 	r.'.9C 	NS 	0.30 	0.,70. 
P2C5 	-C.33 	7.03 	6.7c 	KS 	0.63 	,0.^3 
H20+ 	-C.13 	 WO 	6.0 	3.30 
H20- 	. -6.37 	 0i 	12.35 	12.45 
S03 	-C.:0: 	C.02 	̂.0* 	(W-0) 	6.43 .. 6.55 
S 	.-i,.12 	(. 	3) 	C.-7" 	(EN) 	5.54 	4.88 
CL 	-d.u3 ( 0.60) 7..r 	(FS) 	.88 	1.32 
F 	-C.r7 ( 0.30) 0.3' 	. HY 	0.90 	6.u7 
CO2 	-6:07 	0.00 	0.1" ' 	(EN) 	0.06 ; 	0.00 

	

(FS) 	0.90 	3.76 
TOTAL 97.14 140.00 	 OL " 	2.32 	2.'2 
-H20 	97.14 	 . (F0) 	2.37 	1.54 

	

(FA) 	.3Z 	.35 

	

CS- 	0.:0.. 	9.63 

	

MT 	2.96 	4.:07 

	

CH 	0.30 	0.06 

	

IL 	.34 	.46 

	

MH 	0.03 	7.61 

	

SP 	G."J 	0.50 

	

PF. 	0.30 	0.30 

	

RU 	0.3., 	. 3.00 

	

AP 	0.01 	0.70 

	

FL 	0.06 	3.31 

	

.PY 	0.^3 	0.73 

	

CC 	0.00 	0.e:. 

	

SALIC 	A1.53 	75.22 

	

FEHIC 	18.47 	1d..92 

	

TOTAL 	1C0.10 	97.14 

AN/PL WT PCT 79.75 MOL PCT 74.78 

FA/0L NT PCT 18.75 HOL PCT 13.74 

EN/Hr 	WT PCT 	0.00 	MCL' PCT. `:.AO 

DIF')OX NT PCT'. 18.73 CAT' PCT 23.55 

OZ-A9-OR OIAGoAM 

WT aCT 	OZ 	0.36 	AB 	3.60: OR, 0.00 

MOL PCT OZ P.00 AB 3.0?`  

07-.NE-K° 
,
DIAG?'AM... 

WI PCT Q7 46.79 NE 55.79 KP 4.12 

MOL PCT. fZ7. 61.43. N_' , 36.17 . KP 2..41 

AN-r2-OR OIAGRA'+ 

WI PCT AN 78.32 A9 19.89 07 1.-79 

MOL PCT AN 77.38 A3 2C..85 OR. 1.77 

A-F-M 01A.GRAH 

W3 PCT ALK 24.t0 'F= 47.83 MG 27,17 

MOL aCT ALK 24.66 FE 30-.11 MG 45.22 

ENA+K)/AL. 	 'ATM WT PCT 13..79 GRNATM PCT /5.50 

(FEtMN.)/(FE+MN+MG).ATM WT PCT ' 677.92 GRMATM 	47.97' 

.NA20/(NA20+K20) 	 WT PCT .9".84 	MOL P:T 93.78 

FEO/(FEO+FE2031 	 WI PCT; 44.35 	MOL P01' 63.92 



11.111 NB Nil 111111 11111 	 111111 i 1E1 i 1E1 111111 IMO INS 	11111 • 

17E!JTIFICATION FIELO REAnS.4-7'44M:172 GAO9ROIC AhORTHOSIT'E SP. G., 2.88 

SpECI`_S InPUT CALC CC'+p 	MINERAL CAT 	HT 
kT 

 

OAT 	 PkFRT 	PRe7NT 
PPCNT  PRCNT  

AN/PL HT °t'T 82.51 

FA/OL WT PCT 14.97 

fN/HY HT PCT 96.22 

pIFNOX WT PCT. 13.89' 

SI02 	45.2, 	43.2;. 	C'.0" 	CZ 	7.:13 	0.00 
TI02 	.1.9 	.13 	1.0' 	, CO 	0.03 	J.7: 
7R0? 	-C' ..+1 	C. J 	J.J' 	Z 	P.J0 	C.00 
11L203 	26.4C 	29.12 	P'.1" . 	OR 	.id 	.19 
CR2O3 	-L.JC 	C.57 	0.9" 	PL. 	83.35 	78.3A 
0C203 	2.dG 	1.97 	7.7" 	(Az) 	14.7: 	13.71 
F_0 	2.42 	1.89 	3.1' 	(At:) 	05.36 	64:57 
MNO 	r35 t .G.l 	 LC 	0.36 	V...7 
NIO 	 t.C61 	 NE 	2.0w 	7.70 
'1GC 	4. .9G 	6.7,; 	3.3' 	Ka 	0.73 	. 
C-C 	13.73 	13.94 	C. 	Ht 	0.09 	0.00 
S?0 	-C.": [ C.L.1] 	 TH 	0.0) 	0.00 
310 	-0.)3 t C.C31 
N'20 	..c,.2 	2,.94 	.C^ 	AC 	0.41 ` 	7."3 
K70' 	. ..3 	.04 	C..,' 	NS 	i..?J 	...r0 ` 

2205 	-C.JG 	C.00 	0.J' 	KS 	3.1.10 	0.é3 
4?0+ 	-(1:73 	 WO 	0.00, 	0.30 
H20- 	-C.0 	 OI 	3.46. 	3.39 
S03 	- _..9 	[.C) 	1.1" 	(n0) 	1.73 , 	1.79 
S . 	-L.C6 	( ..J) 	..J". 	(E1U 	.'1.54 	1.35 
CL 	.31 ( .CS) C. 	(FS) 	.19 	.22 
F 	-L.11, ( C.06) S.)" 	HY 	12.45 	11:56 
CO2 	-C.,,3 	3.00 	C.^t 	(EN) 	11.18 	9.91 

	

(FS) 	1.35 	1.58 
TOTAL 	98t41 103.01 ' 	 OL 	.62 	.55 
-H20 	98.41 	 (F0) 	.56 	.46 

	

(FA) 	.97 	.",8 

	

CS 	C.u0 	0.'JC 

	

MT 	2.95 	4.06 

	

CP, 	0.30 	6.00 

	

IL 	.27 	.35 

	

HM 	0.00 	.0.0: 

	

SP 	0:00 	0.30 

	

PF 	0.30 	0.33 

	

RU 	n.7:. 	0.31 

	

AP 	0.1.;) 	d.uC 

	

FL 	0.07 	G.db 

	

PY 	0.06 	0.00 

	

CC 	.7.0J 	3.OJ 

S7.LIC 	8C.23 	73.56 
FEmIC 	19.77 	19.85 

TOTAL 	100.03 	98.41  

MOL: °CT . 51.54 

MOL, PCT: 10.84 

MOL .PCT .39.15 

C%:T PCT 14.88 

OZ-A9-OR OIAGgC.M 

HT °CT OZ C.33 Al 95.72 01 1.23 

MOL PCT- OZ 0.07 Al 98.50- 0? 1.20. 

0,'NE-KP tTIA;ZAH 

HT PCT 07 45.79 ME '3.45 	.73 

MOL PCT' CZ 56.67 NE 32.°3 {P  

AN-A9-OR OIASCA-M 

WT °CT AN 82.33 89 17.45 01 	.23 

MOL PCT. AN °1.45 Al 13.32 OR 	.22 

A-F-Y. ~ILGRAy 

WT °CT ALK 14.14 FE 44.73' MG 41.13 

M0L PCT ILK 13:45 FE 25.03 MG 61:52. 

(NA+K)/flL. 	 ATM HT PCT. 	8'.79 G2MATM PC.T 10.22 

(FE+MN)/(F_+MN1-;1G).ATM WT POT 57.26..GRaAT`1 PCT 36.a4 

NA20/(NA2O+Y,201 	 HT PCT .98.18 	MOL PCT 93.90 

,`FEO/(FEO+FE,203) 	HT PCT 4.6.35 	MOL-POT. 65.77 

COOMPS BASALT PLOT .NE-OL-7Z-0I(=16.54) 

CZ= .38 NE= 7.0P OL= .41 DI= 



Mill IBN r I= MOI 111M11 11111 	ME MM INN ENI 1=11 UNI IBN UNI ~ 
~ 	

. 

IOENTIFICATION FIELD REAOS.. 7?34164A 	GA99ROIC ANORTHOSIT'c SP. G. 2.83 

SP:'CIES INP'JT 	CALC 	CC-.D • 	MINERAL 	CAT 	WT 
WT 	CAT ER<Og 	 PRf:NT PRCNT 
PRCNT PRCNT CThr,, 

SI02 	47.74 	44.39 	0.J" 	CZ 	0.70 . 	0.00. 
TI02 	.23 	.14. 0,.0" 	CO 
7•°C2 	-C.40 	0.10 	r:Cr 	Z 	C.00 	0.ti0 
AL7o3 	26.40 	25.51 	0:O" 	OR 	f.;J 	0.'7 
CR273 	-,,.;J 	C..JJ 	t.(" 	PL 	79.76- 	79.36 
F5203 	1.92 	1...34 	C.C" 	(AB) 	18.45 	16.93 
FE0 	1.66 	1.29 	C.7r 	(AN) 	61.71. 	E1.43 
Mu0 	.34 C .03] 	 LC 	0.0C 	G.00 
NIO 	-0.'50 ( 0.001 	 NE . 	.64 	.55 
MGO 	2.55 	3.54 	0.30 	K° 	0.70 	.3.:3 
C-10 	17:.J1 	16..95 	f.4" 	HL 	e3.73. 	, JOG 
SRO 	-C.3C f 0.00] 	 TH 	0.02 	U..r,^ 
9A0 ' 	-r.:1,- ( C.:O l 
NA20 	7.12 	3.82 	0.0' 	AC 	0.0.0 	0.40 
K20 	"'aC 	0..CJ 	C.Or 	NS 	0.-00- 	0.30 
P205 	-6.4) 	G.44 	3.'1° . 	KS 	0.00 	0.20 .. 

H2O+ 	-L'."; 
	 W0 	1.11 	1.16 

H21- 	-C.JO 	 OI 	16.19 	15.97 
S03 	-C.77 	O.00 	0.-0" 	(HO) 	3.09 	8.41 
S 	-0.CC ( O.LO) 0.-Jf 	(E-f1) 	7.07 	6.35 
CL 	-,..32 ( C.00) 	f.f" 	(FS) 	1.42 	1.21 
F 	-C.20 ( C.G0) 0.0" 	Hy 	3.00 	̂.00. 
CO2 	-0.03 	0.09 	C.0" 	(EN) 	0.7^ 	0.10 

	

(FS) 	0.00 	0.j7 
TOTAL 99.19 100.00 	 OL 	.J:l 	0.32 
.-M20 	99.19' 	

..
(FO)' 	0.0: ' 	0..0 

	

(FA) 	0.AC 	.7.30 

	

.^.S 	0.07 	0.73 

	

MT • 	2.02 	2.75 

	

- CM 	0.00 	0.00 

	

IL 	.2-8 	.38 

	

H4 	0.30 	0.00 

	

SP 	O.JJ 	0.~.". 

	

PF 	0.00 	0.00 

	

RU 	0.00 	0.00 

	

AP 	0.00 	G.CO 

	

FL 	3.50 	0.:.0 

	

PT 	0.00 	O.JG 

	

CC 	0.00 	0.U0 

AN/PL WT PCT 78.39 MOL PCT 77.37 

FA/OL WT PCT 	3.0:7 M0l PCT 	J.00 

EN/HY WT PCT 	0.00 MOL PCT 	0.19 

OIFNqX WT. PCT:`.17..46 CAT PCT, 18.69 

CZrAn-OR OIAGRAM 	- 

WT °CT 0? 0.:0 .AB 3.00 'OR 7.10 

MOL PCT OZ ..C; 	13 0.01 OR. 0.3; 

QZ-N_-KP OIAFRAH 

NT PCT OZ 44.4C NE 55.60 KP 0.00 

MOL PCT 0Z 65.37 - NE 34.6.3 KP 

AN-A9-OR OIaGn^.`.M 

WT PCT AN 70.39 a3 21.61 02 0.30 

MOL PCT AN 77.37' Al 22.63 OR .0.00 

A-F-M OIAGRAM 

WT PCT ALK 25..74 FE 43.39 yG 34.91 

MOL PCT ALK 25.80 FE 26.49 4G 47.7.1 

(NA+K)/AL 	 ATM WT PCT 11.43 GRmATN POT 13.41 

(FE+MN)/(FE+4N+4G) ATMNT PCT' 63..40. GQMAT4 ?;T 43.70 

NA20/(NA20+K20) 	. 	WT PCT 10:.07 	MOL PCT 100.10 

FE0/(FE0+F-c203) 	 WT PCT 46.37 	MOL PCT 65.77 

0.J0 	6.00 . 

SALIC 	-80.40 
	

78.90 
FEHIC 	19.60 
	

20.29. 

TOTAL. 109.00 99.19 
COOMFS BASALT PLOT NE--CL-07.-4I(=16.93) 

OZ= 3.00 N5= .04 0L 0.60 DI= 



NT °r,T 02 0.13 A3 1.07 OR 3.73 

MOL PCT 07 ^',Cû A,a 	.00 OR 3-.C3. 

CZ-NE-KP OIALRAM : 

NT POT CZ 41.L8 N_ 58.92 

MOL PCT 02 64.24; NZ' 37.76 KP -.00 

AN-AS-OR OIAGPAM 

NT PCT AN 86.76 AB 13.24 OR 0.70 

MOL PCT' AN 86..17 AO .13.93' OR 0.23 

OIAGalM 
 

WT PCT ALK 17.95 FE 46.30 MG 35.80: 

'MOL PCT ALK.17.70 	F'" 2'.86 MG 54.44 - 

(NA+K)/AL 	 ATM WT PCT 	7.62 GRIATM PCT 	8.94 

(FE+4N)/(FE+MN+MG) ATM WI POT 61.46 GR•tiATH PCT, 40.98 

.,NA20/CN420+K201 	-NT PCT 100.00 	MOL PCT 100.00 

FEO/IFEO+FE203) 	 NT PCT. 46.39 	MOL PCT 65.79 

KP 3.a3 

fft

MINI INN NMI MIN 111111 .. Ell 	INN MINI 1=1 MIN MN 1E11- ENO 1=1 NMI SIM 

p... 

	

• 

IOfNTIFI.ATION .FIECO. REA1°..'-7334167. 

SPECIES INPUT CALC r'C•'? 	MINERAL CAT 	NT 
WI 	CAT. EP/00 	 PRCNT . PRCNT 

PRCNT 	PRCNT .CTorT 

5IO2 	44.70 	42.01 	0.0" 	9Z 	0.00 	0.00 
TI02 	'.21 	.15 	C.C" 	Co: 	' 0.00 	0.0C' 
ZR02- 	-..:^ 	C.C] 	0.j". 	Z 	0.09 	0.00 
Al2O3 	27.60 	31.;35 	L.r" 	OR 	•C.00. 	0.•i0 
CR203 	-u.,10 	.00 	C.0^.- . 	. Pt 	'.82.1.4 	-. 79;n4 , - 
FE203 	2.38. 	1.41 	C.Or . 
	(An) 	11..44 	10.45 

FE0 	1.83 	.1.44 	'.0' 	(AN) 	70.7::: 	68.58 
MI+O 	.04 : F. .03). 	 LC 	0.00 	O.US 
NIO 	-0.3: ( 4.:9) 	 NE 	1.46 - 	1.21 
MGO 	3.,.G 	4.27 	p 3" 	Kp 	0.07 	C.:10 
CAO 	16.40. 16.78 0..•3" . 	ML 	0.03 	0.:0 
SRO 	-C.3d ( 0.03) 	. 	T.H 	0.00 	0.90 
BAO 	-C.JO ( 1.131 
NA20 	1.5G 	2.73 0.9r .- AC 	0.00 	0.06 
K20 	C .1. . 	7.L9 	0.7". 	NS 	C.LO' 	9.00 
P205 	-.u.Jû 	0.CJ 	"_.3" 	KS 	O.JO 	1...0 
H20♦ 	-0.30 	 NO 	6.00 	0.10 
M20- 	- ...3 	 nI 	13.54 	. 10.12 
SO3 	-C.~C, . .0:.'05 	J.0';' 	(NO) 	5.27 	5.34 
S 	--0.30 	( G'.û^.) 	S.^' 	(EN) 	. 4.65 	4.37 
CL 	-C.33 ( 0.80) 0.9" 	(FS) 	.62 	.72 
F 	-0.30 ( 0.GC) 0.8r 	Hy 	O.CO 	O.C9 
Co2 	-u.L7 	7.03 	O.u" 	(EN) 	0.01 	0.;;4 

	

(FS) 	0.70 	C.30 
TOTAL 96.63 - 100.00 	 0L . 3.31 	2.85 
-1120 	96.63 	 (F0) 	2.92 	2.38 

	

(FA) 	.39 	.46 

	

CS 	0.02 	J.:,C 

	

MT 	2.24 	3.02 

	

CM 	0.00 	0.L9 

	

IL 	.33 	“.0
H`1 	0.00 	0.00 

	

SP 	0.00 	0.-07 

	

PF 	C-.00 	U..17 

	

RU 	.  0.-03 	0.20 

	

AP 	.J: 	0.10  

	

FL 	0.21 	0.33 

	

PY 	0.03 	0.10 

	

CC 	0.00s 

	

-. 	0.00 

SAiIC 	83.61 
FEMIC 	16..39 

TOTAL 100.00 

NT PCT 86.75 MCI. PCT 

FA/OL ',NT PCT 16.24 VOL POT. 11.81 

EN/NY NT PCT 	.0.03. MOL PCT 	J.10 

DIF^i0x NT PCT 11.67 ,CAT PCT 

CZ-AR-1R OIA,?AM 

AN/PL 

C00NBS BASALT PLOT NE-OL-(1Z=DIt=15.321 

02= mu : NE= 	.1L'OL=..: .22 	9I= 	.69 



IIIIIII =II INN ~ Mill MI ..111N 	IIIIII  

s 

IOENTIFICATION:FIEL'O REAOS'.: 7134118 

SPECIES INPUT 	CALC 	CCMP 	. MINERAL 	Cal 	WT • 
WT 	CAT F470P 	 PRCNT PRCNT 
PFCNT PRCNT C1''T 

	

0.00 	3.04 

	

O.u9 	0.00 

	

. 0.10 	0.00 

	

J.02 	0.01 

	

76.°4 	73.55 

	

1.7.8.2 	16.28 

	

59.12 	57.23 

	

0.03 	. :.v: 

	

.15 	.12 
. 	0.0w 	̂.JJ 

	

0.00 	0."0' 

	

0.00 	0.03 

0.00.. 	4.00 

	

. 	0.00, 	. . 0:00 

	

0.03 	0."3 

	

5.51 	5.56 

	

14.,42 	14.91 

	

7.21 	7.29 

	

5.70 	4.98' 

	

1.51 	1.74 

	

:;.00 	0.22 

	

0.01 	0.00 

	

0.J0 	0.^0 
C.C.I." 	10.9 
C.09: 	0.13 

	

. 0.05 	0.00 

	

0.03 	O.CO 

	

.. 2.72 	3.65 

	

0.00 	.0.... 

	

.27 	. :36 

	

û.OJ 	3.G0 

	

0_.00 	J.JC 

	

0.00' 	00;C 
0.0J- 	0.00 
C:JO

. 	O.C.0 

	

0.30 	0.0. 

	

û.90 	0.00 
cc 	0.00 	0.0J 

	

SALIC 	77.09 	73.68 

	

FEMIC 	22.91 	' 	23.58 

5IO2 46.4C. 44.35 3.1C QZ 
TIO2 .19 .14 1.9' CO 
7R02 -C.IJ 0.02 '.^r Z 
AL203 24.2: 27.26 :'.0r OR 
C2203 -C.`.d 0.00 ".J^ PL. 
FE203 2.52 . 	1.81 1.0" (AR) 
FE`) 2.18 1..74 C.9' (AN) 
MtaO .37 ( 	16) LC 
NIO -8:)C C 0.013 NE 
MGO 2.00 2.85 ?.ir KP 
CA0 17.75 18.18 0.0" HL 
SRO -.,.0 C 	0.033 TH 
950 	' -O.CU C 
	
0.533' 

NA20 1.15 3.61 0.1^ ' AC 
K20 0.00 	' C. .CC :r . NS 
P205 -C.30 0.JC C.:C KS 
H20+ -0.:0 WO 
1120- -0.56 OI 
S03 	: -C.00-' 0.4J0 3.9' (WO) 
S -C."û ( 	0.à3) C.0^ (EN) 
CL -0.1ù ( 	0.00) :.CC (FS) 
F -6.0: ( 	0.03) C.J" . 	HY 
CO2 -0.00 0.03 ".9" (EN) 

(FS) 
TOTAL 97.26 100.10 OL 
-H20 97.26 (FO) 

(FA) 
CS 
MT 
CM 
IL 
HM 
SP 
PF 
RU 
AP 
FL 
PY 

AN/PL NT PCT 77.87' MOL PCT .76.84 

FA/OL WT PCT 	0.01 	MOL PCT . 0.:3. 

EN/HY WT PC7 .0.00 MOL PCT 	3.30 

OIFN9X WT PCT 16.43 	PCT 17.97 

02-AC-OR OIAGRAM 

NT PCT 07 0.00 A9 G.CO CR 0.J-0 

MOL POT 02 	".E: 	Al 	0.10 ; Q4- 3..11 . 

CZ-NE-KP`9IA,P5M 

WT 0CT 02 45.49 N_'54.51 

PCT 

KP 0.30 

MOL 	02 66.36' NE 53.64 Ka '.-.13 

AN-88-0R OIAGRAM 

NT PCT AN 77.87 A3 22.13 OR 3.33 

MCl PCT AN 76.84 49 23.16 OR 0.33 

A-F-M OIAGRAM 

WT PCT ALK 22.54 FE 54.3: MG ,23.12 

MOL PCT ALK 24.73 FE 35.26 MG 39.J0 

(NA+K)/AL 	 ATM WT PCT 21.29 G$M4TM PCT 13.26 

(FE+4N)/(FE+MN+1G) ATM WT PCT.. 74.43 GR4A7`( POT 55.90 

NA20/(NA20+K20) 	WT PCT 10v.39 	MOL P-.T 110.03 

FE0/(FE0+FE203). 	NT PCT 46.38 	MOL P^.T 65.79. 

TOTAL 	100.0.0 	97.26 
COOM9S .BASALT PLOT NE-OL-07-0I.(e14.57) 

0Z= 0.40 	NE= 	.01 	OL= 0.CC . 0I=. ..99' 



GAO9ROPC ANORTHOSITE. IDENTIFIOATION FIELD REA" .. 7181158 

IIIIIII INN NM Mil NM .s 11111 	IIIIIII MIN 	 1111111 IMP 

SPECIrS 	 Cr.LC 
WT 	̂AT 

PF.C.tiT ' PRCNT 

WT 
P4P.NT 

CC'+P 

C.T°^•? 

MINERAL CAT 
PRCNT 

AN/?L 

FA/OL 

EN/HT 

DIFtiOX 

WT 	°CT 	85.95 	MOL 	PCT 

WT 	°CT 	16.10 	MCL 	PCT 

WT 	aÇT 	3.01 	..OL 	PCT 

WT PCT 	13..82 	CAT 	PCT. 

85.23 

11.71 

0:.00 

15.53 

9Z-40-O? DIAGPAM 

WT 	p.I:J OZ 	C.7.;; Al 	0.00. 	i0R 0.00 

MOL PCT 07 	C.:O A9 - .0.00 	OR 	4.00 

O7-NE-KP 9.IAGPAM 

WT PCT OZ 	34.99 NE 	65.01 	KP 0.0-0 

MOL PCT OZ 55.G0 NE 	4:..00..K' 

AN-A9-OS OIAr3Ay 

.607 PCT. AN 	35.95  A9.14.04 	.07 S.iO 

MOL PCT AN 	85.23 AO 	14.'77 	OR 0.00 

A-F-M OIAGRAM 

WI PCT ALK 22.43 FE 	43.25 	MG 34.32 

MOL °CT AL.K 	22.1'+ FE25.97 	MG 52.03 

82.23 
17.77 

100..09 

SALIC 
FEMIC 

TOTAL 

SI02 	44.13 ' 42:17 	C.'0P 
1I0? 	.21 	.15 	C.7" 
7P02 	 C.".' 	..J" 
AL 2'J 3 	2 6. 1' 	30,72 
	

7.7r . 

	

q .C.", 	0:'1" 
FE203 2. ' 1.46 ^.7" 
F=0 	1.75 	1.43 
	

^.0~. 
nti0 	.C.r ( .05) 
NIO 	 ( 0.001 
MGO 	3.30 	4.28 	̂."" 
CA0 	16.15 	15.55 	C.O." 
SRO 	-C..37 ( 
9t0 	 0.-0J) 
N.:24 	1..96 	.3.63 	.0.1" 	AC-5.^-0 	7 
K20 	0.40 	0.00 	C.V. 	NS 	0.00 	:7.•?C 
P2^5 	-0.03 	0.7:; 	C."." 	KS 	0.00 	C.C: 
4204- 	-. .. 	. 	 WO 	̂ ,; 1 	C. 
H20- 	-0:70 	 . 	OI 	.12.32 - 12.29 
S03 	-0.91 	0.1C 	".^" 	(HO) 	' 6.41 	. 13.48 
S 	-... (".C3) 7.'^ 	(EN) . 5.65 	4.94 
CL 	-0.30 ( C.00) 	".rr 	(FS) 	.75 	.86 
F 	-..30 t C.31) 0.7" 	HY 	0.^.1 	G.c^ 
CO2 	-0.~0 	0.00 	C.V. • 	(EN) 	0.00 	0.00 

(FS) 	..0.00 	7.:0 
TOTAL 96.15 1C0.Ç0 	 OIL' 	2.46 	2.11 
-H20 	96.16 	 (FC) 	,2.17 	1.77 

(FA) 	.29 	.34 
CS 	0.01 	0.30 
MT 	2.19 	2.94 
CM. 	0.00 	C.LI 
IL 	.30 	.40 
Hm 	0.00 	l.02 
SP 	.i.07 	7.:C 
PF 	0.00 	0.001 
RU . 	0.00 	P.00 
AP 	1.0,; 	0.:0 
FL 	0.00 	0.00 
PY 	0.00 	0.30 
CC . 	0.00 	0.110 

07. 	'0.00 	C.t,7 
CO 	0.(10 	0.50 
Z 	C.00 	7.JC 
OR 	C.OB 	0.4C 
PL 	78..27 	75.15 

(AP) 	11.56 	i:1.55 
(AN) 	66.7.1  
LC 	0.1.1 	7.aG 
NE : 	3.95 	3.27 
KP 	0.0î 	0.1C 
H1 . 	0.00 	0.00. 
TH 	0.01 	0.^0 

(NA+KI/AL 	 ATM WI PCT 10.21 GR:MATK POT 11.99 

(FE+MN)/(FE+MN+MG1. ATM WT °CT 6d.97 GRMATM POT 40.49 

•NA20/(NA20+K20) 	 WT PCT 11e.00 	MOL POT 100.00 

FE0/ (FEO+FE203 ) 	. 	WT PCT ' 4.630 	MDIr POT '65.71 

7q.42 
17.74 

• 
95.16 

C00M6S BASALT PLOT NF-01=OZ-0I(=i9.24) 

OZ= 7.00 NÇ= .2i. OL= .-13 OI= ".67 



MI MM INN INN mi me lm NE .am EN mi en lm lm Np ms us 

INPUT 
WT 

PRCNT 

CAT 
PRCNT 

WT 
.PRCNT 

MINERAi SPECIES CALC romo • 
CAT 	FpRO° 
PRCNT CT71CT 

IOENTIFI;pTION FIELD REA05...74AM95,. . 	ANORTH GA99R0 SP. G. 2.86. 10 .. 

AN/PL WT PCT 92.42 MOL PCT 92.03 

FA/0L NT oCT 	6.85. MOL PCT 	4.84 

EN/my . :.(T . PCT . 0.12 	>10L •PCT . 0.77 

NT PCT 15.27 CAT PCT 16.51 

OZ-AB-OR'!tIA;PA>1 

SI02 	45.70 	41.:62 	0r.72 	OZ 
1IO2 	 .CO 	

O.GO 

	

9 	 "   0.0n 
2P02 	-C."C 	C.29 	"r1' 	Z 	0.E1 
AL203 	27.70 	29.73 	2,1" 	OR 	2..53 
CR203 	-C.J0 	2.23 	20.2 	. PL 	é8.54 
FE203. 	1.12'. 	.77 	̂.J' .. , (A.B): 	5.49: 
FEJ 	1.14 	.79 	C. C' (AN) 	63.14 
YNO 	.74  (. .03I 	- LC 	C.42 
NIC 	-0'.d0 ( C.CO.l 	 NE 	8.62 
H;O - 	4.58 	6.22 - 0.12 	KP 	0.01 
CAO 	1b.55 	16.25 	0:22 	HL 	0.01 
SRO 	-0.10 ( 0.ad1 	 TH 	b.00 
RAO 	-.0.00 	( 0.f!1]
NA20 	'- 2.25 	3.97~ 	7.72 	AC 	. 	0.. 00 
K20 	..•.3 	.5ù 	C. 	NS 	̂,.40 
P205 	-C.~^_ 	̂..00 	7.02 	KS 	0.~7 
H2Q+ 	-0.30 	 '40 	0.0:; 
H21- 	-,2.10 	. 	 . 	0: 	14.47 
S03 	. -2.J9 	D.CO•, 1422 	(WOY 	: 7.23, 
S 	O.JC ( 0.73) 7.1^ 	(EN) 	.6.88 
CL 	-0.00 (.0-.03) C.1" 	(FS) 	.35 
F 	-C.23 ( 0.00) 2.22 	HY 	C.O.) 
CO2 	-L.,.4 	0.2.1 0.0' 	(EN) . 	0.0o 

	

(FS) 	"'.L7 
TOTAL 99.59 110.23 	 OL 	4.37 
-H20 	99.69 	 . 	(FO) 	4.16 

	

(FA) 	.21 

	

CS 	0.00 

	

MT 	1.15 

	

CM 	0.03 

	

IL 	.25 

	

HM 	0..^ 

	

SP 	C.CC 

	

PF 	0.07 

	

RU 	0.G0 ' 

	

AP 	. 	0-.i.: 

	

F{ 	0.20 

	

PY 	0.07 
• CC ' 	0.01 

O. 00 
. 0.80 
u.L1 
2.54 

69,49 
5.26 

64.21 
0..O 
7.46 
0.02 
0.00 
-0.°J 

0.33 
J ..,O 
0.00 
j.02 

14. 41 

7.6a- 
6.31 
.42 
0.03 
O.L1 

0.23 
3.83 
3.57 
.26 
0.:G 
1.52 
0.00 
.34 
0.^,0 
0.^C 
2.00 
a. 00 .- 

1.00 
0.00 
0.00 
0.20 

WT °.CT ALK 

MCL PCT ALK 

(NA+K)/AL 	 ATM 

(FE+MN)/(FE+MMN+MG) ATM NT PCT 

NA20/(NA20+K20) 	• WT PCT 

FEC/(FEO+FE203). . 

