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June 10 , 1977 

Mr . J ack E . Holloway, General Manager 
Mines Development Corp-=>ration 
2722 KUne Circle 
Las Vegas, Nevada 89121 

Dear Mr . H~l1oway: 

Mr. 0' Malley hac:: referred your letter and r e p:>rt to me 
f-=>r Essex response to your inviting us t .:J joint venture or lease 
y~ur rare earth deposits located in San Bernardino O:)unty J 

Ca 1 ifornia. 

Essex currently has little interest in rare earth dep-=>sits such 
as your report de r.: cribes . Our primary intere s t in exploration 
is copper. We do appreciate your t hi.nking of us and sending 
the report. I wish t.:> c.:>mplement you and Dames and M,:Jore 
.:In a very excellent and profe ':o si.:Jnal report. We d )n't :)ften 
receive .:Jne quite so well d:)ne . 

Per your request, I am returning your report her"ewith encl:Jsed . 
Please give Dick Brittain my regards if yJU should be in contact 
with him in the near future . 

Very truly yours J 

E . Grover Heinrichs 
Exploration Manager 

EGH:aaw 
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MINES DEVELOPMENT CORPORATION 

2722 KLINE CIRCLE 

LAS VEGA S, NEVADA 89121 

Mr. Paul W. 0 'M ~<:: President 
Essex Inte~~~~~~:'Inc. 
1601 Wall ~~eet 
Fort W~ , Indiana 46804 

De 0 ir: 

May 16, 1977 

Telephone : (702) 45 7-7673 

(l 
r I \/ 

(/ /\ 
l 

L/'] 

A copy of a geology report on our rare earth deposit as 
prepared by Dames & Moore is attached for your review and 
consideration. 

I am sending you this report for the purpose of inviting 
your company to consider entering into one of the following 
arrangements with us: 

1) A joint venture to engage in an exploration program 
such as recommended by Dames & Moore. 

2) A direct lease of the property with an over-riding 
royalty provision when the property is placed into 
operation. 

If you would please have your geologists contact me, 
I will gladly arrange to show them the property on an mutually 
agreeable date. 

If your company has no interest in this kind of property, 
kindly return the attached report to me. 

Thank you for your consideration. 

JEH:ms 

Attahcment 

Sincerely yours, 

f!::~::~ 
General Manager 
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RECONNAISSANCE GEOLOGIC EVALUATION OF CLAIMS 
PILOT PEAK AREA, EASTERN OLD ~vOMAN MOUNTAINS 
SAN BERNARDINO COUNTY, CALIFORNIA 

FOR MINES DEVELOPMENT CORPORATION 

09936-002-10 

DAMES B MOORE 
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605 PARf"ET STREET 
CABLE' DAMEMORE 

DENVER. COLORADO a021S , ' (3031 232 - 6262 
TWX 910 -£\ 3'· 2 600 

Mine Development Corporation 
2722 Kline Circle 
Las Vegas, Nevada 89121 

Attention: 

Gentlemen: 

Hr. Jack E. Holloway 
General Manager 

April 29, 1977 

RE: Reconnaissance Geologic Evaluation of Claims 
Pilot Peak Area, Eastern Old Woman Mountains 
San Bernardino County, California 

We submit herewith fifty copies of the referenced re­
port. It has been a pleasure to work with you on this most 
interesting and unique project. If you have any questions 
regarding this report or any further exploration activities, 
please do not hesitate to call. 

RLB/RCM/dls 

very , truly yours, 

OM1ES & HOORE 

~/.~ 
. ~ 

Richard L. Br~tta~n 
Partner 

~t.m~f~ 
Roland C. McEldowney ~ 
Senior Geologist 
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RECONNAISSANCE GEOLOGIC EVALUATION OF CLAIMS 

PILOT PEAK AREA 

EASTERN OLD WOMAN MOUNTAINS 

SAN BERNARDINO COUNTY, CALIFORNIA 

FOR 

MINES DEVELOPMENT CORPORATION 

INTRODUCTION 

GENERAL 

This report contains the results of our reconnaissance 

geologic evaluation of the Star and Marie groups of claims, 

located south of Pilot Peak on the eastern flank of the Old 

Woman Mountains, San Bernardino County, California (Figure 

1). Following submission of our "Final Report, Mineral 

Exploration Program Using Computer Processing of Multi-

spectral Satellite Data," dated November 4, 1976, Mines 

Development Corporation- (MDC) authorized a reconnaissance 

geologic evaluation of the area, outlined in our proposal 

dated February 14, 1977. 

DA_ES 8 _OORE 
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PURPOSE AND SCOPE 

MDC is engaged in exploration for rare earth deposits 

in the Old Woman Mountain area. The purpose of this investi-

gation is to provide MDC with a reconnaissance geologic map 

I! of approximately 6 square miles of ' land, which may aid in 

identifying target areas for detailed geophysical, geochemi-

cal, and geological studies; and to understand the geology 

of radioactive rocks in a smaller area of interest. 

The geologic studies described in this report were both 

regional and site-related, and consisted of the following 

three tasks: 

1) Air photo geology of approximately 6 square mil~s 
at a scale of 1" = 400'; 

2) Reconnaissance geologic mapping at a scale of 1" = 
400' of approximately 6 square miles; and 

3) Detailed geologic mapping of approximately 250,000 
square feet at a scale of 1" = 50'. 

Air photo geology was done on color photos using stereo 

pairs along three north-south flight lines. The photographs 

were supplied by MDe. A base map, Plate 1, was prepared by 

correlating distances between all of the major (stream chan-

nels, roads) geographical features shown on the air photos 

u·sing the radial-line method. 

DAIIIIES 8 IIIIOORE 
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Geologic mapping was accomplished along east-west recon-

naissance traverses, with some mapping done along strike in 

areas of carbonatite veining and complicated structure. 
I 

Geology between traverse lines was extrapolated using the 

aerial photographs; hence, the reconnaissance nature of the 

map (Plate 1). Samples of major rock types were collected 

for petrographic description. 

Detailed geologic mapping in the Marie claim group was 

done by pace and Brunton compass. Samples of each of the 

rock units in this area were collected for petrographic de-

scription. Thin sections of the rocks were prepared by the 

geology laboratory at the Colorado School of Mines. The 

-- petrography was performed by a Colorado School of Mines PhD 

candidate familiar with alkalic igneous and metamorphic rock 

mineralogies. 

Limited geochemical sampling was undertaken by MOC. 

Ground magnetic and gravity surveying was completed on a por­

tion of the property by Heinrich's Geoexploration Company and 

MDC. A brief correlation of these activities with the geol­

ogy of the area is presented. 

DAMES 8 MOORE 
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CONCLUSIONS AND RECO~~mNDATIONS 

Based on reconnaissance and detailed geologic mapping, 

petrographic studies, limited geochemical sampling, and de-
" 
' ,--.. 

i -- tailed ground magnetometer and gravity surveys on a portion 

Ii 
,I 
II 

I! 
Ii 
II 

II 

ji 

I· 
I 
I 
I; 
il 
I' 
!I 

I! 

I 

of the property, we conclude the following: 

1) 

2) 

3) 

4) 

Syenite/carbonatite intrusive masses, dikes, and 
sills have been emplaced along a north-northwest­
trending zone which extends beneath an alluvial­
covered area to the north; 

Rare-earth-bearing allanite gneisses are located 
along northwest-trending fault zones which display 
associated carbonatite veins, lamprophyre dikes, 
and biotite augen gneiss; 

Geophysical studies indicate that major rock types 
and fault zones can be extended into the alluvium 
using ground magnetometer traverses; 

Large alluvial-covered areas between the syenite/ 
carbonatite complex and the allanite gneiss zones 
offer excellent exploration potential for addi­
tional rare earth deposits, especially at fault 
intersections. 

We recommend that MDC continue exploration of the rare 

earth deposits discovered to date by core drilling. Addi-

tionally, we recommend extending exploration activities into 

the alluvium to trace the syenite/carbonatite zone to the 

northwest, and the allanite gneiss zone to the southeast. 
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GEOLOGY 

LOCATION AND GENERAL GEOLOGIC SETTING 

The study area is located on the eastern flank of the 

Old Woman Mountains in Township SN, Range 18E, Sections 1, 

2, 3, 10, 11, 12, 13, 14, 15, 22, 23, and 24, approximately 

16 miles southeast of Essex, California. The area shown in 

Figure 2 is covered generally with a thin alluvial fan, with 

bedrock cropping out in the higher elevations. The alluvial 

surface trends up from a low of approximately 2,100 feet 

above MSL in the southeastern portion of the area, to a high 

of approximately 2,800 feet in the northwestern portion. The 

highest elevations on the property, approximately 2,900 feet, 

are located on the slopes of pilot Peak at the northwestern 

edge of the study area. 

The Old Woman Mountains consist of a group of north-

trending ridges and peaks,underlain primarily by Precambrian 

schists, gneisses,and igneous rocks. In the north-central 

portion of the range, immediately west of the area of in- \ 

vestigation, Mesozoic granitic rocks (granite, adamellite, 

granodiorite, tonalite, and diorite) have intruded the 

Precambrian sequence. Numerous gold, silver, copper, and 

tungsten mines occur along this intrusive contact • 

DAMES 8- MOORE 
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The Precambrian rocks are cut by NNW to NW-trending 

faults in the Old Woman Mountains and on strike to the south-

east, across the valley in the Turtle Mountains (Geologic 

Map of California, 1963). 

Rare earth deposits are presently being mined in the 

Mountain Pass district of San Bernardino County (Olson, et 

al, 1954), approximately 75 airline miles NNW of the site. 

The rare-earth-bearing carbonate rocks of Mountain Pass bear 

strong relationships to those discovered here; they are spa-

tially and genetically related to potash-rich igneous rocks 

of probable Precambrian age which intrude a metamorphic com-

plex. 

Other rare-earth-bearing mineral occurrences have been 

reported in San Bernardino County. Dibblee (1967) reported 

brannerite and monazite in the Old Woman Springs quadrangle. 

ii 
I! Hewett, 

!i (1953), uranothorite near Forest Home (1957a), and brannerite 

et al, reported euxenite and betafite in pegmatites 

r--'-- (1957b). 
, 

Volborth reported allanite in pegmatites in the 

II ,I 
II 

New York Mountains (1962). 
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SITE GEOLOGY AND MINERALIZATION 

The Star claim group includes most of the rock out-

crops in the central portion of the area shown in Plate 1. 

This area includes the most extensive outcrops of carbona-

tite and associated intrusive rocks in the area studied. Re-

connaissance mapping was begun here. Detailed geologic map-

ping was accomplished in the Marie claim group (Figure 2), as 

the rare-earth content in this area is of more interest at 

the present time. Limited geophysical and geochemical stud­

ies of both areas have been completed by MDC, portions of 

which are included with this report. 

Star Claim Group 

Rock Types. The area shown on Plate 1 consists gener-

ally of a broad alluvial plain interrupted by hills which 

are cored by intrusives and surrounded by metamorphic rocks. 

