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" ABSTRACT OF THESIS
GEOLOCY, MINERALOGY AND GEOCHEMISTRY OF

THE CERRO MATOSO NICKELIFEROUS LATERITE, CORDOBA, COLOMBIA.

The Cerfo Matoso nickeliferous laterite, located in
northern Colombia near the town of Montelibano, was
developed in pre-Late Cretaceous ultramafic rocks con- .
sisting principally of slightiy serpentinized harzburgite.
The peridotite body is flanked by ferruginous sandy sedi-
ments with interbedded céai beds of the Ciénaga de Oro.
Formation (early Oligocene-early Miocene) and Recent
alluvial gravels and sands.

| The harzburgitebconsists predominantly of olivine with
1eéser.amounts.of orthopyroxéne and secondary Serpentine.
Intense serpentinization is primarilylconfined.to areas of
faulting and brecciation particularly along the western and
eastern boundaries of the peridotite body. Developmenﬁ of
the nickel laterite profile was greater in weakly serpen-
tinized peridotite both in vertical extent and in the degree
of enrichment of nickel-rich secondary products thén in
strongly serpentinized peridotite.

The Cerfo,Matoso peridotite was affected by two major
tectonic events. Compressional stresses associated with the

late phases of the Pre-Andean orogeny in middle Eocene-late
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Eocene time brought the peridotite to the surface and also
generated a major NE trending fault system in the peridotite
body aﬁd local serpentinization-particularly’along fault
zones. Lateritization of the harzburgite probably began in
late Eocene-eafly Oligocene time and chemical weathering.

and erosion favoured by a tropical humid and rainy climate

with probable alternating wet-relatively dry seasons, con-

tinued throughout the Oligocene period. A major NW trending
fault system developed in the peridotite body during the

late Miocene-Pliocene Andean orogeny and the southwestern
part~of'the weathered peridotite body was uplifted relative
to the northeastern part. Thié uplift apparently was |
sufficient for intense erosion to remove mosttof the later—
ite profile from the uplifted block while the northeastern
block was being only slightly modified.

The laterite profile consists of an upper Caﬁga zone
undérlain—respectively by a Limonite zone and Upper and
Lower-Saprolité zonés. The economic silicate-type nickel
mineralization at Cerro Matoso is confined to the saprolite-
zones. Nickel content in parent peridotite ranges from 0.28
to 0.36%, and ore grade cutoff for materials comprising the
laterite profile is 1.5%. Ore occurs as massive and fracture
filling types, the massive ore constituting the most impor-
tant part of the deposit economically. Smectite and serpen-
tine are the dominant Ni-bearing minerals. in the massive ore
and are particularly abundant in the Upper Saprolite zone.

Pimelite, nimite and Ni-bearing sepiolite fill fractures in
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both the Upper and Lower Saprolite zones. Nickel averages 3% |
in the massive ore and ranges to as much as 7% locally.
Nickel grades in fracture fillings range to as much as 30%.
Variations in pH, and to a iesser extent Eh, of the

weathering solutions influenced the selective differential
elemené accumulation and mineral formation throughout the
laterite profile. Oxidizing and slightly acidic conditions
apparently were present in the Limonite and Canga zones and

led to precipitation of Fe as goethite. Slight increase in

pH in the Limonite zone as compared to the Canga zone favored

Mn precipitation at the lower part of the Limonite zone as

Mn oxide. Ni was highly mobile in the Canga and Limonite
zones and alkaline conditions present iﬁ the saprolite zones
promoted ité-deposition in garnierite. Co was less mobile
than Ni and the zone of maximum Co concentration formed neaf
the base of the Limonite zone. Moderate mobility of silica
océurred in upper profile levels but mobility decreased
rapidly in the Upper Saprolite zone apparently due in part to
the presence of higher amounts of dissolved Mg in the weath-
ering solutions. Cr mobility was very low in this weathering
environment. - Alumina behaved as a highly immobile component
and concentrated primarily in the near surface part of the

Canga zone.

Jorge E. Lopez-Rendon
Department of Earth Resources
Colorado State University
Fort Collins, Colorado, 80523
Spring 1986
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INTRODUCTION

Purpose of study

This study was undertéken to provide a comprehensive
geological evaluation of the-Cerro Matosd nickeliferous
latefite in Colombia. Another major objective was the

assessment of geological and geochemical parameters that

~might be applicable to exploration for other nickeliferous

laterite deposits in Colombia and in comparable terrain
elsewhere. The study area involves part of a concession

for exploration and mining of nickel ores owned by Cerro

- Matoso S.A., a joint venture between Hanna Mining Company,

Billiton International Metals and the Colombian government.
In order to accomplish the above primary objectives,
the following approaches were utilized: a) Direct
geological examination of outcrops to determine physical
characteristics of the laterite profile, relationships
between the different units present in the profile and
structural elements, b) Mineralggical study of the profile,
particularly the mineralized horizons, in order to identify
the nickel-bearing minerals, and c) Assessment of the
geochemical distribution of selected components, both

vertically and. laterally, to infer migration and



accumulation characteristics pertinent to the evolution of

the deposit.

Methods of investigation

Field work was conducted from May through August 1984;
Topographic base was established from the following maps:
Regional topography of the Montelibano area, Plate 82-III-D,
Instituto Geografico Agustin Codazzi, scale 1:25,000;
topographic map of the Cerro Matoso hill, Compafiia de Niquel.
Colombiano, scale 1:4,000; and topographic map of benches,
Cerro Matoso S.A., scale‘1:1,000. vOutcrop;sampling was
conéucted aiong a series of benches at 7 m elevation -
difference that were excavated for open pit mining pur-
poses. . One hundred eighty-seven outcrop samples of the
laterite profile and the different ore types were recovered.

Laboratory work included petrographic examination of
thin sections, Differential Thermal Analysis (D.T.A.),
X-ray pbwder diffraction analysis,-énd X-ray fluorescence
analysis;' Petrographic examination Qas directed primarily
to the determination of mineralogical composition and tex-
tures of the’peridotife parent rock. Thin sections of nine
samples were prepared at Ingeominas—Medelliﬁ and studiéd in
the laboratories at Colorado State University.

Differential Thermal Analysis of 93 samples selected
from the different units and ores present in the laterite
prdfile were performed on a Shimadzu model DT-30 differen-

tial thermal analyzer at Suministros de Colombia-Medellin.



Powdered samples (minus 120 mesh) were used and analyses
were conducted at a heating rate of 12°C/min from room
temperature to 1,000°C. A Pt - Pt+Rh10% thermocouple was
used as reference material for determination of exotherﬁic
and endothermic.reactions occurring in the samples upon
heating. |

X-ray diffraction patterns of 102 samples were obtained
on a Jeol-XRD.diffractometer at Ingeominas-Medellin utiliz-
ing the'following instrumental conditions: Cu K-alpha
radiation, 40 kV, 20 mA, scanning from 2° to 70°20 at a
scanning speed of 2029/min, and counting rate of 2,000
counts per second. The‘glass slide mounting technique was
used. A first run was accomplished for untreated samples.
A second run was carried out, after glycol treatment, to
verify the presence of smectitic components. No other
treatments were performed on the samples.

X~ray fluorescence analysis was performed on a Phillips
XRF model 1400 spectrometer at the laboratories of Cerro
Matoso S.A.. Samples from drill holes cofresponding to the
lines 500 NW, 1200 NW, 1300 NW, and 2000 NW (Plates 1 and 2)
and samples recovered from outcrops were analyzed.
Approximately 1.0g.of powdéred, minus 100 mesh sample was
fused with a lithium tetraborate flux in the presence of
cerium oxidé:(internal standard). Fusion was made in
platinum-gold crucibles onto which 40 mm glass'discs were
5» Al,04, Cr,04, Ca0, and Mn
were determined. Analytical results are presented in

molded. Ni, Co, Fe, MgO, SiO
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Appendix 1 for drill hole samples and in various tables
throughout the text for selected outcrop samples.
Statistical treatment of data, particularly inter-
element correlations and linear regressions, was carried out
utilizing a CDC Cyber 720 computer at Colorado State
University and a version of the Minitab program developed at
Pennsylvania State'University thch corresponds to the March
1981 Reference Manual (Penn. State Univ.). Chemical data
processed utilizing this program were those obtained from

drill hole samples.

Location, Access, Topography and Climate

The area of detailed study, the Cerro Matoso hill, is
approximately.2.7 km (SE-NW) by 1.9 km (SW-NE). It is
located at approximately 75°33'y longitude and 7°54'N
latitude southwest of the town of Montelibano, Deparﬁment
of Cérdoba, in northern Coloﬁbia (Figures 1 and 2). Access
is by gfavel road from Montelibano which in tﬁrn is
connected by paved road to the main cities of Colombia.
Montelibano also is served by fixed-wing aircraft.

Gently rolling terrain surrounds the moderately to
steeply sloping Cerro Matoso hill. Relief between the
summit of the hill and the adjacent lowlands is about 200
meters and the maximum elevation above seavlevel is 254
meters. Mean annual rainfall is about 2,500 mm, average
temperature is 29°C, and relative humidity averages

approximately 87%. Alternating wet-relatively dry seasons-






Figure 1.

Index map showing localities cited in text
(1: Montelibano 2: Planeta Rica

3: Barranquilla 4: Guayaquil, Ecuador),
approximate extent of the three cordilleras
constituting the Andes in Colombia, and
region depicted in Figures 3 and 4 (area
enclosed by heavy dashed lines). Arrow

points to approximate location of the Cerro

Matoso nickeliferous laterite deposit.
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Figure 2. Map showing access route from the town of
Montelibano to the study area.



®

« MONTELIBANO
BT

N
® MEDELLIN N

N
\«? N
NG
"N
‘2’ N
\%
2
<N
LA APARTADA
’ ca
o’ YCA pIVER
< / v
N /
oo CAUCASIA S
S4n oreE~ $MONTELIBANO
<.
"’
- -~ ’
® CERRO MATOSO q.é" 2
< > S
) § g
¢ £
K s
K 3 ~=s PAVED ROAD
A $ / .
, ——=GRA
j . 1 N s
km N 2
f.




constitute the rain regime. Relatively dry seasons do not
always occur during the same period of the year but usually

fall in the time periods November-January and May-June.

Previous wprk

Since the discovery of the Cerro Matoso nickeliferous
laterite by.gedlbgists of Richmond 0il Company in 1958
(Atchley, 1958), several evaluations of the deposit have
been conducted. An initial exploration program included
test pits, auger drilling and power drilling‘with adaptéd
lightweight equipment on a 100 m grid (Gémez et al., 1979);
drilling was carried out to maximum depthé of 26 meters
(Mejia and Durango, 1982). After determining:preliminary
reserve estimates, closely spaced driiling Was-conducted
between 1971 and 1977 over a grid pattern in which hori-
zontal distances between drill holes range from 25 to 50
meters; 146 meter depths were reached in some drill holes.
Samples were taken continuously at 2 m intervals in-bdth‘
exploration programs. ‘

There are no detailed published studies on the geology
at Cerro Matoso. Webber (1972) refers to the Cerro Matoso
deposit as a good example of a complete nickel laterite
profile, describes in a generalized way the different units
comprising the profile, and provides some preliminary
information on their chemical characteristics. Gémez et
al. (1979) present a very brief review of geological

features at the Cerro Matoso deposit but their work deals
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mainly with the metallurgical process used in ore dressing.
A generalized geological and chemical description of the
various units comprising the laterite profile is presented:
by Mejia and Durango (1982). The Cerro Matoso nickel
laterite deﬁosit is mentioned by McFarlane (1983; 1984) as
an example of a nickel-silicate type ore and by Golightly
(1981) who refers to it as a nickel laterite profile which

probably has an intermediate nontronite zone.



REGIONAL GEOLOGY

Structural elements

The NE part of Colombia (Figure 3), where the Cerro
Matoso nickel deposit is located, is characterized by two
main tectonic elements: a) The San Jorge Basin to the
east, which is a stable platform underlain by continental
crust, and b) The SinG-San Jacinto tefrane to the west,.
which is an unstable geosyncline underlain by oceanic crust
(Duque-Caro, 1979) and comprised of fwo structufal elements,
the SinG Belt and‘the San Jacinto Belt. The boundary
between the San Jorge Basin and the SinG-San Jacinto
terrane is mafked by the Romeral lineament (Duefias and
Duque-Caro, 1981).

The San Jorge'basement is made up of granitic, quarté
dioritic, and metamorphic rocks (Duefias and Duque-Caro,
1981) forming a pre-Late Creﬁaceous.rock association similar
to that of the Central Cordillera (Irving, 1975; Case et
al., 1984). The sedimentary sequence is comprised of
Early Oligocene-Early Miocene sandstones wiﬁh interbedded
coai beds which are overlain by Miocene shales, Pliocene
sandstones, Pleistocene shales and conglomeratic sandstones .
and Recent gravels and sands (Duefias and Duque-Caro, 1981);

The basin is characterized by absence of ultramafic rocks
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COLOMBIA

SINU BELT SAN JACINTO

Q PERIDOTITE

SAN JORGE BASIN

GEOSYNCLINE == MAJOR BOUNDARIES OF

“TECTONIC PROVINCES

[Bx] parForm , A~ ANTICLINE

A SYNCLINE.

Figure 3.

Main regional structural and geo-
tectonic elements of Northwestern
Colombia. Also shown are locations
of the Cerro Matoso and Planeta
Rica peridotites. Modified after
Duque-Caro (19793 1984).
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and abyssal Late Cretaceous-Early Tertiary pelagic sediments
and turbidites (Duque-Caro, 1973), strongly negative gravity
anomalies (Case et al., 1971; Kellogg, 1983), and a rela-
tively unfolded structural Style (Duque-Caro, 1979).

The SindG Belt is located to the west of the Sinﬁ—San
Jacinto terrane and is comprised mostly of highly deformed,
Oligocene-Early Pliocene pelagites and hemipelagites
overlain by turbidites and floored by oceanic crust (Duque-
Caro, 1984). Narrow, steep and elongated anticlinal
structures separated by broad synclines characterize this
belt and are roughly parallel to the western marginlbf the
belt (Duque-Caro, 1979)}. The Sind structural lineament
separates the Sind Belt from the San Jacinto Belt to the
east.

The San Jacinto Deformed Belt is comprised of deep

~marine pelagites and turbidites, shallower marine hemi-

pelagites and clastic terrigenous sediments overlain by
continental fluvial and lacustrine sediments (Duque-Caro et
al., 1983), and floored by oceanic crust (Dﬁque—Céro, 1973:
Case et al., 1971, 1984). The oldest sedimentary rocks are
Campanian—Maestrichtién cherts and siltstones (Duefias and
Duque-Caro, 1981) that locally overlie peridotite (Duque-
Caro et al., 1983) and contain’inte?bedded basaltic flows.
The entire sedimentary sequence is described briefly in
Table 1. The San Jacinto Belt is characterized by narrow,
tight, and elongated anticlinal structures separated by

broad gentle synclines (Duque-Caro, 1984) (Figure 3). The
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Stratigraphic units near Cerro
Matoso. Modified after Duenas
and Duque-Caro (1981).
® Maximum
o |Regionai | Nomenciature Charactar
PP Th(ckfess ’
m.
° ALLUVIUM Quartzose sand and gravel with »minor clay
-8
Q
o
2
" 52,000 | SINCELEJO | UBPer part — yellow, slightly consolidated sandstong
e : with interbadded conglomerate. Middle part- yeilow,
2 FORMATION { medium-to coarse- grained, slightly consolidated,
2 partly conglomeratic, eross-stratified sandstone.
% Lower part - clayey sequence:light-gray shale
z {locally cacarecus)and minor sandstone.
i A, - -
S . 1,000 [ CERRITO Interbedded yellowish— brown sandstone and
8 FORMATION{ claystone; locally, thin arenacecus limestone
S ot base. =
- - Variegated, gray, brownish - and yellow caicarsous
- 400 | PORQUERO shale with some ’culeureous concretions, locatly
.8 = FORMATION | gypsiferous; changes igteraly to sandy facies.
g -
EM
>2,500{CIENAGA DE | Reddish~brown ferruginous sandstone, gray
e 2 “ORO sondy and calcarecus shale, black carbonaceous
@ p shale ; coal beds near top and at base.Local
A )
§. - FORMATION reefal limestone at base.
3 |u -
§ =| 4,000 upPER Dark-yeilow, soft, micaceous graywacka with
sporadic calcarecus matarial, and biueish- gray
t§ w SAN CAYETANQ shale; local detrital serpentine. Locally, facies
b0 FORMATION | changes laterally to conglomeratic sandstone
25, -1 and conglomerate.
&6
700 LOWER Cream colourad, commonly oxidizeq:ld silts:;)ne .
) at top; changes graduaily downwards to biac
- SAN CAYERNG chert v,nifh calcite veinlets. Local interbedded
b FORMATION | diabase and basalt flows, thin sandstone ot
o base
-
o -
-] -]
v | PERIDOTITE | Peridotitic bodies locally associated with
o serpentinite and gabbro. Peridotits: mainly

harzburgite with minor dunite.
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anticlinal structures commonly are truncated by thrust
faults along strike (Duefias and Duque-Caro, 1981). Folds
and faults trend north-northeast (Case et al., 1984) and
parallel the margin of the unfblded platform.to the east
(Duque-Caro, 1979). The San Jacinto Belt extends northward
to the Caribbean coast of Cblombia and three discrete
structural units may be recognized (Duque-Caro, 1979): The
San Jerbnimo, San Jacinto, and  Luruaco anticlinoria (Figure
4). The San Jerdnimo anticlinorium is the southernmost

unit and ultramafic bodies, such as Cerro Matoso and Planeta

Rica Peridotites (Figure 3), heve been emplaced near its

‘eastern margin along the Dolores Shear Zone which includes

the Romeral Fault.

The Dolores Shear Zone is a major tectonic feature
that extends from Guayaquil, Ecuador to Barranquilla,
Colombia (Duque-Caro et al., 1983) (Figure 5) and separates
oceanic crust on the west from continental crust on the
cast (Case et al., 1971; 1984). It has been interpreted as
the expression of an ancient trench (Duque—Caro; 1979;
MacDonald, 1980). Throughout its extent, it includes a

mega-melange of ultramafic rocks, ophiolitic fragments,

" local blueschists, blocks of continental crust, and Mesozoic

. pelagic and flyschoid strata (Case et al., 1984).

One of the faults within the Dolores Shear Zone, the
Romeral Fault, is interpreted by Barrero et al. (1969) as
dipping eastward and extending from southern Colombia

northward to the Montelibano area (Figure 5), a distance of



16

wmwn-\\*“

SAN JACINTO
SAN JERONIMO

ANTICLINORIA

&
QQ
o\
Q)
Tos
\_——-&———J -
SINU BELT SAN JACINTO
BELT
E Late Pl o Pleisto

shallow wmarine deposits

E Oligocens to Early Pliocene
" deep-sea floor deposits

] 50
—— .
km

N B E

SN

\.

.. RIVER
N

MAGDALENA

SAN JORGE BASIN

Late Pﬂoconofo Pleistocene
continental fluvial and
iacustrine sediments

late Eocense to Early Pliocane
shailow marine deposits

Late Cretaceous to Middie Eocene
deep - sea fioor deposits.

Figure 4.

Main regional sedimentary sequence
along the San Jacinto and SinG Belts.
Also shown is location of the Cerro
Matoso peridotite. Modified after
Duque-Caro (1973; 1984).
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Generalized tectonic map of Colombia

Figure 5. ~
showing major faults, structural L
lineaments, paleosutures, and rift
margins. Note the Dolores Shear
zone (36) which extends from Guayaquil,

Ecuador to Barranquilla, Colombia and

includes the Rio Cauca (25) and Romeral

(13) fault systems. Arrow points to

approximate location of the Cerro Matoso

peridotite. Modified after Ingeomlnas

(1983) and James (1985).

Explanatlon ™

1-Colombia lineament 19- Bucaramanga fault

2-Ruma fault 20-San Blas fault

3-Cosinas fault 21-Atrato fault system

4-0Oca fault s 22-Dabeiba fault

5-Sevilla lineament . 23-Garrapatas fault

6~-Cesar lineament 24-Dagua fault

7-Cerre jon fault 25-Rio Cauca fault system

8-Cuiza-Tigre fault 26-R.Magdalena fault system

9-Arena Blanca fault 27-Rio Sausa fault system

10-Santa Marta fault 28-Borde Llanero lineament

11-SinG lineament 29-Guaicarama fault -

12-Montelibano fault 30-Caruru fault L

13-Romeral fault system 31-Mantecal fault zomne

14-Murrucucu fault 32-Caguan rift

15-Espiritu Santo fault 33-Apoporis rift

16-Ituango fault _ 34-La Trampa lineament

17-Santa Rita fault 35-La Trampa rift ~

18-0tG fault : 36-Dolores-Romeral A
Shear Zomne

l
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at'leastb800 kilometers. This fault apparently extends 140
kﬁ farther to the north, where it is covered by Late
Tertiary—Quaternary~sediments of the San Jorge Basin
(Feininger, 1970; Duque-Caro, 1979). In the Montelibano
study érea, the Romeral Fault zone marks the eastern
boundary of the San Jerdénimo anticlinorium (Duque-Caro,
1979) and chénges from a general northerly trend to a

northeasterly trend (Irving,v1975) (Figure 5).

Geologic evolutidﬁ

The northwestern part of Colombia in the‘region of the
Cerro Matoso nickel deposit has‘undérgone'a complex sedi-
mentary and tectonic.evolution from Late Cretaceous té
.Holocene time. ' A brief description of this evolution is
presented with particular emphasis on the San'Jéfénimo
‘anticlinorium where the Cerro Matoso baridotite occurs.

‘Late Cretaceous: During Late Cretaceous time, aﬁ
emerged or positive platform to the east of the study area, .
in the Central Cordiliera region, was subjected to erosion
(Case et al., 1971; Duefias and Duque-Caro, 1981) (Figures 1
and 3). To the west, deep eugeosynclinal type (Bueno, 1970)
marine sedimentation of predominantly siliceous material |
produced the éherts of the Lower San Cayetano Formation
(Duefias and Duque-Caro, 1981). In the San Jerdnimo anti-
clinorium area, tha basal turbidite séquence contains inter-
bedded basaltic flows (Duque-Caro, 1984) that typify

Cretaceous volcanism recognized in many other areas of -
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western Colombia (Malfait and Dinkelman, 1972; Irving; 1975;
Duncan and Hargraves, 1984; Mattson, 1984).

Paleocene-Middle Eocene: The Romeral treﬁch.along the
western margin of the platform was deepened and turbidite
deposition continued through the end of the Middle Eocene,
giving rise to the Upper San Cayetano Formétion (Duque-Caro,
1984). During Paleocene-Middle Eocene time, the Pre-Andean
orogeny (van der Hammen, 1958) occurred, apparently in
response to the interaction between the Caribbean and the
South American plates. Resulting stresses were mainly
compressional resulting in upliff of the Central Cordillera
(Malfait aﬁd Dinkelman, 1972), ultrabasic magmatism and
emplacemeﬁt of some ophiolite complexes (Maifait'and
Dinkelman, 1972; Duefias and Duque-Caro, -1981), tight
folding, abundant faﬁlting (Mattson, 1984), and diapirism
(Duque-Caro, 1984). The San Jerdénimo anticlinorium as well
as the San Jorge Basin were initiated at this time. The end
of the Middle Eocene time is marked by an unconformity
(Duque—Caro, 1984 Mattson, 1984).

Middle Eoéene—Late Eocene: Additional emplacement of
ophiolite complexes, strong folding of sedimentary units and
intense shearing and frécturing of peridotitic bodies as a
result of intensified lateral compressional stresses (Duefias
and Duque-Caro, 1981) occurred in the San Jacinto Belt area
during Middle and Léte Eocene time. Because of significant
uplift, peridotite was brought to the surface during the

late phases of the Pre-Andean orogeny.  According to
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Duque-Caro (1973), this orogeny was much stronger than the
subsequent Oligocene-Miocene and Late Miocene—Plioeene
diastrophic and orogenic movements and, locally, the sea
floor was uplifted from depths of at least 5,000 m to 600 m
and less. A trench, the SinG trench, formed to the west ofv
the San Jacinto Belt area and separated the western flank

of this belt from the abyssal plain (Duque-Caro, 1979)
(Figure 3). From this time on, the San Jacinto Belt consti-
tuted the western limit to the San Jorge Basin (Duefias and
Duque-Caro, 1981).

Late Eocene-Oligocene: The Pre-Andean orogeny ended
with a period of relative quiescence (Bueno, 1970) and
erosion (Mattson, 1984). The peridotitic bodies, outcrop-
pihg since Middle to Late Eocene, were subjected to intense
weathering processes and provided iron-enriched solutions to
nearby ehalIOW'marine sites where deposition of the basal
part of the Ciénaga de Oro Formation was initiated during
the Early Oligocene (Duque-Caro, 1979; Duefias and Duqﬁe—
Caro, 1981). In the vicinity of the Cerro Matoso area, a
swampy to deltaic environment apparently prevailed and
clastic sediments With‘interbedded'coals were deposited.

Late Oligocene-Miocene: Towards the end of Oligocene
time, the Oligocene-Miocene diastrophism (Duque-Caro, 1973)
or Proto—Andeanrorogenic phase (van der Hammen, 1958;
Irving, 1975) was initiated. Tectonic activity apparently
was particularly strong during Early Miocene time (Malfait

and Dinkelman, 1972; Shagam, 1975). The San Jorge Basin
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underwent moderate submergence (Duqhe—Caro, 1973),
especially along the Romeral zone (Duque-Caro, 1979),
whereas the San JerOnimo anticlinorium and its associated

peridotites were,subjectéd to additional moderate uplift.

. The Ciénaga de Oro Formation was overlain by sediments of

the Early Miocene-Middle Miocene Porquero Formation, which
also were deposited in a shallow marine eﬁvironment (Duenas
and Duque-Caro, 1981).

Léte Miocene—Pliocene: During Late Miocene, the

Andean orogeny was responsible for tectonic activity

- throughout the San Jorge Basin (Malfait and Dinkelman,

1972; Duque-Caro, 1973). Compression and uplift (Irving,
1975) led to the development of new fault systems throﬁgh
differential vertical movements which also affected the
peridotitic bodies. A change towards terrestrial depo-
sitional conditions is reflected in the fluvial and
lacustrine deposits of the Late Miocene-Pliocene Cerrito
Formation (Duefias and Dﬁque—Caro, 1981), which is éeparated
from the underlying sediﬁeﬁts of the Porquero Formation by
a gentle angular unconformity (Duque-Caro, 1984).
Pliocene-Pleistocene: The.Andean orogeny continued
through the Pliocene into Pleistocene time with lateral
compression reaching another diastrophic peak. Trans-
current faulting occurred (Duque-Caro, 1979) as well as
uplift of the San Jacinto Belt. Intense deformation and
uplift‘alsBxbgcurred in the SindG Belt. Large quantities of

detrital material were transported and extensive continental
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deposition (Irving, 1975) produced the lacustrine and del-

~taic units of the Sincelejo Formation (Duque-Caro, 1984),

which unconformably overlies the Cerrito Formation (Dueifias
and Duque-Caro, 1981). The San Jerdénimo anticlinorium and
associated peridotitic bodies close to the Romeral
lineament were uplifted and faulted during a Pleistocene
tectonic event (Duque—Caro; 1984).

Late Pleistbcene—Holocene: Relative stability.
prévailed throughout Late Pleistocene and Holocene time
(Duefias and Duque-Caro, 1981), although active erosion
continued (Irving, 1975) résulting in deposition of fluvial
and deltaic sediments in the San Jorge Basin (Duque-Caro,
1979). Minor local tectonic and climatic oscillations

during this time interval (Duefias and Duque~Caro, 1981)

also influenced the present topographic expression of the

‘San Jerénimo anticlinorium. According to Page (1983),

Quaternary faults, which generally reflect reactivation of
older fault zones, have a tectonic sense different from the
earlier displacements, and are common in northwestern

Colombia.



GEOLOGY OF THE CERRO MATOSO AREA

Stratigraphic units

The Cerro Matoso study area is situated near the
southeastern end of the NNE trending San Jerénimo anti-
clinorium (Figure 4) where an_ovalfshaped peridotite
body is partially overlaiﬁ by Tertiary sediments of ﬁhe
Ciénaga de Oro Formation and Holocene alluvial sediments
(Plate 1). The NNW trending peridotite body isvmore
resistant than the surrounding sediments and is expressed
as a topographic high, Cerro Matoso hill, which has about
200 m of relief.

The Cerro Matoso peridotite body is predominantly
harzburgite.withAminor small. lenses of dunite, and is in
general only slightly serpentinizéd. Intense serpen-
tinization is primarily confined to areas of faulting
and brecciation particularly along the western and eastern
boundaries of the body. The overlying sediments of the
Early Oligocene-Early Miocene Ciénaga de Oro Formation
(Duefias -and Duque-Caro, 1981) include reddish- to
yellowish~brown sandstones with interbedded garbonaceous
shales, coal beds, and gray sandy shales in the vicinity of
the peridotite body. The sandstones are fine grained to

' conglomeraticvand»their colour has been attributed to the
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ferruginous character of the clastic components (Duque—
Caro, 1973).

Evaluétion Qf chemical analysis of samples from drill
holes and examination of outcrops show that léteritization
and erosion of the peridotite body were active befbre and
during deposition of the Ciénaga de Oro Formation. Drill
holes collared outside the outcroppinglperidotite penetrate
the sediments to depths of as much as 44 m (Figure 6) and
show a mode;ately developed nickel laterite profile in the
peridotite which is overlain by sandstones énd»coal beds
(cfr. DDH.2224NE, line 1200 NW). Chemical analyses of
sandstoneé of the Ciénaga de Oro Formétion overlyiﬁg the
peridotite»body»and surrounding the Cerro Matoso hill
indicate the presence of nickel and iron values of as much
as 1400 ppm and 9%, respectively. Highlnickel and iron .
values also afe,present in the carbonaceous shales, and
evén in the coal beds‘(cfr; line 1200 NW, DDH's 2221NE,
2224NE, 2247NE, 2250NE, 2270NE, 2273NE, Appendix 1, and
- Figure 6). Relatively hardened fragments of ifon—rich
material occur in gravelly sandstones in upper stratigraphic
levels within the Ciénaga de Oro Formation (Figure 6).
Iron content of these fragments averages 20% and is
similaf to that observed locally in the neafby Cerro
~Matoso hill deposit, particularly at high topographic
positions.

