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INTRODUCTION

The Duluth complex in northeastern Minnesota is one of the world's
largest mafic igneous intrusions. It is a composite body formed by numerous
intrusions that are predominantly of anorthositic, gabbroic, and troctolitic
compositions. Along the basal portion of the complex, large tonnages of
low grade copper—-nickel sulfides have been identified and represent the
largest nickel resource in the United States. Numerous drill holes have
intersected these sulfides and provide important information on this
poorly exposed body.

The South Kawishiwi intrusion is one of the better known of the
intrusions in the Duluth Complex (Fig 1). Parts of it have been mapped
in detail by Foose and Cooper (1978). The detailed drill logs reported
here are intended to extend the geologic information obtained from that
surface study into the subsurface. These holes were drilled by the
Duvall Co. and are housed in the Hibbing office of the Minnesota Department
of Natural Resources. From southwest to northeast these drill holes are
py-10, bU-11, DU-15, DU-9, DU-12, DU-16, DU-14, DU-17, DU-13, DU-6, and
DU-8. In addition to these detailed logs, a summary diagram (Fig. 2) is
presented which correlates packages of rocks between drill holes. Hole
DU-9 is not shown in this correlation as it is only a few feet from DU-12,

TERMINOLOGY

These drill hole descriptions employ abbreviations that result from
a nomenclature based on cumulus mineralogy. Under this system, rock
mineralogy is divided between those phases which are primary precipitates
(cumulus) and those that form the cement which weld the interlocking
primary grains together (intercumulus phases). Rocks can, for example,
be identified as "plagioclase-olivine cumulates with interstitial pyroxene
and biotite"” or "plagioclase cumulates with interstitial pyroxene”. A
system of abbreviations was constructed so that respectively these rocks
would be described as POCyxp and PCy. Letters to the left of C are cumulus
phases, while those to the right are intercumulus. Abbreviations used to
denote minerals are: P - plagioclase, O - olivine, b - biotite, x -
pyroxene, z - oxides exclusive of identifiable magnetite, M - magnetite.
Subscripts are added to these abbreviations to show abundances. Thus
PO10-15Cx z b 1is a plagioclase-olivine cumulate with 10 to 15 percent

2-3t 1
olivine and 2 to 3 percent interstitial pyroxene, trace amounts of interstitial
oxides, and 1 percent interstitial biotite.

In addition to these abbreviations, more traditional rock names are
occasionally used. Again, these are based on cumulus mineralogy. Thus,
troctolites are "plagioclase—olivine cumulates™ and anorthosites are "plagioclase
cumulates”, regardless of the abundance of intercumulus phases.

All distances within drill holes are given in feet in order to be
consistent with previous presentations of data for these holes and the
system under which these cores are stored. For brevity, no abbreviations
for feet follow numbers denoting depth.
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Fiqure 1: Generalized geology and location of part of the Duluth Complex.
Maps show the location of the South Kawishiwi intrusion, the area near Harris
Lake mapped by Foose and Cooper (1978), and the logged drill holes. Note that

holes DU-9 and DU-12 have nearly the same location.
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RESULTS

This report is not intended to present a detailed interpretation of
this data. However, some of the more important findings are briefly
summarized below.

This portion of the Duluth Complex has a laterally traceable stratigraphy
(Fig. 2). The lowest unit is a sulfide—bearing zone composed of a heterogeneous
series of rocks including troctolites, anorthosites, picrites, oxide
cumulates, and hornfels. this unit lacks laterally traceable layers. It
is generally in sharp contact with a plagioclase-rich pegmatoidal layer
that forms the base of an overlying sulfide-free zone. Within this
sulfide-free zone are laterally correlative packages of rocks. Individual
pegmatoidal and plagioclase-rich segments within this upper zone probably
form laterally traceable layers.

The contacts between rock types show that deposition of most of these
rocks involved repetitions of a crystallization sequence that began with
plagioclase and was followed by plagioclase plus olivine. Thus a typical
depositional cycle begins with a plagioclase-rich pegmatoid, grades up
into anorthosite (PC), and then into troctolite (POC). There are, however,
sequences which suggest local crystallization of olivine followed by
olivine plus plagioclase.

The generally sharp contact between the sulfide-bearing and sulfide-free
sequences of rock and the marked contrast in lithologies and lateral
continuity of layers within these two units are evidence for at least two
separate magmatic events. The first event involved assimilation of
sulfide-bearing country rocks of the Virginia Formation and resultant
formation of copper—nickel sulfides. Since footwall rocks here are granitic,
this assimilation either involved complete in situ removal of the Virginia
Formation, or occurred as a result of interactions of this magma with the
Virginia formation prior to emplacement into this area. The lack of
laterally continuous layers attests to a dynamic and complicated crystallization
of this lower zone. In contrast, the overlying sulfide-free rocks
show laterally continuous layers and repeated cyclic sequences, indicating
an open magmatic environment in which there was a virtually continuous
replenishment of magma.

The top of the sulfide-bearing zone is used as a reference level for
the drill cores in the correlation (Plate 1).

Some packages of rocks above and below

this horizon show marked changes in thickness. This is best seen

in holes DU-16 and DU-14. These changes occur opposite an area where

the basal contact of the complex changes strike from a northeasterly

trend to a more northerly trend. The most probable explanation for these
variations is that faults were active from the onset of intrusive activity.
Offsets on these structures controlled the configuration of the footwall
and made troughs into which thicker sequences of rocks accumulated.

REFERENCES
Foose, M.P. and Cooper, R.W., 1978, Geology of the Harris Lake area,

northeastern Minnesota: United States Geological Survey, Open—-File Report
78-385, 34 p. (1 plate)



Interval (ft.)
0-19

19-21

21-23

23-25

25-27

27-29

29-30

30-35

35-41

41-67

67-117

117-126

126-189

189-205

205-235

235-243

DUVALL DRILL HOLE DU-6

Description
No core.
PC ; medium—grained.

LI L |
PC pegmatoid.

PO3-5Cx ; medium— to coarse-grained.

3-10%t-5
PC pegmatoid.

PO3-5Cx ; medium- to coarse-grained, gradational

3-5%¢-3%e-1
lower contact.

PC pegmatoid.
PO3—5CX3_7zt_1; medium— to coarse-grained; some pegma-
toidal zones with large interstitial pyroxenes.
PCXt—3zt—2; medium-grained; some large interstitial
pyroxenes; gradational lower contact.

PCX3_522_5; some disseminated olivine; fine-grained;
very gradational lower contact.

Pot_3cx3-52t—2; medium—-grained; gradational upper and
lower contacts; sheared and silicified zone between 115

and 113.
POs_10C ; medium—grained.
5-10 x3_5zt_2bt_1, g
PO1-3Cx p s medium—grained; locally sheared and
3-5"t-2"t
silicified,
PC
PO¢-3Cx b ; medium—grained.

2-5%¢-2"¢
PC; locally sheared and silicified; some shears have a

vuggy quartz.

DU-6-1



Interval

243-261

261-264

264-280

280-281

281-285

285-687

687-697

697-932

932-957

957-1146

1146-1185

Description

P0O1-3C4 ; medium—-grained.

2-3%1-2

P030~50Cx ; medium—grained; gradational upper

e-2%e-1Pt
and lower contacts; vertical serpentinized shears
with horizontal slickensides at 261.

b s medium-grained; gradational upper

z
3-5"t-1"t
and lower contacts.

P07-12Cx

PC; gradationally sharp lower contact.

Mixed PC and PO7.79C; gradationally sharp lower, sharp
upper contact.

b ; medium—grained troctolite; one-inch

3-5%t-2"¢
OC at 397; some interlayered zones of more plagioclase-~rich

PO7-12Cx

material that have gradational upper and lower contacts;
fault at 513 dips 60°, and is somewhat silicified.

PCy , ; gradationally upper and lower contacts.

2-3"t

PO7-12C4 ; two—inch PC horizons occur

3-5%-2P¢-1
at 809 and 815; both have sharp lower contacts and
gradational upper contacts; troctolite has a gradational
lower contact.

P01_3Cx3_521_2; medium—~grained pyroxene-rich troctolite;
gradational lower contact,

PO7-.12C; extensive serpentinization of shearing between
1137 and 1138; faults dip 70° and rake vertically;
gradational lower contact.

PC; a very pure, medium—grained PC; gradational upper

contact; sharp lower contact.

DU-6-2



Interval Description

1185-1186 PO3_5Cx2 3z1; medium—grained; gradational lower contact.
1186-1236 P01-9Cx; medium-grained; gradational upper and lower
contacts.

1236-1240 PO3.5C4 52, b ; gradational upper and lower contacts.

t-2 tt
1240-1254 PO1-9C ; medium—grained.