Possibly the oldest rock types shown on Plate 1 are the 
, 

plagioclase, chlorite gneiss and the quartz, k-feldspar 

gneiss. These are presumed to be Precambrian in age. 

The plagioclase/chlorite/k-feldspar quartz gneiss 

(Appendix A, sample 11) crops out west and north of the sy-

enite/carbonatite area in the southwestern quarter of Section 

DAMES 8 MOORE 
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11. It is a distinct pink and green rock which reacts to cold 

dilute hydrochloric acid. Generally, it is found in a highly 
q 

i: weathered, soft condition; and occurs in topographic lows be-
l· 

tween hard, resistant ribs of aplite and tonalite dikes. It 

may continue south of the east-north-east-trending fault at 

its southern end; however, no outcrops were found during re-

connaissance mapping. The unit extends north of the wash, 

beneath older alluvium. It is believed to be metamorphosed 

to the upper green schist or lower amphibolite facies. 

The quartz, k-feldspar, plagioclase, biotite gneiss is 

the most widespread unit in the area. Its composition var-

• ies in general from quartz-rich to biotite-rich, as the unit 

includes minor unmappe~ interlayered migmatites and other 

mafic zones, and quartz diorite intrusives. Aplitic to peg-

matitic dikes and sills are common as resistant ribs. The 

unit apparently originated, in part, as a quartz-rich, igne-

ous intrusive and has since been metamorphosed, faulted, and 

intruded. Its relation to the unit mapped as quartz biotite 

gneiss to schist is generally unclear; portions of the unit 

appear to be younger than the quartz biotite gneiss, and are 

interlayered with it. This is considered the most compli-

cated unit mapped, and only detailed geologic mapping, beyond 

the scope of this study, will reveal the true age relation-

. ~ 
ships • 
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In the northwestern quadrant of the map, this gneiss 

exhibits a light tan coloration along fault zones. This 

appears to be a propylitic grade of alteration associated 

with an increase in iron minerals (pyrite, magnetite ?) near 

the faults. Several of the fault zones include radioactive 

allanite (1) rich gneisses (samples 7, 9, and 11, Appendix 

A), lamprophyres, and carbonatite veins. These rocks are 

commonly strongly magnetic along the faults, and are indi-

cated as "R" on Plate 1. 

The quartz biotite gneiss to schist unit is located pri-

marily in the west-central portion of Plate 1, and occurs in 

scattered outcrops on the flanks of the hills in the area. 

It is generally an interlayered quartz-biotite, k-feldspar, 

and biotite-quartz, k-feldspar gne+ss. The unit, as a whole, 

contains more mafic minerals than the preceding one, and is 

mappable in this respect. 

Lamprophyre and amphibolite dikes (Appendix A, samples 

1 and 2), and biotite augen gneiss units (Appendix A, sample 

8) occur along the western edge of the large mass of quartz 

biotite gneiss in Section 10. Lamprophyre sills and dikes 

occur ~ithin the gneiss in Section 10 and crop out at various 

additional points on Plate I, usually associated with ca~bon-

atite veinlets and alkalic intrusive rocks along fault zones. 

The close spatial association of larnprophyre, amphibolite, 

DAMES 8 MOORE 
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biotite augen 'gneiss, and carbonate-rich rocks suggests a 

genetic relationship. 

The main mass of alkali-lime syenite and included car-

bonatite veins and dikes occurs in the central portion of 

the area mapped. Outcrops and float indicate a general oval 

or ring shape. This may be misleading due to the lack of 

good outcrops in the area. Two steeply-dipping, north-

northwest-trending zones of syenite/carbonatite (carbonatite 

intersected in Drill Hole 3 at 17 feet) have been documented 

by drilling in the area. These zones persist laterally some 

distance to the southeast. The zones appear to converge at 

the northern end of the outcrop next to the wash. Arnphibo-

lite and larnprophyre dikes appear closely associated along 

some portions of the unit. A latite dike was intersected in 

Drill Hole 2 at 82 feet, at the base of the syenite/carbona-

tite complex; and scrutiny of the up-dip surface area revealed 

a weathered outcrop of the material. 

The syenite/carbonatite complex is interpreted to be an 

intrusive body which was emplaced along faults and fractures 

parallel to the rock layering. Along faults which lie· at 

right angles to the layering, the intrusive either widens 

and converges, pinches out, or is offset. 

DAIIIIES 8 IIIIOORE 
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Biotite quartz diorite (tonalite) has intruded the 

aforementioned Precambrian rocks, and forms the central or 

core zones of the hills in the area mapped. This material 

generally lacks foliation, except near the edges of the in-

trusive and along fault zones. It ranges in composition due 

to admixing of the Precambrian metamorphics. Mafic xeno-

liths are cornmon. The tonalite is believed to be associated 

with the period of intrusive activity which invaded this area 

during Cretaceous time. 

Young alluvium is differentiated from older alluvium on 

Plate 1 in order to identify drainage patterns. Young allu-(. viurn consists of gravel and sand presently in dry stream 

II 
,I 

I: 
,I 
'I 
II 

channels. Older alluvium is generally the unconsolidated to 

partly-consolidated gravel, sand, silt, and clay deposits 

·1 

il 

which lie above the present channel deposits. This includes 

a semi-consolidated, alluvial fan material which overlies the 
II 
II II 

" 
quartz, k-feldspar gneiss along the western edge of Plate 1 

" 

II in Section 10. 

Ii 
II 
il 

1i 

II 
!I 
11 il Structure. Folds and fold systems in the Precambrian 
I I 

rocks are complex and not well understood. An example of 

c. this is provided by outcrops of the quartz biotite gneiss to 

schist. This unit exhibits an overturned isoclinal, 

DA_ES 8 _OORE 
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NNW-striking fold system in several areas (Plate 1). This 

system is believed to be refolded along a NNE axis in the 

west-central portion of Section 10. This is interpreted as 

an anticlinal structure on Plate 1, but can also be inter-

preted as a synclinal structure or tilting along a major 

fault zone. 

Faults mapped on Plate 1 exhibit generally NNW and ENE 

trends in tonalites, and NS to NNE and WNW trends in quartz 

biotite gneiss to schist. Faults mapped in the region (Geo-

logic Map of California, 1963) strike NW to NNW in Precambrian 

rocks. 

Lateral offsets include the following general observa-

tions: 

1) Right lateral offsets along EW and WNW-trending 
faults; 

2) Left lateral offsets along ENE-trending faults; 
and 

3) Lateral or vertical (?) offsets along NS-trending 
faults. 

!: Due to the complex faulting history in the area, no 
;1 
II stress interpretations have been drawn from this data. Suf-

fice it to say that lateral offsets have been noted in the 

area and can be expected along fault zones. 

DAMES 8 MOORE 
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Alluvial-covered areas (topographic lows) trend gener-

ally NW to NNW parallel to the trend of the topographic 

highs. These areas may be underlain by large fault zones, 

especially in the alluvial-covered area north of the syenite/ 

carbonatite mass. 

Mineralization. Rare-earth oxides (ReOx) have been 

noted at several localities on the property. X-ray fluores-

cence of Union Carbide Corporation samples (number 919, 920, 

923, and 925) taken on the Star claim group indicates a con-

ce " sistent 0.2 to 0.5 percent ReOx content. However, no rare 

earth or barium minerals were detected in thin section ex-

'i I, 
" 

amination or heavy liquid separations of the same samples. 
I' 
'l 
il 
I· 
i' 

:1 
II 

Ii 
II 

Radioactive allanite-bearing gneisses, located along 

fault zones in the northwestern corner of the area mapped, 

contain appreciable amounts of rare-earth oxides. Table 1 
I 

'i , 
Ii shows three selected analyses of geochemical samples obtained 

;1 

'I 
II 
;\ 
JI 
I 

from rocks in the area shown on Plate 1, samples JH-2-2, 

JH-1-9, and JH-l-IO. 

Sample JH-2-2 was collected from an outcrop of allanite 
ji 

. ~ 
I 

I 
I 

gneiss which appears closely associated with a biotite augen 
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TABLE 1 

SELECTED SPECTROGRAPHIC ANALYSES* 

RARE EARTH OXIDES 

fu~ALYSES IN PARTS PER MILLION** 

Sample 

Element JH-l-l JH-2-2 JH-1-9 

Lanthanum 9,400 2,500 1,700 

Cerium 18,000 5,900 4,500 

Praseodymium 370 

Neodymium 1,900 740 370 

Yttrium 560 490 170 

Total Percent 
Rare Earth Oxides 3.6 1.1 0.8 

* 
** 

Analytical reports included in Appendix B 

Sample locations shown on Figure 3 and Plate 1) 

JH-l-IO 

610 

1,500 

100 

64 

0.25 

DAMES 8 MOORE 
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GEOLOGIC MAP AND CROSS SECTION OF THE 
MARIE CLAIM AREA, OLD WOMAN MOUNTAINS, 

SAN BERNARDINO COUNTY, CALIFORNIA 
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~. gneiss. The outcrop (a hill 200 feet long by 50 feet wide) 

displays average scintillometer readings which are four times 

background readings. Thorium content in s~ple JH-2-2 is 160 

parts per million. 

Samples JH-1-9 and JH-l-10 were collected from an east-

west-trending trench excavated into an alluvial-covered 

arroyo immediately east of an allanite gneiss outcrop. Both 

samples were radioactive; with JH-1-9 an allanite gneiss 
I' 

I, located on the west end of the trench, and JH-l-10 an altered 
Ii 
:1 alaskite to aplite (?) located at the bottom of the center 
I 

of the trench. 

Marie Claim Group 

Rock Types. The Marie claim group (Figures 2 and 3) in-

cludes rock types which are similar to those shown on Plate 

1 and described in the previous section of this report. 

Biotite quartz diorite (tonalite), aplitic to pegma-

titic dikes, and alkalic quartz diorite (Appendix A, samples 

4 and 141 have intruded a Precambrian gneissic terrain. com-

posed of coarse-grained quartz, k-feldspar, plagioclase 

gneiss (Appendix A, sample 11); fine-grained quartz, k-

feldspar, plagioclase, biotite gneiss (samples 3 and 13); 

plagioclase, quartz, biotite, augen gneiss (sample 8); and 

DAMES 8 MOORE 
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• a lamprophyre dike (samples 1 and 2). Associated with the 

lamprophyre dike along a mv-trending fault zone which inter-

sects Figure 3 are coarse-grained quartz plagioclase, horn-

blende, allanite, biotite gneisses (sample 7); and altered, 

lime-rich diorites, including minor carbonatite veinlets 

(sample 12). 

',I 
;1 Structure. Foliation generally dips to the west in the 
!I 
II i! eastern portion of the study area and to the east in the 
II 

western portion of the area. This is apparently due to ro-

" ,I 

•

1
1

, ,I 
Ii 

tation along the NW-trending fault zone, although it may de­

fine a major fold axis centered along the fault. 