Unconsolidated Holocene sediments ranging from silts

to gravels with minor clay component are alluvial products:
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of the Uré river to the west of the Cerro Matoso peri-
dotite. The Uré river has a meandering character that-

1s easily recognized on aerial photographs, and successive
changes in its course have resulted in the formation of a
serieé of terraces up to 5 m in height; These terraces
usually are characterized by gravelly compdnents in the
lower regions whereas fine-grained components dominate near
the top. The gravels consist mainly of rounded»quartz
clasts with a sandy matrix but sﬁbangular fragments of
hard, iron-rich materiai also are present locally. Chemical
analygis of some of these fragments shows iron aﬁd:nickel
contents of as much as 48% and 1%, respectively, thus
suggesting their derivation from the adjacent weathered

peridotite during a period of active erosion.

Structural geology -

Two fault systems and abundant joints constitute the
genefal structural pattern at Cerro Matoso. The first
féult syStem has a northeast trend and is- apparent from
aerial photographs as well as direct ground observation.
Two major NNE trending photogeologic lineaments bordéring
the peridotite body along its western and eastern boundaries
apparently are expression of fault breccias and shearéd
rock zones described by Mejia and Durango (1982) and
observed in this study. Apparently_assbciated high angle
normal faults with strikes ranging from NlOOE.to N57°E

and dips between 659 and 70° eastward are exposed in benches
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at Cerro Matoso. This fault system parallels the trend
of the Romeral fault in the Montelibano area (Barrero et
al., 1969) and may be a product of compressional stresses
generated during the Pre-Andean orogeny.

The second fault system consists of very high anglé
normal faults with strikes that range from N30°W to N55°W
and with dips greater than 78° to the northeast. Some of
these faults appear to extend in to the Ciéhaga de Oro
Formation, as indicated by photogeologic-topographic
lineaments and low escarpments in the sedimentary units
nérthwest and soﬁtheast of the peridotite body. This
regional NW trending fault system was recognized by Dueifias
‘and Duque-Caro (1981) near Planeta Rica and may be a
- product of‘compressionél stresses generated during the
Andean orogeny»(irving, 1975).

Two general sets of joints observed at Cerro Matoso
strike N65-70°W and N70-72°E and dip 30-35°NE and 60-65°NW
respectively. They are more cleafly identified at the
lower levels of the laterite profile, particularly where
the rock is only slightly to moderately weathered. Most of
these fractures have garnierite accumulation along them,

either as thin coatings or as complete fracture fillings.
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THE LATERITE PROFILE

The laterite profile at Cerro Métoso consists of
five units that can be differentiated on the basis of
physical appearance, texture and chemical énd mineral-
ogical composition. Terms designating each unit are
mainly those used at the mine and are compared in Table
2 with terhs establiéhed for similar deposits elsewhere.
Transitions between units are vertical, 1ateral and
oblique. Consequently, thicknesses of’tﬁe units are
fairiyvvariable. Furthermore, the profile has been

truncated locally by erosion.

Peridotite bedrock

Fresh, ﬁnweathered peridotite outcropsAare scarce
in the area. The least altered samples were obtained
from a quarry located approximately at the coordinates
2175 NW - 1050 NE (Plate 2) aﬁd from drill holés,

Macroscopically, the peridotite is a dark-green to
blackish-green, predominantly medium-grained (1 - 5 mm
crystals), equigranular rock. Orthopyroxene is easily
idehtified by its larger grain size than the surrounding

olivine and its bronze-like color on weathered surfaces.



Table 2. Comparison of nomenclature for silicate-type nickeliferous

laterite deposits.

Local terms General terms

New Caleddnia

Cerro Matoso Greenvale; Nickel
Soroako Mountain ,
(1) (2) (3,4) (5) (6) (7)
Canga Cuirasse Pisolite @ —-—--—-—— Canga Ferricrete
ferrugineuse horizon

———————————— Terres rouges —————————= e e e

Limonite Saprolite Limonite Red soil . Ferralite In situ
limonite

Upper = = = ———m———— e e Saprolite Intermediate

Saprolite , zone

Lower Saprolite Saprolite Saprolite :Saprolitic ————————————

Saprolite peridotite

Peridotite Peridotite Peridotite Peridotite Peridotite Bedrock

(1) This study
(4) Golightly, 1979b
(7) Golightly, 1981

(3) Burger, 1979

(2) Trescases, 1975; Lelong et al., 1976
(5) (6) Webber, 1972

Durst, 1976

o€
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Olivine oécurs.as subhedral crystals that range in color
from dark to light green.

Textures ranging from subhedral to anhedral granular

(Figure 7) and weakly poikilitic (Figure 8) are evident in
thin section. Where the peridotite is slightly to moder-
ately serpentinizéd, it exhibits a mesh-texture with ser-
pentine veinlets enclosing olivine and orthopyroxene
(Figure 9). Average modal compoéition is 83% olivine,
9% orthopyrokene, and 7% serpentine after olivine, which
corresponds to harzburgite (Streckeiseh, 1976). Chromite
and magnetite are present as accéssory minerals. Olivine-
occurs mostly as equigranular subhedral crystals; it is
colorless and exhibits irregular serpentine-bearing frac-
tures. Orthopyroxene occurs as colorless to light
brownish-green subhedral crystals that are slightly larger
than olivine crystals. Both olivine and orthopyroxene may
exhibit undulatory extinction (Figures 10 and 11) and
deformation of some orthopyroxene crystal expressed by weak
bending of cleavage planes (Figure 12). These features have
beenlihterpreted as products of compressional stresses
superimposed on these minerals, probably during later
tectonic events (MacKenzie et al., 1982). Chromite is
present as disseminated subhedral to euhedral crystals, and
secondary magnetite occurs as segregatioﬁs along serpen-
tinized fractures in olivine (Figure 13);

Highly serpentinized zones in the peridotite are

éharacterized_by blackish-green, commonly slickensided,
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Figure 7.

Figﬁre 8.

Photomicrograph of Cerro Matoso peridotite
showing subhedral to anhedral granular
texture. Crossed nicols. ?
Olivine - blue

Serpentine veinlets - black and yellow

Photomicrograph of Cerro Matoso perldotlte

showing orthopyroxene (brown)
poikilitically enclosing rounded olivine
crystals. Crossed nicols.
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Figure 9.

Figure 10.

Photomicrograph of locally serpentinized
Cerro Matoso peridotite showing mesh-
texture with serpentine veinlets enclosing

olivine. Crossed nicols.

Photomicrograph of Cerro Matoso

peridotite showing undulatory extinction
in olivine (left). .

Crossed nicols.

o)

®

5
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- Figure 11.

. Figure 12.

Photomicrograph of Cerro Matoso
peridotite showing undulatory extinction
in orthopyroxene. Crossed nicols.
Orthopyroxene - opx

" 0livine - Ol

Photomicrograph of Cerro Matoso
peridotite showing bending of cleavage
traces in orthopyroxene. Crossed nicols.
Orthopyroxene - opx g

Olivine - Ol

M
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Figure 13. Photomicrograph of Cerro Matoso
peridotite showing secondary magnetite
(black) as segregations along serpen-
tinized fractures in olivine. Plain
polarized light.

(

Figure 14. Greenish-black serpentinized peridotite
crisscrossed by white to light-gray
magnesite veinlets. Hammer is 30 cm long.

Q

O

O

e
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serpentinite which locally is crisscrossed by numerous magne-
site Veinlets (Figure 14) that range from 0.2 to 5 cm wide.
Serpentinization is preferentially associéted with shear

- zones and  has been most effective in the eastern and south-
eastern parts of the deposit which are proximal to the Rome-
ral fault zone. Similar relationships have been observed by
Duefias and Duque-Caro (1981) in the Planeta Rica peridotite
near Cerro Matoso.

Black lenticular bodies present in the peridotite have
been described by Mejia and Durango (1982) és probably dunit-
ic in éomposition. No fresh outcrops of this material were
observed, but where weathering is minimal no appreciable
amount of pyroxene is evident. These bodies typically are
- fractured, fractures being filled with goethite and platy
chalcedonic silica (Figure 15). Weathered dunite lenses are
relatively enriched in nickel‘(e.g., sample 71, Table 3).

Chemical compositions of selected harzburgite samples
from drill ﬁéiés and outcrops are shown in Table 4 and the
genefal variation intervals are summarized in Table 5.
Nickel values are below 0.367 which agrees well with
vpublished values for peridotites (Fisher et al., 1969,

Tablé 1; Carmichael et al.; 1974, Tabie 12-4). Values for
the other elements ‘are also within the general compositional
range for peridotités, except possibly for loss on ignition
totals. High L.0.I. values apparently are due to local
serpentine present in some samples. The general peridotite

(harzburgite) composition given in Table 5 is used as the
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Figure 15. Fractured greenish-black dunite.
Fractures are filled with goethite and
platy chalcedonic silica. Hammer is
30 cm long.

Figure 16.. Joints in Lower Saprolite zone. Note
light-green garnierite crusts on joint
planes. -The bench is 7 m in height.
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Table 3. Chemical composition (Wt%), characteristics and
location of representative samples from the
various units of the laterite profile outcropping
along benches. Analytical method: XRF; Analyst:
R. Bustamante; Fe expressed as total iron.

Sample Ni Co Fe MgO SiO2 A1203 Cr203 Mn
9 .17 .008 31.6 .1 5.3 14.17 1.12 .18 .
11 1.05 .067 59.3 2.2 7.4 8.32 3.44 .57
17 .42 .050 44.7 0 .6 8.1 10.84 2.83 .21
54 .72 .056 55.2 .3 9.3 6.13 3.95 .88
57 1.24 .112 57.5 1.7 11.2 5.16 3.28 1.26
75 .35 .044 . 38.3 .6 8.2 13.29 4.04 .27
76 1.01 .125 43.8 1.1 17.4 7.68 2.78 1.83
77 .73 .187 37.2 1.8 14.9 6.09 2.97 2.14
88 .43 .020 31.1 .5 9.4 20.31 1.87 <33
90 .97 .120 58.4 .3 8.8 5.73 1.16 .67
91 W54 .013 48.5 .2 10.3 19.82 1.55 .27
92 1.19 .047 44.9 .2 11.6 8.58 4.21 .14
95 .57 .084 41.3 .7 7.3 10.32 3.41 1.01
100 .73 .060 51.0 1.5 6.8 7.71 2.27 1.41
101 .36 .009 44.3 1.2 8.5 9.17 3.96 .87
102 .48 .094 39.4 2.2 12.1 8.45 3.77 .76
7 1.22 .148 28.2 2.6 20.4 5.33 2.19 1.17
8 1.45 .202 33.8 1.9 28.5 3.65 1.43 .67
10  1.04 .187 38.6 1.3 23.1 5.14 2.03 2.77
55 1.10 .288 39.1 .9 31.2 3.72 1.25 4.31
70 .87 143 28.4 2.9 36.2 2.91 1.35 1.73
97 .96 .221 29.8 1.8 35.1 3.14 1.21 2.96
99 .64 .301 28.7 2.1 12.4 5.12 1.87 4.52
161 1.02 .138 24.3 1.8 29.5 3.27 1.18 2.45
162 - .88 .203 31.3 1.3 28.6 1.86 1.44 2.93
163 1.43° .268 35.7 1.2 24.9 1.67 1.75 2.18
164 1.27 .189 33.3 1.6 27.5 1.79 .99 1.14
173 .86 .121 31.2 3.3 34.2 1.14 .87 . 1.45
174 .57 .302 41.3 .6 30.1 1.26 2.13 3.44
12 4.43 .008 15.2 20.1 38.2 1.13 - .74 .25
71 2.02 .082 14.1 27.9 43.2 .87 1.73 .53
84 3.12 .109 16.8 18.2 41.4 2.08 1.01 <57
110 .41 .086 19.5 29.2 33.5 1.87 .45 .27
122 .28 .121 18.4 33.1 31.6 1.03 .66 .21
123 .19 104 14.3 36.2 24.8 @ .88 .74 .33
133 1.97 .034 10.2 17.9 46.2 .58 .45 .57
136 2.13 .087 13.1 11.5 53.2 1.35 .61 .71

144 ~4.45 .034 16.5 13.9 57.2 1.44 .78 .65
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147 3.88 .045 19.4 16.4 49.9 1.81 .75 .48
148 5.87 .024 17.8 20.1 43.2 2.12° .89 .54
153 3.57 .065 12.7 24.3 47.1 1.03 .60 .21
168 6.08 .054 10.2 22.4 45.1 1.81 .67 .32
175 3.84 .036 14.3 19.3 48.5 2.55 .78 .56
185 1.57 .025 16.4 17.3 53.1 1.98 .99 44
37 1.77 .013 11.2 29.8 40.1 1.09 .47 .23
44 2.94 .019 13.3 26.8 43.2 1.42 .87 .08
73 42 .015 7.6 28.3 45.2 - 1.25 .53 .10
87 .93 .021 8.2 29.6 44.2 1.10 .66 .11
106 .36 .012 6.3 35.8 42.1 .80 .49 .09
127 .45 .031 7.4 29.3 43.8 .88 .62 .09
128 .88 .025 10.1 30.4 39.6 1.07 .80 .08
129 1.02 .028 9.1 28.8 45.1 .97 .74 .07
131 1.56 .030 12.8 27.6 41.1 1.17 .65 .10
134 .76 .031 13.2 26.9 43.6 1.08. .77 .09
139 1.79 .015 8.7 29.8 39.5 1.21 .84 . .12
6.8 31.2 41.2 1.10 .57 .06

152 - .37 .016

Characteristics and location

9 Slightly to moderately indurated, Red-Brown Canga;
sample from the uppermost level. Bench 210SW
11 Hard Black Canga; laminated texture. Bench 175W
17 Moderately indurated, yellowish-brown to reddish-
brown canga; sample from middle level of the Red-
Brown Canga. Bench 179N
54 Strongly indurated, reddish-brown canga; middle to
lower part of the Red-Brown Canga. Bench 203E
.57 Moderately indurated Red-Brown Canga; transition
zone from Red-Brown Canga to Black Canga. Bench 182SW
75 Moderately to slightly indurated, reddish-brown to
yellowish-brown canga; uppermost part of the Red-
. Brown Canga. Bench 189N
76 Strongly indurated, brown to reddish-brown cangaj;
middle part of the Red-Brown Canga. Bench 196NE
77 Moderately indurated, Red-Brown Canga; transition
zone to Limonite zone. Bench 196NE
88 Moderately indurated, yellowish-red to reddish-brown
canga; uppermost part of the Red-Brown Canga. ‘
Bench 217E
90 Hard and laminated Black Canga. Bench 182SW
91 Moderately indurated, reddish-brown to yellowish-red
canga with segregations of fine-grained quartz as
thin silica plates; lower part of the Red-Brown
Canga. Bench 217N
l :



92
95
100

101

102

10
55
70

97
99

161
162

163

164
173

174

12
71
84
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Table 3 (Cont.)

Strongly indurated, reddish-brown canga; mlddle part
of the Red-Brown Canga Bench 189NE

Strongly indurated, dark brown canga; middle part of
the Red-Brown Canga. Bench: 196N

Moderately indurated, reddish-brown canga; middle -
part of the Red-Brown Canga; local black Mn oxide
coatings on goethite aggregates. Bench 217NE
Strongly indurated, brownish-red canga; middle part

- of the Red-Brown Canga. Bench 217NE

Moderately indurated, brownish-red canga; middle
part of the Red-Brown Canga. Bench 217NE

Moderately soft, yellOWLSh—red Limonite; sample from
a 'tongue' of Limonite extending into the Lower
Saprolite zone. Bench 161NE

Soft, red to yellowish-red Limonite; sample from a
'tongue' of Limonite extending into the Upper
Saprolite zone. Bench 175E

Soft to moderately hard, light-red to yellow1sh—red
laminated Limonite. Bench 182NE

Moderately hard, yellowish-red leonlte, local Mn
oxide stringers. Bench 175NE

Moderately hard to soft, reddish-~yellow Limonite;
transition zone to Upper Saprolite. Bench 182E
Moderately hard, massive red Limonite. Bench 1895W
Soft, reddish-yellow Limonite; abundant pockets and
stringers of Mn oxides. Bench 175N

Moderately hard, red to yellowish-red Limonite;
some stringers of Mn oxides. Bench 175W

Moderately hard, red Limonite; some stringers of Mn
oxides. Bench 175W -

Moderately hard to soft, reddlsh—yellow Limonite.
Bench  175W

Soft, yellowish-brown Limonite; some stringers of
Mn oxides. Bench 175W ‘

Moderately hard, yellowish-brown Limonite; sample
from a 'tongue' of Limonite extending into Upper
Saprolite. Bench 168S

Hard, yellowish-brown to dark brown Limonite; sample
from a zone where cavernous structure dominates.
Bench 182SW '

Soft, greenish-brown saprolite; Upper Saprolite
zone., Bench 175NW

Soft, dark brown to black, weathered dunite (?)
lens; Upper Saprolite zone. Bench 175E

Soft, greenish-brown saprolite; Upper Saprolite
zone. Bench 175NE
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110
122
123
133

136

144
147
148
153
168
175
185

37
44

73

87
106
127
128

129

131
134

139

152
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Soft, green saprolite; thin magnesite veinlets.
Bench 182SW

Soft to moderately hard, brownish-green saprolite;
thin magnesite veinlets. Bench 203SW

Moderately hard, green saprolite; thin magnesite
veinlets. Bench 210SW

Soft, brownish-green saprolite; Upper Saprolite
zone. Bench 175NE

Soft, green to greenish-brown saprolite; Upper
Saprolite zone. Bench 175N

Soft, brown saprolite; Upper Saprolite zone.

Bench 182NW

Soft to moderately hard, greenish-brown saprolite;
Upper Saprolite zone. Bench 168NE

Soft, brown saprolite; thin green garnierite veinlets;
Upper Saprolite zone. Bench 163NE

Soft, greenish-brown saprolite; Upper Saprolite
zone. Bench 189E

Soft, brownish-green saprolite; abundant thin green
garnlerlte veinlets; Upper Saprolite zone. Bench 182N
Soft, green saprolite; Upper Saprolite zone.

Bench 182NE

Soft, brown saprolite; Upper Saprolite zone.

Bench 196SW

Moderately hard to soft, greenish-brown saprolite;
transition zone from Upper to Lower Saprollte zone.
Bench 175NE

Moderately hard, brownish-green saprolite; thick and
widely spaced green garnierite veinlets; Lower
Saprolite zone. Bench 175N

Moderately hard, dark green saprolite; lower part

of the Lower Saprolite zone. Bench 168NE

Moderately hard, greenish-brown saprolite; Lower
Saprolite zone. Bench 175SW

Moderately hard to hard, greenish-brown saprolite;
lower part of the Lower Saprolite zone. Bench 168NW
Moderately hard, brown saprolite; lower part of the
Lower Saprolite zone. Bench 182SW

Moderately hard, greenish-brown saprolite; Lower
Saprolite zone. Bench 182SW

Moderately hard, dark brown saprolite; Lower Saprolite
zone. Bench 1828W

Hard, green saprolite; Lower Saprolite zone. Bench 168N
Hard, brown saprolite; Lower Saprolite zone. Bench 168N
Moderately hard, dark green saprolite; Lower Saprolite °

- zone. Bench 168NE

Moderately hard to hard, dark brown saprolite; lower
part of the Lower Saprollte zone. Bench 175SW
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Table 4. Chemical analysis (Wt%) of harzburgite samples. Analytical

method: XRF;

Analyst: R. Bustamante;

Fe expressed as total iron.

8

Coordinates Depth |

Ni

Co

Fe-v

Sample *pt MgO SiO2 A1203 Cr203 Mn LOI
m :
72-100 2000 Nw 21 .30 .010 6.2 35.7 42.9 .71 nd nd 10.6
1378 NE '
72-3628 2000 Nw 49 .36 015 6.1 33.8 43.4 1.24 .51 nd 8.4
1574 NE '
73-3769 2000 Nw 37 .30 .013 6.2 37.0 40.8 1.22 .41 nd 10.3
1657 NE ‘ :
40-7161 1200 NW 25 .25 009 5.7 32.1 41.9 1.26 nd nd 10.0
: 1128 NE '
40-7126 1300 NwW 29 .31 .012 6.6 35.1 42.7 1.22  nd nd 4.8
800 NE
43-A 2100 NW 0 .34 .020 6.1 40.6 42.2 47 .29 .09 4.2
DR 1000 NE ' : ‘ ' '
106-A NW 0 .32 .013 5.8 38.2 40.5 .80 .06 4.3

1800

.28

LY
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Table 5. Generalized variation intervals in chemical composition for
' characteristic components (Wt%) in the Cerro Matoso laterite
- profile. Established from chemical data corresponding to
drill hole and outcrop samples (Appendix 1, Table 3).
Canga Limonite Upper Saprolite Lower Saprolite Harzburgite-
Ni <1.1 <1.5 1.5 - 5.0 .36 - 3.0 <.36
Co < 100 < .300 .010 - .200 < .030 . «.020
Fe* > 44 20 - 45 14 - 20 6.6 - 14 5.7 - 6.6
MgO <1 <2 8 - 25 25 - 30 30 -~ 40
510, <10 10 - 38 > 45 38 - 45 40 - 45
A1203 6-20 3 -10 1.2 - 3.0 .8 - 1.5 <1.3
Cr,0,  2-4 1.2 - 2.5 .6 - 1.5 5 - .8 < .5
Mn -2"1 08 - 4.5 < '7 < v]. <01
LOI 6-10 8 - 12 < 12 <11 <10
* Fe expressed as total iron and mostly Fe2+ for harzburgite

8%
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bulk chemical starting point in evaluating chemical trends

associated with weathering processes that were responsible

‘for the development of the lateritebprofile.

Saprolite

Saprolite is a zone of relatively intensely decomposed
peridotite in which most of the structural features of the
original peridotite are preserﬁed. Typical colors range from
green through greenish-brown to reddish4 and yellowish-brown
to brown. Two saprolite zones, Léwer and Upper, m&y‘be iden-
tified based upon relative hardnesé,_degreerf preservation.
of original structures, and composition.

The 'Lower Saprolite zone is characterized by relatively
fresh—looking rock in which joints and faults are readily
discernible (Figures 16 and 17). .Blocky and moderately hard,
this zone reflects a low degree ofvweathering of the perido-
tite and is equivalent to 'saprolitic peridotite' of Webber
(1972). Chemical compositions of samples from drill holes
and outcrops (Tables 3 and 5) indicate that magﬁesium is
slightly leached from this zone as compared to the original
peridotite whereas iron is relativelyienriched and silica re-
mains essentially unchanged. The significant enrichment of
nickel is related primarily to the introducﬁion of nickel-
bearing silicates aloﬁg_fractures and to a lesser extent with
partial block saprolitization.

The Upper Saprolite zone corresponds to intenseiy»

weathered peridotite in which original rock structures are
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Figure 17.

- Figure 18.

Fault preserved in Lower Saprolite zone.
Greenish-brown brecciated zone above
geologist is enriched in nickel. Note.
reddish-brown 'tongue' of Limonite.
(center of photograph). Geologist is -
1.7 m in height. : ~

Light~ ~brown and greenlsh brown saprolltes.
Light-brown saprolite is located
preferentially along fractures and grades
to greenish-brown saprolite away from
fractures. Book is 16 cm long.
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still preserved but much less so than in the Lower Saprolite
-zone. The rock of the Upper Saprolite level lacks the

blocky appearance of Lower Saprolite and is soft enough to be
cut by a knife blade. Gémez et al. (1979) differentiated

two varieties of soft saprolite, green and brown; green
saprélite has a higher ferrous iron and lower ferric iron
content than brown saprolite (Mejia and Durango, 1982).
Bénch-examihations conducted in this study established that
gfeen and brown saprolites reflect variable structural con-
trol on oxidizing solutions. Brown saprdlité occurs prefer- -
entiaiiy along fractures and grades to green.saprolite~aWay
from fractures (Figure 18). With progressive alteration,
only small local patches of green saprolite-éngulféd By
~brown saprolite are observed (Figure 19). It is apparent-
that these two saprolites do not correspond to different
levels of the profile in a vertical sense but rather are the
produCts of differential weathering processes controlled
mainly by structures. 'That solutions advance from fractﬁrés
inward toward the cores of individual blocks also is indi- -
‘cated by'thé presence of spheroidal blocks cored by less |
weathered peridotite surrounded by saprolitized shells

~ (Figure 20). | | |

| The chemical composition of the Upper Saprolite reflects
a more evolved degree of alteration as compared to the:Lower
Saprolite (Tableé<3 and 5). Nickel énrichmeﬁt is very
strong in this zone and it is the most important site for

silicate-type nickel ore reserves. Average nickel content
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Figure 19.

Figure 20.

Light-brown saprolite engulfing greenish-
brown saprolite indicating progressive
alteration. Some small patches of
greenish~brown saprolite are completely
surrounded by light-brown saprolite.
Hammer is 30 cm.long.

Spheroidal weathering in Upper Saprolite

zone. Brown nuclei of slightly weathered
peridotite (top center) are surrounded by
saprolitic shells or rims. Knife is 8 cm
long.

O

-

0
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- 1s approximately 3.0% Ni, but grades of as much as 8% have

been observed locally. Iron content increases and magnesium
content decreases compared to the Lower Saprolite zone.

- Several types of silicification products are present
at Cerro Matoso, especially in the Upper Saprolite zone.
Irregular to lenticular, porous silica accumulations

consisting of very fine-grained quartz are abundant at

"intermediate levels of the Upper Saprolite (Figure 21).

~Veinlets of fine-grained quartz are present at lower levels’

of the Upper Saprolite (Figure 22). Silica boxworks in
which chalcedonic silica plates are arranged in .a honeycomb-
like texture occur principally in zones of abundant fractures

at upper levels of the Lower Saprolite’but-aiso are locally

present at lower levels of the Upper Saprolite (Figure 23).

Zones of“massivé_silicification consisting of nearly
horizontal fine-grained quartz accumulations having Varying
thickness, occur principally in the Upper Saprolite

(Figure 24) and are locally disrupted by normal faults

(Figure:25).

Limonite zone

This zone consists of slightly indurated, brown to

reddish-brown to yellowish-brownviron—rich material (Figure

26) in which no preservation of the original parent rock
structures is evident. Iron is principally in goethite,

but moderate amounts of maghemite also were observed by

Webber (1972, Figure 6). This corresponds to a more
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Figure 21. Light-brown to gray, porous silica
accumulations consisting of very fine-
grained quartz in Upper Saprolite zone.
Note the lenticular shape. Hammer is
30 cm long.

Figure 22. Light-gray to brown, fine-grained quartz
veinlet in Upper Saprolite zone.. Knife
is 15 cm in total length.
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Figure 23..

Figure 24.

Silica boxwork in Upper Saprolite zone.
Grayish-white to cream, chalcedonic

silica plates are arranged in a honeycomb-

like texture and enclose light-brown
saprolite material. Hammer is 30 cm
long.

Massive silicification in Upper Saprolite
zone. The nearly horizontal, grayish-
brown, silica 'layer' above the hard hat

- consists of fine-grained quartz and is

about 15 cm thick. Hard hat is 25 cm
long.

U



59




60



Figure 25. Grayiéh—yellow to light—brown massive

silica zone in Upper Saprolite disrupted

by normal fault. Also shown light-brown
to cream, fine-grained quartz veinlets
(bottom right). Hammer is 30 cm long.

Figure'26; Outcrop of reddish-brown Limonite zone.
- Geologist is 1.7 m in height.

(D

5
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advanced degree of alteration than is reflected by the Upper
Saprolite Zone.

Only local vafiations in the physical appearance of
the Limonite zone have been observed. In some placesrthe
zone consiSts of a homogeneous, relatively iﬁdurated,
massive, fine-grained and fractured goethite—rich material
in which the fractures are filled with hematite (Figure 27).
These fracture fillings apparently were deposited from iroﬁ—
bearing solutiens derived from upper parts of the profile.
Dissolution in the Limonite zone has produced cavernous
structures (Figure 28) lined with botrfeidai aggregates of
limonitic material, principally goethite, hematite, and amor-
phous iron compounds (Figure 29). Dissolution also may have
favoured slump and/or creep.processes that may have been res-
ponsible for the development of local‘laminations in this
zone (Figure 30).°

The contact of the Limonite ZQne with fhe underlying
saprolite is usually irregular to tongue-Shaped (Figure 31),
and locally limbqitic 'tdngues' may extend as far as the
Lower Saprolite zonee(Figure 17). In the latter case, a
fault generally‘serves as a lateral or oblique permeabilitye .
conduit that promotes the advance of the Limonite zone. Tec-
““tonic activity that occurred after the formation of the Limo-
nite zone is refiected by joints (Figure 32), faults (Figure
33), and arcuated structures (Figure 34). |

~ Some features related to the chemical composition .

(Tables 3 and 5) of the Limonite zone deserve attention.
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‘Figure 27.

Figure 28.

Ma531ve fine- gralned leonlte zone

'showing abundant fractures filled with

hematite. Book is 16 cm long.

Cavernous structures (left center)

in. the

Limonite zone. Fault contact between
brownish Limonite zone and yellowish
Upper Saprolite zone is present toward

the right part of the photograph¢
16 cm long. ‘

Book is

’\

™
L/

N
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Figure 29. Botryoidal aggregates of limonitic
material consisting principally of
goethite and hematite from cavities
in the Limonite zone. Scale in cm.

Figure 30. Goethite- and maghemite-rich laminae
in Limonite zone. Hammer is 30 cm long.
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Figure 31.

- Figure 32.

Tongues of reddish-brown Limonite zone
extending into underlying light
yellowish~brown Upper Saprolite zone.
Note black manganese oxide stringers
in Limonite zone. Book is 16 cm long.

Prominent joints in Limonite zone.
Book is 16 cm long.

O
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Figure 33.

Figure 34.

Layered Limonite zone (right) in fault
contact with Upper Saprolite zone (left).
Hammer at contact is 30 cm long.

Arcuated structures in Limonite zone.
Hard hat is 25 cm long.

9
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bfill,hole sampies from the Limonite zone (Appendix 1)
exhibit MgO contents that generally are less than i.O%, and
samples taken from outcrops in which either iron hydroxides
or manganese oxideélare abundant (e.g. samples 55 and 99,
Téble 3) also show very low MgO contents. This indicates an
almost complete absence of magnesium hydrous-silicates and
suggests that nickel values, usually on the order of 1.0%,

may be associated with iron hydroxides and/or manganese

v"oxides. Manganese tends to accumulate preferentially toward

the lower part of the Limonite zone as stringers and pockets

of manganese oxide associated with moderate amounts of sili-
ca (Figﬁré 35)., Silica confént usually ranges between 10
and 25%, eventually reaching values of as much as 38%,wand
increases downward in the Limonite zone. Evidence of mas—
sive silicification is refleéted locally by elongated and
lenticular bodies of fine-grained quartz (Figure 36) that
rangé to 2 ﬁ in length and 0.3 m in thickness. Plat& and

very fine-grained quartz accumulations associated with con-

' cretionary ferruginous material also are common (Figure 37).