1=2%%) _3%¢-3 g
1254-1265 P07_120X3 52 1; medium-grained troctolite.
— t—

1265-1265 1/2 PC; sheared and serpentinized; has vertical dipping faults
with horizontal slickensides.

1265 l/2-1300 P07_120X3_52t_1; medium—grained homogeneous troctolite.

1300-1301 0C; serpentinized and sheared fractures dip 70° to 90°;
slickensides rake 30°.

1301-1379 PO}15-20Cx ; medium-grained troctolite; slightly

2-5%¢-1
more olivine-rich than the overlying troctolite.

1379-1380 0C; sheared and serpentinized.
1380-1381 OPC
1381-1421 PO7.12C; typical troctolite extensively fractured

and serpentinized between 1401 and 1405; vertical

fractures with slickensides raking 70°.

1421-1424 OC mixed with OPC; vertical fractures, slickensides
rake 70°.
1424-1451 PO7.12C; typical troctolite.
1451-1452 PC; gradationally sharp upper and lower contacts.
1452-1453 PO7_19C
1453-1462 PCy ; gradational lower contact.
1462-1465 PO3.5C4 3z ; olivine-poor troctolite mixed with some PC.
t-3 t

DU-6-3



Interval

1465-1747

1747-1759

1759-1765

1765-1803

1803-1901

1901-1907

1907-1935

1935-1942

Description

z .b .3 medium—grained troctolite; contains
3-5"t-1"t-1

thin PC interlayers at 1472, 1477, 1482, 1485, 1511,

PO7-12Cx

1513, 1515, 1516, 1517, and 1640. All PC layers

have gradational upper and lower contacts. Troctolite

is extensively sheared and serpentinized between 1714 and
1717. Troctolite has a gradational lower contact.
PO90-30C; distinctly finer-grained than overlying rock;
gradational upper and lower contacts.

PO7_120x5_lozt_3; medium-~grained troctolite; extensively
sheared and serpentinized.

Extensively brecciated, sheared and altered zone with
syenite injections. Rock is dominatly a PO7-;2C but is
badly fractured and altered. Syenite encloses pieces
of fractured and altered troctolite and thus postdates
some of the faulting. Faults dip vertically and have
slickensides raking 30°.

Fine-grained hornfels. Injected by some syenite.
Extensively altered and sheared zone that is serpentin-
ized and has syenite injections. Rock is dominantly

a troctolite. Faults dip 70°; slickensides rake 70°.

P020—300x5 52 3; medium—-grained olivine troctolites.
— t—
A three-inch pegmatoidal zone occurs at 1913.

Extensively sheared and faulted zone with vertical

faults with slickensides raking 20°. Rock is an

DU-6-4



Interval Description

olivine-rich troctolite, locally two— or three-inch
segments may be OC.

1942-1950 P07_12CX3 52 3; medium—-grained troctolite. Distinctly
— t—

less olivine-rich than the rock above the fault zone.

1950-1965 PO3-5Cx ; medium—grained. Olivine-poor troctolite;

3-5%t-2
gradational upper contact and sharp lower contact.
This sharp lower contact may represent a major deposi-
tional break.

1965-1966 PO7-17C; gradational lower contact.

1966-1976 PO5-10Cx ; medium—grained troctolite; gradational

2-5%t-1
lower and upper contacts,

1976-1984 P01_3CXl )2 2; medium—grained; moderately sharp lower
- t—
contact.
1984-1993 PO7-12Cx ; medium—grained troctolite; gradational

3-5%¢-2
lower contact.

1993-1994 PC; moderately sharp lower contact, gradational upper
contact.
1994-2003 POlO-ZOCx3 5z l; medium-grained troctolite.
- t—

2003-2003 1/2  PC pegmatoid.
L/

2003 '/2-2004 PO} 9—90C

2004-2004 172 PC pegmatoid.

2004 1/2-2005  P0,_cC

2005-2006 P05_7Cth ; medium-grained; gradational lower contact.
t

DU-6-5



Interval

2006-2020

2020-2025

2025-2034

2034-2129

2129-2135
2135-2136
2136-2137
2137-2138
2138-2139
2139-2140
2140-2141
2141-2156
2156-2162

2162-2186

2186-2220

2220-2289

Description

P0j_3Cy 42 1; medium—-grained; moderately sharp lower
t-3 t-
contact.

PO7-12C4 b 5 medium—grained; moderately sharp
t

3-5%¢-1
lower contact.

PCXZ—Szt—l; pyroxene content increases downward; gra-
dational lower contact.

PO3_5Cxt_3; medium-grained; olivine-poor troctolite;
vertical faults with horizontal slickensides at 2043;
gradational lower contact.

PO7.19C; fine-grained; an inclusion.

P01-2%xy g2, ,

PO7_12CX2_3zt; medium—-grained.

PO7-12C; mixed with several fine-grained inclusions.
Fine-grained inclusion.

PO7-12C; typical medium—-grained troctolite.
Fine-grained inclusion.

; medium—-grained.

C
X35%c-9

PO3_7C ;s medium—-grained.

3-7%5_ 52 9" g
P01_2CX3 52 2; olivine-poor troctolite, parts with
— t—

abundant horizontal fractures.

PC; pure PC; gradational upper and lower contacts.,

PO9-7Cx 7 5 much of it has been altered and serpen-

2-5"t-1

tinized; faults at 2242 dip vertically and have horizontal

slickensides; vertical faults at 2251 have horizontal

DU~-6-6



Interval

2289-2406

2406-2417

2417-2419

2419-2443

2443-2460

2460-2506

2506-2525

Description

slickensides; faults at 2275 dip vertically and have
slickensides raking 60°.

P015-250x1_3zt_1; sharp contact with the overlying rock
with vertical faults at 2289 that have horizontal
slickensides; syenite near 2306 is associated with
vertical faults that have horizontal slickensides;

rock is a medium- to medium—coarse-—grained troctolite;
rock has 307 olivine towards base of sequence; moderately
sharp lower contact.

PO3-7Cx ; medium— to coarse-grained; some large

3-5%2-5
interstitial pyroxenes.

P0O3.7C4 3 fine—-grained; gradational upper and

1-3%¢-2
lower contacts.

P03.7C; coarse-grained; gradational lower contact.
P01_3Cx3_52t; medium—grained; extensively faulted
between 2453 and 2460 with faults dipping nearly vertical
and having slickensides raking 20°.

Fine-grained hornfels.

Extensively sheared and brecciated zone. Rock is a

POC, but extensive faulting makes it di fficult to
identify with certainty. Faults dip nearly vertically
and have slickensides raking 40° to 50°. There appear

to be two sets of shears which intersect each other

at 90°; both have slickensides. Locally, the brecciated

rock is intruded by syenite.

DU-6-7



Interval

2525-2576

2576-2577

2577-2595

2595-2612

2612-2667

2667-2677

2677-2713

2713-2714

2714-2715

2715-2732

27322745

2745-2748

Description

P01-9Cx ; extensively sheared and faulted.

2-3%¢-1
PC pegmatoid.

POS—IOCx2_3zt_2; medium—- to coarse-grained olivine-
poor troctolite,

POj-9Cx.  z _; medium— to coarse-grained; gradational

1-5%t-3
upper and very gradational lower contacts.

PO7_12Cx2 32 2; medium~grained, typical troctolite;
- t—

very gradational upper contact; contains thin PC zones

which have moderately sharp contacts.

PO5_10Cxl 42 2; extensively serpentinized and sheared
— t—
with horizontal slickensides on vertical fractures;
essentially the same rock as above and below.

P07_12Cx2 5z 3; medium- to coarse-grained; some horiz-
— t-
ontal fractures.

POj-3Cx_ 5 s medium—grained; gradational upper and

3-5"2-5

lower contacts; abundant horizontal fractures.

PC pegmatoid; sharp lower contact; gradational

upper contact.

P07.19C; medium- to coarse-grained; gradational lower
contact.

POIS-ZOCXZ—SZt; medium-grained; slightly more olivine-
rich and finer—-grained than overlying rock into which

it grades.

P05_100x3—102t—2; medium— to coarse-grained; gradational

lower contact.

DU-6-8



Interval Description
2749-2750 Pegmatoid; a coarse—grained PO3_5CX3ZS; gradational

lower contact.

2750-2753 PO5_10Cx ;s medium— to coarse-grained; gradational

3-5%¢-2
lower contact,

2753-2787 PC pegmatoid; sulfides become more abundant in lower four
feet of this section.