II 
,I 

I' I 
II 

Ii 
,! 
,I 
!! 
Ii 
JI II 
ii 
,I 

Ii 
Ii 

II 

Folding or faulting of the augen gneiss prior to intru­

sion of the tonalite is quite apparent just north of the 

long trench. If the offset is fault-related, the movement 

sense is right-lateral along an EW-trending fault. 

Mineralization. Scintilometer readings of 0.15 milli-

roentgens per hour (mr/h) or ten times background are associ­
'\ 
if ated with the allanite-bearing gneiss. Anomalously high -
I 
': 
'\ I: rare-earth oxides have been found in samples of the rock 

taken from the large trench (Figure 3). 
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Sample JH-l-l (Table 1) shows the highest total percent 

of rare-earth oxides found to date on the property. This 

rock resembles the allanite gneiss found in the hill (JH-2-2) 

to the southeast and in the trench (JH-1-9) to the east. 

Mineralization at JH-l-l is exposed in a 2 to 3-foot-

wide zone along the northwest-trending fault, and appears to 

be widening at dpeth. Argillic alteration is evident in the 

country rock for distances up to 20 feet from the fault zone. 

Petrographic analysis of the mineralized rock (Appendix 

A, sample 7) indicates that allanite comprises approximately 

10 percent of the rock by volume. Rare-earth-bearing allan-

ites have been reported in the Boulder Creek batholith, 

Colorado (Hickling, et al, 1970). Total rare-earth oxides 

of eight allanite samples analyzed range from 17.5 to 21.3 

percent by weight. Th~s is consistent with total rare earths 

for worldwide allanites, as shown by Hasegawa (1960). Allan-

ites typically contain radioactive constituents (Deer, Howie, 

and Zussman; 1966), which range from 0.35 to 2.23 weight per-

cent Th0 2 , and from 30 to 650 ppm uranium. Thus, without 

further laboratory testing, we believe the rare earths and 

radioactivity in the samples are closely associated with the 

allanite. 
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GEOPHYSICS 

Heinrich's Geoexploration Company has completed ground 

magnetic and gravity studies on a portion of the Star claim 

group. MDC carried out ground magnetic studies on that por-

tion of the Marie claim group mapped in detail by Dames & 

Moore. This section of the report provides a brief correla-

tion of the geophysical studies performed by these groups 

with the geology presented herein. 

STAR CLAIM GROUP 

Both the ground magnetic map and the gravity map of the 

Star claim group indicate the north-northwest-trending fault 

zone which lies along the western edge of Sections 11 and 14. 

This fault separates a magnetically-quiet terrain on the east 
. 

(tonalite and carbonatite/syenite intrusives into granite 

gneiss) from a magnetically-busy terrain on the west (schists, 
, 

gneisses, amphibolite, and lamprophyre intrusives). 

East-northeast-trending faults terminate magnetic and 

gravity highs and lows in the area mapped. Areas of carbona­

tite/syenite correlate well with magnetic lows and either . 

gravity lows or broad, flat, gravity gradients. 
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MARIE CLAIM GROUP 

Figure 4 shows a ground magnetometer map of the same 

area as Figure 3. 

Magnetic lows over the map area are consistently associ-

ated with the large intrusive bodies of alkalic quartz dio-

rite and biotite, quartz diorite (tonalite). In general, 

magnetic highs occur over metamorphic rocks. The 500 gamma 

contour in the northeastern quarter of the map defines the 

approximate center of the augen gneiss body, and is clearly 

offset along the proposed east-west-trending fault. The 

rapid drop in magnetic intensity to the west of this contour 

is indicative of the contact between the metamorphic and in-

trusive bodies. Allanite present in the center of the map 

occurs along the fault which truncates the augen gneiss and 

brings it into contact with the intrusive diorites. Both 

allanite bodies mapped occur along fault zones which have 

brought metamorphic and igneous rocks in contact. In addi-

tion, the allanite bodies occur along 0 gamma contours which 

lie at the edges of abrupt magnetic highs. 

The large high in the southwestern corner of Figure 4 

probably indicates the presence of a sizeable metamorphic 

body below the alluvium, possibly augen gneiss. 

DAMES B MOORE 
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MAGNETIC CONTOUR MAP OF THE MARIE CLAIM AREA 
OLD WOMAN MOUNTAINS 

SAN BERNARDINO COUNTY. CALIFORNIA 

MAGNETIC DATUM - 501100 GAMMAS 

0~!iiii~5~O~~1~0~05~150 $N '= ' FEET 

c==:l SHAI..1..0W TRENCH HoTEl THIS /lAP COVERS THE SAllE AREA AS FIGURE 3. 

.............. 00 •• 
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SUM!1ARY OF GEOPHYSICAL INVESTIGATIONS 

" 
The strong correlation between ground magnetic anomal-

'i , ies and rock types in both the Star and Marie claim groups 
I; . indicates that this type of exploration can be an effective 

means of mapping in the alluvial-covered areas. Target 

areas exist at the intersection of the north-northwest car-

" bonatite trend and a possible northwest-trending fault zone 
q 
ii 
'I 

!i 

" 
Ii 
!I 
II 

Ii 

'I 
I 

" 

in the alluvial-covered area of the northwest quadrant of 

Section 11. 

* * * 

The following are attached and complete this report. 

References Cited 

Plate 1, Reconnaissance Geologic Map of A Portion of The Old 
Woman Mountains~San Bernardino County, California 
(located in map pocket) 

Appendix A, Petrographic Descriptions 

Appendix B, Geochemical Analyses 

Respectfully submitted, 

DAMES & MOORE 
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Partner 

RLB/RCM/dls 

~ ~_Y11t-r~ 
Roland C. MCEldowney I 
Senior Geologist 

I 

DA_ES 8 _OORE 

t' 
I 
I 

! 

I. 



(;;' • 

• 

• 

I 
I' II 
It 
Ii 
II 

/1 
II 
!i 
'I I, 
!I 
II 
I' 
i! 
II 

-25-

REFERENCES CITED 

Deer, W. A., R. A. Howie, and J. Zussman. 1966. An Intr0-
duction to the Rock-Forming r·linerals. John \Vile~: and 
Sons, Inc. New York. 528 p. 

Dibblee, T. W., Jr. 1967. Geologic Map of the Old Woman 
Springs Quadrangle, San Bernardino, County , California. 
U.S. Geol. Survey Misc. Geol. Inv. Map I-518. 

Geologic Map of California. 1963. Needles Sheet, Scale 1: 
250,000. Compiled by Charles C. Bishop, California Div. 
Mines and Geology. 

Hasegawa, S. 1960. Chemical Composition of Allanite. 
Tohoku Univ. Sci. Rpts. Sere 3, Vol. 6. p 331-387. 

Hewett, D. F. and J. J. Glass. 1953. "Two Uranium-Bearing 
Pegmatite Bodies in San Bernardino County, California." 
American Mineralogist. Vol. 38. p. 1040-1050. 

Hewett, D. F. and J. Stone. 1957a. "Uranothorite Near Forest 
Home, San Bernardino, County, California." American 
Mineralogist. Vol. 42. p 104-107. 

Hewett, D. F., J. Stone, and H. Levine. 1957b. "Brannerite 
from San Bernardino County, California." American 
Mineralogist. Vol. 42. p 30-38. 

Hickling, N. L., G. Phair, R. Moore, and H. J. Rose, Jr. 1970. 
"Boulder Creek Batholith, Colorado, Part 1: Allanite and 
its Bearing Upon Age Patterns." Geol. Soc. of America. 
Bulletin. Vol. 8r. p 1973-1994. 

Olson, J. C., D. R. Sharve, L. C. Pray, and W. N. Sharp. 
1954. Rare-Earth Mineral Deposits of the Mountain Pass 
District, San Bernardino County, California. U.S. Geol. 
Survey Prof. Paper 261. 75 p. 

Volborth, Alexis. 1962. "Allanite Pegmatites, Red Rock, 
Nevada, Compared with Allanite Pegmatites in Southern 
Nevada and California." Econ. Geology. Vol. 57. p. 
209-216 • 

DAMES 8 MOORE 



• 
• 
• 

• 

• 
• 
• 



• 

'. 

" 

, 
, --... 

II 
Ii 
II 

!I 

APPENDIX A 

PETROGRAPHIC DESCRIPTIONS 
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Classific~tion based upon scheme presented i~ Williams, Turner 
and Gilbert- Petrography Text. 



• 

A-2 

!1Rnd SnAci~en Descri !'tion: ?eenisi1-b13c~{ C!nd 'Nhl te :neci~m e=ained 
rock com~osed ?reco~in~.tly c: hornblende and pl?siocl~se, sli~htly 
foliRted, no gneissic texture. 

:':!iner?loF:~ 0 
"'50~o :-iornolende-bi['.J(iol (-), 2VH 50-60 ,. pleocilroic fro., neutral to dk. 

blue green to dk. broY'.n green, m?.X. bire.;::j. 0 27, generally r-nhedre.l to 
subhedrol grains~ 1 m~., grain clusters up to 4 a~. altering to biotite 
in places, some simple twins. 0 
(~39%) Pl 8~i oclase-bi~xial (-), 2V~5-90 , gener81ly ar_~e~r~l Gr~ns 
,.5 m!T\., ?~bite and carlsbad t'::inning , co:rk"':10n2.:: a l teri!1g to seri cite 
alon~ clev~. ;:; es and t'!lin planes. 0 
( .... 5·, ~) Chlorit e-bia.-.::i21 (-), 2V"'45 ,. ]leochroic fro:1 neutrcl to blue green 
to grass ~reen, anonolous blue to l ~var.der inter:erence tints, in patches 
<.1 :nm., 2.1 teration of hornblende6 ?enr:.ine. 
(""3~) :3iotite-bi?_xial (-), 2V""lO ,. pleocnroic from It. brown to dk. brown 
to f?jree!1-:-~rovm,. hii?h bire, co:nJloBly rir.ming. ~lb. end 210!1g frac~ures. 
(,.. 2;';,) SnlGote-b1.8.X1.al (-), 2V"'80 ,. pleochro1.c fro:;} neutrE'~ to It. green, 
hi gh r elief , ma.x. bire. AI .035, grt'.i!1s 1 m:1 ., cor.:Tlonly assoc . vli tn chlorite. 
(,... 1;;) ODA.(Jue-henati te a!1d magneti te, cOJl:.Jonly ps soc. wi th hl b. r...nhec rP.l 
grains < .5 In.,,!}. 

Textures: holocrystalllne, genera.lly xenor.lOr:;hic granular texture, slight 
foliation due to allignnent of nicas, opaQues nnd S0"'18 hlb. Anhedral 
epidote grains cO:;}r.1only surrounded by chlorite and toe;et i:e r with :r.agnetite 
p.nd biotite are probably alterations of hlb. 

Ori£!'in:- metamorphosed basic or :nagnesian i gneous rock t o the 10'l-ver 
8mphibolite facies. 

Rock }Ierne: hornblende-plagioclase-chlorite-biotite-e-pidote R!'!lphibolite 

TJ.2 
H:,Uld Sneci:nen Descri TItion: dk. green, very CORrse grained rock com!)osed 
predominantly of hornblende- c~Jstals up to 1 cm., slight effervesence 
indicates minor calcite. 