WT PCT 

MOL PCT 

WT PCT 

'MOL oCT 

WI PCT AN 

MOL PCT AN 

OZ C.CO A3. :O.C'J, OR 3.33.. 

OZ 0.90 A9 8.30 0?.. 0.79 

C7-(.c-KP' OIA;âAM 

0Z 22.99 N_ 67.55 KP 9.45 

07 41:69 N_ 51.81 KP .6.51 

	

AN-A?-OR pI,A,?AM- 	" 

89.16 Al 7.31 OR 3.53 

88.77 A9'.7:72 OR 3.51 

A-F-M OIAGRAM 

28'.45 FE 22.93 MG '45.52 

23.22. FE 12.21 Y, 64.55 

(;T PCT 13.82 GRMATM POT 15.74 

37.01 GRyATM PCT .23'a37. 

53.96 . 	MOL PCT 88.33 

	

WT PCT, 46.25 	MOL P2T ' 67.36 

COOMBS 9ASALT PLCT NE-OL-QZ-0I(=27.45) 

• OZ= 0.00 	NE= 	.31'• OL=. 	.16 	OI=. .53 

4ALIC 	79.76 	79.4'8 
FEMIC 	20.24 	20.21 

TOTAL 
	

100.00 
	

99..69 . 



uT 
PRCsT 

CAT 
PRC.vT 

AN/PL NT FCT 63.81 MOL PCT 62.44 

FA/CL WT PCT 	0.20 MOL PCT 	0.73 

EN✓HY NT PCT 67.75. ,m0L ?CT 73.41 

OIFr:OX WT PCT 15.65 CAT PCT 17.45 

n7-A1-OR nIA PAM. 

WT PCT OZ 19.43 t9 75.66 CR 4.91 

'MOL ?CT OZ 51.37 , Al. 45.83. OR 2.43 

07-NE-KP lIA%2~M 

NT PCT 0Z 56.22 NE 43.99 KR 2.79 

.MOL PC,T QZ 75.35 NE 21.23 

AN-AD-OR 0zAcRun 

WT PCT AN 62.35 Al 35.36 OR 2:29 

MCL.PCT AN 61..04 e9 36.72 0R 2.24 

4-F-M OIAGRAM 

NT PCT 4LK 6•.71 FE 61.56' MG 32.43 

M0L PCT ALK 6.12 FE 41.65 MG 52.23 

(Na+K) /AL 	ATM, NT PCT 21.45 . GR!+ATM POT 24.23. 

(FE+MN)/(FE.+MN+YG) ATM WT PCT 74.32 GRyArY PCT 50-.77 

.NA20/(N:.20rK20) 	. 	NT PCT 91.50 	• MOL' P.T 94.24 

FEO/(FEO+FE203) 	NT PCT 54.34 	:MOL PqT: 72.57 

111111 SIIII 111111 111111 1111 11111 NUI MIN . 111111 111M1 UNI 11111 Mill ION ~ _ 11MM NIN . 

• 

I7ENTIrIc;A7(ON FIEL') REA^5...: 74AM195 	GhS8R0 $P.. G. 3.^9 ' 

S0'CI=S I:):PUT WT 

PRr,NT  

	

CALO 	CC`70 	MINERAL 

	

CAT 	E-09Ç 
PR.CNT .C172T. 

5ID2 	46.57 	46.51 	0.0!' 	fYZ" 	3.04 	3.04 
TI02 	.21 	.15 ' 	C.9!' 	CO 	0.02 	0.03 
FO' 	-C..3 	C.:3 	i•Lf 	Z 	0.47 	0.50 
AL203 	12.1,. 	11.,1 1 	-.. 	OR 	.83 	.77: 
CR203 . -[.û0 	,;.00 :, 2,3o . 	PL .. 	16.1ti 	3.2.74 
FF703 	7.1i , 5.33 	9.1r. 	(Ap). 	13.58 	11.05 
F:0 	8.51 	7.12 	:.L, .. (AN) 	22.56 	21.A9 
MNO 	'2 ( .19) 	 LC 	4.o2.~  0..C - 
NID 	-L.ûJ ( C.OJ) 	 NE 	0.00 	0.I..3 
MGO 	8.25 	12.30 	r.Z:fs 	KP. 	0.00 	̂.20 
Cal 	12.b5 13.56 2.0° .- HL 	0.00 	0.00 
SRO 	-O.,J ( 2.6)1 	 TH 	1.06 	3.C7 
lA0 	-,1.11 0 .^.c3) 
Np20 . 	1.,.9 	~~ 2.72. 	".1'  	AC 	-C.C -C~ ~ - - 9.20 . 
K20 	.13 	. 	.17 	_ 1' 	.NS 	û.3:1 . 	8.1C 
P205 	-S..) 	C.:0 	0. 1, 	KS  ~ 	0.0C . 	0.20 
N20+ 	-0.71 	 40 	0.CJ 	0.00 
H20- 	-c.,: 	 OI 	36.18 	33.85 
S03 	-0.41 	C.O. 	3.0' 	(140) 	18.L9 	17.48 
S 	-0.00 (".32) 	0.7" 	(EN) ' 	13.28 	11.1 9' 
CL 	-4..0O ( 0.27) '." 	(FS) 	4.81 	5.28 
F 	-C.3: 	C. C..?) 	C.3" 	HY 	15.42 	13.96 
CO2 	-C.03 	7.60 	9.3" 	(EN) 	11.32 	9.46 

	

(FS) .. .4.1] 	4.59 
TOTAL 	95.12 .1CC.20 	 OL 	".33 	C..10 
-H20 	95.12 	 . 	(FC) 	0.00 	C.03 

	

(FA) 	7.03 	0.s2 

	

CS 	0.02 . 0..11 

	

HT 	8.37 	10.37 

	

Cl'. 	2.00 	1.00 

	

IL 	.32 	.4. 

	

HM 	0.18 	C.00 

	

SP 	C.00 	2.00 

	

0F 	0.03 	6.00 

	

RU 	0.50 	2..u2 

	

AP 	0.02 	0.00 

	

FL 	2.20 	0.^C 

	

PY 	0.00 	0.20 

	

CC 	0.00 	0.20 

	

SALIC 	40.01 	35.55 

	

FEMIC 	59.99 	53.58 

TOTAL 100.00 95.12 
. COOM9S BASALT PLCT NEOL-QZ-OI(=54.64) 

t1Z= ,.•20 	NE*- 3.00 	Ol= 	.14 	qI= 	.66 



ms moi lm me mil un one soie .i ion ami mie Emi me moi min Ems " 

IOENTIFI1ATION FIELD REAPS...74AM19 
• 

OZ- 
Cn -  
z 
OR 
PL 

(A0) 
(AN) 

L r, 
NE 
KP 
HL 
Ta 

9.55 
1.00 
3.00 
1.24 
3^._7 
10.15 
19.91 
0.23 
7.4

n
^ 

1.u0
.53 (I    

0.1.0 

9.88 
0.77- 
0.00 
1.39 
34.27 
12.C•3 
22.24 
.0.0n 

C.4.: 
. 0.J0 
0.00 

SALIC 	45.54 	40.56 
FEMIC 	54.46 	52.62 

TOTAL 	104.0.0. 	91.48 
:000MPS BASALT PLCT  

02= 	.29 . NE= 4.0C 	OL=  

S°ECIES INPUT CALC CC•JO 	MINERAL CAT 	WT 
WI CAT FP7OQ' 	 PRCNT PRCNT 

PRCNT . PRCNT C117,  

SI02 	4A.10 	49.75 	C.J" 
T.IO2 	.93 	.63 	̂.Of 
Z102 	 0.00 	".0" 
AL203 	9.30 	11.59 	0.1' 
CR2C3 	-L.uO 	i.C: 	0.0" 
Fq233 	6.27 	4.85 	1,0P 
F%0 	5.'5 4.54. ^.C^ 
MNO 	.17 f .151 

C ^..C31 
MGC 	19.15 	13..03 	0.?" 
CAO . 	11.3C 	12.74 	C.0" 
SRO 	-C.43 ( P.:C) 
910 	-C..J3 	(. C.01! 
NAM 	1.20 	2.41 	0.7" 	AC 	0..u0 	0.10 
K20 	.21 	.2-9 	"..)^' 	NS 	3.3.1 

... 	
I.1C

. 

P205 	-3.;C 	C.°C 	114.13 	KS 	0.39 	O.S0 
H?0+ 	-C.)J 	 HO 	0.00 	0.30 
4420- 	C.33 	 OI 	33.18 . 29.37 
S03 	-t:.)J 	3.00 	1.3" 	(HO) 	16.59 	15.51 
S 	..-f...10 (

. 
.-03) P.7" 	(EM) 	14.77' 	11.93 

CL 	-01.70 ( 0..,i:) I.3f 	(FS) 	1.92 	1.93 
F 	-G.dL 	( 	_C) 	̂..0^ 	HY 	12.:6.7 	10.59 
CO2 	-C..IJ 	G.00 	0.0" 	(EN) 	11.28 	9.11 

(FS) 	1.39 	1.47 
TOTAL 91.48 1(0..30 	 OL 	0.07 	7.10 
-)129 	91.49 	 (f0). 	0010 	9.r:1 

(FA) 	0.33 	4.4) 
CS 	0.30 	3.43 
MT 	7.32. 	9.19 
CM 	0.03 . 	0.33 
IL. 	1.29 	1.59 
HM 	G.30 	0.30 
SP . 	0.4ù 	C.CO 
PF 	3.00 	0.:1 
RU 	0.3; 	d.00 
AP. 	3.01 	0.41 
FL 	0.00 	0.01 
PY 	0.10 	0..0 
CC : 	0.75 	0..0  

AN/PL WI PCT 66.23 

FA/OL WT PCT 	0.17 `!OL PCT 	3.00 

E;d/HY NT PCT 85.57 .MOL PCT 89.13
,  

0IFN9K.WT PCT 20.94 CAT PCT 23..29 

9Z-AD-OR 9IAGRZM 

WT PCT OZ 45.59 A9 49.4$ OR 5.93 

MOL PCT OZ 78.63 A3'1941,6 OR. 2.21 

07-tJE-KP OIAGpAM 

WT PCT OZ 73.37 NE 25.27 K° 3.37 

MOL POT OZ 55.03.' NE 13.'42' KR 1.55 

AN-An-OR OIAGRAM 

WT PCT AN 53..61 Al 32.43 OZ 3.96 

MOL PCT AN 62.37 tun . S3'.74 OR 3.98 

A-F-M 

 

DIAGRAM.  

WT °CT ALK 6.59 FE 53.58' MG 39.52' 

MOL PCT ALK 6.28 FE 32.70 MG'61.22 

(NA+K)/Al. 	ATM WT.PCT 21.17 GRMATM PCT 23.17 

(FE+MN)1(FE+M)+MG1 ATM WT POT 62.79. GRMAT:M PCT 42.35 

NA20/(NA20+K20) 	WT PCT 85.11 . 	MOL PCT 89.65 

FEA/(FEO+FE203) 	'':WT PCT .45.57 	MOL PCT 65.05 

MOL PCT 64.59 



42.94 
57.;;6 

1Cü.00 

SALIC 
FEHIC 

43..54 
58.82 

99.36 

~ ~ 11111 111M11 MI INN 111111 111111 NIE a r ~ MI 1111 SIN ENI BalI 	 • 

IOfNTIFI^ATrION FItkO READS.. 74A483:. 

	

CALC 	FC 'n 

	

 CAT 	rq'no 
.PRCNT  

SPEC:=S INPUT 
uT 	~ 

P?CtJT. 

STO° 47.1 
1.61.,. 

7o-- -1.05 
AL233 11.3. 
r,a203 • 
F_2)3 5.94 
F=.O 11. 7 3 
MNO .22 
NIO -5.71 
MG0 8.95 
CAO 1...9 
S?') -1.01 
9:.1 -C.51 
vr, .'o 2.23 
1/.20 .38 
P205 -3.96 
H20• -_..., 
H20- -C. OC 
503 -..1C 

-3.33 
CL 
F -C.JO 
CO2 -1.53 

TOTAL 99.36. 
-H20 99.36 

	

CZ 	0.1. 0 

	

CO 	0.07 	3.00 
Z 	'° J') 	0 •'^ 

	

(1R. 	2.31 	2:25 

	

PL 	40.63 	33.3G. 

	

(An) 	240.62 	18.87 

	

(AN) 	20.31 	19.43 

	

LC 	0.00 	0:39 

	

NE 	.nJ :0 

	

KP 	0.70 	0 ."ù 

	

Ht. ~ - - . J.7;: 	_1.^C' 

	

TH. 	0.C1 	7.^.3 

1.31 ,. 3.33 

	

0.0: 	C."v7 

	

0.:^ 	u.U;, 

	

1.0r 	9.51 

	

24.87 	24.62 

	

12.43 	12.62 

	

8.34 	7.33 

	

4.13 	4. 71 

	

17.43 	16.82 

	

11.67 	11.22 

	

5.73 	6.59 

	

' 6.08 	5.71 

	

4.18 	3.34 

	

2.10 	2.37 

	

0.33 	O.C; 

	

6.4^. 	8.F1 

	

C.70. 	7.17 

	

2.31 	3.06 

	

C.JO 	C.Cü 

	

0.°" 	.c.:0 

	

0:10 	0.30 

	

9.30' 	1.03 

	

0.03 	6.30 

	

0.00 	3.33 

	

6.31 	0.0C 

	

0.10 	0.13  

AN/PL HT PCT 57:73. MOL. PCT 49.25 

FA/QL HT PCT 41.55 MOL..'CT 32,13 

=N/HY NT PCT 60.73 .MCL PCT 67.07 

CIFN7X HT PCT 21.12 CAT PCT 22.13 

0Z-A9-OR 7IAGRAr1 

HT PCT' OZ O.JS 41 89.37 01 10.53 

MOL PCT 	07. .,.C7 	Ail B,9,o7  

C7-NE-Ka CIAG4a'1 

NT 0 CT 0746.54 NE 41. 1-1 KP 5.04 

MCL PCT 02 56.67' NE,29`.97 K6 3.36 

AN-A0-0.7 O1AGaAM 

HT PCT AN 47.92 63 45.54 0?. 5.54 

MOL PCT AN- 46.5C A9 .0. 02 OR 5.34 

A-F-M OIA G,AM 

HT PCT ALK 8.03 FFc 60.45 MG 30.52 

MCL PCT ALK 8.65 FE 43.34 MG 48.30 

(NA+K) /AL 	 ATM.WT PCT. 33.23 GR."ATM ni' 36.43 

(FE+MN)/(FE+,M.N+MG) AT:M. WT aCT - 71.35 . GRMATM' PCT 52.32 

NA20/(N420+1/20) 	HT PCT 35.44 	MOL PCT 89.92. 

. FEO((FEO+FE213)
. 	W.T PCT 66,.30. 	,MOL 	81.44 

, MINERAL 
	

CAT 
	

HT 
• PR!.NT 
	

PRCNT 

S 

	

, 4.12 0.1" 	AC 

	

.46- ^.3" 	NS 

	

0.03 	".3" 	KS 
HC . 
DI 

	

3.01 	0.3" 	(u0) 
( 0.93) C.7' ' 	(FN) 

	

( C.'•6) (.3' 	(FS) 

	

( 6.C3) n.0' 	HY 

	

6.Qu . 1.5" 	(EN) 
(FS! 

CL 
(FC) 
(FA) 

CS 
MT 
CM 
IL 
HM 
Sa 
PF 
RU 
4P 
FL 
PY 
CC 

CODw35 aàSALT PLOT hE-01-02-0I(=49.35) 

07= .18 NE= 0.01 OL= :31  



11111 	111111 111111, 	 111111 	1111111 INN • • 

IDENTIFICATION FIELD READS...7.AM92 	GAnnRr) 

111111 NMI 

14 
SPECIES I N('uT 
	

CALC 	CC4P 	̀1INERAL 	CAT 	NT 

uT 
	

CAT 	FR.7O47. 	 P?CNT 	PRCNT . 
P,P.Ct)T P6CNT CTPf,T' 

SI02 	43.41. 	42.96 	C. 1r 	07 . 	1.37 	1.38 	 . AN/PL 	WT PCT 
Tin!? 	2t63 	1.96 	".1r 	CO 	0.01 	0.00 
Z612 	-J.00 	0.13 	C.1^ 	7 	0.09. 	0.70 	 FA/nL NT PCT 
AL::73 	1...23 . .16.57 	C.nr 	OR 	2.97 	2.7,8 
C3203 	'.i 	d.Gü 	:.1" 	PL 	47.66 	43.75 	 EN/HY NT PCT.` 
FE203 	7.95 	5.85. 	J.)' 	(An) 	15.45 	13.52 
EEO 	11.33: 	9.42 	C."" .. 	(AN) 	32.21 	3:.13 	 DIFVOX NT PCT 
Mt:O 	.14 (- .12) 	 LC. 	C CC. 	0.24 

68.85 MCL PCT 67.58 

0.73 MCL PCT 1.31 

6C.49 HOL PCT 65433 

17.79 CAT PCT 19.79:  , 

N_0 	-3.31 	(. .5,3) 	 NE 	n.GO 	0.0J 	 CZ-A4-0° DTAG6r.1 
4G0 	6.35 	9.37 	1.0"' 	KP 	1.30 	2.:6 
CAO 	9.5. 	13.08 	'.Ur 	HL 	O.J.^ 	C.." 	 NT PCT 07 7.77 	43 76.61 OR 15.62 
SRO 	C.61 t C.CO) 	 TN 	C.31' 	0.C2 
980 	-1.JJ I C.G.17 	 MOL PCT OZ 27.16: 83 61.17. OR 11.75 
4420 	1.61 	3.09 	n;vr 	AC 	0.0t: 	9...1 
K20 	. .4-7 	.59 	(.1( 	NS 	0.05 	O.nG 	 07-NE-KP OI.AGoAM 
P205 	-u.' 	3.00 	0.0" 	KS 	11.70 	3.00 
H20+ 	-, .7 	 ND 	C.d9 	O.,:C 	 NT PCT 07 49.62 N5. 41.50. KP 8.18 
H2n- -3.30 	 0I 	14.54. . 13.i7 
Sn3 	-C.93 	G.&1 	r.0r 	(HO) 	7.?7 	7.10 	 MOL PCT OZ 70.34 N_'2L.P8 KP 4.78 
S 	-G...3 ( 6.;;.)) ^.;" 	(EN) 	4.86 	4.1G 
CL 	-(,..3 f .,..:0) :.Jr 	(FS) 	7.41. 	2.66 	 AN-A1-OR'0IA':?Ay 
F 	-0.0. ( 0.00) 0.0'- 	HY 	2C.7d 	19.37 
CO2 	-6.30 	0.0i; 	C.^" 	(EN) 	13.89 	11.72 	 NT PCT 	AN 64.75 89 29.23 gR 5.97 

	

(FS) 	6.90 	7.55 
TOTAL 	97.53 10:..07 	 OL' 	0.50 	0.4' 	 MOL PCT AN 53.62 Al 35.52 OR 5.86 
-H20' 	97.53 	. 	 (F0) 	0.7: 	0.00 

	

(FA) 	0.09 	0.00. 	 A-F-M OIAGCA`! 

	

CS 	̂.30 	G. ,i2 	 . 	. 

	

MT 	3.77 	13.39 . 	 NT PCT ALK 7:52 FE 59.52 MG 22.96 

	

CH 	2.01 	0.56 	 . 

	

IL 	3.92 	4.99 	 MOL PCT  ALK 7.82 F_ 52.41 `1G 39.77 

	

HM 	0.01 	0.1.0. 

	

SP 	0.0,. 	S.,G 	 (NA+K)/AL 	 ATM NT PCT 21.18 G°M.;TM PST 22.23 
PF . 	0.70 	O.:G 

	

RU 	0.-00 	0.30 	 (FE+4N)/(FE+MNF:y5) ATM WT PCT 79.74- GRM:TY P,CT. .62.15: 

	

AP. 	. 	0.00 	5.50 

	

, FL 	0.03 	0.00 	. 	NA20/(NA20+(20) 	WI PCT 77.40 	MOL PCT 83.89 

	

PY 	0.00 	0.06 

	

CC 	0.01 	0.67 	 FEO/(F=O+FE203) 	NT PCT :59.,18 	MOL PCT 76.32 

	

SALIC 	51.99 	47.91 

	

FéMIC 	48.u1 	49.62 

	

TOTAL 	106.08' 	97.53 
COOMBS BASALT PLCT.NE=0L-OZ-CI(=36.69) 

02= 	.32 	NE= '.3.00 	0C= 	.25 	RI= 	.60 



15 

AN/PL WT PCT 

FA/OL WT PST 

Eh/MY. WT PCT 

DIFNOX WT OCT 

5$'.57 MOL PCT 55.26 

31.96 yOL PCT 2,.49 

7 .11 MOL'POT 75'.51 

23.51 CAT.?CT '27.16 

NIN 1111111 INN 	111111 MIN 111M11 .111111 1E11 11111 111111 111111 111111 UNI 1111 =1 

~• 

IOc-NTIFI;ATION FIELO RGACS.. 74R455 	GABBRO 

SP=CIES INPUT CALC PC'!P 	MINERAL CeT 
UT 	CAT 	EvOr,^ 

PRCNT 	PPCNT. CT" G7 

SI02 42.60 43.65 ,.0.0r 	07 	0.00 	C.3.0 
1IO2 	1.1°: 	.65 	::G r - CO 	0-.u•^. 	J.C3 
Z102 	--J.St:`. 	C.C..) 	C.0^ 	Z 	G.00 	0.C3 
AL203 	12.64, 	15.22 . 	3.CI. 	0k. 	7.19 	. 	5:5J 
C9203 	-...,:.0 	'c.- i:1 	:01' 	PL 	44.43 	39.12 
FF.2U3 	7.9 	5.65 	C.'",^ 	(AP.) 	19.97 	17.G1 
FEO 	C.63 	7.40 {.r,^ . 	(AN) 	24.47 	22.11 
M>:C 	.2A 	1 	.241 	 L.^, 	0.C.1. 	- 3.-:. 
.`Ii0 	-0.":3 	( 2.001 	 NF . 	•0.C2 	- 	J.40 
yU) 	7.8; 	11.91 	C.3r 	KP 	C.07 	".CJ 
C-J 	8.62 	9.44 	f.J[• 	HL 	0. C 	u-.uP 
SRO 	-0.GG C. 0.001 	 TH 	̂.Cu 	J.Ci: 
9A0 	-C.32 C F.Ct;I 
NA,"f) 	- 2.:1 	1.99 	 AC 	O.OJ 	1.32 
[29 	..5 •' I:44. . C,nr 	MS 	0.22 	G.00 
°205 	-C. .. 	C.CO 1."" 	KS 	'0.05 	0.20 
H2C+ 	- J ,;} 	 WO 	..^ 	O.üO 
H2t1- - 	-.r..JC 	. 	 OI 	18.2: 	16.57 
S03 	-1.1...3 	C.CO 	17.3" 	(WO) 	9.1U 	•Sr58 
S 	-{.c3 ( 0.C;:) 1..0 r 	(EN) 	6487 	5.6. 
CL 	-2.1J ( :.00) 1.2 	(FS) 	2.23 	2.39 
C 	-C.JC 	( 4).0S) 	2.2" 	HY 	11.44. 	12.75 
CO2 	-C.CG 	C.CS 	(.0° 	(EN). . 	8.64 	7.04 

	

(FS) 	2.85 	3.00 

	

TOTAL 92.31 1C2.C2 OL 	8.26 	6.55 
-H20 	~ 92.31 	~     	~ (FO) ~ 	6.24 . 	A.75 

	

(FA) 	2.22 . 2.23. 

	

CS 	2.11 	0.0.; 

	

MT 	8.7S 	11:.5 

	

Cy 	0.00 	0.00 

	

IL 	1.71 	2.29 

	

MM 	n.0ri 	6.2. 

	

SP 	0.1:' 	0.; 

	

PF 	C.CC . 7.2C 

	

RU 	C.73 	2.0i 

	

AP 	C.71 	C.C3 . 

	

FL 	3.0" 	0.22 

	

PY 	O.00 	O.JC 

	

CC 	̂.Gb 	U.~C 

SALIC 	51..62 	45.62 
FEMIC 	48.38 
	

46172 

TOTAL 	SCS.Di, 	92.:11 

OZ-A9-OR DIa.PAx 

WT PCT OZ 0.2;.,A3 72.35 01 27.65 

MOL PCT 07. ' ._ 'A3'73.5î OR 25.47. 

n7N=-kP ;7I.V.P.^.., 

WT PCT OZ 45.C9 NE 39.19 KP 15.71 

MOL ?CT OZ.66.67 N5 2w.51-KP• 8.32 

AN-A3-0R ?IAGR.Ati 

Wi PCT AN 48.A7 AB 37.23 OR 1+.25 

MOL pCT AN 47.39 A3 38.64 OR 1393 

A-.F-4 . 7PAi?AM; 

WT PCT ALK 11.45 F: 59.79 -MG 29.75 

MCL PCT ALK 1C.38 FE 41.37 MG 47.75 

(NA+K)/A.L 	 ATM WT PCT36.C5 	G?MATM P3T 35.69 

(FE+MN)/(.FE+HN+MG) ATM HT PCT 72.23 G2MATy PC_T'53.11 

NA20/(NA20+K20). 	.WT PCT 64.63 	MOL PCT. 73.53 

FE0/(F50+F5203) . 	WTPCT 5:3.21 	MOL P2.7..71::65 

C004OS PASALT PLCT NE=OLQZ-OI(=37..93) 

OZ= .15 NE- 0.04 OL= .37 III=.. .48 

PRC"1T 
WT 

P(j^NT 



61..54 MOL PCT 59.12 

0.00 MOL PCT 	0.70 

88.79 MOL PCT 90.30 

16.73 CAT. PCT 18.52 

WI 

WT 

WT 

WI 

OCT 

PCT 

PCT 

~ 11111 	IIIII1 11111 111111 111111 INN 1111 11111. 1E11 111E1 1E11 Mill . MINI 11111 MINI 

I 	• 

IOFNTIFICATIOM FIELD REAM. '4AM181: GA-B9.90 SP. G.:.3.15 
• 

' 	..MINERAL CAT 
PRCNT, 

VT 
PRCNT 

• 
O7 3'.v1 2.97" AN/PL 

' 	CO C.6J 0.J0 
t 4.00 0.22 FA/OL 
OR 1.16 1.06 
PL 	. 36.06 32.17 EN/H/ 

(AM .; 14,74 12.69 
(AN) 21.32 19.48 CIFr,OX 
LC .0.60 2.c0 
NE 0.03 0.50 
KP 0.0G 0.00 
HL 2.0J 0.50' WT °CT 
TH. 11.0J 0.70 

SPECIES INPUT CALC F24' 
WT 	CAT E9'OP 
PFCNT PRCNT CTa!'T 

SIO2 	47.20 	47.85 	0.1C 
TI02 	.49 	.37 	'.C" 
7P.02 	-0.0:. 	0.2,.: 	̀..7^ 
AL203" 	9,87 	11.71 	9.J' 
CR203 	-C.JJ 	0..:T 	C.Or 
FE203 	4.7,9 	3.65. -0.7 
FE0 	4.73 	3.42 	0..0" 
•f.^:0 	.09 [ ..281 . 
PliO 	-0.00 [ 0..031 
tiG0 	8.25 	12.47 	".r 
CAO 	15.93 	17.27 	C.Of 
SRO 	-4.5: ( :.J3) 
9A0 	-a..0 ( 0.002 
NA20 	1,.50 	2.95 	7.07 	AC 	.0.70 	0.2J 
K20 	.19' 	.23' ' (.J"' 	N.$ " 	G.JJ 	O'."C 
P2O5 	-v.^{ " 0.0; 	.7" 	KS 	0.01 	0.00 
MOO* 	-J.30 	 WO 	0.01 	0.00 
H2n- 	72.50 	 CI 	_52.03 	46..87 
503 	-G.09" 	C.:J7 	0.0" 	(AO) 	26".01 	.24.07 
S 	-C.)G ( ('.Cd) d.0" 	.(EN) 	23.57 	19.42 
CL 	-C.Où ( 1.00) 7.C" 	(FS) 	2.45 	2.65 
F 	-4.w5 ( 1.00) 0.0" 	HY 	1.51 	1.28 

-0Z.-A3-OR OIa,°," 

0Z 17.77 A9.75.88 CR 6.38 

MOL PCT 07_ 48.64.;A1'"p.7.60" OR 3.76 

CZ-11E-KP - OTA CRAM 

WT PCT OZ 55.28 NE 41.10 KP 3.61 

MOL PCT OZ 74.67 NE 23.49 KP 1.95 

AN-A9-OR OIAG?AM 

CO2 	-e..,J 	0.22 	̂.0' - 	(EN) 	1.36 	1.12 	 WI PCT AN 58.60 	AR 78.14 Cl 3.22 

	

(FS) 	.14 	.15 
TOTAL 	92.23 12C.20 	 ' OL 	0.00 	0.00 	 MOL PCT AN 57.27 Al 39.60 OR 3.13 
-H20 	92.23 	 (F0) . G.00- 	0.J9 

	

(FA) 	0.07 	3.J7 	 . 	 A-F"-M PLAGRAM 

	

CS 	0.00 	1..0.1 	 , 

	

MT 	5.48 	6.95 	 WT PCT ALK 8.96. FE 47.014 MC 5.4.00 

	

CM 	0.27 	0.00 

	

IL 	.75 	.93 	 MOL PCT ALK 8.24 F= 27.17 MC 64.51 

	

HM 	0.00 	0.00 	. 	 . 

	

SP 	O.OJ 	O.tO 	 (NA+K)/AL 	 ATM WI PCT, 24..34 GR`tATM PCT' 27.17.' 

	

-PF 	0.00 	0.00 

	

RU 	L..JJ 	7.u0 	 (FE+MN)/(FE+MN+MG), ATM WT PCT 56.84 G9MpTH.PCT 36.;4. 