2787-2960 Core is split and badly jumbled. These are rocks of
the basal sulfide-bearing zone. Most core is
PO3_7Cxt_22t, although there are several pegmatoidal
zones. Pegmatoid occurs between 2813 and 2825, at 2831,
2871, and 2875. The core is so badly jumbled so that
the footages are imprecise; core is dominantly medium—
grained olivine-poor troctolite.

2960-2975 Fine-grained, hornfels contact zone.

2975-3005 Granitic rocks of the Giant Range Batholith. Hole

bottoms at 3005.

DU-6-9



Summary DU-16

The sequence from 19 to 39 is a plagioclase-rich zone of alternat-
ing olivine-poor troctolites and pegmatoidal layers. At 39 it grades
into a medium— to fine-grained homogeneous PC or olivine-poor troctolite
which extends with increasing amounts of olivine to 125 where the rock
is troctolite. Below this zone, the rock becomes more plagioclase-
rich until it is a pure PC between about 189 and 263. At 263 there is
a gradationally sharp contact with underlying picritic rocks that are
only about 2 feet thick and which grade into medium—-grained troctolite.
This troctolite extends to 1146 and has a few thin PC layers. Many of
these PC layers are only 6 to 12 inches thick, but some are thicker.
Well-developed PC layers occur at 687-697 and 932-957. Between 1146 to
1246 is dominantly PC. The first 50 feet of this sequence is a very
pure PC. It has a fairly sharp contact at 1185 with a more pyroxene -
and olivine-rich rock, that may represent a major break in rock deposition.

The olivine—-poor troctolite at 1185 grades into good troctolite
and then into OC at 1265. This OC grades back into troctolite which
extends as a homogeneous sequence to 1421 where there is a fairly thick
OC. Below this one foot thick OC the rock is again a homogeneous troc-
tolitic sequence down to 1451, at which point it grades into a PC that
is about 12 to 13 feet thick. This PC grades back into a homogeneous
troctolite that extends to 1804 where it is sheared and faulted.

Below 1804 is a hornfels sequence to 1902. This hornfels is
surrounded by sheared and serpentinized rocks and may be faulted into
its present position. Below the hornfels the rock is an olivine-rich
troctolite which extends to another prominent fault zone between 1937
and 1941. Below this fault is an olivine-poor troctolite that extends
down to 1985 where it grades into a typical troctolite. At 2005 the
rock grades back to an olivine-poor troctolite that extends to 2139.

Below 2139 is a zone of fine—grained inclusions. Rocks below these
inclusions are plagioclase-rich and have some disseminated olivine and
pyroxenes. At 2187 the rock is a pure PC, but grades back into an
olivine-poor troctolite which is in part extensively faulted. This
troctolite extends to about 2289, at which point there is an abrupt
contact that is complicated by shears and faulting. Below this zone
the rock is an olivine-rich troctolite which extends to about 2406.

At 2406 there is a sharp contact, below which the rocks become plagioclase
-rich and contain zones that are medium— to coarse-grained.

This plagioclase-rich zone extends to 2460 at which point there is
a 46 foot thick zone of hornfels. Below the hornfels is a 10 to 20
foot fractured zone which is underlain by olivine-poor troctolite that
develops a coarser grain size and more olivine to 2600 and then grades
down to more typical troctolite near 2619, Below 2669, olivine—poor
troctolite is again present. It is medium— to coarse—grained, is inter-
layered with several small PC horizons, and extends to about 2753 at
which point there is a 30 foot thick pegmatoid. This pegmatoid extends
to 2787 and marks a major break in the core, as below 2787, the rock
contains abundant sulfides. These sulfide-bearing rocks are dominantly
plagioclase-rich. They are interlayered pegmatoidal rocks and are
medium— to medium-fine-grained PO3_-7C. These rocks are underlain by a
2-5 foot thick chilled zone which is underlain by granitic rocks of
the Giant Range Complex. This hole, therefore, has an extremely thin
sulfide-bearing basal zone and contains very little mineralization.

DU-6-10
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DRILL HOLE DU-6
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DRILL HOLE DU-6
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DUVALL DRILL HOLE DU-8

Interval (ft.) Description

0-5 No core.

5-79 P07.12Cx2 52 1; medium-grained troctolite.
— t—

79-79 1/2 PC pegmatoid

79 1/2-80 172 Po,_;,C

80 l/2-81 1/2 PC pegmatoid; gradational upper, sharp lower contacts.

81 1/2-259 PO7-12Cx2_3zt_1; medium—-grained troctolite; a six—inch
PO3-5C zone at 97, a twelve-inch PO7.12C zone at 116.
60° serpentinized shear with vertical slickensides at
217 and 222. 60° dipping serpentinized shear at 255.

259-268 PO5-10Cx b .3 medium—grained; slightly less

2-3%¢-1"¢~1
olivine-rich than rock above and below; very gradational

contacts. 70° dipping shear serpentinized at 266 with
vertical slickensides.

268-325 PO7-.12Cx ; medium—grained troctolite; vertical

2-3%¢-1
shears at 272 with slickensides raking 60°.

325-326 PC pegmatoid; gradational upper and lower contacts.
326-360 PO7.12C
360-370 POl_Ssz 5, 3; medium— to coarse-grained; a transitional

zone, becoming more plagioclase-rich toward base.
370-373 PC pegmatoid

373-373 l/2 PO7_y,C ;s medium- to fine-grained; sharp upper

X3-5%t-2
and lower contacts.
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Interval

3731/2-375

375-376

376-377

377-464

464-466

466-486

486-498

498-5071/2

5071/2-5081/2
5081/2-5091/2
5091/2-5101/2
5101/2-5111/2
5111/2-5121/2
5121/2-513
513-514
514-516

516-5171/2

Description

PC pegmatoid; coarse—-grained pyroxenes 3 cm across.

PO7_120X5—1021-2; medium— to coarse-grained; gradational
lower and upper contacts.

PC pegmatoid; coarse pyroxenes; moderately sharp lower
contact.

PO7-12Cx ; medium grained troctolite. 70° dipping

2-3%1-2
shear with slickensides raking 60° at 388.
PC pegmatoid; gradational upper and lower contacts.

PO7..12Cx3 o7 1; medium— to coarse-grained troctolite;
- t-—
gradational lower contact.

Transition zone dominantly PO3.5Cy 3 medium— to

3-10%t-4
coarse-grained; gradational lower contact.
PC pegmatoid; thin layers of PO5_;C; rock contains
coarse masses of pyroxene and oxides (both range up to 2
centimeters in length); moderately sharp lower contact.
PO7_12C; gradational lower contact.
PO;_sC
PC pegmatoid.
POS—IOC; medium-grained.
PC pegmatoid; sharp lower contact.
PO C

5-10 X3_Szt__2
PC pegmatoid; sharp lower contact.

PO5.10C; gradational lower contact.

PC pegmatoid.
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Interval Description

517 1/2-525 P02_7Cx2_521_2; medium- to coarse-grained; gradational

lower contact.

525-526 PC

526-528 PO5-30C

528-529 PC

529-534 P03—7CX2-52t-2

534-534 1/2 PC

534 1/2—544 PO3_7CX2—521—2; medium- to coarse-grained.
544~545 PC pegmatoid; large pyroxenes and oxide masses.
545-546 PO7-12C

546-547 P01-.3C

547-550 PO3_10CX2_521_2; medium— to coarse-grained.
550-551 PC pegmatoid

551-553 P03..10CX3_521_2

553-555 PO3.5C; grades down to pegmatoid.

555=557 PO5_7CXI_3zt_1; gradational lower contact.
557-558 PC

558-561 P01_5CX2_4zt_1; medium- to coarse-grained.
561-564 PC pegmatoid.

564-571 Transitional zone; mostly coarse-grained pegmatoid

with masses of olivine that may be cumulate.

571-602 Very fine-grained troctolitic rock with occasional
layers of medium— to coarse-grained POj.s5C; grades up
into overlying pegmatoidal zone, grades down with
moderately abrupt contact with underlying rock.
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Interval

602-786

786-868

868-874
874-875
875-876
876-877

877-894

894-898

898-914

914-929

929-945

945-993

993-994

994-1005

1005-1048

1048-1052

Description

Fine-grained hornfels. Massive fine-grained, light
gray rock.

P07-12CX2—SZt-3; medium— to very fine-grained; a hybrid
rock associated with hornfels.

Fine-grained hornfels.

Fine—grained POC; similar to that at 825.

Hornfels.

Fine—-grained PC.

Fine-grained hornfels with numerous vertical to sub-
vertical faults; horizontal slickensides.

Fine-grained PC; some disseminated sulfides; core split.,
Fine-grained PO7-12C; similar to rock at 825; a hybrid

rock associated with hornfels; some disseminated sulfides.