Canga
The uppermost unit in the laterite profile at Cerro
Matoso is referred to as Canga. It is dominantly red-brown,

moderately indurated to hard, highly enriched in iron, and

- shows no preservation of original parent rock structures.

Iron minerals are goethite and maghemite.
Two general varieties of canga are recognized: Red-

brown Canga and Black Canga. The Red-brown Canga is by far
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Figure 35.

Figure 36.

v

Pockets and stringers of black ménganese
oxide in Limonite zone. Hammer is 30 cm

long.

Gray to light-gray, massive silica lenses

consisting of fine-grained quartz (middle

to upper part of the photograph) in the
Limonite zone. "~ Blackish stains are
manganese oxide films. Hammer is 30 cm
long.
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Figure 37. Grayish-white, platy silica accumulation
‘ consisting of very fine-grained quartz
associated with concretionary ferruginous
material in Limonite zone. Knife is
8 cm long. ‘

Figure 38. Red-brown Canga showing coﬁcretionary
structure. Hard hat is 25 cm long.



75




76

the most abundant variety; it exhibits a concretionary
structure (Figure 38) but also may be dense and moderately

fine-grained. It occurs over a wide area, particularly in

‘the northeastern part of the deposit (Plate 2) where, due to

its toughness, it has largely protected the underlying

materials from erosion. The presence of Red-brown Canga

generally correlates with highest nickel grades observed in

associated-saprolite.

Black Canga océurs as local elongated accumulationé
Which.may gféde'latérally either_into Red-bfoﬁn Canga or
Limonite zoﬁenmatefial (Figure439).‘ 1t is.greeﬁish—black to
black-brown and exhibits a laminated texture that apparently
formed by slumping processes associated with dissoiution of

goethite (Figure 40). Fine-grained quartz occurs as segre-

gations in the Black Canga in the form of thin plates which

parallel the lamination direction (Figure 41) and locally as

5

lenticular massive accumulations and stringers (Figure 42).

Chemicalfanélyses of Canga zone samples (Tables 3 and 5)

show several significant differences relative to other units

in the profile. Cobalt and manganese contents ére greater
than in the peridotite parent rock but lower than in fhe
underlying Limonite zone. Chromium values in Canga are the
highest observed in the laterite profile and prbbably reflect
the relative resistance of chromite to wgathering. The
highest iron values observed in the profilé also are found
in the Canga zonegrand contents over 447% total Fe are

common. Nickel values generally are low; usually ranging
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Figure 39. Elongated bodytof Black Canga grading
laterally and downwards into Limonite
zone. Book is 16 cm long.

Figure 40. Laminated texture in Black Canga.
Hammer is 30 cm long.- :

e
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Figure 41.

Figure 42.

Cream to white, fine-grained quartz
plates paralleling the lamination
direction in Black Canga. Hammer is
30 cm long.

Black Canga showing lenticular massive
silica accumulations (cream colour, center
of photograph) and stringers (bottom
left). Both silica occurrences involve
fine-grained quartz. Hard hat is 25 cm
long.



80




81

from 0.4 to 0.9%. 1In Black Canga, nickel appears to be in

a relatively mobile form, probably loosely bounded on iron
hydroxides. In dry days following a rainy period, greenish-
white efflorescences of hydrated nickel compounds (Mejia and
Durango, 1982) form on Black Canga outcrops (Figure 43);
Iﬁdividual separates of the material comprising these
effloréscences show nickel values of as much as 14% (Mejia
and Durango, 1982). Alumina content may be as high'as 20%.
GiBbsité was not detected during the mineralogical analyses,
bﬁt Al probably occurs associated-with Fe as Al-goethite as

observed experimentally by Lewis and Schwertmann (1979).
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Figure 43.

Figure 44.

Greenish-white nickeliferous
efflorescences on Black Canga outcrops.
Book is 16 cm long.

Soft saprolite mottled by green
garnierite; Upper Saprolite zone.
Scale in cm.

]

O
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ORE TYPES AND DISTRIBUTION

Ore grade nickeliferous laterite at Cerro Matoso has

been defined as material having a nickel content in excess

of 1.5% (Gomez et al., 1979). Utilizing this cutoff gfade,

.analytical results from outcrop and drill hole samples

(Table 3 and Appendix 1) indicate that ore at Cerro Matoso
is contained pfincipallyyin the Upper Saprolite zone with
lesser amounts in the Lower Saprolite zone. Several types
of ore grade materials occur in both saprolite zones and
ore types described herein are named on the basis of ﬁheir ,
geological occurrence. Table 6 shows chemical cqmpositions

of the various ore types.

Massive ore

This type of ore occurs primarily in the Upper Saprolite
zone, and represents a direct weathering»producﬁ bf perido-
tite. It constitutes thé pfincipal ore of the_deposit.
Nickel content in saprolite is quife variable, for example,
saprolite developed‘on highly serpentiniéed peridotite haé

a very low nickel content, usually less than 1.0%. Magnesite

has been observed only in séprolite derived from highly

serpentinized peridotite. Where there is no magnesite and

the saprolite zone exhibits an advanced degree of
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Table 6. Chemical compositions (in Wt%), characteristics,
' and location of different ore types. Analytical
method: XRF; Analyst: R. Bustamante;
Fe expressed as total iron.

rzy
o

Sample 'Ni Co ‘MgO  Si0, AL, 0, Cr,0, Mn

2 273 273

o 35 3.57 .02 7.9 32.2 40.4 .52 .56 .13

2o 1 3.65 .04 12.1- 24.1 43.4 .91 . .92 .24

wmw 8l  2.49 .02 9.6 21.6 45.9 1.69 .70 - .12,

20 86 .36 .01 7.2 29.5 46.1 1.49 .43 .05

= 36 2.03 .03 14.4 15.2 50.3 1.53 1.21 .03

@ 34V 23.36 .02 2.6 8.8 39.7 .12 .03 .72

% 34N 19.47 .04 1.7 9.5 40.2 .17 .01 1.17

ha 39 15.23 .02 1.9 10.4 39.8 .14 .02 .55

= 114  4.72 .23 .9 10.7 48.4 .08 .02 10.26

o 96 2.82 .10 8.9 19.6 41.6 5.74. .35 .29
.98  30.12 .12 4.4 9.2 33.6. 3.98 .06 .20

' 48 .  7.40 .01 2.0 23.2 53.0 .45 .13 .04

2 66 10.75 .01 .6 19.6 50.3 .29 04 11

0 32 .13.27 .01 1.8 9.4 52.3 .20 .02 .08

Y 25 22.14 .08 .7 11.3 47.7 .25 .03 .33

P 52 18.31 .02 .6 8.9 57.2 .13 .01 .85

- Ore type, characteristics, and sample location

35 Massive ore; moderately to slightly weathered peri-
dotite; Upper Saprolite, near its. base. Bench 175SW

51 Massive ore; completely weathered core of a soft -
joint controlled 'parallelepiped' block; located in
the middle of the Upper Saprolite. Bench 189W

81 Massive ore; completely weathered peridotite; upper
part of the Upper Saprolite. Bench 203N

86 Massive ore; completely weathered peridotite; from
zone where inteénsely serpentinized peridotite is
associated with abundant magnesite boxworks;
location within the laterite profile is equivalent
to that of sample 81. Bench 210SW

36 Massive ore; completely weathered peridotite; upper—
most part of the Upper Saprolite, near overlying
Limonite zone. Bench 196NE

34V Green garnierite-rich fracture fillings; Lower
Saprolite. Bench 175SW

34N Mn oxide-bearing green garnierite-rich fracture
fillings; Upper Saprolite. Bench 196SW

39 Pale green garnierite-rich fracture fillings; Lower
Saprolite. Bench 182N

114 Mn-oxide-rich fracture fllllngs, Upper Saprolite.
Bench 189W ' '
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48
66

32
25

52

86

Table 6 (Cont.)

Chloritic material along shear zones; Lower
Saprolite. Bench 175NE

Chloritic material-rich fracture fillings; Upper
Saprolite. Bench 189NE

Soft, white sepiolitic material fracture fillings;
Upper Saprolite. Bench 189W- :

Soft, spongy, light-green to white sepiolitic
material fracture fillings; Upper Saprolite.
Bench 196SW

Green garnierite coatlng JOlntS, Lower Saprollte
Bench 175SW

Green garnierite veinlets; Upper Saprolite.

Bench 196N , :
Cavity -fillings of green garnierite in botryoidal
aggregates; Lower Saprolite. Bench 175SW
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development, it is difficult to differentiate between
saprolite derived fromihighly serpentinized versus only
slightly serpentinized peridotite.

After a material has been identified as saprolite, a
chemical analysis for‘nickel generally is necessary to
determine if it constitutes massive ore, although an analysis
-might not be needed if the saprolite is mottled with abundant
ga;nierite (Figure 44).” Garnierite as used here is a
general field term for a fine-grained material containing
hydrou; nickel-magnesium silicatés and does not connote a
specific mineralogical composition unless Spééifically
indicated as such. Garnierite generally»is pale green but
rahges from dark green to greenish white. It may be soft
or ﬁoderately hard and ranges from massive to botryoidal

in form.

Fracture fillings

Ore grade fracture fillings in both Upper and Lower
Saprolite zones‘may be distinguished based upon colour
variations, hardness, habit of the nickel-béaring minerals,
mineralogical'éssociation, particular textﬁfes and.site'of
occurrence.

Ma jor fracﬁufes, usually fault related, commonly are
filled with garnieritic material. In the:Lower Saprolite
zone, a soft (hardness 2-2.5), fine-grained, pale- to dark-
green garnierite commonly is associated with minor serpentine

in fracture fillings (Figure 45). Towards the base of the
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Figure 45.

Figure 46.

Fractures filled with garnierite and
serpentine; Lower Saprolite zone.
Hammer is 30 cm long.

Light-green garnierite veinlets near the
base of the Upper Saprolite zone. Knife
is 8 cm long.
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Upper Saprblite zone, veins consist predominantly of massive,
fine—gfained, light-green garnierite (Figure 46); however,

a bright green chloritic phase locally constitutes the
dominant nickel—bearing mineral (Figuré 47). Green to
whitish-green garﬁieritetveihs may be stained with black
manganese.oxides, particularly in the Upper Saprolite zone.
Manganese oxides may dominate in some veins to the point
that garnierite is not ‘readily 1dent1f1ed ‘in outcrop (Flgure
48). At intermediate depths in the Upper Saprolite zone,
fractures-élsb may be filled With soft,”spongy, light |
greenish-white ore grade material composed primarily of
sepiolite (Figures 49, 50 and 51).

Coatings or thin crusts. as much as 5 mm thick of
frelatlvely hard (hardness about 3.5), fine-grained, greenish
garnierite are relatively abundant in the Lower Saprolite.
Roughly parallel ffactures in the Upper Saprolite are
completely filled with soft, fine-grained, greenish
garnierite (Figure 52). Spheroidally weathered areas are
characterized.by joint controlled rims of saprolitic ﬁaterial
mottled with green‘garnierite (Figures 53 and 54).

Some fractures have variable amounts of open -space and
can be subdivided into two types: a) those containing |
breccia-like bodies in which fragments of saprolite rangiﬁg
from millimeters to centimeters in size are cemented by
garniefite and chalcedonic silica and generally reflect more
than one stage of garnierite-silica deposition, garnierite

being deposited after silica (Figures 55 and 56),
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Figure 47. Green, nickel-bearing chlorite filling
fractures near the base of the Upper
Saprolite zone. Hard hat is 25 cm long.

Figure 48. Black manganese oxide with subordinate
' green garnierite; Upper Saprolite zone.
Knife is 8 cm long.
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Figure 49.

Figure 50.

Light-green to greenish-white, spongy

nickel-bearing sepiolite filling

fractures; Upper Saprolite. Knife is

8 cm long.

Light-green to white, nickel-bearing
sepiolite filling cracks; Upper
Saprolite. Hammer is 30 cm long.

N
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Figure 51.

- Figure 52.

Greenish-white to light-gray nickel-

bearing sepiolite with dessication
cracks developed after exposure to
air. Scale in cm.

Light-green garnierite veinlet cutting

soft light-brown saprolite; Upper

Saprolite.
diameter.

Coin is about

2.3 cm in

N

™

fa
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Figure 53.

L

Figure 54.

Rims of yellowish-brown saprolitic
material surrounding spheroidal blocks
of slightly weathered peridotite; Upper

‘Saprolite. Hammer is 30 cm long.

Close-up of central vein area in Figure
53. Rims mottled by light-green
garnierite indicated by knife. Knife is
8 cm long. -

()
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Figure 55. .

Figure 56.

~garnierite (green) and chalcedonic silica

7

Breccia ore showing multiple stages of

(grayish-white) engulfing brownish
fragments of weathered peridotite.
Scale in cm.

Breccia ore with green to dark-green ,
garnierite and light-gray to white - W
chalcedonic: silica cement surrounding

dark~brown to greenish-brown saprolite

fragments. Garnierite deposited after

silica. Scale in cm. "
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b) botryoidal garnierite aggregates commonly developed
over chalcedonic silica or chalcedonic silica + manganese

oxides (Figure 57).
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Figure 57.

~,

Botryoidal garnierite encrustations in
open fractures. Light-green botryoidal
garnierite aggregates deposited over
whitish to cream chalcedonic silica and
black manganese oxides. Scale in cm.
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NICKEL ORE MINERALOGY'

General Statement

The Cerro Matoso nickeliferous laterite has been
referred to as silicate-type ore (Gémez et al., 1979;
Golightly, 1981;‘McFarlane, 1983; MeFarlane, 1984) but no
studies have been conducted on.the Mineralogical compo-
sition of the Ni-bearing compounds occurring in the various
zones‘throughoﬁt the depesit profile. . |

,Silieete—type»nickel laterife‘ore-minerals—compriSe a
:suite of ﬁydrous'nickel—silicate-phases rangiﬁg from
’Serpentine— to smectite-group minerals which-can be
'~ ildentified; in many cases, on the basis of their X4ray
~diffraction characteristics. The most abundant hydrous'l
‘nickel-bearing silicate minerals appear to be the non-
'swelling 78 and 10R layered types that generally occur
as intimate mixtures in which‘ene or the other type may
_dominete. These'mixtures are mostly fineegrained,'usuelly
display a low degree of crystallinity, and commonly are
referred to as gatnierites. The term garnierite implies
‘e nickel content in contrast to deweylites which also are
:poorly crystallized fine—gréined*miktures of 78 and 108
type layered structures but in which nickel ls not an

‘essential constituent. Hydrous nickel-bearing silicates-
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other than 78 and 108 layered types have been identified

locally.

78 and 103 type structures:

Garnierites from Nickel Mountain, Oregon, studied by
Pecora et al. (1949), revealed the presence of mixtures of
two or more hydrous silicates as their components rather
than a singlevmineral species. In a later study of this lo-
cality, Hotz (1964) identified garﬁierites'as mixtures of
sérpentine and_lOR layered material. Omne of his samples was
referred to as having a poorly ordered serpentiné pattern;
however, the resolution of the diffraction peaks for poorly
crystalline, mostly fine-grained, garnierite is in many cases
so low that the other comﬁonents also preseﬁt may not be
clearly identified (Brindley and Pham Thi Hang, 1973).

Brindley and Pham Thi Hang (1973) examined forty gar-
nierite separates from various localities and concluded that
garnierites have components with basal spacings near
7.2—7.32 and iOR. They emphasize the resemblance ofvthe_7g—
type component to the serpentine group minerals chrysotile
and lizardite, and of the 1OR-type component to a talc-like
mineral with a high degree of layer stacking disqrder
(Brindley and Pham Thi Hang, 1973). Chrysotile and liz-
ardite are the more commonly reported members of the serpen-
tine group present in garnierites but Trescases (1975), in an
exteﬁsive study of the New Caledonia nickeliferous deposits,

indicates that garnierites are talc-like minerals having
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varying amounts of antigorite. Montoya and Baur (1963) have
identified a nickel-bearing antigorite in lateritic ore from
Humboldt County, California.

Brindley and Maksimovic (1974) and Brindley (1978) re-
evaluated the multiple names in the literature for definite
7R and 10R typé nickel-bearing minerals, and their conclu- '
sions are presented in Table 7. Table 8-sh6ws the general- .
’ized:mineral composition for hydrous nickel-bearing silicates
described in Table 7. A nickel analog of clinochrysotile,
pecoraite, was described by Faust et al. (1969), and a nickel
analdg of lizardite, nepouite, may be cénsidéred as the
nickeliferous end members of the chrysotile-pecoraite and
lizardite-nepouite series, respectively (Brindley and
Maksimovic, 1974; Brindley and Wan, 1975; Bailey, 1980).
Brindleyite is the Ni analog of berthierine (Brindley, 1978).

In re-evaluating the names for 108 type minerals,
Brindley and Maksimovic (1974) suggest the use of two séries
based upon the basal spacing position in X-ray diffraction
pattérns. Willeméeite, a niékel-rich mineral with well-
defined talc structure (i.e. basal spacing_arbund 9.362),
described by de Waal (1970b), may be considered as the
nickeliferous end member of a series having talc as the mag-
nesian end member. With respect to Ni-Mg minerals with a
disordered talc-like structure (i.e. basal spacing around
IOR), the suggestion of keeping them in the kerolite-
pimelite series appears to be reasonable. Maksimovic (1966)

found beta-kerolite and pimelite from Goles Mountain,



Table 7. Hydrous nickel-bearing silicates (modified after Brlndley and
Maksimovic, 1974, and Brindley, 1978).

7R—type minerals

Antigorite
Chrysotlle-Pecoralte series

Lizardite-Nepouite series
Berthierine-Brindleyite

1OR—type minerals

Talc-Willemseite series
Kerolite—-Pimelite series

12R—type minerals

Sepiolite-Falcondoite series

14R—type mlnerals
Chlorite Ia

Clinochlore-Nimite series

Vermiculite

Fe3+—Montmorillonite

References

Montoya and Baur, 1963; Trescases, 1975.

Montoya and Baur, 1963; Faust et al., 1969;
Brindley and Maksimovic, 1974.

Brindley and Wan, 1975.

Brindley, 1978.

De Waal, 1970b; Brindley and Maksimovic, 1974.

Maksimovic,.1966; Brindley et al., 1979;
Wiewiora et al., 1982.

Hotz, 1964; Brindley, 1978.

Montoya and Baur, 1963; Zeissink, 1969;
Brindley and de Souza Santos, 1975.

De Waal, 1970a; Brindley and Maksimovic, 1974;
Balley, -1980.

Felicissimo, 1965 (in Brindley and de Souza
Santos, 1975).

Zeissink, 1969; Brindley and de Souza
Santos, 1975

LOT



Table 8. General formulae for hydrous nickel-bearing silicates.

7R—type minerals

Antigorite: -Mg3SiZOS(OH)4 |

Chrysotile-Pecoraite series: (Mg,N1)381205(0H)4

Lizardite-Nepouite series: (Mg,Nl) Sl (OH)4

Berthierine~Brindleyite series: [(Fe_2+,xNi).2.2_5A1.75}(811'25A1.75)05(0}1)4

108-type minerals

Talc-Willemseite series: (Mg,Ni) Si4 10(OH)
Kerolite-Pimelite series: (Mg’Ni) 4(Al Fe) 01(Sl 93A1.02Fe.02)010(0H)2"89H20

128—type minerals
Sepiolite-Falcondoite series: SilZ(Mg,Ni)9030(0H)6(OH2)4 6H20

14X—type minerals
Clinochlore-Nimite series: [(Mg,Fe,Ni) ¢ (SiAl) g (OH)4](Mg,Al,Ni)6(OH)12
Ni- Vermlcullte ,(Mg,Fe N1)6(Sl Al )0 (OH) (Mg,Ca Ni) <+ YH,0 . ‘
Ni-Smectite: (Fe TONi) (817!.34 .66)(Ca Nl) .66 20(OH)

Modified after: Bailey, 1980; Brindley, 1978; Brindley and Maksimovic, 1974;
Brindley and Wan, 1975; Faust et al.,1969; Grim, 1968; Montoya
and Baur, 1963; Wiewiora et al., 1982; Zeissink, 1969.

80T
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Yugoslavia to be 108 mostly non—swelllng, hydrous layered
minerals forming a series of solid solutlons with beta-
kerolite aS‘the magnesian and plmellte as the nickeliferous
end members. In another'study of kerolites from Goles
Mountain'aﬁd other localities, Brindley et al. (1977)

emphasize the chemical and structural similarity to talc but

- note that secondary differences arise from extreme layer--

stacking disorder. Additional work by Brindley et al. (1979)
defineé kerblite-pimelite as a series of hydrous magnesium-
nickel silicates with talc-like structure and compositioﬁ
but with additional water and with a highly disordered and-
non-swelling stacking of layers. Using thié revisedr

classifiéation, Wiewiora et al. (1982) include nickel-

: béaring_talc—like,miﬁerals from Szklary, Poland in the

kerolite-pimelite series.

" As for divisions between end members within the abbve

‘three series, Brindley and Maksimovic (1974) suggést a ratio

of Ni/(Ni+Mg) such as twenty percent, taking into account the

~common relatively small proportion of Ni aS‘cbmpared to Mg in

naturally occurring Ni-Mg hydrous silicate minerals.

Other 72 and 108 type mixtures:

Other mixtures df talc-like and sefpentine—liké compo—
nents have been described as dewéylites. Speakman and
Méjumdar (1971, p. 225) found deweylites to be mixtﬁreslof
poorly crystallized talc and serpentiﬁe'wherein "nickel is

not an essential constituent, but it greatly assists- the



110

V,development of the talc-like and serpentine—like phases'frem
the intermediate material ". From their deécription,vit

- would‘appear that at least some garnierites could be referred
vto as Ni-bearing deweylites (Speakman and Mejemdaf, 1971).

- The character of deweylite, with of.Without,niCkel.in its -
composition, as an intimate mixture of'aihydfoﬁs highly~dis?
ordered form of‘telc and a poorlyrcrystalliﬁe hydrous eerpen—
tine mineral resembling a disordered chrysotile, is furtherly
4pointed out by Bish and Brindley (1978) who also seggest'that‘
this name be retained:as a field term for mixtures of poorly
‘ crystalllne hydrous magnesium silicates of Varlable compo—

sition and mineralogy.’

Seplollte

A nickel- -bearing sepiolite from Nickel Mountaln, Oregon
has been,descrlbed by Hotzv(1964)7 This seplollte dlsplayed
the ﬁypical»basal-spacing near,lZR,'an intermediate degree of
crysfailinity, and a Ni content of 1.46%. The pbssibilitj of
heving'Ni—bearing sepiolite as.a relatively commonemineral
‘ln weathered ultramafic rocks is also.indicated by Brlndley

-and Maks1mov1c (1974).

Vermiculite and smectite:

Ni-bearing vermiculite has been reported from
Jacupiranga, Brazil (Feliciesimo, 1965, in Brindley and de
Souza Santos, 1975).- Brindley and de‘SQuza Santoe’(1975)

report Ni-bearing ferric iron montmorillonites from
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Nickelandia, Brazil, and differentiate them from nontronites
in that the layer charge for Nickelandia minerals originates

largely in the octahedral sheet.
Ni-bearing compounds at Cerro Matoso

:78-152 garnierites:

This gafnierite group includes those Ni—bearing com—-
pounds characterized by the presence of 78 and 158 basal
reflections in their X-ray diffraetion patterns. They occur
as a massive product»pf weathering processes and comprise
the previously defined massive ore which is found'principal—
ly in the Upper Sapfolite,zone and to a lesser extent in the
Lower Saprolite zone.

Several samples of massive ore (numbers 35, 51, 81, 86,
36) were selected for discussion purposes. These samples
represent different depth locations within the nickeliferous
"Upper Saproiite level. Variations in mineralogicel composi-
tion and relative abuﬁdance of Ni-bearing compounds are thus’
eorrelated with degree of weathering in the saprolite zones. .
Samples are ordered,.according to increasing weathering from
No.35 (slightly to moderately weathered peridotite) to No.36
(completely weathered peridotite). Chemical compositiens

and locations of these samples are presented in Table 6. -

X-ray diffraction data: X-ray diffraction patterns of

massive ore samples listed in Table 6 are shown in Figure 58.
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The samples are ordered according to their relative positions
within the Upper Saprolite zone from bottom (sample 35) to
top- (sample 36).

7R and 158 type componeﬁts characterize these samples.

Ethylene—glycbl treatment expands the lattice displacing the

15.58 reflection to 17.33, which indicates the presence of
smectite component. Intensity of the smectite reflection

" ranges from slight‘in samples towards the bése of the Upper.

Saprolite zone, through moderately strong in middle zone sam-

ples, to moderately slight‘in those towards the top. 78 re-—

flections are recognizable in all samples. Table 9 presents

the main reflections, ordered according to decreasing rela-

tive intensities, for the.7g component as well as examples

for lizardites and nepouite from the literature. When .

‘comparing the main reflections that have relative intensities

over 20% for the 7% component in massive ore samples with

those corresponding to the reference minerals lizardite and

nepouite, a striking resemblance is present.between the 7%

component in massive ore and lizardite. When considering

relative intensities over 30% as suggested by Berry (1974),

- the similarity is even greater. These observations indicate

that a lizardite-type component has been preserved for the
most partnthrough the Upper Saprolite zone.

When compafed ﬁo each other, individual sample diffréc-
tion patterns have_striking-differences,that relate to
relative intensity of weathering (Figure 58). 1In weakly

altered samples (sample 35), lizardite is prominent,
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Table 9. Comparison of X-ray diffraction peaks for serpentine component
in samples from the Upper Saprolite zone (Table 6) with
reference lizardites.

- %
No. 36 7.28100 ,3.6554 1.8225 1.53722 2.5110 4.554
No. 86 7.31100 3.6545 1.52319 4.5513 2.498 1.793
No. 81 7.28100 3.6557 2.4910 4.558 1.536
No. 51 7.28100 3.6450 2.50822 4.5813 1.5312
No. 35 7.25100 3.64855 2.5116 4..585 1.534

(1) 7.30100 3.6590 2.49350 1.5335 4.5530

(2) 7.28100 3.6343 2.47540B 1.52723 4.5720

(3) 7.40 2.505 - 4.60 3.67 1.538 1.799

vs - Vs s s s m

(4) 7.25100 3.6560 2.49935 1.53620 4.5515

(1) Nickel-bearing lizardite, Valojoro, Madagascar (Brindley and Wan,1975)

(2) Nepouite, Ba, Yugoslavia (Maksimovic, 1973)

(3) Lizardite, Kennack Cove, Cornwall, England (Rucklidge and Zussman, 1965)

(4) Nickel-bearing lizardite, New Caledonla (Montoya and Baur, 1963)

* dI : d(ObS"R) I (relative intensity)

B

: band vs: very strong s: strong m: moderate

71T
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smectite domponent is minor, and small amounts of olivine
and enstatite are still identifiable. With increasing
alteration (sample 51), smectite is more abundant and it and
lizardite are the principal phases. Barely recognizable
traces of enstatite may also occur, particularly‘t0wards the
core of individual blocks. In the upper paft of the Upper
Saprolite zone, smectite and lizardite are the only compo-
nents idehtifiéble in X-ray diffraction patterné (sample-
81). The uppermost part of the Upper Saprolite zone (sample
36) is characterized by diffraction patterﬁs that indicate

a decrease in smectite associated Qith the appearance of

quartz; lizardite remains prominent.

Differential Thermal Analysis: DTA curves for samples
from the Upper Saprélite zone (Figure 59) reflect the same
mineralogical variations determined by X-ray diffraction
analysis. The first endothermic.peak, around lOOOC,
corresponds to loss of hydration of interlayer water in
smectite component, and is more pronounced‘for those sémples
in which the 15.58 reflection is better developed (Figuré g
' 58). A second smali endothermic peak at afound 270°C,may
correépond to dehydroxyiation of cryptocrystalline nickel
- hydroxide which_has also been observed by Trescases (1975)
as a minor component in garnierites. The third endothermic
peak, at 595—61500 is attributed to dehydroxylation of
serpentine component present in garnierite;materiais

(Brindley'and.Pham Thi Hang, 1973; Wiewiora et al., 1982; .



Figure 59.
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No. 86

No.8I

No. 5i

DTA curves for massive ore samples from

* the Upper Saprolite zone.
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Gerard and Herbillon, 1983), a component that is common
throughout the Upper Saprélite zone. A fourth endothermic
peak, observed only in saméle 86 at about 700°¢C (péssibly
masked in other samples), may reflect lizardite (Faust and
Fahey, 1962,'Fig, 36). The exothermic peak at 815°¢
represents formation of a new mineral phase from lizardite
component (Faust and Fahey, 1962), which.in low NiO systems

is priﬁarily olivine with minor enstatite (Pham Thi Hang and

‘Brindley, 1973). A fifth endothermic peak at around 835°C,

followed by an exothermic peak at 855—89OOC, correspond to
the final dehydroxylation and reconstitution into new phases,

respectively, of the smectite-component (Sudo and Hayashi,

1959; Takeshi, 1978).

Chemical data: Chemical analyses of the ‘selected sam-

ples of the Upper Saprolite zone listed in Table 6 reflect

- a major variation in the nickel enrichment environment.

Changes in parent-rock material characteristics appear to

- control to a certain extent nickel distribution.  Samples 81

and 86 are from equivalent locations within the weathering
profile and correspond to completely weathered peridotite.
However, there is a basic difference in their occutrence:

sample 86 represents weathered peridotite from the strongly

serpentinized part of the deposit; whereas sample 81

represents moderately to slightly serpentinized peridotite.
Although samples 86 and 81 are mineralogically similar

(Figure 58), nickel content in sample 86 (Table 6) is very
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different to that in sample 81 and is close to the average
nickel content in the peridotite country rock. Nickel con-
tent in sample 81 corresponds to ore grade. This differ-

ence may be due to the relative degree of serpentinization

‘of the parent ultramafic rock. Strongly serpentinized par-

‘ent rock may be less permeable than little or moderately

serpentinized peridotite‘(McFarlane, 1983) and, under simi-
lar weathering conditions, the latter is more favourable to

nickel laterite development'(Lelohg et al., 1976).

Summary: X-ray diffraction data, DTA, and chemical
analyses indicate that the bulk of the ore at Cerro Matoso
is principally made up of a mixture of lizardite and
smectite components, which is referred to as- 78-158 garnier-
ite. General similarity in qualifétive'mineralogical'compo—

sition between high- and low-Ni samples from the Upper

'Saprolite zone necessitate that chemical analysis be

conducted in order to, verify the presenée of Nifrich
intervals. Furthermore, it appears that strongly serpen-
tinized zones are not favourable enrichment sites for |
Ni-rich laterite deposits..

