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CHAPTER I 

INTRODUCTION 

Igneous rocks found in the Wichita Mountains (located in south

western Oklahoma) represent the exposed portion of an uplifted massif 

of Cambrian mafic and silicic rocks. Rocks of the province are not 

confined to this uplifted block, but are also known to underlie the 

.Marietta basin, the Ardmore basin, and the southern part of the Anadarko 

basin. 

The single most comprehensive work on these rocks is that of Ham, 

Denison, and Merritt (1964). These workers have divided the igneous 

rocks of the Wichita province into four groups, as follows: 

Wichita Granite Group 

Carlton Rhyolite Group 

Navajoe Mountain Basalt-Spilite Group 

Raggedy Mountain Gabbro Group 

Hunter (1967) showed that the Raggedy Mountain Gabbro Group (RMGG) 

could be divided into the layered series and a so-called intrusive 

group. Powell et al. (1979) in a new modified classification introduced 

two subdivisions for the RMGG: 

(2) Roosevelt Gabbro. 

(1) Glen Mountain Layered complex, and 

Rocks of the layered complex are generally feldspathic, ranging 

from gabbroic and troctolitic anorthosites to nearly pure anorthosites; 

they exhibit igneous lamination, and rhythmic to cryptic variation. 
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These rocks are igneous cumulates formed in a linear, northwest

southeast trending stratiform intrusive body. Geophysical and subsurface 

studies indicate that this body is up to 2.5 mi (4 km) thick and 

occupies an area of at least 2500 square miles (Ham et al., 1964; 

Pruatt, 1975). This layered gabbroic intrusion was emplaced within a 

thick sequence of immature elastic sediments, the Tillman Metasediments, 

which were later metamorphosed during the intrusion of Wichita granites. 

With the exception of a few xenoliths found within the gabbros and 

granites, these metasediments are known only from the subsurface. 

The present work was undertaken to determine majorandtrace elements 

variation in the Raggedy Mountain Gabbro Group. 

Location of the Study Area 

The study area covers the eastern, central, and western part of 

Raggedy Mountain Gabbro Group which is mainly located in the Cooperton, 

Glen Mountains, and Roosevelt quadrangles in Kiowa and Comanche counties. 

These quadrangles constitute the Wichita Mountains Province. Some minor 

outcrops, which crop out in Quanah Quadrangle in sections 23, 22, 21, 16 

T.J.N. R.14.W., are not shown on the geologic maps (Plates 1-J). General 

location of the study area is shown in Figure 1. 
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Figure 2. Zones M and L View Northeast from Middle 

of South Boundary of Section 15 T.4.N., 
R.17.w., Kiowa County 
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CHAPTER II 

PREVIOUS WORK 

The Wichita Mountains Province, located in southwestern Oklahoma, 

has been subject of scientific studies from the mid-nineteenth century 

to the present. 

The igneous rocks of the area were first studied by Shumard, a 

member of the Marcy Expedition which traveled through the area in 1852. 

Comstock and Cummins (1889), Hill (1891), Vaughn (1899), and A. C. 

Spencer (1899) noted the presence of gabbroic rocks. H. Foster Bain 

(1900) suggested that name "Raggedy Mountain Gabbro Group" for gabbroic 

rocks in the district. 

Taff (190~) studied the area while preparing a geologic map of the 

Arbuckle and Wichita Mountains. He identified four igneous rock units: 

gabbro with related anorthosite, granite with related aplites, granite 

porphyry with associated a porhyolite1 , and diabase dikes. His inter-

pretation of the structure of the Wichita Mountains is still in use. 

Taylor (1911, 1915), reporting some features of rocks in Wichita 

Mountains, referred to the "schistose" nature of the gabbro but misin-

terpreted the feature as being due to metamorphism. Hoffman (1930), how-

ever, concluded that the parallel orientation was due to the crystal set-

tling at the time of crystalization and were not caused by metamorphism. 

1An old rhyolite in which the once glassy groundmass has devi
trified (Glossary of Geology Am. Geol. Ins., 1972). 

5 



Chase (1950), understanding the layered nature of the basic rocks, 

prepared a detailed map of Raggedy Mountain, but his petrologic units 

were based on the percentage of mafic minerals present. He recognized 

the following rock types: anorthosite, diallage gabbro, diallage 

olivine gabbro, and olivine gabbro (Troctolite). 

Haung and Merritt (1952, 1954) and Haung (1954) studied the 

petrology and mineralogy of troctolites in the province and concluded 

that: 

••• the presence of spinel in troctolite and sillimanite in 
anorthosite indicated assimillation of aluminous material, 
and that the basic magmas had intrusion temperatures greater 
than 1100°c as evidenced by the occurrence of diopsidic 
lamellae in hypersthene (Haung and Merritt, 195~, p. 5~9). 

Hamilton (1956) identified the stratiform nature of Wichita 

Mountain complex; he indicated that gabbroic rocks were over lain by 

granite. 

Gilbert (1960) studied the geology of western part of Wichita 

Mountains, recognizing three stratigraphic zones: olivine gabbro, 

anorthosite gabbro, and troctolite. He prepared a geologic map more 

detailed than that of Chase (1950). There were, however, no distin-

guishable boundaries between his units, as each unit could be traced 

in the other units. 

Hiss (1960, 1966) studied the textural relations of the ferro-

magnesian minerals; as a result of his study, four distinguishable 

zones were recognized: (1) troctolite, (2) olivine gabbro, (J) gabbro, 

and (4) biotite-olivine gabbro. His work showed that the composition 

of olivine is uniform throughout the cumulative rocks, but that ortho-

pyroxene showed a greater chemical variation. He also noted that: 
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••• orthopyroxene symplectites and coronas with magnetite 
intergrowth were found in over 85 percent of the troctolites 
and that they represent the crystallization of the last 
interprecipitate and not due to thermal metamorphism as has 
been previously stated (p. J6). 

Johnson's (1960) mineralogical study of altered rocks indicated 

that at least two alteration processes have contributed to the decom-

position of basic igneous rocks. He considered that most of the 

alteration is due to weathering rather than to hydrothermal fluids; 

hydrothermal activity had played a secondary role. 

Rotan (1960) indicated that plagioclase in most zones has a planar 

orientation parallel to the (101) face. He concluded that crystal 

settling occurred parallel to the direction of movement, and therefore, 

that gravitional settling inadequately explained the origin of the 

7 

gabbroic rocks. Spencer (1961) designated Gilbert's stratigraphic units 

as K, L, and M (lower stratigraphic zone to higher, respectively) and an 

undefined stratigraphic zone G. The main purpose of this change was to 

avoid confusion with Gilbert's ill-defined zones. Spencer's zones car-

relate with those of Gilbert as follows: 

Gilbert (1960) Spencer (1961) 

Olivine Gab bro Zone Zone "M" 

Anorthositic Gabbro Zone Zone "L" 

Troctolite Zone Zone "K" 

No Correlative Zone "G II 

Spencer's terminology has been used in all subsequent work on the 

Wichita Mountains. 

Karn's (1961) textural work resulted in the recognition of two 

types of ophitic textures in the layered complex: "ophitic texture 

resulting from simultaneous crystallization of plagioclase and pyroxene, 



and ophitic texture resulting from crystallization of an interstital 

liquid around already crystallized plagioclase11 (p. 40). 

Frech (1962) studied the basic rocks of Roosevelt and Cold Spring 

area. His studies confirmed that the Wichita Mountain gabbros had 

characteristics similar to those of other layered ser1es known to have 

developed by gravity differentiation. His studies validated the zonal 

nature of the body established by Gilbert (1960) and Spencer (1961). 

Hunter (1960, 1962, 1967, 1970) summarized and reclassified the 

works of Gilbert (1960) and Spencer (1961); he divided the Raggedy 

~~Mountain Gabbro µroup into two groups: (1) the layered series and (2) 

1ntrusive group. This classification was a useful basis for later 

studies. 

As a possible origin of the layered serie~ Scofield (1975) 

referred that: 

The anomalous position of highly calic plagioclase near the 
top of the intrusion, inferred from field relation, coupled 
with possible reverse cryptic layering suggests a separation 
of anorthosite by flotation or rafting of plagioclase (p. 732). 

But the idea of plagioclase floatation and "reverse" cryptic layering 

was rejected by David Phelps (1975). He considered that crystal 

settling from a differentiating basaltic magma explained the lithologic 

variations of the Raggedy Mountain Gabbro Group. 

Powell et al. (1979) recently reviewed and modified the litho-

stratigraphic classification of the exposed igneous rocks, providing 

overview of the past works. The new modified classification is given 

in Table I. 
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TABLE I 

LITHOSTRATIGRAPHIC CLASSIFICATION OF BASEMENT ROCKS OF THE 
WICHITA PROVINCE, OKLAHOMA 

Aqe, •·Y· 
SOS!;l0*7 

1 

SOS-511!;10* 

515-535'!;30* 

500-120• 
l300-l500t 

Group 

Wichita 
Granite 

Group 

Formation 

COld Sprinq• 
areccia1 

Quanah Grani ta 
Lugert Granite 
Reformatory Granite 
Headquarter• Granite 
Haunt Scott Granite 

~rlton .Rhyolite . 
Group 

Navajoe Mountain 
B«aalt-Spilita 

Group 

ltaggedy 
MountaiD 

Gab.bro 
Group · 

'1'111.lllan 
Metaaodi.tMtntary 

~up 

Otter creelc 
Kicrodiori ta I 

Glen 
Mount.aina 

Layered 
COl!lplexl 

Heer a 
Qu.utsita 

Glen Creek 
Ga.bbroj 

Sandy Creelc 
G.tlibrol 

Hount Sherid.ul C4b.b=· 
JI Zonei 

L Zonal 

IC Sonel 

G ZoneJ 

Ganeral Litholoqy 

D&rlc gray aicrodiorite bloclca in -eri.Jc 
of pink leucogranite1 locally mediua 
gray qW&rt: C10n:odiorit• block• in liqht 
gray gr&nodiorite mAtrix 

Croup typified by medi1:11 to Une-rrai.ned 
alkali feldspar ~ranite•1 granophyric 
texture sporadiculy d.htributed vithin 
tbe qroup 

llhyolitic lavaa int:arbeddad vit.ll llinor 
tu!fa &nd agglomerate• 

Extrusive bA4&lt., ~pilitee and 
andeeitca, varia.oly alterod 

Medium-1'rained biot:.it•-IU!lPhibola-0.arinq 
olivine g~l:lro 
Madiu.Ol-<Jrained biotita-ampl\i.bole-l>earinq 
gahbro + ol.i.vine 
Mediu;11-qrained biotite gabbro locally 
!ractionar..d to ferroqr.J.1'!0<1iorita 

Anort.noaita, AnOrt.hoaitic-qahoro and 
troctoliU!t wit.~ !ine-ophitic auqita1 
cuaulu.s plaqioclaae, auq1C., oliY1ne 

Anorthoaitic gabbro with minor troc:to-o 
lit.111 co.arae-ophitic auqiter CU111Ulua 
plaqioclaae and olivine 

Alternatinq band• ot: anort.'ioaita &nd 
troctolitar cuau.l.ua plaqioclaaa, oliYina 
Troctolite and olivine qa.bbro1 llMtdiua
qrainedr cumulua plaqiocla~e, olivine 

M.sta-quart:ite vit.~ c..icrocline and 
ailli.naniter incluaiona 1n rock• ot th.• 
RAqqedy Mountain G.Wllro Group and 
Wichita Granite Group 

Low4r•d• -ta-qraywackea &:Rd -t.a
ar91lli t.e• gradin<J locally into lllica 
ac:hiat.a and ho.rn!elae• 

•'rhea• aqea '1!:>4Y retl.at reh-tinq durinq qranitAI ctqil•c-nt and not t.he prilaary cryatallizat1oll 
•9• of th• uni e ( ... te.xtJ • 

tAqe interred fro• pal~qnetic du:a (•- textl. 
IRepraaent• DOditication And/or addit1on to lithoo•txat:.iqrapb..ic clA•ei!ication. 

Source: Powell et al. (1979). 

(Relative ages shown with oldest unit at-the bottom.) 



CHAPTER III 

METHODOLOGY 

Map Preparation 

Geologic maps of the study area were prepared as three plates: 

Plates 1 and 2 were modified after Chase (1950). These plates show, 

respectively, the geology of the Cooperton and Roosevelt quadrangles. 

The geologic map of Glen Mountain (Plate 3) was modified after the 

geologic maps of Gilbert (1960) and Spencer (1961). After comparing 

rock units, their two maps were combined using a uniform lithologic 

classification that indicates the various subdivisions of Glen Mountain 

Layered Complex. 

Sampling 

Rocks sampled in the field represent almost all known outcrops of 

layered gabbroic rocks in the Wichita Mountains area. An attempt was 

made to sample as fresh material as possible. 

The locations of every sample were denoted by an alphabetic char

acter and a number (Plates 1-J). The first letter (W) stands for 

Wichita; and a second letter indicates the quadrangle from which the 

sample was obtained. Since all the sampled areas covered in this study 

are not shown on the geologic maps, the sample number and location were 

also given by quadrangle name, section number, and township. 