P015—25Cx2_5z1_2; medium-grained; gradationally sharp
lower contact.
PO5_7Cxt_Zzt; plagioclase-rich troctolite; gradational
lower contact.

PC; contains interlayers of POj-9Cy ; medium—grained.

2-4%1-2
Fine—-grained hornfels; sharp contacts.

PC

Medium coarse-grained PC almost pegmatoidal but lacking
coarse interstitial pyroxenes and oxides; gradational
lower contact.

P01-3CXt_ z .5 medium—grained.

17t-1
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Interval

1052-1148

1148-1221

1221-1228

1228-1255

1255-1290

1290-1299
1299-1406

1406~-1422

1422-1539

DescriEtion

P02_5CX3-Szt_3; medium— to coarse-grained; a plagioclase-
rich troctolite with olivines occurring as disseminated
clots that are up to 5 centimeters large, pyroxenes are
up to 1 centimeter long; almost pegmatoidal in places;
very gradational upper and lower contacts.

PO3-7C4 3 medium~grained; plagioclase-rich troc-

2-4%¢-1
tolite that is finer—-grained than overlying rock;

some large pyroxene and oxide segregations; abrupt

lower contact.

P01_3Cxt_ z 3 fine-grained; gradational lower contact.
P05_10CX3_521-3; medium~ to coarse-grained troctolite
with some large pyroxene and oxide segregations.
P01_5Cx3_522_3; coarse-grained, mottled olivine-poor
troctolite; olivine occurs in masses that are 3 to 10 mm
across; some large pyroxene segregations; gradational
upper contact.

Syenite

P01_5CX3_522_3; very gradational lower contact.

PO3-7Cx_ 5 ; mottled troctolite; some coarse-grained

3-5"t=2
pyroxenes, but generally finer grained than the rock
above.
PO1-2Cx ; ; very fine grained homogeneous rock; may
tt

be an inclusion; gradationally sharp upper contact and

very gradational lower contact.

DU-8-5



Interval Description

1539-1598 PO3_7CXt—ZZt—1; medium— to medium-fine-grained; contains
some zones from 1569 to 1569 1/2 and 1584 to 1586
that are composed almost entirely of pyroxene and oxides;
some pyroxenes as coarse oikocrysts; dominant rock type
is coarser grained than the overlying rock into which
it grades.

1598-1637 P05_10CX1_3zt_2; fine- to extremely fine grained rock
with disseminated olivine.

1637-1638 PC3-5, ; medium— to coarse—grained; gradational

3-5°5-10
lower contact.

1638-1655 POt-2Cx 5 ; medium— to fine-grained.
3-5"2-4

1655-1656 PC pegmatoid; coarse—grained pyroxene.

1656-1715 POt-ZCx3 52 2; fine-grained; cut by some stringers of
— t—

medium— to coarse—grained troctolite which indicates
that this fine—grained material is an inclusion.

1715-1791 POj-2Cx ;s medium— to fine-grained; large plagio-—

5-15%t=5
clase laths; very plagioclase-rich rock with much

interstitial pyroxene.

1791-1801 Fine equigranular rock; probably a hornfels; contains
disseminated sulfides.

1801-1891 Pot-SCX3—152t-5; medium— to fine—-grained; plagioclase

occurs as good cumulate laths.

1891-1908 PO3-7C ;s medium—-grained; coarser grained than

¥2-5%1-2
the overlying material into which it grades.
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Interval Description

1908-1911 PO5_7C4 271 2; medium— to fine-grained equigranular.
t— -
1911-1943 P07_12CXl 52 1; medium- to fine-grained.
- t—
1943-1945 PC
¥3-5%¢-2
1945-1949 PC; coarse interstitial pyroxenes and oxides.
1949-1999 POj-2Cx ; medium- to coarse-grained; some

15-25%5-10
cumulate olivine, but has abundant intercumulate

pyroxene and oxides that form large masses; grades
upward into finer grained rock.

1999-2072 PO9-5C4 ; medium— to coarse-grained troctolite;

5-20%5-10
rock has a distinctive mottled texture made by coarse
interstitial pyroxenes.

2072-2074 PC pegmatoid; coarse interstitial pyroxene; gradational

upper, sharp lower contacts.

2074-2078 PO5_7Cx3 8% 5; medium—grained; some disseminated sulfides.
2078-2079 PC pegmatoid.
2079-2080 P0O3.5C ; medium—grained.

3=5"%s 10%1-3° 8

2080-2080 1/2  PC pegmatoid.

2080 1/2-2082 PO s medium grained.

c
t=3"%5-10%2-3

2082-2083 PC pegmatoid.

2083-2090 PO1—9C

2090-2127 PC; no pyroxenes; gradational upper and lower contacts.
2127-2130 PC to P01-20x3_5zl_25 medium-grained.
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Interval

2130-2131

2131-2177

2177-2200

2200-2209

2209-2220

2220-2228

2228-2260

2260-2269

2269-2275

2275-2371

2371-2375

2375-2401

2401-2403

Description

PC

PO9-5Cx ; abundant disseminated sulfides; medium-

3-5%1-3
grained; mottled; gradational lower contact.

PC to P0Oj_9C4 ; medium— to coarse-grained; dis-

5-20%3-7
tinctive rock because the abundant pyroxenes enclose
long thin plagioclase laths; disseminated sulfides.

PO1-2Cx ; medium—-grained; gradational contact

t-1%t-1
with overlying pyroxene-rich rock; gradational lower
contact.

PC; contains abundant pyroxenes and minor amounts of

disseminated olivine.

P02..5CXt lbt 1; fine-grained; sharp upper and lower contacts.

POj-2Cx ;3 medium—-grained; intercumulus pyroxene

5-15%t-5
encloses long plagioclase laths; sharp lower contact.

PC; very fine grained; almost no pyroxene or oxides;

sharp upper and lower contacts.

POo_5Cx 4 ; medium—grained; gradational lower contact.

2-57t=-2
PO1-3Cx ; mottled texture formed by intercumulate

5-15%2-5
pyroxene enclosing plagioclase laths; gradational lower
contact.
PO9-5C; medium— to fine—grained; virtually no pyroxene;
gradational lower contact.
P0}1-3C

PC pegmatoid.
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Interval
2403-2417 1/2
2417 1/2-2419

2419-2464 1/2

2464 1/2-2466
24662470 1/2
2470 1/2-2485
2485-2486
2486-2496
2496~2526

2526-2536

2536-2563

2563-2564

2564-2586

2586-2635

2635-2649

2649-2669

Description

PO C ; medium— to coarse-grained.
1-3"%5_1529-5’ g

PC pegmatoid; moderately sharp lower contact.

PCXZ—lzt; very pure, medium~grained PC in sharp contrast
to the overlying oxide and pyroxene-rich rocks.

PC pegmatoid.

POl_ZC; sharp lower contact.

P01_3C; contains abundant pyroxene and oxide.

PC pegmatoid.

PC

PO9-5Cx ; medium— to coarse—grained; similar to

5-15%3-7
the rock seen 2408,

Pot-lcxt-zzt—l; medium—-grained; sharp upper contact and
gradational lower contact.,

PO1-3C

Pot-lcxt-zzt-l; medium~grained; gradational upper and
lower contacts.,

P01_3Cx2_ z, b medium~-grained; gradational lower and
upper contacts.

POy -2Cx ; medium~ to fine-grained; many thin

t-3%t-2
interlayers of PC.
PO1-5C 2, 3; spotted rock with poikilitic olivine and
t -
oxide masses; gradational lower and sharp upper contacts.

POy —9Cy ; heterogenous mixed PC to olivine-

t-4%t-2P1-3
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Interval Description

(2649-2669) poor troctolite with some poikilitic olivine; gradational
cont'd
upper and lower contacts; distinguished from overlying

rock by its coarser grain size and more abundant inter-

stitial pyroxene.

2669-2715 POy 9Cx )2 ; abundant horizontal fractures; medium-grained PC.

t-2' t
2715-2725 POy -9Cy 32 1; mixed sequence of PC and olivine-poor

t-3 t-

troctolite.
2725-2768 PO1-oC
1-2 X _3%;

2768-2794 PC; fine-grained; one or two thin disseminated masses

of coarse pyroxene in an otherwise fine-grained matrix;
sharp upper and lower contacts. This rock appears to be
an inclusion because of a fine-grained texture and sharp
contacts.

2794-2805 PO1-3Cx z ; medium~ to coarse-grained; an olivine-

15-20"3-6

poor rock that is rich in pyroxene and oxides; sharp
lower contact.

2805-2815 Fine-grained PC.