108 garnierites:

This. group of Ni-bearing minerals include those
spécimens in which diffraction patterns showed a dominant
diffraction peak centered at about 10.0-10.3%. All of the

Cerro Matoso samples analyzed in this study show minor
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amounts of serpentine group minerals and/or quartz as con-
taminants. This type of ore corresponds to pale- to dark-
green, fine-grained, softrto moderately hard (hardness:
2.0-3.5), massive garnierite which occurs principally as
fracture fillings and to a lesser extent as cavity fillings,
both in the Lower and Upper Saprolite zones. Samples 34V,
34N, and 39 were selected to illustrate the general charac-
terisfics of the 102 garnierites.. Their:locations and

chemical compositions are presented in Table 6.

X—ray diffraction data: Figure 60 shows diffraction
patterns for samples 34V, 34N, and 39 grouped according to
decreasing’dominance of the 10R type component. Kerolité—
like material dominates the patterns. The broéd EOOlI
diffraction-peak at about 102, as well as the other maih‘
peaks at around 1.52, 2.56, 4.53, 3.21, and 1.328
(decfeasing order of relative intensity), agree well with
féferencevpatterns~for ge:olite.(MakSimdvic, 1966, Fig. 3;

. Brindley et al., 1977, Fig. 1; Brindley et al., 1979, Table
1; Cole and Shaw, 1983, Table 1) and for 10x—type garnier- '
ites (Brindley and Pham Thi Hang, 1973, Fig. 2). .Association
of kerolite with minor amounts of serpentine group component
is not uncommon (Maksimovic, 1966; Brindley et al., 1977;
Wiewiora et al., 1982), and. 7.25 and 3.638 peaks (Figure 60)
reflect the presence of serpentine component.

Table~10.compéres the observed intensities in sample 34V

to those in a nickeliferous beta-kerolite from Goles
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Figure 60. X-ray diffraction patterns for 108 garnierites.
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Table 10. X-ray diffraction data and chemical characteristics for
sample 34V and a reference nickeliferous beta-kerolite.

34V | B | 34V B

d_bs (R)»-.Iobs” dobs(R) I e $i0, 39.7 48.65
10.05 . 100 - 10.26 100 | A12°3 0.12 . 0.26
7.25 * 7.35 * Fe,0, 3.72 0.10
4.53 38 4.60 60 .
3.63 % 366 * NiO 29.73 17.12
3.21 25 3.25 50 MgQ 8.8 18.43
2.56. 42 2.57 60 :
1.71 6 1.737 30 Cr,0, 0.03 —
1.52 56 1.530 90 MaO 0.93
1.31 12 1.321 30 n . I —
Co0 0.03 —_—
H,0” 7.74 6.49
H20+ 9.27 8.41
100.16  99.90
*

serpentine component '

Sample B: light-green, nickeliferous- beta—kerolite, Goles Mountaln,
' Yugoslavia (Maksimovic, 1966, Table I)

No. 34V : Analytical method: XRFj Analyst R. Bustamante (Cerro

: Matoso S.A.). ‘

T¢T
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Mountain, Yugoslavia (Maksimovic, 1966, sample B). Although
the absolute values do not coincide, the order of_decfeasing
~intensity does, as well as the position of the‘peaks (10.05,
1.52, 2.56, 4.53, 3.21, 1.32, 1.71, 2.27R). Therefore,.

based on'X—ray‘diffraction data, this IOX—type material'may

be referenced as kerolite.

Differential Thermal Analysis: DTA curves for samples
34V and 39 (Figﬁre 61) show endothermic peaks at about 100°¢
:and SSOOC. A very weak, hardly recognizable, broad endo-

' 'thefmic peak at approximately 590°¢C is attributed to minor
‘serpentine-type component. The general behaviour exhibited
by both samples ié similar to thét,of pimelites from-Goles‘
Mouﬁtain, Yugoslavia (Maksimovic, 1966, Fig. 1) and Szklary,
Poland (Wiewiora et al., 1982, Fig. 10). According to
Brindley et al. (1977), adsorbed molecular water and surface
hydroxyls (held at surface imperfection sités)>aré lost up
to about 650°C; above 800°C, structure hydroxyls are
‘completely lost and crystalline feorganization to an ensta-

_ tite product'takés place (Brindley et al., 1979).

Chemical;data: Chemical composition of sample 34V
 compares with that of nickeliferous beta-kerolite from Goles.
Mountain (Table 10), although the Cerro Matosorsample is
more enriched in nickel and has lowef silica content.
Additional nickel may be present in garnierites as crypto-

crystalline nickel hydroxide (Trescases, 1975) and, if this
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845

Figure 61. DTA curves for 108 garnierites.
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is the case for sémple 34V, it would partly explain the
difference in silica content with the beta-kerolite from
Goles Mountain. Nickeliferous beta-kerolite is included in
the kerolite—pimelite series by Maksimovic (1966). Brindley

and Maksimovic (1974) suggest a division within this series

at a Ni/(Ni+Mg) atomic ratio such as 20 to 25%. Sample 34V

has a Ni/(Ni+Mg) ratio of about 65% which indicates pimelite.
However, the Nomenclature Committee of AIPEA (Internmational
Association for the Study of Clays) still recommends the
usage of pimelite as Ni-analogue of kerolite when Ni is
greater than Mg content. For sample 34V, Ni=1.82Mg which
further supports the designation of the 108 component in the

Cerro Matoso ore minerals as pimelite.

Ni—rich:sepiolite:

Nickel—fich sepiolite at Cerro Matoso occurs in three
separate modes: 1) Soft (hardness less than 2.5), fine;
grained, greeniSh—gray sepiolite in fault brecéia zones;
elongated accumulations as much as 30 cm thick and 2 m long
follow fault plane surfaces between fault breccia aﬁd peri-

dotite country rock (e.g. sample 48); 2) Very soft,

somewhat greasy, brownish-white, fine-grained sepiolite

occurring in veins (1-2 ém thick) in the Upper Saprolite .
zone within moderately to strongly weathered peridotite in
which original texture is destfoyed (e.g. sample 80); |
3) Soft, spongy, low density, light green-white, very fine—

grained sepiolite crack fillings (5-7 cm wide) occurring
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near the base of the Upper Saprolite zone in moderately

weathered peridotite (e.g. sample 66).

X-~ray diffraction data: Figure 62 shows diffraction
patterns for selected Samplesvcorresponding to the three
types of Ni-rich sepiolite occurrences. The main reflection.
at about 12.28R8 is attributed to sepiolite, and is best
aeveloped»invsamples from fault breccia zones (sample 48).
Sepiolite from veins in the Upper Saprolite. zone (sample 80)
also contains quartz as a minor component (weak reflection
at 3.34&). Minor amounts of other components present inv
sepiolite from crack fillings in the Upper Saprelite zone
(eample 66)‘probablyiarevsmectite, talc,_and serpentine |
admixtures represented by weak reflectione at about 15.5,
10.0, and 7;22,'respectively.

The main reflections for the best Cerro Matoso sepiolite
sample (No. 48), are shown in Table 11 along With'data for
sepiolite from Oregon, Utah and Asia. Reflections for sample
48 conform withva.pattern for sepiolite with a moderateuf
-degree_ofbcrjstallinity. ‘Sepiolites commonly are poorly

crystalline in character (Brindley, 1959).

Differential Thermal Analysis: Differential thermel
'analysis may be particularly useful in the identification of
sepiolites (Caillere, 1951). DTA curves (Figure 63) for
samples 66 (poorly crystalline) and 48 (moderately crys-—

talline) exhibit peaks similar to those of sepiolites
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Figure 62. X-ray diffraction patterns for nickel-bearing sepiolites.
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Table 11. X-ray diffraction data for sepiolites.

Sample No.48 (1) ’ (2) (3)

dobs(g) Iobs dobs(g) Iobs dobs(g) Iobs dobs(x) Iobs
12.18 100 12.30 - 60 12.05 100 12.30 Vs
7.63 5 7.6 . 5 7.58 m
7.38 * ' 7.47 10
6.71 5 6.73 : 5 -6.61 W
5.01 3 4,9 6B 5.01 7 5.04 W
4.50 10 4.5 4,498 25 4,53 m
] 20nR '
4.31 8 4.3 4.306 40 4.26 m
4.03 3 4.022 7
3.72 7 3.746 20B 3.753 30 3.74 m
' 3.533 12 _
3.49 5 ‘ ' '
" 3.35 12 3. 347 3.366. 30 3.35 m
3.20 : 4 . 20B,nR 3.196 35 :
' 2.98- ' 2.932 4 -
2.771 - 4
2.671 2.691 . 20
: v 2.617 30
: 40B,nR : ‘
- 2.57 13 - 2.56 55 2.58 m
| 2.49- 2.479 5. 2.46 m
2.437 2.449 25 2.44 m
- 10nR 2.406 15
. . 2,36~ .
2.25 -5 2.24 20B 2.263 30 . 2.28 m
' 2.206 -3
2.125 -7 - 2.13 wB
2.08 6B 2.069 20. 2.06 W
2.033 & 2.03 w

(1) Sepiolite from Eski Chehir, Asia Minor (Brindley, 1959)
(2) Sepiolite from Little Cottonwood, Utah (Brindley, 1959)
(3) Fibrous sepiolite, Nickel Mountain, Oregon (Hotz, 1964)
* serpentine admixture : ]: Band
vs: very strong m: medium w: weak

B: broad nR: not resolved
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Figure 63. DTA curves for nickel-bearing sepiolites.
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described in the literature (Grim, 1968, Fig. 9.13; Papke,
1972, Fig. 4; Rautureau and Caillere, 1974, Fig. 2; Kuhnel
et al., 1978, Table 8).

Utilizing electron microscope diffraction and infrared
studies, Rautureau and Mifsud (1977) define water losses in
sepiolité, losses which also are reflected in DTA peaks.
Zeolitic water (water present in the structural channels) is
lost up to about 200°C and correspon&s with the first endo-
thermic peak in DTA curves. Loss of crystallization water
(surface-adsorbed water) occurs in two distinct stages at
about 300°C and 500°C, and is represented by the well-
resolved endothermic peak at 275°C and the weak, broad,
endothermic peak at 510°C. From 510°C to 810°C,
dehydroxylation takes piace, particularly at about 615°C.
Dehydfoxylation culminates sharply at around 825°C, corre-

sponding to crystalline reorganization to form enstatite.

Chemical data: Table 6 indicates that both moderately
and poorly‘crystalline sepiolites from Cerro Matoso have rel-
atively high nickel content. A molecular ratio value for
SiOz/MgO may be used to confirm sepiolite, particularly fof
the relatively pure sample 48. Sepiolites are characterized
byva>SiOZ/MgO of 1.21-1.80, with a mean ratio of 1.50
(Caillere,_1951). If magnesium has not been replaced by
nickel in the sepiolite structure, the rétio SiOz/MgO for
sample 48 is 1.53. If nickel is substituting for magnesium,

a molecular ratio-SiOz/(MgO+NiO) of 1.26 is obtained.
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Both values fall within Caillere's suggested interval for

sepiolites.

Ni-bearing chlorites:

Admixtures dominated by chlorite occur along'shear;

zones and towards the base of the Upper Saprolite zone in.

two distinct modes: 1) Bright green,Aflaky_aggregates of

chloritic méterial, with individual flakes as much as 7 mm
in longest dimension; local lens-shaped pockets as much as
20 cm wide and 1-2 m long. The highest nickel enrichment fof .
chlorite was observed in such a pocket (sample 98);

2) Light-green to light-gray, somewhat greasy, massive

schistose chlorite (sample 96) with lower nickel content than

that in the flaky aggregates.

X—ray'diffraction data: X-ray diffraction patterns for

: thé.two types of nickel-bearing chlorites (samples 98 and -

96, Figure 64) indicate a chlorite-type component as an

abundant phase. An ethylene—glycol test did not show

lattice expansion thus verifying chlorite—tYpe component.’

Minor amounts of serpentine are intermixed with'fIaky
chlorite (sample 98), whereas massive schistose chlorite
(sample 96) has minor talc admixture.

Table 12 compares X—ray‘diffraction'data for samples
98 and 96 and the original nimite described from Barberton,
South Africa (de Waal, 1970a). Similarity is apparent for

both the position of the first basal reflections and their
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Table 12. X-ray diffraction data for nickel-rich chlorites.

Sample No.96 Sample No.98 Nimite(l)

dobS(R) I pe dobs(R) I ps aobs<x> I

obs

14.14 30 14.37 8 14.2 25
9.31 ok |
7.11 100 7.28 100 7.10 100
4.745 80 4.81 5 4,74 16
4.60 - - 1
3.55 90 . 3.62 2 3.55 45
3.58 *
3.11 o
2.844 20 2.882 1B 2.841
» 2. 644
2.582
2.540
2.48 Hok )
2.44 1B 2.438
2.379
2.258
2.062
2.028
2.003
1.8827
1.8253
1.6620
1.5661
1.5349
1.5012
1.443 1B 1.4188
1.4101
1.3948
1.3190
1.3001
1.2901
1.2179
1.1821

FENNPRPRPORERNDNN N Wk~

VAN
e = W e
W wWw

e
o W

(1) De Waal (1970a)

ote

* minor serpentine admixture ** minor talc admixture
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relative decreasing intensity. The abrupt change in relative
intensity between the 7.288 and the other peaks for sample
98 as compared to nimite, may have to do with the presence

of minor amount of serpentine-type component in sample 98

which may be reinforcing the intensity at 7.288. A clearly

visibleApeak‘at 3.58% that may.be‘attributed to_sérpentine
component éupports the above observation.

Although in the same sequential order, the first basal
reflections for sample 98 appear somewhat displaced towards 
lower 20 angle values. This displacement may reflect a
certain degree of structural degradapion.. A degraded
chlorite structuré has losened layers énd produces an X-ray
diffractibn pattern with a limited number of péaks (Lucas,
1962). Only four peaks are distinctly resolved dn the sampie
98 pattern and a slightly less compact stackiﬁg-of the unit

structure may be reflected in displacément of the spacings

towards higher values.

The-éfféctiVe N12+ ionicvrédius_also appeaf tb be_
significant in this structural transformation. Six-fold
coordinated Ni2+ and Mg2+_have effectivé ionic radii of
0.700 and 0;7208 respectively (Shannon and Prewitt;'1969),
which giveS‘é net difference of 0.028 which is ciose to. the
value 0.038 obtained from the values 0.77 and 0.80% proposed

by Whittaker and Muntus (1970). Based upon experimental

‘work on silicates, White et al. (1971) observed contraction

of the étructure in pyroxenes when large amounts of Ni2+

substituted for Mg2+; Chemical composition of sample 98
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(Table 6) suggests the possibility of a high degree of
nickel substituting for magnesiumvin the chlorite structure.
If,ﬁhis substitution brought about structural contraction of
the chlorite, it could at least partly attenuate the other-
wise contrary effect, that is, structural expansion due to
degradation. Therefore, the net effect could have been a
slight structural expansion reflected in the displaéement of

- the first basal spacings towards higher values..

Differential Thermal Analysis: Differential thermal
analySis of sample 98 strongly indicates the presence of
chlorite. The ethylene-glycol test ruled out the presence
of.smectite, But the\X—ray diffraction.peakiat 14.37R may |
be attributed either to chlorite- or vermiculite-type
‘componenﬁ. Four endothermic peaks and one exotherﬁic peak
characterize thé DTA curve (Figufe 65), and are classified
according to their relative intensities as strong (6IOOC),
moderate to weak (90°C), and weak (690, 820, 870°C).

Some characteristics may differentiate vermiculiteg
from chlorites in DTA curves (Walker, 1951, Fig. VII, 2, A;
vGrim, 1953, Fig. 75, D, E). Molecﬁlar water is pfesent'in
the interlayer space of vermiculites as "unbound"for free
water and also as magnesium-bound water molecules. Ver-~
miculites show a strongly intense endothermic reaction at
about 15300; manifested in many cases as a doublet, which-
cofresponds to the release not only of all "unbound" water

~ but also of part of the mégnesium—bound water that is
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610

Figure 65.- DTA curve for nickel-bearing chlorite.
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present in the interlayer space (Walker, 1951). The endo-
thermic feaction at 272°¢ represents the release of the:
reméining magnesium-bound water from the interlayer space.
At about 850°C the hydroxyl groups ére removed (endothermic
reaction) and recrystallization to enstatite (exothermic
,reactioh) takes place at about 882°c.

It is apparent that the thermal behaviour of sample 98
does not correspohd to that of vermiculite, parﬁicularly

through the temperature interval 25 to 800°cC. _Belbw‘SOOOC,

neither the first strong doublet nor the endothermic reaction ,

peak at about 272°C are present; only a single, moderate to
.low intensity, endothermic peak occurs at about 100°C. From
500 to 8OOQC,lthe strong endothermic peak at 610°C, and the
weak endotherﬁi;'peak at 690°C are noﬁ characteristic Qf
vermiculite thermal decomposition.

The thermal curve for sample 98 (Figure 65) shows a
dominant chlorite component which apparently is aSSdciated
with ﬁinof_amounts of serpentine—tYpe component. Thermal -
curves for chlorites may exhibit a weak endothermic reaction
afound 100°C caused by expulsion of small'amounts of inter-
layer water, and all chlorites show a strong endothermic
reaction around 60000 followed, in most, by a‘less intense
endothermic reaction at about SOOOC and an exothermic
reaction around 850°C (Walker, 1951; Grim, 1953). Hydroxyl
water is driven off in two stages corresponding to the endo-
thermic peaks around 600°C and 800°C (Brindley and Ali, 1950;

Grim, 1953; Lucas, 1962), and an olivine- and/or-spinel—type
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structure is formed after the exothermic reaction around
850°C is completed. This overall thermal behaviour for
chlorites has been confirmed by X-ray diffraction work
(Brindley and Chang, 1974). A serpentine-type component
probably is responsible for the weak to very weak endo-
thermic reaction at 69OOC, and may chtfibute at least'in
 ‘part'to the first endothermic reaction at around 100°¢
(Faust énd Fahey, 1962). |

A thermal study of penninite—clihochlore—sheridanite
by Brindley and Aii (1950) differentiates the chlorites in
this series according to the temperéture of disappearance
of chlorite structure and the temperature at which oiivine
is first clearly»visiblerin»X4réy diffractograms.(or films).
~ Comparison of data presented in.Table 13 (see also Lucas,.
1962, p. 147).with the thermal behaviour of samplé 98“(Figure*

~ 65) suggests that this sample has a clinochlore structure.

Chemical data: Chemical analysés-for‘samplés 96 and 98
éhown in Table 6 indicate ore grade for these two chloriﬁes,
that is Ni content greater than 1.5%. Bothchl?rites have a
trioctahedral character reflected by‘the relatively high
(Ni+Mg) content as compared to Al. The AIPEA Nomenclature
Committee recommends that trioctahedral chlorites be named
according to the dominant divalent octahedral cation present,‘
for example clinochlore for Mg-dominant and nimite for Ni-
dominant (Bailey, 1980). Dominance of Mg o&er Ni'fbr the

:chlqrite compbnent in sample 96 (Mg0=19.60% vs. NiO=2.8%;



Table 13. Comparison of thermal changes in chlorites
in the Penmninite-Clinochlore-Sheridanite
series (after Brindley and Ali, 1950).

Penninite - Clinochlore Sheridanite

Range of temperature o ° : o
in which modified 600-700"C 600-760"C 600-800"°C
chlorite structure

occurs

Temperature of ° o o
disappearance of 760°C 800°°C 850-900"°C
chlorite structure

when powdered minerals

are heated

Temperature at which o o o
olivine is first 800°C 850°°C 9507°C
clearly visible in o

diffractograms or

X-ray films

8ET
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Table 6) indicates that this component is a clinochlore-type
" material. The chlorite component in.sample 98 is Ni-
deminant (N10=32.7% vs Mg0=9.20%, Table 6) thus should be

called nimite.

Other Ni-bearing chloritiq mixtures:
'Nickei—bearing mixtures bf-chlorite with associated’ser4i
pentine and amphibole—type minerals ocCurralong shear zones
in slightly weathered peridotite. Light-green totgrayish—
~green, moderately»hard (hardneséé 3-3.5) material that frac-

tures into splinters characterizes this occurrence.

XQray diffraction data: Varying proportions of
' 'chlorite,;serpentine,,amphibole—typeVcompoﬁentvand‘minor
calcite, were obeerved in X-reyrdiffractieﬁ:patterns of r
selected samples;(SO and 50-A, Figure 64). X-ray refiecfiohsf
_ _for chlorite indicate the presence of thuringite—type, |
_ compoﬁent. The main reflections of thekchlqrite»eomponent
in Samples 50 and 50-A are compared in Table 14 with those
-of a referenceAthuringite from Transvaal, South Africa
(Berry,'1974, File 7-78). ’The positioﬁ of thefcharacteristic
reflections and the relative intensities of the Cerro Matoso
Samples closely resemble those for the reference thuringite,
indicating a similarity in the chlorites. |

The presence -of a-thuringite-type structure may be
useful.tO‘genetic‘interpretations. Brown and Bailey (i962)

determined the'polytype of the Transvaal reference



Table 14.

Comparison of X-ray diffraction characteristics for chlorite

. and serpentine-type components in samples 50 and 50-A, and

Chlorite: -

(1)
Sample 50
Sample 50-A

Serpentine:

(2)
Sample 50-A

selected reference minerals; listed according to decreasing
intensities. -

Characteristic reflections
. | _
7.07100 14.190 3.5460 4.72630 2.84530
7.207100 14.4267 3.6048 4.8035 2.87710
7.11100 .14'3765 3.5555 4.7343 2.847
.7.30100 ‘3.6590> 2.49350 1.5335 ,4.5530 2.44215
7.266100 3.6031 2.545 ' 1.534 , 4.584 2.444

* d, , with d=dObS(R)'and I=I

I

(1) Thuringite, IIb polytype, Limpopo, Transvaal, South Africa (Brown and

obs

Bailey, 1962; Berry, 1974, File 7-78)
(2) Ni-bearing lizardite, Valojoro, Madagascar (Brindley and Wan, 1975)

ovt
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thuringite as IIb, which corresponds to a stacking polytype
based on a monoclinic cell (Hayes, 1970). The IIb chlorite
polytype has been observed in igneous and metamorphic rocks
(Brown and Bailey, 1962), and also can form authigenically
at temperatures approaching those of low-grade metamorphism
(Hayes; 1970). Thus, if the chlorite in samples 50 and 50-A
is IIb polytype as suggested by the close resemblance with
. the Transvaal reference thuringite, it could not have been
formed by weathering processes. Occurrence of these
thuringitic samples along shgar zones in peridotite, and
their association with serpentine and amphibole-type
material, suggests the possibility of metamorphic origin
for their chlorite component.

| Serpentine reflections from sample 50-A along with
those for a Ni-bearing lizardite from Valojoro, Madagascar,
studied by Brindley and Wan (1975) are shown in Table 14.
The similarity of the serpentine component in sample 50-A
to the reference Ni-bearing lizardite is apparent.

- Two high-intensity peaks, namely 3.1168] and 8.425R
reflectiohs in samples 50 and 50-A appear to reflect.
clinoamphibole. Table 15 presents the four strongest
reflectibns and the largest spacing in the diffraction
pattern for several clinoamphiboles described in the
literature (Berry, 1974, Files 13-437, 19-1061, 20-481,
20-656, 23-665) and the suspected clinoamphibole. The
unanWn.in sample 50-A approaches the X-ray diffraction

behaviour of either magnesio-riebeckite or tremolite,



Table 15. Comparison of X-ray diffraction characteristics for
' clinoamphibole-type component in samples 50 and 50- A,
and selected standard minerals.

_ o Largest

Strongest reflections : : spacing

Hornblende (1) = 8. 40100' - 3.104, 3.26,, 2.697,, 8.966

Richterite (2) 3.15100 3.2850 8.4845 4.8014 9.016

Riebeckite (3) 8.40100 3.1255 2.72640 2.80118 9.024
Magnesio- ,

riebeckite (4) 8.45100 3. 129 2.8960 3.2730 9.038

Tremolite ,(5) 8.38100 3. 12100 2.70590 3.2775 8.9_816

Sample No. 50 3,116100 .8 425 53 4.8040 ' 3.2725 8.988

Sample No. 50-A 8.425100 3.1255 2'.8032 4.8228 8.984

* d; , with d=dobs(2) and I=I obs

Sample from Naustdal, Norway (Berry, 1974, File 20-481)

Synthetic form, 75% Rlchterlte, 25% Tremollte (Berry, 1974, File 23-665)

‘Sample from Doubrutscha, Rumania (Berry, 1974, File 19- 1061)

Sample from Ambatofinandrahana, Torendrlka, Madagascar (Berry, 1974
File 20-656) :

) Sample from St. Gotthard Sw1tzerland (Berry, 1974, F11e 13-437)

— L~ P~
L PN
Nt Nt Nt N

(A"
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whereas richterite is suggested for sample 50. Deviations

from_cloSe}similérity between unknoWn samples and reference

‘materials may in part‘be related to the preparation procedure

- for analyses of standard méterials which are either mineral

separates or individually synthesized compounds. Samples.

50 and 50-A appear to be compbsed of mixed components.
Additional reflections in the X-ray diffraétion pattern

of Figure 64 indicate that minor calcite is‘present'in

sample 50. Reflections at 3.058 and 1.882 agree well with

tHose'in.the pattern'forAa synthetic standard réference-

calcite (Berry, 1974, File 5-586).

Chemiéal data: Chemical data forlsamplés 50>and SO—Ak‘
along with geheralized structural formulas for mineral
species identified by X-ray diffractiOn.ére-presented in
Table 16.1 Calcium and sodium contents afe possibly related
to the presence of clinocamphibole (probably calcian |
richterite) and calcite in sample 50, and to the presence
of clinqamphibole (probably magnesio-riebeckite) in sample
50—A,1 Chlorite, clinoamphibole and serpentine méy explain -
.magnésium content in both samplgé. \

'Contrasting hickel contents between the two‘Samples'
may in large part Be due to the serpentine component present
in sample 50-A. It is apparent that sémples 50 and SO—A
are enriched in nickel; Ni=0.72% iﬁ sample 50>ahd 1.73% in
sample»SO—A. Both samples have similar types of silicates

(chlorite and clinoamphibole) in their minefalogical
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Table 16. Chemical data for shear zone samples 50 and 50-A,
and generalized structural formulae, from the
literature, for mineral species suggested as
principal components in both samples.

Analytical method: XRF; Analyst: R. Bustamante.

510, 43.1 43.2
AL,0, 8.65 10.05
Fe,0, 5.25 © 619
Cry0, ~  0.32 0.16
NiO 0.92 2.20
Mg0 27.20 25.70
MnO 0.06 0.09
Ca0 5.09 5.16
Na,0 2.17 0.84
CoO - 0.01 0.03
LOI - 7.39(1) 6.46
100.16 100.08

(1)

some CO, may be present

. Generalized structural formulae
for selected standard minerals:

Calc1an Rlchterlte (Berry, 1974, File 23-665):

;5(Cay 95N 75)Mg5818022(0H)2

Magne81or1ebeck1te (Be Yy, 1974, File 20—656)
(Na,Ca) (Mg,Fe2+ Fe>*) 5Sig0,,(0H),

5778722
Thurlnglte (Berry3 1974, File 7- 78)
- + + : :
(Mg2 8Fe 1. 4Al1 2) (812 5 1 5) O (OH)8

- Ni-bearing llzardlte (Brindley and Wan, 1975)

3
(Mg, g Fet ,aAl 028t ) 1,05 (OH)
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composition except that sample 50-A has additional ser-
pentine component. Serpentines commonly are enriched in
nickel derived.from the parent olivines and, if this is
the case for Sampie 50-A, it would partly explain the

difference in nickel content with sample 50.



GENERAL CHEMISTRY OF THE LATERITE PROFILE

The section 1200 NW, between the coordinates‘i572NE
and 1707NE (Plate 2) was chosen as represenﬁative of the
general vertian distribution of Ni, Co, Fe, MgO, §10,,
A1203, Cr203, and Mn in the lateriteAprofile at Cerro
Matoso. The Iaterite at this zone displays near ﬁakimum'
vertical extent (depth to peridotite bedrock is 136 m), and
- all units recognized in the profile are present (Plate 3).
Figure 66 shows the generalized.verticél distribution
. of chemical cOmpoﬁents of interest and represents average
cﬁemical compositions of equivalent samples from drill holes
'1572NE5 1590NE, 166ONE, and 1707NE (line 1200 NW). Because
. not all components were determined for some samples in
original chemical analyses of drill'hole samples
(Appendix 1), these samples were re-analyzed to provide
information about Co,'SiOZ, A1203; Cr203, and Mn distribution
through thelentire profile. Analytical»resuits used in. the

following discussion are shown in Table 17.

Nickel
Nickel is concentrated primarily in the Upper Saprolite
- zone (generally greater than 3.0%) with lesser concentration

in the Lower Saprolite zone (mostly 1.0-3.0%), Limonite
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Table 17.

- Depth Unit

(m)
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Chemical composition (Wt%) of a generalized
laterite profile derived from drill hole samples
corresponding to the Line 1200 NW (DDH's

1572NE, 1590NE, 1660NE, and 1707NE). '
Analytlcal method XRF; Analyst: R. Bustamante;
Fe expressed as. total iron. :

510, AL,04 Cr,0, Mn
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1.02 .036 46.8
.91 .057 47.9
.75 .039 52.3
1.03 .047 48.6
1.19 .038 52.7
1.27 .034 51.2
1.05 .047 48.4
1.17 .036 56.3
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17.06 2.15 .27
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17.48 1.80 .17
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1.37 .287 29.2
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36.2 6.64 1.95 4.98
37.4  3.52 2.17 3.44
42.2 5.42 1.63 3.88
34.4 5.06 1.21 2.60
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6.21
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5.25
4.77
4.65
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3.85
5.15
5.49
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3.25
3.86
4.37
3.75
4.41

2.70

3.89
4.44
4.87
3.59
4.79
5.85

. 6.00

4.86
3.70
4.79
5.23
4.34
3.90
3.21
3.87
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.041
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.013
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.041
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.032
.038

~.033
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45.3
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49.4
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52.2
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50.8
52.5
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47.8
44.3
43.2

2.51
2.87
3.15
3.24
2.99
2.85
1.77
2.13

2.61

1.47

1.35

.78
1.81
1.67
2.25
2.17

2.55

.99
1.77
1.68
2.22
2.10
2.37
2.20
1.50
1.74
1.68
1.67

~1.73

1.46
1.49
1.35

1.36

1.80
1.32
1.77
1.34
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1.61
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2.05
1.26
2.33
1.66
1.44
1.84
1.42
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Table 17 (Cont.)