10 
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From Quanah Mountain quadrangle samples WQ-1 through lVQ-8 were 

taken from section 22 T.3.N. R.14.W., WQ-9 and SQ-10 are obtained from 

the same quadrangle but from sections 16 and 21, respectively. From 

Meers quadrangle: WM-109, WM-114, and WM-111 are from quarry B of 

Mount Sheridan, section 5, T.3.N. R.13.w.; WM-110, WM-112, and WM-113 

are from Rowe Quarry, south of Meers, section 32, T.4.N. R.13.W.; WG-50 

from section 5, T.3.N. R.16.W. 

Samples WQ-9, WG-50, WG-81, and WR-91 were not analyzed completely, 

therefore were not used in this study. 

Sample Preparation 

All samples were first trimmed by diamond saw to remove altered 

surfaces. They were then crushed in a ceramic jaw crusher before 

milling. Each sample was powdered in a Spex Mixer Mill using Tungsten 

Carbid balls and cylinder; mill runs lasted 20 minutes. 

Chemical Analysis 

Sample Solution Procedure 

One gram of sample powder (<-100) was dissolved in 25 ml of 48 

percent hydroflouric acid, 10 ml of concentrated 70 percent nitric acid, 

and 2 ml of 70 percent perchloricacid (HClo4 ). The solutions, left to 

digest for 10-12 hours in teflon beakers, were heated subsequently at 

300-400° F for approximately four hours until completely dried. The 

residue was mixed with a few milliliters of distilled water; 10 ml of 

37 percent hydrochloric acid was then added to the solution which was 

again heated until completely re-dissolved. This solution, diluted to 

100 ml with distilled water, was transferred to polyethylene bottles. 
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Atomic Absorption Trace Element Analysis 

Copper, chromium, nickel, lead, zinc, barium, and vanadium are 

analyzed using a Perkin-Elmer 403 double beam atomic absorption spectro

photometer with an air-acetylene flame. Instrument settings followed 

the manufacturer 1 s recommendations to assure accuracy of analytical 

results. Results were compared to recommended U.S.G.S. rock standard 

samples G-2, GSP-1, and AGU-1 (Table IV). 

X-ray Fluorescence Spectrometry 

Pelletizing 

Three grams of rock powder (-100 mesh or finer), thoroughly mixed 

with 6 to 8 drops of 2 percent polyvinal alcohol binder, were trans

ferred to a metal sleeve, and pressed with a plastic plunger. Four 

grams of boric acid were then inserted in the pelletizer to serve as 

backing for the pellet. After a steel plunger was inserted, the die 

was placed in a hydraulic press and held at a pressure of 8-16 tons per 

square inch for two minutes. These pellets were analyzed using Philips 

1410 and General Electric XRD-6, SPG-3 x-ray fluorescence spectrometers. 

Operation conditions used are given in Table II. 

Strontium and rubidium were determined on pressed powder pellets. 

Background and peak positions were counted for each element; the mean 

of two background values was subtracted from the elemental peak counts. 

The results were multiplied by the mass absorption coefficient for every 

sample calculated from the major element chemical analysis. The mass 

absorption coefficient corrected counts were plotted against concentra

tion. Struntium and rubidium curves were calculated from data obtained 



TABLE II 

OPERATION CONDITIONS USED IN DETERMINATION OF EACH ELEMENT 

Element Peak Crystal Target Detect er Bas line Window Collimator 

s·o ]_ 2 K2 PET 11 GFP1 - - c 

Al 20j K2 LIF-200 11 GFP - - c 
FeO K2 LIF-200 w SDC2 - - F 

Cao K2 LIF-200 Cr GFP - - F 

K20 K2 LIF-200 Cr GFP - - F 

Na2o K2 RLAP Cr GFP 1.8 3.7 c 

P205 K2 PET Cr GFP 1.64 4.5 c 

MnO K2 LIF-200 w soc - - c 

Ti02 K2 LIF-200 Cr GFP 1.8 3.7 F 

MgO K2 TLAP Cr GFP 1 8 3.7 c 

Sr K2 LIF-200 Cr GFP 1.8 J-7 F 

Rb K2 LIF-200 Cr GFP 1.8 3.7 F 

1Gas flow proportional detector-counter. 

2Scintillator detector-counter. 

Machine Model 

G. E. XRD-6, SPG-J 

G. E. XRD-6, SPG-3 

G. .E. XRD-6 , SPG-3 

G. E. XRD-6, SPG-3 

G. E. XRD-6, SPG-3 

Philips 1410 

Philips 1410 

G. E. XRD-6, SPG-J 

Philips 1410 

Philips 1410 

Philips 1410 

Philips 1410 

.... 
~ 
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for U.S.G.S. standards (BCR-1, AGV-1, ARHC0-1, G-2, GSP-1, STM-1, HGM-1, 

PCC-1, and DTS-1) (Norrish and Chapell, 1967). 



CHAPTER IV 

GEOLOGY OF THE RAGGEDY MOUNTAIN GABBRO GROUP 

The name "Raggedy Mountain Gabbro Group" is applied to all gabbroic 

rocks in the Wichita Mountains (Ham 1964). These rocks are exposed in 

2 , 
Kiowa and Comanche counties where outcrop over a 150 km area tPowell et 

al., 1979). The concordant bodies parallel to the axis of the Wichita 

Mountains rise 200 m above the surrounding surface; a single well indi-

cates a minimum thickness of 8000 feet. 

Powell et al. (1979) recently modified the usage of the term 

"Raggedy Mountain Gabbro Group" as defined by Hunter (1967, 1970). They 

divided the group into two formations. The "Glen Mountain Layered 

Complex," used for those rocks previously referred to as Hunter's 

"Layered Series," was given the rank of a formation; the name is derived 

from Glen Mountain. A description of Glen Mountain subdivisions is 

presented below. 

Biotite gabbro which intrudes the "Glen Mountain Layered Series" 

was also given the rank of the formation and called "Roosevelt Gabbro. 11 

The Roosevelt Gabbro was divided into three members: (1) Glen Creek 

Gabbro, (2) Sandy Creek Gabbro, and (J) Mount Sheridan Gabbro. The large 

grain size of biotite in these rocks distinguishes them from the finer-

grained biotite-bearing rocks of Glen Mountain Layered Complex. These 

subdivisions and modifications of "Raggedy Mountain Gabbro· Group. are not 

15 
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defined on the basis of genetic considerations but rather on field 

relations and li thologic grounds" (p. 36). 

Petrology and Petrography 

Chase (1950), using Johansen's 1931 classification, subdivided the 

basic igneous rocks of the Wichita Mountains into three groups: 

anorthosite diallage gabbro, diallage olivine gabbro, and olivine gabbro 

(troctolite) with pyroxenite and magnetite rich phases. Gilbert (1960) 

reclassified these rocks using both mineralogy and textural features. 

His three petrologic units were: 

Zone 

Olivine Gabbro (uppermost) 

Anorthositic Gabbro (middle) 

Troctolite (lower most) 

Approximate Thickness Based 
on Exposed Thickness 

200 m 

JOO m 

75 m (p. 20). 

Spencer (1961) defined alphabetical code (K, L, and M) for various 

zones of the eastern part of the RMGG; these zones are equivalent to 

Gilbert's designated units. Spencer also suggests a unit (zone G) which 

had an uncertain stratigraphic relationship to the others. The present 

study area covers the area mapped by both Spencer and Gilbert, and rock 

units in these two areas have been correlated by comparing their 

geologic maps. 

Gilbert (1960) 
(Western Portion) 

Olivine Gabbro Zone 

Anorthosite Gabbro Zone 

Troctolite Zone 

Spencer ( 1961) 
(Eastern Portion) 

Zome "M" 

Zone "L" 

Zone 11K" 

Zone "G" 
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These two stratigraphic sequences are assumed to be equivalent. 

Thus, the alphabetical syn1bols have been retained to designated rock 

units (Plate J). Modal analysis for 25 samples selected from different 

zones are given in Appendix D. 

The Glen Mountain Layered Complex is a stratiform, concordant body 

formed by gravitational accumulations of crystals. The 200 m exposed 

section has been considered represent only middle part of the sequence 

(Phelps, 1975); no outcrop contains all the recognized zones. A brief 

description of alphabetical zones of Glen Mountain Layered Complex 

follows. 

Zone "K" - The exact thickness of the zone is unknown, but it is 

at least J6 m thick (Spencer, 1961). This unit, the lowest strati

graphic member of Glen Mountain Layered Complex, consists of anor

thorsite and troctolite layers. Cumulus plagioclase constitutes 95-99 

percent of the anorthosite and is associated with cumulus olivine and 

augite. Post cumulus corase-grained ophitic augite is widely-spaced 

in holocrystalline hypidiomorphic granular rocks. Igneous laminations 

and rhytmic layering are locally present. Olivine commonly poikilit

ically encloses randomly oriented plagioclase grains in troctolites 

(Spencer, 1961). Olivine is either rimmed by hypersthene or replaced 

by an orthopyroxene-magnetite symplectite (Powell et al., 1970) 

(Figure 5). 

Zone "L" - This zone overlies by the "M" zone and has a 145 m or 

greater thickness. The zone contains more gabbro than the "K" zone. 

This zone characteristically is a coarse-grained ophitic-textured gabbro 

composed of closely-spaced coarse clinopyroxene, larger than 2 cm in 



· Figure J. Fine-ophitic Pyroxene 
Oikocrysts (dark spots) 
in the Zone M of Glen 
Mountain Layered Complex 
Exposed in Southeast 
Corner of Section 15 
T.4.N., R 17.w., Kiowa 
County (Pen is 15 cm 
in length.) 
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Figure 4. Medium to Large Ophitic Pyrofene Crystals 
(Nubes) of the Zone L Exposed in Southern 
Center of Section 15, T.4.N., R.17.w., 
Kiowa County (Pen is 15 cm in length.) 

19 



Figure 5. Troctolite from the K Zone Showing Ophitic 

Texture. Note the Symplectic Texture 

(Orthopyroxene-Magnetite) at the Lower 

Right Corner; Olivine (OL), Plagioclase 
(PL), X25, Cross Nicols 

20 
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diameter. Plagioclase of similar size is enclosed in pyroxenes or in 

the matrix (Spencer, 1961, Powell et al., 1979) (Figure 6). Oikocryst 

augite is distinctive. It is best shown in weathered gabbros due to its 

high reflectance in sunlight. Olivine grains tend to be much smaller 

than those of the 11K11 zone; they are rimmed by symplectitic coronas. 

A five meter thick anomalous layer of 11 gabbroic anorthosite is charac

terized by the presence of fine ophitic pyroxen oikocrysts as well as 

olivine displaying analogous texture" (Powell et al., 1979, p. 25 ) • This 

layer was called the L-a zone by Phelps (1975), and is overlain and 

underlain by the coarse-grained ophitic-textured rocks. Poikilitic post

cumulus magnetite is especially common in weathered rocks of this zone 

(Powell et al., 1979). Magnetite and ilmenite grains make up about 2 

percent of the rock (Phelps, 1975). 

Zone 11M11 - This uppermost zone of the Glen Mountain Layered series 

is exposed over 60 m; there is evidence of it being as much as 500 feet 

(150 m) thick. Rocks of this zone include anorthesitic olivine gabbro, 

gabbro anorthesite, and troctolite. The zone is characterized by a 

fine ophitic texture (Figure 7)~ Plagioclase enclosed in the augite is 

smaller in size than the plagioclase of matrix (Spencer, 1961). These 

rocks are finer grained than those in the 11 K11 and 11 L11 zones. 

Olivine which occurs with pyroxene oikocrysts, is smaller in 

size (few mm) than similar grains in the other zones. Magnetite is not 

as abundant as in zone "L". 

Banding is more prevalent in this zone than in the other zones 

because of the higher content of mafics. Rhytmic layering is also pro

nounced. Magnetite, ilmenite, olivine and augite are intercumulus 

phases, but plagioclase and most of olivine represent cumulus minerals 

(Phelps, 1975). 



Figure 6. Gabbro With Coarse Ophitic Texture from the 
L Zone; Olivine (OL), Plagioclase (PL), 
Pyroxene (PY), X25 1 Cross Nicols 
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Figure 7. Troctolite With Fine Ophitic Texture from 

the M Zone; Olivine (OL), Pyroxene (PY), 

X25, Cross Nicols 
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Zone "G" - This zone is present in the Iron Mountains. It is com

posed largely of fine-to medium-grained troctolite and olivine gabbro. 

Stratigraphic correlation has not yet been established with any of the 

other zones (K, L, and M). Mineralogical similarities and olivine 

compositions (Fo67 ), however, suggest that this zone might underlie 

the "K" zone (Spencer, 1961). 