2815-2820 P0;-3C4 ; gradational contact with overlying fine-

t-3%¢-1
grained PC; gradational lower contact.

2820-2901 Oxide-rich PC; similar to the rock at 2799; gradational
upper and lower contacts.

2901-2902 PC pegmatoid.

2902-2923 POI—ZCtht; medium—grained; pure PC; gradational upper

and lower contacts.
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Interval

2923-2962

2962-2978

2978-3072

3072-3089

3089-3121

3121-3126

3126-3130
3130-3169

3169-3193

3193-3196

3196-3200

3200-3230

Descrigtion

Pol_zcxtzt; medium—-grained; olivine occurs in larger
disseminated masses and is much more abundant than in the
overlying rock; gradational lower and upper contacts.
PO3_5CXt_3Zt_1; medium-grained with thin wispy PC layers.
POl_ZCxtzt; medium—grained; plagioclase-rich rock similar
to that occurring at 2915; gradational lower contact.

P01-3Cx ; medium— to coarse-grained; marked increase

3-5%¢-2
in pyroxene content; pyroxene as 8 to 10 mm interstitial
masses; gradational upper and lower contacts.

PO -3C

PC to POI-ZCZ40—6O; abundant disseminated sulfides;

rock is almost pure oxide in some zones; grades upward
and downward into P0O;_3C.

POB_SCxt-BZt-l; medium—grained.

PO0;1-3C; abundant disseminated sulfides.

PO1-2Cx ;s medium—grained with some pyroxene-rich

2-5%1-3

zones; gradational upper contact, sharp lower contact.

chtzt; medium—grained; differs from the overlying rock
by its conspicuous absence of large pyroxene and oxide

masses and lack of olivine.

PO9-3C

PO¢-1C - ; medium—-grained; contains disseminated

Fe-2%¢-1
sulfides.
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Interval

3230-3248

3248-3259

3259-3260
3260-3265

3265-3287

3287-3331

3331-3365

3365-3414

3414-3493

3493-3497
3497-3636
3636-3645
3645-3668
3668-3684
3684-3700
3700-3707

3707-3715

Description

P03_5Cx20; medium—grained; gradational upper and
moderately sharp lower contacts.

P0O;_3C4 ; medium— to coarse-grained; pyroxene-

5-10%2-3
rich rock.

PC

P01-3C
POz_SCXt—Zzt; medium—-grained; abundant disseminated
sulfides; gradational upper contact, very gradational
lower contact.

PCXt—ZZt; some disseminated olivine; medium— to fine
grained; gradational upper contact.

PC; fine—grained; appears to be a hornfels; contacts
appear to be sharp.

POy -9Cy ; some cumulate olivines; fine-

t-3%c-10
grained; abundant disseminated sulfides.

PO9-3Cx ; medium— to coarse—-grained; slightly more

2-5%t-1
pyroxene than in rock above.

PC pegmatoid; zone with coarse interstitial pyroxenes,
PC; fine-grained; disseminated sulfides.

PO3-7C; medium—grained.

PC

P07-19C; medium— to fine-grained.

PC to P01_2Cxt_3Zt
P03-5C; medium— to fine—grained.
P0;-oC
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Interval

3715-3730

3730-3773

3773-3779

3779-3831

3831-3833

3833-3834

3834-3868

3868-3875

3875-3901

3901-3992

3992-4020

4020-4080

4080-4096

4096-4130

Description

POg.10C; fine-grained.

Pot—lcxt_3

PO7-12C; medium—- to fine-grained with some zones that
are POjp-20C; sharp lower contact, gradational upper
contact.

PO;-3C; disseminated sulfides between 3783 and 3810.
PC

PO7_12CX2_32t_2; medium-grained; sharp lower contact.
PC; medium—grained; no pyroxene.

P07_120Xt_52t_1; medium- to fine-grained; abundant
disseminated sulfides; moderately sharp lower contact;
gradational upper contact.

PC to Pol_zcxtzt; abundant horizontal fractures; moder-

ately sharp upper contact; lower contact not exposed.

PO7_12Cx2_Szt-1; medium—~grained; abundant disseminated
sulfides; homogeneous equigranular; medium—grained
troctolite.

Granitic country rock; cut by fine-grained intrusive
stringers.

P07-12CXt-lzt; abundant disseminated sulfides; medium—
grained.

Granitic country rock with some disseminated sulfides.

POg5-10Cx 2 3 abundant disseminated sulfides; medium-—
-> t

grained.
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Interval Description

4130-4138 Transition zone; mixed troctolite and granitic rocks.
4138-4235 Granitic rocks and fine-grained gray hornfels at the

bottom of hole.
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Summary DU-8

Typical medium—~grained troctolite extends from the top of the hole
to a pegmatoidal zone at 79 to 81. The pegmatoid contains interlayered
troctolite. Medium—grained troctolite continues from 81 to 360, at
which point it grades into a coarser—grained, more plagioclase~rich rock
that becomes a pegmatoid interlayered with some thin troctolites. The
base of this pegmatoid is near 376, Below 376, the rock is medium—grained
troctolite which extends to 424.

At 424 the rock grades into a coarse-grained plagioclase~rich rock
near 497. Although numerous interlayers are present, the rock is
mostly a pegmatoid which extends to an abrupt lower contact at 507.
Below 507 is a two foot thick sequence with a pegmatoidal bottom at 509,
Below 507 are several other thin sequences that have a pegmatoidal zone
that grades upward into troctolite. Bottoms of these successions are
at 511 1/2, 514, 516, and 526. The cycle ending at 545 is a particularly
well—-developed one. At 571, a transition occurs into fine—grained rocks
associated with hornfels. This zone extends to about 900 at which point
it grades into a 40 foot thick troctolitic zone that grades into a
plagioclase-rich rock. The contact between troctolitic and hornfels
above 940 and plagioclase-rich rocks below is a major break in this
hole., Coarse-grained PC is in sharp contact at 1040 with underlying
olivine-poor troctolite that extends down to approximately 1148. At
this point the rock becomes a fine—grained plagioclase-rich troctolite
that is interlayered with mottled plagioclase~rich troctolites. These
rocks extend to troctolitic at 1422,

These fine—grained troctolitic rocks extend to 1715, but from 1569
to 1569 1/2 and between 1584 and 1586 there are two zones which are
almost pure pyroxene and oxides. Below 1715, the rock become slightly
coarser grained and contains interstitial masses of pyroxene and oxides.
Locally it has zones of equigranular fine-grained material which may
be inclusions. This olivine-poor, medium— to fine-grained rock (most
is a PC) extends to 1949 at which point it coarsens, and becomes a
coarse—grained plagioclase-rich troctolitic rock with large masses of
interstitial pyroxenes and oxides. Disseminated sulfides occur throughout
this sequence below 1725, This rock grades down to a pegmatoidal zone
at 2073. Between this zone and 2092 are several other successions of
olivine—-poor rock which have basal layers of thin pegmatoids. From
2092 to 2130 is a nearly pure PC which grades down into a pyroxene-rich,
olivine-poor, medium— to coarse-grained rock with abundant intercumulus
pyroxene that extends to 2198. Between 2198 and 2209 is another fine—grained,
nearly pure PC. Below 2209, the rock is coarse-grained olivine—~poor
troctolite with abundant interstitial pyroxene. This rock has several
fairly fine—-grained olivine-poor interlayers, but extends as a coherent
sequence to 2260 where it becomes a fine-grained PC, which extends
down to 2269. This fine-grained PC has the texture of a hornfels.

Below 2269 is more medium~ to coarse—grained olivine-poor rock with
abundant interstitial pyroxene that alternates with plagioclase cumulates.
The content of interstitial pyroxene and oxides is variable. The section
is a very plagioclase-rich one, and usually also has disseminated
sulfides. There are some pegmatoidal zones. The poikilitic olivines
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in PC between 2635 and 2648 make fairly distinctive layers, but the
entire sequence between 2269 and 3901 basically can be characterized
as a homogeneous plagioclase-rich package with no marked breaks. The
rock below about 3901 contains much more olivine and has more sulfides,
This olivine-rich and sulfide-rich rock extends down to 4130 where it
is in tranmsitional contact with the Giants Range batholith.

Thus, this hole may be characterized as troctolite extending to
600, hornfels from 600 to 900, troctolite from 900 to 940, plagioclase-rich
rocks to 3900, and sulfide-bearing troctolites to the bottom of the
hole at 4130. The plagioclase-rich rocks are probably part of the
anorthositic series and, although some contain olivine, they are probably
mostly plagioclase cumulates.
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Interval (ft)

0-5
5-171/2

171/2-281/2

28172-30

30-43

43-431/2

43172-433/4

433/4-55

55-551/2
551/2-56

56-65

65-83

DUVALL DRILL HOLE DU - 9

Description

No core.
PO4_4,C ; medium—grained.
7-127x, by_oz, g

P07_10Cxtzlbt; rock has slightly less olivine and more oxides

than that above and is slightly coarser grained.