89 Us 3.57 .027 12.4 20.9 41.8 1.60 .72
90 us 2.85 .051 11.8 18.7 45.6 1.62 .69
91 Uus 1.90 .025 14.3 24.8 47.7 1.05 .53
92 us 3.25 .039 9.8 25.3 47.8 1.27 .72
93 Us 2.47 .044 14.8 20.8 48.9 1.18 .67
94 Us 2.75 .032 14.1 22.3 45.4 1.35 .66
95 Us 3.21 .024 13.8 19.7 45.3 1.20 .60
96 Us 2.37 .026 12.5 24.0 46.2 1.37 .63
97 LS 2.91 .019 13.5 26.8 44.2 1.72 .60
98 LS 3.23 .015 14.1 22.3 48.3 1.43 .65
99 LS 3.02 .021 10.2 25.7 46.3 1.54 .74
100 . LS 3.25 .016 24.8 44.8 1.56 .91
101 LS 2.87 .017 26.2 43.4 1.42 .87
102 LS 3.13 .018 1 26.1 47.4 1.65 .67
103 LS 2.57 .015 25.9 44.9 1.25 .80
104 LS 2.65 .016 25.7 43.4 1.17 .72
105 LS 1.77 .011 29.2 40.1 1.03 .55
106 LS 2.13 .013 26.7 44.7 1.10 47
107 LS 2.19 .015 25.4 43.9 1.33 .61
108 LS 1.87 .021 27.3 39.5 1.35 .48
109 LS 1.45 .016 26.5 45.3 1.28 .53
110 LS .98 .020 27.4 43.6 1.06 .50
111 LS .91 .023 28.2 44.2 1.20 .56
112 LS 1.07 .018 28.4 42.2 1.10 .61
113 LS .93 .015 27.5 43.1 1.38 .51
114 LS .45 .015 29.8. 39.8 1.15 .67
115 LS .51 .010 29.2 45.6 .87 .53
116 LS .57 .016 28.7 45.8 1.23 .48

=

VMO NONNINONINO P 00O NWO

[ L] L] ] L] * L[]
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117 LS .36 .012 31.2 41.4 .95 .51
118 LS .42 016 30.4 38.5 .1.03 .53
119 P .36 .011 36.2 42.9 .71 .49
120 P .32 .020 39.6 40.5 .80 .28
121 P .34 .015 38.3 42.2 .79 .29

C: Canga L: Limonite zone US: Upper Saprolite zone
LS: Lower Saprolite zone P: Peridotite bedrock
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zone (1.0-1.5%) and Canga (0.5-1.5%). The highest nickel
values correlate with high'SiOz. This nickel distribution
is characteristic of silicate-type lateritic nickel ores
(Dissanayake, 1982).

Nickel apparently is associated with iron hydroxides and
manganese oxides in the Canga and Limonite zones. Part of
the nickel réleased during weathering of peridotite becomes
incorporated in gdethite where it is present either as ad-
sorbed ions on grains or substituted in lattice Sites

(Trescases, 1975; Kuhnel et al., 1978; Schellmann, 1978;

.Maynard, 1983). In addition, stringers and pockets-of Mn

oxides occurring from the middle to the lower part of the Li-
monite zone contain nickel values of as much as 1.8%
(Table 3). Such an association also has been observed in
pfofiles at other nickel laterite deposits (Golightly,
1979a; 1981).

Nickel abundance in the saprolite zone is probably
chiefly the result of supergene enrichment processes.
Nickel is'relatiVely mobile under oxidizing acidic condi-
tions, but mobility decreases substantiaily in alkaline con-
ditions (Levinson, 1980). As weathering proceéds and bases
are leached from the ubper part of the profile, the envirén—

ment there becomes relatively less alkaline, pH decreases

(Trescases, 1975), and nickel mobilization is progressively

favoured. When downward percolating solutions reach a
horizon where more abundant magnesia and silica are avail-

able and alkalinity is increased, nickel becomes relatively
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immobilized and is redeposited in the hydrous silicates that
form in the saprolite zone. Ni particularly substitutes for
Mg in the octahedral layer of smectites where it becomes
strongly stabilized as demonétrated experimentally by
Decarreau (1981). As the weathering front moves pro-
gfessively downward, -and the process of nickgl mobilization
from upper levels of the profile and deposition at_lowef
levels is successively repeated, the net result is a cumula-
tive buildup of the nickel content in the saprolite zone
(McFarlane, 1983). Part of the nickel in the saprolite zone
occurs as garnierite accumulations filling fractures and

cavities. These accumulations contribute to the general

- trend shown in Figure 66.

Cobalt

Cobalt is accumulated primarily in the Limonite zone,
above the zone of greatest nickel enrichment, where it is
preferentially associated With Mn oxides and to a lesser
extent with goethite (cfr. samplés 99 and 55, Table 3).
Although both Co-and Ni aré.relatively mobile in the - -
weathering environment (Levinson, 1980), obsefved distribu-

tion (Figure 66) indicates that Co precipitates more>readily

~than Ni.  The accumulation mechanism appears to be similar

to that of Ni, that is dissolution in the uppermost part of
the profile and deposition downwards (McFarlane, 1976). The
presence of Mn oxides in the Limonite zone apparently favours

Co deposition, thus impeding its migration to deeper levels
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in the profile. The association of Co with Mn oxides is re-
lated to the high capacity of these oxides for the adsorption
of transition group metals (Maynard, 1983), and is common in
Ni laterite profiles (Zeissink, 1969; Zeissink, 1971; Kuhnel
et .al., 1978; Golightly, 1979a; Golightly, 1981).

Co is slightly enriched in the CangaAzone,.particularly

towards the base of this zone where goethite and maghemite

‘are abundant. Co adsorption on grains or substitution in

lattices of goethite and maghemite may explain this Co rela-
tive accumulation (Kuhnel et al., 1978). Although less so
than in the Canga zone, Co is slightly enriched in the
saprolite zone, particﬁlarly towards the top where it seems
to be associated with smectite. Enrichment of as much as 6
times the‘value in the peridotite parent rock has been ob-
served. Experimental work by Tiller and Hodgson (1962)76n
adsorption of Co by layer silicates shows that the amount of
Co adsorbed by smectites may be relatively significant and
that as pH increases up to values of about 7.5, the amount

is greater than at lower pH's.

Iron

Iron is concentrated in the Canga and Limonite zones.
The highest iron contents occur at middle and lower levels
of the Canga zone. Variation in iron content appears to be
related to both residual enrichment and partial remobili-
zation of iron. Oxidizing and slightly acidic conditioms,

with Eh's generally over 0.3 volts and pH's around 5.0, are

S\
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usually present at the Limonite and Canga zone levels
(Trescases, 1975; McFarlane, 1976). Under these condi-
tions, soluble Fezf is converted to Fe3+ (Pickering, 1962;
Levinson, 1980) and iron readily precipitates as goethite
(Krauskopf, 1979; Schwertmann and Murad, 1983). Intense
leaching of more mobile constituents such as magnesia and
silica results in a relative residual concentration of
iron.

In addition, supergene enrichment by iron remobili-
zation from the uppermost part of'tHe laterite profile may
occuf over short distances. Locally, pH may reach values as
low as 3.0 or less, pérticularly at the~toé of the Canga
zone (McFarlane, 1976). This decrease in pH may be accom-
plished by introduction of carbon dioxide from the atmosphere
and of organic acids derived from decaying organic matter
into the weathering solutions (Krauskopf, 1979). Under these
strongly acidic conditions, ferric iron from gogthite may be
reduced to ferrous iron and downward ;emobilization of soiu—
bilized iron may occur (McFarlane, 1976; Krauskopf, 1979).
However, downward remobilization of.iron'is limited to a few
meters (Dorr, 1964) and changes to slightly less acidic con-
ditions induce iron reprecipitation; iron is thus re-accumu-

‘lated toward the middle and lower parts of the Canga zone.

Magnesia
Strong depletion of magnesia from the uppermost part of

- the Upper Saprolite zone upwards to the top of the profile is
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in accordance with the mobility characteristics of this
component. In the weathering environment, magnesium is
highly mobile under acid, neutral, and alkaline conditions
(Levinson, 1980), especially in the range of pH 4'to 9
(Lelong et al., 1976). Leaching of Mg is particularly
pronounced in the Limonite and Canga zones where it has
been almost completely removed.

In the saprolite zone, comgarison between the general
deéreasing trends of magnesia and silica seems to indicate
that magnesia is leached more rapidly than silica. This
difference in leaching rates between magnesia and silica
in laterite profiles developed on peridotite has been
observed at otHer peridotite localities (Zeissink, 1969;

Trescases, 1975; Lelong et al., 1976).

Silica ‘
Silica iS‘felatively depleted in the upper part of the
laterite profile. This general distribution pattern of
sharply decreasing.siiica from the Limonite zone upwards
has been observed in other silicate-type nickel laterites
(Trescasés, 1975; Golightly, 1979b; Burger, 1979). Silica
reieased during weathering of silicates may be partly |
removed from the weathering environment (Trescases, 1975),
particularly when the solutions have pH's in the range of 3
to 5 (Maynard, 1983) and leaching conditions are favourable.
Leacﬁing of silica is proﬁoted during rainy seasons when

water is available (Trescases, 1975), and also if the rock
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is fractured and permeable enough to provide channelways
to the solutions. Some of the silica apparently migrates

downwards and deposits along fractures as chalcedony

associated with garnierite.

Alumina

In general, alumina exhibits concentration at the Canga
and Limonite levels (Figure 66), probably because of its
relative insolubility in weathering environments (Keller,
1964; Levinéon, 1980; Maynard, -1983). Relatively high
aluminé values in the uppermost part of the laterite profile
may be explained By a residual enrichment through removal
of other conétituents such as magnesia and silica and
incorporation into goethite structures (Zeissink, 1969;
Lewis and Schwertmann, 1979; Golightly, 1981). Additionally,
aluminium released by weathering of primary silicates also:
probably is incorporated in smectite structures, particu-
larly towards the uppermost part of the saprblité

(Zeissink, 1969).

Chromium

| Chromium is residually concentrated upwards in the
profile and is preferentially enriched in the Canga zone,
except at its top. This general compositional trend
probably relates to the resistance of chromite to weathering
(McFarlane, 1976) and, as a result, chromium content through

the laterite profile commonly is used as an index for



157

assessing the relative concentration or leaching of other
elements (Zeissink, 1969).

Although chromite in general is a fairly resistant -
mineral, it may be partially dissolved, particularly at the
top of the Canga zone where pH may be as low as 3.0 or less
(Schellmann, 1978; McFarlane, 1983; Maynard, 1983);

A slight decrease in Cr'203 content towards the uppermost
part of the Canga zone seems to reflect the very limited

mobilization of chromium ih the Cerro Matoso laterite

- profile.

Manganese

The general distribution of manganese indicates '
preferential accumulation in the Limonite zone and, to a
lesser extent, in the Canga zone. The highest accumulation
of manganese is slightly below that of iron in the laterite
profile, which may be expiained on the basis of differences
in precipitation conditions between iron and manganese in
the weathering enviromment. Oxidizing conditions, with
Eh's above 0.3 volts, are commonly observed in the Limonite
and Canga zones (McFarlane, 1976). In this oxidizing |
environment, both iron and manganese may precipitate as
iron hydroxide and manganese oxide, respectively. In the
laterite profile, pH increases from values around 5.0 or
less in the Canga zone downwards to 8.5-9.0 and slightly
greater values in the Lower Saprolite zone (Trescases, i969;

1975). According to Krauskopf (1979), with slow increase
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in pH, iron compounds reach the limit of solubility before
manganese compounds and can precipitate while manganese is
left in solution. Manganese probably is mobilized as Mn2+
(Ahmad and Morris, 1978) through short distances in the
Canga and Limonite zones and readily converted to Mn4+
(Lépez-Eyzaguirre and Bisque, 1975) at pH's above around
6.0 (Trescases, 1975), and it is precipitated as manganese

oxide in the upper part of the laterite profile in

stringers, pockets, and coatings on goethite concretions.



ZONAL DISTRIBUTION OF SELECTED CHEMICAL COMPONENTS

In order to evaluate the lateral and vertical distribu-
tion of selected elements in the laterite profile at Cerro
Matoso, 1ongitudinél vertical profiles.showing zones defined
by contours of equal concentration for a given component
were constructed for the lines 500 NW, 1200 NW, 1300 NW, and
2000 NW. These lines represent‘the southeastern, central and
northwestern parts of the deposit (Plate 2), and they cut
across the general SE-NW trend of the peridotite body .and the
main faults (Figures 67, 68, 69, and 70).

Chemicalvdata utilized for the construction of the pro-
files appear in Appendix 1 and are from samples recovered at
2 m depth intervals from the original drill holes. The fol-
lowing profiles were constfucted: Line 500 NW - Ni; Fe, MgO;
2> Aly033
Line 2000 NW - Ni, Fe, MgO,

Line 1200 NW - Ni, Co, Fe, MgO, SiO Line 1300 NW -

Ni, Co, Fe, MgO, SiOz, A1203;
SiOz. The vertical scale in these profiles was exaggerated
by 5 with respect to the horizontal scale in order to ac-

centuate local characteristics in the element distribution.

Nickel
The nickel profiles (Figures 71, 72, 73, and 74)

exhibit several features that reflect the behaviour of



Sw

-
D - "

NE

\
)
/

th

—
/

Z = = z z z = = z
n [ @ [ 3 L] - b4
§ & 3 H g & 3
ELEVATION 20m. 1 1 1 1 1 L 1 1 1
LINE 500 NW
0 100 200
[ ——___——]
meters
‘ Vertical exaggeration x &
Figure 67. Line 500 NW, Longitudinal vertical profile showing drill hole

distribution and location of faults.

0971



NE

200

100

' meters -
Veriical exaggerationx 6

SwW

3N p002
N 581 -
N 2561 4

3N 008l 3
3N 481

3N 01847
3N 084|

3N b Ll

3N 0021
3N 849t -
3N 0991
3N 9€9I1 4
3N 4091 <
3N 0681
3N 2L6i4
AN peST
3N S8Gi+

3N 00§14
IN L2391

ANPS P

3N oov.u
ELR-73)
3N £SEi

3N L1€1
3N »621 4
3N €421
3N €821
3N 822!
3N s02!

3N 0811 4

3N L5l

3N G 21T

AINS60I
3N $90I+

3N ZHOI

3N 198 -
3Ne2s o

INoss

3NCES A

3N,

-

3NOOL 4

ELEVATION 29m.

1200 NW |
Line 1200 NW, Longitudinal vertical profile showing drill hole

LINE
distribution and location of faults.

Figure 68.



200

NE
0

10
malers
Vertical exaggeration x8

162

3N P12 4
IN8ZIZT S
INGOIZ S
3N080Z

> 3N QIPi

/ AN SE8

SwW

3ANCos

iN298

3N 009

3N »SL

3N 699

IFNOSOZ ~

aNZsst o
INeL6l =
INSSS
INPEEl -

3N 008! o
pe

INOGS! =
3N €181

3N 494!

3N 3841 =
ANO LI
3N 0691 =
3IN 5591 F
3N vuwj

3N »8Si

3N 8931 -
AN ¥2S1 o4
INOOS! A
3N I8¥1 T

IN 2591 o

3N 69€1 =
ELIRA S0
3N 282

3N 6p 2]
3N 0£21
3N £02! =
IN 1217
AN O0Sii~
3N 921I=
3IN S0~
AN O8Ol

3N 0901

3N 001 «

-y

4
4

-

L

ELEVATION 27m.

1300 NW

L INE
Line 1300 NW, Longitudinal vertical profile showing drill hole

distribution. and location of faults.

Figure 69.



NE

Sw

\ . 3N 2894 -

163

200

2]
»
£ aN 1022
- S :
Q » @
oy 8 IN SsiIZ
| ~
3 o IN 0012
m Y
ol 3 | Z

3N 4$02

3N 0002

3N §561

3N 0081
3N 681 7

3NQQO8I

\\ 3N 541
-

3NCO9 | -

IANPLSI

3N ZoGI N

3NLZ P~

INSLET

3N ozZg!

IN L9921

3NZET! S
INZI21 A

3N St
INOGO! ]

INS9O0( -
INOPOI

INEI0I
INGES -
3NSLS

3NOES

3NZ2SE

ELR IV

ELEVATION Om.

aNgss o

LINE 2000 NW

itudinal vertical profile showing drill hole
f faults.

distribution and location o

Line 2000 NW, Long

Figure 70.



Zones of equal

W Nickel content

([} 1i0- 289%
036-1.00%
[F] < o36%

L7 L5007
7
\//{/_///P///

P

=1000 NE
1500 NE
=2000 NE

ELEVATION 20 m.

LINE 600 NW

(4] 100 200
[ ]

mofers

Vertical exaggeration x5

Figure 71. Line 500 NW, Longitudiﬁal vertical profile showing zones of
equal nickel concentration.

79T



Zones of equal
_Nickel content

M >soo%
EQ 3.00-499%
| 1.10-2.99%
B3 0.36-1.09%
[Pl <036%

Sw NE

0 100 200
[—_— === =]
meters

Vertical exaggeration:ad

/
1%,
4 7% %
722,77,
24,2547
7%, %% 7
7407 4547
75501
7 7] P
,ﬂ/”' /4’5’
” /;//// l/f?
iz 2
) A
/ %// it é/P
%7 %
b % 4
g st
Voir
/7
A
%%
%7
/I
7’
’;
P
P

1000 NE

ELEVATION : 29 m.
: LINE (200 NW

Figure 72. Line 1200 NW, Longitudinal vertical pfofile showing zones
of equal nickel concentration.

91



SwW

220 e
ﬁ!w ;
I, “,

A
7 )70 R,
//;/' ,’//

=1000 NE
1500 NE

NE

Zones of equal

Nickel content

> 8.00%
300-499%
1.10-289%
0.36-1.09%
[P] < o36%

o ioo 200
| e = e =]
melees
Vertical exaggeration:xd

ELEVATION 27 m.
LINE 1300 NW

Figure 73. Line 1300 NW, Longitudinal vertical profile showing zones of

equal nickel concentration.

991



Sw

NE

Zones of equal
Nickel content

3.00-499%
1.10-2.95%
036-109%
[Pl < o036%

I 7 I"/'/“
I\ﬁ%ll' .

Hﬂz' Al
it ik

I-1000 NE
=1500 NE
2000 NE

ELEVATION Om

Figure 74.

LINE 2000 Nw

o 100 200
[— e ——— ]

matesrs

Vertical exaggergien.. &5

Line 2000 NW, Longitudinal vertical profile showing zones of
equal nickel concentration.

LST



168

nickel in the weathering environment as wéll as differences
in the degree of lateritization of the peridotite body.
Weathering did not proceed uniformly throughout the entire
rock mass. Depth to peridotite bedrock shows marked
variations both along a single profile and between profiles.
Zones having nickel concentrations of less than 0.36% (i.e.
the reference content in the original‘peridotite) occur
locallyvat intermediate levels in the profiles. These zones
are surrounded>by higher grade maFerials and correspond to
isolated nuclei of relatively fresh to slightly weathered
peridotite within Ni-rich saprolite as previously described.

The general shape of the zones defined by contours of
eqﬁal concentration for nickel, particularly those corre-
sponding to high Ni grades, seems to indicate local struc-
tural control. Narrow, elongated, steeply dipping zones
showing sharp lateral transitions from high to low Ni values
may be discerned in the profiles (cfr. at the approximate
coordinates 1200NW-1275NE, 1200NW-1700NE, 1300NW-1250NE,
1300NW-1710NE, 2000NW-1500NE). In general, these narrow
- zones correspond with faults and major joint sets observed
along the benéhes.

The best developed ore occurs towards the-ﬁortheastern
part- of the peridotite body, particularly along the pro-
files 1200 NW and 1300 NW. This distribution may be
explained by uplift of the southwestern portion of the hill
along a NW trending fault that post-dated the main later-

itization event. Erosion that was preferentially active on
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the uplifted block may have resulted in only slight
weathering of peridotite at that site, and a less evolved
laterite profile developed thereafter.

Except for those zones where structural control
apparently led to the development of elongated and vertical
high grade ore masses, Ni accumulation. appears to have.
proceeded in a somewhat regular féshion related to
supergene enrichment. Very low Ni values characterize the
top of the laterite profile whereas the highest wvalues
occur at intermediate depths in the Upper Saprolite zone.

Comparison between the southeastern, northwestern, and
central areas of the peridotite body indicates a significant
difference in the degree of nickel enrichment which is
apparently related to variations in the relative degree of
serpentinization of the parent peridotite. Strongly ser-
pentinized peridotite occurs to the southeast of the Cerro
-_Matoso hill, near the Romeral fault zone. This area is
represented by the‘profile 500 NW (Figure 71) which is
characterized by a thin laterite profile and low nickel
GalueSa Moderately to slightly serpentinized peridotite
occurs to the northwest of the Cerro Matoso hill (profile
2000 Nw, Figure 74). A thicker laterite profile and
greater nickel enrichment are apparent along the profile
2000 NW as compared to the profile 500 NW. The central
parts of the Cerrd Matoso hill are characterized by slightly
serpentinized peridotite and represented by the profiles

1200 NW and 1300 NW.. These two profiles (Figures 72 and 73)
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exhibit the thickest laterite profile development and the

greatest nickel enrichment.

Cobalt

The profiles of equal concentration for Co (Figures 75
and 76) also emphasize variations in the weathering pro-
file. Similar to nickel distribution, cobalt profiles
. indicate that the northeastern part of thevperidotite body
is relatively more evolved with respect to laterite profile
development than is the southwestern part of the body.

Cobalt values from samples collected at the uppermost
part of the profile are lower than those obtained in samples
from underlying zones and appear to indicate relative |
leaching and downwards mobilization of Co. The highest con-
centratioﬁ-zones (i.e. >0.10% Co) are approximately coinci-
dent with the Limonite zone. Comparison betweeﬁ the highest
concentration zones for Co and those for Ni (Figures 72 and
73) shows that Co accumulates preferentially at a level
slightly above that of maximum Ni enrichment.

The shape of the zones of equal concentration for
cobalt seems to be structurally controlled locally. Some
V—shaped accumulations at intermediate levels in the profile

(e.g. the 0.10% zone) may reflect such control.

Iron
Iron distribution profiles (Figures 77, 78, 79 and 80)

express the relative immobility of this element in the
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wéathering environment. Iron accumulates preferentially at
upper levels in the profile, and zones of highest Fe concen-
tration (i.e.>48% Fe) are approximately coincident with the
position of the Canga. These zones occur in the NE part of
the deposit and overlie the thickest saprolite sections. The
presence of lower valqe Fe zones overlying those of highest
Fe concentration in the Canga level indicate Fe solution at
thé top of the profile and redeposition at the Canga level.
The distribution of equal concentration zones for Fe al-
so reflect variations in the degree of evolution of the lat-
erite profile across the peridotite body. The NE part of the
hill (Figures 78, 79 and 80) shows intense lateritization.
All equal concentration intervals are well developed and ex-
tend to relatively great depths as compared to the SW part of
the hill. To the southeast (profile 500 NW, Figure 77), a
low degree of laterite profile evolution is apparent. There
is no Canga, and saprolitic material is poorly deVeloped.
Differential weathering conditions are reflected by Fe
in the distribution profiles. Some zones or nuclei having
‘low Fe content (i.e.<7% Fe) occur within equal concentration
zones that have higher Fe values. These zones represent
remnants of relatively unweathered to slightly'weathered

peridotite within saprolite material.

Magnesium
The highly mobile nature of magnesium is characterized

by equal concentration profiles for Mg0O (Figures 81, 82, 83
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and 84) which clearly reflect the weathering process at
Cerro Matoso. Weathering intensity relates directly to
degree of magnesium leaching which is greater on the NE
part of the peridotite body. Depth to bedrock is highly
variable and magnesium is preferentially leached from upper
levels in the profile. »

Locally narrow and elongated éhapes of equal concen-
tration zones apparently indicate structural control on
magnesium leaching. Very low MgO values (<1.0%) at inter-
mediate to deepvlevels élso may be the result of deep mi-
gration of leaching waters along structures. IWhere ma jor
joint sets are present, weathering proceeds from the outer
surface of individuai blocks progressively inwards to the
cores. Zones of high MgO valueé ()>30%) surrdunded by lower
MgO zones at intermediate to deep levels appear to indicate
the presence of relatively fresh to slightly weaﬁhered peri-
dotite nuclei within saprolite material. Some of these
nuclei attain diaméters of 8 m. Even in the most intensely
leached zones where MgO is less than 1.0% there are still
remnants of relatively less weathered peridotite nuclei with

MgO contents of as much as 10%.

Silica

Edual concentration profiles for silica (Figures 85,
86 and 87) show that the highest values (i.e.>> 55% Si0,)
occur preferentially at intermediate depths. This corre-

sponds to the Upper Saprolite level where the .shapes of
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these high silica value zones are roughly tabular or
lensoid (e.g. profile 1300 NW, Figure 86). In general,--
high silica values correlaté with high nickel contents
(Figures 72, 73 and 74). This is reflected by the abun-
dance of silicates, particularly smectite and serpentine,
constitutihg the massive ore at Cerro Matoso.

Some local alignment of silica equal concentration
~ zones corresponds approximately to fault zones and joints.'
Boxwork-type silica accumulations are represented on the
silica profiles by roughly elongated, vertical zones where
silica content exceeds 55%.

Locally; high silica values are associated with rela-
tively high iron values (Figures 78 and 85) in material
that crops out at the surface (e.g. at the coordinates

1200NW-920NE) in the form of small mounds.

Alumina

Alumina distribution profiles (Figures 88 and 89)
confirm the relatively immobile character of aluminium
under weathering conditions at Cerro Matoso. The highest
A120$ concentrations ( > 10%) occur at and near surface,
particularly over the NE part of the hill where a promi-
nent progression from high alumina downwards to low alu-
mina may be observed. These trends indicate the residual
nature of the A1203 gnrichment.

Isolated blocks or nuclei of relatively unweathered

peridotite at intermediate levels within the laterite



%ﬁnesofequal
O_ content
L0, onten

Sw

©

{00 200

melers
Verlical exaggeration x8

w
z
o
(3
Q
1

ELEVATION 29 m

.= HI500 NE
L2000 NE

LINE 1200 w

Figure 88. Line 1200 NW, Longitudinal vertical profile showing zones of
equal A1203 concentration.

NE

L8T



Sw

)
ese N

Zones of equal
A|203 content NE

i > wo%
f2 s0-100%
26-80%
08-2.6%
[f] < os%

o 100 200

melsrs

Varfical sxaggesation x5

g Y
8 8
H i

ELEVATION 27 m

Figure 89.

LINE t3a0

Z

w

Line 1300 NW, Longitudinal vertical profile showing zones
of equal A1203 concentration. .

88T



189

profile have low to very low A1203_contents. Local elon-
gated, vertical zones of equal concentration for alumina
(e.g. 0.8 - 2.5% A1203 equal concentration zone, profile
1200 NW, Figure 88) indicate the relative intenéity of

weathering along structures.



CORRELATION BETWEEN SELECTED CHEMICAL COMPONENTS

Statistical treatment of chemical data for drill hole
samples along the profiles SOONW, 1200NW, 1300NW, and 2000NW
(Appendix 1) allows generalizations to be made regarding re-
lationships between individual components. Two features of
the Minitab computer program were utilized in treating the
Cerro Matoso data: X-Y graphs for pairs of elements, and
first order linear regressions based upon‘least équares fit.
The graphic approach permits visualization of general trends
of point distribution, that is, whether there is a localized
concentration of points, a general tendency or a random dis-
tribution in the position of the (x,y) pairs. Linear re-
gression between elements, and particularly the determina-
tion of R-squared (coefficient of determination, or the
square of the correlation coefficient), helps to establish
the relative degree of correlation present between the two '
variables X and Y. Table 18 shows the testedvregression.
pairs, regression equations, number of samples utilized, and

resulting R-squared values.

Nickel

Relationships between Ni and Co, Fe, MgO, SiO Al,0

2’
Cr203, and SiOz+MgO were established. 1In all cases no

2732



Table 18. Correlations between components, Regression equations and
R-squared values.

Regression Regression equation Number = R-squared

Y vs X Y = a + bX . of 2

. samples R™(%)

Ni,Co | ~ Ni = 2.09 - 1.36Co 2325 0.4
Ni,Fe Ni = 1.93 - 0.0161Fe 3618 2.8
Ni ,MgO Ni = 1.62 + 0.0017MgO . 3618 0.0
Ni,MgO * Ni = 2.87 + 0.0043MgO0 1517 0.1
Ni,Sio, | Ni = 1.45 + 0.0198si0, : 2189 4.3
Ni, (510,+Mg0) - Ni = 1.62 + 0.0118(S10,+Mg0) 2189 3.0
Ni,Al,0, Ni = 2.56 ~ 0.107A1,0, 1612 7.1
Ni,Cr,0, Ni = 2.66 - 0.224Cr,0, 1289 1.4
Al,0, Cr,0 Al.O Cr,0

23, 23 23 _0.0235 + 3.14—23 1289 79.7
SlO2 SlO2 8102 SlO2
510, ,Mg0 ' $10, = 36.7 + 0.432Mg0 2189 9.5
MgO,Fe MgO = 26.3 + 0.636Fe 3618 55.0
(SiOz+MgO),Fe (5102+Mg0) = 85.4 - 1.65Fe 2189 95.7
Cr203,Fe A Cr203 = 0.168 + 0.061Fe 1289 83.3

* For Ni greater than 1.5%
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correlation or very low correlation was found, which also
is indicated by R-squared values that range from 0.0 (Ni
versus MgQO) to 7.1 (Ni versus A1203).

No correlation exists between Ni and Co, as shown by
an R-squared value of 0.4 and the point distribution for
(Co,Ni) pairs (Figure 90). Both elements occur in low con-
centrations in the original peridotite. They have a ten-
dency to accumulate mostly by supergene enrichment, but
their relative mobility appears to be different. .Lack of
linear correlation probably relates to differences in mo-
bilit& which, in turn,'accounts for the difference in their
zones of maximum enrichment.

There is no simple correlation between Ni and Fe.

A similar result was obtained by Trescases (1975) in his
study of New Caledonia Ni laterites. General areas of
(Fe,Ni) pairs concentration may be differentiated on Figure
91. For Fe values over about 307%, there is a tendency for
low Ni (between 0.30-1.75%, i.e. the approximate distribu-
tion in the Limonite and Canga zones). For low Fe values
under about 20%, there are two general trends: towards high
Ni values (between about 1.75% to 5.0%, which corresponds

to Upper Saprolité) and towards low Ni values (less than
about 1.75%, corresponding to Lower Saprolite and, to a cer-
tain extent, peridotite). For Fe values between about 20%
and 30%, low and high Ni values (majority at about 0.8%)
correspond to the transition from Upper Saprolite zone to

Limonite zone. This complexity in the Ni-Fe relationship

1
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most likely is a function of differences in basic behaviour
of these elements: 1iron concentration is mostly residual in
character (Golightly, 1981) whereas Ni may be accumulated
be supergene as well as residual processes.