Characteristically, the troctolite contents 5-15 percent titani

ferous magnetite (Spencer, 1961; Hunter, 1970). The dominant texture of 

these rocks is allotriomorphic, granular; the lack of an ophitic texture 

contrasts with rocks in the layered complex. Locally, some plagioclase 

grains may be partially enclosed by a 1-5 mm augite rim. Although 

rhythmic layering and igneous lamination are not obvious, weathering 

parallel to the regional dip of Glen Mountain complex may indicate minor 

layering within this zone (Powell et al., 1979). Olivine in this zone 

is more magnesian than olivine in the other zones, but it is not poikili

tic and is not surrounded by orthopyroxene reaction rims. 

This zone should not be considered as a zone of GMLC due to the 

following features: (1) lack of a ophitic texture, cryptic and rhythmic 

layering; (2) the absence reaction relationships common in the other 

zones; (2) finer-grained nature and higher content of mafic minerals 

and titaniferous magnetite (Figure 8); (~) lack of a general correlation 

with elemental variation of the other zones in GMLC (Appendix B); (5) 

relatively higher content of Cu, Cr, Ni, V, Mgo, Feo, Tio2 , and lower 

Na2o, K2o, Sr, Rb when compared to the other zones (Appendix A); and 

(6) lack of a clear stratigraphic relation to the other zones of GMLC. 

Zone "G" is more likely a separate member of 11.~GG, which might be 

called Iron Mountain Gabbro. 



Figure 8. Gabbro of Iron Mountain Gabbro (G Zone); 

Olivine (OL), Pyroxene (PY), Plagioclase 
(PL), X25, Cross Nicols 
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CHAPTER V 

GEOCHEMISTRY 

One hundred eleven samples, representative of the Glen Mountain 

Layered Complex, Roosevelt and Cooperton area gabbroic rocks, were 

analyzed for major and trace elements (Appendix A). Average major and 

trace elements compositions of the GMLC and RMGG are given in Table III 

and Table IV, respectively. Covariance of the mineralogical and ele

mental concentrations was tested using the SAS computer program; corre

lation matrix were obtained for each zone of the Glen Mountain Layered 

Complex, the Roosevelt, Cooperton area, and the Raggedy Mountain Gabbto 

Group {Appendix B and C). 

Major Elements 

Average Sio2 contents are 47.65 percent within the Glen Mountain 

Layered Complex, and 48.08 percent throughout the Raggedy Mountain 

Gabbro Group (Table III). Silica contents show only slight variation, 

varying from 44.25 percent up to 55.40 percent (Appendix A). Silica 

shows an overall positive correlation with Al 2o3 , but a negative corre

lation with FeO , and other ferromagnesiam elements (Appendix B). 

The alumina content of Raggedy Mountain Gabbro Group averages 28.71 

percent, whereas Al 20 3 in the GMLC is slightly higher (29.27 percent) 

(Table III) due to greater amounts of plagioclase and a lower mafic 

mineral content in these rocks. Throughout the GMLC intrusion aluminum 

26 



TABLE III 

AVERAGE ABUNDANCE VALUES OF CHEMICAL COMPOSITION COMPARED TO RAGGEDY MOUNTAIN 
GABBRO GROUP AND GLEN MOUNTAIN LAYERED COMPLEX 

Ragg. Mtn. Glen Mtn. Layered 
Crustal1 2 Averag2 

A . 2 
Gabbro Group Complex (Averagej 

Oxides Average Basalt Gab bro northos1te (Average) Include Zone "G" 

Si02 % 60.18 51.33 48.36 49.98 48.08 47.65 
Ti02 % 1.06 1 10 1.32 0.14 0.55 o.48 
Al 203 o/o 15.61 18.04 16.84 28.94 28.71 29.27 
FeO o/o 6.71 9.10 10.40 2.23 3.39 3.02 
MnO % -- 0.16 0.18 0.07 0.04 0.04 
MgO • % 3.56 6.01 8.06 o.84 3.72 3.47 
Cao % 5.17 10.07 11.06 14.01 10.85 11.03 
Na2o % 3.91 2.76 2.26 2.73 2.90 2.84 
K20 % 3.19 0.82 0.56 o.42 0.30 0.22 
P205 % -- 0.16 0.24 0.09 0.24 0.21 

Total 99.70 98.834 98.234 

Number of 
Samples Analyzed 56 160 8 111 59 

-
1 
Crustal average is taken from Taylor, 1964. 

2 Taken from Nockolds, 1954. 

3separate analysis of each zone is given in Appendix A. 

4 . 
Total before reconversion. 

5From Wager and Brown, 1967, p. 332. (Composite of 40 samples from the Gabbro-Norite and 
Anorthosite Zone). 

Stillwater 
Intrusion5 

49.70 
0.16 

22.04 
4.68 
0.09 
7.03 

13 .59 
1.79 
0.07 
0.02 

100.11 

40 
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TABLE IV 

AVERAGE ABUNDANCEVALUES OF TRACE ELEMENTS COMPARED TO THE RAGGEDY MOUNTAIN 
GABBRO GROUP AND GLEN MOUNTAIN LAYERED COMPLEX 

Ragg. Mtn. Glen Mtn. Stillwater Intrusion 
Crustal1 Basalt1 Ulterabasic Gabbro Group Layered Complex 

Element Average Average Rocks 1 (Mean) Include Zone G3 a b 

Cu ppm 55.0 100.0 10.0 39.6l.t: 35.00 52-135 18-58 
Cr ppm 100.0 200.0 2000.0 28.66 29.00 578-688 9-38l.t: 
Pb ppm 12.5 5.0 0.1 19.86 19.00 
Zn ppm 70.0 100.0 50.0 36.52 32.00 17-L..:5 0-9 
Ni ppm 75.0 150.0 2000.0 30.58 27.00 2l.i:5-339 1l.i:-1l.i:O 
Sr ppm 375.0 L..:65.0 1.0 509.32 525.00 95-135 1L.i:o-175 
Rb ppm 90.0 30.0 -- . 2.25 0.73 0-18 
Ba ppm L..:25.0 250.0 2.0 89.82 68.oo 0-70 
v ppm 135.0 250.0 50.0 105.76 106.00 65-133 

Number of 
Samples Analyzed -- -- -- 111 59 7 

1 
From Taylor, 1965. 

2 (a) Range for Norite, Gabbro and (b) range for Anorthosite rocks results from Travers A. Benbow 
Mine and Mine Road Section (D.R. Bowes et al., 1973). 

3For separate analyses of each zone refer to Appendix A. 

0-5 
20-120 
29-68 

8 

2 
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TABLE V 

COMPARISON OF MEASURED AND RECOMMENDED TRACE ELEMENT 
CONCENTRATIONS IN USGS ROCK STANDARDS 

G-2 GSP-1 AGV-1 

Present Present 
Elements USGS 1 Study USGS 1 Study USGS1 

Cu 11.7** 11.0 JJ.J 33.0 59.7 

Cr 7.0 12.0 12.5 13.0 12.2 

Zn 85.0 85.0 98.0 100.0 84.o 

Pb 31.2 30.0 51.3 50.0 35.1 

Ni 5.1 1.1 12.5 12.9 18.5 

Sr* 479.0 421.0 233.0 226.0 657.0 

Rb* 168.0 151.9 254.o 259.6 87.0 

BA 1870.0 1850.0 1300.0 1300.0 1208.0 

v 35.4 35.0 52.9 60.0 125.0 

*Sr and Rb are determined by x-ray fluorescence. 

**Values in parts per million 
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Present 
Study 

59.0 

12.0 

84.o 

40.0 

18.5 

641.4 

74.9 

1250.0 

120.0 

1 
Source: F. J. Flanagan, Description and Analyses of eight new 

USGS Rock Standards, 1976. 
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shows a negative correla~ion with FeO 

Cr, Pb and a positive correlation with Sio2 , CaO and Na2o (Appendix B). 

Iron shows the greatest variation among major elements (Appendix 

A). It varies from .19 percent (minimum) to 14.2 percent (maximum) with 

a mean of 3.39 percent in RMGG and in GMLC (Table III). The high iron 

and titanium contents of zone "G" are due to the increased proportion of 

magnetite, ilmenite and mafic minerals (Appendix A). Iron contents 

correlate negatively with Sio2 , Al 2o3 , and positively with MgO, Cr, Ni, 

Zn, V contents (Appendix B). 

Sodium, with the mean of 3.47 percent in the Glen Mountain Layered 

Complex and 2.90 percent in Raggedy Mountain Gabbro Group, increases 

with increasing Si02 and Al 2o 3 contents (Appendix B, Table III). 

The mean CaO contents in the GMLC (11.03 percent) and RMGG (10.85 

percent) are similar to those of the Stillwater complex; the high Cao 

contents of the Wichita Mountain rocks probably reflect the Ca-rich 

nature of their constituent plagioclase. Calcium lacks a strong corre

lation with any other element in zones "K 11 or 11 L 11 ; it does, however, 

exhibit a weak negative correlation with Cr, Zn, Ni, Rb, Fe, MgO, Tio2 , 

P2o 5 , and K2o, and a positive correlation with A12o 3 , and Sio2 contents. 

The correlation coefficients are not strong because Cao contents show 

little variation between the different units. 

Magnesium-rich minerals, such as olivine and pyroxene precipitate 

during the early stages of magmatic crystallization. Thus, MgO contents 

tend to decrease with increasing differentiation. 

Average MgO contents are 3.72 percent in Raggedy Mountain Gabbro 

Group and 3.47 percent in Glen Mountain Layered Complex (Table III). 

These values are almost half the typical MgO content of gabbroic rocks. 
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The average MgO content in z.one "G" is 8. 93 percent (Appendix A). 

Usdowski and Mueller (1969) considered the gabbro border facies with 

MgO content of 6.84-7.67 percent to be represent undifferentiated 

basaltic magmas. This value falls within the range of MgO contents in 

undifferentiated basaltic magmas (Usdowski and Muller, 1969). The 

anorthosites have low MgO concentrations which reflect the high pro-

portion of plagioclase and paucity of mafic minerals in these rocks. 

Magnesium in the Wichita Mountain rocks correlates positively with 

Ni, Cr, Zn, v, Iron and negatively with Sio2 and Al 2o 3 • Within zone "G,'1 

MgO does not strongly correlate with the other elements (Appendix B). 

AFM Diagrams 

AFM ternary diagrams (Figures 9-11) for zones "K, '.' "L, 1,1 and 11 M1' 

gabbros show constant patterns of chemical variations for major ele-

ments, probably reflecting similar differentiation processes for these 

zones. Zone "L" rocks show an enrichment in MgO which correlates with 

higher contents of mafic minerals than the "K" and 11M11 zone rocks 

(Figure 9). 

Zone "G" is characterized by higher concentrations of MgO and Feo 

in accordance with its higher percentage of mafic and opaque minerals. 

Na 0 + K 0 concentration is lower than zones 11K 11 "L 11 and 11M 11 Rela-
2 2 ' ' • 

tive variation of elements is not the same as other zones (Figure 10) 

indicating that the zone "G" magma is not as differentiated, and thus, 

may be a separate member of RMGG. 

Roosefvelt and Cooperton gabbros show similar patterns of ch~mical 

variation, reflecting the same proce'ss of differentiation, and probably 

indicate the same formation. 
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Figure 10. AFM (Na20 + K20 - Feo - MgO) Variation Diagrams for Iron 
Mountain Gabbro, Roosevelt Gabbro, and Cooperton 
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The AFM diagrams showed that RMGG is not enriched in iron because 

of its overall anorthositic composition. 

Trace Elements 

Titanium 

The mean Tio2 contents, which are 0.55 percent in Raggedy Mountain 

Gabbro Group and 0.48 percent in Glen Mountain Layered Complex are lower 

than the typical Tio2 contents of gabbroic rocks (1.32 percent), but 

higher than the corresponding values for norite, anorthosite and gabbro 

zone of Stillwater Intrusion (Table III). The low Tio contents of the 
2 

RMGG reflects the low abundance of magnetite and ilmenite' iri ·these rocks. 

By contrast, the average Tio2 content in the rocks or zone 11 G11 is 2.22 

percent. The higher Tio2 concentrations reflect the presence of 5-15 

percent of magnetite and ilmenite, a characteristic that distinguishes 

zone 11G11 rocks from those of the other zones within GMLC. 

Tio2 shows a positive correlation with Feo, MgO, Cr, Ni, Zn, and 

a negative correlation with Sio2 , A1 2o 3 , and Sr for all zones but zone 

11G11 in which there is no strong correlation between Tio2 and the other 

elements (Appendix B). 

Manganese 

This element is present as a minor element in many minerals due to 

the close correspondence of its ionic radius to that of Fe, Cu, Mg and 

other cations. The average concentration of manganese is .o4 percent 

within the layered complex and the Raggedy Mountain Gabbro Group (Table 

III). 
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Manganese contents increase with increasing MgO, Zn, Cr, Ni, Feo, 

and P2o5 , showing the tendency for enrichment in mafic minerals, but 

decreases with increasing Sio2 , Al 2o 3 , and Sr. Throughout the zones or 

province, all correlations show similar patterns of variation. Manganese 

has an almost uniformly strong correlation with P2o5 , Feo, and Zn, 

through the province (Appendix B). 