POSCXI-Zzlbt; rock is coarse-grained; with prominent interstitial

oxides and pyroxenes.

PO7_12CX3—SZlbt-1; medium—grained; with prominent interstitial

pyroxenes and oxides and zones of large biotite.

PC pegmatoid; zone with large interstitial pyroxenes and oxides;

olivine 3%, pyroxenes about 3%, oxides about 1%; gradational
upper and sharp lower contacts.

PO5_;,C; gradational lower contact.

PC; fine-grained with small oxide grains giving rock a spotted
appearance; trace of olivine and biotite. Rock is distinctive
because of fine-grained spotted appearance. Upper contact

is sharply gradational, lower contact is sharp. Sample from
451/2,

PO7-120; medium—-grained.

POIS-ZOC; thin olivine-rich zone.

PO10-15C%, .z _ b,

PO5_10Cx2 52 lb 1; medium= to coarse—grained with oxide-rich

zones; gradational lower contact.
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Interval

83-831/2

831/2-86

86-87

87-89
89-891/2
891/2-90

90-96

96-155

155-156
156-159
159-166

166-173

173-1731/2
1731/2-1751/2
1751/2-177
177-185
185-186
186-190

190-191

Description

PO,_cC 3 thin, olivine-poor coarse-grained unit,
1=5"%3_523-5b15’ 8

becoming pegmatoidal toward base; gradational upper and lower

contacts.

PO C
5-10 Xz_szt_lbt_l

PC b s fine-grained with gradational upper and sharp lower

Z1-2°¢
contacts.

PO5.10C; medium-grained.
PC
Z1-2
POC; fine-grained.
PC to POy-9C, ; ; fine-grained with gradational upper and
tt
sharp lower contacts.

PO5_70Cx lbt; medium—grained.

3-5%¢ -
PC; gradationally sharp upper and lower contacts.
P0O1-3Cx p .5 medium-grained.
tt-1
P03-7Cx  p 3 olivine has increased slightly; fault at 164.
ttt
b 5 extensively altered rock; some olivine is

3-6%t-1"t
serpentinized; it has been altered to form limonite. Rock

POs5-10Cx

has been fractured and locally sheared.

PC

POC

PCzl_3; very little alteration.

PO5_10C; extensively limonitically altered.
Monzonite dike.

PO5-10C

Monzonite
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Interval

191-196

196-2071/2

2071/2-211

211-2131/2

2131/2-2141/2
2141/2-2171/2

2171/2-2471/2

2471 /2248172
2481/2-2491/2

2491/2-266

266-270
270-271
271-286
286-288
288-290
290~-2901/2

2901 /2-309

309-311

Description

PO5-70C; mixed with monzonite; an extensively sheared

and altered rock, in places brecciated.

PCzt; rock grades up into a sheared zone with monzonite;

sharp lower contact.

POS_IOCXS_Btht; medium-grained; gradational lower contact.
P05_100x1_3; slightly more felsic than above; gradational

lower contact.

PC; sharply gradational lower contact.

P07_12Cx3-szt; monzonite at 215,

POS—IOCz3_5xt_1; slightly finer grained than above; gradational

lower contact,

PC
X1-2

PO5-10
P05_7CX3_1021_2; medium- to coarse—grained; coarsening downward
and locally almost pegmatoidal; gradational lower contact.
P05_7Cxt_zzt; medium-grained rock with sharp lower contact.

PC; sharp lower contact.

P05_10Cx3_7zl_2; medium—- to coarse-grained rock similar to 260.
PCXI; sharp upper contact,

Monzonite

PC; with sharp contact.

P05_10C23_7; medium~ to coarse-grained with much interstitial
pyroxene and many oxides.

Sheared zone with olivines altered to limonite, similar to

shear zone at 195.
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Interval
311-3291/2
3291/2-351
351-353

353-3531/2

3531 /2-4851/2
4851/2-4853/4

4853/4-501

501-5011/2
5011 /2-502

502-521

521-5261/2

5261/2~527

527-532

532-537

Descrigtion

POS-IOC ; medium—-grained.

X]-4Z¢ Py
P05-10Cx3—52t—1; extensively altered and sheared with
limonite replacing olivine.

Monzonite.

Altered POC.

PO7-IZCX3_5z1_2bt; medium-grained; 2" plagioclase-rich layer
at 363172,

Thin PC; sharp upper and lower contacts.

P05_7Cthz_4bt; medium—grained; distinguished from troctolite
above by lack of pyroxene and its chalky white color. A
distinctive break in troctolite.

PCZZ—SXt; sharp upper and lower contacts.

PO5_5C

PC, fine-grained; variable amounts of oxide and pyroxene.
Rock ranges from pure PC to one with 3-47 oxides and trace

to 2% pyroxenes. Olivine might be present in trace amounts
in indistinct grains.

PO7_12CX3-621-3bt-1; medium— to coarse-grained; pyroxenes

up to 2 cm across; oxides occur in large intercumulus

masses up to 3/4 cm across.

PC; gradational upper and sharp lower contacts.

PO7-.12C; medium— to coarse-grained with some large oxide

and pyroxene masses.

PC,

t
Locally pyroxene may be 3-5% and oxides 1-3%. Olivine may be

Xq 2; variable amounts of intercumulus pyroxene and oxides.
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Interval
(532-537)
cont'd
537-5391/2
5391/2-541
541-550

550-585

585-665

665-731

731-7321/2
7321/2-733

733-778

778-7781/2
7781/2-780
780-7801/2
7801/2-782

782-785

Description

present as disseminated small grains. Gradational upper

contact; gradational lower contact.

P01-4Cx1-22t-1; fine-grained.

Transition zone with interlayered POC and PC.
C ; local zones of nearl ure PC,
*3-5%0-4’ v P

PO3_5CX2 3% 2; medium-grained, chalky white troctolite;
gradational contact with overlying PC.

PC ;s fine—grained; possibly some olivine, but no

Ze-2%t~4
obviously cumulate grains. Rock is fine-grained and grades
upward to troctolite. Granitic dike cuts across at 660.

P05_10Cx3_521_3; medium—-grained; chalky white color; much
olivine appears intercumulus, some probably is cumulate.
Lithology is somewhat heterogeneous and there are wisps of
nearly pure PC mixed with the dominant troctolitic rock.
PC

PO5-10¢

Heterogeneous mixture of PO5.jngC and thin layers of PC.

PC layers are not more than 6 inches thick. The dominant
rock is the POg._;(C.

PO5_;0C; good cumulate olivine.

PC

POS-IOC; good cumulate olivine.

PC

PO5..10CX3 62 3; olivines as distinct intercumulate grains;
— t-—

medium—-grained.
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Interval Description

785-7851/2 PCx3_5z3_5; sharp upper contact, gradational lower contact.

7851/2-786 PC pegmatoid; large pyroxenes.

786—7861/2 POS-IOCX3_5z1_3; olivines occur as distinct cumulate grains.

7861/2-7863/4 PC; sharp upper and lower contacts.

7863/4-7911/2 PO_y o€

7911/2-7913/4 PC

7913/4—824 P05-100x3_5z1_3; medium— to fine—-grained; olivines are small,
rock has many zones of nearly pure PC 3 to 4 inches thick.

824-825 chl-Zzl-Z; gradational upper and lower contacts.

825-850 P05_7Cx2_szl_3bt; 3 to 4 inches thick zones of plagioclase-
rich material.,

850-851 PC; gradational upper and lower contacts; pyroxenes 3-5%,
oxides 2-4%,

851-858 POs5.-10C

858-862 P05_100x2—3zt-lbt; medium— to coarse-grained; distinct cumulate
olivines.

862-880 P07_12Cx3—621—3bt-2; medium-grained.

880-881 PC

881-885 PO5.-10C

885-8851/2 ocC

885! /2-886 PO5_) oC

886-891 P02_4CX3_SZt; gradational upper and lower contacts.

891-900 PC

900-910 POy..4C

910-9101/2 PC

9101/2-911 PO9—4C
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Interval

911-954

954-955

955-9721/2

9721/2-973
973-980
980~982
982-985
985-9881/2

9881/2-990

990-992
992-9931/2

9931/2-995

995-1003

1003-10081/2

10081/2-1014

Description

PC ; some zones with minor olivine, none definitely

*e-1%t-1
cunulate.

POg-7C4 3 gradational upper and lower contacts.