	

AP 	0.00 	0.70 

	

FL 	0.0.0 	3.00 	 • NA20/(.NA20*v20) 	NT PCT 89.29 	MOL P3T 92.68 

	

oY' 	0.00 	0.00 

	

CC 	''0:.0'3 	0.40 	 FEO/fFE0+FE203) 	..NT OCT 45.59 	MOL P;T 6:5.16 

	

SALIC 	40.24 . 36.20 
FEMIC . 	59.76 	- 56.03 

COOMBS BASALT PLCT:NE-OL-1Z-OI(=56.55) 

OI= OZ= ...07 NE= b.90 Ol= .01 .92 GJ" 



NMI 11N1 	r 11111 111111 en 11111 MI NMI 111111 11111 NE 1E11 en all r 

~ 

IOENTIFI:ATION FIEL-0 REAOS.. 7410139 

SPECIES INP7T CAtC CC" 	MINFRAL CAT 	WT, 
NT 	CAT rR300 	 PRCNT PRCNT 

PHC'7T 	PP,£NT . CT2 ST 

1IO2 	47..10 ` 45:53 	7.3" 	.; 07 	2.3u 	: 2..38 
TI02 	.24. .17 -C:Jf 	CO 	3.37 2.96 
ZRO2 	-C.)^. 	O.cC 	e:0" 	7 	Q.Je 	.0.00 
AL20. 3 	27.70 ' 25.15. 	0.09 	. AR" 	3.8R 	. 3.72 
C1.203 	-o.. . 	J..:G 	?" 	. 	PL 	b3.99 	5:.25 
FF203 	3.)7 	2..23 	 (A3) 	19.49- 	17.'60 
FE() 	2.65 	2.14 	C.:G' 	(AN) 	44.51 	42.56 
MN0 	,.11 ( .391 	 LC 	0.0; , 	0.00 
NIO 	-C."J ( 0.03] 	 NE 	2.0.0 	2.41 
MGO 	7.25 	15.44 	Q.3" 	KP 	(1.00 	• v'.S,' 
CAO 	8.63 	8.90 .0.0e 	HI_ ' . -0.00 	0.20 
SRO 	-c.CJ 	C C.CJ1 . ' 	TH . 	0..03 	0. 20 
340 	-J-.-^0 ( C“!JI 
NA27 	2.7,6 . 3.90: 1;.3" 	AC 	O4- OC: 	0.01 
K20 	̀..f3' 	:.7'8 . r J'. 	NS 	2.03 	-C'.^.O. 
P2O5 	-C.9.3 	0.20 	3.1" 	KS 	0.59 	0.00 
.H2O+ 	..50 	 . 	 4.0 	1.32 	0.:0 
H2O- 	-0.30 	 DI 	0.Zi3 . 5.03 
50r3: 	-i,, i 	0.0.0 ` 	3.17._ 	(K0) 	U..7.": 	. (1.,.n ... 
S 	-t...0 -( C.L3) 0.51 	(EN) 	0'.;;0 	7.1:0 
CL 	,:.Uu ( 0..30) 0.0" 	(FS) 	3.00 	e.0C 
F 	-.C. C0 	( C. CO) 	C.O" 	HY. 	22.76 	23.19 
CO2 	-0...3 	0.a3 	l.:".. 	(EN) 	.88. ' 19.76 

	

(FS) 	1..60 	2.14 
TOTAL 94.43 100.00 . 	 OL 	0.00 	0.00 
-H20 	94.43. 	 (FO) 	0. 0J ' 	n : 

	

(,FA) 	g..3? 	3...  

	

CS 	0..00 	3.00 

	

MT 	3.35 	4,.45 

	

CM 	0.0: 	0.20 

	

IL 	.35 	.46 

	

H`!. 	0.10 	O. GO 

	

S° 	0-.02 	0.00 

	

PF 	0.0,3 	0.00 

	

RU 	0.0' 	0.:0 

	

AP 	0.5C 	0.20 

	

FL 	0.11 	0.30 

	

PY 	. 0.90 	0.00 

	

CC 	0.CJ 	0.00 

SALIC 
FEt4SC 

69.33 
25.10 

TOTAL 	1CO.OJ : 9.43" 

MCL PCT. .AN 65..58. Al 29.71 OR '5.72 

OIAGRAM 

WT POT ALK 17.28 FS 35.43 `(G 45:24 

MOL PCT ALK 14.57 FE 24.31 MG 65.11. 

(NA+K)/AL 	 ATM WT PCT 17.29' GRHAT`! P3T 

(FE+HN)/(rE+MN+ÿ3)' ATM WT PCT 49.54:. 

,NA20/(NA20+K20) 	. 	WT °CT 76.75 

FEO/(FEO+FE203). 	WT PCT. 45.33 

NT °CT 

MOL PCT 

AN/PL 	 72.82 -'MOL PC7 59.56 

FA/OL aT "CT . 2.01 MOL PCT 

F.N/HY. WT POT 

OIFNOK WT' aCT ' 23'..71 CAT ?CT 25.66 

o2-43-'JR oIAGa1M 

02 13.05 A3 74..28 OR 15,73 

4Z 33.03 AQ 55,87 0R'.1.1.13. 

07-NE-KP DIAGRAM 

OZ 5C.65 NE 40.22 

Q2'. .71.37•,.. NE 23.83 

AN-,Al:-OR- OIAGRAM 

Al 27.51 DR 5..82' WT PCT. AN 66,68 

K? 

GRMATM PIT 

MOL PCT 

MO'L PCT 55.7. 4 

8.32 

3.33 

83.38 

COOM,nS BASALT PLOT NE-0L-0Z-11I-(=25.06) 

QZ= ° .55 	NE= 2-.00 	0L= 	.L'>' OI= 



CC')P' 
cp2Io 
C:a^.T 

CALC 
CAT 

PRCNT 

11111 111111 	11111 	INN 11111 INN NIN I11111 111111 	111111 INN. 111111 	NIN 

j9CNTIFICATION FIELD REA'S., 74!M5 GAOOROIC AN0RTHOSITE SP. G. 2..86. 

MINERAL 	CAT 	NT 
PRCNT 	PRCMT 

'01 
	

.78 	.91. 
CO 0..C3 0.00 
Z 0.00 
OR 1.54 1.48 
PL T2`.48 68...27 - 

.1A$1 21.18 19.12 

.-CANT 49.1 ~. 
LC O.CJ 0:.63 ' 
NE 0.00 0.60 
KO 0.00 . 	O.^.0 
HL 0.00. -0.00 
TH -0a00 0.10 

S?GC'.£S INPUT 
NT 

PkCNT 

SIO2 	47.50 	46.01 	0.0' 
T102 	.39. 	.28 	o'.3' 
ZR02 	.0 	C.13 	1..4' 
9 L:7:)3 	22.30 	25.0.5 	1.7" 
CR.:03 -0-.07 ' C.^0 0.9' 
F=203: 	2.27 '. 1.'65 	C.-07 
FCO 	-3-.95-- 	3.15 " 0.0,7 ' 
tia0. 	.12 .0 .111 
NIO 	-G.30 C C.CL].' 
MG0 	4.05 	5.84 	0.0" 
CcO 	12.9C 	13.35 	0.07 
SRC 	-0..u7 C 0.031 
OA;', 	- .]C t 0.071 
NAZI 	2.26: 4.24.. C.gr. 	AC 	0.00 

	
0".J0 

K20 	'.25 	..31 .0.07 - 	NS ' 	0.00 
	

0.30' 
P205 	-4.1: 	C.40 	1.0" 	KS 	0.09 

	
0.07 

H20+ 	. _r..JJ 	 NO 	0.00 
	

J. 
H20- 	-1..:3 	 OI 	12.40 

	
12.^.1 

S03. 	-.C..J:i . 0.10 	0..0!'. 	(140)' 	6.20 
	

6.20 
S 	-C.77 t C.CC1 C.^r 	(EN) 	4.54 

	
3.92 

CL 	-C..=7 t 0.04) C.C^ 	(FS) 	1.56 
	

1.89 
F 	-..^.0û .( C.'::)' 8.0r 	NY 	9.75 

	
9.14 

CO2 	-0.00 	C.C(i 	0.07 	(Em) 	7.13 
	

6.17 

	

(FS). 	2.52 
	

2.97 

	

100.01 	. 	OL 	̂.f;:` 	 . 

	

(F0) 	0.0:.. 	0.0-6 

	

(FA)' 	0.01 
	

1.00 

	

CS 	C.07 
	

C.03 

	

HT 	2.48 
	

3.29 

	

CM 	c.;0 
	

0.00 

	

IL 	.57 	.74 

	

HM 	0.00 
	

0.00 

	

SP 	0.00 
	

1 0.00 

	

PF 	0.a^ 
	

$.û0 

	

RU 	0.03 . C.0 

	

AP' 	e.oü 
	

0.00 

	

FL . 0.0J 
	

0.00 

	

PY 	C.:O 	4.40 

	

CC 	O.00`:, 	0.30 

	

SALIC 	74.80 
	

70.56 

	

FEMIC 	25.27 
	

25.13. 

TOTAL 100.30 95.74  

AN/PL NT ar,T- 71.99 MOL PCT 70.78 

FA/OL NT PCT 	3.00 MOL PCT 	1.33 

EN/MY HT 'CT 67.46 NCL POT 73.15. 

OIFNOX -NT.PCT 21.41 CAT PCT' 23.50 

9Z-AO-OR 7I'AG^a'M- 

HT PCT CZ 3..78 Al. 89.32 OR 6.93 

MOL PCT .OZ 14.70. A9 79.52 . OR 

OZ-NE-KP DIAr.oAy 

NT PCT OZ 47.59 NE 48.39 KP 3.92 

MOL PCT' OZ 61.45'.NE 29.'33 KR_. 2.14- 

AN-A9-OR DIAGRA=1 . 

. HT POT AN 77.46 AO 27.42 OR 2.12 

MOL POT AN 69.31 AS 25.51 OR'  

A-F-M nZAG?A!1 . 

NT PCT ALK 11.72 F_. 49.47 yG 31.91 

MOL PCT ALK 18.80. FE 32.92 MG 43.23 

(NA+K)/'AL 	 ATM HT PCT 16.13 GRtiATy PCT 18.13 

(FE+MN)/(FE+yN+4G)` ATM NT PCT 65.35 GRMA.Ty ROT 45.65 

NA20/(NA20+K20) 	NT PCT 90.04 	MOL POT 93.22 

FEO/CF£0+FE2031 	NT 9CT".53.21 	MOL. POT  

COOM3S ^ASALT PLOT N`--OL-02-0T(=22.9+1 

CSZe .25 NE= .1.GQ 0L= .21 SI= 

TOTAL 	95.74 
-HC7 	95.74 



0.10 
0..:: 
V . 
0.C-C 

12.03 
5.34 
5..1 
.59 
C.30 
1.5 ;i 
G.9. 
3.99 
3.58 

.3:9 
0.00 
2.11 
0.0.7 
.27 

e.00 
9.30 
0.37 
G.•"J 
0.00 
0.30 
0.J9 
_0,00 

81.64 
1.8• 35 

AN/PL WT 

FA/OL WT 

WT Pr- 

nIFNOX WT 

61.23 mot. PCT 80.31. 

13.73 Mnl PCT . 9.i9 

J..G^ mOL PCT 	...70 

CAT POT 19.55 

nCT 

PCT 18.22 

11111 111111 111111. Bal 11111 1111111 111111 Mn 11111 1111111 MN NIN 111111 11111 lin Un 111111 : 11111 

IOEr:TIFICATION F(ELO REAnS.. 747-A63 	G&OnROIC AMORTHOSITE 

SPECIES INPUT 
uT 

PRC 41 

CsLC 
CAT 

PRCNT 

r C..n 
r.G.(lc 
CTo1^T 

..MTNERSL 

5IO2 45.73"  2.0^, '02 	. 
Ti)?' :19 .14 n,.Or .00 
]K02 0.33 C.1" 7 
At203 25.90 2E.P7' r 	n" 	, OR 
CR2C3 .-t.,. 0.0C C.21- PL 
Fc2:73 1.')7  ..'vi "..C" (.A(1) 
Ff.O 	- -1.73 1..i5 0..0" (AN) 
M.'10  LC 
NI-0 -2.32 ( 	.C:1 Nr. 
`+G0 3.63 5.~9 C.0" KP, 
CAC 15.1S 15.35 C:1". Hl 
SRO -0.37 ( 	0.031. TH 
qsn. -0430 ( 	0.01] 
Ns2n 3.75 -C..10 . " 
K20.- v2 .51 !::" NS 
P205 0.00 1.1' . 	KS 
H20* -C.li WO 
H20- -u. J9 OI 
S0-3 -L.r7 0..^.0 P.û" (Nü)-. 
S - 	.)C ( 	0.25) 0.0" (EN) 
CL -2.UJ ( 	0.02) O.CT (FS) 
F -0.30 ( 	0.20) :.^," HY 
CO2 -".-: . 	C..7 . 	9..3" (EN) 

(FS) 
TOTAL 96.53 1C0.00 0L 
-H20 95.68 (FO) 

(FA> 
CS 
MT 
CM 
IL 
HM 
SP 
PF 
P.O 
AP 
FL 

' Py 
CC 

SALIC 
FeMIC  

CAT 
	

NT 
PRCNT 
	

PRCNT 

0.70 	0.00 
0.00 	_ 0..20 
0.00 	0.00 
2.54 	~ , 2.49 
74,92 	.74.71, 
15.15 	' 13.93 
61.79 	60.27 
0.31 	.2.00 
2.17 	1.V.; 
7:C7 	7.C3 
0.0C 	0.00' 
0.00 	0.03 

0:32 

3.42 
3.30 

11.53 
6.1' 
4.76 
059 

0.C1 
0..~ 
0.'•2 
3.42 
2. 95 
.47 

J.32 . 

2.56 

.36 
0.30 
0..0 

0:3C 
b.:s 7 
3. - n 
0.60 

79.49 
18. 19 

95.68 

•NA20/(N520*K20): 

KP 7.74 

KP 4.+8 

OR 3.24 

9.R 3.20 

MG 37.23 

MG 54.90 

(NA+K)/AL 	 ATM WT PCT` 13.58 GRM9TM'P,T 14.71 

(FE+MN)/(FE*NNrMG) ATM WT PCT- 55.54- GRMATM POT" 35.51 

WT PCT 52.93 	MOL POT 63.07 

FE0/(FEC*FE203) 	. 	WT PCT 46.32. 	MOL POT 65.73 

WT 

MOL 

PCT 

PCT 

02 

0Z 

02-AB-OR 

C.70 

G.Ou 

CZ-NE-K? 

OIaGuAM. 

A9 	0.07 

A4 	1.02 

OIA;PAM 

WT PCT CO 42.93 NE 51.33 

MOL PCT OZ 62.41 . N-. 33.11' 

AN-4q-OR 9I4G?AN' 

NT PCT AN 78.60: 89 i9.17 

MOL PCT AN 77.74 Al 14.05 

A-F-M OIA,RAM 

NT POT ALK 25.23 FE 37.72 

MOL PCT ALK 22.97 FE 22.13 

COOMBS BASALT PLOT Nr:-OL-!12-0-I(=18.15) 

OZ= 1.04 NE= .12 OL= .22 OI= .6$ 



NMI 11111 ~ 

~ 

11111 - 	11111 	 11111 	NM  ~ r 1111 111111 NM MN 

IDENTIFIC;ATION.FIELD REAtTS.. GA3nROIC AN0RTHOSITE .SP. G. 2.93' 

	

SPECIES INPUT CALC CCMP 	MItiF:RAL CAT 	WT 
HT 	CAT E°'0° 	 PRCNT PRCNT 

Pi7.CNT ' 	PP.CNT CTPGT 

SI02 	44.01 . 43.22 	0.0C 	QZ 	0.01 	3.00- 
1IO2 	.23 	.17 	(.Ti 	CO. 	0.G0 	0.10 
7R02 	-0.1. 	C..d 	C. 	Z 	9.9" 	9.~0 
AL2C3 	17.'10 	21.61 . "•.)' 	OR 	0.31 	7.,;C 
Ca203 	-2..3J 	3.00 , r.]P 	Pt 	56.42 	52.66 
FE203 	4.99 	3..69 	C.7' 	(A9) 	9.81 	8..72 
F=0 	4..3.1. 	3.54 	0;.'" 	(AN) 	45.51 	43.95 
MNO 	..14 (, .12] 	 LC 	0:02 	It.c. 
N.IO 	-0.30 ( 'C.CC) 	 NE 	0.00 	0.09 
MOO 	9.70 	14.49 	3.1" 	KP 	0.00 	0.00 
CAO 	11.5; 	12.21 	"..^!` 	HL 	)'.GO 	0.00 
SRO 	- t,.J.J 	C..CJ) 	 TH 	0:C:0 `. 	9.60 
au) 	-0.02 	(' 9.L07 
N.A20 	1.33 	1.96 	n,]" 	AC 	¢.00 	0.;;3 
.(20 	9:.1; 	C.CJ 	0.7" 	NS 	0.0'. 	C.']G 
P205 	-0.00 	0.00 	".IC 	<S 	0.0: 	d.:,C 
H2O+ 	-0.33 	 HO 	0.00 	0.10 
H20- 	7.1.JO 	 OI 	11.54 	.14.75 
S03 	-:.40 	0.10 	).'7" 	(HO) 	5..77 ' 	5.68 
S 	-0.03 t@.GO) 0.7" 	(EM) 	5.19 	4.41 
CL 	-0.3J t 0.;.1) C.^" 	(FS) 	.59 	.66 
F 	-C.30 ( 0.00) .1.0" 	MY- 	25.17 	22.09 
CO2 	-C.30 	C.CG 	̂.J' 	(çN.). 	22.61 	19.23 

	

(FS) 	2.56 	2.86 
TOTAL .14.01 104.00 	 0L` 	1.0: 	.83 
-H2O 	.94.30 	 .. (F0) 	.90 	.71 

	

(FA) 	.1.G 	.1.2 

	

CS 	. 	1.00 	0.11 

	

MT . 5.53 	7.24 

	

CM 	0.00 	0.::. 

	

- IL 	.34- 	. .44 

	

HM 	0.00 	0.00 

	

SP 	.0:00 	G.30 

	

RF 	0.03 	0.ù3 

	

" RU 	4.7.. 	̂ 

	

AP 	0.30 	0.70 

	

,- Ft 	0.03 	0.15 

	

PY 	t;.09 	0.00 

	

.. CO: 	C.JO 	0.n-0 

	

SALIC 	55.42 	52.65 

	

Fc:,MI.0 	43.58' 	41.34 

TO.TAL. 100.00 94.00 

AN/°L WT PCT R3.45 'MOL ,PCT 82.52 

FA/OL HT PCT 14.10 MOL PCT 

EN/HY WT -0CT 87.34 MOL PCT 

OIFNOX WI POT 	8,72 CAT PCT 

9Z-AaO? DIAGRAH 

WT °CT .OZ 0.'û A9111.~0 OR . 0,01 

• MOL °C7 07 C.C1 89111.59 OR 0.•30  

02-NE-KP OIA ;4;fu 

HT POT 02 45.83 NE 54.17 K° 3.30 

MOL PCT' 0Z 66.67 NE 33.-33 KP 

AN-A3-05 OTAGP:,M . 

HT PCT AN 83.45 ,Att 16,55 02 :.JO 

MOL PCT AN 92.62 A? 17.38 OR .O.JJ 

A-F=M DIAGRAM 

HT PCT ALK 5.19 FE 45.97 4c, 48.14 

MCL PCT ALK 4.77 RE 25.91 MG 69.49 

(NA+K)/AL. 	ATM HT PCT 	8.11 	GRMATy.P:T .'9.52 

(FFiMN)/(FE.+MN+MGd ATM WT PCT. 53.79 GRMATy PCT 33.63 

NA20/(NA20+K20) 	HT PCT 1OC.00 	• MOL PCT 110.01 

FE0/(FEO+FE203) 	 PCT: 46,34 	mot. P317 65.75. 

COOMBS 9ASALT PLOT NE=OL-AZ-01(=37,7i).; 

OZ= .13 NE= 3.06 OL= .36 OI= 



PRC h T P!jCNT 

SALIC 
F_uIC 

111111 .~ 111111 1111111 11E1 111111 111111 INN 111111 NIN r NIN INN INN 1111111 111111 i 111111 NIN 

~ 

I9ENTIFICATION FIELD P,EAnS.: '4AM19.1 

SPECIES InPUT CALO CC'P 	MINERAL CAT 	WT 
WT CAT F-R1CP 

PRCF T 	PPCNT  

SI02 	45.3ù 	42.31. 
TIJ2 	.19 	.1.3 
7N.02 	-0.,7 	7.00 
4L203 	29-.71 	32'.69 
CR203 	-C.23 	O.OJ 
F0203 	1.43, 	1.00 
Fr:0 	1.•23 	.95 
MNO 	_3. 	C .02] 
NIO 	 ( C.201 
HGO 	1.35 	1.46 
C:.3 	1E.55 	 ' 16.65 
S41- -v.ü? C  
9AO 	-0.9;: 	( 1.731 
N.A20 	2.50. 	4.71 
K20  
P295 	-0.)0 	0.-LC 
H70.~ . . -1.J3 		. 
H20- 	,C.33  
S03 	. 	".. 	6.13: 

6.0i) 
CL 	-C.CO 	( 0.13) 

( C.01) 
CO2 	-0.17 	0.03 

TOTAL 98.22 107..69 
-H20 	98,22  

	

OZ' 	O.JJ 	6."J 

	

CO 	11.6C 	0.10 
Z 

	

0.01 	. 	.0.00 

	

OR 	..24. 	.24 

	

PL 	82..30 	.. ` 83.97 

	

(Al) 	12.5,4 	. 	11.72 

	

:(AN) 	69..54' 	69.25 

	

- LC 	..6.03 	0.00 

	

NE. 	6.5" 	5.57 

	

KP 	O.Jr, 	J.J3 

	

HL 	0.30 	0.60 

	

TH 	0.01. 	0.00 

A(: . 

NS 
KS 
NO 
91 

(W0) . 
(EN) 
(F5) 
MY 

(EN) 
(FS) 
OL 
(FO) 
(FA) 
CS 
MT 
CH 
IL 
HM 
SP 
PF 
RU 
AD: 
FL 
PY 
CC 

8.9..22 	86.78 
10.78 	11.44 

TOTAL. 	1'00.00 	98.22 

r.0" 
0.3" 
3.Cr' 
C. On
C.0". 

".C" 

n 

0 -.0.. 

3.01 
3.3" 

1.3" 
r.3" 

.0" 
1.1" 

AN/PL 55-.52 MOL PCT 84.77 

^..1'e.. 

0.00 
1.77 
7.24 
3.62 
2.92 
.7C 
C.07 
0.>> 
1.00 
C.3^ 
C.177 
.CJ 
^.00 
1.51 
1.03 
.27 
0.00 
0.;^ 
0.00 
O.00 
1,.û!I ' 
O.00 
0.00 
O.O„,. 

0.15 
0.^0 
6.L3 
1.83 
7.18 
3. 75 
2.E2 
.92 

0.^i: 
0.40. 
1.16 
C.03 
C.3.3 

2.17 
0.00 
.36 
3.31 
.ù.0C 
a.0o 
0.30 
0.12 
.J0 
0.03 
C.00 

FA/OL NT PCT 	6.C3 MOL PCT 	O.dJ 

"N/H/ WT PIT 	0:;,3 MCL PCT 	J.31 

1IFNJX WT PC-T 17.53 CAT PCT 19.35 

CZ-A3-0R OIA:IRAM 

WT PCT 	nZ 	C.OJ. AB' ü.C7. 

MnL PCT 0Z C.3o L`9 3.10 0R .0.30. 

C7-.NF-KP- OIA9.Rf.M 

WT PCT 0Z 31.23 NE 68.10 K° 	.77 

MOL PCT 	OZ 51.81, NE,47.7.1'  

AN.a9-0R 7IAG.RAM 

W.T PCT AN 85.27 Al 14.44 OR 	.29 

MOL PGT AN 94.53 Al 15.19. O? 	.29 

OIA.GRAM 

WT PCT AL!C 41.57 F2'41.89-'MG 15.54 

MOL PCT AiK 44.34 FE 27.59 MG 27.56' 

(NA+K)/AL 	 ATM ,T PCT 12.48 G4MATM PCT 14.55 

YFEaMN)/(FE+"NatiG) ATM MT PCT. 75..76 G4MATM PCT 57.65 

NA20/(NA20+K20) 	 WT PCT 98.48 	MOL PIT 99.03 

FEO/(FEO+FE203)- 	WT PCT 46.24 	MOL.P;T 65.66 

OR 

GOOMPS BASALT PLOT N'c-OL-9Z=0I(=13..84); 

OZ= 0.^. 	 .48'' OL= 0.01  



22 

AN/PL 

FA/OL 

c- N/HY 

.0_TFNOX 

WT PCT 63."0 

WI -PCT 
	

^.00 

WS PCT 
	

C.:9 

NT PCT 31..49 

Mill NIN 111111 MIN UNI MIN IIIIII MM MM i MM MO MI .i =I IIIIII OIE i INN • i • 

IOEMTIFLîATLON FIEl9 REA45,... 74AN199  ANORTH GARaRO SP. G. 3.03 

	

SPECIES INPUT 	CALC 	OCAP' 	MINERAL 	CAT . 	WT 

UT 	CAT F0710 	 PRCNT PRCNT 
PRCNT PRCNT CI'CT 

SI02 	50.13 	49.91 	3.0" 	07 	6.96 	6.98 
TI02 	.43 	.32 	".5.' 	CO 	0.00 	1.3C 
7Q02 	-C.SJ 	0.02 	0.0" 	Z 	il.01 	̂.0:i 
41_203 	19.54 	22.31 	0i00 	0R. 	1.78 	1.E5 
C-t233 	-2.23 	2. f!! 	0.3G 	PL 	67.92 	61. 74 
F_202 	3.29 	2.47 	9.J' 	fA9) 	26.07 	22..95 
FEC " 	2.3.. 	2.37 n.1" 	(AN) 	41..34 	33.90 
440" 	.1d ( .157 	 LC.. 	O.CO 	0.00 
NIO 	-0.30 C C.GQI 	 NE 	0.50 	0.13 
M50 	1.1C 	1.48 	0.9" 	KP 	0.)) 	0.10 
CAO 	14..5 	1.42 	C.0" 	HL 	0.0: 	0.3C 
S00, 	-C.0J ( 4.C:) 	 TH 	U.UJ 	u.00 
RA0 	-C.20 ( C.:07 
NA20 	2.7C 	5.21 	"..0" ' 	AC 	0.4C 	0.00 
K.O 	23_. 	.36 	C,J•

. 	
NS 	0.^,- . ,..''C 

P295 	-0.'0 	0.C6 	0.3^. 	KS 	;i.'39 	C. JO 
H20+ 	-4.J0 	 WO 	9.21 	6.14 
H20- 	-C. 13 	 OI 	9.79 	9. 35 
S03 	-C.'J 	O.t,:: 	).0" 	(WO) 	4.d9 	4.75 
S 	-.3: ( 0.:3) 9.9" 	(EN) 	2.97 	2.49 
CL 	-0.20 ( 5.12) 0.7" 	(5S) 	1.93 	2.12 
F 	-ï:.JG 	( 	.53) 	1.0" 	HY 	:.93 	.3.41 
CO2 	-C.Ji, 	J.C•) 	0.0' 	(EN). 	0.11 	;..:^ 

	

(FS) 	5.00 	0.‘.3 
TOTAL 9+.27 100.00 	 0L 	.0.00 	:.00 
-H20 . 94.27 	 !F0) 	0.00 	2.00 

	

(FA). 	4. J1 	I..J 

	

CS 	0.02 	:.01 

	

MT 	3.71 	4.77. 

	

CM 	5.05 	0.00 

	

IL 	.64 	.g2 

	

N"7 	0..1 	0.03 

	

SP 	0..30 	0.00 

	

PF 	0.32 	0.00 

	

RU 	0.31 	0.C:1 

	

AD 	û.J1 	U.30 

	

FL 	0.02 	C. u0 

	

Dy 	0.03 	0.00 

	

CC. 	0.00 	.0.04) 

SALIC 76.65 70.3'8 

	

FÉMIC 	23.35 	23.39 

	

TOTAL ' 100.00 	94.27  

MCL PCT 

MCL PCT 

H0L POT 

CA-T PCT 

9Z-A1-O2 OIA:?:.M 

WT PCT OZ,22.19 A3 72.55 02- 5.26 

MOL PCT CZ 55.53 19 41.53 OR 2..94, 

02-':E-KP 7I AGRAM 

WT PCT 02 57.71. NE 39.31 

MOL PCT 07 76.4ü NE .22.03 

AN-43-09 7IAGRwM 

WT PCT AN ,61.35 A3 36.04 0.2 

MCL PCT AN 6C.C3.. A3 37.41 OR 2.55. 

A-F-M. CIAGRAH 

WT ?CT ALK -9.48 =E 62.63 MG 9.33 

MOL PCT ALK 35.4) FE 45+74 MC 18.87 

tNA+K)%AL 	 ATH Wi PCT 22.23 GRMATM v:T.' 24.97 

(FE+MN)/(FF++(N+?;G) 'AT1! W7 PCT 	8P.51 GRMATM POT .' 77:75 

- NA20/(NA20+K20) 	 WT PCT 9C.$0 	MOL.P~T 93.51 

Ff q/(FE0+FE2.O3) 	NT PCT.' 46.33. 	MOL. P3T.- 65.74: 

C.00MRS BASALT PLO.T NE-OL-07-0I(=16.75) 

0Z= ..42 Y5= .)..e" 	 OI= .58 

?.51 



~ r 111111 111111 	INN 111111 111111 1E11 	MIN. 111111 11E11 i 111111 INN INN VIII 111111. 

~ ~ 

FICA TUN FIFLO READS.. 73'3M1/00 	GA9DRpIC AM0?THOSITF S°. G. 2.82 

SPECIES INPUT 	CALC 	̂.O'^o '. MINERAL 	CAT 
WT CAT ER-Wv 

Pa.CfaT . PRCNT LT°rT. . 