Potassium 

K2o is present in low concentration with respect to other elements 

in rocks of the Glen Mountain Layered Complex and Raggedy Mountain 

Gabbro Group. The average K2o content is O.JO percent in Raggedy Moun-

tain Gabbro Group and 0.22.percent in the Glen Mountain Layered Complex 

(Table III). These contents are lower than the average gabbro value 

(.56 ppm) but higher than those reported in the gabbro-norite and 

anorthosite zones of Stillwater Intrusion (Table III). 

Potassium shows a positive correlation with Rb and Na2o but a neg-

ative correlation with Sr. Overall correlations between K2o and other 

elements are not strong. 

Phosphorus 

Phosphorus is present in greater concentrations in basic than acidic 

rocks. It is a major constituent of apatite, in which it is associated 

. F 3+ T. N (F ) with Ca, e , 1 and a ersman, 1939 • This element does not show "a 

great variation in its relative abundance in different locations includ~ 

ing Earth's crust, solar atmosphere, and meteorites" (Day, 1963, p. 255). 

The average concentration of phosphorous in the Raggedy Mountain 

Gabbro Group is 0.25 percent P2o 5 which is very close to the average 
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content of 0.21 percent P2o5 obtained for the Glen Mountain Layered 

Complex and the. average gabbro content reported by Nockolds (1951±) (Table 

III). Zone "G" has average of 0.15 percent P2o5 , a value lower than 

the average of Raggedy Mountain Gabbro Group and Glen Mountain Layered 

Complex (Appendix A). P2o5 contents correlate positively with Cu, Cr, 

Zn, Ni, K, v, Mg, Mno, .and Feo, and negatively with Sio2 , Al 2o3 , Cao, 

and Sr contents (Appendix B). Correlation coefficients are not signif-

icant for zone "G" or within the Glen Mountain Layered Complex (except 

zone 11 L 11 ). In Roosevelt and Cooperton area gabbros, however, correla-

tions are strong (Appendix B), associated with a general increase in 

P2o5 contents in these rocks (Appendix A). 

Copper 

C 2 + b t •t f F 2+ N . · 1 . . . u su s 1 utes or 'e and a due to s1m1 ar1t1es 1n valency 

and ionic radius. It replaces these elements in plagioclase and 

apatite (Taylor, 1967). 

The average distribution of copper is 40 ppm in Raggedy Mountain 

Gabbro Group and 36 ppm in Glen Mountain Layered Complex. Zone 11G11 

gabbros possess Cu contents (61 ppm, Appendix A) similar to those in 

rocks of Stillwater Intrusion (Table IV). 

Copper contents show limited variation in the layered complex, and 

therefore, lacks of any significant correlations with other elements in 

zones 11K, 11 "L, 11 "M, 11 and 11G11 • In contrast significant correlations 

occur in Cooperton Area and to a lesser extent in Roosevelt Group, where 

Cu correlates positively with Cr, Zn, Ni, V, Fe, MgO,Tio2 , and P2o5 and 

negatively with Sr, Sio2 , Al 2o 3 , Cao, and Na2o (Appendix B). Negative 
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correlation with Al2o 3 , Sio2 shows the typical behavior of Cu in 

basic rocks. 

Chromium 

cr3+ has a tendency to substitute for Fe3+ in pyroxene, magnetite, 

olivine, and ilmenite (Taylor, 1967). The highest levels of Cr enrich-

ment are found in ulterabasic and basic rocks. 

The mean chromium content of Raggedy Mountain and Glen Mountain 

Layered Complex rocks is about 29 ppm, lower than the average content of 

basaltic and similar rock types (Table IV). Throughout the province, 

chromium exhibits a positive correlation with Zn, Ni, V, FeO, and MnO, 

and a negative correlation with Al2o 3 and Ti02 (Appendix B). 

Chromium content of Roosevelt Gabbro is also very low (10-11 ppm 

average) and shows no close correlation with other elements in these 

rocks (Appendix A and B). Zone "G" has higher Cr concentrations (92 

ppm) than the other gabbros (Appendix A), but Cr contents do not corre-

late in these rocks with other elements as in zones "K," "L, 11 and "M" 

(Appendix B). This lack of correlation represents a major difference 

between zone 11 G11 and Roosevelt Gabbro with the other zones within the 

Glen Mountain Layered Complex. 

Lead 

2+ . 2+ + 
Lead (Pb ) substitutes for Ca and K , and therefore, lead should 

be present in plagioclase, K-feldspars, micas and apatite. A close 

1 . . . b Pb2 + S 2 + d Pb/S t" re ationship exists etween and r , an r ra ios increase 

during fractionation (Taylor, 1967). 
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Lead content of Raggedy Mountain Gabbro Group and Glen Mountain 

Layered Complex rocks averages about 19 ppm (Table IV). Zone 11 G11 rocks 

have a slightly lower Pb content (16 ppm) (Appendix A). These means 

are much higher than the average lead content in basalts (5 ppm, Table 

IV), and three times higher than the value (6 ppm) obtained by Wedepohl 

for gabbros (1956). In the correlation matrix (Appendix B) lead has no 

strong correlation with any elements within the zones of Glen Mountain 

Layered Complex; a very weak correlation with Cao throughout the 

Raggedy Mountain (r = .21) is not statistically significant. 

Zinc 

Wedepohl and Brehler (1969) indicated zinc is tetrahedrally coor-

dinated in most chemical compounds in contrast to other bivalent 

. l"k M 2+ 2+ 2+ .2+ Mn2+ . cations i e g , Fe , Co , Ni , and which are usually present 

in octahedral coordination. 

The mean concentration of zinc is 37 ppm in the rocks of Raggedy 

Mountain Gabbro Group; 32 ppm in Glen Mountain Layered Complex (Table 

IV). Zone 11 G11 rocks have higher Zn contents (average 95 ppm; Appendix 

A). The high Zn content of zone "G" correlates with higher MgO, FeO and 

Ni contents and indicates that the Zn substitutes extensively in the 

lattices of silicate phases or that Zn is present in submicroscopic 

sulfides. The concentration values of zinc in Wichita Mountain gabbros 

is consistently higher than the average content in gabbro-norite and 

anorthositic rocks of Stillwater Intrustion (Table IV). This may be 

caused by concentration of Zn in iron-rich olivines (especially in zone 

"G") and its litophile character. Chemical modal correlation matrix 

showed strong correspondence with olivine and opaques (Appendix C). 
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Zinc shows a strong positive correlation (Appendix B) with MgO, 

FeO, Ni, Cr, V, and Ti02 and correlates negatively with Si02 (signifi-

cant in zones 11 K 11 "L " and 11M11 ) and Al 0 Cao Na 0 Zinc shows no 
' ' 2 J' ' 2 • 

correlation with Pb. Zone 11G" rocks do not show any of the strong 

correlations observed in other parts of Raggedy Mountain Gabbro Group. 

Nickel 

The mean nickel content of Raggedy Mountain Gabbro Group is 31 ppm 

and that of Glen Mountain Layered Complex is 28 ppm (Table IV). These 

values are much lower than the values for gabbro-norite zone of 

Stillwater Intrusion, being more similar to that of anorthosite zone of 

Stillwater Intrusion (Table IV). In comparing different zones within 

the Raggedy Mountain Gabbro Group itself, zone 11 G11 contains signifi

cantly higher Ni concentrations (63 ppm, Appendix A). This value is 

extremely low for basic rocks and would tend to indicate extreme olivine 

fractionation. Primitive basic magmas (i.e., mantle derived melts) 

should contain between 250 and 500 ppm Ni. The higher Ni values in 

zone "G" might reflect a higher proportion of modal olivine; the modal-

chemical correlation matrix shows strong relation between Ni and 

olivine (Appendix C). 

Nickel shows a strong positive correlation with Cr, Zn, MgO, and 

iron, and a weaker positive correlation with Cr. It correlates nega-

tively with Si02 , Al2o 3 , Cao, and Na2o (Appendix B). 

Low Ni concentrations in the Raggedy Mountain Gabbro Group rocks 

may be due to their low olivine and relatively high plagioclase con-

tents or initially low Ni concentration in the parental magmas. 
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Strontium 

This element is usually concentrated in plagioclase, and increases 

with decreasing Ca during fractionation. Sr/Ca increases with decreas

ing anorthite content of plagioclases, as shown by analyses of Still

water and Skaergaard intrusions (R. Berlin and C. H. B. Handerson, 1968). 

Strontium contents average 409 ppm in the Raggedy Mountain Gabbro 

Group and 525 ppm (Table IV) in the Glen Mountain Layered Complex. 

There is a general decrease in average Sr contents from zones 11 L 11 to 

11M. 11 Stronium concentrations remain relatively constant (:!::. 30 ppm) 

within the different zones, except zone 11 G11 in which Sr varies from 241 

to 592 ppm (Appendix A); this variation may be due to somewhat lower 

plagioclase contents with respect to the other zones. 

The average Sr content of Wichita Mountain gabbros is similar to 

the value for basalt (465 ppm) given by Taylor (1965), but is much 

higher than the values obtained for gabbro-norite and anorthosite zones 

of Stillwater Intrusion (Table IV). 

Modal-chemical correlation matrix shows a strong positive correla

tion with plagiclase, but a negative correlation with pyroxene, opaque, 

and biotite. 

Sr shows a negative correlation with K20 and Cao in Roosevelt 

Gabbro and the zone 11 G; 11 this correlation may reflect the crystalliza

tion of biotite in the Roosevelt Gabbro, and pyroxene in zone 11 G. 11 Sr 

shows no significant correlation with Cao in Glen Mountain Layered 

Complex, but correlates positively with CaO and significant in Roosevelt 

and Cooperton Gabbro. Negative correlation is noticed for Sr with Sio2 

along with positive for Al 2o 3 and ~a2o (Appendix B). 



Rubidium 

Rubidium is an element that exhibits a strong association with K. 

This affinity is due to very similar electronegativities and ionic 

radii (r = 1.47). Rubidium accumulates in the late stage of magmatic 

crystallization, where it is concentrated in micas and K-feldspars 

(Tayior, 1967; Heier and Billings, 1969). 

The mean rubidium concentration in Raggedy Mountain Gabbros is 

2 ppm, which is much lower than the average basaltic (JO ppm) and 

Stillwater Intrusion (0-18 ppm) contents (Table IV). Glen Mountains 
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Layered Complex including zone 11 G11 has an average Rb content of 1 ppm. 

Rb in zone "G" was below detection. The average K/Rb ratio for the 

layered complex is about 2442 ppm; this abnormally high ratio primarily 

reflects the usually low concentration of Rb. The Rb concentrations on 

the Roosevelt Gabbros (average 6 ppm, Appendix B) may be related to the 

presence of biotite in the rocks. This relationship is supported by a 

positive correlation between Rb and biotite in modal-chemical correla-

tion matrix (Appendix C). 

Rb does not show a significant correlation with other elements 

within Glen Mountain Layered Complex, and correlates positively only 

with K20 and Ba in Cooperton Area and Roosevelt Gabbros. There is also 

a weakly negative correlation with Sr, Al 2o 3 , and Cao in the later rocks 

(Appendix B). 

Barium 

Barium is very similar in size to K+ and only substitutes for K+ in 

early-formed K minerals. 
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Mean Barium content is 90 ppm in the Raggedy Mountain Gabbro Group 

and 69 ppm (Table IV) in the Glen Mountain Layered Complex (including 

zone 11G11 ). Barium in the zone "G," however, shows lower concentra

tions (10-70 ppm) and greater variation compared to the other zones 

(Appendix A). Highest Ba contents occur in the Roosevelt Gabbro, 

probably due to the higher biotite content of these rocks. Barium 

exhibits a positive but non-significant correlation with biotite 

(Appendix C). The difference in Ba contents between the Roosevelt 

Gabbro and GMLC suggests that these rocks formed from chemically dis

tinct magmas or that the parental magmas underwent different fraction

ation processes. 

Barium shows positive correlation with K2o, and to a lesser extent, 

Si02 ; it has a negative correlation with Cao, Al 2o3 , and Sr. This cor

relation cannot be extended throughout the RMGG, since there is no 

strong correlation between Ba and other elements in the zone "G. 11 

Vanadium 

Vanadium (VJ+) usually substitutes for ferric iron in minerals due 

to its very similar ionic radius (0.61A0 ). Vanadium is present in 

pyroxenes, magnetite, ilmenite, amphibole, and biotite as a minor 

element (Taylor, 1967; Evans and Landergren, 1969). 

The average vanadium content of both the Raggedy Mountain Gabbro 

Group and the Glen Mountain Layered Complex is about 160 ppm (Table IV); 

V contents are similar to those in gabbro-norite zone of Stillwater 

Intrusion (range 65-133 ppm; Table IV). 