3-5%¢-1

PCx z ; some small, thin, less than 6-inch thick zones
t-5%t-3

with possible cumulate olivine.

PO3_ ;s sharp lower contact.

5C%3-521-2
P37

POj-3C

PC

F01-2%2_3%;_4

PC pegmatoid; coarse pyroxene, olivines and oxides.

Gradationally sharp upper contact, sharp lower contact;

marks the base of a cycle that passes up through the plagioclase-
rich zone at 951, through 911, up into the more olivine-rich
material of 892, into the OC of 885, and continues into the
olivine-rich material of 872.

POj-2C; coarse-grained, almost pegmatoidal.

P01_2C; medium—-grained.

POI—ZCx522_3; coarse-grained, almost pegmatoidal; large
intercumulate pyroxenes.

Pol-zcxt-zzt-l; medium- to fine-grained; gradational upper
contact with more coarse-grained olivine-rich material;
gradational lower contact.

PC; very little intercumulus material.

P01_4CX 52 1; gradational upper and lower contacts.
t=-37t-
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Interval

1014-1020 1/2

1020 1/2-1045

1045-1057

1057-1062

1062-1062 1/2

1062 1/2-1078

1078-1080 1/2
1080 1/2-1082
1082-1082 1/2

1082 1/2-1103

1103-1104
1104-1108 1/2

1108 1/2-1120

Description

PO9—5Cx ; medium—grained; gradational lower

3-5%t-2
contact,
PC, 2% 4; thin 2- to 4-inch zones with some disseminated
t_ -

olivine; gradational lower contact.

PC pegmatoid; coarse—grained plagioclase and pyroxene;
contains some oxide and biotite; sharp lower contact

with finer—grained rock. Possibly represents a depositional
break as it grades up into finer—grained plagioclase-rich
rock at 1045, and into a zone of PC near 998, into

POC, and ends at an abrupt contact with an overlying
pegmatoid at 990.

PC ; fine-grained.

¥2-5%¢-2
PC pegmatoid.

PO1-2C; olivine occurs in disseminated grains; contains

disseminated sulfides and has been split for sampling.

PC; gradational upper and lower contacts.

PO1-»C

PC
P03-SCX1-ZZt-1; medium- to fine-grained troctolite;

disseminated sulfides are present.

PC; gradational upper and lower contacts.

PO1_5C

PC
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Interval

1120-1153

1153-1153 1/2

1153 1/2-
1155 1/2

1155 1/2-1168

1168-1175

1175-1176
1176-1179

1179-1193

1193-1198 1/2

1198 1/2-1230
1230-1230 1/2

1230 1/2-
1257 172

1257 1/2-1258
1258-1260

1260-1261

Description

POj.9C; fine-grained; cumulate olivine appears to
be present in very minor amounts; gradational upper
and lower contacts.

PC; gradational lower contact.

PC pegmatoid; coarse-grained.

PO ; a olivine-poor troctolite with thin

C
1-2 *3-5%1-2
layers of plagioclase cumulate.
PC; gradational upper contact; moderately sharp lower
contact; distinct large masses of intercumulus oxide.

POS—IOCztx -1bt; moderately sharp lower contact.

t
PC
PO C ;s a coarse-grained plagioclase-
1-3 %3-7%1-40’
rich troctolite.
PC; fine-grained; very little interstitial pyroxene or

olivine; some oxide spots but generally a fine-grained

rock with a sharp upper and sharply gradational lower

contact.

PO C ; medium—-grained; typical troctolite.
7-12 Fe-1%Pe’ ’

PC

PO ; some thin PC layers.

C
5-10 *3-5%t-2%¢
PC; gradational upper and lower contacts.
PO71.9C

PO5-10C
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Interval

1261-1264

1264-1274
1274-1280
1280-1285

1285-1291

1291-1305

1305-1305 172
1305 l/2- 1313
1313-1315

1315-1315 3/4

1315 3/4-1319

1319-1321
1321-1322 1/2

1322 172~
1322 3/4

1322 3/4-1328
1328-1335

1335-1335 1/2

Description
PO3-5C; medium- to coarse-grained with large inter-
stitial oxides and pyroxenes; some pegmatoid;
sharp lower contact.
PO1-2C; fine-grained.
PC; gradational upper and lower contacts.
PO3.5C; medium— to fine=-grained.
POS-IOCXZ—Szl-Bbt; coarse-grained; large oxides and
pyroxenes; olivines are 3-5 mm across serpentinized
fault at 1290,
PO Cx. .z s medium- to coarse-grained troctolite
5-10 "1-3"t=9
with large interstitial oxides and pyroxenes.
PC pegmatoid
POC; gradational lower contact.
PC

P ; sharply gradational upper and lower contacts.

0 C
3-5 *3%1-2
PC pegmatoid; up to 20% interstitial pyroxene and
5-10% interstitial oxides; sharp lower contact.
PO c ; gradationally sharp lower contact.
5-10 *3-5%1-3
PC pegmatoid

POC

PC pegmatoid; gradational lower contact.

PO C s sharp lower contact.
5-7 Xe=2%¢’

PC; sharp lower contact.

DU-9 - 10



Interval

1335 1/2-1350

1350-1355
1355-1359 1/2

1359 1/2-
1359 3/4

1359 3/4-1360

1360-1399 1/2

1399 1/2-
1403 1/2

1403 1/2-1404
1404-1405
1405-1406 1/2

1406 1/2-1487

1487-1497 1/2

1497 1/2-1499

Description

P ;s medium— to coarse-grained with large

0 C
5-10 *2-7%¢-3
intercumulate pyroxenes and oxides, in places almost a

pegmatoid. Some thin PC layers; gradational lower
contact.
3-5
PO C
¥1-3%¢-1
PC

0C; sharp upper and lower contacts.

PC

PO Cy 5, _p 5 fault between 1387 and 1389; medium—
1-5 “t=-2"t-1"t

to fine—-grained olivine-poor troctolite with zones of

PC; monzonite at 1378; mafic pegmatoid at 1397 1/2.

PC

POC; sheared and serpentinized.

PC; brecciated and silicified.

Monzonite

; fine-grained troctolite; some is

PO C
5-10 *t-3%t-1

almost PC. Extensively sheared and fractured.

Silicified at 1419-1420; vertical fractures at 1455-1458;

serpentinized and sheared at 1463-1467.

PO ; medium— to coarse-grained; some is

C
5-10 3-571-3
almost pegmatoid; mixed with nearly pure thin PC.
Rock is much coarser—grained and more olivine-

rich than overlying rock; gradational lower contact.

PC; basal part is pegmatoidal; sharp lower contact.
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Interval

1499-1507

1507-1507 1/2
1507 1/2-1512
1512-1512 1/2
1512 1/2-1514
1514-1514 1/2

1514 1/2-1525

1525-1527
1527-1528
1528-1529
1529-1530
1530-1533 1/2
1533 1/2-1536
1536-1537
1537-1540
1540-1541
1541-1541 1/2
1541 1/2-1544
1544-1544 1/2
1544 1/2-1547
1547-1548
1548-1552
1552-1554

1554~1558

Description

PO ; medium~ to coarse-grained.

C
5-10 *3-571-2
PC; sharp upper and lower contacts.
PO5-10C; medium—grained.
PC
PO5.10C; medium—grained.
PC
PO Cx. z .3 medium— to coarse-grained. Some is
5-10 “3-5"2-3

pegmatoidal; thin interlayers of PC at 1523 and 1507.
PC
PO5.10C; medium—grained.
PC
PC pegmatoid; sheared and silicified.
PC; silicified and contains some monzonite.
PC
¥3-5%¢-2
PC
PC
*3-5%1-2
PC
PO1-5C
PC
PO C

1-2 *5-7%1-2
PC

PO
5-10%2-3%2-3
Monzonite

PC pegmatoid

PC pegmatoid cut by monzonite.
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Interval
1558-1561
1561-1562
1562-1562 1/2
1562 1/2-1566

1566-1574 1/2

1574 1/2-1575
1575-1579
1579~1580
1580-1586
1586-1592
1592~1597
1597-1598
1598-1606
1606-1618
1618-1618 1/2

1618 1/2-1633

1633-1662 1/2
1662 1/2-1664
1664~1666

1666-1671 1/2

1671 1/2-1673

Description

Pegmatoid with sharp lower contact.

PO ; medium— to coarse-grained.
5-10%1-2%2-4’

PC

PO ; medium—-grained typical troctolite.

C
5-10 *1-3%¢-2

PO ; medium— to coarse—grained troctolite;

5-10 *3-5%¢—2

gradational upper contact to finer grained material,

gradational lower contact.

PC pegmatoid; gradational upper and lower contacts.