Ni and MgO show no correlation whether all MgO-Ni pairs
are considered (Figure 92) or if the regression is
restricted to Ni values over 1.5% cutoff grade (Figure 93).
This lack of correlation probably relates to differences
in the mobility of these components through the laterite
profile. Magnesium is a highly mobile element and MgO
content tends to progressively decrease from peridotite
bedrock upwards to Canga. Ni is less mobile than Mg and
accumulates both by supergene and residual processes. As a
result, Ni distribution does not correlate with that of Mg0
but fluctuates from low (in Peridotite and Lower Saprolite)
through high (at the base and middle levels in Upper
Saprolite), to moderate (upper part of the Upper Saprolite)
and back to low (Liménite and Canga zones) contents.

Lack of correlation between Ni and $10, is shown in the
graphical representation of the (SiOz,Ni) péirs distribution
(Figure 94) and by a very low R-squared (4.3%) from the re-
greséion analysis. However, Ni enrichment clearly'relates
to intermediatéSiO2 concentrations of.38—60% which corre-
sponds to the Upper and Lower Saprolite zones.

Observations for Ni versus MgO+SiO2 distribution are
similar to those found for Ni versus MgO and Ni versus SiOz.
Although there is no linear correlation between Ni and
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MgQ+SiOz, the highest Ni values correspond to high MgO+SiO2
values (Figure 95). This relates to the presence of
Ni-bearing silicates found at the saprolite level in which
smectite— and serpentine-type minerals are the most ébun—
dant mineral components;

Plots of Ni versus A1203 (Figﬁre 96) and Ni versus
Cr,04 (Figure 97) show a general tendency for Al,04 and
Cr203 to behave similarly with respect to Ni. No correla-
tion was found in either case, although the saprolite zoné,
which is characterized by Ni enrichment (values ranging from
0.8 to 5.0%), typically contains relatively low A1203 and
Cr203. This seems to suggest that the high variability in
the point distribution diagram is mostly influenced by the
variable behaviour of nickel.

A1203 and Cr203 behaviour can be best tested by
ratioing both components with respect to a leached compo-
nent such as SiOZ. (x,y) pairs distribution and:regression
analysis for A12'03/SiO2 versus Cr203/SiO2 (Figure 98, Table
18) give a relatively good positive éofrelation with an
R-squared value of 79.9%. A1203.and Cr203 appear to behave
in a similar manner, both being residually enriched in the

laterite profile (Golightly, 1981).

203

The general distribution observed in Figure 99 for

$i0,, Mg0, Fe, Cr

(MgO,SiOz) pairs and an R-squared value of 9.5% indicate no

simple linear relationship between these components. From
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high to moderate MgO values (i.e. from about 40 to 127 MgO0),
silica values remain relatively high; silica decreases in
zones where MgO values are low to very low. One possible
explanation fbr this behaviour may be the greater mobility
of MgO over SiOZ; MgO apparently is.remoVed:more rapidly
from the profile than 510, (Zeissink, 1969; Treééases, 
1975). Another possible explanation may be related to
. sampling density through the different units of the laterite
profile: most samples are from slightly to moderately
weathered horizons (Lower to Upper Saprolite zones), and the
general distribution for.(MgO,SiOZ)'pairs also may be re-
flecting magmatic trends.

In the case of MgOland Fe, a low to moderate correla-
tion is indicated by an R-squared value of 55.0%. =~ The .
general trend of the point distribution (Figure 100) ap-
pears to‘be somewhat hyperbolic. Fe valués under about
20% are approximately relatéd to highef MgO values (ma jor-
ity between about 10% and 40%, which corresponds to Upper
and Lower Saprolite zones).. For Fe values over about 30%,
there is a téndency for low MgO (less thaﬁ about 4%, which
corresponds to the Limonite and Canga zones). The 'inflec-
tion' zone in this general trend is between about 20 and
30% Fe which pfobably reflects the transition from the
Upper Saprolite tb the Limonite zone. Differences in mobi-
lity between iron and magnesium, and the character of iron
~ concentration may explain the Fe-MgO relationship: Mg is a

highly mobile element, whereas Fe has a significantly lesser
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mobility than Mg and tends to accumulate mostly by residual
processes.

If Fe is plotted against (SiOZ+MgO) (Figure 101) and a
regression is determined, the R-squared value increases
dramatically to 95.7% and a very good negative linear rela-
tionship is apparent. Low Fe values correspond to high
(SiOz+Mg05 values and vice.vers.ao This suggests that MgO
‘and SiO2 are leached out at about the same time that Fe is
being accumulated. Furthermore, it also reflects the de-
creasing proportion of silicates and incfeasing proportion

:of goethite upwards in the profile (Golightly, 1979a).

The relatively residual character of Fe may be tested
if its distribution is comparéd with other resistant compo-
nents. When Fe is plotted with the highly immobile compo-
nent Cr203 (McFarlane, 1976), a general linear trend is
observed (Figure 102). The linear regression of the
(Fe,Cr203) pair gives an R-squared value of 83.3% and indi-

~cates a_relativély good positive correlation between both
components, i.e. Fe content tends to increase upwards in the
profile with increase in Cr203, which indicates the residual

nature of both components.
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FACTORS IN DEPOSIT GENESIS

TheAconjunction of several factors led to the develop-
ment of the Cerro Matoso nickeliferous laterite deposit.
Although each féctor is described separately, it must be
kept in mind that the efficiency of nickel enrichment by
the lateritization process does not depend excluSiveLy upon

one factor but is the result of the combined influence of

all relevant factors.

Parent material

The peridotite bod& at Cerro Matoso is composéd almost.
exclusively of harzburgite in which olivine dominates (83%)
and orthopyroxene and secondary serpentine occur as subor-
dinate cohponents (9% and 7%, respectively). Nickel con-—
tent in this parent rock ranges from 0.28 to 0.36%.

It has been recognized by many workers that lateritic
weatheriﬁg of peridotite has a good probability of generat-
ing sufficiently high nickel Values-to-bé_of econdmic in-
terest. The most favourable peridotites are harzburgite
" and dunite.(de Vletter, 1978; McFarlane, 1983) but, due to \
the relatively high mobility of nickel, original contents

of this element in the parent rock must be relatively high

- for economic nickeliferous laterite deposits to form
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(McFarlane, 1983). 1In this context, there is considerable
disagreement between authors regarding the minimum nickel
content required in the original peridotite. Minimum con-
tents of 0.2%, 0.3% or even 0.4%Ni have been established as
a compositional reqﬁisite for parent peridotite by various
workers (e.g. Golightly, 1979a; Golightly, 1981; McFarlane,
1983).

. The degree of serpentinization of the peridotite
appears to be very important in the development of silicate-
ﬁype nickeliferous laterites as serpentines may have an im-
poftant effect on the physico-chemical response of perido-
tite to weathering. Thére is no apparent loss or enrichment
of nickel during the serpentinization of olivine (Faust and
Fahey, 1962; Perruchot, 1971), thus the nickel distribution
in the original peridotite seems to be retained regardless-
of the degree of serpentinization (Avias, 1978). However,
serpentinization products do influence the relatiVe-response
of peridotite to weathering. Troly et al. (1979) observed
.that olivine in Néw Caledonia peridotites is broken down
more easily than serpentine and alteration of weakly‘ser—_

" pentinized peridotite was stronger than in highly serpen-
-tinized peridotite. Development of the laterite profile was
greater in weakly serpentinized peridétite both in vertical
extent and in the degree of enrichment of nickel-rich sec-
ondéry products. This behaviour probably also is influenced
by relative differences in permeability as intense serpen-—

' tinization appears to create a relatively impermeable rock

[
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mass (Maynard, 1983; McFarlane, 1983). Water circulation
would be inhibited in the serpentinized rock in such a way
that even though general conditions may be favourable to
. Ni enrichment, the development of economic nickel accumu-
lations appears to be restricted principally to near sur-
face units such as Limonite and Canga (Lelong et al., 1976).
The Cerro Matoso peridotite appears suitable as parent
material for Ni laterite development from the stand point
of original nickel content, harzburgite composition, and
low degree of serpentinization for most of the rock mass.
Localized areas of intense serpentinization, pérticuIarly‘,
along shear zones in the southeast part of the body, exhibit
saprolite with nickel concentrations that are considerably .
lower than values in saprolite over only slightly serpen-
tinized harzburgite. Nickel values in saprolite developed
from intensely serpentinized harzburgite commonly are simi-
lar to those in unweathered harzburgite (0.36%), although

locally values may reach 1.0%Ni.

Climate

Although there is no direct eviden;e for the climatic
conditions that prevailed at the time of the Cerro Matoso
laterite formation, relationships between the peridotite
body and adjacenﬁ sediments of the Ciénaga de Oro Formation
provide climatic inferences. Partially lateritized perido-
tite (i.e. Ni laterite prbfile without a great vertical ex-

tent) is overlain locally by sediments of the early
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Oligocene-early Miocene Ciénaga de Oro Formation-along the
northeastern'boﬁhdary of the Cerro Matoso hill (Plate 3,
Figure 6). Chemicél weathering must have been active
slightly before and during the earlier stages of deposition
‘of the sedimentary sequence, and nickel and iron were
leached from the peridotite body and incorporated within
the sediments, not only in the siltstones and sandstones
but also in the interbedded carbonaceous shales and coals.
Clearly,‘water was available for the traﬁsport 6f‘éleménts
from the peridotite into thevadjacent sedimentary basin.

The presence of interbedded coals in the Ciénaga de
Oro Formatioﬁ suggests a warm humid climate (Blatt, 1982)
with moderate to heavy rainfall (Jensen and Bateman, 1981).
Palynological studies of coals from_different beds within

the Ciénaga de Oro Formation (Duefias, 1980) show that they
bformed for the most part froﬁ a mangrove type vegetation
similar to that.currently growing in other places‘in |
Colombia. These sites correspond ﬁo swampy areas and. are
characterized by temperatures in excess of 26°C, average
annual rainfall greater than 3,500 mm and relative humidity
on the order of 80% (Espinal, 1977).

It appears, therefore;“that‘at least during part of the
time in which the Cerro MétOso Ni laterite was forming,v
there was a tropical humid and rainy climate with probable
alternating wet-relatively dry seasons. It has been récog—
nized that in the lateritization process dissolution and

leaching of metals take place during rainy seasons
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(de Vletter,.1978) and formation of some secondary compo- :
nents in the laterite profile may occur during relatively
dry seasons (Golightly, 1979a). Alternating conditions:
have Been suggested as necessary for sesquioxide precipita-
tion (McFarlane, 1976) as well as for smectite formation
(Harder, 1977; Golightly, 1981) and silica.deposition
(Golightly, i979a); The above conditions pfobably prevailed
during at least part if not all of the development‘of_the
Canga, Limonite.and Saprolite zones, and silica boxworks at

Cerro Matoso.

Tectqnics

Tectonic activity has played an important role in the
~evolution of the laterite profile at Cerro Matoso, either.
through generation of structures such as faults and joints
or providing favourable conditions for successive rejuve--
nation of the profile which resulted in greater nickel
énrichment,

Initial structural preparation of the Cerro MatosQ
peridotite body probably was related to the Pre-Andean
orogeny. The Pre-Andean orogeny (van der Hammen; 1958)
occurred during'Paleocene—Middle Eocene time, apparenfly
in responge to the interaction between the Caribbean and.
the South American plates (Mattson, 1984). Resulting
stresses were mainly compressional and particularly intense

dufing the latevphases of this orogeny (Malfait and

Dinkelman, 1972; Irving, 1975). According to Duefias and

\
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Duque-Caro (1981), regional NNE trending faults formed>in
northwestern Colombia as a result of these intense lateral
compressional stresses. The Cerro Matoso peridotite body,
which has been exposed at least in part since Middle Eocehe
time (Duque-Caro, -1979; Duefias and Duque—Caro,>1981), ek+
hibits a NNE trending fauit system which apparentlyvresulted
from tectonic activity related to the Pre-Andean orogeny
Fracturlng of the parent peridotite has influenced the
development of the laterite profile and the nickel miner-
alizetion at Cerro Matoso. Fractures are important in that
‘they permit ready access to meteoric solutions for leaching
of soluble components and formation of secondary products.
In the saprolite zone, isolated blocks in which the inner
part is‘lees weathered and has lower nickel content than
the outer part indicate that weathering has»proceeded
preferentially from joints and fractures inwards to the
core of the blocks leading to the.development of massive .
ore. Locally, tongues of intensely weathered material occur
in the Lower Saprolite zone and are fault-limited, indicat-
ing that faults may serve as conduite for weathering to
proceed to relatively great depths. This effect was ob-
served along benches and is readily inferred from geochem-
ical profiles of element distribution. Part of the ore
occurs along zones of intense fracturing, either as fracture
fillings, colloform.deposits in cavities along fractures,
or crusts coating joints and fractures. Although this ore

type is not the most important part of‘the,deposit'
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volumetrically,.locally it may attain gradés up to.30% Ni
thus emphasizing the importance of fractures as effective
channelways for migration of nickel-rich solutions.

Additional nickel enrichment and thickening of the.
massive ore at Cerro Matoso appear to have occurred as
the result of renewed episodes of laterite development.
Tectonic effects such as uplift and block faulting in-
Volviﬁg a lateritized terrain may result in rejuvenation
of the weathéring process. As the groundwater table is
lowered and ne& faults, fractures, and/or joints are formed
or old structures are reactivated, fluid circulation in-
creasés (de Vletter, 1978), differential leaching is acti-
vated by the return to vadose conditions in the upper part
of the profile (McFarlane, 1983), and the process of nickel
enrichment is enhanced. Faulting of massive silica accumu-
lations and of garnieritic fracture fillings indicates.that
tectonic reactivation with resulting slight to moderate
uplift has occurred at Cerro Matoso.

In order for additional(vertical development of the -
laterite profile and enhancement of nickel contents in the
saprolite zone to occur, a balance between uplift and erof:
sion must have'eﬁiSted (McFarlane, 1983). If uplift had
been intense, the laterite prdfile probably would have
undergone strong dissection and original units would have
been rapidly eroded (Lelong et al., 1976). A NW trending
fault system developed at Cerro Matoso during the late

‘Miocene-Pliocene Andean orogeny and the southwestern part
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>of the weathered peridotite was uplifted relative to the
northeastern part. This uplift apparently was sufficient
for intense erosion to remove most of the laterite profile
from the upiiftedvblock while the northeastern block waé'
beingvonly_Slightly modified. In the northeastern block,
':minor uplift apparently occurred such that'éroéibn was not
so intense as in the southwesternrblock; the groundwater
table was lowered and an increase in the vertical extent
of the laterite pfofile as well.as local nickel redistri-

bution probably were favoured (McFarlane, 1983).

Role of pH-Eh

Variations in pH, and to a lesser extent in Eh, of the
weathering solutionslhave resulted in selective differeﬁtial
element accumulation and mineral formation throughout the
laterite profile. In particular, nickel wés enriched at
intermediate depths where nickel-bearing silicates devel-
oped in the saprolite zone.

The distribution of nickel and iron in the laterite |
profile may be evaluated in terms of a pH-Eh diagram”
(Figure 103). It may be infefred from the diagram that
slightrshiftg in the pH or Eh of the weathering solutions
may drastically alter the relative_chemiéal mobility of
iron and lead to changes in its oxidation state (Krauskopf,
1967; Norton, 1973). At the uppermost partbof the profile
whére slightly acidic and relatively oxygenated solutionms,

with Eh's generally over 0.3 volts and pH's around 5.0;

/
-
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Figure 103.

pH-Eh diagram for iron and nickel at 25°¢.
Parallelogram in center indicates approxi-
mate pH-Eh conditions found in weathering
environment. pH value for the boundary
between Fe3+ and Fe(OH)3 is mear 3 (long
dashed lines), the exact value being a
function of the total iron concentration.
Boundary between Ni2+ and Ni(OH)9 may range
from 7.5-8.5 pH values (dotted lines) and
depends on total nickel concentration.
Modified after Krauskopf (1967), Trescases
(1975) and Levinson (1980). '
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commonly dominate (Trescases, 1975; McFarlane, 1976), iron
is oxidized from the ferrous to ferric state, and precipi-
tates as goethite;'Fe(OH)B. On the other hand, if pH
decreases (e.g. to about 3.5), Fe3+ may be reduced to the
soluble Fe2+ state and be remobilized (Schorin, 1981).
Localiy, decrease in pH to values as low as 3.0 or less
have been observed at the top of the Canga Zone (McFarlane,
1976) and may be 3ccomplished by introduction of atmos-
pheric CO2 in rainfall and of organic acids derived from
decaying organic matter (Keller, 1968; Krauskopf, 1979). "
Soluble iroﬁ may be either leached out. of the system or
migrate downwards through relatively short distances in the
profile. Downward iron remobilization is limited to a few
meters in the Canga zone (Dorr, 1964), and pH rapidly
changes ffom-about 3.0 at the top of the Canga zone to
slightly over 5.0 at middie and lower levels of the Canga
zone (Trescaseé, 1975; Golightly, 1981). Under these con-
ditions (pH above 5.0 and Eh near or greater than 0.3 volts),
Fe2+ is readily oxidized to Fe3+ and goethite precipitates

(Krauskopf, 1979; Levinson, 1980). This probably explains

the dramatic increase in iron accumulation observed at middle -

and lower levels of the Canga zone. _

The high mobility of nickel is readily inferred from
Figure 103. 1In the laterite profile, Eh may range from as
high as 0.7 down to about 0.1 volts (Levinson, 1980) whereas
pH may range from around 3.5 to 9.0 and slightly greater

(Krauskopf,v1967; Trescases, 1969; Trescases, 1975). Under
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these Eh and pH conditions, Eh variations do not appear to
affect nickel soiubility, whereas pH shifts towards alka-
line conditions promote nickel precipitation. As iron
precipitates‘at the-pH conditions found at the ubper part

of the laterite profile, the more soluble nickel may be
either partially incorporated into the goethite structure
(Sahoo et al., 1981), leached out of the system, or migrateb
downwards to deeper levels. pH increases with depth
(Golightly, 1981) and when alkaline conditions are reached,
nickel solubility decreaées drastically and nickel supergene
enrichment occurs. Alkaline conditions are attained at the
saprolite level where secondary nickel silicates are fofmed.

Silica behaviour in the weathering profile also ié"im-

~portant in laterite nickel systems in that the principal Ni
ore is composed of silicate minerals. Silica solubility‘in—,
creases sharply at pH's above 9, but in théspH range 4 to 9
it appears to be modest and QSSentially,independeht of pH
(Krauskopf, 1959). However, experimental wo;k by Marshall
(1980a;‘1980b) and Marshall and Warakomski (1980) has shown
that, for solutions in the pH range 5 to 7.5, silica solu-
bility may decrease significantly in the presence of dis-

2+ (Figure 104). This de-

solved cations, particularly Mg
crease is essentially dependent on the nature of the cation,
and high hydration‘number»cationé such as Mg2+ apéear to

have the greatest influence in décreasingnsilica solubility.

These observations may be useful in the interpretation

of chemical reactions that occur during develépment of the
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laterite profile. Silica and magnesia constitute as much
as 80% of the original peridotite composition. During
weathering, both components are releésed from the parent
rock (Golightly,'1981), magnesium being more mobile than
silica (Trescases, 1975). At the upper parts of the pro-
file, magnesium is readily leached out of the systemL  At
intermediate’ievels dissolved magnesium content may build
up relatively rapidly (Golightly, 1979) and be accompanied
by increase in the pH of the solution. Trescases (1975)
reﬁorts pH values of about 7.5 in groundwater samples from
weathered peridotites in New Caledbnia. Increase in dis-
~solved mégnesium is associated with decrease in silica
solubility at a depth (Upper Saprolite zone) where nickel
also is relatively immobile. These conditions are favour-
able for‘the precipitation of nickel silicates (i.e. the.
massive ore minerals). The cOmbined behaviour of nickel,
magnesium, and silica in the laterite weathering ehvirohment
also explains the formation of pimelite associated with
chalcedony as fracture fillings associated with massivevore'

in the Upper Saprolite zone.



L

CONCLUSIONS

Geological and geochemical aspects and history
of the Cerro,Matoso-nickeliferous laterite

The Cerrd Matoso harzburgite isiéituated along the
Romeral fault zone and was brought to the surface during the
late phases of the Pre~Andean orogeny in middle Eocene-late
Eocene time (Duefias and Duque-Caro, 1981). The Pre-Andean
or;geny apparently occurred in response to the interaction
between the Caribbean and the South Americén plates (Burke
et al., 1984; Mattson, 1984). Resulting stresses were main-
ly‘compressionél and particularly intense during the late
phases of this orogeny (Malfait and Dinkelman, 1972; Irving,
1975). Compfessional stresses gave rise to faults in the
peridotite body that roughly parallel thé NNE trend of the
Romeral paleo-trench. Serpentinization occurred locally
during the Pre-Andean orogeny, particularly along fault
zones towards the eastern and_western margins of the perido-
tite bddy. Serpentinization was accompanied locally by the
development of silica-magnesite veinlets along fractures.
Peridotite chemistry coupled with structural preparation fa-
voured subsequent intense lateritization and supergené

nickel ore development.

Lateritization of the harzburgite probably began in

1

~ late Eocene-early Oligocene time and chemical weathering
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and erosion continued throughout the Oligocene period, The
development of a thick laterite profile (as much as 140 m)
was made possible by a climate in which high rainfall,
relative humidity and temperétures, resulted in intenée
chemical weathering of the peridotite. The process appar-
ently was polycyclic as evidenced by the presenée of limited
displacement vertical faults that cut previously fbrmed
Saprolite and Limonite zones.

A thick, well developed laterite profile was formed in
the Cerro Matoso peridotite Body. The laterite profile
consists from top to bottom of Canga, Limonite, Upper Sapro-

lite, and Lower Saprolite zones overlying peridotite.

- Original rock structures are absent in the Canga and Limo-

nite zones but are preserved in saprolite, particularly in
the Lower Saprolite level. Canga exhibits a concretionéry
texture formed by successive accretion of goethite aggregates

which is particularly well developed towards the lower part

of the zone. The Limonite zone consists of material that is

softer and less iron-rich than the overlying Canga. It has
an earthy appearance locally and also contains some concre-

tionary goethite. Material in the Upper Saprolite level is

relatively soft, but hardness increases progressively down-

wards into‘the‘Lower‘Saprolite zone and becomes significant-
ly greaﬁer as peridotite bedrock.is approached.

The different profile units also show pronounced
variations in element distribution. .Iron and chromium accu-

mulated preferentially in the‘Canga level, whereas alumina
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is preferentially concentrated in the uppermost part of the
Canga. The Limonite zone contains the maximum observed
values.of cobalt and manganese; iron content is high but
not as much so as in Canga. Séprolitevexhibits significant
enrichment in nickel, grades of as much as 7% Ni having
"been recognized. Nickel is preferentially concentrated_in
the Upper Saprolite zone, although,the Lower Saprolite.zone
also may show local nickel enrichment. Magnesium concen-
tration is very low in the Canga and Limonité zones but .
increases progressively downwards in to the saprolite zones
and the underlying peridotite bedrock. Silica concentrations
~in the Limonite and~Canga zones are considerably less than
values observed in the saprolite zones.

Element distribution -in the weathering profile can be
explained in terms:of variations in relative»mobility of
the various elements in this chemical environment.
Magnesium is highly mobile in the upper pnrts ofithe pro-
file and it tends to be almost entirely leached from the
Canga and Limonite zones. Magnesium mobility decreéses at
_intermediate and deeper levels, thus concentrations increase
accordingly. Chromium has very low mobility ann is concen-
trated residually.' Iron is precipitated under oxidizing
and slightly acidic conditions that prevail in the Canga
and Limonite zones. Locally, decrease in pH at the top
of the Canga zone may result in iron remobilization down-
wards through a few meters and reprecipitation in the lower

part of the Canga zone, thus leading to significant increase
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in iron content at this level. Manganese mobility in.the
Canga and Limonite zones appears to be somewhat higher than
that of iron and Mn is readily precipitated in the neutral
to Slightly alkaline conditionms that occuf in the iower
paft of the Limonite zone. Nickel and cobélt are fairly
mobile elements but the preferential accumulation of cobalt

above the zone of maximum nickel enrichment indicates a rela-

‘tively higher mobility downwards in the profile for nickel

over cobalt. .Alumina is a highly immobile component, and

is concentrated primarily in the near surface poftion.of the

profile (Canga). Moderate mobility'of siliéa occuré in upper
profile levels but mobility decreases rapidly at intermediate
levels which is due at least in part to thé presence of -

higher amounts of dissolved magnesium in the weathering

- solutions.

Vertical longitudinal profiles for element distribution
reflect the behaviour of each element in the laterite pro-
file. Lateral chemical variations appear to be related to -
structural features such as faults and joints which greatly
facilitated solution migration. The vertical longitudinal
profiles of element distribution clearly indicate the
variable thickness of the laterite-ﬁrofile.

Using an ore grade cutoff of 1.5% Ni, it is appareﬁt

" that the most intense nickel mineralization is located

"principally in the Upper Saprolite zone. Two varieties of

silicate-type nickel ore have been recognized: massive and

fracture fillings. Massive ore occurs as a product of
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pervasive weathering of parent peridotite and nickel is
concentrated in smectité— and serpentine-type minerals.
This ore type constitutes the most important part of the
deposit economically and exhibits an'average nickel grade
that exceeds 3%. Fracture filling ore is comp?ised of
nickel-bearing minerals that completely fill ma jor frac-

tures, coat joint surfaces as thin crusts, or f£ill cavities.

"as botryoidal aggregates where fractures widen. In this

ore; nickel appears to be concentrated primarily in the
silicates pimelite, sepiolite, and chlorite. Aithough
volumetricélly less important than massive oré, fracture
filling ore is important in that nickelAmay attain concen- -
trations of as much as 30% and thus may contribute con-
siaerably‘to the overall recoverable reserves being
developed by open pit mining methods.

| Nickel enrichment above the 1.5% cutoff grade is
primarily a supergene process and apparentiy was'partially
restricted by local characteristics of the‘parent rock, in

partiéulaf the degree of serpentinization. The overall

 process was controlled by nickel dissolution in the more

acidic upper part of the laterite profile and downwards
migration and accumulation at intermediate levels where
alkaline conditions were present and nickel mobility was
reduced. This enrichment process was particularly effi-
cient where nickel migration was not restricted by low
rock permeability. Nickel distribution profiles indicate

preferential nickel enrichment in harzburgite that has
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undergone minimum serpentinization; highly serpentinized
pafent rock exhibits nickel values that are below the 1.5%
Ni cutoff grade. Strongly serpentinized parent rock acts
as a relative permeability barrier that restricts the
nickel enriéhment process (Lelong et al., 1976; Maynard,
1983; McFarlane, 1983).

| Tectonic effects associated with the Andean orogeny
are reflected in the location of the zone of maximum nickel
"enrichment. A NW trending fault system developed at Cerro
Matoso during the late Miocene-Pliocene Andeanborogény and
the southwestern part of the weathered peridotite body was
uplifted felative to the northeastern part. This uplift
apparently was sufficient for intense erosion to remove.
most of laterite profile from the uplifted block while the:
northeastern block was only slightly modified. ' This
erosional event is reflected by the presence of abundant_
ferruginous debris in the post-Pliocene sediments‘that'
océuf along the southwest flank of the péridotite body.
Uplift of the northeastern block‘appears to have been
sufficiently minor that erosion was minimal; the ground-
water table was lowered andlan increase in the vertical
extent of the laterite profile as well as local nickel

redistribution probably were favoured.

Suggestions for exploration
Once a deposit has been established as having economic

potential, care must be taken in determining drill hole -
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locations and depths. The wide variations in element dis-
tribution at Cerro Matoso, both vertically and laterally,

indicate that evaluation based on a widely spaced drill

‘hole grid‘(e.g. 50.m intervals or greater) may lead to

ma jor misinterpretation of the actual profile. A closely
spaced drill hole grid (e.g. 25 m intervals or less) is
required for accurate interpretation and evaluation of the
depoeit. Futthermore, longitudinal vertical prdfiles of
equal content for several components constructed for this
study reveal the presence of nuclei of less altered'perido—
tite at intermediate levels in the profile'that could be
misinterpreted as representing the bottom of the laterite
profile. It is advisable, therefere, to drill se#eral meters

into any less altered peridotite in order to avoid the

_possibility of terminating a hole in such a nucleus. It is

recommended that Iongitudinal vertical profiles showing
element distribution be constructed as drilling operations
prbceed in order to provide the continuous chemical control
that reflects level in theilaterite profile and depth td’
bedrock;

Accurate evaluation of laterite nickel deposits
requires proper identification of units present ih each'
drill hole. Common exploration practice is to chemically
determine a pre—established set of elements (e.g. Ni, Fe,
MgO) in samples taken continuously at 2 m.depth intervals,
and obtain analyses of additional elements at'intercepts

that appear to show more economic potential (Appendix 1).
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It is.sﬁggested that mineralogical studies also be con-'
ducted in order to determine if a high nickel intercept
corresponds to massive ore (smectite, serpentine) or to
a fracture filling type of ore (pimelite, sepiolite,
chlorite). Furthermore, better definition of the distri-
bution of thé various profile units could be obtaiéed if
mineralogical data are available.

Chemical analyses for noble metals should be included
in the evaluatioﬁ of lateriﬁe nickel deposiﬁs with great
vertical extent. Au, Pt, Pd ahd Ir may become enriched in
the Canga and Limonite zones relatiQe to the parent perido-
tite as shown by Ahmad et al. (1977) and Ahmad and Morris
(1978) for some nickel laterite deposits from Lake Izabal
(Guatemala), Pamalea (Indonesia) and New Caledonia which
have maximum vertical extent of as much as 26 m. The Cerro
Matoso nickeliferous laterite deposit has vertical extent
of as much as 136 m and appears to be‘a promisory:target

for noble metals.