SPO? 	46.80 	43:66 	G.n" 	07 	0.0^ 	0.0C 
1IO2 	.23 	:14 	0.0' 	CO 	.87 	.79 
7002 	-C.'L 	0.00 	0.^" 	Z 	 e.oc 	D:50. 
4L203 	3L. 30 	33..86 	"s9: 	OR 	C.dO 	0.30 
C4203 -{•..3 	L.LC.. C.C' 	PL 	93.24 	91.33 
Fc'203 . 1.15 	.8.1. C.0" 	(an); 	21.52 	25.14 
EEO 	.99 	.77 	r,Ct. 	(AN)." 	7:.71 	71.1g 
Mt:O 	.C3. i .021 	 LC 	0.U 0 . 	0.30 
NTO 	-J.:C , C.(2) 	 : 	0.33 	.L3 
MCC 	1.52 	2.09 	0.37 	KP 	0.03 	0.3u 
CAO 	14.35 	14.34 	'.C' 	HL 	G.34. 	0.^C 
SRO 	-U..iC ( 0.031 	 TH 	0.30 	0.00 
900 	-u. JO 	( 3.031 
NAZn 	2.39_ 	4.30 	0.4' 	AC 	o..00 	0.u0 
K20 	P.C: 	4.00, 	O..C". 	NS 	0.0-0.:. 	0.00 
3205 	-C.3: 	C.:3 	. 0.1" 	KS 	0.00 	C. 
H2O. 	-3..3 	 Ho 	0.31: 	3.00 
N20- 	-G..O 	 . OI 	0.00 	b.00 
S03 	-0.00` ' 	0 .̀00 	7.0" 	(ti0) 	C:CD". 	3.00 :. 
S 	-C.0:i ( G.03). O.CC 	(FN)- 	0.03. . 	C.40 
CL 	-3.3.; ( C.0u). C.i" 	(F5). 	6..30 	0.32 
F 	-0.03 ( 4.00) 6.0" 	MY 	3.5$. 	3.29 
CO2 	-4.37 	C.40 	0.0" 	(EN) 	3.17 	.2.P4 

(FS) ; 	.38 	.45 
TOTAL 98.24 100.:.3 	 OL 	..84 	.74 
-H20 	98.2,G 	 (F0) 	.75 	.63 

	

(FA) 	.09, , 	.11:. 

	

CS 	0.00 	0.0.1 

	

MT 	1.21 	1.67 

	

CM 	C.:O 	0.00 

	

IL 	.28 	.38 

	

HM 	0.00 	0.00 

	

SP 	0.0' 	U..i{i 

	

PF 	, 0.30 	6.2•C 

	

R!J. 	0.00 	0.30 
Ap : 	0.00 	0.33 

	

FL 	0.00 ' 0.20 

	

' PY 	i:.00 	0.00 

	

CC 	0.33 	11.09 

PRC<;T 
WT 

PRC NT 

AN/PL NT 	PCT 	T7.9î' :MOL`PCT 75.92 

FA/OL WT 	PCT 	14.90 MOL PCT 10.78 

EN/NY. 	NT 	PCT 	86.29 MOL PCT 59.22 

OTFVOX NT 	PCT 	23..1w CAT PCT 21.52- 

OZ-AD-OR`02Ar?4M 

WT PCT CZ' 	i:.90  OR 0.00 

MOL PCT OZ 	7.91 	A91^!3.01' 	R 9.:13. 

OZ-)!è-K? 9IaCQAr! 

07 45.83 NE 54.17 

MCL PCT '..02 66.67 NE •33.?3 

AN-A9-O'0IAC,RAH 

WT CT 	77..95 49 22.05 

WT PCT 

AN 

NA2O/ (NA 20rK20). 	WT PCT 10C.11 

FE0l(FEO+FE203). 	NT PC* 46.26 

PCT 43.46- 

MOL PCT 109.01 

MOL. P-S. 65.68 

92.12 
6.:8 

98.20 
COOMûS PASALT PLCT me-OL-Q7.4DÏ(- 

nZ= 
.r.^ Né= 0.30 OL=  



MN NW Nil INN MINI MN NM INN INN 	INN NEI INN MN II= OM .INN INN MN 

. 	 . 
, 	 .. 

IDENTIFI:ATION FIELO READS.; 731M31 

CO'+O 	MINERAL 
EPtO* 
CTnr;T 

SPECIES INPUT CALC 
uT 
	

CAT 
PPCNT 
	

PRCNT  

5I-02 
TI02 
ZRO2 
AL2D3 
CO!=2 
FE2O3 
FED 	. 
MNO 
NIO 

46.20 
.58 

-0.:0 
2P.43 
-L.A 
1.2. 
1'..4 
.11 

-.0.10 

42.67 
.40. 
0.07 
32.0â 
O.L. 
.84 
,AQ 

C. 	•.111 
t 	0.431 

1.1T 
t.00  
^.;" 

C..r  

1.1' 	. 
0.0" 

MGO ' 	.55 ' 	.76 0.0" 
CAD 16.61 16.43 ..J° 
SRO -0,00 t 	C.301 
un -0.02 t.L'.rJ1 

'NA20 3.;.0. 6..:9 1.1' 
K20 4.10 0.01 C.Or 	, 

P205 -0.03 0.01 ^.Ct 
H20,  -0,:1 
H20- -0.50 
S03 	' -a."d 0..00 0.0d' 
S -0.43 ( 	0.62)  1.30  
CL -0.S2 C'0.10) 1.0' 
F -4.0; ( 	0.00) 0..1' 
CO2 -O.GO 0.00 0.1" 

TOTAL' 9à.99 10L.00 
-H20 98.99 

CAT 
	

NT 
PRCNT 
	

PRCNT 

QZ 	0.00 	. O.CC 
CO 	G..JO 	O.Lu 
Z 	0.00 	.0.00' 
OR 	:1.00 	11.20 
PL 	8-0.99 	8u.i8 

(A?) 	16.11 	15.22 
CAN) 	64".79 	:64.96 
•LC 	0.20 ' ' 0.10 
NE 	8.60 	7.34 
KP 	0.00 	0.10 
HL 	C.04 	i',,11 - 
TH 	0.00 	0.Cd 

A.C. 	0.01 	•1..C2. 
NS 	0.10 	0.00 
KS 	0.10 	0.!'0 
NO 	5.4? 	5.68 
OI 	3.13 	2.95 

(u0) • 	1.51. 	1.58 
(EN) 	1.51 	1.37 

	

(FS) . 1.00 	0.0G 
HY 	0.30 	1.00 

(EN) 	0.10 	0.00 
(FS) 	0.31 	G.CJ 
DL 	0.r1 	' 	C..^ 

(F0) 	. 1.07 	0.40 
(FA). 	D.iO. 	2.00 
CS 	0.04, 	0.40 
MT 	1.22 	1.7.: 
CM 	-0.0; 	11.'41 
IL 	.91 	1.10 
HM 	.C2 	.14 	, 
SP 	0.Gi: 	0.00 
PF 	.0.00 	C.00 
RU 	0.t•0 	0.00 
AP 	1.1J 	0.00 
FL 	0.01 	0.00 
PY 	0.70' 	0.10 
CC 	1..00 	0.00  

AN/PL NT °CT 81..02 MOL PCT' 

FA/0L NT POT 	0.10 MOL PCT 	0.00 

EN/HY- WI PCT 	0.11 MDL PCT .1.]] 

OIFNOX UT PCT  22.55 CAT PCT 24.71 

0Z-A9-OR OIAG?.AM 

.WT PCT Q7 0.7C 45 1.00 OR 0.1C 

MOL OCT OZ e.03' Al 0.01 

OZ-N=-KP DIAG?AM 

NT PCT OZ 30.91 NE 69.09 KP 0.. 00 

MOL PCT 02'b1.41 NE 43.6a KP -.0]. 

AN-89-0R DIAGRAM. 

NT 'CT AN 81.12 1.3 19.98' 0-1 0.00 

MOL PCT 'AN 30.09 A7 19.91 02 0.10:' 

A-F-M DIAGRAM 
, 

VIT PCT ALK 54.34 FE 36.29 MG 8.37 

MOL .PCT ALK 6C.59 FF 24.35 yG 15.07 

(NA+K)/AL 	 ATM NT PCT 10.21 GR):AT`1 PCT. 19.02 

(FE+MN)/(FErMNrMG). ATM NT PCT 93.37 'GRyaT`( POT ,68.57'' 

NT PCT 100.4^ 	MOL POT 120.10 

FEO/(FEO+FE203) 	NT POT 46.22 	MOL POT ' 65.64 

NA20/(NA20+K20) 

COOMBSBASALT PLOT NE-OL-0Z-71 I(=11..63) 

07= 0.JJ NE= .74 OL= 0.00 



2 5 ,. 

NT PCT OZ 39.94 NE 59.59 KP 	.58 

MOL PCT QZ 61.45 

AN-AR-OR DIAGPAM 

MIN r 111111 MIN MI 	MIN MIN NMI NMI MI OM II= =II =I 1•11 .- • 

IO!NTIFIATION FIELD 2EA^0'.. 74AM:1J2-. 	GA904oIC AN0RTH0SITE SP. G. 2.91. 

SPCCIES INPUT . CaLC 	 ' MINERAL 	CCT 	WT 
WT 	CAT tp010 . 	P4CN.T PRCMT 
pRrNT PRCNT CT^"T. 

$I^2 	46.i0 	41.70 	0.3" 	OZ 	0.00 . 	C.$0 
TIn% 	'1 	.14 	r.^" 	CO. 	.99 	.A4 

7a07 	- 	) 	6.C9 	".0' 	7 	0.00 	:0.40 
1L213 	33....0 	35.4 1 	C.'." 	OR 	.17 	.19 
Ca?03 	=C.00 	0.60 	O.r^ 	PL 	9.1.7.4 	93.93 
FF203 	1.5, .. 1."1 C. 	(AB) 	15.36 ..14.95 
F.70 	.71 	.53. 	'.C' 	(AN) 	76.19 	78.89 
4170 	.ù» : ( 	.C37 	 LC 	0.0r 	0.4C 
NIO 	-0.00 C C.C31 	 NE 	2.57 	2.26 
MG0 	1...5 	1.04 	C.0" 	KP 	0.103 	O.CJ 
C40 	:0.90 	10.28 	1.3" 	HL 	C.00 	3.3C 
SPO 	-:.,;0 C 4.ù37 	 TH 	0.0e) 	ü.C,i 
9Ar, 	-.;..6 C ^.Y01, 
NA20 	2.26. 	3.. 93 	0.1" 	AC 	C.00 	6.. 00 
K20 	.,:3 	..U3 	r.1. 	.' NS 	C.00, 	1.10 
P205 	-C.34 	fi.CC 	1.0" 	KS . 	C.00 	û.u0 
H2O• 	-C.:3 	 WD 	C.00 	0.0^ 
H20- -é.'J7 . 	 OI 	0.33 	u.CS 
S03 	-4.,,5 . ".0S 0.3" 	(MO) 	0.01 	3.;0 
S 	-7.:.0 	(.C.00) 	1.C" 	(E"!> 	".^J 	O.::C 
CL 	-5.00 ( C.EO)' 3.1r 	IFS) 	0.03 	0.00 
F 	-.J3 C 0.03) 	0.3^ 	NY 	O.:v' 	G.?0 
CO2 	-C.i„ 	0.00 	3.3' 	(EN) 	101 	d.,0 

(FS) 	0.00. 	0.J0 
TOTAL 132.14 1CC.C; 	 CL 	. 2.91 	2.53 
-H21 	102.10 	 (F0) 	2.91 	2.53 

(FA) 	0,.00 	3.00 
CS 	0.00 	0.43 
MT 	.1.26 	1.81 
CM 	0.0C 	V.04 
IL 	.28 	.4C 
Hm 	.17 	.25 
SP 	0.30 	0.05 
PF 	0.00 	J.00 
RU 	0. ln 	0..J 
AP 	0.90 	0.00 
FL 	0.03 	0.0C 
PY 	0.'v0 	0.00 
CC 	0.00 	w.0u  

AN/PL WT. 0CT A14.07 	tiCL PCT 83.2'6 

FA/UL uT' PCT 	0.^0 rol PCT 	0.70 

FN/HY 4T :POT 	0.E0 MDL PCT  

DTF!.Ox WT ?ÇT 17.33 CAT PCT 14.10 

12-19-CR DIA;°AM 

WT PCT nZ C.GC A. 11.03 04 3.07 

MOL PÇT - OZ O:CO A4 7..07 

CZ-NÉ-KP OIAGRAM 

	

HT POT. AN 83.91 AB 15-.90 0? 
	.19 

	

MOL PCT AN 93.11 13 16.11 OR 	.19 

A-F-M OI'AGAM 

WT PCT ALK 39.49 FE 37.:14 9ÿ 24.'37 ~ 

MOL POT ALK ?9.97 FE 20.95 MG 39.29 

(NA+K)/AL 	 ATM WT PCT 	9.69 GRMATM PCT 11.20 

(FE+MN)/(FEtMN+MG1 ATM NT POT 65.11 GRMATM POT 

NÀ20/(NA20+K20) 	 WT PCT 98.69 

FE0/(FrO+FE203) 	 WT PCT 32.13' 

MOL POT 

MOL PCT 51.27' 

99.13 

SALIC 	95.38 
	

97.11 
FEMIC 	4.62 
	

4.99 

TOTAL 	140.00 
	

102.11 
COOMPS. 8ASALT PL.CT NE-OL-QZ'-nI(= 5.48) 

.47 	OL= 	'.53 	0I= 0.30 ' 



2 6 

OR 25.64'  

MM MI i I= 	 INN INN =I =I INI1 MM I= =I 

IOENTIrICATION.FI{.LO ?F1n5.. 7441161. GA09ROIC Ar:nPTHOSITE SP. G..2.89 

S°ECI~S Ih^UT CALC CCM" .MINERAL CAT 	WT 
WT 	CAT 	ra,nv 	 Pa.^,NT 	f?CNT 

;' ^r:T . 	PRCNT 	C .nCr 

5:02 	45.3Q 	42.27 	r..7'-. 	97 	9.30 	0.00 
1i02 	.27 	.:4 	I.:r 	CO 	U.0". 	O.i:C 
7..0i 	-C.: 	C.L. 	..Jr 	Z 	0,J0 	7,30 . 

AL733 	29.7' 	31.7,6 	.J" 	OR 	4.64 	4.,,1 
C?23.3 	-..4; 	0.0iJ 	0.71' ` 	PL ' 	83:37 	81.97 
FE293 	2:»7 	1.73 	7.71 	(AD) 	13.57 	12.69 
FED 	2.13 	1.66 	:.C.r 	(AN) 	F9.1_ 	69.77 
M":0 	.77 ( .C61  	LC . 3.05 	C.L3 . 
NID 	-C.JO ( C.C31 	 NF. 	0.07 	C.00 
MGD 	3.3C 	4.59 . R.0' 	KP 	0.;;1 	3.,5 
CAD . 	14.35 	14.35 	0.0r 	HL 	0.00 	0.CG 
S?0 	-C.' 	t J...::1 	 TH 	C.72 	7.~0 
910 	-0.5 	( 0.3d1 
NA29. 	1.59 	2.71 	0.^t. . 	AC - 	1.00. 	0.10 
K20 	. 	.93 	'.2" 	NS 	0.00 	0.70 
P2O5 	-C...0 	O.CC. 	3.3' 	KS 	0.11 	0.,0 
H20+ 	-L.CC' 	 NO 	̂."C 	3.00 
H20- 	-C.J7 	 OI 	1.5» 	1.52 
S03 	-L.`1 	C.Od. 	0.1' 	(N0) 	.77 	.9C 
S 	-G..: ( 0..0) 9.3' 	(EN) 	.57 	.6C 
CL 	-C.70 ( 3..u) C.0' 	(FS) 	.16 	.12 
F 	-C.3C ( C.071 C.Gr 	HY 	77 	.72 
CO2 	-6.,:.; 	. 0.00 	C.',' 	(EN) 	.57 	.62 

	

(FS) 	.17 	.12 
TOTAL 98.83 10C.60 	 OL 	6.79 	6.02 
-H2O 	98.d:. 	 (FO) 	5.13 	4.92 

(FA) 	.91 	1.1.G 
CS 	0.00 	0.c0 
MT 	2.67 	3.58 
CH 	0.03 	0.3C 
IL 	.28 	.38 
HM 	0.00 	0.c0 
SP 	y.4) 	U.00 
PF 	0.01 	0.00 
RU 	4.00 . 	0.00 
AP 	0.,.1 	0.00 
Ft 	0.07 	0.0G 

' 	PY 	0.00 	0.00 
CC 	].00 	1.00 

	

SALIC 	88.01 	86.58 

	

FfMIC 	11.99 	12.23 

TOTAL 100.00 98.80  

NT POT 84..51 

NT POT 16.37 

NT PCT 83.11 

NT PCT 	17..30 	CAT. PCT . 13,21 

9Z-A9'-CR OIA:,RA.M 

07. 0.73 A9.73.36 

QZ 3.00 AS 74.51 

C7.-D:E-KP 0I4.4A`1 

WT PCT 02 45.12 NE 39.74 KP 15.14 

MOL PCT" G7 66.67 N_.24.su.,KP 8..,0  

AN-A9-OR  

NT PCT AN 8;.02 A9 14.66 CZ 5.32 

MOL PCT AN 79.31 AB 1;5.42- OR 5.27 

A-F-H OIAG?AM 

'NT PCT ALK 22.47 FE 45.19 .MG 32.+2 

MOL PCT ALK 25.37 FE 2a:29 MG 51.34 

(NA+K)/AL 	 ATM NT PCT. 11.59 GQMATM PCT 11.54.. 

(FE+MN1/(FE+MN+MG) ATM WT' PCT 63.,33. G-nM4iM PCT... 42.93 

NA2n/(NA20+K?0) 	WT PCT 65.79 	MOL POT 74.51 

FF01(F_O+FE2031. 	NT PCT 46.37' 	MOL PCT. 65.72. 

COOM9S BASALT P(,CT. NE-OL-,^.Z-OL(= 9.11) 

07= .04 NE= 0.".0 OL= .79 OI=_
. 

.17' 

AN/PL 

FA/UL 

ÉN/hy . 

AIFNO. X 

NT OCT 

MOL PC T 



	

(FA) 	1.45. 	1.85 

	

CS 	C.00 	O.;S 

	

MT 	1.64 	2.38 

	

CM 	0.53 	'1.30 

	

IL 	.25 	.36 

	

HM 	0.3-0 	0.00 

	

SP 	0.00 	0..30 

	

PF 	' 	0.0^. 	0.0" 

	

RU 	.J,.01 	0.35 

	

AP. 	0.0.0 	7.00 

	

FL 	0.0'4 	p.1.0 

	

PY 	C.10 	0.00 

	

CC 	0.13 	e.Cu. 

	

S4LIC 	85:37 ' 
	

88.9C 

	

FEr.IC 	14.63 
	

15.13 

	

TOTAL 	100.00 _ 103.13 

MI ~ NMI. ~ MIN NM MINI NM NM .MIN MN Mil Mill MINI NMI I= INN MN 

IOENTIFICATION FIELO READS.. 74A4L47 	GAO°ROIC ANORTHOSIT.E SP. G. 2.86 

	

SPECIES INPUT 	CALC 	CC`+°• • .MINERAL 	CAT 	WI 
WT 	CAT 	ERIOo 	 PRCNT 	PRCNT .: 

PPCNT . PPC.NT. Ç1°CT 
• 

5IO2 	46.9J 	41.56 	̂.^^ 	OZ :• 	0.00 	0.10 
TIO? 	.19' .13_ 1.7^ 	CO 	0.00

n 
	0.15 

-u.,5ZR02 	-u.d 	J.~ 	 G 

	

~ 	..!" 	Z 	.30 	O.CO. 
AL203 29.90 31.23 1.0r 	OR • 	.73 	.77 
CR203 -1.13 	0.:C1 0.0" • 	PL' 	81-.82 _ e4.72 
FF233 	1,64: . 	1.'09 . 	0.0' 	(AS) 	12.92 	12.72 
FEO 	2..39- 	1.77 	̂:9", 	'.(ANY 	6â.91_` 	72.1C: 
HNO 	.03 ( .C21 	 Lc 	C:11) 	0.00 
NI0 	-C.33 ( 0.0'41 	 NE• ' 	2.82 	2.53 
MOO 	4.4C 	5.31 	P.O" 	KP 	0.0: 	0.00 
CAO 	15.50 	14.72 	C.C^ 	HL 	. 0.03 . 	G.O' 
SRO 	-C.JC ( 0.331. 	 TH 	-0.05 	0.00 
9A0 	-G.JL (•C..71 
Nan 	2.05 	3.52 	0,0"" 	AC 	0.00 	0.10 
K20 	:13 	.15 	'.Y . . _ . NS 	. 0..0;; ' 	1.70 
P205 	-0.30 	0.0C 	1.3' 	KS •' ' 0.03 	3.60 
H2O+ 	-3.00 	 we 	O.,.L 	1.00 

H2^- 	
-C. 4C 	 0: 	3.75 	3.96 

503 	-G.4.4: , l'.1C3 .: 1.1" ' 	(NO') 	1.97 	2.14 
S 	-G.;;;. ( C..".J)' C.Rr 	(EN) 	-1.57 	1.48 
CL 	-0.30 ( C.CC) C.3r 	(FS) 	.31 	.38 
F 	-0.33 ( 0:00) C.0^ 	HY 	0.01 	0.20 
CO2 	-C.JJ 	1..L0 0.0" 	(EN) . U.J1 	0.4. 

	

. 	 - 	 (F'S) 	.7.71 	3.03 
TOTAL 103.13 1CC.60 	 DL 	8.99 	8.49 
-H20 	133.13 	 (F0) 	7.54 	6.64  

AN/PL WI PCT 	 .r0L PCT 84.21 

FA/OL NT PCT 21.82 MOL PCT 16.16 

EN/HY HT-PCT 	0'.:,, : MOL PCT' 	1.31 

OIFUOx'WT, PCT 16.03 CAT POT 16.47 

OZ-A9-0R OI4SRAM 

WT PCT OZ C.C5 AS 1.30 OR. 3.29 

MOL:°CT QZ 0.01 A9 3..00 

G7-NE-KP OjaGR.SM 

WT PCT (1Z 38.53 NE 51.74 KP 2.73 

MOL PCT 07. 59.81 NE.38`.58. KP 1.61 

AV-AO-OR.pI.AGP;:M 

WT.PCT AN 84.22 A8 14.83 OR 	.91 

MOL PCT AN 33.46 A9 15.65 OR 	.89 

A-F-r, DIAGPa;, . 

NT POT ALK 20:55 FE 37.93 't; 41..47' 

MOL 'PCT-Al.K-18.41. FE 23.25 	MG 54.73 

(NA+K)/AL 	 ATM NT PCT 1C.29 GR'1ATM.POT 15.75- 

(FE+MNj/(FE+MN+MG) 4TM W.T PCT 53.29 _GRyATM•PC.T.,' 33:19 

N4120/(Na.20+K20) 	 WT PCT n4.04 	MOL. P3T 95.99 

FE.O/(FEO+FE203) 	 HT PCT 59.31, 	MOL -PIT. 76.41 

COnmS BASALT PLCT.NE-OL-QZ-OI(=15.56)' 

OZ= 0.0,2 , NE= ..18 	OL= ..58 	OI=: .24 



C...0 

91.^.2 

PCT 

OCT 

PCT 12.,0 

MOL PCT 

MCL PCT 

CGT PCI 

SALIC. 

FcMIC 

TOTAL 

OMO ENI , ~ ~ . ~ ~ I= Mil• ENI 011111 	INIII 	MIN IIIIIII 

• 

IOE':TTFTî.ATION F(FLO RFAOS... 74AM4 
	

GACI7ROIC Ar)ORTHOSITE 

SPECKS INr'UT . C:,LC 	rÇ'IP 	yIN'2AL 	CST 	aT 
Ni 	CAT. C°.'0^ 	 PRCNT PRC')T 

P);C•)T 	CuCNT' Ci2?' 

5IO2 	44.60 	44.35 	0.1' 	Q2 	4.24. 	L.27 
1IO2 	.23 	.17 0."r 	Co 	1.0". , 0.47 
7p02 	- .,,3 	C.0 .1 	% r 	 Z 	 4.0i 	 u. 1C 

AL2n3 	t7..'; 	2('.15 	1.1' 	OR 	1.65 	1.5. ' 
CR273 	-C.3û 	0.C; 	

r•1r 	PL 	53.34 	49.25 
FF213 	(,.79 	5.23 	2.0r 	(Aq) 	7.52 	6.(31 
FEU 	5.47 	4.8) 	".ïr 	(AN) 	45.82.. 	42.f:5 
Mr;O 	18- f_ .151 	 LC 	1.03. 	.„G 
N=0 	-C.:G f C..31 	 NE 	0.07 	120 
MGO 	P.îr. 	12.6C 	.' 	KP 	ù.✓ G 	.~î 
C.:O 	n.951.;.62 	C.Gr 	HL. 	0.02 	0.00 
S00 	-(.:3 	ft!.i.;:l 	 TH 	0.0C 	4.47 
qGn 	-C..7C t ^.OJ) 
NA20 	.78 	1.5C : 7,5r 	AC 	G.00

.,. 	
0.00 

K?0 	.25' 	.33 	'.i' 	11S.. 	0.32 	n.n0 

P205 	-0.3: 	C.CC 	0.0- 	KS 	0.9C 	G.00 
H20. 	-0.07 	 WO 	C."^ 	0.00 
M20- 	-5...; 	~  	OT 	. 5.75 	5.33 
SO3 	-C.:O 	L.ù.; 	5.1' 	(W0) 	2.98 	2.8.' 
S 	-1.02 ( L.01) 1.1" 	(En) 	2.44 	2.35 
CL . 	-0..,3 ( C.7î) 0.1" 	(FS) 	.44 	.48 
F 	-0.17 ( C.GC) 5.0f 	HY 	26.82 	23.F0 
CO2 	-0.37 	.,.37 	r.Cr 	fEM) 	22.75 	19.12 

IFS) 	4.05 	4.48 
TOTAL 	94.56 1GC.07 	 OL. 	0.07 	0.00 
-M20 	94.10 	 (FO) 	3.70 ' 	0.13 

(FA) 	O.00 	.:n 
CS 	0.01 	0..9. 
MT 	7.35 	10.13 
CM 	0.00 	0.00 
IL 	.34 	.44 
HM 	9.0C 	7.10 

07-A9-OP OIA',RAM 

)tT °CT QZ' 34.39 . A.3- 53.22 0? 12.39 

MOL PCT QZ 69.82 A8 24.75'. OR 5.43' 

07-NE-KP DIAG2AM 

NT PCT 07 64.13 14_ 29.?3 <0 7.1'. 

MOL PCT CZ 81.18 NE 15.44' KP 3.38 

AN-AD-OR JI.'.G°AM 

HT PCT AN 93.98 A9 12.99 .OR 3.02 

MOL 0CT A*) 83.32 -9 13.69. OR 3.2J 

A-F-M- 7iAGRAM 

WT PCT ALK 4.64 FE 57.41 MG 37.95 

MOL PCT ALK 4.35 Fr; 35.58 MG 59.95 

HT 

WT 

OIFN(1 X.H1. 

SP 	0.00 	0.50 	 (NA+K)/AL 	 ATM NT PCT 	E.73 GRM=TM P".T 	9.10 
PF 	C..00 	0.60 
RU 	O.J. 	G..' 	 (Fç+MN)/(FE+MN+MG). ATM .wT PCT. 65.17 GP44TM PCT 44.99 
AP 	0.0' 	0.11 
FL 	0.07 	0.:3 	 NA20/(N120+K20) 	MT PCT 75.12 	MOL PCT. 82.7.1; 
PY . 	0.00 	0.33 .' 
CC 	0.00 	O.OJ.. 	 FEO./(FFO+FE203) 	MT PCT' 45.65 	MOL PCT 65.11. 

59.23 
45.77 

10G.00  

55.16 
39.50 

9:.56. 
C00M05 9ASALT'PLCT NE-O:711Z-nI(-36.32) 

OZ_ 
	

.48- 	NE= 0.10 . OL'= 	.36  



FF0/(FE0+FE203).. NT PCT .46.39 	y0L'PCT '65.7.5 • 

COOHBS BASALT. PLOT NC-0L-0Z-0I(=16:79) 

OZ= 0.00 '  NE= .14 OL.= .21 

11•11 UNI 11111 111111 111M . 111111 .  NB SM i MS MI 11111 1E11 MM 1E11 .i NIN • 

IDENTIFIC,ATION FI- ELA °EAGS.. 74311125 	: GA89ROIC P:NOPTHOSITF. S?: G 

SPECI=S ItiP7T CALC CCD' • MINERAL CAT 	NT 
NT 	CAT 	=F7110 	 PRCNT 	PRCNT 

P?CNT. .PRCNT ,CT?"T 

SI02 46.0.0 42.52. 2.3" 	OZ 	0.00 	̂.00 
TIO2 	.2.1 	.15 	.0.7" 	CO 	0.05 	0.60 
Z202 	-0.:7 	̂.'. 	0.7" 	Z 	0.00 	0.00 
AL-273 	27.32 	32.2P 	1.3" 	OP, 	0.53 	0.03 
CP203 	-(.JJ 	̂,.'JJ 	r.7' 	 PL 	811.75 	81.09 
F=293 	2.28 	1.45. 0.0" 	(AP,). 	13..99 .. 13.21 
FE0 	1.90. 	1.39 	:..^r 	CAN) 	$6.76 	65.88 
Hr:C 	.J6 C .051 	 LC 	0.0;: 	0.10 
NIO 	-0.72 I 0.211 	 NE 	2.36 	2.01 
460 	3.25 	4.48 	9.1" 	✓.P 	0.02 	0.03 
CAO 	16.e5 	16.19 	..C" 	HL 	5.05 	0.^0 
SRO 	-0.43 10.001 . 	 TH 	9.00 	J.«0 
310 	-G.:G, {. 0.271 
Na20 	2.27 	3.58 	4.3^. 	AC 	0.50 	1..0 
K20 	O.JC 	C.CC "(.C!' 	NS 	3.30- 	0.02 
P2C5 	-6.02 	C.03 	C.00 	KS 	0.22 	0.07 
m20*  - Jd 	 No 	J.J1 	5.00 
H20- 	-0.00 	 DI 	1ü.97 	13.37 
SD3 	-'0.3J .0.07. 7.0" 	(NO). 5.49 	5.74 
S 	-C...,' .{ C.601 0.7f 	(EN) 	4.87 	4.40 
CL 	-C.uL .( 3.0e) C.C" 	(FS) 	 .62 	.73 
F 	-0.10 ( 0.01) 0.00 	HY 	0.23 	C:00 
CO2 	-2.02 	C.0.0 	0.6" 	(EN) 	0.01 	0.r2  

	

(FS) 	0.02 	0.30 
TOTAL 99.45 I01..00 	 0L 	3.46 	3.J7 
-H20 	99.45 	. 	 (FO) . 3.07 	2.s9 

	

(FA) 	.39 	.48 

	

CS 	G.OG 	J..0 

	

MT 	2.17 	3.02 

	

CM 	0.0" 	O.2C 

	

IL 	.29 	.40 

	

NM 	C.23 	0.J0 

	

SP 	6.07 	0.1J0 

	

?f 	0.0G 	0.00 

	

RU 	7.03 	0.0C 

	

AP . 	6.7.3 	0...^. 