Vanadium in zone "G" averages 455 ppm (Appendix A). This high 

value can be related to the abundance of titaniferous magnetite and 
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ilmenite (5-15 percent), and pyroxenes (20-30 %) in this zone. Their 

strong positive correlation is evident in modal-chemical correlation 

matrix (Appendix C). 

Vanadium shows positive correlations (Appendix B) with Cu, Cr, Zn, 

Ni, Feo, MgO, Tio2 , P2o5 , and MnO; it correlates negatively with Sr, 

Al2o3 and Cao, within both GMLC and RMGG: Vanadium in zone 11G11 does 

not show any strong correlation except (negative) with MnO. The pattern 

of correlation is consistent with the geochemical behavior of vanadium. 



CHAPTER VI 

CONCLUSIONS 

The following are the principal results derived from Geochemical 

and Petrological analyses of the Raggedy Mountain Gabbro Group: 

(1) Raggedy Mountain Gabbro Group consists of gabbroic rocks 

transitional from Anorthosite to Troctolite to gabbro. 

(2) Variation of elements in individual members zones is dis-

tinctive and reflect mineralogic differences between these members. 

(3) Iron and magnesium increase in value from anorthosite to 

troctolite. Ni, Cr, Fe, Mg and, to a lesser extent, Mn concentrations 

decrease with increasing silica content in the RMGG. Zn, Ni, Cr, Fe 

show a positive correlation with the mafic minerals; Cu shows no signifi-

cant correlation with any other elements in GMLC. 

(~) Statistical treatment of the chemical and modal data show 

strong positive correlation between: 

(a) Plagioclase and Al2o3 , Cao, and Na20; 

(b) Olivine and Ni, Cr (may be due to presence of Cr-spinel 

inclusions in olivine), Zn, Fe, and Mg; 

(c) Biotite and Cu, Cr, Ni, Fe, Mg, v, P· 
' and, 

(d) Magnetite, Ilmenite, Fe, v, Zn, and Ti. 

(5) "G" zone of the layered series is suggest to be separate 

member of the RMGGo This suggestion is based on petrological, 

petrographical, and chemical observations. The lack of ophitic texture, 
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cryptic and rhytmic layering, and mineralogical reaction relationships 

present in the other zones of GMLC, the higher modal content of olivine, 

pyroxene, and titaniferous magnetite, high concentration of Mg, Fe, 

Cr, Ni, Cu, V, and lower Na2o, K2o, Sr, and Rb contents compared to the 

other GMLC zones imply a different degree of differentiation. The lack 

of elemental correlation such as found in the 11K," "L, 11 and 11M11 zones 

is strong evidence that the 11 G11 zone may be a different member of RMGG. 

It is proposed zone 11G11 should be renamed Iron Mountain Gabbro to 

distinguish from the zones of GMLC. 
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APPENDIX A 

CHEMICAL ANALYSES OF GMLC BY ZONE, 

ROOSEVELT GABBRO, AND 

COOPERTON AREA 

5.3 
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Variables 

s·o 
1 2 % 

Al o3 % 
21 

% FeO 

MgO % 

CaO % 

Na2o % 

KO % 
2 

T"O 
1 2 % 

P205 % 

MnO % 

Cu ppm 

Cr ppm 

Zn ppm 

Pb ppm 

Ni ppm 

Ba ppm 

Sr ppm 

Rb ppm 

v ppm 

K/RB ppm 

Total 
2 

1 
Total 

2 
Total 

TABLE VI 

MINIMUM, MEAN, AND MAXIMUM VALUES 
OF THE MAJOR AND TRACE ELEMENTS 

OF THE ZONE "K" 

Minimum Mean 
(13) 3 

46.25 47.73 

28.0 32.63 

0.30 1.45 

0.21 1.45 

10.00 11.24 

2.10 2.90 

0.16 0.24 

0.07 0.14 

0.13 0.18 

0.02 0.03 

5 13; 

2 4 

10 17 

10 17 

12 19 

40 59 

496 574 

nd .07 

10 36 

2370 

97.08 98.02 

Iron expressed as FeO. 

before reconversion. 

3Number of analyses. 

55 

Maximum 

49.50 

J4.8o 

4.50 

4.JO 

11.75 

3.36 

0.91 

0.30 

0.23 

o.o4 

21 

9 

JO 

25 

33 

110 

764 

1 

70 

7471 

98.95 



VARIABIES 

s·o 
l 2 % 

Al O % 
21J 

% FeO 

MgO % 
Cao 96 
Na2o % 
K 0 % 

2 
T"O 

l 2 % 
p 0 

2 5 
% 

MnO % 

Cu ppm 

Cr ppm 

Zn ppm 

Pb ppm 

Ni ppm 

Ea ppm 

Sr ppm 

Rb ppm 

v ppm 

K/Rb ppm 

Total 
2 

1 
Total 

2 
Total 

WG-40 

47.20 

JJ.90 

1.10 

1.68 

11.75 

2.8J 

0.17 

0.07 

0.22 

0.02 

21 

J 

18 

10 

20 

50 

509 

nd 

20 

98.95 

TABLE VII 

CHEMICAL COMPOSITION OF MAJOR AND 
TRACE ELEMENTS OF THE ZONE "K" 

Sample No. 

WG-47 WG-45 WG-44 WG-4J 

47.00 48.50 49.50 47.90 

4J.80 JJ.00 JJ.40 JJ. 20 

1.10 0.70 a.JO 0.65 

0.24 o.4J 0.21 0.52 

11.50 11.75 11.4o 11.JO 

J.26 J.26 J.04 J.12 

0.22 0.20 0.17 0.91 

0.09 0.19 0.07 0.17 

0.20 0.18 0.15 0.15 

O.OJ 0.20 0.02 0.02 

8 13, 17 21 

2 J 2 5 

1J 12 17 14 

10 20 20 20 

12 14 12 14 

50 60 60 50 

609 565 590 764 

nd . nd nd nd 

20 50 4o 60 

98.44 98.2J 98.28 97.94 

Iron expressed as FeO. 

before reconversion. 

(Location of the samples are shown in Plate No. J) 

56 

WG-42 WG-48 

46.50 46.50 

J0.00 J1.00 

4.50 J.00 

4.oo J.84 

10.00 11.00 

2.99 2.61 

0.17 0.16 

0.09 0.09 

0.17 0.2J 

o.oJ o.o4 

18 10 

J 4 

JO 22 

10 20 

JJ JJ 

60 70 

580 576 

nd 1 

20 40 

1J28 

98.46 98.48 
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TABLE VII (Continued) 

·-Sample No. 

VARIABLES WG~41 WG-67 WG-45 WG-49 WG-54 WG-104 

s·o 
l 2 % 48.50 48.oo 48.25 46.25 48.25 48.25 

Al 0 % J4.oo J2.00 J4.oo JJ,.oo J4.oo -28-.00 ·')~ . 

21J 
% o.4o 1.60 o.4o 1.65 FeO 0.50 3 .. 00 

MgO % 0.27 0.54 O.J8 2.04 o.42 4.JO 

Cao % 11.JO 11.50 11.10 11.00 11.10 11.50 

Na20 % J.J6 J.06 2.68 2.45 2.95 2.10 

K 0 % 0.20 0.22 0.17 0.18 0.16 0.16 2 
T"O 

l 2 % 0.92 0.29 0.09 O.JO 0.07 0.15 

P205 % 0.20 0.17 0.15 0.1J 0.18 0.2J 

MnO % o.o4 0.02 0.02 0.02 o.o4 0.02 

Cu ppm 5 16 17 12 8 6 

Cr ppm J 7 7 8 J 9 
Zn ppm 12 20 15 17 10 21 

Pb ppm 20 20 20 20 10 25 

Ni ppm 14 14 12 24 18 JO 

Ba ppm 70 70 40 40 40 110 

Sr ppm 56J 602 546 496 547 515 

Rb ppm nd nd nd nd nd nd 

v ppm JO 70 JO 70 10 20 

,!</Rb ppm 

2 
98.J6 97.41 97.24 97.08 97.67 Total 97.72 
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ZONE 11L11 

/ 
/ 
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TABIB VIII 

MINIMUM, MEAN, AND MAXIMUM VALUES 
OF THE MAJOR AND TRACE ELEMENTS 

OF THE ZONE 11 L11 

Variables Minimum Mean3 Maximum 
( 18) 

SiO % 44.JO 48.31 51.00 
2 

Al O % 14.40 28.78 34.80 
213 

% 0.19 14.20 FeO 2.33 

MgO % 0.23 J.35 12.00 

Cao % 8.40 11.06 13.50 

Na20 % 1.46 2.96 3.91 

K 0 % 0.17 0.23 o.4o 
2 

T"O 
1 2 % 0.08 0.36 2.35 

p 0 
2 5 

% 0.13 0.24 0.61 

MnO % 0.02 0.07 0.80 

Cu ppm 9 43 268 

Cr ppm 3 36 160 

Zn ppm 9 26 123 

Pb ppm 1 20 45 

Ni ppm 14 24 98 

Ba ppm 40 89 160 

Sr ppm 289 518 726 

Rb ppm nd 1 8 

v ppm 20 79 480 

K/Rb ppm 1909 415 

Total 2 
95.06 97.74: 99.72 

1 
Total Iron expressed as FeO. 

2 
Total before reconversion. 

·J 
Number of analyses. 



VARIABLES WG-70 

s·o 
l 2 % 47.00 

Al O % J4.8o 
21J 

% o.4o FeO 

FeO % 0.18 

MgO % O.J7 

Cao % 11.00 

Na02 % 2.9J 

KO % 0.30 2 

T102 % 0.10 

P205 % 0.24 

MnO % 0.02 

Cu ppm 30 

Cr ppm J 

Zn ppm 2J 

Pb ppm 20 

Ni ppm 16 

Ba ppm 70 

Sr ppm 682 

Rb ppm nd 

v ppm JO 

K/Rb ppm 

Total 
2 

97.72 

TABLE IX 

CHEMICAL COMPOSITION AND TRACE 
ELEMENTS OF THE ZO:NE "L" 

Sample No. 

WG-69 WG-79 WG-98 WG-72 

49.00 48.25 49.50 48.JO 

J2.00 J4.oo J4.oo Jl1.00 

0.90 0.75 o.40 o.JO 

o.4o O.JJ 0.18 0.1J 

0.72 0.2J 0.27 O.JJ 

11.00 11.20 10.00 11.50 

J.68 3.24 3.17 3.75 

0.25 0.20 0.19 0.17 

0.13 0.09 0.24 0.08 

0.20 0.21 0.17 0.2J 

0.04 0.02 0.02 0.02 

13 21 9 9 

6 3 3 J 

10 10 10 9 

20 20 20 20 

14 14 16 14 

140 56 100 45 

525 576 610 524 

nd 5 nd nd 

40 20 20 JO 

332 

97.9J 98.20 97.96 96.69 

1 
Total Iron expressed as FeO. 

2 
Total before reconve:i;:sion 

(Location of samples are shown in Plate No. 3) 
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WG-55 WG-77 

47.50 49.00 

JJ.00 JJ.20 

0.19 o.40 

0.08 0.11 

0.32 0.29 

11.00 10.60 

3.J9 3.43 

0.19 o.40 

0.22 0.15 

0.17 0.21 

0.02 0.02 

168 17 

J J 

15 17 

20 10 

38 14 

40 110 

587 552 

nd 4 

JO JO 

8JO 

95.91 97.70 
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TABLE IX (Continued) 

Sample No. 

VARIABLES WG-71 WG-68 W-99 W-73 W-36 W-39 WG-105 

s·o 
1 2 % 50.00 47.00 48.50 49.20 44.30 48.oo 44.20 

A1 2o3 % 31.30 34.50 30.00 31.40 16.QO 32.00 23.00 

Fe01 % 0.25 0.19 0.23 0.28 14.20 o.4o 4.80 

FeO % 0.11 0.08 0.10 0.12 6.39 0.18 2.16 

MgO % 2.03 0.52 0.52 o.66 10.00 0.50 8.24 

Cao % 10.20 11.00 11.00 11.50 8.40 11.40 10.40 

NaO 2 % 3.12 3.49 3.91 3.49 2.35 3.53 2.54 

K 0 % 0.25 0.19 0.23 0.23 0.26 0.23 0.24 2 
T102 % 0.19 0.31 0.37 0.14 2.35 0.15 o.46 

P205 % 0.13 0.17 0.25 0.16 0.61 0.24 0.24 

MnO % 0.02 0.02 o.o4 0.02 0.80 0.02 0.08 

Cu ppm 14 38 27 33 142 28 11 

Cr ppm 19 7 7 25 160 3 99 

Zn ppm 18 24 18 14 123 15 36 

Pb ppm 20 20 20 20 20 20 25 

Ni ppm 16 18 14 14 98 14 18 

Ba ppm 95 70 90 60 100 60 100 

Sr ppm 483 604 513 540 403 726 4o1 

Rb ppm nd nd 2 nd nd nd nd 

v ppm 60 100 40 50 480 40 160 

K/Rb ppm 954 

Total 2 
97.40 97.39 95.06 97.13 99.37 96.47 98.20 
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TABIE IX (Continued) 

Sample No. 