In summary, parameters important to exploration for
silicate-type nickel ore comparable to the Cerro Matoso
‘deposit are as follows: a) favourable parent material -
 ultramafic rocks, fresh to only slightly serpentinized
harzburgites particularly promising; b) structural'prepa—'
ration - faults and joints particularly impoftant in
pervasive weathering processes; c¢) polycyclic uplift -

minor uplift favourable to rejuvenation of the laterite
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profile; d) paleoclimates with alternating high rainfall
and relatively dry seasons. Local target exploration
procedures should include the following: a) ggochémical

- surveys of surface materials (distribution of chromium,
cobalt, manganese, alumina); b) drilling at closely spéced
intervals (grid_bf 25 m or less); c) chemical analyses of
_.material in drill holes at closely spaced (2 m) depth
intervals for Ni, Fe, MgO, SiOZ; d) construction of
longitudinal vertical profiles showing zones of équal.
content for components such as Ni, Fe, MgO, SiOz, A1203,
Co, Mn; e) mineralogical analyses of drill hole material
to estéblish the type of ore correqunding to a high
nickel intercept and to better define the distribution

of the various profile units; f) drilling of several

meters in to less altered peridotite to determine the

bottom of the laterite profile.
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APPENDIX 1

CHEMICAL COMPOSITION OF DRILL HOLE SAMPLES

"Analytical Method:

‘ Laboratory

"~ Analysts

~-Samples -

Explanation

DDH
ELEV

‘Depth

%

'0.000, 0.00,
0.0

LOI

Fe

X-ray fluorescence analysis

XRF- laboratory of Cerro Matoso S.A.,
Montellbano, Colombia

Rafael Bustamante (Chief)
Luis Paternina

Nydia Rojas

Enrique Jaraba

Juan Londofio

Jorge Rivera

From drill holes along the Liﬁes :
500 NW (p. 244-248), 1200 NW (p. 249-
297), 1300 ‘NW (p. 298-340) and 2000 NW

(p. 341-357) (Plate 2)

Drill Hole, northeast coordinate
Elevation above sea level for the
top of the drill hole (in meters)
Sampling depth (2 m lntervals)
Weight percent

Indicate that analysis was not made
Loss On Ignition ’
Fe expressed as total iron



DDH

Depth

~ (m)

0-2
2-4
4~6
6-8

8-10.

10-12
12-14
14-16
- 16-18
18-20
20-22
22-24

DDH =

800NE

Co
(%)

0.000
0.000

0.000
W 112
.093.

.049

0.000
0.000.

0.000

0.000 -
10.000

883NE -

Co
(%)

0.000
0.000
0.000
0.000

- 0.000

0.000

- 0.000

0.000

- 0.000

0.000
0.000
0.000
0.000
0.000

244

LINE 500 NW
Fe MgO
(%) (%)
24.50 1.00
24.60 1.14
22.90 1.12
20.30 1.46
20.50 2.63
16.10 5.92
10.90 7.20
0.00 0.00
11.00 11.80
0.00 0.00
7.00 13.10
8.20 14.00
LINE 500 NW
Fe MgO
(%) (%)
25.11 .58
25.07 .78
22.40 1.00
22.23 .84
18.40 «55
2.83 .34
5.83 .37
8.36 .42
5.65 3.69
- 4.01 17.09
5.20 26.26
4,94 31.00
6.30 38.29
5.63 38.42

OQCOOO0OOOOOOOO0O00O

QOO0 OCOOTCOOOOOC0O

Al,O

273
(%)

9.98

10.79

6.17
4.60
4.50
2.67
1.61

- 0.00

1.51
0.00
1.16
1.09

Al,O

273
(%)

0.00
0.00
0.00
0.00
0.00
0.00

0.00 -

0.00
0.00
0.00
0.00
0.00
0.00
0.00

ELEV

ELEV =

Cr,0

273
(%)

0.00
0.00
0.00
0.00
0.00

0.00.

0.00
0.00

0.00-

0.00
0.00
0.00

Cr,0

273
(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00

123 m

LOI
(%)

0.00
0.00
0.00
5.00
5.61
4.74
3.77
0.00
0.00
0.00
0.00

0.00

133 m

LOI
(%)

0.00

0.00
0.00
0.00
0.00.
0.00
0.00

0.00

0.00

0.00

0.00
0.00
0.00
0.00



DDH =

Depth
(m)

O\-l-\NO
mO\J-\N

8 10
10-12
12-14
14-16

16-18

. 18-20
20-22
22-24
24-26
26-28
28-30
30-32
32-34
34-36

Ni
(%)

.34
.58
.66
.43
.31

.32

.52
.37
1.13
.71
.39
.15
.13
.26
.36
.35
.25
.23

1025NE

Co
(%)

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

‘DDH = 1200NE

- Depth
(m)

0-2
2-4
4—6
6-8
8-10
- 10-12
12-14
14-16
16-18
18-20
20-22
22-24
24-26
 26-28
28-30

30-32

32-34
34-36.
36-38
38-40-
40-42

(%)

.25
.51

.47

'43

Co
(%)

0.000

0.000
0.000

0.000

0.000

0.000"

0.000
0.000
0.000
0.000
0.000
.159
.085
.029
.047
.085
<053
.026
.028
.022

013

245

28.50.

LINE 500 NW
Fe MgO SiO2
(%) (%) (%)
27 .45 .76 0.
25.80 .63 0.
29.38 .64 0.
16.36 .51 0.
11.80 .51 0.
12.35 .49 0.
"16.47 .58 0.
11.97 47 0.
17.46 15.00 0.
9.50 27.14 0.
9.88 29.28 0.
4.78 23.75 0.
3.84 24.29 0.
6.37 29.76 0.
7.96 30.53 0.
7.90 32.21 0.
5.49 35.01 0.
5.65 35.17 0.
LINE 500 NW
Fe MgO SiO2
(%) (%) (%)
27.80 .79 32.8
33.80 1.04 27.8
22.30 .81 49.3
15.20 .60 64.5
13.60 .63 68.1
12.40 .61 68.9
11.50 .65 74.7
12.00 .85 76.4
13.40 .78 69.6
11.30 .65 76.2
9.40 .60 81.5
35.10 2.25 26.2
13.10 .75 70.3
10.70 .66 73.2
12.90 18.20 50.5
21.80 3.15 54.5
12.80 20.40 48.0.
8.80 -24.20 51.7
9,10  27.00 51.5
7.80 25.50 51.3
7.80 48.5

OCOCOOOCOOOO OO OCOOOOO0O

A1203

(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

A1203

(%)

10.70
7.30
3.61
2.14
1.82
1.56
1.72
1.78
2.32
1.14
. .32
6.50

1.80.

.96
1.51
1.20
1.10
1.12
1.12
1.15

ELEV =

Cr203

(%)

- 0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

ELEV.

Cr203

(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

.0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

154 m

LOI
(%)

0.00
0.00
0.00
0.00
0.00
0.00

- 0.00

0.00 -
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

174 m

LOL
(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
.0.00
9.31
3.49
2.76
7.75
5.90
8.33
9.08
9.05
9.19

8.26



DDH = 1418NE

- Depth
(m)

0-2

2-4
4-6
6-8
8-10

10-12

12-14

14-16

 16-18

DDH

Depth
(m)

0-2
2-4
46
6-8
8-10

10-12
12-14
14-16
16-18
18-20
20-22
22-24
24-26
26-28

28-30

Co

(%)

0.000

- 0.000
.0.000

0.000

- 0.000
0.000

0.000

0.000

0.000

Co
(%)

0.000

0.000
0.000
0.000
0.000

0.000

0.000
0.000

. 0.000

0.000
0.000
0.000
0.000

0.000 -

0.000

LINE 500 NW

Fe
(%)

LINE 500 NW

" Fe
(%)

14.28

16.75
11.91

9.06
13.73

7.85
.8.13
5.93
6.86
5.93
5.33
5.49
- 5.49
5.49
5.60
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MgO
(%)

.86

6.22
31.50
33.51
36.21
34.20
32.82

32.45

35.28

MgO:
(%)

1.73
.87
9.02
18.77
14.98

- 22.70
25.06

25.67
32.40
33.56

28.75

28.78
32.52
34.85
35.00

I\

slololololofoloYo)
[ofoloRoNololoNoYo!

QOO OO OOOOOO0O

Al,O

273

(%)

0.00

0.00
0.00

0.00
0.00

- 0.00

0.00

0.00
0.00

Al,0O

23

(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00

0.00
0.00
0.00

ELEV

ELEV =
Cr 0

273
(%)

0.00

0.00
0.00
0.00

- 0.00

0.00
0.00
0.00
0.00

Cr,0

273
(%)

0.00
0.00
0.00
0.00

- 0.00

0.00
0.00

- 0.00

0.00

- 0.00

0.00
0.00
0.00
0.00
0.00

154 m =

LOI
(%)

0.00

0.00
0.00

0.00.

0.00 -
0.00
0.00

0.00

154 m

LOI
(%)
0.00

0.00
0.00

0.00

0.00

0.00

0.00
0.00
0.00
0.00

- 0.00

0.00
0.00
0.00
0.00



DDH = 1806NE

DDH =

Depth
(m)

0-2
C2-4
4=6
6-8
8-10
10-12
12-14
14-16
16-18
18-20
20~22
22-24
24-26
26-28

Ni
(%)

.22

.21

.19

043
023 o

.20
.28
.17
.34
.64
74
1.14
.87
.68

1921

Co
(%)

0.000
0.000

- 0.000

0..000

0.000.

0.000
0.000

~0.000

0.000
0.000
0.000
0.000
0.000

0.000

0.000

- Co

(%)

0.000
0.000
0.000
0.000
0.000
0.000

0.000

0.000
0.000

0.000 .

0.000
0.000
0.000
0.000

247

500 NW

LINE
Fe MgO
(%) (%)
20.00 .77
11.81 .68
11.85 8.06
0.00 0.00
21.61 .97
11.74 1.00
15.05 1.82
11.16 11.85
8.35 18.61
8.34 26.70
6.79 25.70
8.13 . 23.01
9.03 20.00
7.88 28.46
6.77 31.58
7.31 29.31
'LINE 500 NW
Fe MgO
(%) (%)
20.50 1.00
13.80 . .80
11.10 .60
18.20 .80
11.30 .80
- 9.60 .80
11.30 ©~ .80
7.20 .70
9.40 2.80
- 7.40 15.50
8.70 - 27.20
8.00 28.60
7.40 33.80
7.10 35.30

§i0
(%)

OCOOOOCOCOOOOOO0O0

2

o« e o o

oY==t =oT=l=t=t===T=T=t=ToL=]
0000000000000

COOOOOO0OCO0OO0O

L[] . » . L]

Alzo3

(%)

0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00

0.00
0.00 .

0.00
0.00
0. OO

A1203

(%)
0.00

0.00
0.00

0.00

0.00
0.00
0.00

0.00 .
0.00

0.00
0.00
0.00
0.00

0.00

ELEV =

Cr203

(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
- 0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

ELEV =
Cr,0

273

(%)

0.00
0.00
-0.00

0.00

- 0.00
0.00
0.00
0.00
0.00
0.00

. 0.00
0.00
0.00

133 m

LOI
, (%)

-0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

112 m
LOI
(%)

0.00
0.00-
0.00
0.00
0.00

0.00

0.00
0.00 -
0.00
0.00
0.00
0.00
0.00
0.00



DDH = 2024NE

Depth

(m)

1.04

Ni

(%)

.42
61

.71
.9
.68
.29
.27
.27
.28
.21
.22

Co
(%)
0.000

0.000
0.000

0.000.

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

LINE 500 NW

Fe
(%)

25.10
21.50
14.60
13.00
11.10

9.30

6.60
6.20
6.20
6.40
5.60
5.80

248

MgO
(%)

1.20

2.30
10.00
14.20
12.50
19.40
20.00
22.40
25.10
29.80
33.50

'34.60

e e o

COOO0OOOOOCOOCOO
COO0OO0OOOOOOOOO

COOOCOOO

ELEV =

Cr,0

273
(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

96 m
LO0I

(%)

0.00
0.00

0.00

0.00
0.00

- 0.00

0.00
0.00
0.00
0.00
0.00
0.00



249

DDH = 700NE LINE 1200 NW ELEV = 95 m

Depth Ni Co Fe MgO SiO2 A1203 Cr203 LOI

(m) (%) (%) (%) (%) (%) (%Y (%) (%)
0-2 .42 0.000 36.16 3.60 21.46 12.92 0.00 10.24
2-4 .48 0.000 35.12 3.35 21.16 14.18 0.00 10.92
4-6 1.56 049 27.42 4.00 33.48 13.74 0.00 9.46
6-8 2.82 057 32.71 4.20 26.92 9.90 0.00 9.64

8-10 2.66 055 27.74 4.25 36.00 9.48 0.00 8.74
- 10-12 3.07 040 25.72 2.15 39.80 7.04 0.00 7.84
12-14 2.70 .023 23.81° 4.35 42.56 8.28 0.00 7.78
14-16 2.08 124 16.84 4.85 55.08 8.60 0.00 6.60
16-18 1.82 .028 19.88 4.85 46.46 9.38 0.00 8.64

18-20 1.49 .034 17.80 5.40 49.76 8.78 0.00 9.36
20-22 1.65 .030 19.97 5.40 44.30 10.26 0.00 9.86
22-24 1.67 - .034 21.17 5.40 42.94 9.08 0.00 10.32
24-26 1.70 .031 20.77 5.30 44.48 8.24 0.00 9.76°
26-28 1.97 .052 16.60 5.65 48.80 9.92 0.00 10.74

DDH = 713 LINE 1200 NW ELEV

=92 m

‘Depth Ni Co Fe MgO  Si0, Al,05 Cr,0, LOI

(m) (%) (%) (%) (%) (%) (%) (%) (%)
0-2 a4 .099 37.00 1.00 '21.40 9,90 2.68 7.89
2-4 47 .090 35.50 .90 24.20 9.70 2.63 10.23
4-6 .94 .095 33.20 1.20 29.60 8.32 2.43 8.57
6-8 2.13 .078 30.70 1.60 31.70 7.78  2.22 8.96

8-10 2.60 .088 29.60 1.70 32.50 7.47 2.00 9.05
10-12 2.55 .079 26.70 2.00 38.80 5.89 1.75 8.18
12-14 2.62 .096 30.10 2.60 38.10 4.52 1.54 7.40
14-16 2.28 046 27.00  4.30 47.40 3.81 1.53 7.08
16-18 1.68 041 12.00 6.30 61.30 1.78 .79 5.52
18-20  1.61 .051 16.80 6.20 50.40 2.91 1.10 9.02
20-22 1.65 .017 19.00 '5.10 52.00 2.99 1.04 8.47
22-24 1.87 .038 21.50 5.00 46.50 3.90 1.33 9.52
24-26 1.88 .032 18.10 4.00 -43.20 4.38 1.39 9.47
26-28 2.05 .058 18.80 5.50 48.70 3.88 1.41 8.56
28-30 1.94 .032 18.60 4.50 48.80 3.90 1.30 8.87
30-32 1.66 .046 20.10 5.70 45.10 3.81 1.40 11.05
32-34 1.63 .065 20.50 5.80 40.90 4.30 1.39 11.96
34-36 1.87 034 21.10 6.00 42.10 4.33 1.36 11.33
36-38 1.95 .044 21.60 4.50 46.80 4.41 1.32 8.70
38-40 1.98 .070 21.00 5.10 41.10 4.87 1.62 8.13
40-42 1.99 .069 20.00 6.10 46.40 4.59 1.85 8.01
42-44 2.13 .065 18.30 11.90 42.10 3.87 1.54 8.47
44-46 2.02 . .057 14.90 15.10 48.90 2.23 1.14 7.58



DDH =

Depth
(m)

0-2
2-4
4-6
6-8
8-10
10-12
-12-14
14-16
16-18
18-20
20-22
22-24
24-26
26-28

DDH

Depth

769NE
Ni - Co
(%) (%)
2.25 .095
2.55 .118
4.20 .075
4.75 .056
3.30 042
2.54 .037
1.54 .033
1.23 .031
2.10 .032
1.45 .029
1.23 .028
.51 -.025
.88 .027
.51 .028
= 830NE
Ni Co
(%) (%)
2.41 .076
2.72 .057
2.42  .032
1.89 0.000
1.81 0.000
2.05 0.000
1.65 0.000
1.26 0.000
.79 0.000
.69 0.000

250

LINE 1200 NW

Fe
(%)

34.80
39.30
27.50
18.20
17.20
11.40
11.80
10.10
10.10
9.50
8.90
7.40
7.90
7.30

‘MgO
(%)

1.60
2.10

~7.90

12.90
13.50
13.90
16.50
19.40
17.50
18.60
21.40
29.70
27.70
34.20

LINE 1200

Fe
(%)

27.86
-18.47

12.39
8.87
7.45
7.48
6.98
7.84

-~ 7.16

6.98

MgO
(%)

2.58

6.79
15.35
19.44
22.33
22.27
19.41
24.23
33.06

35.72

(%)

27.1
20.2

32.1

45.1
47.1
57.8

NW .
‘Si0
(%)

36.9
“49.1

2

A1203

(%)

7.80
5.00
4.44
2.35
1.52

1.20
1.19
1.88

0.00

0.00
0.00
0.00
0.00

A1203

(%)

5.36
2.58
1.31
0.00
0.00
0.00
0.00
0.00
0.00
.0.00

ELEV =

Cr203

(%)

2.28
2.33
1.83
1.18
1.01

.90

.91

.67

.70
0.00
0.00
0.00
0.00
0.00

ELEV

Cr203

(%)

2.17

1.68
. .87
0.00
0.00
0.00
0.00
0,00
0,00
0.00

98 m

LOI
(%)

10.47
10.47
9.86
8.12
7.82
7.13 -
8.36
8.79
- 8.48
0.00
0.00
0.00 -
0.00
0.00

112 m

LOI
(%)

7.89
7.87
8.39
0.00
0.00
0.00
0.00
0.00

0.00

0.00



DDH

Depth
(m)

DDH

Depth.
(m)

0-2

RN
0 o B

8-10
10-12
12-14
14-16
16-18
18-20

= 880NE
Ni Co
(%) (%)
.80 O. OOO
.70 0 000
1.55 .102
1.08 0.000
1.62 .062
2.18 . 040
2.59 .028
2.20 .025
2.26 .018
1.72 .012
.89 0.000
.75. 0.000
.34 0.000
.34  0.000
.33 0.000
.43 0.000
.32 0.000
.39 0.000
= 929NE
Ni Co
(%) (%)
.96 .096
1.19 092
2.15 .037
2.29 .031
2.22 .018"
2.01 .017:
2.46 .017
2.05 .016
1.77 .010
1.53 .012

- 7.20

251

LINE 1200

Fe
(%)

36.20
36.48
24.70
24.76
21.93
13.74
10.61
8.54
9.10
7.80
7.45
7.73
7.10
7.38
7.70
6.20
6.92
7.84

MgO
(%)

.82
.90
3.81
1.00
3.06
6.42
17.39
19.50
.26.96
31.30
34.34
32.90
34.22
34.20
33.82

36.53
31.31

LINE 1200

Fe
(%)

27.90
20.10
11.50
12.10
7.80
8. 30
8.40
7.50
6.80

MgO
(%)

.74
1.91
14.10
13.00
18.60
25.30
17.50
22.10
19.10
26.60

25.63

NW

Sio
(%)

>9
(&)

o

COO0O0OCOOCOUWNNNROROO
COO0COOOOCORPNNOYUOONOO

S P vohoum

Si0
(%)_
45.2

I\J

58.0

60.2
49.2
61.4
52.0
62.4
52.6
64.6

55.2

A1203

(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

A1203

(%)

4.28
2.25
.78
.65
.45
1.14

.93

1.44
.48
.47

ELEV =

Cr203

(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

ELEV =

Cr203

(%)

0.00
0.00
0.00
'0.00
0.00
0.00
0.00
0.00
0.00
0.00

133 m

LOI
(%)

0.00
0.00
7.36
0.00
6.35
5.94
9.20
9.58
11.38
9.63
0.00 |
0.00

0.00
0.00
0.00
0.00
0.00
0.00

145 m

LOI
(%)

7.78
5.75.
7.43
7.00
8.21
8.15
8.34
7.57
7.62
7.79



DDH =

Depth
(m)

0-2
2-4
4-6
6-8
8-10
10-12

12-14

14-16
16-18
18-20
20-22
22-24
24-26

26-28

28-30
30-32
32-34

34-36 .

36-38
38-40
40-42
42-44
44-46
46-48
48-50

DDH

" Depth

{m)
0-2

4-6

6-8

8-10
10-12-
12-14
14-16-
16-18
18-20
20-22
22-24
24-26

- 26-28
28-30

961

Ni
(%)

.91
1.03
1.69
1.40

1. 88

2. 48
2.02
1.82
1.34
1.18

.74

.30

Co
(%)

0.000
0.000
.041
. 045
.021
- .019
.017
.015
017
.019
.014
.018
.016
.013
.015
.016
.019
.016
.015
.015
.016
.018
0.000
0.000
0.000

(%)

0 000

.063
.077
034
.026
.022
.026
.025
.014
.020
0.000
0.000
0.000
0.000
0.000
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LINE 1200

Fe
(%)

25.20
14.20
16.20
9.20
8.30

MgO
(%)

2.50
5.10
14.50
20.50

20.60

18.70
17.10
19.10
20.60
25.90
31.90
26.60
32.10
36.30

. 35.00

21.70
22.70
22.10
35.70
32.30
22.40
22.80
24.10
33.60
37.90

LINE 1200

Fe
(%)

36.84

21.32
22.06
12.36
10.61
8.52
10.54
9.80
8.55
9.61
7.78
9.10
8.00
6.25
6.53

MgO
(%)

7.48
18.79

19.61

24.93
28.26
31.90
26.24
28.47
27.35
29.75
30.36
31.19
33.90
36.90
34.81

NW
Sio
(%)

0.0
0.0
49.3
52.8
52.0
52.9

53 7

32 5
38.0

A1203

(%)

0.00
0.00
1.12

1.40
1.48

1 22

1 75
1.50
1.15

1 32
1.24
0.00
0.00
0.00

A1203

(%)

. 0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

ELEV =

Cr203

(%)

141 m

LOI
(%)

0.00
0.00

9.34

9.77
10.27
8.48
-8.45
9.18
11.11
8.12
10.55
10.43
9.65
9.47
8.30
9.11
9.29
8.88
11.30
8.97
9.47
10.45
0.00
'0.00
0.00

= 154 m

LOI
(%)

0.00
10.26
11.12
12.24
12.49

-~ 9.63
- 9,92
10.65
11.14
11.19

0.00

0.00

0.00

0.00

0.00



= 1065NE

Co
(%)
.052
.071

.060
.034

L] 020,

.022
.016
.015
.018
.016
.010
012
.010
.020
.080
.014
.013

1095NE

Co
(%)

.061
.030
.025
.022
.018
.016
.017
.012
.016
.014
-.023
.021
.020
.017
.016
.016

LINE 1200 NW

Fe
(%)

30.50
26.10
19.60
15.20

11.30

12.30
9.30
7.90
9.20
7.90
7.50
8.30

10.80

12.90
8.00
8.20

15.20

LINE 1200 NW

Fe
(%)

27.60
13.80
12.80
16.70
21.10
11.60
12.60

12.50

8.80
16.50
6.10
7.10
7.20
6.00
6.30
5.90

253

MgO
(%)

1.20
.80
.80

22.10
10.50
17.10
12.30
11.60
16.40
20.40
23.40
27.00
25.90
23.80
22.60

29,80 -

34,90

MgO0
(%)
.70

5.40
8.70

9.50

8.60
8.50
13.10

'29.90
30.60.

27.20
21.00
31.30
32.60
33.40
38.00
38.60

OO
OO

o @

oW

COO0COOOOOCOOOOVRrLr WO

e O o

COOCOOOO0CTTOOoOOoOONO

9

OO0 OO OCOOOOOO0O

COO0OOOOOOCOOOOOOOOO

Al,O

2°3
(%)

0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00 -

0.00
0.00
0.00
0.00

Al,0

273
(%)

0.00
0.00

- 0.00

0.00
0.00

.0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

ELEV

ELEV

Cr203

(%)

0.00
0.00

0.00
0.00

0.00

0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00

-0.00

0.00

0.00 -
0.00

Cr,0

273
(%)

0.00

0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00

= 159 m

LOI
(%)

0.00-
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

165 m

LOI
(%)

0.00
0.00

.0.00

0.00
0.00
0.00
0.00 -

0.00 -
-0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00



DDH =

Depth
(m)

O 2

O\-l-\N
OOO\-I-\

3-10
10-12
12-14
14-16
16-18

DDH

Dépth
_(m)

0-2

46
6-8
8-10

10-12

12-14

14-16

16-18

18-20

20-22

22-24

24-26

26-28 -

DDH

Depth
(m)

0-2

o B
o O

8-10
10-12
12-14
14-16

1125NE
Ni Co
(%) (%)
.35  .072
.66  .149
1.06  .051
.98  .037
1.05  .039
.83  .029
.29  .019
.18 .018
.21 .019
= 1128 NE
Ni Co
(%) (%)
.87  .093
1.18  .069
1.85 .141
1.74 044
2.05 .030
2.12  .014
2.06 .027
2.05 . .017
48 .010
1.15 .016
1.20 - .016
43,009
.25  .009
.34 .013
= 1157NE
Ni  Co
(%) (%)
.91 0.000
2.56° .033
1.81  .023
2.10  .020
1.94  .016
.49 0.000
.58 0.000
.79 0.000
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LINE 1200 Nw

Fe
(%)

35.30
45.90
24.70
13.40
12.30
11.40
7.00
6.90
9.40

MgO
(%)

.90
.70
16.70
23.50

'26.50

21.70
35.30

- 36.60

36.10

LINE 1200

Fe
(%)

33.10
35.60
22.90
12.80
10.20
'9.00
8.40

9.10 -

6.00
7.40
7.20
6.20
5.70
6.50

MgO
(%)
.95

.52

13.30
19.00

24.70

24.60
27.90
26.80
30.20
29.60
29.50
30.60
32.10

28.10 -

LINE 1200

Fe
(%)

33.62

- 12.00

7.48
- 7.80
6.90
5.18
6.04
8.27

MgO
(%)

.81
28.58
31.60
32.94
28.08
22.09
23.21
31.15

. Si0

Sio
(%)

2

. . . LI ) . . L)
OCOOOOQOOOO

COOOOOOO0O0O

L3

NW

(%)
33.1

31.0

38.1
48.1
40.8

41.8

43.1
39.6
39.4
41.9
43.0
41.8
41.9
45.0

NW
Si0o
(%)

A1203

(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

A1203

(%)

6.41
3.65
1.30
1.02
'1.33
1.50
1.37
1.61

1.19

1.44
1.44

.98
1.02
1.26

Ale3

(%)

- 0.00
0.00
0.00

0.00.
© 0.00

0.00
0.00
0.00

ELEV =

Cr203

(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00-

0.00

ELEV

Cr203

(%)
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

ELEV =

Cr203

(%)

0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00

168 m

LOI
(%)

0.00
10.00
0.00
0.00
0.00
0.00
© 0.00
0.00
0.00

168 m

- LOI
(%)
8.56

8.54 -
9.48

9.30

11.55
11.88
10.32
11.52
13.56
11.24
9.83
10.53
10.21
9.96

175 m
LOI
(%)

0.00
11.52
10.19
10.96

9.95

0.00

0.00

0.00



DDH =

Depth
(m)

0-2
2-4
4-6
6-8
8-10
10-12
12-14
14-16
16-18
18-20
20-22
22-24
24-26
26-28
28-30

DDH

Depth
(m)

0-2

4—6

6-8

8-10
10-12
12-14
14-16
16-18
18-20
20-22
22-24
24-26
26-28

Ni

(%)

.96

~1.11

2.12
2.64
3.05
2.05
3.67
3.77
3.05
2.51
1.99
1.36

.53

.36

.35

1180NE

Co
(%)

.165
.054
.030
.024
.018
.010
.017
.023
.022
.021
.020
.019
.015

.018

.017

= 1209NE

Ni
(%)

.94
1.42
2.45
2.72

- 2.63

2.41
2.60
2.02
.99
.27
.36
.28
.25
<43

’Col
(%)

0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000

‘0,000

0.000
0.000
0.000
0.000
0.000

255

LINE 1200 NwW

Fe
(%)

32.90
23.50
12.50
9.40
8.20
7.00
7.90
8.50
7.90
7.90
7.50
7.40
- 6.30
6.00
6.40

MgO
(%)

1.40

4.20

-+ 23.30

30.20
31.90
35.20
31.60
29.30
30.00
28.30
30.60
33.10
35.20

30.70-
36.80

LINE 1200

Fe
(%)

37.00

42.70

31.50
14.20
7.60
7.20
8.10
6.50
6.50
6.50
6.70
6.20
6.10
6.40

MgO
(%)

1.00
1.00
9.60
24.60

31.10

31.10

26.20
27.00

31.10
36.20
33.00
37.40
37.30
33.40

SiO2

(%) -
0.0.