	

FL 	0.77 	0.05 

	

PY 	0.00 	./. ,.? 

	

CC. 	0a00 	7.50 

	

SALI.0 	83.11 	82.10 

	

F=yIC 	16.89 	17.35 

TOTAL .160.00 99.45  

AN/PL NT PCT 83.50' 

FA/^L HT OCT 15.F4 MOL PCT 11.28 

EN/'iY NT PCT 	GrOC. MOL ?C.T 	1.10 

O?FNDX HT PCT 15.22 CATP'CT 16:.35 

OZ-A°-OR 7IA,r,P,AM 

NT PCT QZ 	[.00 'Aa .û.CS 	OR .0.10. 

MCL PC7 OZ ::.u7 	A0 1.63- 

07-N_-K° DIAGPAM 

NT OCT  r1Z 39.77 Nc 60.27 KP  0.J0 

MOL POT QZ 6C.93 ,..NE 39.°4 : KP -.)3 

.- . AN-An-CR.DIAGRtM 

NT 0CT AN 83.57' 19 15.5C OR 0.70 

" OL PCT AN 82.57 A9 17.33 02 0.3.0 

A-F-M' DIA,oAM 	.. 

NT- PCT ALK 21:91 FE 42.58 `)S 35.60 

MOL PCT ALK 22.37 F5 25.22 `!G 53.47 

(NAvK)/AL 	 ATM HT PCT 10.08 GRMATY POT 11.64 

(FE+'MN)/(FE►MN+MG)• ATM. N.T . PCT' : 5.9.67 GRM-::T`f ?CS . 39.19 

NA20/(NA20+K201 	HT.PCT.1J0.00 ' 	MOL PCT 100.00 



Ell" =I NMI
. . ~ MIN INN 

IOENTIFIC4:TI-0N F;CIOREI1F,.;742A57 	MF.TAFERROPY20XENITE SP. G. 2.9.8 

SP.CIES 	 CCVD MINERAL CAT 
WT 	CAT FF?1° 	 PRfNT 

PkCNT 	PRCt1T . CT°CT• 

WT 
PRr,KT 

5102 	+5.4C 	5C.43 	0.1r 
TIn2 	1.10 	.92 	n.Rr 
70^' 	-C.,.O 	L.13 	r.: 

	

_.'03 . 1-G.4C 	13.62 	2.1' 
C'203 	-C:,.: ~ 	C.aU 	(.C' 
F;; 203 	.i.,.( 	7..52 
_0 	7.57 	7.C3 	. 

4'40 	.20 	
_
t 	.191 

NIO 	-C.00 ( 1.201 
MGO 	11.45 	1d.96 	0.1" 
CCJ 	4.1 	4.88 	1.0' 
S?O 	-L.:-., 	t 	0;;1 
PAO 	-u.7C 'f- 1.131 
4127 	

.ig 	
1.25 	0.1r 

K70 	.15 	.21 	. 
P205 	-U.,O 	0•UG 	G."r 
H2O+ 	-;.UC 
)420- 	-G.31 
S03 	-. 	.CJ 	J. 
S 	-C.iC ( 0.10) 	.7" 
CL 	-C.JO ( ^.C:;) 0.1" 
F 	-(...iù ( C.Sù) ^.C' 
CO2 	-C.O: 	G.ÇO 	̂.0" 

TOTAL 83.96 111.30 
-H20 	83.16 

OZ 
CO 
2 
OR 
Pi  

11.29 
2.39 
u.C.s 
1.06 

3C.64 	. 

11.C6' 
1:83 
G..•J 
.59. 

25.25 
(49) 6.25 4.91 
(Ar:.) 24.42. 27.;4 
LC . 	.0J 	'  C...0 
NF C.Cy 0.^v 
KP 0.J0 0.20 
HL 0.00 0.00 
TH 1.00. O.:C 

AT' 9.33 9.10 
NS :J.?, ).'C 
KS 0.00 0.43 
wo 0.00 V.C. 
oI 0.,03 2.^0 

(~0) 0.0, 0..7. 
(EN) 0.70 0.:0 
(FS) 0.02 0.00 
HY 41.33 35.49 

(EN) 37.91 28.52 
(FS) 10.09 9.97 
0L 	' C.30 0.13 

(F0) 0.00 0..10 
(FA) 0:7.; ^_.C. 
CS 3.00 C.00 
MT 3.77 4.35 
Cm 0.0r 0.20 
IL 1.54 2.;9 
HM 0.30 0.00 
SP 0:10 7.00 
PF "..Or. 0.;0 
RU 0.12 0.00 
Ap .. 0.01 0.00 
FL C.Oi, 0.C6 

' PY 0.00 0.50 
CC 0.00 0.00 

AN,/PL WT OCT "13.56 MOL PCT 71.62 

FA/UL' WT PCT 	0..50 MOL PCT 	3.31 

ENyHY- WT OCT 74.50 , MOL PCT 78.33 

OIFNOX wT PCT ' 16.55 CAT PCT  

0Z-A9--0R DIAC2AM 

wT PCT 42 65.62 Al 29.12 OR 5.26 

MOL PCT 02 89.37 AA: 9. 40q 0? 1.55 

07-NE-K0'njA.?AM 

wT POT (Z 81.24 NE 15.77 KP 2.99 

MOL PCT- OZ 01.21 'eiE 7.49, KP 

AN-A3-OR 1IwCRA;M 

wT PCT AN 77.d3 A9 18.78 OR 3.33 

MOL PCT AN 76."95 A2 19.73 OR 3.35 

A-F-`1 QIAGRAM 

WT PCT ALK '3.21 FE . 46.41 MG 

MCL PCT ALK 2.61 FF 29.63 M,.67.76 

(NA+K)/AL 	 ATM WI PCT 11.31 	G2MaTm PCT 10.74 

(FE+MN)/(FE+MN+1G1 ATM wT PCT" 5+.12 GRM:.TM PCT: 33:93 ". 

NA20/(NA2C+K20) 	 PCT 79.47 	MOL PST 85:46 

f,E.O/(F-CC+FE203) 	;WT PCT. 71..55 	MOIPGT 84.11: 

SALIC 
FEMIC 

TOTAL 

	

46.39 	39.32 

	

53.61 	4.4.04 

1C0.03' ."...83.06 ' 
-C.00`IBS BASALT PLCT NE-OL-RZ-OI(=.6C.29) 

AZ=' '.60 NE= '3.01- OL=. .40 :`:OI= 3.30 



~ INN. 11111 INN NIN 11E1 11111 11111 111111 NIN INN .SIN 11111 11E11 INN • 

"Iq_-NTIeI.A:TION FIEtO REA+15,. 742A97 	METAOIAPASë "SP. G. 3.11 

SPECIES InPUT CALC 
NT 	CAT, 

PRCNT ' PFCNT 

NT MINERAL CAT CCHP 
ERtOo 
CTPCT 

PRCNT.:. PRCNT 

3.37 
~. . 
C.û0 
1.93 
4Q./2 
22.52 
26.63" 
C.-C^. 
0.00 
0..00 
u,01 
O.00 

C . G.C. 
0.7^ 
C.CO 
0..37 

27,87. 
13.94 
12. 37 
1.56 
7.70 
6.83 
.86 

0.;:! 
0.30 
0:10 
6.00 
7.82 
0.00 
2.19 
.0.00• 
6.30 
1..00 
0.00 
0.00 
3.01 
0.33 
0..03 

3.45
1 0.4C 
0.00 • 
1.83 
45.38 
20.14 
25.zù  
0.30 
0.'v.0 
0.31 ' 
1,.L3 
e:cc 

O:JC' 
0.00 
0.30 
0.CC 
26.15 
13.°0 
11.59 
1.76 
6.82 
5.a5 
.97 
U.wO 
0.0e 
0.03 
0..0 
13.29 
0.03 
2.83 
0.00 
û.LO 
Q.CO 
0.00 
3.00 
0.01 
0.00 
C...O 

AN/PL 

FA/OL 

EN/HY 

OIFNOX 

NT PCT 

WT °CT 

NT PCT 

WT PCT 

SALIE 
FEMIC 

TOTAL 

SI02 	47.67 	46.46 	0.1' 	07.' 
T:^2 	1.49 	1.79 	0.1" 	CO 
Z°12 	. 	 0.00 	0.0" 	Z. 
R1273 	13.53 	15."53 	(.11 	OR 
CR203 	 (.3" 	PL 
FE203 	7.16 	5.22 	7.0" 	(AP) 
FE0 	5.97 	4.87 	:f.00. 	(AN) 
MNO 	.35 ( .041 ' 	 LC 
NIO 	-O.JC ( 0.001 	 NE 
HGO 	6.63 	9.67 	0.31 	KP' 
CAO 	11.75 12.29 '.'.0^ 	HL 
SRR 	 ( 1.001 	 TH 
940 	.-6.07 ( C.001 . 

. NA20 . 	2.,3'3' 	4.5~. 	~,Or 	AC 
K20 	.31 	.39 	0.3? 	NS 
P.205. 	 .0.60 	0.0" 	KS 
H2O+ 	- . 3 	 HO 
H20- 	-O.;C 	 0.1 
50:3 . 	-C.JO 	0.11 	 (NO) 
S 	-0.33 ( 0.131 ^.P^ 	(EN) 
CL 	-1.4-3 ( 4.03) 7.C" 	'IFS) 
F 	-C.CC 	( 6.00) 	0.9t' 	HY 
• CO2 	-C.G: 	0.30 r.•Or 	(EN) 

(FS) 
TOTAL 96.75 100.-01 	 OL 
-H20 	96.75 	 (F0) 

(FA) 
CS 
MT 
CM 
IL 
HM 
SP 
PF 
RU 
AP 

• FL 
PY 
'CC 

55.62 MOL. PCT 54.15. 

1.C3 HOL PCT 
	

0.03 

85.76 MOL PCT' 89:78- 

25.42 CAT PCT 27.52 

gZ-A9-OR OI4GPpM 

UT °CT CZ 13.57. A9 79.22 OR 7.21 

	

MOL .PCT 	(1Z 4C..78 	k3.54:55 	OR 4.67,. 

O7-N=-K0 OI.:GPA+t 

	

WT PCT 	0Z.52..99. NE 42.'92 ..KP 4.17 

MOt PCT OZ 72.89 NE 24.97 .
KP 2.15 

Ati-AB-OR OIASRAM 

NT PCT Abe 53.1.6 d8 42.66 OR 3.88 

MOL PCT AN 52.1.1 AB 44,.11 OZ 3.78 

A-F-M OIAG2AM 	. 

WT PCT A.LK 12.03 FE 58.45 MG 29.52 

MOL PCT ALK 12.52 FE 38.31 'MG 49.17 

(NA+rO/AL 	 ATM WT PCT '28.31 GRMAT1 P3T 31:49" 

(FE+aN)/(FE+MN+MGJ ATM WT PCT 70.79 GRMATK PCT .51.34 

	

NA20/(NA20+K20) 	 58.'48 	MOL PCT. 92.11 

	

FE0/(FEO+FE203) 	NT PCT 45.68 	MOL,PCT-. 65.14" 

54.42 
45.5B 

100.03 
COOMOS OASALT PLOT N=-O.-01Z=O_T(=38.94) 

.:07= 	..10 - NE=. 0.00 	OL= 	.1.0 	OI= , .72 

53.66 
46.09 

96.75 



KP .F.65 

11111 111111 MIN Inn all 1E11 . NM NM •NE 11111 111111 11111 	nil INN 111111 ~ • 

I7-cNTIFICATION FI`EL0 RE'AnS.. MET4OIABASE 

SP_CIFS IKPUT CALC CC"P -tiTNERAt C:1T 	WT 

4i 	CaT. TRî•7o 	 PRr..NT PRCNT 
P?C'r;T 	PRCNT •C.T^~T 

5102 	47.4; 	46.38 	2.7^ 	07 . 	0.00 	0.00 
1IO2 	.85 	.65 	"..Or 	CO 	0.39 	C..0 
2R02 	-C.JO 	2.03 t.0" 	Z 	0.10 . 	v.:.0 
SL213 	15..i.i 	17:54 	".1" 	OR 	3.35 	2.92 
C?203 	-C.JT 	C.C„ 	3. if 	PL 	54.92 	51.55 
F=203 	3.06 	2.25 	0.0' 	(AP). 	24.47 	2:..93 
F=0 	8.94 	7.32 	".".^

. 	(Ari)'. 	3..35` 	25.72 
46O 	.21 t .171 	 LC 	1.90' 	2.66 
NI0 	-C.CJ t C.C7] ' 	 NE 	0.07 	0.3 
MC.O 	6.9:. 	1C.C5 	7.7". 	K4 	0.00 	0.CO 
CO 	9.55 	1C.C1 	.0^ 	HL. 	C.O,: 	di.L"'' 
S?0 	-6.LC t 0.0C1 	 TH 	7..û0 	3.2.0 
grn 	-2.00 	C . 0.0,11 
NA20 	2.îd 	.4.89 	̂.On 	AC . 	0..03 	0.0:2 
K2O 	.49 	.61: C.7". 	NS 	0.07' :.^C 
P2n5 	-C..:: 	0.00 	O.7^ 	KS 	1.02 	0.07 
h?0+ 	-C..7 	 40 	C 0.1 	O.i;, 
H20- 	-O.dC 	 nI 	15.77 	15.29 
S03 	-0.33 	C:Cü 	7.7" - 	040)' 	7.59 	7.79 
S 	-L.1. 	( C.CJ) 	0.3" 	(EN) 	5.03 - 	4.29 
CL 	-v."J ( 2.2G) 9.C' 	(FS) 	2.16 	3.21 
F 	-0.1C ( 1.7U) 1.0" 	HY 	15.65 	14.91 
CO2 	-0.25 	0.00 	0.0^ 	(EN) 	10.00. 	6.54 

(FS) 	5.65 	6.37 
T0T4L 95.31 12u.û.7 	 OL 	6..(2 	5.55 
-H20 	95.31 	 (F0) 	3.62 	3.15 

(FA1 	2.17 	2.51 
CS 	0.01 	0. TO 
KT 	3.38 	4.44 
C`: 	e.00 	0.00 
IL 	1.33 	1.57 . 
HH 	0..;l 	O.JO 
SP 	P.JC 	". 
Pf 	0.0C 	0.00 
RU . 	0.00. 	0.2.0 
AP 	0.39 	0.16 
FL 	0..0 	0.^4. 

.PY 	0..10 	0.00 
CC : 	0.J0 	0.20  

AN/'l WT'PCT 56.81 MOL PCT 55:.35. 

FA/OL. WT cr,T 45.13 n0L OCT. 36.22 

EN/NY WI PCT '57.25 40L PCT 53.74 

GIFNOX WT. PCT " 24.73 CAT OCT 27.53 

02-A^-OR DIAGP,Ati 

WT oCT OZ 0.00 .40 48-.2.9 OR 11.71 

MOL OCT 07 V..17 Al 88.89 

077N,E.KP '9I;,Ga M14 

WT PCT OZ 45.52 NE 47.83 

MOL PCT OZ 66.67. NE:29.63 

._AN-AQ-02'DIAGRAM 

WT PCT AN 53.74 AB 49.15 OR 5.42 

MOL POT AN 52.43 Ag 42.29 0? 5.28 

4-F-M DIAGRAM 

WT PCT A'LK 13.97 FE 54.62 `4G 31,41 

MOL PCT. ALK 12.9.5 F='39.71 `(G47.34 

(NA*K)/.lL 	 AT'M WT OCT' 23.65 	CRMATM PCT 

(F'c+•MN)/(F_+yN+yG)ATM HT- PCT 58.98. GRMATM Pl7 

•N420/(NA204K20) 	WI PCT 94.04 	MOL. PCT 

FEO/(F'0*FE2031 	.WT PCT 74.50 	MOL PCT. 

31.21. 

49,1'9 

88.89 

S4LIC' 	57.d8 
FffMIC 	, 42.12 

TOTAL 	100.0C 
COOMRS BASALT PLCT NE-Ot-OZ-9I.(=37.45? ' 

QZ= .21 N_= J.00 OL= .2 7 DI= .42 



1E11 . Mill 1111111 111111 111111 111111 11111 MIN 	1E11 ININI 111111 	11M1 	INN ION 

• 

. 

IDENTIFICATION FIELD READS.. 74RA134 

	

S°ECIES INPUT CALO CY'IP. 	MINERAL CAT 	NT 

	

WT 'CAT EF/O0 	 PRCNT PRCNT 
PHCN.T 	P2C.NT C 1''".T 

SIOZ 	48.43 	49.91 	0.7" 
	

OZ 	4.0C 	3.88 
TI02 	.23 	.15 	0.0" 	CO 	0.00 	1.20 
ZrO2T 	-J.70 	:.C3 	0.J" 	Z 	0..59 	̂.:C 
AL203 	11.97 	14.46 	0.0' 	O4 	.46 	.41 
CR203 	-n.n,u'. 	u.CJ 	0.7" 	PL . 	53.13 " 43.55 
FE203 	4.51 	3.49 	0.1' 	(AB) 	28.39 	24.13 
FE0 	3.79- 	3.27 	e..On 	(AN) 	21..73 	19.52 
MNO 	.17 ( .151 	 LC 	1.06 	0.27 
NIO 	-0.O3 C 0.021 	 NE 	0.10 	0...0 
MGO 	6.65 	10.22 	1.0" 	KP 	0.00 	0.60 
CAO 	11.35 	1-2.54 	0.0" 	HL 	0.07 	0:07 
Son 	-C.OJ ( R.J01 	 TH 	6.01 	C.C..) 
9A9 	-C.30' C L.C31 
NA20 	2.34 	5.63 	n.r 	AC 	0.00 	6 ...0 
K20 	;7 	.39 G. 	NS . 2.10 	Q. 
P205 	-6.)3 	0.00 0.0' 	KS 	. 0.00 	0.•:0 
Hz0+ 	-C.00 	 H0 	0.10 	0.17 
H2O- 	-C...0 	 7I 	32.78 	29.:7 
S03 	-".i0 	G.CC 	9.1r 	(,.0) 	16.39 	15.36 
S 	-0.70 ( 0. ,.3) n."" 	(EN) 	"14.31 	11. 59 
CL 	-C.JO ( 3.00) 	'.0" 	(FS) 	2.09 	2.22 
F 	-1+.70 ( 0.13) :.Or 	HY 	7.04 	5.93 
CO2 	-6..14 	C.v.) 	C.J". 	(EN) 	6.14 	4.98 

(FS) 	.9: 	.96 
TOTAL 89.90 1CC.00 	 OL' 	0.00 	0.00 
-H2O 	89.93 	 (FO) 	3.00 	R.57 ' 

(FA) 	.n .. 	0.7C 
CS 	0.00 	0.10 
MT 	5.24 	6.52 . 
cm 	e.tic 	c.,:c 
IL 	.36 	.44 
HM 	0.Cu 	O..0 
SP 	D.CO 	0.:1 
PF 	C.00 	i,.00 
RU 	0.22 	J.Cfi 
AP 	0.00 	0.00 
FL 	0.07 	i.73 
PY 	0.00 	0.00 

	

CC' . 0.00 	u.C.0 

54.59 47.84 
45.41 42.06 

100.30 89.93 

NT PCT  44.81. MOL PCT 43.35.  

FA/JL HT PCT. 	0.10 MOL PCT. 	1.30 

EN/HY- NT FCT 83.97 ' MOL PCT 

OIFNOX aT PCT 25.32 CAT PCT 

0Z-69-0R.9IAG2Am 

NT PCT OZ 13.69 . A3 84.85 O2 1.46 

Y•0C PCT OZ 41.94 AR 58.12 OR 

CZ-NE-K° OIAGRAM - 

NT PCT 07 53.21 "!E 45.96 <P 	.53 

MOL PCT OZ 72.92 N_,  26.65  KP 	.43 

AN-A?-OR OIwGRAM 

NT PCT AN 44.39 AB 54.67. 02 	.94 

MOL POT AN 42.96 A9  56.13 OR ' .91 

A-F-M DIAGRtiM 

NT POT ALK 1É.31 F.E 46.44 .Mb 37.25 

MOL ?^T ALK 15.92 FE 27.67 MG  55.41. 

ATM NT PCT 34.39 GRMATM ?3 T  . 39.93 

(F-c+MN)./(FE+MN+MG) ATM HT PCT 5'.83 GRM$TM PCT 40.33 

NAZO/(NA2O+K201 	HT PCT 97.59 	MOL POT 98.40 

Fc-0/(FE(1+FE203) 	NT PCT 45.72 	MOL PCT  .65.15 

COOM3S BASALT PLOT, NE-OL-OZ-0I(=43'..52) 

(NA+K)/AL 



111111 MI 11E1 MIMI INN SIN 11111 NIB 11111 MIN MEN MIMI 1111111 Mlle MIMI INN 1111111 • 
META FERROPYROXENITc IOEN)I.FICATION FI2L0 REenS...:7.AM135 

SOGCIES INPUT 
WT 

PRCNT ' 

wT 
P?CNT 

MINERAL 	CAT- 
PRCNT 

CALC C("P 
CAT FF4nP 
PRC(T CTOC" 

POT ?5:8":" MOL PCT- 7...70 

PCT 	~ 0:^)-....`1CL POT 	'3.73 

PrT 	55.45 ! MOL PCT. 52.15 

PC"T 24.92 	.C:.T . aCT... 27..55 

AN/PL. WT 

FA/OL WT 

FN/HY NT 

7IFROX WT 

CZ'-Ag-OR DIAT:PAM 

UT: PCT OZ 67.51 A3 3.25 

MOL PCT' 0Z 9C.27 A3: 9.56 

C7-NE-K0"OIACRFM 

WT PCT OZ 82.29 NE 17.'4.7 

O-Z 11.72 N_ 4.23 

AN-A$-OR 7IA'OPA.M. 

AN 75.66 Al, 24.,16 .13 OR 

>!S'21 41 

MG 37.57 

GRMATM PCT 14:57 

G2NATM PCT :65.37`'. 

PET 99.31 

77'.16 

MOL 

MOL 

MOL, PCT AN 74.56 A9, 25.2.6 

A-F-M OIA5?FM' 

NT PCT AUK 4.62 FE 73.97 

MOL PCT ALK 5.27 F=:57.06' 

(N-A+K)/aL 	 ATM WT PCT '12.48 

(FÉ+MN)/(Fc+!4N+)1G) ATr, NT PCT 81.26 

NA$0/(NA2O+K20) 	MT PCT ,9-8.96 

FEO7(FEO+FE203) 	NT PCT - 60:31: 

S102 	48.33 	51.69- 	C.0' 	OZ 	, 17.52 	16.02. 
- 22 	2.1) 	:1:67. 	n.0r • 	CO 	0.3. 	4:.:0 • 
ZR02 	.-C.2: 	 [" 	Z 	3..00 	0.CC 
• A;203 	10;10 	13..43 ..1': 	OR 	.07 	C6 

Cz2.0.3 	......3:'C 	:2 	r: .n 	 PL 	.3E:55 	3-3.21 
FE203 	F.10 	4.56 	7:2. 	(an) 	9.76 	8:34 
F=0 	9.27 	8.25 	5.0.r 	(At)) 	28.30 	25.17 
MNO 	.21 { .1.92 	 .LC' 	1.20 	2.20 
NIO 	-C.:3 	C. 0.20i 	 NE" 	O: :u 	.0 
M;,L' 	4...5 . 7.1:3' C.Jr 	K° 	S.OJ. 	0.'00 
CAO 	9.6 	..".90 	.0" 	HL 	O..0:0 	0.:0 
SRO 	̂:' 	[ L.G)I 	 Tw. 	0.02 	. 
SAO 	-C..:G- 	C La':). 
NA20'. 	.95: 	1.95.• 	f"- 	AC 	C.-00 	G.:20', 
K20 	.Y1' 	 "'.)" 	NS' 	0.'60 	3.20 
P205 	-0.20 	0.00 	̂.2" 	KS 	0.00 	0.00 
H20+ 	-U.).: 	 NO 	0.21 	1.20 
H2O- 	-n.._0. . 	' . 	 : 0., . 	' 20.-54 	18..:4.. 
S03 	-(..iJ 	0'.00 	'.:Of 	tNO)' 	:1..27 	9.37. 

S 	-6.00 ( ..0.0 O.C:' 	(EN) 	6.37 	5.C3 
CL 	-C.:0 	( 0.071 	J.Of - 	(FS) 	3.90 	4.24 
F 	-;;.J. ( C.C:) 1.0" 	HY 	12.37 	1.0.92 
CO2' 	-0.20 	C.Jû 	?.0^ 	(EN) 	7.63 	6:76 

	

(FS) . 4.60 	4.87 
TOTAL 92.29 102.00 	 Oi 	C:07 	O..,C 
-H20 	92r29 : 	 (F0) 	-0.20 	• 0.00 

	

tFA) 	.4.00 	.^..v0 
• 'CS 	2...' 	.:,0 

	

MT 	7.29 	8.34 

	

CM 	0.00 	2.02 

	

IL 	. 3.35 	3.99 

	

HM• 	-0.00-- 	0.3._ . 

	

SP 	0.00 	0'.00 

	

PF 	' 0.00 " 	C.vC:• 

	

RU 	0.10 	0.00 

	

AP 	0.03 	0.1C 

	

FL 	0.37 	0.00 

	

PY 	0.00 	C.uC 
Cr.'.' 	-..0.0, 	,:O.GO'. 

.SALIC. 	56.44 	50.10 
FEMIC 	43.56 	42.20. 

TOTAL 100.00 
COOM6S BASALT PLOT NF-oL-9Z-0I(=56.74)° 

0.00 OL- .12 OI=. 



MINERAL 

WT °CT 

AN-A6-OR' 7I4GoAM.' 

AN 30.61 A9 55.35 OR 14.1+ 

11111 11111 11111 11111 11111- 111111" S 11111 . 11111 i 11111 11111 11111 11111 . 11111 11111 11111 

~ 

IDENTIFICALION FIEL.D.REAOS.. 73PS15O . 

SI02 
rIO2 
7P02 
AL293 
CR203 
FE203 
EE0' 
MNO 
NIO 

62.95 
.33 

-C..0 
i5.5J 
-CO:S 

 1.JC 
1.36 

..J5 
-C.00 

60.75 
.02 
0.60 
17.64 
0. :0 
.73 

..12 
C. 	.,:4) 
C 	C.CC) 

4G0  1.90 2..74 
CAO 7.15. 7.40 
SRO  -C. J3 (.. 	u.OG).. 
940 -C.dO 	-C C..0-01 
NA2O. 4.13 7.73- 
K20 1.5J 1.85 
P205 -C.71 1.30 
H2O ,. -C.03 
H20- -ï.Jir _ 
S03 _6.J,:- 6..:0" 
S -1.4C (. 	C.:Z)' 
CL -C.90 ( 	0.01) 
F -C.00 ( 	0.01) 
CO2 -C. J1 0.00 

TOTAL 95.52 100.01 
-M20 95.52 

CAT 	WT 
PRCNT 	FRONT 

0,0' 	OZ 	17.:9 	17.F9 
C.7' 	CO 	C.0C 	0.2C 
C.C" 	Z 	0.00: 	0.00 
C. )' 	OR 	9.24 	1. 16 
1.1' 	PL 	56.92 	54.77 
0.3T 	(A9) 	38.67 	34.95 
3.0' 	(AN) 	26.15- 	19.32' 

LC 	6.19 	C. 01 
NE. 	 0.60 

1.0' 	KP 	0.00 ' G.uO, 
0.9( 	HI 	0.00,, 	0.00 . 	

TH 	0.00 : . 0.30. 

0.1r 	AC ;'
. 

0.03.- 	1.00 . 
n,nr . 	NS 	4.v6 	''T."0 
4.Cr 	KS . 0.60 	C.i,J 

. 	 W0 	9.00 	0.03 
DI 	13.47 	12.96 

0:3' . 	(4n) 	6.74 	6.74 
.0' 	(E"!) 	5.24 	4.57 
(.0' 	(FS) 	1.46 	1.66. 
C.^" 	HY 	.24 	.22 
3. Jr 	(EN) 	.19 	.16 

(FS) 	.J5 	.96 
OL 	0.80 	0.30 
(F0) . 0.J0 . 	O..0 

	

(FA) ., C.02 	0.00 
CS. 	é.0.!' 	0.00 
MT 	1.09 	1.45 
CM 	0.00 	0.01 
IL 	.r4 	.v6 
HM 	6.94 	C.:O 
S° 	0.03 	0.10 
pF 	0..03 	0.00 
RV 	G.:,., 	0.J4. 
AP 	C.00 	0.9C 
FL 	0.03 	O.Cu. 

. PY 	0.00 	0.00 
CC 	1.J0 	1.53  

AN/)?I WT PCT 

FA/CL WT PCT 

FN/NY WT' PCT 

OIFVDX WI PCT 61.51 -CAT. PCT 

OZ-A9-OR DIAGRp.: 

OZ 64.1.7 Ail' 29.03 

C7-nS-K0 DIAr.o:a:M 

WI PCT 0261.53 NE 33.73 K° 8.19 

MOL 'CT. 4N 24.61. A9';:6.81.. OR 13.55 

A.F-M 	AM 

WT PCT AU( 56.93 FE 23.86 MG 19.21 

MOL PCT ALK 53.3C FE 16t26 MG 30.43 

(144+K) /At 	 ATM' WI PCT 52s53 GRH4TM a3T 

(FE+MN)/(FE+MN+yG7 AP( WI PCT 51._04. GRyATM,PCT 

NA20/O;A20+K23): 	WI PCT 73.36 	MOL P1  

FEO/IFF.O}FE2031 	NT PCT 57.63'. 	MOL. POT 

SPECIES INPUT CAIC CC"' 
WT CAT EF-90 

PPCr)T FZCNT CT?r,T... 

3.T0 

`+OL PCT 73.33 

54.31 

40.56: 

80 .71 

75.14 

SALIC 	85.15 
FSHIC 	14.85 

('0.83 
14.7C 

TOTAL.. 100.00 95.52 
COOMOS BASALT PLOT NEOL-O -9I(=3.C.80) 

02= 	.56 	VE= 0..0-0 	OL= 	.00. 	03= ..44 



PCT 
	

1.30 

PCT. 