:.1iner8.10 :n 

...... 805'" ~ornblende-bimdal (-), 2VA,,80 0
, pleochroic from neutr8.1 to It. 

yellow green iOlt. bro'Nn green, large anhedral poi kili tic grains U-;J to 
1 cm., mAX. bire.-.022, so~e.simnle twins. 0 
("'10?~) Ferrir.n-Zoisite-bip..xial (+), 2V""55-60 , :ugh relief, colorless, 
max. bire."".03, as inclusior~s in hlb. "md commonly assoc v:ith calcite, 
grain TIatches un to 1 rom. 
("'5 '~) C8lci te-Ul1iaxi?1 (-), high relief, v. high bire., as grains (<"'5 mm.) 
pnd srFin clusters included in hlb. 2r.hedral grains. 
(""35'~) On8oue-anhedral he:Jati te and more abunc.ent magneti te, AS ~~rE'.ins 
<.5 mm. [:U1G. gr;::in clusters up to 1 I!L"!l. e.nd commonly as oriented inclusions 

in ~lb... .. 0 
("'l~<» 31.otl te-b1.2.X1.al (-), 2V"V5 , pleochr from neutrp.l to brn .green to 
g r een,birds eye extinct., high bire. 
« 1;;) Chlori t e-pleochr. neutral to 1 t. grn to blue green, r::no!'1olous blue 
to l~va~der interf. tints- Pennine. 
(<..1%) Zircon-very !"linor few grRins of zircon and/or s phene. 

Textu res: holocrystalline, v. coarse grained pordli tic crystals of 
cmhedral hornblende, wi th abune 8.Il t inclusions. El b. exhi 'oi ts ::10: t ... ed 
flppearence due to recIj.·stallized pods of ~ ' _l b. a.r..d inc:'usions. Some gr?ins 
contain abundant oriented rninute ma;neti te inclusio!".s-ori e!1teo :;artilel 
to clevaf-;es. Com..":'lOnly ~ods of recrystaliiz ·~d hib. a'1d zoisi te-c 1:1ci te 
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incl'-l.sions in. 8~::r;ti 00 ~ e p.re surrou!'ideo b~' nplos of depIcted :,,:a~neti te 
inclusions. 

Ori ~in : basic i ~neous (dike?) rock. 

Rock :'or8!l1e : hornblende-zoisi te-feldspar­
free lR~prophyre. 

ill. 
~nnd Snecimen Descri ntion: 1 t. pink porp:wri tic rock 'd th e1;.hedr:-,l 
MRgneti te phenocrys ts ( up to .5 cm.) in a matrix of pin:d sh k-sp?r, 
plagioclase and aupxtz with foliated stringers of biotite ?nC ~uscovite, 
develop~ent of gneissic texture. 

~'I! i ner? lo.crv 
,... 35 ~o Quartz-nI'lledr2.l grains <. .75 l!lIIl. exhi bb ting uJldul p:ting extinction. 

(""25% Anorthoclase(?)-bir:.Xial (-), 2V-25-30 , low bire., enlledral ~reins 
< 1 mm. someti~es wi th pertili tic textureo ( .... 20~~) Pl2.?aio clp,se-biaxial (-) t 2V,...70-80 , 2~ bi te twinning , al tering to 
sericite. Approx. An?3 - andesino . 
("'15~~) Biotite-biaxia1. (-), 2V"'5 , pleochroic from It. brown to dk. reddish 
bro'Nn, high bire., grains up to 1 r.lm. long. 
( ..... 5%) Onp.aue-r.lagnetite, subhedral to euhedral p;rains up to .5 CI!l. and 2.S 
smaller ?nhedral 6rains in ma·rix. 
("'1%) Anati te-uniaxial (-), high relief, v. low bire., commonly e.s 
subhedra l inclusions in biotite a~d magnetite. 
(<'l~'~) ;'.iuscovi te-v. minor, colorless, high bire., cOr.lP.1only assoc. wi th 
biotite _ . alone m2~gins of ~agnetite. 
« 1%) Zircon-:liish relief, v. high bire., sr.1p.ll c>.nhedrRI grpins .5:nr:l. 
commonly assoc. wi th InPgneti, te. Probably some s~hene 8lso. 

Textures: holocrystalline, genernlly xenomorphic grculUlnx ll~trix, 
por-phyri tic , .... i th l::-~rge phenocrysts ·of ma~neti teo ?01i8tion d eve loped 
by p?rp.llel allignment of biotite e re.ins. :dinor sY:1plectic intergrowths 
between k-s~ar and plagioclase, some perthitic textures. 

Ori r.:in : meta!TIorphosed quartzo-feldspathic igneous rock to the lower 
runphibolite facies. 

Rock Nc>rne: quartz-ks~ar-plagioclRse-biotite ~neiss. 

ii.i 
:1P.nd Snecinen TIescri ntion: bl ack and whi te coarse gr?..ined enui ? r8..!1ulp,r 
rock co:npo sed ~redo"'1ir:antly of plagioclase 2..'1C bioti te, 1:.0 ;:-re i'erred 
orientC".tions. Slight; effervesence indicates Minor c Pelci teo Weathered 
surfp..ce a r:nears orangei she 

Mincr2.10gy . 
t ~ 58%) PIr-ai o clase-bip-xial (-), 2V"'80o, a l bi te flnd nericline twinni!1g, 
commonly zoned, --generally subhedrnl grains up to .5- cm. 
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(I'J 2r.;~) 3iotite-bi :>...:dcl (-), 2V"5°, T! leQc~r-oic from It. bro'.'Jn to green 
bro\,iYl to d~ . b:-o·:.T., grp.i::s up to 2 M:7l . 
(""10~~) OU~Lrt2-rlI: :--tec :- al , inters~i tial Gr~~ns exhibi tint; u:1c'..llF'.ting extinct • 
("'5 :~) Anort~oclp..se-biaxiA.l (-), 2V"'30-40 , 10·:i Dire., genernlly nnnee.r[ll 
grains U "0 to 1.5 ::1::1. 0 
tN 3%) Snhene-biaxip.l (~), 2Vh 40 , hish relief, v. :--tigh bire., occurs ~s 
euhedr~ i :-hO:7lbic ~rp~ns DOSt co mnonly ~s inclusions in biotite. Probably 
so:ne zircon. 
("'3~) On8oue-;mhedra.l magneti te, gr2i.ns <. .5:p.m., cO :":"Jr.only 2ssoci a ted wi th 
bioti te. 
(wl%) Chlorite-pleochroic fron neutr2l to gr a ss green , p~omolous blue 
to 18.v ander interf. tints., e~ ter-i:lg I'ro:7l bic ti ~e. 
(~l%) ATHl.ti te-unip.xial (-), 10·:; bire., sub:-.. edr81 to eU!le:irp,l (hexngonal) 
grains .5 m:n. commonly 8.ssoci ated with biotite. 

Textures: holoc~Jstalline, subh~i dior1orphic granu~ar textare, no 
preferred orientations. :liinor sY:-:lplectic intergrov:ths ane. l1erthi tic 
texture in kspar. Biotite Eltering to chlorite and s ~hene. 

Origin: quartzo-feldspa thic igneoas rock. 

Roc1<: NRme: bioti te-qup..rtz· diori te (tonalite). 

i!.2 
Hnnd Sneci~en Descrintion: Din:dsh-orcmge, coarse grair.ed rock co:n-r;os ed 
predo:-rtinp..nt l y of 1c-spHr, effervesence indicates nr esenc e of cRlci te, 
It. tanish weathering rind is porous and highly effervesen t. 

Miner810gv 
(-"'JO~'; ) An~rthoc18.se-bi~xi3l (-), 2V .... 35°, colorless, lov; relief, low bire., 
gener8.l1~l e..nhec r al gr-p.ins un to .5 Cr.10 

l"' 20~~) 1:,laa ioclase-biaxial {-), 2V-80 , generally anhedral to s ubhedral 
grains up to .5 c:n. exhibiting 2,lbite twinning, highly altered. 
\ "" l07~ ) OU Flrt z-recrystalli zed to v. fine grained gr ,~mo9hyric nods, inter­
grown ':;i th feldspar (7), in pl c,ces appear It. bro .... m st 2inec p.r:d ::-' re 
associated with reddish diffuse growths (hem8tite or Fe st3ining) and. 
cplcite. 
("'10%) C?,lcite-unia.xial (-), high relief, v. hiGh oire, cO!'!1monly ?.s 
interconected network in anorthoclase grains al1.d as pces wi th abundant 
he:na.ti te inclusions and riMs. 
(-v7%) ODRnue-hemati te, generc.lly anhedral grains < .5 m;n. and RS dendri ti c 
growths in and diffuse rins around granophyric pods. 
l""G)) Leucoxene-opanue (whi te under reflected light) pseudo:nor!lhic ?ftter 
snhene. 
("'l~~) :.1uscovi te-colorless, high bire., associ ated with altering pIng . 

Textures: holocrystalline, generC'.lly ,-;- r.""c • ... ,.{ rCd\ ~I' . :;;;::;".":'-" -'. _ ~ I" . ' l:! ~ " ':. 
xeno ;r.orTlhic grrulU1A.r texture, no preferred ct~ ... ~ '~ II '~ ' ? I .i-.« f:~ < ..;; ~ ~ ') } ... ~ , 
orientations. Rock is highly Rltered, pl;:g. \'..~ I~ 
.:~oing to sericite, qtz. is recI"'Jstallized .~ .~ ... ~(. he,",-.( .• ~/ · . . ~ . j" cI : 
and ~bundant hemRti te staning. tln'l~ \1'" ~ '. ( .~1 r · · : ( 

. ' ' 1 ,. rl ~ .. . . :1 

6J ! r. : "'~ \ 
Ori gin: highly altered alkali-li!!1e rich ! u' ( » 

igneous rock. 

Rock N?~e: alkali-lime syenite 
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iii. 
;{~!1d S;)eci~en TIescri ~tion: blF_ck <'nc. \':!li te C0 2.rse gre.inef ""o c~e corn'csed 
,rec:io:1i~ru::..!.y of ~..!.agi OC..l2.se, qtz., [,Ld bioti teo :~o preferred or-ier..tptions. 