VARIABLES WG-106 C2Clot c 3c1ot c 4c1ot 

s·o 
l 2 % 48.oo 51.00 47.50 49.'1-0 

Al 0 % J0.80 14.40 19.00 20.80 
213 

% 2.40 6.oo 4.50 FeO 5.50 

FeO % 1.08 2.70 2.02 1.12 

MgO % 2.52 1:t.~50 12.00 9.40 

Cao % 10.50 13.50 12.80 12.20 

Na20 % 2.87 1.46 1.47 1.50 

K20 % 0.21 0.20 0.19 0.21 

T"O 
l 2 % 0.22 0.53 o.49 o.43 

P205 % 0.20 0.31 0.28 0.25 

MnO % o.04 o.o4 0.-04 0.03 

Cu ppm 6J 16 .. JO· 20 

Cr ppm 3 157 48 103 

Zn ppm 19 35 43 30 

Pb ppm 15 20 45 20 

Ni ppm 24 35 36 21 

Ba ppm 1~5 110 160 75 

Sr ppm 600 298 289 418 

Rb ppm nd 8 nd nd 

v ppm 60 100 110 25 

K/Rb ppm 

Total 
2 

97.76 98.95 98.27 99.72 



ZONE "M" 

I 
I 

I 

/ 

) 
I 

I 
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Variables 

s·o 
l 2 % 

Al O % 
213 

FeO % 

MgO % 
CaO % 
Na 0 

2 % 
KO % 2 
T"O 

l 2 % 
p 0 

2 5 % 
MnO % 

Cu ppm 

Cr ppm 

Zn ppm 

Pb ppm 

Ni ppm 

Ba ppm 

Sr ppm 

Rb ppm 

v ppm 

K/Rb ppm 

Total 
2 

1 
Total 

2 
Total 

TABLE X 

MINIMUM, MEAN, AND MAXIMUM VALUES 
OF THE MAJOR AND TRACE ELEMENTS 

OF THE ZONE 11M11 

Minimum Mean3 
(22) 

45.00 47.35 

19.00 29.81 

0.20 3.40 

0.22 3.28 

8.4o 11.19 

2.13 2.75 

0.16 0.21 

0.06 0.30 

0.12 0.22 

0.20 0.03 

8 35 

3 21 

12 29 

20 21 

14 25 

20 61 

399 532 

nd 1 

20 74 

1743 

97.22 98.56 

Iron expressed as FeO. 

before reconversion. 

3 Number of analyses. 

64 

Maximum 

49.50 

35.20 

13.00 

10.20 

12.'50 

3.56 

0.35 

0.74 

0.34 

0.07 

88 

84 

77 

20 

99 

125 

671 

5 

160 

581 

99.97 



VARIABLES 

s·o 
1 2 % 

A1 2o3 % 
Fe01 % 
MgO % 
Cao % 
Na20 % 
KO % 

2 
T"O 1 2 % 

P205 % 

MnO % 

Cu ppm 

Cr ppm 

Zn ppm 

Pb ppm 

Ni ppm 

Ba ppm 

~r ppm 

Rb ppm 

v ppm 

K/Rb ppm 

Total 
2 

1 
Total 

2 
Total 

TABLE XI 

CHEMICAL COMPOSITION OF MAJOR AND TRACE 
ELEMENTS OF THE ZONE "M" 

Sample No. 

WG-37 WG-62 WG-59 WG-61 WG-66 

48.oo 47.75 45.00 45.75 48.oo 

29.50 24.50 19.00 29.60 31.00 

3.95 4.58 13.00 3.4o 3.10 

4.oo 5.18 10.20 2.92 2.28 

10.10 12.00 8.40 11.80 10.00 

2.71 2.27 2.13 2.82 3.56 

0.25 0.27 0.19 0.22 0.34 

0.37 0.74 0.51 o.46 o.41 

0.19 0.32 0.17 0.22 0.22 

0.02 0.07 0.06 0.02 0.05 

43 45 21 22 51 

36 43 72 10 16 

Jq 49 77 30 JO 

20 30 20 20 20 

27 18 99 22 20 
.,. 

60 45 80 60 12,0 

500 441 510 622 573 

4 nd 5 nd 4 

120 140 120 90 90 

518 315 456 

99.11 97.69 98.68 97.21 98.96 

Iron expressed as FeO. 

before reconversion. 

(Location of the samples are shown in Plate No. 3) 
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WG-35 WG-76 

47.50 47.50 

32.40 33.00 

1.00 0.95 

0.50 1.99 

12.20 11.80 

3.25 2.40 

0.19 0.16 

0.11 0.07 

0.21 0.12 

0.02 0.03 

18 14 

10 5 

15 13 

20 20 

16 20 

90 4o 

523 517 

nd nd 

40 20 

97.38 98.02 
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TABLE XI (Continued) 

Sample No. 

VARIABLES WG-78 WG-J8 WG-10J WG-60 WG-102 WG-80 WG-7ir 

s·o 
1 2 % 47.50 47.00 47.25 Lr6.oo 48.oo 47.50 47.50 

Al 0 % J1.50 26.50 28.60 J0.00 26.00 J2.00 J1.00 
21J 

% 1.60 Ix.JO 4.50 J.60 FeO J.97 5.00 J.00 

MgO % 2.J2 5.00 J.4J J.12 5.JO 2.40 J.25 

CaO % 12.00 12.00 11.00 11.00 10.50 11.00 11.22 

Na2o % 2.79 2.4J 2.40 2.56 2.65 2.50 2.95 

KO % 0.17 .0.20 0.18 0.27 O.J5 0.2J 0.17 
2 

T"O 1 2 % o.18 0.50 O.J4 o.66 o.J2 0.58 0.09 

P205 % 0.25 0.25 0.19 o.J4 0.26 0.15 0.15 

MnO % O.OJ O.OJ O.OJ o.o4 0.04 0.02 O.OJ 

Cu ppm 64 J6 7J 88 20 J6 16 

Cr ppm J1 79 J5 5 9 12 8 

Zn ppm 15 JJ 2J 58 J9 J5 1J 

Pb ppm 20 20 20 20 20 20 JO 

Ni ppm 18 24 22 20 29 22 22 

Ba ppm 60 100 40 70 40 JO JO 

Sr ppm 525 4o2 671 534 495 515 575 

Rb ppm J nd nd nd o.JO nd nd 

v ppm 70 140 1JO 160 50 1JO. 20 

K/Rb ppm 470 

Total 2 
98.J5 98.22 98.26 97.96 98.52 99.97 99.J8 



TABLE XI (Continued) 

Sample No. 

VARIABLES WG-83 WG-74 WG-101 WG-84 WG-82 WG-34 WG-90 WG-107 

s·o 
1 2 % 27.90 47.00 49.50 47.50 46.50 47.75 47.50 47.90 

Al O % 4o.6o 31.00 1.70 35.20 29.60 34.80 32.4o 32.61 
213 

% 6.l10 2.85 4.oo 2.80 FeO 35.20 0.20 0.35 0.55 

MgO % 9.18 4.05 0.31 0.22 4.oo 0.30 1.41 0.80 

Cao % 11.42 11.22 9.80 12.00 11.00 12.00 11.50 12.50 

Na 0 
2 

% 2.54 3.04 2.38 2.83 2.92 2.91 2.99 J.10 

KO % 0.18 0.19 0.21 0.18 0.19 0.19 0.20 o.18 
2 

Ti02 % o.64 0.12 0.13 0.05 0.09 0.09 0.11 0.07 

P205 % 0.22 0.16 0.29 0.19 0.23 0.22 0.21 0.23 

MnO % o.4o 0.02 0.05 0.02 o.o4 0.02 0.02 0.02 

Cu ppm 34 13 35 73 22 20 32 8 

Cr ppm 84 5 3 3 3 3 4 3 

Zn ppm 44 16 17 21 JO 24 22 13 

Pb ppm 20 20 20 20 20 20 20 25 

Ni ppm 24 25 18 16 29 14 20 21 

Ba ppm Bo 50 61 30 l10 45 20 125 

Sr ppm 399 560 605 548 520 516 545 623 

Rb ppm nd 2 nd nd nd nd 2 nd 

v ppm 190 40 20 20 20 20 20 20 

K/Rb ppm 788 830 

Total 
2 

47.00 99.66 99.18 98.4o 95.58 98.64 99.15 97.96 



IRON MOUNTAIN GABBRO 

(ZONE "G") 

68 



Variables 

s·o 
J. 2 % 

Al o3 % 
21 

% FeO 

MgO % 

Cao % 
Na2o % 
K20 % 
T"O 

J. 2 % 

P205 % 
MnO % 

Cu ppm 

Cr ppm 

Zn ppm 

Pb ppm 

Ni ppm 

Ba ppm 

Sr ppm 

Rb ppm 

v ppm 

K/Rb ppm 

Total 
2 

1 
Total 

2 
Total 

TABLE XII 

MINIMUM, MEAN, AND MAXIMUM VALUES 
OF THE MAJOR AND TRACE ELEMENTS 

OF IRON MOUNTAIN GABBRO 
(ZONE G) 

Minimum Mean 
(6)3 

44.25 46.62 

18.50 21.50 

0.56 7.14 

5.60 8.93 

9.50 9.89 

2.36 2.76 

0.16 0.19 

0.27 2.22 

0.11 0.15 

0.02 0.06 

15' 61 

20 92 

58 95 

10 16 

25 63 

10 ,51 

241 412 

nd 0.25 

70 455 

6309 

98.72 99.48 

Iron expressed as FeO. 

before reconversion. 

3Number of analyses. 
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Maximum 

49.41 

26.50 

10.00 

11.80 

10.4o 

3.30 

0.24 

4.16 

0.18 

0.12 

145 

270 

140 

20 

105 

70 

592 

1 

680 

1992 

100.36 



VARIABLES 

s·o J. 2 % 
A1 2o3 % 

Fe01 % 
MgO % 
CaO % 
Na2o % 
KO % 2 
T'O 

J. 2 % 

P205 % 
MnO % 

Cu ppm 

Cr ppm 

Zn ppm 

Pb ppm 

Ni ppm 

Ba ppm 

Sr ppm 

Rb ppm 

v ppm.' 

K/Rb ppm 

Total 2 

1 
Total 

2 Total 

TABLE XIII 

CHEMICAL COMPOSITION OF MAJOR AND TRACE 
ELEMENTS OF THE IRON MOUNTAIN GABBRO 

(ZONE llG II) 

Sample No. 

WG-83 WG-64 WG-65 WG-56 WG-57 

47.20 58.50 49.41 45.11 45.25 

18.50 19.10 19.90 22.00 26.50 

7.60 7.80 0.56 10.00 6.90 

9.00 8.20 11.80 10.00 5.60 

10.40 10.00 10.14 9.50 9.80 

2.72 2.89 3.30 2.36 2.72 

0.16 0.19 0.24 0.19 0.19 

3.50 3.51 4.16 0.27 1.63 

0.15 0.13 0.17 0.18 0.11 

o.o4 o.o4 o.o4 0.12 0.02 

15 135 145 17 38 

20 47 44 105 270 

140 114 114 72 72 

10 10 20 20 20 

25 40 44 105 70 

10 50 65 60 70 

290 345 241 491 511± 

nd nd nd nd 1 

680 620 620 70 660 

1577 

99.27 100.36 99.72 99.74 98 .. 72 

Iron expressed as FeO. 

before reconversion. 

(Location of the samples are shown in Plate No. 3) 
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WG-58 

44.25 

23.00 

10.00 

9.00 

9.50 

2.61 

0.19 

0.27 

0.17 

0.10 

17 

69 

58 

20 

94 

55 

592 

nd 

80 

99.10 



71 

; 

ROOSEVELT GABBRO 



Variables 

s·o ]. 2 % 

A1 2o3 % 
FeO % 
MgO % 

Cao % 
Na20 % 
K20 % 
T"O ]. 2 % 

P205 % 
MnO % 

Cu ppm 

Cr ppm 

Zn ppm 

Pb ppm 

Ni ppm 

Ba ppm 

Sr ppm 

Rb ppm 

v ppm 

K/Rb ppm 

Total 2 

1 
Total 

2 Total 

TABLE XIV 

MINIMUM, MEAN, AND MAXIMUM VALUES 
OF THE MAJOR AND TRACE ELEMENTS 

OF THE ROOSEVELT GABBRO 

Minimum Mean 
(19)3 

46.60 49.68 

12.97 27.84 

o.4o 3.41 

0.35 3.40 

7.67 10.65 

2.10 2.90 

0.17 o.46 

0.09 0.78 

0.14 0.32 

0.02 0.05 

8 34 

2 10 

8 41 

10 21 

12 24 

10 143 

229 500 

nd 5 

20 125 

763 

98.42 99.53 

Iron e.-::pressed as FeO. 

before reconversion. 

3Number of analyses. 