PCT 52.53 

SALIC 	Q8:11 
FEMIC 	1.89 

TOTAL 1GC.00 

~ 1•111 Ell IMO 11111 NMI . MN 111■r .IIIIII 	s s ■w =I MI =I IMO • 

IlENTIcICATY3y FIEtO .REAn!..'7TPSi33 

Ir,PUT 	CAtC 	rC"' 
HT 	CAT 	'1° 

P?C(41: 	PRON ., r Tnrr. 

5IO2 	71.01 	68.78. 	3.1:" 	O7. 	36.72 	32.11 
TI02 	.J1 	.C1 	0.C' 	CO 	.21 	.18 
7-'02 	-''. :).~ 	C.C.. 	 z 	0.00 	C..O 
AL2o3 	14.13 , 16.72 	0.1" 	OR 	9.15 	R.BG 
CP.2U3 	-C.Gu 	5.00 	0• 	PL 	55.03 	53.81' 
crP03 	.21 	.11 	1.1r 	(Al) 	47.66 	3d. a2 
Fro 	.29 	.23 	 (4-1) 	15..37 	14.88 
yN0 	.24 C.C.3I 	 LC 	i..00 	0.~3 
N:0 	-1.'..1 ( C.CU) 	 NE 	0.00 	0.L0 
"GU 	.45 	.64 	C.1" 	KP 	0.10 	0.43 
CAO 	3.:1. 	3.07 	0.01 	HL 	0.03 	0.00 
S?0 	-C.d3 [.n.00]- 	 TN 	0.3G 	0.".3 
310 	-..JC [ 0.021 
x420 	4.6^ 	8.63 	C.3" 	Ar , 	0.00 	0.00 
K20 	1.5). 	1.03, ".7^ 	NS . 	0.02 	C.nG' 
P205 	-.^.:6 	0.00 	C.J" 	KS 	0.G2 	0.1) 
H2n+ 	-6.10. 	 WO 	0.00 	0.05 
H20- 	-C.JJ 	 01 	C.vQ 	C..3 
S03 	-5..) 	...: 	2.0' 	(HO) 	O.u') . 	Q.Jn 
S 	-C.Jr. ( 0.92) 	0.3" 	(EN) 	0.04 	U.C. 
CL 	-C.J7 ( C.01) 'C.^^ 	(FS) 	0.01 	0.3c 
F 	-0.00 ( C.C:) C.0" 	WY 	1.55 	1.54 
CO2 	-v.;.^ 	C.20 	C.1' 	(EP:) 	1.28 	1.12 

(FS) 	.36 	.42 
TOTAL 	96.d3

. 100.00 	 0L 	9.06 	1.03 
-H20 	96.33 	 (F0) 	0.30 	0.:.0. 

(FA) 	0..1 1 	u..". 
CS 	0.00 	u.'0 
MT 	.23 	.3G 
CM 	0.00, 	0.06 
IL 	.31 	.r'2 
HM 	C.00 	0.3C 
SP 	0.06 	C.30 
PF 	O.uO 	0.60 
RU 	0.00 	v.110 
AP 	0.0C 	C.;,G 
FL 	0.00 	0."0 

' PY 	C.00 	0.0C 
CC 	0.3'v . . 0.07  

ANV°L WI PCT 27.66 MOL PCT 26.49-- 

F6/0L NT PCT. 9.00 MOL 

ÉN/HY HT PP.T 72.80 rCL 

.111Fr1OK WT °CT' 79.90 CAT 

9Z-A4-Os? OIAGRAM 

WI PCT OZ 46'.19 43. L11.71 0?, 11.39 

MOL PCT OZ 74..75 '149 2.:.77 0?- 4.46. 

C7-N-KP OIACRA.ti 

WI PCT OZ E7.31 N_ 26.39 KP 5.33 

MOL PCT 02 83:23 N_ 13.80 ' Km 2+95. 

AN- eg-OR OIAGPAM 

HT POT AN 23.75 A3 52.11 OR 14.14 

MOL °CT AN 22.89 A9 53..49 0? 1.1.62 

A-F-M OIAGR-'"• 

HT °CT ALK 86.52 FE 7.09 MG 6.38 

MOL PCT ALK 84.52 FE 5.C2 HG 16.47 

(`A+K)/AL 	 ATM. NT.PCT 59.34 ' GRuATY PCT 61.98, 

(FE+MN)/(F5+MN+MG) ATM HT'PCT 59.77 GRMATY P:T_.',39.3Y' 

•NA20/(NA20+K20) 	WI PCT 75.41. 	MOL PST 82.34 

FEO/(FSO+FE203) .- . 	HT PCT 68'.J^ 	MOL PCT 75.43 

COOMPS BASALT PLCT NE-01.1Z-7I(=72.37). ' 

OZ='. .37 NE=. 0.00 0L=. .03 bI=- 0.00 . 



3 7 

SAL IC 
FiMIC. 

NT P^T 

NT PCT 

PCT" 

PCT 

WT 

WI 

HOL PCT 

M3L PCT 

MCL PCT 

D'AT PCT 

-AN/PL 

FA/0L 

_N/HY 

OIF:NDX 

1Z-A9-0R ^IAGRAM 

OR 23.35 

KP 11.58 

KP 5.91  

OR: 21.21 

OR 2..44 

100.33 	89.5i TOTAL; 

~ 	NMI -MI. MIMI INN . =I MIMI MIMI ~ INN 
.
IIIIIII r 0E11 NMI INN 	MO Mil MN 

IOENTIFICATION FIELff READS.. 7?9M169 	HR MON7ONITE 

SPECIES INPUT CALC CC,P 	MINERAL CAT 	NT . 

wT CAT Fo;04 	 PRCNT PRCNT 
PRCNT PRCNT bTPCT 

SI02 ' 	60.50 	.62.53 	1.0r 	QZ . 	15.16 	14.57 
1IO2 	.;3 	.02 	1.0, 	CO 	1.01 	0.10 
7492 -C..J 0.0.:. 1.1' 	Z 	0,0.7 	0.03 
AL201 	15.15 	18.45 	C.Sr . 	OR 	16.15 	14.48 
CO203 	-C.:J 	..CS 	0.1" 	PL 	62.35 	53.77 
FE203 	....3 	.37 	 (A9) 	49.5.0 	41.89 
F=0 	.75 	.EI 	C.C" 	(AN) 	13.26 	11.98 
MVO 	.55 C.C4) 	 LC 	O.C^. 	0.00 
NI0 	-C.::0 0 0.C1] 	 NE 	0.1.0 	1.70 
MG0 	.4C 	.62 	0.3" 	KP 	0.:;0 	C.01 
CAO 	3.30 	4.21 	C.^" 	HL 	0.35 	1.10 	 .NT PCT 	 103 53.96 
SRO 	-3.02 ( C.63) 	 TH 	0.0^ 	0.02 
9A0 	-6.05 C: 011. 	 MOL PCT. 	 Al 35.33 
NA20 	4.95 	9.92 	:.1r 	AC 	6.20 	0..7,^ 
<20 	2.45 	3.23 ..• . 	NS 	C.2 	̂.00 	 CZ-N=-KP 71ASRAM 
P2C5 	-5.72 	2.00 	0.1" 	KS 	C.u2 	0.00 
420+ 	-C.63 	 N0 	1.03 	.94 	 wT PCT OZ 56.48 NE 31.94 
H20- 	-C..4 	 OI 	4.22 	3.90 
S03 	-_ 	C.J".' 	r.3• 	(WO) 	2.11 	1.97 	 MOL PCT' 02 . 75.92 N5 13.16 
S. 	-6.0C ( 0.00) 0.0" 	(EN) 	1.23 	1.50. 
CL 	-C.uL 	( C.53) 	0.1" 	(FS) 	.88 	.93 	 AN-AP-OR DIAGRAM 
F 	-4.35 ( 6.10) 1.7" 	HY 	0.10 	O.OJ 	-. 
CO2 	-C. 1u 	G.Ou 	_.. 	(EN) 	0.31 	1..0 	 WI PCT 	AN 17.41 _AO 51.37 

(FS) 	0.23 	0..0 
TOTAL 	88.51 101.13 	 OL 	0.30 	0.30 	 MOL PCT AN 16.79 AR .62.77 
-H20 . 99.91 	. 	 (F0) 	0.00 	2.03- 

(FA) 	C.^J' 	0.." 	 A-F-M OIAG?AM 
CS 	1.31 	1..0 
HT. 	.35 	.70 	 wT PCT ALK 92.41 FE 13.1+ yô +.45 
Cy 	C.00 	J.cO 
IL . 	.05 	.26 	 MOL PCT ALK 32.36 F_ 9.92 MG 7.72 
N.M 	0.00 	0.C] 
5° 	0.00 	0.16 	 (NA+K)/AL 	. ATM NT PCT 71..15 GRMATti a✓̂T 71.25 
PF 	. 0.30 	0.C7 
RU 	a.'sG: 	0.55 	. 	(FE+HN)/(FE+MN+MG) ATM WT PCT T9.21 ;R`(ATy'PCT 52.39 
AP .. 	G.O1 	0.00 
FL 	0.11 	0.C2 	 NA20/(NA204K20) 	NT PCT 6F.99 	MOL P2T 75.44 
PY 	9.03 	0.11 	 . 

	

O.AC. 	1. CC 	 FtC/(FE°C+FE203) 	NT PCT ' 59.32 	MOL PCT 76.42 

	

94.17 	82.92 

	

5.13 	5.59 

OZ 25.65 

07 57..95 

COOM9S BASALT PLCT-NE-OL-QZ-OI(=19;38):, 

• 02= ' .78 	NF= 0.00 	0L= 0.06 	OI= 	.22 



MN MN INN INN 1E11 EN 

~ 

EN MN EN INN NE  NW MI NM NM  INN NM EN 
~ 

EMI 

I7E4TIFIJaTION.fiELD REaOS.. 773".9 

SI02 	62.51 	65.54 	0.0' 	OZ 	9.27 	9.55 
TIC? 	.:3 	.02 	̂.C" 	CO 	0.09 	0.90 
ZROZ 	-‘.03 	0.2,3 	. 	 Z. 	0.C1 	3.00 
AL203 	13.90. 	15.79 	0.J" 	..`OR 	.32.55 	. 31.;8 
C203 	-"..:1 	1.0,3 	0.3^ 	PL 	43.17 	39.C1 
FE203 	1.65- 	1.2J 	0.•n.r 	(4P) 	39.93 	35.96 
F_0 	1.1: 	.59 	E.:". 	(AN) 	3:19: 	3."4 
hNJ 	.GS C .C51 	 LC 	0.0: 	0.00.. 

NIO 	-C.03 [ C.001 	 NF 	.. O.OJ 	O.CC 
Mr.0 	2.43 	3.L7 C.:+t 	KP . 	0.00 	.ù3 
CAO 	1.30 	3.43' 	C-.1" 	HL 	0.00 	0.93 
SRO 	-0.10 ( 1.033 	 TM 	0.01' 	C.O.C. 
7a0 	-C..,O t C.^~} 
NC2O ' - 	:5.,: 	8.00 .. C.c" 	A9 	.0:3u 	0.03 :' 

K20 	9.35 	6:51' 	̂. 	NS 	0.0'G 	0.1 C 
P205 . 	- .._ 	C.00 	'.^r 	KS 	.10- 	3.i,3 
1,00+ 	-O.J: 	. 	 N0 	0.92 	0.01 
M20- 	-:.,10 	 OI, 	11.17 	1.1.53. 
S03. 	-0.J9 	0.11 	C.0" 	(HC) 	.5.59 	5.57 
S 	-).J.0 ( C.00) 1.0r . 	(_N) 	5.12 	4.41 
CL 	 ( 0.001 0+0° 	(F5) 	.47 	.53 
F 	-u.uJ ( 0.0.0) O.00 	HY 	1.99 	1.76 
CO2 	-0.09 	0.00 	1.7^ 	(EN) 	1.82. 	1.57 

(FS) 	.17 	.19 
TOTAL 94.35 1CC.03 	. 	CL . 	0.00 	0.30 
-N20 	94.35. 	. 	 (F0) 	C.C7 	J:00 

	

(FA) 	u.e3 , 	0.03 

	

CS 	0.03 	O.:+Y 

	

MT 	1.31 	2.39 

	

CM 	0.30 	0.20 

	

IL 	.0,. 	.J6 

	

IiM 	C.;i'. . 0.00 

	

SP 	0.00 	0.40 

	

PF 	0.0' 	8.00 

	

RU 	0.00 	G.00. 

	

AP 	' 0.J1 	o.u0 
FL , 	0.1,0 	0.00 

	

PY 	O.00 	0.30 
CC . : 	0.01 	0.00 

$4LIC 	.84.99 	79.64 
F--.MIC 	15.01 	14.71 

TOTAL ' 100.00. 	'94.35  

AN/PL HT' PCT 	7.80 KCL PIT 	7.39 

FA/OL NT PCT 	C'.3C MOL PCT 	0.23 

EN/HŸ uT °CT 59.27 MCL PCT 91.52 

OIFNOX 	PCT 76.5C .C:•T PCT .61.30 

.4Z-A9-0? 9IAGR4M 

WI PCT" OZ 12.47 Al 45.95 OR 43.59 

MO. PCT O7.30-.99 	al 33.63 .02-27.3.9 

C7-N-KP CIa9RC`1 

oz 51.51 NE 25.43 KP 23'.36 

O7 72.52 

AN.-A0-0P,' OIA;a,lu., 

>rT PCT 	AN 4...34 	Ag 51.31 OR 44.35 

	

MOL PCT.. AN 4.21 	A9 52.87' OR 42..93 

A-F-M DIAGRAM  

NT PCT AL:< 64.87 FE 13..76 MO 16.37 

MOL PCT 4LR 59.36. F_ 12.23 y; 29.41' 

(NA+K)/:.L • 	ATM NT: PCT 1.32.95 GR9ATM PCT 91.92 

(FE+yN)/(FE+MN+MG) ATM NT PCT' 58.6R GR4ATM:.PCS '39.21 

NA20/(NA20+K20) 	HT PCT 46.69 	MOL ?;T 55.12 

FEO%(FEOvFE203) WT PCT 4;.00 	HOL..RCT '59:71 

COOMgS 94S4LT PLCT NE-Ot-9Z-OI(=22.437 



90.78 
3.31 
• 

94.08 

SAL TC 
FEMIC 

TOTAL 
F~ 
N 

Mi MN MM MI MM MM MO On • IIIIII 	IMINI INIII IIIII ENI  • 
I)EtiTIFiCATIOt: FIELD REAOS.. 719"115 ; 	M8 0T7 MONZCNITE, 

SPECIES IAPJT 	CALC 
	

CCmP • 	.MINERAL 	CAT 
	

NT 
NT 	CCT _P2^° 
	

PRCNT PRCNT 
?PCNT PRCNT CT~CT 

• SI02 	65.10 	63.C2 	0.1r 	OZ 	14.68 	15.16 
TICZ 	.02: 	-.C1 	O•.C" 	:-00- , 	0.60 

.7.002 	'.n0 	P.CO 	9.1" 	Z 
	

0.31 ' 	6.33 
AL203 	16.•.5. 	18.77 	0.1" 	Oa 	18. 21 . 	17.43 
CP203 	-P.;,, 	4..63 	̂.4r 	PL 	63.11 	58.18 
FE203 	..25 	• .19 	!+.Or 	̀(AP) 	" 51.99 	46. es 
FEO 	.34 	.31 	C.Or 	(AN) 	11.12 	11.31 
Mti0 	.b.b I .43.1 	 L.r 	. 0.3C 	0..33 
NIO' 	-0.1C C C.C,] 	 NE 	3.3J 	0.70 
MW 	.4) 	.54 	0.3^ 	KP 	0.00 	0.:0 
CAO 	2.'34 	3."_5 	'.;" 	HL 	•O.Q: 	U.46- 
SRO 	-;.73 	C r.001. 	 TH 	7.00 	0..3.0 
949 	30 C C.701 

- NA20 	5.54 	1C.40 	r." 	AC 
K20 	2:15 	3...64. 	O. 0" 	NS 
P20,7 	-3.~3. 	6.0J 	C.^r 	KS 

'H2O4. 	-..'3 	 WO 
H20- 	-G.)G 	 OI 
S03' 	-.;.33 	0.10 	̂.^"• 	(NO). 
S 	-C.30 ( C.63). 3.J"' 	(EN) 
CL 	-6.J. ( :'.JJ) '.Ÿr 	(:FS) 
F 	-C.;C ( ^.03) :.3r 	HY 
CO2 	-0.00 	û.06 	O.JC 	(EN) 

(FS), 
TOTAL 94.18 163.00 	 OL ' 
-H20 	94.08 	 (F0) 

(FA) 
CS 
MT 
CM 
IL HM 

SP 
PF 
ZU 
AP 
FL 
PY' 
CC 

M0L PCT 02 51.1,0 43 36.21 OR 12..53 
~. 60? ~ 	~0. b.0 

  

0..30 	0.00 	 07-NE-KP.. 3IAGRAM 
C. Cl 	B.i,3 
0.0' 	0.J6 	 uT PCT 07 55.58 NE 31.96 KP 12.47 
2.74 	2.66 
1.37 	1.37 	 MOL PCT' OZ 75.28 NE 18:31, Ka '6.41 

	

.98 	.85 

	

.39 	.44 	 AN-43-Oa DIA~RAM 

	

.25 	:23 

	

.18 	.15 	 NT PCT AN 14.95 A0 62.00 0R 23.35 

	

.07 	.36 
Q'.;;0 	•O.;C 	 MOL PCT AN 14.41 83 63.39 0R 22.21- 
6.1!2 	. 	0.,,C 
6.13 	0.30 	 A-F-M' DIAGRAM 
C.UC 	C.Su 

	

.28 	.34 	 .NT r'C7 ALK 89.39 FE 6.72 MG 4.20 
n:oo 	0.30 	 . 

	

.03 	.04. 	 MOL PCT.ALK 87.76` FE 5.r3 MG 7:21 
0.31 	0.30 
.0.0C 	0.00 	 (NA+K)/AL 	 ATM NT PCT 75.34 G4•MATM POT 74.81 
0.00 	0.6C 
0.30. 	0.o.0 	 (FE+yN)/(FE+M•N+MG) AT!! Ni' PCT ' 67.81' G?MATM,POT 	4.7.46 
3.3C 	0:.30, 
0.03 	0.12 	. 	NA20/(NA20+K2O) 	NT POT 65.25 	MOL POT 74.16 
0.00 	0.JC 
0.J0 	i;:UO 	 FE0/(FEO+FE2031. 	NT. PCT 59.17 	. MOL- PCT 76.4.6 

AN/PL NT PCT 19.43 MOL PCT 18.32 ' 

FA/OL NT PCT - 0.11 MOL PCT 	0.30 

EN/HY NT PCT 65.52 MOL PCT 71.43 

DIFNOX NT arT, 79.47 CAT 007 8:4:98- 

r:Z-AR-OR 9IAGP,.•M 

WT °CT` 07 19:08 A3 53.99 02 21.94 

COOMES BASALT PLOT NE-CL-OZ-DI (=17.66) 

02= 	.44 ' NE= 0.i;C 	• OL= 	.01 	OI? 	•16 



IIIIIII MI NIB ~ 11111 111111 	 IIIIII 

IOENTIFICATIJN FIELO READS.. 7104116. , 	H3 OTZ MON7ONITE 

HINFR4L 	CAT 
Pp^NT 

WT 
PgC n T 

40 
rc'.P 
Ea4nP 
CT^rT 

SPECIES IN'UT 
UT 
PqCNT' 

CALC 
CAT 

PQCNI 

69.31 

57.91- 

64.12 

~ 11•11 ~ 

~ 	 . 

i 

5202 	66..47 	65.11 	7.00 	07 	17.76 	17..40 
1102 	.72 	'.71 	".t^ 	CO 	0.31 	0.00 
7002 	-C.°C 	0.00 	0.)n 	Z 	2.09 	O.Gv 
AL213 	14.14 	16.34 	I.7^ 	OR 	19.39. 	19.32 
CP203 	-C.JJ 	U.Cd 	.1^ 	PL. 	57.49 	51.44 
F«03 	.23 	.17 	7.nr 	(An) 	52.66 	46.89 
FEC 	.34 	.28 	0.7" 	(AM1. 	L.g3 	4.56 
'NO 	.04 ( .03) 	 LC 	9.11 	0.03 
riIO 	-0.31 C 0.07] 	 NE 	O.00 	0.1.0 
MGC 	.55 	.80 	9.0" 	Kp 	0.37 	0.33 
CAO 	2.73 	'2.84. 	.^r 	HL 	0.4^, 	4. 
SRO 	-C.CO ( 1.001 	 TH 	O.GO 	.i.30 
3A0 	-1.37 C C.O.) 
NA20.. 	5.54 1...53 7.7" 	AC" 	0.00 . 0.30 
K20 	3.10 	3.09 	1.1' 	NS 	0.u3 	7.10 
P205 	-^.3; 	7.07 	̂."." 	KS 	1.00 	0.G0 
H2O. 	-0.)7 	 WO 	1.7; 	1.59 
H20- 	-i.70 	 DI 	4.07 	3..35 
S03 	-C.37 	0.17 	0.7" 	(WO)' 	2.03 	2.0C 
S 	-0.17 ( C.771 C:?" 	(EN) 	1.51 	1.37 
CL 	,,.u: ( C.30) '.ù" 	(FS) 	.42 	.43 
F 	-..JC ( C.:,) 	1.v" 	HY 	0.77 	O.:C 
CO2 	-0.G3 	0.12 	2.0r 	(EN) 	0.02 	O..:C 

	

(FS) 	0.77 	0.:0 
TOTAL 93.'6 1C:.01 	 OL 	Clvli 	3.i:0 
-H20 	93.06 	. 	 (F0) 	E.07 	0.47 

	

(FA) 	0.00. 	0.70 

	

CS 	0.31 	3.03 

	

MT 	.25 	.33 

	

CM 	0.0; 	O.JC 

	

IL 	.03 	.C4 

	

HM 	0.32 	0.00 

	

SP 	1.1C 	3.31 

	

PF 	n.00 	0.00 

	

RU 	0.01 	0.00 

	

yP. 	e 0.7û. 	9.00 

	

FL 	0.9. 	7.00 

	

' PY 	0.00 	0.C1 

	

CC. .. . 0.33 	0.47 

SALIC 	43.94 	'87.15 
FEMIC 	5.06 
	5.91 

TOTAL 
	

100.033 	93.16  

AN/PL WI P-CT 	8.-85 	) OL' PCT 	9.40 

FA/3L WT p_^.T 	0.17 MOL PCT 	0..17 

EN/HY WT PCT 	3.00 MCA. 'CT 	0.17 

CIFNOX WI POT 82.63 CAT PCT" 89.11 
7 

CZ-A101 OIA"CP"AM 

WT PC-T 07 21.06 Aa 36.76 02 2.2.13 

MOL.-PCT 117 54'.21 A3 33.47 OR 

07.-NE-KP CIaG4AM 

'WT PCT QZ 56.65 NE 30.75 K? 12.'6C 

M.CL, PCT Q7 76.1C N_'' 17.47 Kp ` 6".43 

AN-A9-OR .,IAG?AM 

WT PCT AN 6.54 A3 57.27 OR 26.25 . 

MOL PCT AN R.28 A3 56.51 OR 25.22 

A-F-M pI4'G4.A" 

WT PCT ALK 81..52 FF 5.64 MG 5.64 

MOL PCT ALK 86.36 FE 4.34 

(N4+KI/AL 	 ATM y1 PCT 

(FE+MN)/-(FF+MN+tiG) ATM WT ?CT 

NA20/(NA2O+K20l 	WI PCT 

FE.O/•(FEO+FF203) 	WT PCT 	59.$:5 

COO4aS.OASALT PLOT NE-OL-92-4I(=21.13) 

NE= . 0.0" 	OL= 0.00 	0I= 

MG 9.50 

GR''1:.T4 PQ7 88.18 

GR`l4TM( PCT 37.47' 

MOL POT 73.09 

MOL POT  



KP 11.58 

TOTAL 	i60.07 	'94.42 
COOMBS BASALT PLCT NE-OL-1Z-0I(=19.21) 

O7= .83 NT:= 0.10 OL= .01 01= 

INN Mill Mill 

~. 

~ .~ ~ MO NMI IMP 1E111 INN~ MI INN   MINI INN INN  

IDENTIFI':ATION FIELD REP.05..: 7391113 

SPECIES INPUT , CA.LC cC,P' .MINERAL CAT 	WI 
BT 	 CAT 	ER'Or. 

.PuCNT PRGN-T CTnrT 

5IO2 	66.7' 	64.36 	7.0C 	QZ 	16.71. 	17.31 
TI02 	.J1 	.31 	C.^" 	CO 	C.CO 	3.01 
ZR02 	-C.13 	0.03 	̂.^." 	Z 	Q.CJ 	0.00 
AL203 	1:.17 	18.08 	c.or 	OR 	17.43 	16.78 
C?203 	.. 	C. 	C. 	PL 	63..12 	57.54 
Fc203 	.16 	.12 	0.L' 	(A9) 	53.32 	48.23 
FFO 	.31 	.25" 	C.0^ 	(IN) 	9.91 	9.41 
MNO 	:3 r.è21 	 LC 	0.00 	C.73 
h10 	-C.''k t C.:37 	 NE 	0.00 	0.23 
4G0 	" 	y50 	C.7'. 	KP 	0.^C 	5.00 
C:0 	2...2 	2.53 	].Z' 	HL 	C.i,> 	7.67 
SRO 	2,10 	r 1.a7 ' 	 TH 	.0.37: 	3.10 
980. 	-1.2:• t 2.C37 
N:.20 	5..73 	1:.66 	̂:"` 	AC 	0.^G 	0:1G 
<20' 	?.q."". 	3.5J '. C.C" 	NS 	C.CG_ 	0..0 
0205 	-0.73 	C.01 	0.0" 	KS 	0.0; 	.0.73 
H2O+ 	- 	 WO 	.C.L^ 	̂..C2 
H2C- 	-C.J: 	 DI 	2..16 	2.11 
Sn3 	-C.00.. 	O.tO ' 0:3r 	(à0) 	1.33 	1.08 
5 	-r.1.3 	t:C.^.C) 	C.C' 	(EN) 	.76 	.66 
CL 	-{.J9 t 6.;v) 	 (FS) 	.32 	.36 
F 	-C.J: ( 0.7:) C.3^ 	HY 	.34 	33 
CO2 	-7.JJ 	O.,iO 	C.0' 	(EN) 	.24 	.21 

	

(FS) 	.1G 	.11 
TOTAL 94.42 1C4.,.0 	 OL 	O.-J 	J.JC 
-H20 	94.42 	 (F0) 	0.J3 	3.80 

	

(FA) 	0.09 	0.01 
CS 	0.00 	J.10 
MT 	.17 	.23 
CM 	C.cC 	C.J3 
IL 	.01 	.32 
HM 	0.00 	0.00 
SP 	G.CO 	3.01 
PF 	0.CC 	0.10 
RU 	4.07 	7.00 
AP 	C.00. 	0.50 
FL 	0.03 	0.37 
PY 	0.03 	1.00 
CC 	0.72 	0.10 

	

SALIC 	97.3J 	91.74 . 

	

FEMIC 	2.7J 	2.68  

AN/PL wT.PCT 16.33 MOL PCT 15.53 

FA/OL wT PCT .0.00 MOL PCT 	3.70 

$N/YY HT POT 64.66 :1C1 PCT 7J.63 

OIFNDX WT PCT 82.33 CAT ?CT 87.50 

C7-A3-OR OIA;RAM 

uT PCT C7 21.C3 88 58.59 

MOL PCT OZ 54.12 89 34.55 

C7.-NE-<0 DIAGRAM 

WT PCT OZ 56.68 W: 31.74 

MOL PCT OZ 76.18 NE 14..02" K0• 5.91 

AN-85-OR OIAGRBM 

WT 0CT AN 12.65 AB 64.81 OR 22.55 

MOL POT AN 12.17 A9 66.15 OR 21.68 

DIAG°AM 

HT PCT 4LK 9'1.24 FE 5.0? `1G 3.74 

MOL PCT AL!C P9.72 FE 3.91 MG 6.35 

(NA+K)/aL 	 ATM WI PCT 78.27 GRMATM?CT 7.8.31 

(FE+MN)/(FE+,MN+MG) ATM HT PCT 64.05 GR`(ATy a3T .43.7.1 

NA20/(t:A20+K20) 	HT PCT 66.74 	MbL POT 75.31. 

FEO/(FEO+FE203) 	NI PCT 65.96 	MOL P..T 81.16 

PUNT 
	

PP,C NT 



i 

11111 INS SIN 11111 
. 

EIS .~ ~, 111111 111111 
	
NM 11111 111111 11E11 NEI INN 	111111 NIB. 

. 	 ~ 

• 

	

SPECL£S INPJT CALC CC"0 	M.INFRAL CAT 	WI 

	

44T . CAT 1-47..0° 	'  	-~P7Cr:T PRC:NT 

	

Ptif.:dT 	PRCNT :.CT.,CT 

SIU2 	67.97 	F3.62-. 0.r' 	.0,Z 	'15.09 	16:C 
TI(`2 	.:2 
	 .1 

	

.61 . 0...^.^ 	co 	C.80 	7.C
5 
0 

7RO? 	-1. J.-4 	-0.21 	.1" 	Z. 	0..09 	0.7C 
AL203 	19.53 	17..:7 	{.1" 	OR 	' 19.42 	19.15 
rf?203 	 fl:..c^ 	C..J^ 	PL 	59.19 	55.37 
P1.203 	.23 : 	'.16. 	5.7" ' 	̀(G9) , 
	51.9-3 ` 	48'. 2. 3 

Ff{T 	.34: 	.27
..

' 01C^ 	(A"1) 	7.24 	7.14 . 

MNp. 	.i4- ( .15-) 	 LC 	9.0,, 	1.3 
F)I0 	-G.JG (.431. 	 NE 	0.03 	2 P 
MGO 	1.25 	1.75 	7.7" 	MP. . 	,..-0,̀  	4:J0 
CAO: 	2.53 	2.52 	'.yr 	HL . 	0.11. 	U'.cO 
SRO 	-4.20 	('.C.0y] 	 TH 	̂'.0n .: 	0..C3 
9e0 	-Ci. 	[ C. ; ] 
NA21 	5.'.7û 	11.39 	. 	 AC 	0.70 	C::.:: 
{20 	'3.24 	3:.8:8 	..^f' 	NS 	-_0.3::' 
P2.05 	ti. 63 	2.00" 	̂_.i^. 	KS 	0.00 	0:1i+ 
M20.....-.,S 	 Wn 	1.J3 	0..10 
H20- 	.C.. j0 	 OI 	4.27 	4.16 
-S03 	-O.u:i_ 	0.02 	C.ry!" 	(x0) 	2..d4- 	2.21 
S 	-0.39 ( 0.201 3.3" 	(FNl 	. 1.41' 	1.73 
CL 	-:...^.'" ( C.i...); 	7.0" 	(FS) 	.22 	..25 
F 	-C.JO ( 0.03) ". 	HP 	1.77 	1.c 
CO2 	-C.J-C 	0.20 	C.1^ 	(EN) 	1.59 	1.41' 

	

(FS) 	.18 	.22 
' TOTAL 	96.72 1G1.17 	 OL 	v..S. 	