~'iiine:r;C'.l00';V . ... 0 _ . _ 
(",60~.,) P..li"'[!lOClf",SA-Ol.2.XJ.F.: (-), 2V.,70 , senerC1...L.LY ru'.r.eGrp~ to subhecral 
?rcdns u~ to ).5 :r::., al bi te twinr.ing, so~e zor..ir:g, RTJ :1!,OX. An38 nndesine. 
,~15%) ~u F~tz-gehe!,p~ly e.nhedral ir:~erstitial srains up ~o 4mm. com~only 
fractured, eY~ibiti~g undul e.tin80extinction. 
(-12%) 3iotite-bia.. .. <i 2.1 (-), 2V ... 5 , pleochroic fron It. brov.n to reddish 
brovln to v. d!e. bro ','m, grz.ins up to 1.5 tl-s. 
("'8%) Anort~ocl 8.se-bi2.Xip...l (-), 2V""45-55 , 5enerf.l ly (' r.h e dr~.l grains 
(2 nn., co~~only zoned. 
(N~~) Snhene-oiaxial (T), 2V-40 0, high relief, v. high bire., euhedrsl 
rhornbs < .5 mn. commonly 2.S ir.clusiO:1& in and associ F.ted wi th bioti teo 
(Nl%) All ?nite-bi~inl (-), 2V~60-70 , high relief, pleoch!'oic fro~ It. 
green bro\\TI to dk. reddish bro'.'m, simnl e twins, r.lCiX. bire."".027, 

_~ener<?lly ;mhedrr:l to subheor?...l prismp..tic grains <. .75 mm. associated 
with biotite. 
(NH'a) On naue-MP..gneti te, gener811y <'.....'1hedr2.1 g r p...ins < .5 mr:1 . c () :n..,onl ~l 
p ssoci~ted with biotite ~nd snhene. 
(Nl~';~) Anatite-unip..xial (-), hlgh relief, v. low bire., sub~eor8 1 to 
euhedral grp...ins (hexagonal), <.5 ron., commonly 8S inclusions in biotite. 

Textures: holocryst8l1ine, genera'ly xenomorphic grRnular texture, no 
preferreo orienta~ions, ninor synplectic textures and perthitic texture 
in 8:1orthoclase. 

Ori ~in: quartzo-felds-pathic igneous roc~c. 

Rocle NFLt"11e: bioti te-cuartz diorite ( tonalite) • 

fi1. 
Hp.nd S1')eci:nen Descri ntion: pir.lcisn, f!,ray and b;Lack coarse grained rock 
cO~Dosed predo~in?~tly of qtz., kspar, plp..gioclase ~.d hcrnblende, 
foliated and develo~ed gneissic texture. 

: .. 1i n err-;lo!=C 
'" 40;:' QU:1.rt z-anhed ral grains up to 3.5 mm. cOMmonly exhi bi ting 

unculatir.g extinction • 
. (""15~;) ?lPoR:iocl?se-e enerally ?.nhedral to subhedr~ gr<?ins up to 2 :TI:'l. 

Rlbite twinning, nighly altered to seri8ite. 
('" lOr,) Horn bl enee-bi 2.JCial (-), 2V'V30-40 , pleo chroic from yello '..-" to 
olive green to blue green, g enerally subhedr81 grains up tc 1 mn. lo'.'! 
bire. 0 
("'10%) All?nite-biaxial (-); 2V-40-45 , pleochroic from neutral to Green 
brown to cle. bro '.'m, pa.rcllel extinct., occurs 2,S pris::1s <.5 mr.l. 2J1d as 
u2.tches un to 1.5 ITlr.l. with 2. ce!1tral core of ek. b!'o'·m Elte!'ed ?llFmite 
he~atite 2nd leucoxene and surrouneecoby less eltererl p.ll~~ite ~~d s ~hene. 
(N9~~ ) Anorthocle.se-bi?.xial. (-), ?,V""40 , low relief, low bire., g enerally 
anhedra.l grp...ins <.2 o.;'!., uerthlt~c texture ruld some sy::rplectic intergrowths. 
( ,"7%) Bioti t e-biaxie.l \.-), 2V""5 , pleochroic from neutrp.l tc gold.en to 
dk. brO'I:TI, poikilitic grains up to 1.5 m:1. 
(~5%) On 2: oue-hematite and magnetite, generally p~hedral grains <.5nm., 
magneti te ::lOre 2_bundant the.n hemati te, cone in gneissic bAnds • . 
(~2%) Zircon-uni2.JCiRl (+), high relief, v. hi~h bire., s:1r;ll subhedrnl 
to euhedral prisMs .5m.;'!., ?ss08. with hemr.tite 2ne :-:1agnetite. 
("'1» ) Suhene-biaxial (+-), 2V-40, r.igh relief, v. high bire., s i.18l1 
eU~'ledr21 rhombs, 8SS0C wi th zircon ruld mafics. 

(-"l~~ ) An ~ti te .... uniaxial (-), high relief, low bire., cO!:1:-rlonly 2.S subhedrE.l 
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to euhecrp~ ( hexagonal ) i r.c lus ions in r~b. 2nd bio ti t e . gr ?i r.s .5 n~. 
Textures: holocI"'Js:8llir.e croc k 
wi th fo l ip.tion cue to al2.ig:1::er.t i·tlr·,· ..... : \ ., .. /~ 
of hlb., biotite, p.l l cmite, zircon ~ ( ,~ 
nnd s ;;hene. Diffe r ential co nc. of ~ ; ~t ~t' - " -:.' .... , ~ ., ', .' 
',' d " t ;---- . ~ ~lnerp~s ~8rner. lcu~~r 0 ~ " 

foli2tion due to cevelo;;::1ent ,l'~·,n"r·'f I ~~ / ~ 
of gneissic texture. !'.I2trix .... ~. " '. " ' . '--) ,."-"-, ... ./:' I I. ) 
is co~':)osed of 8. generrolly xer.o-·, .. ' /~ ./ 
morprlic COA.rse grc'.inec r:1os8ic /-~:~~_ " r'> . rf G-- <_ , ............... 
of atz., plag., Clnd kS:J:"r. 5-'?~;. , :-:; .~~~-/.~ ~ : 
PRtches of nJ. la'1i te typically , I;:. ~:.-\:· -'. ~ \V ! 