72 

Maximum 

55.40 

35.00 

9.29 

7.42 

12.70 

3.62 

1.63 

3.74 

1.08 

0.35 

157 

45 

133 

JO 

37 

625 

631 

33 

520 

410 

101.31 



TABLE XV 

CHEMICAL COMPOSITION OF MAJOR AND TRACE 
ELEMENTS OF THE ROOSEVELT GABBRO 

Sample No. 

VARIABLES WR-88 WR-86 WM-109 WG-110 WM-111 W0-26 

s·o 
l. 2 % 49.60 50.50 55.40 51.10 54.oo 49.4o 

A1 2o3 % 33.90 32.00 12.07 14.oo 14.oo 30.20 

Feo1 % o.4o 1.00 9.29 9.14 8.13 2.05 

MgO % 0.35 0.71 5.70 7.42 6.80 3.15 

Cao 96 10. 70 11.60 7.67 9.25 7.69 11.19 

Na 0 
2 

% 3.62 3.12 3.11 3.10 3.10 3.15 

K20 96 0.30 0.20 1.62 1.07 1.48 0.19 

T"O 
l. 2 96 0.12 0.16 3.27 3.74 2.47 0.10 

P205 96 0.23 0.21 0.77 1.08 0.71 0.18 

MnO 96 0.02 o.o4 0.35 0.08 0.04 0.02 

Cu ppm 10 20 4o 157 65 10 

Cr ppm 3 4 6 4 38 4 

Zn ppm 15 14 133 131 121 17 

Pb ppm 20 20 20 25 20 20 

Ni ppm 16 18 12 29 24 25 

Ba ppm 6o 60 625 390 500 60 

Sr ppm 544 571 229 333 287 557 

Rb ppm 2 nd 29 14 27 nd 

v ppm 60 60 44o 520 310 60 

K/Rb ppm 1245 463 634 455 

Total 2 
99.25 99.54 100 99.98 98.42 99.64 

1 
Total Iron expressed as FeO. 

2 Total before reconversion. 

(Location of samples are shown in Plate No. 2) 
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W0-27 WR-89 

48.20 49.10 

J0.40 33.06 

2.29 0.80 

2.91 0.38 

11.50 12.24 

2.91 3.28 

0.17 0.22 

0.10 0.09 

0.18 0.20 

0.02 0.02 

14 16 

4 4 

22 8 

20 30 

33 16 

30 50 

576 595 

nd 2 

JO 4o 

913 

98.79 99.4o 



TABLE XV (Continued) 

Sample No. 

VARIABLES WR-87 WR-95 WR-92 WR-96 WR-97 WR-94 WR-93 WR-85 

s·o 
l. 2 % 48.20 49.75 48.oo 49.60 49.40 46.40 47.22 50.00 

Al O % 27.4o 32.4o 30.00 33.20 33.20 29.20 32. 70 35.00 
213 

% 4.03 1.60 4.oo 1.40 1.00 4.oo 2.17 0.50 FeO 

MgO % 4.40 1.59 4.80 1.58 1.25 5.05 3.45 o.49 

Cao % 11.50 10.50 10.00 12.70 10.90 10.90 10.80 11.83 

Na 0 
2 

% ·~so 2.40 2.84 2 ... 02 2.96 2iio85 2.9'86' 2.10 

KO % 0.19 0.20 0.27 0.17 0.18 0.19 0.20 0.20 2 
T"O 

l. 2 % 0.59 0.13 0.27 0.17 0.12 0.31 0.10 0.13 

p 2°5 % 0.23 0.16 0.22 0.14 0.16 0.19 0.21 0.15 

MnO % 0.03 0.02 0.02 0.,02 0.02 0.03 0.02 0.07 

Cu ppm 10-5 .1_1 22 ,:19 -.21 '35 12 -13 

Cr ppm 45 3 6 11 10 8 6 3 

Zn ppm 25 20 34 16 12 36 20 12 

Pb ppm 20 20 10 20 30 30 20 20 

Ni ppm 31 24 33 20 18 37 29 18 
•· 

Ba ppm .10 60 50 20 JO 50 20 50 

Sr ppm 540 595 552 631 585 529 511 595 

Rb ppm nd 1 nd nd nd nd nd nd 

v ppm 160 4o 60 70 4o 60 60 30 

K/Rb ppm 1660 

2 
99.38 99.26 100.42 101.31 99.19 99.13 100.47 Total 99.73 



75 

COOPERTON AREA 



Variables 

s·o 
1 2 % 

A1 2o3 % 

FeO % 

MgO 96 

Cao 96 

Na 0 
2 

96 

KO 96 2 
T'O 

1 2 96 

p 2°5 % 
MnO % 

Cu ppm 

Cr ppm 

Zn ppm 

Pb ppm 

Ni ppm 

Ba ppm 

Sr ppm 

Rb ppm 

v ppm 

K/Rb ppm 

Total 2 

1 
Total 

2 Total 

TABLE XVI 

MINIMUM, MEAN, AND MAXIMUM VALUES 
OF THE MAJOR AND TRACE ELEMENTS 

OF THE COOPERTON AREA 

Minimum Mean 
(33)3 

45.50 47.92 

16.20 28.20 

0.35 4.05 

0.30 4.33 

8.80 10.66 

1.47 3.00 

0.18 0.35 

0.08 0.05 

0.14 0.28 

0.02 0.04 

11 49 

J 37 

7 41 

10 19_ 

14 39 

50 96 

282 486 

nd 3 

:30 93 

968 

98.29 99 ... 41 

Iron expressed as FeO. 

before reconversion. 

3Number of analyses. 

Maximum 

50.00 

35.50 

12.00 

13.40 

12.00 

4e52 

0.67 

1.55 

0.72 

0.22 

195 

171 

100 

JO 

122 

190 

666 

17 

200 

327 

102.23 



VARIABI.ES 

s·o 
1 2 % 

Al OJ % 
21 

% FeO 

MgO % 

CaO % 
Na20 % 
K20 % 
T"O 

1 2 % 

P205 % 
MnO % 

Cu ppm 

Cr ppm 

Zn ppm 

Pb ppm 

Ni ppm 

Ba ppm 

Sr ppm 

Rb ppm 

v ppm 

K/Rb ppm 

Total 2 

1 
Total 

2 Total 

TABI.E XVII 

CHEMICAL COMPOSITION OF MAJOR AND TRACE 
EI.EMENTS OF THE COOPERTON AREA 

Sample No. 

WQ-1 WQ-2 WQ-J1 WQ-7 WQ-4 

48.50 49.50 49.50 49.90 48.50 

J1.00 J0.20 J2.00 JO.JO J2.50 

J.25 2.JO 0.80 2.95 1.J5 

1.45 2.J1 0.54 0.52 0.70 

10.60 9.90 10.80 10.10 10.80 

J.J5 J.49 4.0J 4.52 J.52 

O.J7 0.54 0.5J o.47 O.J4 

O.J1 o.46 0.18 0.52 o.J6 

0.28 0.16 0.28 0.28 0.19 

O.OJ 0.03 0.02 o.o4 0.02 

44 45 20 18 47 

4 4 JO 3 3 

34 27 18 42 24 

10 20 20 20 30 

14 14 1li 16 16 

150 14o 110 140 80 

594 522 564 578 438 

7 8 9 17 ~ 4 

80 80 40 100 70 

438 560 488 230 705 

99.12 98.89 98.69 99.61 98.29 

Iron e:~ressed as FeO. 

before reconversion. 

(Location of the samples are shown in Plate No. 1) 

77 

WQ-6 WQ-14 

48.J5 46.50 

JJ.20 18.20 

1.70 9.00 

1.27 11.JO 

10.90 9.50 

J.51 1.96 

o.41 0.69 

O.J4 1.22 

0.20 O.J6 

o.o4 0.09 

11 133 

4 119 

28 13 

20 10 

·~6 105 

130 100 

425 378 

nd 2 

80 14o 

2490 

99.93 98.75 
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TABLE XVII (Continued) 

Sample No. 

VARIABLES WQ-8 WC-13 WC-15 WQ-10 WQ-5 WC-11 WC-16 

s·o 
l 2 % 1±9.50 45.50 45.61 46.25 47.20 46.10 47.90 

A1 2o3 % 28.00 16.20 18.00 25.30 32.20 18.60 16.80 

Fe01 % 4.Bo 12.00 10.00 5.00 3.16 8.90 8.6o 

MgO % 3.30 11.00 11.40 7.99 1.74 11.60 10.4o 

CaO % 10.60 B.Bo 9.80 10.50 11.44 9.60 9.69 

Na2) % 2.31 1.93 2.55 2.63 3.03 2.36 2.53 

K20 % 0.34 0.67 o.44 0.21 0.22 o.41 0.55 

T'O 
l 2 % 0.56 1.55 1.31 0.50 o.45 1.01 1.47 

P205 % 0.28 o.64 0.33 0.14 0.25 o.46 0.72 

MnO % 0.03 0.08 0.08 0.03 o.o4 0.07 o.o4 

Cu ppm 37 54 195 33 50 154 87 

Cr ppm 14 115 171 25 8 165 127 

Zn ppm 37 100 87 54 30 Bo 90 

Pb ppm 20 20 20 20 20 10 20 

Ni ppm 18 88 109 33 24 105 83 

Ba ppm 100 110 70 70 100 110 140 

Sr ppm 527 379 359 581 457 338 350 

Rb ppm 7 2 7 nd nd 2 5 

v ppm 120 190 160 80 90 150 200 

K/Rb ppm 403 2490 521 830 913 

Total 2 
99.76 98.37 99.52 98.55 99.74 99.12 98.71 
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TABLE XVII (Continued) 

Sample No. 

VARIABLES WC-12 WC-JJ WC-17 WC-24 WC-2J WC-52 WC-JO 

s·o 
1 2 96 46.oo 47.40 48.90 48.70 49.7J 47.95 5.00 

Al 0 % 17.J9 J0.00 J1.00 J1.70 JJ.50 J5.50 J2.20 
21J 

96 10.60 2.26 0.62 o.4o 1.65 FeO 2.95 2.50 

MgO 96 4.54 1.J4 1.14 1.01 0.27 0.18 0.74 
Cao 96 12.00 J.70 0.71 1.95 o.41 o.4o 1.J1 

Na2o 96 2.10 J.10 J.29 4.07 J.50 J.00 J.J4 
K20 % o.45 0.2J o.48 0.20 0.24 0.18 a.Lio 
T"O 

1 2 96 1.22 0.20 O.J5 0.28 0.18 0.11 0.12 

P205 % o.J8 0.27 0.25 0.19 0.2J 0.16 0.29 
MnO % 0.05 0.02 0.02 0.02 0.22 0.02 0.02 

Cu ppm 147 50 17 22 1J 21 37 
Cr ppm 128 14 5 4 4 4 4 

Zn ppm 9J JO JJ 16 11 10 JO 
Pb ppm 20 JO 20 20 20 JO 20 

Ni ppm 114 25 22 18 16 18 20 

Ba ppm 50 70 110 90 90 60 1.10 

Sr ppm J24 460 501 601 666 524 574 
Rb ppm nd nd J nd nd 1 2 
v ppm 160 90 Bo 60 70 60 60 

K/Rb ppm 1J28 1492 1660 

Total 2 
99.29 99.10 99.2J 99.47 99.J5 99.55 99.54 
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TABLE XVII (Continued) 

Sample No. 

VARIABLES WC-53 WC-19 WC-20 WC-31 WC-51 WC-28 WC-18 

s·o 
J._ 2 % 46.4o 48.20 48.oo 48.73 48.60 48.90 47.30 

A1 2o3 % 21.60 32.80 32.50 34.50 33.80 33.06 28.20 

Fe01 % 7.55 2.10 1.90 0.80 1.27 1.12 4.10 

MgO % 10.60 1.79 0.80 0.38 1.25 0.58 4.48 

Cao % 9.89 11.20 11.60 11.97 11.02 11.73 11.30 

Na2o % 2. 73 3.00 3.53 2.73 3.43 3.43 2.70 

K20 % 0.27 0.30 0.36 0.19 0.26 0.32 0.31 

T"O 
J._ 2 % o.47 0.37 o.45 0.15 0.13 0.19 0.51 

P205 % 0.19 0.23 0.28 0.16 0.19 0.20 0.28 

MnO % o.o4 0.02 0.02 0.02 0.02 0.02 0.06 

Cu ppm 18 16 22 21 24 22 17 

Cr ppm 57 22 3 3 3 3 31 

Zn ppm 75 37 26 26 22 20 32 

Pb ppm 20 20 20 10 20 20 20 

Ni ppm 90 16 18 16 18 24 25 

Ba ppm 90 70 100 60 65 120 90 
Sr ppm 426 480 466 567 567 623 497 

Rb ppm nd 1 nd nd nd 1 2 

v ppm 100 100 so JO -30 ,90 110 

K/Rb ppm 2490 2490 1286 

Total 2 
99.75 100.02 99.45 99.64 99.98 99,,56 99.24 
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TABLE XVII (Continued) 

Sample No. 