`" 

-H2O 	56.72 	 (F0) 	0.13 	U.C,J 

	

(FA) 	0.4;0 	7.50 

	

CS 	0.03 	0.73 

	

MT 	.24 	.33` 

	

CM 	0.30 	p.01  

	

IL 	.23 	.C+ 

	

HM 	0.00 	0. G 

	

SP 	0.00 	u.:i 

	

PF 	1.30 	.0.0O 

	

' RV 	0:00 	O.GC 

	

. AP'. 	C..11. 	0.00 

	

FL 	0-.30 	0.30 

	

PY 	0.03 	0.01 

	

CC 	0.30., - J.,.O 

MOL P^T 

(NA+K)/AL 

(FE+MNI/(FE+MN+MG) 

NA20104A20+(20) 

FEO/(FS0+FE203) 

	

WT °CT 	.0.22 

WT PCT 86.75 -MCI, PC? 

	

WI PC' 	83.42- 'CAT. PCT 

02-A9-0R.9I.r.ô4sM 

07.19.23. A3 57:82 

42 51.36 13 35.39 

CZN5-v,P OIA,PAM 

WI POT OZ 55.64 NE 31.22 ,KP 

`j4nL PCT 	0t'7E.35. r:=.:1Tt9» 	KP ' 6.71. . 

AN-A6-0P OIAGRAM 

WT PCT AN 9.53 Aa 64.73 OR 

MOL PCT AN .9.2.2 A9 65.17 02 

A-F-M O.LAG^.AM 

AN/PL. HT orT -12.19 MOL POT 12.24 

FA/OL 

FM/MY 

JIfNO X 

WI PCT ALK 83:09 FE 5.30 

FE 3.77 

POT 

PCT 

ILK 77.26 

AIM WI 

-ATM NT 

11.62 

MG 18.16 

94.33: GRMATM PCT 

37.70 GRMITY.'PST 20.87'.. 

NT PCT 63.76 	MOL PCT 72.78 

WI 	53.65 PCT 

13..23 

25..59 ' 

13.C4 

-MOL 26.67.•  

SItIC: 	93.59 	91.50 
FÇmIO . 	6.32 	6.1.6 

TOTAL 	1C0.04 	96.72 
COCMBS BASALT. PLOT N_-4L-4Z:-1I(.=21,13). 

QZ= .76 NE° 4.85 OL= .C4.' 0L_ .29 



INN =III INN MINI NMI 
..
MIMI SIMI 1E11 .IIIIII OM I= NM MINI MN 1•11 111111 1111111 MINI NM 

, 

• ~ 

IOENTIF;"ATIOY FIELO READS.. 739194  POQ H8 QTZ HONZOVITE 
43 

SOCCIES INPUT 
WT . 

PRCNT_.. 

CALO 
CAT 

PRCNT 

r(45, 
rq/10 

MINFRAL' 'CAT 	WT 
PRnNT 	PRCNT 

S.IO2 	65.19 	63..92 	R.7" 	OZ.. 	15.57 	15.88 
TIO? 	.O2 	.01 	0.7" 	So 	0.10 	0.00 
2002 	-O.;J 	0.C3 	9.'r 	Z 	0.00 	1.00 
A1203 	15.73:: .18.41 	".0" 	OR 	10."7 	18.62 
CP203 	-C.,O 	C..: 	C.3" 	PL 	62.A1 	56..47 
FE203. 	.19 	.14' 	1.0" 	(AP) 	52.55 	46.89 
FEn 	.29. 	.23 	1.74 	(AN) 	10.15 	q.59 
M.vO 	.75 C.04] " 	 LC 	0.03 . 7.31 
NIO 	-C..;C C 1.C]] 	 NE 	0.0J 	0.40 
MGO 	.30 	.44 	7.7" 	KP 	0.39 	0.11 
SAO 	2.44 	2.55 	.G". 	HL 	1.31 	"C 
SRO 	-0.33 ( 0.001 	. 	TH' 	0.30. 	O.:.0 
9A0 	:.00 	(' 1.13] 
NA2O 	5.54 	15.53 	0.9.^' 	AC , 	1.01 	0.1' 
K70 	3.J5` 	3.91 	0.3" . 	NS 	C.CC 	C..0 
P2"' 	-C.OJ 	".CJ 	r.^," 	KS 	0.01 	C..O 
H22f 	-c..J 	 Wn 	C... 	C.00 
H20-. 	-C.10 	 ni 	2.13 	2.14 
S03 	-0.1u. 	C..C1 	9:^^ 	curl) 	1.06 	1.15 
S 	-0.03 ( 0.0:) 7.1" 	(EN). 	.75 	.54 
CL 	-C.v; ( L.05) G.:" 	(FS) 	.32 	.35 
F 	-:.40 ( C.O,:) 0.1" 	HY 	.18 	.17 

PCT 16.17 

FA/OL WT 'PST 	0.1] MOL PCT 	0.00 

ENM.Y WI PCT. 64.17 MOL. PCT 7.0.18 

OIFNOX WT or 	R..73 CAT. PCT. 37.29 

07-A'-OR CI1CR 9 

WT PCT 02 19.66 A3.51.03 O2 22.31 

M?L PCT, OZ 52.:5 Al 35.2r OR 12.75 

'07-NE-KP OIA;P:AM 

WT 'CT 07. 55.88 

MCL PCT' OZ 75.52 

NE 31.44 KP 12.58 

NE -17..97 	K0̀ '- 6.51 

AN-AG-OR OIAGRA`1 

.0O2 	-0.30 	6.50 	C. 	(EN) 	.13 	.11 	 WT PCT AN 12.85.A9 52.°3 OR: 24.13 

	

(FS) 	.46 	.96 
TOTAL 	92.91 1:5._07 	 OL 	C.00. 	d 

~j
v4^ 	 MOL PIT ANi12.40 63 64.3i OR 23.29 

-H20 	92.93 	 (F0). 	0.E0 	OruO 

	

(FA) 	0.01. " 	:1..10 	 A.-F-4 	OI'AG^AY• 

	

.. CS 	J.Od 	6.11 

	

HT 	21 	.28 	 W7 PCT ALK 91.77 'F_ 5'.02 '1; 3.21 

	

CM 	0.00 	0.07  

	

IL 	.03 	.04 	 MOL PCT :.LK 90..67 FE 3.79 MG 5.54 

	

HM 	C.02 	6.01 
• SP 	C.0" 	0.4; 	 (NA+K)./AL 	 ATM WT. P•".T 7878 	GRMAT`t 

	

PF 	0.01 	0.00 

	

RU 	C.00 	6.10 	 (FE•ti\)/(F_.MNtMG) ATM WT PCT 6R.27 GRMxTy PIT.  

	

AP 	9.01 	0.61 

	

FL - 	0.J0 	:.10 	 NA20/(NA20*K?O) 	WT PCT 64.49 	' MOL PCT 

	

PY 	0.00 	0.00 

	

CC 	.O.CC 	ô.JG 	 FE0/(FEO.FE203) . 	WT PCT 59.57 	MOL PIT 76.61... 

	

SALIC 	97.45 	90.37 

	

F?MIC 	2.55 	2.53 

p:r 77.93 

73.41 

.C'C.00 92.10 
r,nOm..S (AASALT PLOT, NE-0L-QZ-OI(=17.:85) 

.611 NE= 3.u" OL= .Ci  oI= 



I1ENTIFL.ATIO•N FIEtO c:EB0S.. .7'13M9'; POZ H3 OTZ F:O.N?ONITE 

IMO 	111.1 ~. 11.111 ..i Mill 1E11 MIN 

SPECIES INPUT 
WI 

PRCNT 

	

CALC 	rC'+0 

	

CAT 	~.oDnP 
PRCNT CtPrT 

MINERAL CAT 
PRCNT 

WT 
oRnyT. 

~ 

SI02 
Ti02 
?RC? 

67.35. 
.J1 

-f. 

64.57 
.11 

.i.. 

C.O,' 

C.. 
AL203 16.1J 18.21.' J.^.' 
CR203 -0.ù0 0.12 '.0^ 
FE203 .15 .12.  '.9^ 
F_0` 'i ..Sp ".. 
MNO .J3 C. 	.C21 
NIO -1.31 ( 	C.:01 
MGC .û5 .03 0.27 
A7 2.18 . 	2.24 [.Cr 

SRO -1.ùù C 	1.C37 
hIn -O.JC C 	C.037. 
4A2O . 5.r,: 10,4? 5..9r' 

e205 
K20  

-6.02 C.CC 1.3' 
H2O+ -C.30 
H20- -L..O 
S03  

1.110) ..1" 
CL -û..O ( 	L.CO) 1.1r 
F -0.03 ( 	1.00) 0.1^ 
CO2 -C.J^ C.2J ".:dr ' 

-TOTAL 94.96 1C1.00 
-H20 94.96 

07 17.85 
CO .00 
Z 1.0.".= 
OR 16.52 
PL 63.27 

(A9) 52.99 
(L!:) 11.23 
LC û.a3 
Nt: 9.03 
KP L.ü'? 
HL 	. 0.00. 
TH 	' ^.û0 

AC  
NS  
KS P.Cù 
'
^
d 0 0 . G C 
J I 1.J: 

(HO)  
(EN') C,Oq 
(FS) 0.0C 
HY 2.15 

(EN1 1.55 
(FS) .29 
CL 0.32 

(FO) 
(FA) O.J^ 

CS 3.30 
MT .17 
CM C.03 
IL .^1 
HM 0.00 
SP 0.0: 
PF 0.00 
RU rt,1 
AP 3.10 
FL 0..0J 
pY . 	C.O. 
Cr. O.OÇ 

AN/PL WT flCT 18.53 MCL PCT 17.73 

FA/OL W.T *CT 	0.:0 MOL PCT 	1.33 

EN/HY WI orT 53.99 MCL PCT 85.59• 

nIFVOx WI.PCT 81.94 CAT .PCT 86.43 

02-A9-C1R 9IA,RAM 	. 

WT PCT OZ 22.71 19 57.83 OR 19.47 

MCL PCT 0.2 56.54 A4 33.19- OR 17.47 

'u"7-NE-K.P OIA,RAM. 

WT PCT OZ 57.61 HE 31.33 KP 11.16 

PCT 0Z 76.75. NE 17.65 KP 5.60 ... 

AN-"•9-OR OI%.G?.".M 

1.62 	 HT PCT. AN 14.55 Al 62,90 OR 21,52' 
.33 
0.30 . 	 MOL PCT AN 14.C4 A.9 65.25 OR 23.70' 
0.00 	 . 	 . 
0.!'4 	 A-F-M DIAG?AN 
3.CC 
.23 	 WT PCT ALK 88.87 'FE 4.18 MG 6.36 
3.03~. 	

. 	 . 	 . 	 . 	. 	 . 	. 

.'.2 
0.0: 
0.31 	 (NA+K)/AL 	 ATM WT PCT 75.?6 GR:MATM PCT .75.37 
0.11 . 
0.31 	 (FErMN1/(FE+MN+MG1- ATP. WT PCT' 44.47 , GRMAT>C-P.CT ..25..87`, 
7.ù0 
0.90 NA20/(NA2O+K21) 	WT PCT 67.47. 	MOL PCT 75.92 
0.11 
0.10 	 FE0/(FEO+FE203) 	WT PCT 58.97 	MOL.PCT 76.16 ' 

18.63 
00 

e:13 
15.96 
55.20 
47.39 
1?.91 

C.9ù 
n,r 0 

O.C@ 
C..O 
0:3? 
O.JS 
9.C6 
1.95 

MOL 

MOL PCT ALK a°.41 FE 3..12 MG 11.57 

SALIC 97.57 92.76 
FEyIC 2.33 2.23 

TOTAL 110.00 94.96 
COOMOS`OASALT PLOT NE-OL-OZ-(7I(=20.111 

OZ= .95 NE= O4C6 OL- .'S OI=..3.37 



TOTAL . 100.40 	95.14 

~ 11110 	111111 INN BE ~ . Mill INN. ln Mn MM MI SNI MI 

IOENTTFICATION FIEL.O REAOE.. 719981 	PO° 49 gTZ rONZONITE 

SPECIES INPUT CAIC CC"P • MINEERAL 	CAT 
	

WT 
WT 
	

CAT 	ER11.7 
	

pRrr1T 
	

PRC"IT 
P?.CNT 
	

PRCN.T .CTPC' 

SI02 	67.40 	64.45 	0.3" 	Q7 	16.16 	16.90 
1IO2 	..11 	.C'9 	̂.7' 	Cn 	0.00 	C.90 
ZR02 	-C.12 	C.., 	'.7' 	Z 	0.70 	0.0C 
AL703 	15.58 	17.55 	0.0" 	00. 	19.27 	18.67 
CQ203 	-C..C5 	0.^1 	0.1r 	.PL 	61..05. 	55.14 

FE0 	2.3 	.18 	"r 	(AN) 	7.47 	7.23 
FE2C3. 1b' 	12. 	C.5' 	(13) 	53.58. 	43.91 

Mt1 O 	.33 	(. 	.023 	L C 	0.00 	0. . 9 
NIO 	-6.5: ( 0.:3I 	 NE 	0.00 	0..3 
MGn 	.55 	.93 	1.1' 	'(P . 	G.G0 	0.11 
CAO 	2.c-. 	2.09 	0.0' 	HL 	C.;O 	0.00 
S00 	-i,.C.1 C C.401 	 TH 	0.00 	0.00 
9A0 	-b.'b t 2.331 
N429 	5.78' 	10.72 	0.3' 	AC 	0.00` 	0.40 
K20 	3.15 	3.A5 	.J' 	NS 	'J..J; 	.C;^C 
P205 	-C. -.73 	C.00 	0.2' 	KS 	G.f,2 	L.::O 
H20+ 	-(.,,3 	 WO 	0.30 	0.30 
H20- 	-0._0: 	 CI 	2.33 	2.27 
S03 	-0-.08 	C.00 	C.00 	(4C) 	1.19 	.1.21. 
S 	-0.'0 	('C.QC) 	0.0" 	(E\,)- 	1.11 	.97 
CL 	-2.v'5 ( 0.1:0) .O.nr 	(FS) 	.09 	1] 
F 	-C.cJ ( G.J^) :.J' 	HY 	.8L 	.72 
CO2 	-0.20 	0.01 	C.3' 	CEN) 	.75 	.65 

	

(FS) 	.06 . .07 
TOTAL 95.1.4 105.00 	 OL 	0.00 	0.00 
-H2') 95.14 	 (FO) . 0.00 	u.:0 

	

(FA) 	0.00. 	0.:0 
CS 	G.01 	0.10 
HT 	.17 	.23 
CM 	0.03 	0.30 
IL 	.16 	.21 
HM 	0.0J 	. i,.L3 
SP 	0.30 	0.10 
PF . 4.00 0..0 
RU 	0.00.' 	i7.C3 
AP 	0.00 . 	0.65 
FL 	0.00 	0.00 
PY 	C.00 	C.:3 
CC 	4.00 	:G.,;C 

	

SALIC 	95.48 
	

91.71 

	

FEHIC 
	

3.52 
	

3.43  

AN/PL NT PCT. 12.98 MOL PCT 

FA/OL NT PCT 	4.61 .MOL PCT 
	

0.20 

EN/HX~. NT aCT 90.73 . , MOL PCT 92.53 

OIFNJX AT PCT .84.48 CAT . PCT 89.01 

nt-AB-O? CIAGeAM:` 

NT PCT OZ.20.00 49 57.90 .OR 22.10 

POT OZ 52.58 Al 34.69 

07-NE-KP OIAr:RAn 

NT PCT OZ 56.37 NE 31.35 K0 12.55 

" 	MOL PCT' 07:75L66 NE 	KP':6.>.4 

A"1-A3-OR JIAGPAH 

NT PCT AN 9.67 A9 65.37 OR 24.16 

MOL PCT AN 9.3C A9 65.71 OR 23.99 

A-F-M OIAG2AM 

NT PCT ALK 89;58 FE 3.91 MG 6.51 

MOL PCT ALK 86.18 FE 2.56 M;, 10.96 

(NA4K)/AL 	 ATM NT PCT 83.82 G4MAT4 PCT, $2.9.8 

(FErN.N)%(FErMN,+1G1.ATM WT PCT 44.47 GRmATM OCT .25.87 

NA20/(NA2OrK20) 	NT PCT. 64.55 	MOL 'POT 73.55 

F'EO/jFECrFE203) 	NT PCT 58.97:, 	MOL POT 76`.16 

- COOY.B.S 6ASALT PLQT,N~-OL-QZ-:0It=19.34): 

OZ= .86 .NE= 0.4C OL= ..C2 DI= 



NB ON 111111 MN 	111111 . 11111 MIN 111111 MIN MI NMI 11111 

I7ENTIFI"-A?ION FIELD REapS.. 73BM104 	POR HO QT2 MON.ZONITE 46 

	

CALC 
	rC•.o 	. MINERAL 	CAT 

	
HT 

	

CAT 
	

P9f NT 
	

PRC T 
PRCNT C 1P^.' 

SPE^IE$ INPU.T 
ut 

PuCNT 

5IO2 	67.90 	65.71 	1.7* 	OZ 	21.23 	21.°1 
1IO2 	.J2 	.'21 	r.'n 	CO 	.62 	.54 
7R02 	- 	1.93 	'.C' 	Z 	7.01 	O.UC 
AL203 	15.10 . 19.15 	'.1" 	OR 	19.41 	13.50 
C3203 .-C.30 	0.00 	C.^1 	PL 	57.41 	52.30 
FC233 	.15.. 	11 	C.]^ 	(.AP) 	46.51. 	41.89 
FEO 	22 	.1.9 	C." 	(AN-)- ..9J 	1^.4? 
'MO 	.73 t. ;2) 	 LC 	O.C. 	0..0 
NIO 	-C.30 C 0.11) 	 NE 	0.37 	O.OJ 
MC.O 	.JC 	.43 	0.0' 	KP 	0.13 	9.13 
CAO 	2.1J 	2.18 	r.l^ 	HL 	G.CO 	0..00 
SRO 	-0.37 t {•.001 	 Ti- 	0.00 	C.63 
BAO 	-C.00 t 9.20). 
HA2O 	4.95 	9.30 	C.)' 	Ar. 	0.00 	- 0.17 
K20 	3.14 	3.36 	'.C' 	.NS 	0.u0 . 	r.,0, . 

P735 	-4.00 	C.t1C 	1.3'. 	KS. 	C.ru 	L.u: 
ki.C• 	-C.L.": 	 NO 	1.10 	0.30 
H20- 	-. C. 1 9 	 0 I 	C, . 51 	G. u 
S03 	-r. 	'0 	9.3r 	(N0) 	C.?;; 	O.L.^. 
S 	--C.10 ( 0.13) T.Q^ 	(EN) 	0.00,.. 	1.." 
CL 	-C.JC ( C.n-_) C.1^- 	(FS) 	9.01 	J.ûS 
F 	-,;.30 ( J.00P G.7" 	HY 	1.13- 	1.05 
CO2 	-6.Ju 	C.CS 	r.0' 	(Eti) 	.87 	- .75 

	

(ES) 	.27 	.3,2 
TOTAL. 94.61 101.09 	 OL 	0.00 	0.11 
-H20 	94.01 	 (F0) 	O.C. 	G.C9 

	

(FA) 	0.71 : 	0.30 

	

CS 	0.91 	O.rO 

	

MT 	.16 ' 	.22. 

	

CM 	0.00 	0.00 

	

IL 	.03 	.:4 

	

HM 	0.00 	0.00 

	

SP 	O.J,; 	C.90 

	

PF 	C.CC 	0.00 

	

RU 	C.30 	u.:;C 

	

AP 	0.10 	0.90.,  

	

FL 	0.00 	0.00. 
• PY 	0.07 	0.00. 

	

CC 	0.93 	0.Cù 

AN/PL WI 9CT 19.-92 MOL PCT 18.99 

FA/nL HT °CT 	0.:1 MOL PCT', 3.00 

EN/HY. NT PCT î1.:5 MOL PCT' 76..43 

PIFNOX HTQC', 82.35 CAT PCT 37.15 

9Z-43-CR CIAG R.AM 

HT PCT OZ 20.63 AB 51.85 OR 22.53 

MOL ;CT Q7 51.8.9 A4 27.„3 0'R 11.23 

OZ-NE-KP.7.ASRAH 

ir PCT -O? 59.5. 	NE . 2.7.c7 	KP 12.35 	- 

MOL PCT QZ 78:.31 .Y=.15o3:3':. {P. 6r39 

AN-A9-OR Di+.GRAM 

NT POT AN 14.70 A3 39.11 OR 25'.19 . 

MOL PCT AN 14.19 A9 67.54 OR 25.27 

A-f-M' OiAGRAM 

WT PCT ALK 92.15. FE 4..22 MG 3.42 

MOL ?CT ALK 9!7.82 FE 3.21 MG 1  5.97 

(NA+K)/AL 	 ATM HT OCT 74.51 GRMATy POT 72.59 

(FEc+MN)/(FE+MN+MG) ATM NT PCT 62.31. GRmAT`; PCT. 41.38.-. 

NA20/(NA2O+K20) HT PCT 61,19 	HOL POT 70.55 

FEO/(Fc'0+FE203), 	HT PC,T 50.46 	MOL POT 76,.,53 

SALIC 	93.57 
	

93.30 
FEMIC. 	1.33 
	

1.31 

TOTAL .10.97 94.61  
.000MRS BASALT PLOT NE-OL-12'0I(=22.371 

02= 	.97 . NE- 0.6^ 	OL= 	.. C3 	C11= '0.90 • 



45.37 GP`(AT'1 

67.56 MOL PS T 

~ 111111 all 	111111 11111 MI IMO .NE 11111 NEI IMO 11111 	EN • 

I •̂E:vTIF 	fION FIFLO REArS.. 713193. 	'POR H0 OTZ MONZoNITG 

SPECIES Ir`PUT 	 CC'40 • MINERAL CAT 	UT 
NT 	CAT 	Fi^P 	 PR,̂NT 	PRCKT 
PRCNT PRCNT  

SI02 	67.63 	64.89 	0.C'' 	OZ 	19.53" 	19.32 
T202 	C( 	.01 	0.3" 	Cn. 	0.00 	2.LC 
ZR03 	-O..J 	C.Od 	.k.' 	Z 	0.03 	0.J0 
A4203 	15.75 	17.82 	7.)P 	OR 	16.7.9 	15.72 
CO203 	-6.02 	C.td 	C.0" 	

.PL. 	
.62.19 	57.13 

F5233 	c15 	.12 	:.D" . 	(091 	'51.56 	46. vs 
FF.O 	.23 	r18 	7._" 	(AN) 	10.e3- 	11.15 
`!N0 	.C4 t 	:031 . 	 LC 	0.C3' 	0.12 
NIO 	-C.J0 0 0.001 	 NE 	'0.03 	O.C,; 
MGO 	.65 	.93, n.nr. 	KP . 3:00 	0.62 
CAO 	2.18 	2.45 	0.)". 	' HL 	, 0.00 	0.00. 
SRO 	-C.03 I.O.00) 	 TH 	9.00- 	3.36 
9 A 	-0.30 	( 5.007 
NA20" 	5.54 ": 1;,.31 	C.1^ 	AC 	0.00- - 0:r0 
K20 	2.65"" 	3;26 	NS 	0:6S 	fl ,. 2 
P295 	-. :C. 	C.^. 	7.0r 	KS 	̂.00 	3. 
H20r 	-0.3) 	 )+O 	0.0_ 	3.00 
H20- 	-0..3 	 CI 	1.29 	1.24 
SO3 	-C..J 	i.:lC " P.1,' 	(;;C) 	.64 	.65 
S 	-C.7.- ( 0.309 ?.)" 	(EN) 	.55 	.48 
CL 	-C.06 ( 3.16) C.0^ 	(FS) 	.00 	.1C 
F 	-J.3.0 	( 2.00) 	C.0^ 	MY 	1.52 ' 	1.3A 
CO2 	-,r.,.0 	C.30 	̂.1r 	(EN) 	1.31 	1.14 

	

(FS) 	.21 	.24 
TOTAL 	95.32 :166.00 	 OL 	0.65 " 	6.00 
-H20 	95.32 	 (F0) 	C.00 	t'.CC 

	

(FA) 	r.cc 	̂ v2 

	

CS . 0.7C 	0.76 

	

MT 	.17 	.23 

	

CM 	0.03 	0. Cc 

	

IL 	.O1 	.72 

	

HM 	0.02 	0.00 

	

SP 	0.00 	0.20 

	

PF 	C.nO 	0.22 

	

RU 	. 	0.0,: 	0.:3 

	

AP 	.0.0i 	. i:.20 

	

FL 	C.03 	7.î•0 
• Dy : 	. 0.00 	0.00 

	

CC . 	0.07 . 0.00: 

	

SALIC 	97.30 
	

412.15 

	

FEMIC 	3.60 
	

2.117 

	

TOTAL . 100.01 
	

95.22  

AN/PL WI P,^,T 	17:94 .MOL. PCT 	. 

FA/Ol 	HT PCT -.. 0.00 	MOL PCT 	. 0:.30 

EN/HY HT °CT 	82.33 	."OL PCT 	85•. 94: 

+.)IFVOX nT PCT 81.90r CAT PCT 86.33 

9Z-A9-OR OIAGRAM 

NT. PCT 02 23.57 A8 57.24 OR 19.11. 

MOL PCT OZ 57.73 A3' 32.12 OR 17.15. 

CZ.-NEKP'7IAG?AM 

WI °CT 02 58.69 NE 31.61 

OZ 77.09 'NE 17.'41, KP< 5.50 

-AN-A8-0? IA,RAM 

1:T PCT AN 14.C7 89 64.35 OR 21.58 

MOL PCT AN 13.54 89 65.70 OR 23.75 

A-F-m DIAGRAM. 

WI PCT ALK 85.74 FE 4.22_ MG 7.03 

MOL PCT ALK 55.25 FE 3."5 MG 11.59 

(NAfK)/AL 	 ATM NT PCT 75.8^ 

(FErMN)/(F;tMN.'MG) ATM HT PCT 

NA20/ (NA 20fK23) 	. HT PCT 

FEO/(F-c-0+FE203). 	HT PCT Sb.07 	'MOL.P^T. 76.16'. 

000M8S•BAS"ALT PLOT'NE-OL-OZ-IÎ(=21.34): 

GRMATM P:T 76.15 

26.35 

75.99 



111111 	111111 	111111 1E11 NM 111111 INI1 11111 111111 UN 111E11 MIS 111111 1111111 11E1 

IDENTIFICATI.ON FIFLD REAn'S..• 733`+87 POR H9 OT'Z MON7.CVITE• 

SPECIES INPUT CALC ^C'+° 	MINERAi CAT 
NT 	CAT FR'00 	 PRCNT 

PP.CNT PRCNT CTDrT 

NT 
PRCNT 

S.IO2 	67,50 	64.36 	0.7" 	OZ 	17.13. 	̀ 17.96 
1IO2 	.7211 	0.3^ 	CO .- 	1.00 	. 0.10 
7R12 	 0.03 	n. i' Z 	:,.0c. . 	9.Lc 
AL 203 	16.15 	18.15 	̂" 	OR 	20.57 	19.5C 
CP2C3 	-;. .03 	0.73 	(.r^ 	PL 	60.20 	55.7i 
FE2.^.3 	..23 . 	.17 	 (A=) 	49.73. 	45.52 
FF0 	.34 	.27 	C.^.' 	(AN) 	11.47 	1:.17 
MNO 	.J3. [ .021 	 LC 	C..01 	C.u0 
NIo 	-0.07 [ 0.003 	 NE. 	5.05 	0.^C. 

mGO 	.40 	.57 	0..7^ 	KP 	0.03 	0.00 
CAC 	2.44 . 2.49 	C.)^ 	HL 	0.u3 	3.00 
SRC 	-C.JJ 	t C. 3o) 	 TH 	0.07 	..1"0 
9A0 	.30- t 071' 
NA 20 	5.33: 	9.95 	C.7" 	AS 	0.00 	0.00. 
K20 	3.35 	4.L1 	?.J' 	IS 	d.;10 	O."0 
P705 	-C.00 	(.C^. 	C.0^ 	.<S 	C.07. 	0.03 
42n. 	-0.32 	 .NO 	0.07 	O.i3O 
H2C- 	-0. -...i 	 DI 	1.59 	1.55 
S03 	-3.5, 	0. Ci: 	1..5" 	(WO) 	.81 	.. .91 
S 	-L.AO 	( 0.0 4) 	7.0" 	(EH) 	.59. 	.52 
CL 	-4.03 ( .L~) ".n." 	(FS) 	.21 	.24 
F 	-0.33 ( 0.0'3.) "..C. ". 	.HY . . .74 - 	.75 . 
CO2 	-0.77 	C.aG 	3.u" 	(EN) 	.55 	.48 

(FS) 	.19 . 	.22 
TOTAL 95.79 10:.00 	 OL 	0..00 	0.00 
-H20 	9.5.79 	. 	 (F0) . ..0.10 	.GG 

(FA) 	0.17. . 2, v C 

CS 	0.31 	O.i.^. 
MT 	.25 	.33 
CH 	0.00 	0.00 
IL 	.03 	.:4 
HI 	3.00 	0.00 
SP 	0.00 	0.03 
PF 	0.00 	ù.C.3 
RU 	0.0,1 	0-.1:5 
AP 	6.01 	7.00. 
FL 	0.03 	0.20 
• PY 	0.00 	0.00 

CC 	C.00 	.:u.O: . 

	

SALIC 	97.31 	93.16 

	

FEM.TC 	2.6.1 	2.E3' 

TOTAL  160.00 95.79  

AN/DL NT DOT 18.25 MOL PCT 17.43 

FA/0L NT _POT 
	

C.:O MOL PCT 	0.13 

EN/HY WI DOT 69..35' MOL PCT 74.12 

OIFNOX HT PCT 82.99' CAT P8T 85.92  

9Z-A9-OR OIAGR:.M 

WI PCT OZ 21.64 A9 54.45 OR 23.33 

MOL PCT CZ 55.09 43 31.99 , OR 12.11 

C7=NE740 DIs.GRAM. 