\ ·t{~ · ;" -{"" , 

~~~~af~i~~l~;I~~:d o~o~~~n~~f te ': Y~~j / . ~ ~ - '. ~ ... '. -1' _A.~7" -, 
surrounded by ligh ter non?~ tered \ '(); , 'k " "\ ~ .. ... ! ';,.'. , ' ~. " r 

1 11' t ,. I i'tt ."':.f-..\ - I ' gr~mu_a.r a. anl e. i . . ~~ • . , ) /+ 11, •• ; •. ':'. 

Ori p; in: metr-lmorphosed auartzo-feldsp8.thic !.' , ~.-:-:, "j 
roc k to the lower F'.:1pni boli te f aci es. ' / ( .. '/ , .. -- ;', ('/' 

Rock };p.Me: Quartz-plagioclase-horr..blende- ')\~~i:'\ '~~-
al l2nite-biotite gneiss. c;)1.}l\J+1:', 

iJ..§. 
Hpnd Snp.ci~en Descrintion: black and whi te cop..xse f; ra.i.nec. rock 
co~nosed ~redo~in2ntly of qtz., plagioclase, hornblende and biotite, 
strong foliation of mafics and developed augen gneissic texture. 

~',!iner8lonr 0 
(N435'4 ) P i 2gioclase-biaxial (-), 2V",85 , albite and pericline twinning, 
r.renerA.lly subhedral grains up to 3 nn. 
("'2010) QU 8.rtz-enhedral intersti tial grair.s up to 2 m. cOMmonly exhibi ting 
undulating extinction, minor rec5yst2llized mosaic pods. 
(IVIO;~) Bioti te-bi2.xial (-), 2V'V5 , pleochroic from neutral to red.dish 
brown to dk. bro·:m. grRins un to 1 mr1. 
("'10%) Anorthocl ~ sp.-bi8xial {-), 2V-40o , some pol~lsynthetic t'v'linning 
fener~lly enhedral gr2ir.s. 0 
r"-'3?~ ) Sn!1ene-oinxial (+), 2V..,I40 , hig!1 relief, v. high bire., pnhedrsl 
to subhecr::l greir.s, so:ne showing anomolous blUe to yellow interference 
tints, nssoc with zircon, onagues ~d mafics. 
(N7%) Hornblende-bi8xial (-j, '2V,.,,35 , pleochroic fron It. green to 
olive green to blue green, an~edral grains up to I ~M.. 
(""'2<;;) On2aue-hcmati te and mostly mp.~:neti te, gener2.11y RnhedrG'.l grair.s 
u~ to .5 m:n. 8SS0C ',\lith mafic gneissic br-:.nds. 
(-2~~) Zircon-uniaxial (+), high relief, v. hi5h bire., generF!.lly F.'.nhedrnl 
arnins un to .5mm. ' 
(""2%) Apati te-uniaxial (-), high relief, low bire., cOM'1only ~mher!.rn.l 
roundec ,?;rains up to .5 mm. as so c wi th bio ti t e end hl b. 
(<.l)~) Chlorite(pennine)-pleochroic from It. green to grass green, 2.nomolous 
blUe to lavander interf. tints, ninor 2nd assoc. with epidote • . 
(<'15'~) ~0idote-few small prismatic grains, high relief, modert-. te bire., 
P.sscc. v:i t~ serici te in fractures in a1 tering plag. ?.nd I.'.'i th chl ori te, 
s l ight greenish pleochrois:n. 

Tex t ures: ~01ocrystR1line, coarse gr~ined roc~ ex~i ' iting fo l i~tior. cu e 
t o RlligE:nent of ~iotite ar.d hornblende. Develo?-,:1ent of [;ne issic b?r.di ng 
resul ting i:"'. diffe ,f'en ti al mi:lerA.l cor.cen tr2 tior.s. 

Ori ,0: ir.: :'!1etarnor:)hosed C'l,"artzo-felc.snathic igneous rock to the lower 
2nutijolite f~ cies. 
p,O ck r p:ne: plo.gioclase-aup.rtz-ks'9a.r-bioti te-hornblende 8ugen gr.eiss. 
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it.3. 
~c S'C.eCi:1t?D DAscri ntior: : pir: 'ds!1 tH: i te ?!':rl Gr~y C08.I'se ·:r?i:1eci rocl<: 
co=r.;;o s e a. ; rec.o r.i:1F:l tly 0 f C'J.P.~t z r,r.d ks~p.~, rrti.nor l::l;:;.fics Gre 1'0 li p.ted 
?nd concen~r~ter. in!o g~eissic o~~cs. 

~:i i!': ern 10 r:;v 
(IV 50~ ;) ~!~--,~8:1erR.lly p.nhedral :::rpir.s u? to 5 :11.'11. ar.d :.:\ s nosp-i.c 
recrystollized patches u; to 1 crn. com~on~y ex~ioit u~dul2 ting extinct. 
("'305;) Ar.ort?loclp.se-bi? .. .xial (-), 2Vov30-.1.0 , r·r.:ledral g r 8ir.s up to 3 m:n. 
corn:1on perthitic texture SO:1e syrnplec~ic intergro~ths. 
( .... 10~1a) ?l<12'i ocl:>se-bi 8xi p.l (-), 2V r-80 , ~er.. er ~l::r "'.~hec.r~l grclr.s 
altering ;;0 s ericite :u:c :ll1:::1ite(?)6 81 bite t·,':ir..:-.ir.. t,,;-
(~2%) Al18nite-biaxip.~ (-), 2VN 50-60 , pleoctroic :ro~ r.e'J.tr~ l to It. 
green to 'oro 'I'm , simple t'i:ins, generp.l2.y 2_'1hedr2.l Grr:ir.s u;, to 1 mm. 
max. bire • ...t.026, 12rger grains hp..ve altered centers with inclusions 
of hemp..tite and m2gnetite. 
("' 2%) On?-.nue-hemnti te and magneti te, generally enhedrFil greins <".5 run., 
commonly intergrown with sphene andozircon and co;n;.Jonly rim:1ed. by them. 
("'25~) Eornblende-bi8xi<li (-), 2V ..... 40 , ~leochroic frci"! It . brov:n to 
olive green to blue gre ,:m, low bire., c:.nhedr~l gr;:: i!1s (1 i1..'T.. 

(~~l~) Zircon-uni8,Xial (t), high relief, v. high bire., generelly anhedral 
gre.lns <. .5 I:C"1. 0 
r"l~~) Suhene-bip.xial (oi-), 2V-'40 , hi gh relief, v. high bire., p.nor.lolous 
blue to yellow interf. tints, generally r:nhedre.l gr8ir .. s <...5 :1:TI. 2.SS0C. 
wi th zircon, hlb., al lani te and o~?ques. 
(Nl~;) Biotite-bi8.xial (-), 2V"'5°, -pieochroic from neutrpl to It. brov..rn 
to dk. bro',m, Minor pnc. nssoc. wi th ODr.QUes. 
(<'17~) Eninote-minor small grains <".5 ~:, high relief, rn2..x. bire. IV .034, 
pleochroic f~orn colorless to It. green. 

Textures: holocrystnlline co~rse grair.ec rock, with incipient develonment 
of gneissic b~nding, slight foliatior. ~eveloped by Alli ~r.~ent of ~"fic 
~iner~l bpnds and of recr;;rstallizec qtz. pods. :':iinor sJ"r:1~~l8 Ctic textures 
~lso perthitic ?-northocl~se. 

Ori~in: metamorphosed auartzo-feldspFithic rock to the lower Arn~hioolite 
i'8cies. 

Rock NAme: ouartz-kspar-plRgioclase-hornblende-allpnite ~neiss. 

#10 

H2.nd Sueci::1en DescriDtion: whi te, orange, gray 2-~d '.l ack coarse F,rained 
roc~ co:nposed predo:ninantly of p.Lc.€ioclase, qu?rt z Md ~-S"?H!', S1.iG:1t 
gneissic texture. 

Minerploe: 
("'65~ 'J P12giocl8.se-bi2Xial (-), 2V ... 80 0 

t generally anhedral grains UT.) to 
5 m:1., highly eltered, albite twiar"ing. 
(N15~ ';) Chlori te-biaxial (-), 2V/>/5 , pleochroic from neutral to deep 
cqua-green, ano~olous blue to lavander interf. tints, cont 2.~ns inclusions 
of apatite and epidote, occurs as patches up to 3r:1~. interstitial and 
replacin~ plEg. 
(.y8?'~) Anort~ocl :,"'se-binxial (-), 2V""400

, 8'J1edr<-l intersti tipl grpir..s 
cOr:1monly poi ~dli tically enclosing pl r.gicc12.se .gr8ins, 0 ~tic 21ly cor,tir.uous 
growths un to 1 cm. 
(""'75j ) ~u['rtz-ru:hedrpl intersti tiel grt:ins ur: to 2 1'1"'ffi. usup.l2.y in r.·ods 
exhibiting undul~ting extinction. 
("'1%) Muscovi te-minor in veins, colorless, high bire., P..ssoc. with chlori te. 
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( ..... l~) O"')!='Ir:u~-r.1n Gne:i t8 ~nd ::'linor he:r.r.ti te , Fonteer?l fr2ctured grnins 
of :n2.~ne ti:~ so:r.eti:-:1e s '.'li tr. ~le~p.8i te ri~s, gr:·ir:s up b .75 nne 
(r-- l~~) ~!)ir:ote-bi ;. y.::->~ (-), ?Y"-70 , sli ght Y'2llo '::'- g re 'O' n pleochrois=n, 
hi rrh rel i "! :.', mpy. . bire."'" .036, gener r: lly Ar_'-1edr~l 3:::-~ins up to 2 mm. 
~p . oc. v;it:'l chlorite. 
( ,- l~;) S;) ~ .:: n e-r::o::-tbs up t o 1 m.-: . being extensively replr: cee. by l eucoxene, 
pseudo:-:1or~h:c ~lly. 
(<'l~~ ) ADp. tite-unia.xi al (-), lo w bire ., ::1cderp..te relief, ?, ene r ? lly 
?nhedrnl to st4bhedral grains < .5 r:"c . r S50C. wit!l n 2-£ne tite. 

Textu:::-es: :--,olocrys tc~line generE.lly xenomorpj':i c gr£'Jlt4lar co p.rse g r ained 
roc k , f 2ir:y extensively 2ltered, ~p~ic s ( hIt. S~~ biot i ~ e?) repl a ced 
by chlori te ::'.11d · epidote; s ~her.e r e:;l ?ced by leucox e::e pn d 01~gi ocl a se 
e oine to sericite nnd :nuscovite in snall fractures. 

OriSin.: r.Jetallorphosed o.ue.rtzo-felds;athic igneous rock to the upper 
g r eenschist facies (?) • 

.E.Q.ck H8 .. .'ne: plagioclase-chlori te-lcspe.r quartz Gneiss. 

ill 
nr.nd S'!') eci~en Descri"Jtion: white to grayish-)ink co?.rse s rained rock 
co :nposed preconin?.ntly of qtz.r~~~d kspp .. r, :n~ crosco :oic 'l1ine1'::110gic81 
bending due to developed gneissic texture. 

;\'Tinernloe: 
'G"50/,J 0uRrt z-uni Poxi 81 (+), p.nhedr?~ intersti ti Al gr::1i!1s , so~e Ip.reer 
grains u :; to .7 c:n. [)oikili tically enclose feldsp .... :: rs, cOT!l!'!;only eX:1i bi t 
undulating extinction. 
("" 35%) Anorthoclase-bi Axi al (-), ?v"",,?o-30°, generally cmhedrnl 5r~ins 
up to 2 :nrr. ., some evidence of faint pslysyn thetic grid-iron t'.'!inr:ing. 
(NIO~~ ) Pl "sriocl r. se-biAxi r. l (-), 2V .... 85 , 81bite tWin .. ir:g, genernlly 

. p.nhedr21 grp.ins <:"1 nL'Tl. 
('" l~~) On :: ()ue-~~gneti te end minor he:"lC?ti te, general l y 8l1..'1edr8.1 grains 
<1 :"l!:1., cOr:1:'".only in clusters, sometil1es rimmed bJ' sphene F.Jld zircon. 
(,..1%) Zi rcon-unip.xial (+), hi , .h relief, v. lo-igh bire., anhedrnJ grc.uns 
<.25 rom. assoc. with sphene and magnetite. 
( ''' l~~) Snhene-biaxial (+), 2Vr.40o, high relief, 'tr. high bire., slight 
8nomolous blue +0 yellow tints in some grp.J.ns, p..nhedral grains <.25 rom. 
a.ssoc wi th zircon cmd magneti teo 
« 15~ ) Bioti te-bia..xial (-), 2V"'5 ~ pleochroic froPl neutr21 to dle. bro vm. 
« 1%) Chl ori te-bie..xie.l (-), 2v-5 , -pleochroic fro:n It. bro':m to green 