VARIABLES WG-22 WC-32 WC-24 WC-21 WC-108 · · 

s·o 
1 2 % 46.11 49.71 48.50 48 •. oo 45.50 

Al O % 26.60 32.00 34.80 29.50 17.50 
213 

% 3.18 10.00 FeO 5.00 2.10 0.35 

MgO % 8.25 1.63 0.30 J.69 13.40 

Cao % 11.00 12.00 11.80 11.00 9.00 

Na20 % 2.16 3.68 2.85 2.96 1.74 

KO % 0.26 0.23 0.19 0.36 o.47 2 
T"O 1 2 % o.48 0.56 0.08 o.64 1.36 

P205 % 1.22 0.30 0.15 0.39 0.20 

MnO % o.o4 0.02· 0.02 0.02 0.05 

Cu ppm 15 34 19 45 14o 

Cr ppm 7 5 3 20 152 

Zn ppm 80 26 7 36 87 

Pb ppm 20 20 10 20 15 

Ni ppm 25 _1_6 14 18 122 

Ba ppm 60 65 50 100 190 

Sr ppm 440. 49li 597 466 282 

Rb ppm nd nd nd Li 4 

v ppm Bo 70 60 75 14o 

K/Rb ppm 747 975 

Total 2 100.13 102023 99.05 99.75 99.23 
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cu C.16C49 -Q.22 370 o. 067 P.2 0.04532 0.44.l.99 o.21'H6 0.30152 
0.2246 o. 0885 0.6098 007332 0.0005 0.0949 O.O.L78 
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ZN o. 74485 -0.49825 -0.30055 0.00067 o.8a9q5 0.23607 0.47630 
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l'NO 0.34248 -0.43310 -0.19628 Jol539l o.Joa3s 0.74255 i.00000 
000079 o. 0 00 6 0.1578 0.2445 0.0115 0.0001 0.0000 
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FED ~GO CAO NA<:O K20 TI02 P205 l"l\C 

cu 0.41004 0.4467 3 -0.38055 -0.15695 0.25572 0.51859 o.Jci321 0.25644 
0.0001 o. 0 00 1 0.0001 0.09CJ9 Oo006d 0.0001 0.0001 0.0066 

CR 0.66679 0.74107 -0.3 4062 -0.52664 0.09687 c .36575 0.24458 0.323€0 
0.0001 0.0001 0.0003 0.0001 o.311a 0.0001 0.0097 O.OGG5 

ZN o.76598 0.73.U3 -0.67599 -0.28452 0.55275 0.88607 o.62t.5o o.42583 
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0.0001 o. 0 00 1 0. 00 01 0.0001 0.345<3 0.0001 0.0135 0.0003 

ZONE Cal3364 0 .1713 3 -0.22566 0.04477 0.30999 c.23937 0.21952 O.CC476 
0.0537 0.0122 0. Ol 72 0.6408 0.0Ci09 0.0114 0.0030 0.9605 

BA o.34097 0.21397 -0.54339 o. 06180 0.89174 o. 54636 0.74240 0.20342 
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0.0001 0. 0 00 1 0. 00 01 0.0001 0.0001 0.0001 0.0001 0.0091 

RR 0.32212 0.15672 -0.52953 0.13168 0.87357 0.51105 o.o'l361 0.102<;2 
000006 O• 1 005 0.0001 0.1683 0.0001 0.0001 0.0001 OoG875 

v 0.51301 o.50694 -0.48032 -0.11384 o. 366 34 C.922f3 0.40863 0 • .::10.:is 
0.0001 o. 0 00 l 0.0001 0.2342 0.0001 0.0001 0.0001 0.0001 

SI02 -0.30257 -0.29P'l3 -0.04699 o. 33500 o.52596 0.20112 0.31566 -0.07640 
0.0012 0.0014 0. 6243 o.0003 0.0001 0.0261 0. 0 0 07 Go4254 

-·------· --·--·- ·-·- ... 
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0.0001 0. 0 00 l 0.0001 0.0001 0.0001 0.0001 o. 0001 o.ooc1 

FE203 0.95393 0085800 -0.65649 -0.53013 0.39875 C.58470 o.54589 0.48413 
0.0001 o. 0 00 1 0.0001 . 0 .0001 0.0001 o.ooc1 o.coc1 c.occ1 

FEO 1.00000 0.80171 -0.63342 -0.47968 0.38372 o.5sB09 0.52521 0.470.H 
0.0000 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 c.coc1 

MGO C.80171 1.00000 -0.45085 -0.64889 0.22512 0 o570'H 0.3&012 0.2~2~3 
0.0001 0.0000 0. 0001 0.0001 0.0175 o.occ1 o.cco1 o.oc1J3 
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0.0001 0.0001 O,'l569 0.0000 Oo45SO 001846 0.2026 C.1267 

K20 0.38372 0.22512 -0.60639 0.01115 1.00000 o.s5514 0.76048 o.;:4213 
0.0001 o. 0175 o. 0001 0.4580 O.JCOO c. 0001 0.0001 o. 1.1105 

TI02 Co55809 0. 5 7 0<; 7 -0.56899 -o .12685 o.56514 1.00000 o.5g475 Oo:!63C'l 
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P205 c.52!:21 0.38012 -o .507 32 -0.10724 0.7fi04d o.59'175 i.uoooo Q,410511 
0.0001 O. 0 Ou l o. 0001 0.2626 o.cco1 0.0001 0.0000 o.ooc1 
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c.oco1 o. O Cle c.coc1 0.1267 o.01C5 c.c.cc1 o.ccc1 c.cocc 
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·PLAG OLIVINE CLINO_PY ORT HO PY OPAQUE tHOTITE -
cu -0.69136 0046056 o.46986 -0.30258 0.50329 0.53791 

0.0001 o. 0205 0.0178 O • .J.415 0.0103 0.0056 

CR -0.60353 0.63916 0.18594 -o .18091 0.46097 0.53991 
0.0014 0.0006 o. 37 35 0.3868 o. 0204 o. 0053 

ZN -0.84296 o.15a26 0.38010 -o. 23201 0.70572 '0.49763 
0.0001 0.0001 0.0609 0 • .264 4 0.0001 0.0114 

PB -0.09518 o.059•8 0.14660 -0.0366d -0.05951 -o. 15583 
o.6509 0.1115 o. 4 84 4 0.8618 o. 777 5 0.4570 

~I -0.68343 Q.90922 0.15196 0.00253 o.24946 0.59052 
0.0002 0.0001 0.4684 o. 9904 0.2291 o. 0019 

SA 0.04410 0.21106 -0.23535 0.05185 -0.14729 0.39872 
o.8342 0.3112 0.2574 0.8056 0.4823 o. 0433 

SR o. 72994 -0.50443 -0.53182 o.3391o.5 -0.45124 -0.4810.2 
0.0001 0.0101 0.0062 o. 0969 0.0236 0.0149 

RB -0.27145 0.42218 0.06283 -0.18117 -0.06590 0044977 
0.1893 0.0355 0.7654 0.3861 o.7543 0.0241 

v -o ... 9951 0.21429 0.26789 -0.23296 Q.89852 c. 04670 
0.0110 o.3037 o. 1954 o. 2624 o. 0001 0.8246 

SI02 0.25763 -0.57708 0.14869 -0.12956 -0.06262 -0.32574 
0.2137 0 .0025 0.4781 0.5371 o.7662 0.1121 

AL203 o. 92529 -0.78503 -0.56722 0 .. 17'112 -0.47602 -0.59944 
0.0001 0.0001 o. 0031 0.3916 o. 0162 0 .OO.J.6 

- -------- -- - -

FE203 -0.69451 0.76809 0.28449 -0.04164 0.29483 0.53479 
0.0001 0.0001 0.1661 0.8433 0.1525 o. 0059 

l"GO -0.88251 0.81509 0 .5 04 12 -0.12212 0.40714 o. 5'1486 
0.0001 0.0001 0.0102 0.5590 0.0434 0.0049 

CAO o.63338 -0.81940 -0.10170 -0.01407 -0.38900 -0.50966 
0.0001 0.0001 0.6286 0.9468 0.0546 0.0093 

NA20 0.53246 -0.56185 -0.29294 0.22667 -0.10197 -0.48912 
0.0062 0.0035 0.1553 0.2759 O.fl277 0. 0131 

K20 -0.53699 0.58608 Oe27406 -0.19883 -0.00289 C.85905 
0.0057 o. 0021 o. 1849 0.3407 0.9891 0.0001 

TI02 -0.66018 0. 334 31 0.42686 -0.25309 0.84234 0.22686 
o.:>003 0.1024 0.0333 0.2222 0.0001 0.2155 

P205 -0.50629 o. 491164 0.29633 -0.20789 0.02935 0.19909 
0.0098 0.0112 o. 15 OJ 0.3187 0.8d93 0.000.l 

MNO ·-0 • .32051 0.40995 -0.01258 -0.02411 o.36291 0.22615 
0.1183 0.0418 0.9524 0.9069 0.0589 0.2110 
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PLAG OLIVINE CLINO_PY ORTHO_P't' OPAQUE 

Pt.AG 1.00000 -0.69595 -0.74361 0.2128.3 -0.52837 
0.0000 - o. 0001 0.0001 0.3071 0.0066 

OLIVINE -0.69595 1 .. 00000 0.09459 -o. 25 06 0 0.27073 
0.0001 o .. 0000 o.6529 0.2210 0.1906 

Cl.INO_PY -0.74361 0.09459 1.00000 - o. 06768 0.21942 
0.0001 0.6529 0.0000 o.7479 0.29.20 

ORTHO PY o. 21283 -0.25060 -0.06768 1. 00000 -0.23084 - 0.3071 0.2210 o. 7 4 79 0.0000 0·2669 

OPAQUE --0.52837 a.21013 0.21942 -0.23084 1.00000 
o.0066 0.1906 0.2920 0.2669 0.0000 

Bl:OTITE -o. 60_216 - 0 ._6 25-4 0 o.296Sl -0-.17485 0.07845 
0.0015 o.oooa Oe 1496 0.4032 Q .. 7094 



APPENDIX D 

MODAL ANALYSES OF SELECTED 

SAMPLES FROM RMGG 
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TABLE XVIII 

MODAL ANALYSES OF SELECTED SAMPLES FROM RMGG 

ZONE 
-K L 

Sample No. WG-45 WG-40 WG-39 WG-69 WG-77 

Pl-agioclase 97% 97% 92% 95% 98% 

Olivine tr 1% tr tr tr 

Clinopyroxene 1% tr 5% 4% 1% 

Orthopyroxene tr 1% tr tr tr 

Opaque 
1 

2% 1% 2% 1% 1% 

Others 
2 

1% tr tr tr tr 

1 
Opaque is included magnetite, Ilmenite, and Hematite. 

2Alteration products of Plagioclase or mafic minerals. 
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TABLE XVIII (Continued) 

ZONE 
L M 

Sample No. WG-36 WG-59 WG-62 WG-35 

Plagioclase 45% 70% 65% 97% 

Olivine 28% 22% tr tr 

·c1 i nopyroxene 10% 5% 25% 1% 

Orthopyroxene tr tr tr tr 

Opaque 
1 15% 3% 10% 1% 

Biotite 2% 

Others 
2 

tr tr tr tr 
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TABLE XVIII (Continued) 

ZONE 
M 

Sample No. WG-60 WG-83 WG-38 

Plagioclase 93% 53% 99% 

Olivine tr tr 5% 

Clinopyroxene 5% 45% tr 

Orthopyroxene tr tr tr 
' 

Opaque 
1 

2% 2% 5% 

Others 
2 

tr tr tr 
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TABLE XVIII (Continued) 

ZONE 
G 

Sample No. WG-57 WG-56 WG-64 WG-65 

Plagioclase 74% 67% 50% 45% 

Olivine 10% 25% 2% 15% 

Clinopyroxene 1% 1% 28% 25% 

Orthopyroxene tr tr tr tr 

Opaque 1 
15% 7% 20% 15% 

Others 
2 

tr tr tr tr 
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TABLE XVIII (Continued) 

ZONE COOPERTON AREA 

Sample No. WC-11 WC-12 WC-13 WC-14 WC-15 

Plagioclase 53% 40% 40% 40% 45% 

Olivine 20% 28% 25% 30% 27% 

Clinopyro.xene rs% 24% 27% 22% 20% 

Orthopyroxene tr tr tr 3% tr 

Opaque 
1 

7% 5% 3% 3% 5% 

Biotite 5% 2% 5% 2% 3% 

Others 
2 

tr tr tr tr tr 



ZONE 

Sample No. 

Plagioclase 

Olivine 

Clinopyroxene 

Orthopyroxene 

Opaque 1 

Biotite 

Others 2 

TABLE XVIII (Continued) 

COOPERTON AREA 

WC-16 WC-53 WQ-5 

45% 70% 96% 

20% 25% 1% 

27% 3% 3% 

tr tr tr 

5% 2% 1% 

3% tr 

tr tr tr 

ROOSVET GABBRO 

WR-87 

60% 

tr 

39% 

tr 

1% 

tr 

tr 
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