WT POT OZ 56.93 "JE 29.72 <P 13.35 

MOL PCT .0Z 75.34 NS 16'.86 <a 5.•SC. 

AN-AR-0R DIAGRAM 

WI PCT: AN 13.53 Al 67.54. OR 25.93 

MOL PCT AN 13.::5 Al 61.95 OR 25.:3 

A-F';i DIAGRAM 

WI POT ALK 39'.95 F- L 5.91 MG -4.15 ' 

MOL PCT ALK 85.33 F_ 4.48 MG 7'.19 

(NA+K)/AL 	. 	ATM WT PCT 75.75 SRMATY aOT.. 76.92 

(FE+MrJ)/(FE+MN+MG) ATM WT PCT 65.72. GR':ATM POT 44.75` 

NA20/(NA20+;(20) 	W? PCT 51.98 	MOL POT 71.25 

FEO/(FE0+Fc2O3) 	WT PCT. 59.65 	MOL PCT 76.57 

^0004SS BASALT PLCT NE-OL-OZ-17(=1.9.45)- 

07= 	.90 	NE=' 9.0,0, OL= 	.02, OI=' 



1E11 1111111 r NIN ININI NIN 111111 	1111111 INIII 111111 UNI ENI 11111 	Bal 111111 

ICENTIFICATION FIELD' READS.. 711M1.11 

65.00 63.31 
.31 ..01 
..+u C.uT 

1E.50 18.94 
-0..,0: 0.00 
.10. .37 
.15 .12 

5IO2 
T102 
ZR02 
4L,203 
Ca2C3 
FE203 
FEO 

	

SPECIES INP11T 	CALC 	rC"P ' . MINERAL 	OAT 	WT 
4IT 	CAT 	E

p
'
:
:° 	 PRCNT 	PRCNT 

	

PRCNT 	PRCNT r T11' 

	

 C.Cr 	07 	14.48 	14.17 

	

0.0" 	CO 	C.i,C 	1.00 

	

.), 	Z 	0.01 	0.00 

	

C.0" 	OR 	19.76 	18.79 

	

. P.Or 	PL 	63.82 	57.80 

	

 r.3' 	(89) 	52.69 	47.2Z 
1.3' ' 	(AN) 	11.13 	11.58 

Mr,0 	 C.C31 	 LC 	C.91 	0.13 
N70 	-0r23 	C G. 0.; 7 	 NE 	0.01 	4.u3 
MOO 	.35 	.51 	0.3r 	KP 	0.00 	:.bC 
CAO 	2.41. 	2.52 	(.7r 	HL 	0.3E " 0.00' 
SRO 	-C.8,0 ( C.6J7 	 TH 	0.00 	0.00 
9A0 	-6.)0 C O.C'97 
NA20 	.5.58. _11.54 7.3" 	AC 	G.00 	0.2ù 
K20, 	3.1d11 	3.95' 	20 

	

'." 	Nç. 	0.3ü' . 	7.(!C 
P2O5 	-C.•i9 	0.80 	0. 0' 	KS 	0.03 	7.61 
H20+ 	-C..YO 	 WO 	1.00 	0.00 . 
H20- 	-C.31 	 OI 	1.16 	1.10 
S03 	-Y.e1 	6.ad 	C.^r 	010) 	.58. 	.57.  
S 	-u.30 ( 5.0û1 0.3' 	(EN) 	.47 	.41 
CL 	-G.O;;. ( :.CC) "_.Tr 	(FS). 	.11 	.12 
F 	-C.JJ ( 0.01) '.0r 	HY 	.66 	.60 
CO2 	-J.33 	i..CC 	3.0' 	(EN) 	.54 	.47 

	

(FS) 	.12 	.13 
TOTAL 93.32 11C.00 	 OL 	0.00 	0.30 
-H20 • 93.32 	 (F01. 	0.03 	O.40 

	

(FA) 	0.1) 	C.'.^ 

	

CS 	4.00 	0...1 

	

MT 	.11 	.14 

	

CM 	0.00 	0.00 

	

IL 	.01 	.22 

	

HM 	0.00 	5.00 

	

SP 	0.0:' 	3.02 

	

Pr 	G.00 	0.00 

	

RU 	b.00 	0.00 

	

AP 	à.49 	0.10 

	

FL 	0.00. 	0.70 

	

oY 	0.70 	0.00 
CC 	0.00. 	0.i0  

MOL PCT 17.44 

MOL PCT 	3..30 

mCL; PCT- 82.14 

CAT PCT 36:93 

1Z-A8-OR OIAGRAM 

WT PCT 0Z 8.8.39 A9 58:34 -02 23.23 

. MOL PCT .gZ 49.99 A9 36.37 OQ 13.54. 

C7_KE-Kp'-OIAGPAM 

N7 pCT OZ 55.17 NE 31.63 KP 13.23 

OZ. 75.00 • Nt. 18.1:8 	Kp- 6.82 

AN-A?-OR OIACaAM 

WT'PCT AN 13.82 A9 61.5.5 OR 24.33 

MOL PCT AN 13.32 A8 53.04 OR 23-.64 

A-F-M nIAGRAM 

NT PCT ALK 93:59 FE 2.67' MG 3.74 

MOL PCT ALK 12.57 FE 2.61 MC 6.42 

(NA.K)/AL . 	. 	ATr, W7 PCT 77.63 GRMATM POT 76.49 

(FE*MN)/(FEcMNrMG) ATM KT PCT, $0.75' GRMATM POT 31.02. 

NA20/(NA20+K23) ' 	WT'pCT 63`.73 	MCL PCT 72.73 

FEO/(-FEO+FE203) 	NT PCT 611.10 - 	MOL P:T :76.93 

AN/PL WT PCT 18.31 

FA/OL WT PCT G.00 

EN/HY WT PrT , 77.66 

OIFND-x KT PCT ac:. 43 

•SALIC 
FE`+IC 

COOy9S BASALT PLOT NE--0L-02-0I(=16.30) 

02= .91 NE= 0.00 OL= .02 OI"= .07 

	

98,06 
	

91.46 

	

1.9+ 
	

1.86 

	

130.00 
	

93.32 



11111 	11111 NIN- 111111 INN 11•111 11111 1111111 SNI 	111111 ENI 8111 1111111 INN. SIS 

IOENTIFICATION FIELO REA^5.. 779HP4 	PD?, HO CTZ."0NZONITE 5 0 
SPEcIES INPUT 

uT 

PRCNT 

CC+^ ' MINERAL CAT 
er.; 10° 	 PRCNT 
CT^r.T 

CAL(' 
CAT 

PRCuT 

WT 
Pti^",T 

AN/r~L . WT PrT - . 12.68 	MOL PCT 12. 14 

FA/OL WT FCT 	0.82 MOL PCT' 0.33 

EN/HY-' WT °CT 83..12 	"OL KIT 86;.51 

OIFNJX WT PCT' 87.51 CAT PCT 96.33 . 

	

QZ-AB-0R OIAIRAM 	- 

~T ^CT OZ 30.'46 83 53.76 CiR 19.18 ' 

MOL PCT - QZ.65.59 AB 25.39 00. -9.33 

,C7-NF.-K°'71AG.Rsw 

WT. PC T 	OZ 51.69 Nq 27.5é 	KP 10.93 

MCL..PCT. .CZ -79.62 NE.18.C3 KP' 5.3.ï 

aN-A9-04.7IAGwAu 

WT PCT AN 9.53 83 65.66 OR 24.51 -. 

MOL PCT AN 9.17 A9 66.99 OZ 23.34 

A-F-M OI4GRAM, 

WT '?CT ALK13:63 FE' 2i34' yG 4.35 

MCL PCT ALK 91.37 F_ 1.73 MG 6.01 

(NA+K)/.AL. 	 ATM - W-T PCT 75.25 GRMATM PCT 74.59 

(FE+MN)/(FE+HN+MG) ATM WT PCT- 44:97 GRMATM ?OT 26,25 

NA20/(NA2C+K20) 	 WT OCT, 64.89 	MOL POT 73.75 

FE.O./fF°a+FE203:) • 	WT PCT 	66.1.^ . 	.rOL ?CT. 76.93 

StO2 	71.16 	67.38`. . 0.10" 	c I' 	24.(13 	26.31 
TI02 	.;;2, 	.G1' 	̂..;" 	CO 	1.82 	.1.63 
7T'.02- 	-u.^3 ~ 	C.ii 	.7.7' ~ 	Z. 	~ -,.0r 	.3.71 
AL:n3 	15.73 	17:54 	0.'•' 	• 	. OR. 	'17.17- 	• 16.78 
C:,203 	.-. 	11.'02 	'.b' 	PL 	5..83 	'5-0.ti7 
FC203 	.JB. 	.C(-, 	̂'.^.". 	(Ail) 	49.7.3 	44.42 
F.0 	.72 	.1) 	3.07 	(4()) 	6.6': 	6.45 
MNO 	- .0: C .021 	 LC 	0.J^. 	0.-i3O . 

Nd0 	-C..: 	t 0.67). 	 NE 	0.00 	0-.u2 
mG0 	.35 	.49 	I.0^ 	K° 	8.3J 	0. L:, 
CAO 	1.- 35 	1.32 	0.6' 	HL 	0.06 	9.00 
SRO 	-. 	-t 8.221 	- . 	TH ' 	0.00 	- C.'N 
BAO 	- .JC t 3.081 
Na29 	5.25 	9.65 . 	8.1' 	Ar, 	01.11' 	0.G.0 
K2O. 	2.9. 	2.43 	 . N.S. 	..G.JJ

.- 	
7.^; 

P205 	-ë., 	1;.0G 	0.)" 	KS 	0.1^ 	0.7. 
H2.^•+ 	-1.23 	 WO 	0.00 	C..0 
N20- 	-C. :3 	 - 	OI 	0.30 	3.00 
S03 	-Y..J 	0.03 	̂.J' , 	EWJ) . 	.30. 	L.t;r 
S 	-6.J0 	I 	'^) 	0.3" 	(EN) 	'9.J1 	9.01 
CL 	-i..OJ- ( C.60) .C.J^ 	IFS) 	0.60. 	3..80 
F 	-0.30 ( C.C;;) ".C. 	HY 	1.14' 	1.6.5 
'CO2 . 	-3.~4 	0.^). 	0.1, 	(EN) 	.99•- 	. .57 

	

(FS) 	.15 	.1? 
TOTAL 	96.79. 10'0.60 	 CL - 	6.0J 	- 	0.66 
• -N20 	96.79 	 (F0) 	J..31 	0.60 

	

(F4) 	G.12 	O.G2 

	

CS - 	0.0C 	0:03 

	

MT 	
09 	.12 

	

CM 	0.0. 	0.36 

	

Il 	.13 	74 

	

H" 	0.02 	0.00 

	

SP 	- 0..:0 	0.30 

	

Pr 	2.69 - 	O.CC 

	

RU 	0.00 . 	0.05 

	

A°-
. 	

G.C'.. . 0.10 

	

FL 	0.;113 	G. V.; 

	

PY 	7.30 	.00 

	

CC. 	'C.C.3 ' 	0.05 

• S•iL:C- 	- 98.74' 	15.59 

	

FEaIC 	•1.26 	1.20 

TOTAL 1CC.0J 96.79 
COOM35 BASALT- PL.CT NE-OL-QZ-nÎ(=25.07] 

QZ=- .99., NE= 7.^-0 CL= 	 0.09 



11111 ENI 11111 INN r NIN 11111 	11111 11111 OUI 11111 1E111 ININI 11111 111111 11111 

~ • 

IOENTIFISATION FIELD READS.. 71BM86 
	

POR HD 017 NON70NITE 	 51 

	

SPECIES INPUT CALC CC-+P 
	MINF.4AL !;AT 
	

WT. 
WT 'CAT cqlnn 	 PRCNT. PRCNT 

PWCNT PRCNT. CTnCT 

SIC2 	69.10 	65.56 	7.8n 	hZ 	19.79 	2.74 
TIOZ 	.71 	.01 	̂.1r 	CO 	0.*J7 	0.00 
ZRO2 	-O.CJ 	0.07 	1.77 	Z 	C.00 	6.00 
AL203 	15.70 	17.65 	r.nr 	O?, 	18.39 	17.35 
CR203 	.-C..) 	0.1'J 	ù.G1 	PL 	5C.67: 	55.93 
FE203 	.11 	.u8 	.r.01 	(kg): 	51.26 	46.53 
FEO 	.16 	.13 	1.07 	CAN) 	9.33 	. 9:05 
WHO 	.]I• ( .G11 	 LC 	̂.C8'. 	C.60 
NIO 	-C.JO C C.CJO] 	 NE 	0.00 	0.n0 
MOO 	..31 	.44 	c.nr 	lo) 	0.00' 	7.:G 
CAD 	1.94 	1..dd 	G... 	HL. 	O.C3 	0.10 
SRO 	-4.1: [ 0.007 	 TH 	0-.00 	0.63 
91n 	-t.)C C 0.001 . 	. 	 ~ 
N120 	5.54, .. 1E.25 	0.07 	AC 	.0.01 	0.0J 
.K20. . 	3,,G2- .. 3..5.8.. _ n,Or , 	NS 7 	0.00 	0'.00 
P205 	-J.uJ 	C..00 	̂.J' 	KS 	0.00 	0..=0 
H2O+ 	-u.J° 	. 	 WO 	i..i^ 	0.01 
H20- ' -G.JC 	 OI 	.36 	.J6 
SOT 	-C.30 	11.00. 	̂.]r 	(WO1. 	'.03 	.03 
S 	-C.O...; 	('G'..G]) 	O.A' 	(EN). 	•.C:3 	.62' 
CL 	-1.6C ( 0.0J) L.Jr 	. tFSY . 	.01• 	.01 
•F• 	-0.00 ( C.OJ) 0.07 	HY 	1.03 	.95 
CO2 	-O.JC 	G.00 	C.07 	(EN). 	.86 	.75 

CFS>' 	.17 	.20 
TOTAL 	95.7.3 . 101.03 	 OL 	0.0^ 	).:00 
-H20 	95.70 	. 	 (FO) 	0.09 	0:00 

(FA1 	0.07 	0.00 
CS 	C.GO 	0.03 
MT 	.12 	.16 
CM 	̂.00 	•0.01 
IL 	.01 	.02 

	

. 	. 	 HM 	. 04iLi 	 0.30 
SP 	0.00 	0.00 
PF 	0.00 	0.00 
RU 	0.90 	0.00 
AP 	0.00 . 0.50. 
FL 	8.20 • 0.60. 
PY 	0.00 	G.00 
CC' , 	. 0.00 	0.0.1 

SALIC 	98.78 • 9+.51 
F_M1C 	1.22 	1.19 

TOTAL 100.00 . 95.70 

AN/PL WT PCT 16..18 MOL PCT 

FA/OL W:T PCT 0.01 HJL 

EN/HY WT PCT 79.02 MOL POT 

OIFXDX WT PCT .55.1.5 CAT PCT 

OZ-AA-.OR DIAGRAM 

WT PCC OZ 24.26 A9 5..85 OR 20.58 

MOL PCT 	Q7.' 5F.59 	AD.'3C:c.: 	OR 10.93 

OZ_p;E-Kp OIAGRAM 

WT ;CT 02 56.42 N= 29.72 NP 11.37 

MOL PCT. OZ 77.39 NE 16.65 KP 5.97. 

AN-AB-OR 7IAGR1H 

WT PC,T AN 12.27 A9 63.54 OR 2..19' 

MOL PCT .AN 11.81 AO 64.91 OR 23.28 

4_F-•, CI'AG°.AM 

NT PCT ALK 4~3.65 . FE 2.95 `1G 3.39 

NOL PCT ALK 91.97 FE 2.21 M; 5.82 

(NA+K)/AL 	 ATM WT PCT 79.63 GRMATM PCT 75.57 

(FE+HN)/(FE+MN+MG)ATM WT PCT 52.79 G?MATM PCT 32.75.. 

NA20/(>)A?.0+K2O) 	WT PCT .64.72 	MOL PCT 73.60 

FE0/(FEO+FE203) 	WT PCT 59.26 	MOL 'PCT 76.3a 

CCIOMBS BASALT PLOT..NE-.OL-7Z-^I(=20.89)-. 

PCT  

15.40 

53.19' 

99.45." 
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IDENTIFI;ATION FIELD REA9'S.. 713M92 

• • SP[C,I!:S I'~•i~~JT 
	

CA1C 
t+ T 
	

CAT. 

	

PRCNT 
	

PPCNT 

SIO? 	7.4..10 	64.90 	Q.^^ 	07. 	17.77 	19.22 
1IO2 	.31 	.:1 - 2.1" 	Cr) 	4.01 	0.00 
7RU2 	-0.01 	0.C3 	1.1". 	Z 	0.0:I 	U.:0 
aL:03. 16.33 	17.7.6 	1.1' 	OR . 	18.16 	11.20 
CO3P2 	-C.IJ 	O.b:, 	..1". 	PL 	61.08 	58.22 
FE2J3 	16 	.13 	1.7' 	(a:0 	51.57. 	48.65 
FE^. 	.2; 	.23 	0.1" 	(.YN). 	9.55 	9.57 
MNJ 	~ .13 [ 	02] 	 LC. 	0.00 ' . J."S 
NIO 	. 	-4. J1 	C ta..i.".] 	 NE 	O.J:) 	3.1.2 
MOO 	.65 	.°J 	3.1^ 	KP 	0.02' 	0.33 
CAO. 	2.25 	2.26 	:.i^ 	HL 	0.11 	0..1' 
SRO 	-O.CG .( C.00I. 	 TH. 	0.00 	0.07 
9an 	-C.C) C 1.011. 
NA20 	5.75 	1,1 ..30 	C.;" 	AC 	0.1:. 	1.:1 
r,203.C3 	3.6.3.: r.9^.. 

	NS' ' 	G. 	0.50 
02"5

.. 	

-3.3J 	,,.Gù 	0.1" 	. KS . 	C.10. 	0.10 
H2O+ 	- ,,_ 	 WO 	1.,.:1 	1.11 
H20- 	-0.uC OI 	1.39; 	1.3.9 
S03 	-C.•,^ 	G.GO 	

0•0r 	(k0) 	
.70 	.73 

S 	-C..l, ( 0.,,.1) 1.1" 	(EN) 	.59 	.54 
CL . 	-G.sJ 	( "..•)0) 	:.;^ 	(FS) 	.1G 	.12 
F 	-O.JG ( 0.1C) 1.1" 	HY 	1.41 	1.33 
CO2 	-0.7C 	G.CO 	1.1r 	.(AN) 	1.20 	1.08 

(Fs) 	.21 	.25 
TOTAL 98.54 1u2.11 	 CL 	...G3. 	O..0 
-H20 	58.54 	 . 	(FO) 	5.05 	̂.C, 

(FA)_ 	0.3C 	5.25 

	

CS 	0.00 	J.0C 

	

MT 	.19 	.26 

	

C`+ 	C.00 	0.0C 

	

IL 	.01 	.G2 

	

Hr 	0.00 	O.:C 

	

SP 	'1..2.0 	2.'v0 

	

PF 	C.70 	0.00 

	

RU 	6.00 	0.00 

	

AP 	0.03 ' 0.61 

	

FL 	0.03 	0.0C 

	

PY 	C.:C 	3.3C 

	

CC 	0.00 	0.00 

	

SALIC 	07.33 	95.65 

	

FEMIC 	. 3..0 	2.99' 

	

TOTAL 	1CG..00 	98.64  

WT POT 
	

0.'31 MOL PCT 	0.30 

EN/HY 	 51.46 	UL PCT  WI PCT 

DIFY3x WI PCT ' 86.C4 CAT PCT 37.45 

0Z-19-OR DIA52-M 

WI PCT QZ 22.33 G9 56.52 OR 21.14 

MOL PCT Q7.56.3» Al 32.51 02 11.46 

07-(:E-KP OIA.RAM 

wT PCT OZ 57.35 NE 30.02 KP 12.02 

MOL PCT OZ 76.61 NE 17.30 ;(° 6:10 

AN-i.2-02 OIAGRAM 

WT °CT AN 12.52 Al 53.55. OR 23..91 

MOL PCT AN 12.15 A9 65.G3 OR 22.92 

A-F-M OIAG~AM 

WT PCT ALK 69,61 FE 4.44: MG 6.55 

	

MOL PCT ALK 85.74 FE .3.24 MG 11.72 	• 

(NA+K)/AL 	 ATM WT PCT, 79.29. GRmaTM PCT 78.48 

(FE+MN)/(FE+MN+MG),ATM WT PCT -47.2:6 GRM,A,TM P,IT 28.35. 

NA2O/(NA20+K20) WT °CT 65.12 	MOL POT 73.94 

FEO/(FE0+Ff203') 	. 	WT PCT .59.09 	POT. 76.25 

COOMBS' 3ASALT PLOT NE-01-02-011.72.2.56) 

02= .9^ NE= 3.00 0L= .0.3 DI=' .07 

F.;/nL 

. MINFP,AL 	CAT 	wT 
PZCNT 	PRCNT• • 52 



53 

AN/pL. WT PCT 16.13 MOL 

FA/OL NI PCI 	3.53 MOL 

EN/HY NT 0CT 76.69 MCL 

OIF\OX NT Pr:T 81.56 CAT 

PCT 15.14 

PCT 0.30 

PCT B1,11 

PCT 87.72 

OZ-AB-OR-  DIAGRAM 

NT PCT OZ 20.28 03 55.81 04-2391 

MOL PCT 07 53.04 03 31.45 OR 3353.  

DIAGRAM 

NT. PCT 07 56.18 NE 32.24 K2 13,59 

MCL PT n7 75.79 NE 17,25 <0' ',6,95 

AN,fA3-01 DIAGRAM 

WT PCT AN 11.35 49 51.70 OR 25.41 

mOL PCT AN .11.43 AB 61.11 OR 25,46 

i-f-m CIAGlAm 

4/T PCT ILK 41.85 FE 3.92 MG .4.23 

MOL PCT ALK 49.74 FE 2.95 MG 7.31 

(NA+K)VAL 	 ATm NI PCT. 81.37  GRmATm PCT. 79.48. 

CFE*MNWF.EfMN+MG) ATM WT PCI 	5.16 :GRMAT:,(POT,  35.09 

NA20/(NA201-X20) 	 PCT 51.93 	MOL. n'T 71.25 

FEO/(f5O+FE203). 	 PCT 59.46 	MOL P'JT .76.51,  

• 

MIS 111111 NIB En EN 	 11111 NEI NM 	 NM 11111 	 11111 11111 	4111111 MINI SIMI MINI MIS 111111 

IDENTIFICATION 

SPECIES 	INPUT 
NT 

PRCNT 

SIO2 	65.7 
TIO? 	.?2 
ZR0,1 	-0.10 
AL213 	15.63 
CR203 	-C..0 
FE203 	.15 
FE0 	.22. 

NIO 	-0.10 
460 	.41 
CAD 	2.,... 
SRO 	-0.21 
RAO 	-C.63 

FIELO 	REAr)S.. 	714M133 

CALC 	".Cm,' 	MINERAL 
CAT 	EUn0  

	

PPCNT 	CT,CT- 	'. 

	

64.22 	0.1" 	QZ 

	

.01 	C.3" 	CO 

	

0.01 	1.0" 	Z 

	

18. Cl 	1. J" 	OR 

	

L.J1 	".0" 	PL 

	

.11 	1.1 	(An) 

	

.1d 	C.C.' 	(AN) 

.12) 	 LC 
[ 	U.[0) 	 NE 

	

.5a 	1.17 	KP 

	

2.55 	C.0" 	HL 
C 	0.00) 	 TH 
C 	C.C.J1 

NA20 5.38 16.21 1.1" AC.. 
K2.1 3.3: 4.11 C.'" NS 
P2'S -3.,C 0.1) ".3" KS 
420+ -J..: NO 
1120- -0.:;0 DI 
SOT -0.01 0.00 1.0" (NO) 
S -6.Cu ( 	3.31) C.0" (EN) 
CL -C..: ( 	(.01) ..1  (FS) 
F -0.20 ( 	0.04) 3.0" HY 
CO2 -0.30 0.00 0.0" (EN) 

(FS) 
TOTAL 93.27 0.2.33 OL 
-H2O 93.27 (FO) 

(FA) 
CS 
MT 
CM 
IL 
H4 
SP 

POR HO CTZ 	NZONITE.. 

CAT 	WC 
PRCNT 	PRCNT 

PF 
 

	

16.17 	16.54 

	

0.05 	3.10 

	

0.01 	8.10 

	

23.57 	19.90 

	

6C.22 	54.2d 

	

50.93 	45.5? 

	

9.24 	4.75 

	

1.03 	3.50 

	

D.:1 	0.J1 

	

0.:0 	1.13 

	

0.15 	J..0 

	

0.00 	u..0 

	

0.31 	0.01 

	

G.00 	0.50 

	

0.30 	J. 1J 

	

3.0' 	0.00 

	

2.33 	2.64 

	

1.42 	1.4C 

	

1.15 	.98 

	

.27 	.30 

	

.02 	.02.  

	

.02 	.01 

	

.0) 	0,0 

	

J...0 	J.61 

	

1.00 	1.3C 

	

0.0J 	.0 33 

	

0.C1 	C.:J 

	

.17 	.22 

	

0.0: 	0.00 

	

.03 	.C4 

	

0.03 	0.:1 

	

C.00 	0.61 

	

0.00 	0.23 
RU 	0.00 	0.00 

	

AP• 0.00 	3.00 
FL 	3.33 	0.23 
oy 	0.02 	0.00 
CC 	0.00 	0.60 

SALIC 	96.95 	93.32 
FEmIC 	3.05 	2.55 

TOTAL 	100.0C 	93.27 	
coa4ss BASALT PLOT:NE!.0L-1470I1=19.02)' • 	

mt. 

. C1Z;': 	.85 	NE.n• 	 .CC 	DI= 
	 Q 

hiI\ 



MI.NCRAL 	CAT 
PRCNT 

wT 

PCCNT 

O.JO` 

OL PtT . 95.35 

CAT P:IT (34.91 

MOL PCT 

Ki' 13.31 N_ 2A..55 

'  OZ-An-OR 'IIAG99M 	: 	.  

NT PCT 07 23.39 A3 49.22 .^.4 22.9) 

MOL PCT OZ 61.45 An 25.39` OR 11.17. 

C7-NF-KP DI'A'.RAM' 

IOF)1TIFI2ATION FIELD I EAf 5..'713:11,10 
	

PC'Q H9 nTZ MONZOroIT:1 

So4CI=S INPUT CALC 
wT 
	

CAT 
PRCNT 
	

0(191. 

5IO2 	67..) . 65.44 . r.)" 	R3 	21.+39 	22.54 
TI.02 	.11 . ' .C1 C.':" 	CO 	1.11  
7.107 	-2.10 	O.CJ 	..3" 	Z 	C.00 	0.00 
AL;"13 	16.J5 	11.37 	.n,1' 	.O? 	19.2ci 	11.31 
C1.''0I 	-J.J:r 	O...O 	̂.n" 	PL 	55.47 	51.46 
Fr'03 	.15 	11 	r.J" 	(AR) 	43.77 	33.35 
FEU 	.22 	.19 	,^.J" 	(GPI) 	11.6,r. 	11.11 
MNU 	..) 3 	(, 	.32) 	~ 	~ 	~ 	CC - 	. . 	0.00 	;,.00 	. 
NIO 	-C.J) ( 3.101 	 NE 	;;.0? 	0.6' 
4GC 	.55 	.n4 	C.1" 	KP 	0.10 	u..3 
CAc 	2.2+ 	2.33 	C."" 	HL 	0.0L' 	0.0.0 
SRO 	-C.:•J 	(. 3.03) 	 TH 	0.30 	0.00 
9An 	-0.J: ( l.L)) 
hA29 	1..b5 	8.75 	e.3C 	AC 	0.3J '. 	- .°. 0. 7 
<30` 	3.11 	3.35: ' (.a' 	NS 	G.C" 	0.^C 
P205 	-L..): 	0.03 	..J" 	KS 	0.33 	0.".0 
H20• 	-1.50 	 WO 	0.13 	0.31 
H20- 	-^.JJ 	 DI 	0.33 	2.C3 
S03 	 .C" 0.0" ' (>7O) 	C.02 	C.:^ 
S 	-0.00 (. O.CJ)' ^.'?' 	(=`i) 	0.10 	0.50 
CL 	-C.:S ( 0.00) C.3" 	(FS) 	0.00 	0.30 
F 	-C.JG ( C.ù:i) 0.3" 	4Y 	2.15 	1.94 
CO2 	-•..i' 	S.:; 	p.0 	(°N) 	1.89 	1.62 

(FS) 	.29 	.32 
TOTAL 34.5.1 10C.00 	 OL 	0.52 	0.20 
-H20 94.51 	 (FO) • 0.û0 	0.J0 

(FA) 	0. 	J.., 
Cs 	 0.10 	1.o0 
MT 	.16 	.22 
Cr.' 	0.52 	0.oü 
IL 	.c1 	.J2 
N't 	0.3"  
SP 	0.0Z 	0.3d 
PF 	0.00 	Q.JC 
RU 	0.00 	0.07 
AP 	0.00 	0.00 
FL 	3.11 	C..".'J 

	

' PY 	0.00 	J..C .. 

	

CC 	4.00 	0.G0 

SALIC 	9'.66 	92.34 
F-=HIC 	2.-34 	2.17  

AN/PL wT PrT 22.22' HOi PC7  

FA/OL NT PCT 	C.C^ 

FN/HY HT PO.T  

nTFNJx 'di 001 84.76 

wT PCT O2 0)C.43 

MOL PCT 07 78.19 N_ 14.-y5' KP' 6.40 

AN-An-Oz. DIAr,Pti:Y ' 

NT PCT AN 16.14 83 57.16 OR 25.70 

MO). PCT AN 15.50 A3 59.61 OR 25.79 

A-F-M DIAG?4K 

wT PCT ALK 89.'78 F_ 4.21 4G 7.40 

MOL PCT ALK 84.3L F= 3.12 4G 12.91 

(NA+K)/AL 	 ATM WT PCT 71.22 GRMATM PIT 66.63. 

(F0+4N).F(FG+riN+40Ÿ ATM NT PCT, 43.28 GR`(ATM PoT 24.96 ,. 

NA2O/(NA20+Y,20) 	NT PCT 59.92 	MOL POT 69.44 

F40✓(FE0+Fz203) 	wT 0CT 59;46 	MOL POT 76.53 

TOTAL' 100.03 94.51  
C00M'BS BASALT PLOT NE-OL-:.7-II(=24.C4) 

.96 	N£=_ 4.^t.` OL= 	.04 	02= 0.30 