toblue green, anomolous blue to Ipvc)nder inter!. tints, intergro'Nn with 
and altering fro~ biotite. 0 
«1%) Al1 8nite-bi~xial (-), 2V~50 , pleochroic from neutr3l to olive 
green to brovm, s .tmnl twins, 'corn.rnonly 2.ssoc. with biotite pnd magnetite, 
anhedral grains up to .5 rom. 

Tex~lres: holocrystalli!1e, xer:omorphic grAnular COArse grp~ned rock, 
wi th sr.J?llel'" grains of opaques ~nd mafics tending to occur in clusters, 
minor symplectic ir.tergrowths. 

Origin: metr-.morphosed F.lxali rich guartzo-feldspnt:b.J.c igneous rock to 
the greenschist facies (?). 
Rock NAme : quartz-kspRr-,lagioclase gneiss. 



A-9 

#1 ? 

: ~~. r.e. S-:-;eci:.1 p. ::t De sc~i ;)tiO:l: ger.erc:lly pir.~{ish grFy ::ledium to COArse 
grcdned roc ;( C~;JrO sej of p2. cgioclc.'se 2...r.G. qu nrt3, :lO ~referred orien­
t;:o,.tions, !-'lighly ~ltered, !1ighly effervescent, brown pe.tcnes m 'e calcite. 

j'h!ler~,lo2:v 
r~56%) P~~iocl o se-bip~F~ (-), 2V-800

, generp~ly ar~edrr~ to subhedral 
gr~ins UD to 5 :nr.l., 2lbi te e.nd pericline t','iinnil".g , 2..l tc~i ng to serici te, 
c~lcite pnd chlorite(?). 
(-15~) Calci te-uni2....xial (-), high relief, v. hi gh bire., gener?~ly 2.S 
nnhedral ir.1:ersti tial ::lasses u "" to 2 :ID., sone eUil ~ c.:~c..l r:t z . inclusior.s 
3~d c!-'llorite 8nd ~inute ne:.1atite inclusions. 
("'16~~) .9!art z- ::;ener:::.lly as recryst ::" l l i zed pods and pR.tciles, fine gr8ined 
::1(') s2i cs, so::: e!,1 2c es v. fine g:!:,p..!mlp...r granophyric-li :,:e growths. 
(""'75;) ~,luscovi t~-colorless, high bire., occurs c .S fine gr2i.ned pr~tches 
cO!:1r.Jonly inter<:rown with qtz. end leucoxene. 
(N5~) C ~lorite-~nnedral patches UJ to 1.5 ~~. of v. fine gr~ined gr?~ular 
chlori te, s l ig.'1tly pleocr.roic bro'lmish green, low bire, cO!TIr.1only [>.s 
blebs in ,m ( assoc. wit l~ pl :;:jiocl r se. 
( '" 4~) ~s:..Q~~-0 p;;,oue, euheor? 1 grCOlins (yellow~ sh whi te under reflected 
light), nseudo::lorphic nfter s ~iene. 
("" c,~) ODf'J1Ue-nostly hemati te, some mp..gneti te, gener~lly l~rger Grains 
of Mp.g~e"!:i te wi th hemp,ti te rir.Js r.Ule. s::laller grains of :: '; :';C'.ti te, l:.'1d 
mi.!'lute he:;)ati te inclusions in cP~ci te c:nd stAining in roc;:. 
( .... l;'~) ADa ti te-uni p.xi al (-), sometimes bi C'xi (;.1 (-) 'Ni 1: .h ::: JV,,- lOo , hi g~1 
relief, v. low ;)ire., suohedral to euhedrsl grains ~ssoc. ',',ith :nuscovite. 

Texturp.s: holocrys~~line, Generally xenomor~hic grF~ular coarse grained 
rocK. £~o preferred orientations. ?ock i1as under gone 8xtensi ve alterations 
Recrystallization of qtz., ?~terat~on of mafics to granular chl~rite, 
;,atches of intergrown muscovite, qtz., and leucoxene may be replacing 
feldsp8.r. 

Origin: p-lteree. lime-rich quartz~­
i'elds::athic igneous roc1::. 

Rock N8~e: altered lime-rich di0rite. 

#,1.3. 

.. \. "of· ' i .. : -

H8nd S-:lecimen Desc"'i Tlt; on: gr8yish white mediuD to cO['.rse fSr~dned rock 
cO:"'lpo"'ed predomin,m t_y of a'tz., -pls.gioclFl.Re and mafics. Foliation p.:J.d 
gneissic bAnding is seen macroscopically. 

Minerr:lo£::' 
~455J juprt7,-8.l1l-edral interstitial grains up to 2 r.li"l. co ::1only exhibiting 

undulating extinction. 0 
( ..... 35%) Plegioclr:se-biaxiaJ. (-), 2V-80 r com:non p~bite pne. pericline 
twinning, gen-r?~ly a ..... hedr--'l grains up to 1.5 mm. altering in places to 
sericite. 0 
(~5%) Hornblende-biaxial (-), 2V~40 , pleochroic frOM neutral to blue 
green tc ale. green, anhedrc.l 'Co subhegre.l grc>.ins 1 l'!1I:1. lo',v bire. 
\"'57~) Anorthoclr:se-biaxirl (-), 2V-40 , gener~lly anhedr2.1 gr?..ins 1 rom. 
( .... 2%) :dioti te-bi axial (-), 2V.-v5°, pleochroic fro:n It. brovin to green­
bro\ .... n to ek. red bro\',n, gr['.ins 1 mIn. 
( .... Zt~) O~:'l. oue-c.n.hedr<?l magneti te grains up to .5 mr:l. co:n::lon p.p~ti te 
inclusions, minor he~atite. 
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(-~ 3~) Ctlori te( 'gennine)-biF.,Xi?l (-), 2v.,,5°, ~leoc~roic from neu"tr?l to 
grp.en to bro ·".11 Green, ::lnomolous blue to IF..v~"1c.er ir. terf. "tints. f'~ tering 
fro!"1 bioti teo 0 
(~l%) 3ni dote-bir-:d:"'1 (-), 2V",70-80 , :7l~.x. bire ....... 035, pleoc~roic from 
neutr:::.l to y~l2.ow green, high relief, rnnedrr-l g!'ains i!'ltergrowll wi th 
chlorite nerr alterin~ ~lag. 0 . 
( ..... lfo) S n: l ene-bi ;:xip~ v+-) , 2V-40 , ~ligh relief, v. ;lig~, bire., ; ~.ssoc \':ith 
zi rcon. 
(,"'1%) Zircon-~"1i:::xial (-t-), hiSh relief, v. ?"-.i gl; bire., generAlly anhedral 
yrains <.. • 25 ~8. ~~ssoC. wi th sphene, r.J. e.gneti te 8.!ld m['i'ics. 
1.""1%) A7) 2.tite-uniaxial (-), :::oo.er~te relief, v. 101:! bire., aniledrr~ 
rounded gr ;. ins assoc. wi tr. r:Ja,;neti te 2nd hI b. 
Textures: holocr~:stclline, xenor.1or1!hic zra.l1ular ccarse gr r>inec rock, 
sli~ht foliation end ~iner~loGical DDnding. 

Oriq;in: metamorphosed quartzo-felcispathlc i,:;neous rock to the arnphi Doli te 
i(acies. 

Rock Name: quartz-plagioclase-hornblende-!{spar-bioti te gneiss. 

#14-

-rwnr.. Snecimen Descri "Otion: pink to ""ray co?rse g""ained rocle cO!7lnoscd 
precor.:inpnt;ly of kspe:'-, qtz. wi th plag. end T!lagnet;i teo ~qlligr2J1ular 
texture. 

r:liner;:lo p";,,"; 0 

('" 45~t) Anort~ocl~~-bi8.xi?.J. (-), 2V.v20-30 , "nhedral gr8ins u9 to 6 mrn. 
exhi bi ting undu12.ting extinction, squ?re clev2.f;es 1'nd perthi tic texture, 
oriented sinuous fr~ctures. 
("" 33%) OU22:'tz-:mnedr.sl intersti ti al gO'2..ins up to 4 r:l!!1. uncuL': ting extinct. 
(,....10%) Pl ~ giocl:;se-bi~xial (-), 2V---80 , subhedr?l grains up to 2 rnr:1. 
al bi te tv/inning, grains ?l tering dO sericite. 
(~3%) Al12nite-bi~ial'(-), 2V~70 , pleochroic from neutrp.l to green 
bro\'m to brown, subhedral ~ : ris!TIatic gr~ins up to 1 Polin. 3llC, ?nhedral 
masses ,vi th ~ l tered cores wi th rr12gneti te end leucoxene, :·.nd all?J1i te 
rims, minor epidote grains assoc •. wi th alleni te. 
(IV 3~:~) On8.aue-mostly l'1agne ti te vvi +h minor hematite, mC'gn"'ti te p.s ,mhedra.l 
grains up t) 3 mm. assoc. with s!)hene, zircon C'.nd 8.11c:ni te, so:ne inclusinns 
of S2ll1e. 0 
('" 4~) Chlori te-biaxial (-), ~VN5 , pleochroic fror.1 neutrr.l to bro·,'m 
green to blue green, low bire., anor.J.olous interf. tints, c::'s extreme 
replace~ent of biotite. 0 
(;v17~) Bioti te-biaxial (-),. 2V""5 ,. ple,jcilroic fro:il neutrn.' to b Ol,'m, 
highly in tergrovm \':i th a'Y'd altering to chlorite. 
( ..... 15~) Zircon-uniaxi2~ (+), high re ief, v. high bire., anhedra grains 
<..75 ::J1-:1. assoc. with sphene 2mg magn ~ tite. 
(""15~) Snhel1e-biaxial (+), 2V~40 , :ugh relief, V. high bire., anomolous 
blue to yellow in+erf. tints, anhedral to su' hedral grRircs <..75 m:n. 
assoc. wi th zircon and m~neti te. 
("-'1%) Leucoxene-as dle. alteration of centers of alla:t'li te, ?p'De-ars whi te 
in reflected light. 

,!extures: holocrystalline xenomorphic granular to subhypidol'1or-;:l:ic 
gr2~ular co~xse grained rock. No preferred orientations. Plag. h~ ghly 
aJ. tered to serici te, biotite highly a.l tered to cl~ori te. 
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Ori cin: rl~~lic-0uc~tzo-~elds~p ~hic i~neous ~ock . 

Rock N~rne: al~alic rich qtz. diorite 

.' 

.. -~ -,..,1 

. . :.- -- ro 
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filS 

Hand Specimen Description: greenish to orangish medium grained rock, composed 
predominantly of calcite and chlorite. 

Hinera logy 
( 35%) Calcite-uniaxial (-), moderate relief, v. high bire., rhombic clevage, occurs 
as anhedral grain s up t o 2.5 mm. and grain clusters. 
( 257.) Quartz-uniaxia 1 ( ), l ow r e 1 ie f, lOt ... b i re., occurs as v. fi ne- g ra in ed granu lar 
matrix, ~Q88ibty s ome feldspar but less than I07c()(, · ~ hr-· ' 

( 25%) Chlo rit e-pleochroic It. greenish, v. fine-grained micaceous, low bire., assoc. 
with s e ricit e as intergrown patches. 
(5%) Se ricite-colorless, moderate bire., v. fine-grained micaceous intergrm.rths 
with chlorite as alteration products of mafic (?). 
( 5%) Leucoxene after Sphene-pseudomorphic leucoxene (white under reflected light) 
completely replacing sphene, generally euhedral rhombic grains up to 1.5 mm., common 
magnetite/h ema tite inclusions. 
( 2%) Apatite-uniaxial (-), moderate relief, v. low bire., parallel exti nc tion, 
commonly assoc. with opaques and calcite, generally as subhedral to euhedral grains 
up to .5 mm. 
( 2%) Opaque-includes leucoxene already discussed, and magnetite and hematite, 
generally anhedral grains up to 1.5 mm. 
( 1%) Zircon-v. small euhedral elongated prisms, v. high relief, v. high bire., 
parallel extint., length slow, generally euhedral laths less than. 1 mm. one grain 
up to .25 mm. 

Textures: generally altered texture, rock composed predominantly of larger anhedral 