POC; coarse-—grained.

PC pegmatoid
P05_100x3_5z1_3§ medium— to coarse—grained.

PO03-7C; medium- to fine-grained.

PgC; fine—grained.

POC; very fine-grained.

POy_5C; fine-grained.

PO5-10C; medium~ to coarse—grained, some are pegmatoidal.

PC pegmatoid

PO ; pegmatoidal zones mixed with medium-

C
3-6 *2-5%1-2
to coarse-grained troctolite.

PO5-10Cx ; medium—grained; gradational lower contact.

2-4%1-2

PC

PC pegmatoid; sharp lower contact; gradational upper contact.

PO Cx z ; medium—grained; gradational lower contact.
7-12 72-5"t-2

PC pegmatoid; sharp lower contact.
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Interval

1673-1689
1689-1689 1/2
1689 1/2-1695
1695-1700 1/2
1700 1/2-1701
1701-1706
1706~-1708
1708-1711
1711-1712
1712-1713
1713-1717 1/2
1717 1/2-1721
1721-1721 1/2
1721 1/2-1724
1724-1725
1725-1725 1/2
1725 1/2-1731

1731-1736

1736-1745

1745-1749

1749-1749 1/2

Description

P07-12C; thin pegmatoidal zone at 1686.
PC; sharp upper and lower contacts.
PO7_12CX3_521_2; medium— to coarse-grained.
PO7-.12C; medium—-grained; gradational lower contact.
PC

PO7-12C; gradational lower contact.

PC; gradational upper, sharp lower contacts.
PO5-10C; fine-grained.

PC

POC

PC
P05_20x3_5z1_2§ medium— to coarse-grained.
PC

PO5-10C; medium—-grained.

Sheared zone with possible PC.

0C or OPC

oC

PO C
5-10 *3-7%1-3

grained material; gradational upper and lower contacts.

PO7-19C; finer—grained than above; serpentenized
faults at 1739, 1740, and 1745 to 1747.
PC; gradational upper and sharp lower contacts.

OPC

DU-9 - 14
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Interval

1749 1/2-1753

1753-1755
1755-1759
1759-1760

1760-1765

1765-1765 1/2

1767 1/2-1768

1768-1769
1769-1774
1774-1775 1/2
1775 1/2-1778
1778-1779

1779-1780 1/2

1780 1/2-1785
1785-1787

1787-1810

Description

PO7-19C; gradational lower contact, moderately
sharp upper contact.

PC

P07-12C

PO5-10C; fine-grained.

PO7-12C; medium— to coarse-grained; gradational
upper and sharp lower contacts.

0oc

PO ; medium— to coarse-grained; gradational

C
5-10 *3-6%1-3
lower contact.
PC pegmatoid
PO C ;s medium-grained; gradational lower contact.
5-7 %1-2%¢P¢’ 8 8
PC
OPC
OPC; medium—grained.
PO C ; medium—grained; gradational upper and
5-10 *3-5°T-2’ & > 8 PP
lower contacts.
PC

PO ; medium—-grained; gradational lower contact.

C
5-10 1-4%t-1
PC; rock is mostly fine-grained with varying amounts of
interstitial pyroxene. Mostly contains 1-2% pyroxene and
trace oxides. There are thin layers of olivine that are

probably cumulate but most of the rock is olivine-free.

Lower contact is gradational.
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Interval

1810-1824

1824-1828

1828-1836 1/2

1836 1/2-
1847 1/2

1847 1/2-1848
1848-1856
1856-1857
1857-1860

1860-1865

1865-1866
1866-1867
1867-1868
1868-1868 1/2

1868 1/2-1893

Description

POS—lOCXB—SZt-l; medium— to coarse—grained; more
olivine-rich towards top.

POC pegmatoid; olivine is 5-10% of rock; pyroxene 3-5%,
oxides trace to 1%; gradational upper and lower contacts.
PC pegmatoid; large intercumulus pyroxenes and oxides

mark the base of a cycle. At the base oxides are

10-15% and pyroxenes 15-20% of rock, and occur as

masses up to 3-4 cm large. Basal contact is abrupt.

This is the bottom of a cycle that grades from PC pegmatoid

up into POC.

PO C ; medium— to coarse-grained.
5-10 *1-2%1-1P1’ &

PC pegmatoid

PO5-10C; medium— to coarse—grained.
POC; medium—-grained.

PC pegmatoid

PO ; medium—-grained; some zones have coarser

c
1-2 X2-5%1-2
grained intercumulate oxides and pyroxenes.
POC; medium~grained.
PO]9-20C; medium—grained.
POC; medium~grained with gradational lower contact.
PC; sharp lower contact.
PO, Cx. 7 ; medium— to fine-grained. Between
3-7 T1-2"t-1
1883 and 1886 are many horizontal fractures.

DU-9 - 16



Interval

1893-1893 1/2
1893-1899

1899-1903

1903-1905
1905-1905 1/2
1905 1/2-1906
1906-1906 1/4
1906 1/4-1913
1913-1915

1915-1933

1933-1935

1935-1971

1971-1974 1/2

1974 1/2-1979

1979-1979 1/2

1979 1/2-1981

Description

PC pegmatoid
POS-lOCX3-6zl-3; medium— to coarse-grained.
PO3-5C; medium— to fine-grained, grades upward into
coarser—grained rock.
The core has been lost.
POC; medium— to fine-grained.
PC
OPC; sharp upper and lower contacts.
PC to P0Oj-9Cx 5 ; fine—grained.
t-1"t
Core has been lost.
PC to POj-9C; medium— to fine—grained; sharp lower
contact.
; medium—grained; gradational lower contact.

PO C
5-10 *3-5%1-2

PO ; medium— to coarse-grained, almost

C
3-8 *3-5%2-4
pegmatoidal in places; intercumulate pyroxenes up to 1 cm
across and oxides up to 1/2 em. Similar to the rock at
1840 and 1852. Core has been lost between 1942 1/2
and 1944 1/2. Rock is often badly fractured and serpentinized.
PC pegmatoid; sharp lower contact.
PO C ; medium— to coarse-grained; sharp upper
5-10 *2-5%T-1’ g ’
gradational and lower contacts.

PC pegmatoid; sharp lower contact.

POC; medium—-grained; gradational lower contact.
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Interval

1981-1982

1982-1987 1/2

1987 1/2-2049

2049-2049 1/4

2049 1/4-2055

2055-2064

2064-2068
2068-2112
2112-2115
2115-2115 1/2
2115 1/2-2121

2121-2121 172

2121 1/2-
2139 1/2

2139 1/2-2142

Description

PC pegmatoid

P s medium- to coarse-grained, almost

0 C
5-10 *3-5%1-2
pegmatoidal in some places; gradational lower contact.

PO z b s fine-grained; olivines are
t

1-2 %1%
present in some parts as cumulate grains, other

parts may be PC. The rock is distinctly finer—grained
and contains less olivine than the material it grades
into above, and has a sharp lower contact.

oC

PO ; medium-grained; gradational lower

5-10 *1-3%-1
contact,

POC; medium— to coarse—grained; gradational lower
contact,

POC; medium— to fine-grained.

PC; moderately sharp lower contact.

PO5-10C

PC pegmatoid

POS-IOC; some coarse oxide-rich zones.

PC pegmatoid; very sharp lower contact, gradational

upper contact.

POy_,9C; some coarse oxide-rich zones.

PC pegmatoid; very sharp lower contact, gradationally

sharp upper contact.
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Interval

2142-2148 1/2

2148 1/2-2149

2149-2179

2179-2180
2180-2187
2187-2187 1/2
2187 1/2-2209
2209-2209 1/2
2209 1/2-2275
2275-2291
2291-2326
2326-2327
2327-2328

2328-2352

2352-2374
2374-2375
2375-2387

2387-2388 1/2

2388 172 -
2391 1/2

Description

POy_;2Cs 70° dipping fault with vertical slickensides
at 2148,
PC pegmatoid

PO7_1ZCX3_SZt_1; medium—-grained troctolite; gradational
lower contact.
PC

P07-12C

PC; gradational lower and sharp upper contacts.
PO7.12C

PC; gradational upper and lower contacts.

PO 7_120X3—52t—2bt—1; medium—~grained.

PO7-12C; slightly coarser-grained than above.

P07-12C; medium-grained.

PC pegmatoid; gradational upper and sharp lower contacts.
PO7-12C; medium—-grained.

PC pegmatoid; gradational upper and sharp lower contacts.
Lower contact is marked by mass of pyroxene.

PO7-12C; medium-grained.

PC; gradational lower contact.

PO7-12C; medium—-grained; gradational lower contact.
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