• 
calcite grains, altered patches of intergrown chloritek~~d sericite, and altered 
sphene, with very fine-grained interstitial granular quar~. Rock probably was 
generally xenomorphic-granular medium-grained rock which has subsequently under-

. ~ 

gone alteration, chlorite-seritite patches probably represent altered mafic minerals 
(possibly clinopyroxene, biotite or allanite ?), and qtz. has probably recrystallized 
to the fine-grained granular patches. 

Petrographic Designation: appears to have carbonatite affinities-but in general 
the calcite percentage should be higher (55% to 90%) and free quartz should be very 
minor or absent in order to be classified as a carbonatite. Tentatively classified 
as quartz rich (?) altered Sovite' (coarse-grained calcite-carbonatite) • 
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XXXX QU ALIT A T IVE , , 

XXXX SE~i:.t~~UANTIT A TM ' . 
. " ' ~-: " :; . 

__ QUAL"ITITATIVE 

718 Sh~nnan S' ..... r' C ...... or) 

D~nvu, Culor .. d'o 80203 

Phone(303)83~1396 

Merlyn 1.. Salmon, Manalu 

ANALYTICAL REPORT Job Nu mb.,r __ 2_1-,-1:...;5,-6~ __ 

Page,_1 __ of_1,-,--_Pagc. TO: 
Skyline Labs, Inc 

SAMPLE: M4556A JH-l-l 

Copper 140 

Silver 

Gold 

Zinc 150 

Cadmium 

Mercury 

Gallium 

• Indium 

Thallium 

Germanium 

Tin 

lead 78 

Arsenic 

Antimony 

Bismuth 

Selenium 

Tellurium 

Bromine 

Iodine 

'. 

Dare 7 Apr 1977 

NOTE: Tho values below are e,:ima:ed conc:cntra.tlona 
1Il p~rn 1M Ihe metal equ ivalent 0/ tho Indicated 
element •. 1;0 c"c=); wa, maCo lor e :cmont. 'fW'I1b atomic 
D~ lou then 22 (below tiZQJ\!wn), 

IronL.-___ -..:4~1:..:0:...:0:...:0~_ 

Cobaltt-_______ _ 

Nickel ____ ..:=1:..;::8::..;:O::....-_ 

Cesiuml-_______ _ 

Rubidi umL..-. __ ---==8:...:0=--_ 

Bari uum.l.-__ --'1!:..8=O~O=--_ 

Stron ci1U1...,mL.l.-___ 4...:..::2",:O=-__ 

Ticaniumu. ___ 3~6_0-.:0 __ 

Zircon i um,-__ 3=2~O-=O~_ 

Hafni um"-______ _ 

Thorium ____ ....;4:...:7 __ 

VanadiumL-______ _ 

Col umbium __ -=1:.,:8:....::0:..--_ 
~aniaru,um~· ___________ _ 

Chromiuum..L-______ _ 

Molybdenuuml..-____ _ 

TungstenL-________ __ 

tJraniu,~rn~ ______________ __ 

Mangan~~e __ ~7....;5~0~ __ 

By 

Lan than u ra _____ 94 O'-"O!.-_ 

Cerium 18000 

Prascodymiul1-....32~ 

Neodymium 1900 
Samarium'-______ _ 

EuropiumL __ ------

Gadoliniu ... m"'--_____ _ 

Terbium'--_______ _ 

Dysprosium~ _____ _ 

Hoi mi um'-______ _ 

ErbiumL-_______ _ 

Thulium'--______ _ 

Ytterbium ______ _ 

lutecium'-______ _ 

Yttrium'--___ -"5~6~0~_ 

"'OTIt . .. P'O"T'ON O~ THe RC"O"TItO eA .. "'-C. WI"&" ac RaTAINCO ON , .... '0" It. ,,&,UOD 0' ".ve YEA". ,.. .. 0 .. THe •• oye DATil. THe 
,.' ... "' .... 0'" 0' THe SAN"'''. WILL •• "~TAINCD '0_ ,N •• TY OAY. "'&"'0'''0 ... CC.,..T 0' W •• TT&N IMeTlllluCTIONa 1'0" D .... o •• ", '''0'' TH • 
.. 00 ......... A.OV&.. 



FLUO RESCENT 

X RAY 

~PEC TROGRAPHIC 

WnalyticaI Laboratory 

TO: 

B-2 

XXXX QUALITATIVE 

XXXX SEMI-QUANTITATIVE 

__ QUANTITATIVE 

ANALYTICAL REPORT 

718 Shennan Slrul (rear) 

O .. nver. Colorado 110203 

Phone (303) 837·1396 

Merlyn L. Salmon. Man.,er 

Job Number __ 2_1_1_S_8 __ 

3 5 P.gc,-__ of ___ PlIgn 

Skyline Labs, Inc Dace 7 Apr 1977 

SAMPLE: 4600 JH-2-2 

NOTt: : The values below ore e~lmated concentration. 
m ppm ' .• ~ Ihe metal equlvalenl ol th. Indicated 
Wmenta. '·.c c~c::i: wa. mad. lor e1emanu .nih a~ 
J1.mben b. !han 22 (below l1!anJum). 

• 

Copper 180 

Silver 

Gold 

Zinc 240 

Cadmium 

Mercury 

Gallium 

Indium 

Thallium 

Germanium 

Tin 

Lead 160 

Arsenic 

Antimony 

Bismuth 

Selenium 

Tellurium 

Bromine 

Iodine 

Iron~ ___ =-8~9.:=:.0.:=:.0.:=:.O __ 

Cobalt~ ____________ __ 

Nide'LI _________ -=2~9~O ___ _ 

Cesium~ _______ __ 

Rubidium'--______ _ 

Bariuu.m.L..-___ ~l..."l"_'O::<...:O>:__ 

StrOn ti1u.1..um"-___ --'7'-""'2 ___ 

Ti taniuu.m.L..-__ ""'3""1...."O~O"---_ 

Zirconi lu.1UmL.._......:.1:.;8=..O=O __ 

Hafnilu.l~Ol"-_______ _ 

Thorium ________ 1"""61l..:0ll!....-_ 

Vanadium _______ _ 

Col umbiu.uOlL.._---""1 .... 2;..JOoL.-___ 
Tant'aI uYLLOlLL-______ _ 

Chromiu.uOl"-______ _ 

Molybdenuu~Ol~ _____ __ 

TungstenL _______ _ 

Uraniu,~Olu_ _______ _ 

Manganes,~e ____ .1~O~O~O~_ 

Lanthanum 2.5J2Q_ 

Ceriu u..u0l"-___ --'5L.;;o9uO~OIo.t_ __ 

Praseodymiu.uOll.L... ____ _ 

N eodymi umL.. __ .t..7 ...... 4.""O,--_ 

SamariuuOl~ ______ _ 

Europiurn~ ______ _ 

Gadolinium _______ _ 

TerbiuuOlL-_________ _ 

Dysprosi umL..-__________ _ 

HolmiumL..-___________ _ 

Erbiurn __________ __ 

Thuliurn ____________ _ 

Y tterbiumL..-________ _ 

LutetiuIlOlrL. _______ _ 

Y ttrium'---____ 4..:..:9::...0:::..-_ 

NOTIEI It. .. OflTIO .... 01" THe "~ .. ORTKD ."",,'-\.,Ka WILL •• "ETAINCO ON "ILC "0" It. "IE.UOO 0" 'IYC "filA" ...... 0 ... THC "_OYC DATe. THC 
.. 1: ... 4INO .... 0' THC 8 .... " .. & WILl. _c ftCT"INI:O "0" TMUIITY OAY. P&NDINO .. II.C&I'-T 01" WftlTTIIH INaTRuCTION. ,.0" DI.~0.4" "ROM THE 
AOOReaall1l .80ve. 
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r.SPEC TROGRAPH!C 
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B-3 

XXXX QUALITATIVE 

XXXX SEMI-QU Al'ITIT A TIVE 

__ QUANTITATIVE 

718 Sh"nnan Strut (re .... ) 

O"nvrr, Colorado 80203 

Phonr(303)83~1396 

M ... lyn L. Salmon, Mana,n 

ANALYTICAL REPORT Job Num~r __ 2_1_1_5_8 __ 

P.g .. c:.._~1 __ of_-=-5_Pagn TO: 
Skyline Labs, Inc 0 .. ,,, __ 7_A ..... p_r_l_9_7_7 __ 

SAMPLE: ,4'600 JH-1-9 

NOTE: TIle voJuea below are estimated conc"nIl'otiona 
IA ppm lor Ihe melal equivalenl ol the Indicated 
elo=:.. t\c c:,ed: we.. madct lor e!emona with atomic 
DW.C:Iben IecJ thom 22 ~Io"" IItanJwn). 

•• 

Copper 550 

Silver 

Gold 

Zinc 190 

Cadmium 

Mercury 

Gallium 

Indium 

Thallium 

Germanium 

Tin 

Lead 82 

Arsenic 41 

Antimony 

Bismuth 

Selenium 

Tellurium 

Bromine 

Iodine 

45000 Iron~ ___ ~~~l~ __ 

14 Cobalr~ _____ ~~ __ 

62 Nicke~l ________ ~~ __ 

Cesium'--_______ __ 

110 Rubidium~ __ _==....:::'___ 

2700 Baril~l~m~ ___ _=~~ ___ 

440 StrOntil~l~m~ _____ ~~ __ 

3100 Ti tani uum.l.-. __ .-J.""-,,C>L __ 

2100 Zirconilul~m~ __ ~~~ __ 

Hafnilul~Ol~ _________ _ 

140 Thorium~ __ --" ....... .><-__ 

Van ad iUuOl4-______ _ 

160 Col umbiuuOl~_-"'....".,.=__ __ 

Tan~a1u ... Ol~--------
ChromiuuOl.L-_______ _ 

Molybdenl~lurn~ ____ _ 

TungstenL-______ _ 

Uranillu~Ol~ __________ _ 

Manganese 840 

By 

Lanthanum 1700 
Cerium 4500 

Praseodymium 

Neodymium 370 

Samarium 

Europium 

Gadolinium 

Terbium 

Dysprosium 

Holmium 

Erbium 

Thulium 

Ytterbium 

Lutetium 

Yttrium 170 

NOTC. A ~ORTIOH OiP TH~ "E~O"TI(O ........ LC. WILL .1IIt fII£.TAINca ON "'ILl: ,..0" A ,..1: ... 100 0" "IVIE YEA". ",,0 .. THe A_oVe DATC. THe 
"CMAINOf" 0" THe .AM"L.,& WILL •• "CTA'NItD '0 .. TH' .. TY DAY. r!ENOING .. IECIE''-T 0' W.UTTCN fNaT"UCTIONa "0 .. D •• r08AL ""OM THe 
ADOIIC •• IEC A.OVIl. 
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B-4 

xxx:x QUALITATIVE 

XXXX SEMI-QUANTITATIVE 

__ QUANTITATIVE 

718 Sbenn&n SI"""l ( .... u) 

Denver, Colorado 80203 

Phon~ (303) 837-1396 

!'>Iulyn L, Salmon. M&na,er 

ANALYTICAL REPORT 
Job Numbero __ 2_1_1_5_8 __ 

TO: Page 2 of 5 Pagts 

Skyline Labs, Inc Dw 7 Apr 1977 

SAMPLE: 4600 JH-I-IO 

NOTt; The Valli" below are e,!lmaled conc:entroUolU 
In ppm lor ~e metal equivalent ol the Indicated 
~, r:o c.'\ecl: "'001 mods fOl el~ wUh atOmic 
1nImben .. than 22 (below !ltanJum). 

'. 

Copper 130 15000 Iroun~ ________ ~~~~ __ _ Lanthanum 610 

Silver 36 Cobalr~ __________ ~~ __ Cerium 1500 

Gold 92 Nickel _____ ~:<..-__ Praseodymium 

Zinc 79 CesiuuOlL-________________ _ Neodymium 100 

o Cadmium 65 Rubidium~ _____ =:....__ Samarium 

Mercury 340 Barilul~Ol~ ________ ~~~ __ _ Europium 

Gallium 430 StrOn thu1.u0lll-______ ....:...::::...::. __ _ Gadolinium 

Indium 1100 Titanium ____ -=.=....:::....=. __ _ Terbium 

Thallium 840 Zirconi UUm.l-____ ---loL::I~ __ _ Dysprosium 

Germanium Hafni1u1.u0lll-______________ _ Holmium 

Tin 31 Thori UuOlL-________ ~"'-__ _ Erbium 

Lead 27 "anadilul~rDu_ ____________ __ Thulium 

Arsenic 44 37 Columbium~ __ _Z....:.._~_ Ytterbium 

Antimony Tantalll,,~Olu_ ______ _ Lutetium 

Bismuth Chromiu.uOl~ ______ _ Yttrium 64 

Selenium Molybdenu"wOlu_ _____ _ 

Tellurium Tungste:unL---______ _ 

Bromine Uraniuu.urDu-______________ __ 

Iodine Manganese 330 

NOTe. A rORTJoN 01' THe "E.rO"T~O aAMP'L.CS WIL.L •• ACTAINCD ON I'ILIE ,.0" It. ,.~ ... oo 0'" 'lYlE 'rCA". ,.,.OW THe A_OVC DATa. THe 
"CMAiNo" .. 01' THC .... MI'L.C WILL ." ""TAIN"D 1'0" THI"TY DAY. ~C""INII "~CCI~T 01' W"ITTCN IN.T"UCTION. 1''''' DI.~O."'L. I'''OM THC 
A""AC'''''' .... Oll&. 