0.0
41.9
39.0

A1203

(%)

- 0.00

0.00
2.23
2.14
1.11
.64
- .58
.78
-85
.73
.51
0.00
0.00

~0.00
0.00

A1203

(%)

0.00
0.00
4.98
2.46
1.48
1.20
1.26

.54
0.00
0.00
0.00
0.00
0.00
0.00

ELEV =

Cr,0
(%)

ELEV =

Cr203

(%)

0.00
0.00
2.18
1.08

.64

.55

.63

«56
0.00
0.00
0.00
0.00
0.00
0.00

273

182 m
- LOI
(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00"
-0.00
0.00
0.00
0.00
0.00
0.00-
- 0.00
0.00

189 m

LoI
(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00 -
0.00
0.00
0.00
0.00



DDH = 1228NE

Depth
(m)

DDH
Depth
(m)

0-2

46
6-8
8-10
10-12
12-14
14-16
16-18
18-20
20-22
22-24
24-26
26-28
28-30
30-32
32-34
34-36
36-38

Ni  Co
(%) (%)
1.04  .085
1.97  .101
3.74  .034
4.37 ..018
4.41  .038
3.74  .037
3.10 - .023
2.36  .017
1.26  .016
1.81  .015

= 1253NE -
Ni  Co
(%) (%)
2.21  .038
.76 .059
2.30 .215
1.78 ' .113
2.07 .029
2.44  .019
1.65 .013
2.54  .013
2.62  .012
1.70 .012
.85  .010
.97 . .009
.95  .008
1.51  .007
.75  .010
2.56 . .0l4
1.60 .013
1.19 0.000
.41 0.000

256

LINE 1200 NW

Fe
(%)

38.88
40.30
13.65
8.43
16.55
14.80
10.70
8.58
7.91
7.07

MgO .
(%)
.65

1.28
24,78

28.40

21.38
23.75
27.80
28.00
29.71
29.48

LINE 1200

Fe
(%)

15.30
15.10
44.50
27.20
13.20

8.30

7,50

7.80
6.80
8.00
6.90

6.80

6.60
6.60
6.60
7.20
6.20

7.20

6.380

'MgO
(%)

7.60

.80

1.00

1.30
111.80

28.10
34.40

32.00

32.80
29.50
32.80
31.50
29.70
27.90
33,70
26.20
31.20
33.10
36.30

Sio
(%)

2

22.6

1603
35.7

38.8 -

33.2
35.3
38.9
41.9
43.6
44.7

Si0
(%)

56.7
71.0
11.9
47.6
57.4
45.5
43.7
44,4
42.5
46.8
46.6
45.8
49.7
50.1
44.0
46.2
46.3

0.0

0.0

A1203

(%)

0.00
0.00
0.00

0.00 -

0.00
0.00
0.00
0.00
0.00
0.00

A1203

(%)

2.86
«90
2.24
"1.40

.63

4h

.68
.98
1.18
1.37

1. 20
1.03
1.06
1.38

O 00
0.00

ELEV =

Crzo3

(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

ELEV

Cr203

(%)

1.16
1.32
3.39
2.22
1.09

.62

O 00

196 m
Lol
(%) -

9.45
10.01
12.44
13.08
11.97
10. 38
10.38

9.91
10.54
11.45

203 m
LOI
(%)

6.80
3.83
13.61
6.76
6.76
10.48
8.61
8.87
10. 84
8.05
6.41
9,84
8.21
8.80
10.36
11.06
10.81
0.00
0,00



DDH =

Depth
(m)

.51

1273NE

Ni Co

(%) (%)
.89 0,000
1.36 0.000-
1.47 0.000.
3.72 . .101
2.26 .020
- 1.68 .026
2.67 027
2.26 .014
2.23 .017
2.92 .010
3.51 .018
1.94 ,015
2.06 .019
3.92 011
1.99 .020
1.57 .020
1.43 .026
1.38 .017
.56 .011
.66 .027
2.08 ..010
2.12-  ,.011
2.45 .028
2.43 .014
2.05 .017
1.59 .012
.70 0.000
.68 0.000
.68 0.000
.85 0.000

0.000

257

LINE 1200

Fe
(%)

30.50

31.00
27.00
30.60
20.90
14.60
12.60
7.30
7.80
9.70

- 9.70

8.30
8.30
8.50
12.00
7.90
5,40
8.70
7.90
7.60
7.20
6.20
6.20
'5.70
5.60
5.70
6.30

7.00-

8.10
8.10
7.10

MgO
(%)

0.00
0.00
.20
8.10
3.00
.40
10.70
10.80
16.30
17.40

16.40

7.50

7.90

10.80
7.30
8.00
5.70
8.00

13.90

23.40

21.80
18.60
21.30
29.30
29.10

22.50

36.20
27.20
24.80
26.90
33.30

Al,O

273
(%)

0.00
0.00

0.00-

4.70
3.25
2.45
2.00
1.47
1.42
1.78
1. 45

.53
1.08 -

1.16

.40
.79
.56
.52
1.25
1.20
1.11

74
.56

1.13
0.00
0.00
0.00
0.00

0.00

ELEV =

Cr,0

273

(%)

0.00
0.00
0.00
2.20
1.39
1.12
.85
54
.52

.73

.77
.63
.72

O OO

10.00

210 m

LOI
(%)

0.00.
. 0.00

0.00
9.25
5.39
3.85
5.9
5.17
5.51
7.91

7.76

4.62
4.95

6,12

5.63
5.02
3.77
5.24
6.67
8.98
9.13
9.15
9.40

12.06
11.68

9.09

- 0.00
0.00

0.00
0.00
0.00



DDH

Depth
(m)

0-2
2-4
4-6
6-8
8-10
10-12
12-14
14-16
16-18
18-20"
20-22
22-24

= 1294NE
Ni Co
(%) (%)
5.02 . 040
- 2.94 .030
3.45 . 082
4.16 .063
5.37 .039
3.42 .033
1.47  .017
3.33 .018
2.73 .015
3.43 .020
1.93 .014
.43 0,000
1 = 1317NE
Ni Co.
(%) (%)
.76 0.000
.73 .0.000
.59 0.000
«83 0.000
1.01 074
.96 0.000
.89 0.000
1.77 077
3.01  .076
2.25 .043
2.40 .094
1.49 .033
1.54 .035
1.89 .038
1.09 .026
1.73 .031
1.40 .055
1.05 .052
.42 0.000
1.03 .063

0.000

258

LINE 1200 NW

Fe
(%)
15.00

10.77.

40.00
16.60
9.62
8.20
6.82
7.05
6.56
7.61
6.42
6.02

MgO
(%)

11.09
3.68
2.13

20.00

21.80

27.72

34.40

30.16

33.15
29.37
33.90
37.34

LINE 1200

Fe
(%)
30.30

24.20
15.90

-17.20

18.00
10.30
19.30
27.40

18.70
10.10 -

24.80
9.20
9.80

11.50
7.50
9.10
9.40
8.50
5.10

11.40
6.80

MgO
(%)

.80
.70
.70
1.00
.80

.70

.70

1,40
19.90

27.50
15.30

30.20

22.80
18.90

9.90
23.70
26.20
25.70
24.90
28.30
34.80

SiO2
(%)

47.5
65.1
14.8
33.9
43,1
41.9
42.9
40.8
41.4
41.8
40.6

0.0

=
=

wn

e

o
N

(

o
OOQOWOOOO 92

LMONWYWOOWOOOO

NwwPH
Do N
L] .

~
’_\
&

49 5
51.6
69.1

50.7 .

49.5
46.1
0.0
41.5
0.0

A1203

(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00

0.00

A1203

(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
6.00
0.00
0.00

0.00 -

0.00
0.00
0.00
0.00

ELEV =

Cr203

(%)

QOO OCOOOOOKL
o
o

ELEV =

Cr203

(%)
0.00

0.00 -

0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00

0000 ’

0.00
0.00
0.00
0.00
0.00
0.00

217 m

LOI -
(%)

224 m

LoI
(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00.
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00



DDH = 1353NE

Depth
(m).

- Ni
(%)

.99
1.29

4.19

4.43
5.27

7.16

5.37
4.80
5.48
4.62
4.50
1.94
2.70
3.89
4.44

4.88.

3.59
4.79

5.85

7.12
6.00
3.86

-2.10

.36

1.10

4,82

5.23
4.35

4.72

4,76

1.38
.58
.51

Co
(%)

<113
.067
.066
.053

.052 .

.038
.018
.020

- .027

.031
.019

.019
014

.016
014
.016
.023
.019

014

014
.014
-020
.018

- .009

.010

.015
.015
.013

.ot

.012
.023
0.000
- 0.000

LINE

Fe
(%)

40.10
31.60
20.40
20,00

23.20

13.00
10,90
6.10
9.70
9.80
10.20
7:50
5.70
7,00
5.70
6.60
8.90
8.30
7.90
7.10
7.80
9.90
10.80

- 6.00

7.70
8.50
8.10
7.50
7.10
6.80
7.00
6.60
6.80

259

1200 NwW

MgO
(%)

1.10
1.00
3.80
2.00
2.80
6.00

3.50

8.90
9.80
10.80
9.40
1.30
3.60

14.90
-13.80

15,70
17.40
16.70
16.70
13.60
19.40
20.90
23.80

35.10.

30.60
18.70
17.40
20.10
18.00
21.00
29.90
35,10

-36.70

Sio
(%)

0.0
34.1
48.5
52.3
41.0
54.2
68.6
69.1
59.0
60.9
61,7
79.8

2

79.0

62.6
63.9
58.8
52.7
53,1
51.0
56.6
50.5
45.6

42.5

41.6

44.2

51.0
51.4

'50.8

52.5
48.4
47.8

0.0

0.0.

Ale3

(%)

0.00

0.00
4.09
2.96
4.34
2.61
1.47
1.10
1.47
1.08
1.35
1.22
.74

.58

.78
.84
1.47
1.34
1.50

1.38"

1.81
2.13

.94
0.00
0.00
1.14
1.10
1.50
1.13
1.56
0.00
0.00
0.00

ELEV =

Cr203
‘(%)

0.00

0.00

1.71
1.68
1.86
1.10

.70
.51
.75
.61
.78
.61
W45
4
.45
.46
.65
.66

.60

.62
w92
.84
.62
0.00
0.00
.61

. ‘ .54

.58
.58
.64

0.00

0.00
0.00

231 m

LOI
(%)
0.00
0.00
6.69

1 6.28.

7.84
6.99
5.00
5.77
7.27
7.08

6.59

2.55
3.32
7.34
7.31
8.58
9.11
9.06
8.26
7.22
9.22
9.93
9.35
0.00
0.00
8.28
8.00
7.91
8.05
8.79
0.00.
0.00
0.00



DDH = 1375NE

Depth

(m)

Ni

(%)

.80
1.19
1.50
1.52
1.68
1.41

1.18
1.13

1.61
2.08
2.78
3.25
4.25
5.48
4.45

- 2.75

3.17
4.75
1.36
1.06
1.70
1.75

.85 .

.88

62 L
.018

.61
.69
.51
.42
.23
.15

Co
(%)

.102
151
.129

.135
.140
.093
.084
.087
.090
.061
.042

041

.031
.024
.023

.016

.015
.016

.o011

.013
.015
.021
.016
.020
.023

.016
.016
.010
.016

~.016

LINE

Fe
(%)

42.50

- 36.60

33.10
31.10
31.80
26.10
23.80
23.50
25.70
21.00
18.00
14.40
10.50
7.80
9.30
7.80
7.70
8.90
8.40
8.00
10.10
8.00
7.50
7.10
7.10
7.30
7.10
7.20
6.70
5.80
6.40

260

1200 NW

MgO
(%)

COO0OOCOOOOO

o¥eYeYo¥oRotoR oyl

Al 0

273
(%)

0.00
0.00

- 6.14

5.59
6.46
4.94
4.44
3.73
4.04
2.43
1.83

1.92
1.68

1.38
1.14

1.02

.76

.74

.81
1.35
1.25
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00

ELEV. =

Cr203

(%)

0.00
0.00

2.23
2.31

2.63

234 m

LOI
(%)

0.00
0.00
8.53
8.41
8.61
6.99
6.48
5.96
6.24
5.47
5.27
6.19
7.63
7.99
9.28
7.02
7.09
8.37
8.49
8.55
9.47
8.81
0.00
0.00
0.00
0.00
0.00
0.00

- 0.00

0.00 -
0.00 -



DDH = 1400

Depth
(m)

Ni

Co
(%)

0.000 .

0.000
0.000

- 0.000

0.000
0.000
0.000
0.000
.039
.039

.028

.013
.013

.024
.038
.025

.035
.024

.024
.035
.036
.016
.014
.014

261

LINE 1200 NW

Fe
(%)

46.41
46.78

MgO
(%)

Sio
(%)

2

>3
[ ] L ] L] L]

rpruUBPW '
NSOV EPREQOOOOOOOOO
[ ] [ ] [ ) [ ] [ ] [ ] »
ONOPRPUNVNOOOOOOOOOO

S
w
o

IS NS, We WV, N o)
00 W N~ 00
[ ] e L] ® L]
(VRN N oo We)

47.2

- ELEV. =

A1203

(%)

0.00
0.00
0.00
10.00
0.00
10.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00

.94
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

Cr203

(%)

0.00
0.00
0.00

0.00 -

0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00

0.00.

.10
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

238 m

LOI
(%)

0.00
0.00
0.00
0.00
- 0.00
0.00
- 0.00
0.00
6.22
8.34
8.55
9.04
10.52
8.94
10.16
9.33
9.42
7.50
6.50
8.26
8.82
8.84
9.31

7.49 -



DDH = 1454NE

Depth
(m)

O 2

O‘-l-\N
a:onb

8-10
10-12
12-14
14-16
16-18
18-20
20-22
22-24

24-26

26-28
28-30
30-32
.32-34

34-36

36-38
38-40
40-42
42-44

44-46
46-48
48-50

50-52
52-54
54-56
56-58
- 58-60
60-62
62-64

64-66

.62

Ni
(%)
‘64

.77
.66
.72
.93
.97
.62
.71
1.07
1.00
1.91
2.57
2.55
6.30
5.85

2.77
3.49
2.32

2.15
2.32
3.07
3.67
3.52
3.00
2.56
1.46
1.71
3.29
2.39
2.07
1.40

1.11.

Co
(%)

0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000

0.000
.186
.088
146
.121

. .087

.098
.095
.083
077
.058
017
.028

- .027

.023
.031

0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000

LINE

Fe
(%)

51.37
50.60
50.17
47.08
45.08
44,58
38.00
25.23
26.86
32.01
28.34
34.94
18.26
19.01
16.67
24.60
23.70

23.70

13.79
14.10
9,91
8.97
8.13
10.58
10.63
10.38
10.03
8.76
9.45
8.22
9.33
11.36
8.86

262

1200 NW .

MgO
(%)
.68

.67
.67

.66 .
.82

.73
77
.59
1.12

Sio
(%)

2

0O e e * o s o

OO0 OOOO
POOOOOCOOOO

NP W
wn o
L] - . .
NO

(9]
[uEN
L]

N

54,5

A1203

(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0:00
0.00
0.00

0.00-

0.00
0.00

- 0.00

0,00

0.00

0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

ELEV =

Cr203

(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00 -

0.00
0.00
0.00
0.00

0.00
0.00

0.00

0.00

0.00
0.00
0.00
0.00
- 0.00
0.00
0.00
0.00

0.00
0.00-

0.00
0.00
0.00
0.00

0.00 -

0.00

238 m

LOI
(%)

0.00
0.00 -
0.00
- 0.00
0.00
0.00
0.00
0.00
0.00
8.31
2.37
8.48
6.90 -
5.87
8.82
8.29 .
- 8.14
8.23
11.28
6.96
5.48
9.18
2.49
8.08
0.00
0.00
0.00
0.00
-0.00
0.00
0.00
0.00
0.00"



DDH = 1487NE

Depth
(m)

0-2
2-
b
6

0 O B~

8-10
10-12

12-14

14-16
16-18
18-20
20-22
22-24
24-26

- 26-28

28-30
30-32

32-34

34-36
36-38
38-40
40-42
42-44

4446
46-48

48-50
50-52
52-54
54-56
56-58
58-60
60-62
62-64
64-66

66-68

68-70
70-72

72-74

74-76

76-78
78-80

80-82
82-84
84-86
86-88

3 74
4.00

4.25
3.52
5.14
1.50

1.01
3.02

1.02
.31
3.45
4.02
2.03
1.30
.50
.32

Co
(%)
0.000

0.000
0.000

- 0.000

0.000
0.000

0.000

.385
0.000
0.000

.223

.083

.057

.062

. 049

.046

.043

.040

.050

.065

.081

.072

.068

.095

.094

.054

077

.058
.060
.050
.046

.041
.024
.032
.050

.031
.017
.034
.026
.026
.022

0.000

10.000

263

LINE 1200 Nw

Fe
(%)

45.80
50.70
53.50
51.90
53.20
51.30
49.00

47.70

29.70
26.40
24.90
14.00
12.20
15.40
16.80
19,90
16.80
11.40
10.90

-13.30

13.80
13.60
12.80

-18.10

15.80
12.20
9'40

9.30
~7.70

7.70
7.10
9.10
8.60
6.80
7.10
7.70
6.80
6.90
8.00
7.60
6.90

7.00

6.70
5.80

‘MgO0
(%)

.80
.70

12. 40
21.80
20.30

15.20
18.60
12.30

9.80
17.40
13.60
18.60
19.50
21.80
20.90

20.30

21.80

30.50°

32.90
25.00

- 32.00

28.70
21.50
24.80
29.40
32.50
36.30
31.30

i
e e
L]

OO ULMODOOOOOO

&
~

ONPFPFRPOORROOO0O0O0O0O0O0

w
W
o

54.1

B~
£~C
Hro

4109

e
Wk
NON

39.7

49.8
-50.7

46 ov.3

'54.2

48.2
49.6

- 48.0

49.6

47.6

45.7
43.9
46.0
46.0
50.4
50.1
47.4
46.4
44.7

0.0

A1203

(%)
0.00

- 0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
2.15
1.61
2.30
2.04

- 1.78

2.32
1.28

1.65

1.33

2.54

2.37
2.06
3.09
2.38
1.40

.82

.63
.55
1.02
1.55
.1.60
1.36
.68
0.00

- .99
0.00

0.00
1.72
1.04
1.02
0.00

0.00

0.00

ELEV =

Cr203
(%)

0.00
0.00
0.00
0.00
.0.00

0.00

.0.00
0.00

230 m

LOI
(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
8.89
8.23
7.59
6.85
6.05
6.30
9.26
11.23
11.92
10.32
10.41
10.96
10.42
8.08
8.65
' 6.85
9.16
9.15
9.53
9.55
9.01
9.60
9,57
0.00
10.44
0.00
0.00
8.52
8.30

8.51

0.00
0.00

0.00



DDH

Depth
(m)

0-2
2-4
4-6
6-8
8-10
10-12
12-14
14-16
16-18
18-20
20-22
22-24
24-26
26-28
28-30
30-32
32-34
34-36
36-38

= 1500NE
Ni Co
(%) (%)
.45 .009
.76 .016
.64 .009
.74 .013
.76 .017
.64 .030
.85  .081
.90 .092
.82 .048
.82 .099
1.17 .310
1.28 = .340
1.54  .219
1.28  .320
1.23  .368
1.40  .348
1.66 .214
1.63  .353
1.36  .404

264

LINE 1200 NwW

Fe
(%)

40.51

41.79
49.51
53.05
54.17
54.33
54.98

55.06 -

54.49
50.31
43.20

34.70

27.77
26.97
29.86
26.65
21.67
21.43
23.20

MgO
(%)

.50
.25
.60
.30
.30
.25
.40
.35
.35
.40
.50
.60
.85
.65
.40
40
.70
.70
.70

2
(%)

® s e o @

WO WR R NRENN LS
NOoOVWNOOOOWULTW

WwwiN
OU’!\I
uu\o

35 3

e
Fol
PN

40 8

" ELEV =

Al,0
(%)

20.72
20.88
15.84
13.66
11.60
11.36
9.84
8.82
8.82
10.64
10.64
6.78
4.62
5.40
5.78
6.64
3.52
5.06
5.40

273

Cr203

(%)
0.00

0.00.

0.00
0.00
0.00
..0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

228 m

LOI
(%)

14.96

13.58
9.76
7.54
6.24
6.58
5.28
5.56
6.20
7.20

11.64
8.86
8.60
8.88

8094 .

8.08
6.76
7.14
7.90



DDH =

Depth-

(m) -
O 2

0\4‘-\N
OOO\J-\

8-10

10-12

12-14
14-16
16-18
18-20
20-22
22-24
24-26
26-28
28-30
30-32
32-34
34-36
36-38

38-40

40-42
42-44
llibi6
46-48
48-50

50-52 .

52-54

54-56

56-58
58-60
60-62
- 62-64
64-66
66-68
68-70
70-72
72-74
74-76
76-78
78-80

.53

1511INE

Ni Co

(%) (%)
.46 0.000
.65 0.000
.77 0.000
.57 0.000
.58 0.000
.68 0.000
.72 0.000
.94 0,000
.72 0.000
.86 0.000
.94 0.000
1.14  .107
1.51 .123
1.48 .216
1.36 217
1.85 .503
2.14 .179
1.58 .125
1.28 .099
- 2.73 .080
3.39 .072
3.21 .069
2.34  .151
2.86 149
2.55 .102
2.28 .046
3.20 .046
2.29 .044
2.68 .071
2.47 .036
3.36 .034
2.66 .033
2.04 .022
1.42 .021
.75 0.000
.59 0.000
.40 0.000
1.04 .023
1.18 .023
0.000

LINE

Fe .
(%)
42.30

13.50
42.10

22.30°

57.60
54.30
52.50
55.10
55.90
50.50

54.70.

51.00
37.10
30.40

22.30 -

26.40

22.50

19.40
23.20
20.50
15.70
16.70
22.60
17.10
12.30
8.10
8.70
8.80
13.90
10.80
7.80
8.80
"8.00

8.20

6.90
6.50
6.40
6.50
6.60
6.90

265-

1200 Nw

MgO
(%)

1.00
1.00

PFXOOOOOOOOOOOO

« s e s e

CUVWOOOODOOCOOOOO

Al,O

273
(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

ELEV =

Cr,0

273
(%)

0.00
0.00
0.00
0.00

0.00 °

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00

0000

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

- 0.00

0.00

0.00

0.00
0.00

224 m

LOI-
(%)

0.00
0.00
0.00
0.00
0.00

- 0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

-0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

;,0.00

0.00
0.00

. 0.00

0.00

-“0.00
.0.00
-0.00

0.00



DDH =

Depth
(m)

1535NE
Ni Co
(%) (%)
.39 0.000
.49 0.000
.59 0.000
.57 0.000
.66 0.000
.88 0.000
1.22 .091
1.47 .090
1.37 .092
1.48 .154
1.73 . 300
2.13 .276
1.71 . 249
1.16 .172
1.13 .131
.99 .100
2.18 .059
3.56 .080
1.96 .085
1.61 .220
.90 .226
1.58 .264
1.14 +091
3.57 . 046
2.70 .026
1.22 - .025
.65 0.000
.40 0.000
.43 0.000
.56 0.000
.32 0.000
.39 0.000
.64 0.000
.27 0.000

LINE

Fe
(%)

36.75
35.56
40.93
41.62
44,82
44.58
47.84

"47.67

48.34
45.71
38.72
28.66
25.61
23.85
23.73
21.48
18,21
19.69
22.83
28.46
19.62
23.39
15.00
11.71
11.42
13.84

8.69

8.90
10.06
11.96

7.75

9.66
11.05

7.08

266

1200 NW

MgO
(%)

.53
.52
67
.73
.77
.86
.92
.96
.96
1.25

- 1.24

1.15

1.12.

2.96
3.08
4.58
10.75
7.90
2.40

2.40

2.45

4.14

6.33
19.09
22.36
20.17
28.38
30.81
29,36
26.29
28.55

27.19

26.45
36.28

w -

SCWUMHAPPLWOOOOOO
o » L] L] [ ] L] . L] L] L] L] .
VMEBEPNOCONOCOOOOO0O

. S~ PpPn
COOOOOTCOWhoWL
COO0OOCOOOCONNPO

e o o s o

Al,O

273
(%) .

-0.00

0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00

0.00
0.00
0.00

- 0.00

0.00
0.00
0.00
0.00
0.00
0.00

0.00 -

0.00
0.00

ELEV =

Cr,0

273
(%)

- 0.00

0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00

.0.00

0.00
0.00

217 m

LOI
(%)

0.00
0.00
0.00
0.00
0.00
0.00

110.35

9.74
4,70
8.44

13,13

3.13
12.29
12.87
11.61

9.19

9.60
11.09
10.57
12.42
'9.74
12.16

8.73
11.18
10.59

9.55

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00



DDH = 1554NE

Depth
(m)

Ni
(%)

.35
.45
.51
.64
.62
.57
.59
.89
1.31
1.48
1.59
1.72
1.44

1.44

1.57
1.65
1.46
1.89

1.55

1.15
1.21
' L] 84

.87

.82
2.93
3.68

1.72

1.06
1.04
3.37

2.64

2.75
2.77

2.95

3.32
2.06

1.96
1.24

'68
1.07

S 1.19

.66
.66

1.04-

1.13
.63
.29

Co
(%)

0.000
0.000
0.000
0.000

.0.000
0.000

0.000

0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

. 0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000-

0.000

0.000

0.000
0.000

0.000
0.000
'0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

LINE

Fe
(%)

31.16

28.45
34.32
26.13
40.95
40.80
42.83
45.61
47.12
52.24
50.43
49.53
48.17
48.48

49,23

49,98
44.18
35.23

28.00

24.99
28.45

34.02

28.34
20.70
12.65
17.46
12.80
10.84
11.29
18.97
12.19

10.01

10.99

9.94
10.69
11.97
12.38

9.33°

8.43
7.23
7.68
7.38
7.60
8.88
9.63
8.73
6.93

267

1200 NW

MgO0 SiO2
(%) (%)
.27 0.0
41 0.0
45 0.0
.48 0.0
.69 0.0
.79 0.0
.66 0.0
.74 0.0
75 3.8
.64 4.2
.67 4,6
.67 3.2
1.13 4.8
.94 6.7
1.02 6.1
1.09 7.6
1.14 12.5
1.38 18.6
1.03 32.8
.88 43.2
1.11 30.6
.95 39.5
.93 39.5
2,56 50.4
19.46 42.3
8.98 43.4
2.63 62.1
2.06 67.8
2.42 68.0
9.94 40.3
21.97 43.0
24.11 43.3
23.71 42.6
22.55 46.0
20.67 46.0
12.98 53.4
13.38 52.0
17.26 55.8
27.31 0.0
26.51 0.0
29.33 0.0
32.42 0.0
31.93 0.0
31.76 0.0
27.80 0.0
31.55 0.0
37.62 . 0.0

A1203

(%)

0.00
0.00
0.00
0.00

- 0.00

0.00
0.00

- 0.00
0.00 -

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00

. 0.00 -

0.00
0.00
0.00
0.00

- 0.00
0.00"

0.00
0.00
0.00
0.00
-0.00
0.00

- 0.00

0.00

- 0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

ELEV =

Cr203

(%)

0.00
- 0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
- 0.00
0.00

0.00

- 0.00

0.00

0.00

0.00

0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00

- 0.00

0.00
0.00
0.00
- 0.00

0.00
0.00
0.00
0.00

0.00 -

0.00
0.00

0.00 -

0.00

0.00

213 m
LOT
(%)

0.00-
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
10.00
0.00
0..00
0.00
- 0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00



DDH =

Depth
(m)

1.64

1.86
1.61
1.42
1.17
2.36
.80
.33
.40
.71
1.97

1572NE

Co
(%)

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000.

0.000
0.000
0.000
0.000

- 0.000

0.000

0.000.

0.000
0.000
0.000
0.000
0.000

+ -0.000

0.000
0.000
0.000
0.000
0.000
0.000

0.000

0.000

0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000 -

LINE

Fe
(%)

35.90
29.30
31.70
35.90
39.50
41.60
39.70
40.70
41.30
43.90
46.80
47.90
51.40
48.40
49.80
51.40
48.10
48.30
43.00
37.00
33.00
27.50
25.30
30.50
30.00
19.20
9.30
11.70
11.60
13.10
10.60
9.70
7.50
8.30
9.40
7.60
8.90
9.00
8.60
9.30
8.80
7.70
8.70
6.40
6.80
- 7.50
8.10

268

1200 NW
MgO SiO2
(%) (%)
.70 0.
.70 0.
.60 0.
.70 0.
70 0.
.80 0.
.90 0.
1.00 0.
1.00 0.
.80 0.
.90 0.
.90 0.
1.10 0.
"1.10 0.
1.30 0.
1.30 0.
1.40 7.
1.40 8.
1.20 16.
1.30  23.7
1.90 28.7
1.70 40.5
2.00 40.8
2.60 28.2
2.20 26.7
15.80 34.4
22.80 47.4
23.10 42.0
20.40 42.7
16.20 46.5
19.30 48.2
22.40 46.2
16.70 57.5
26.00 '43.0
25.00 39.9
28.90 42.0
25.50° 43.5
21.40 47.1
24.60 47.1
25.60 43.9
24.40 46.6
19.40 52.3
26.60 43.1°
30.30 44.8
30.20 44.2
23.50 52.2
18.30 54.5

NMNOOOOOOOOCOOODOCOOO0COOO

CO0O00O000
o
S

0.00
0.00
9.03
8.32
6.97
6.14
3.73
2.65
3.40
5:65
5.95
3.08

.80
1.45
2.40
2.06
1.46
1.49

1.35
1.36

1.80
1.32
1.77
1.34
1.51
1.61
1.10
1.53
2.05
1.00
1.00
1.16

1.18

ELEV =

Cr203

(%)

0.00
0.00
0.00
0.00

0.00

0.00
- 0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
3.45
3.60
3.75
3.03

210 m
"LOI
(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
10.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00"
0.00
0.00
0.00 -
0.00
0.00
0.00
0.00 .

0.00 -

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00



269

DDH = 1572NE LINE 1200 NW "ELEV = 210 m
(Cont.)

9496 2.11 0.000 7.30 16.20 59.1 .66 .82 0.00
96-98 1.31 0.000 8.70 16.10 0.0 0.00 0.00 0.00
98-100 1.46 0.000 6.80 16.20 0.0 0.00 0.00 0.00

100-102 .77 0.000 8.60 16.50 0.0 0.00 0.00 0.00

102-104 .86 0.000 8.10 17.10 0.0 0.00 0.00 0.00

104-106 .87 0.000 8.30 15.40 0.0 0.00 0.00 0.00

106-108 1.37 '0.000 6.40 12.70 0.0 0.00 0.00 0.00

108-110 1.49 0.000 7.40 20.60 0.0. 0.00 0.00 0.00

110-112 .49 0.000 6.20 19.40 0.0 0.00 0.00 0.00

112-114 .50 0.000 6.10 30.20 0.0 0.00 0.00 0.00

0.0

114-116 .27 0.000 5.90 32.70 0.00 O:OO 0.00



270

DDH = 1590NE LINE 1200 NW ELEV = 207 m

Depth Ni Co- Fe Mgo  S§10, A1203 Cr203 LOI

(m) (%) (%) (%) (%) (%) (%) (%) (%)
2 .21 0.000 32.82 .34 0.0 0.00 0.00 - 0.00
4 .19 0.000 24.09 .34 0.0 0.00 0.00 0.00
6 .30 0.000 21.38 .24 0.0 0.00 0.00 0.00
8 .41 0.000 29.51 1.04 0.0 0.00 0.00 0,00
8-10. .45 0.000 33.87 .76 0.0 0.00 0.00 0.00
10-12 .49 0.000 36.88 .56 0.0 0.00 0.00 0.00
12-14 .51 0.000 39.14 .62 0.0 0.00 0.00 0.00
14-16 - .53 0.000 39.29 .84 0.0 0.00 0.00 0.00
16-18 .77 0.000 42.15 1.02 5.5 0.00 0.00 0.00
18-20 1.50 0.000 47.42 .76 6.1  0.00 0.00 0.00
20-22 1.71 0.000 50.58 .69 4.9 0.00 0.00 0.00
22-24 1.86 0.000 49.83 .88 5.2 0.00 0.00 0.00
24-26 1.71 0.000 49.68 .75 " 6.8 0.00 0.00 0.00
26-28 1.53 0.000 50.76 .73 6.4 0.00 0.00 ~0.00
28-30 1.56 0.000  49.83 <95 7.6 0.00 0.00. 0.00
30-32 1.58 0.000 48.93 1.09 8.7 0.00 0.00 0.00
32-34 1.24 0.000 44.41 1.23 15.1 0.00 0.00 0.00
-34-36. 1.09 0.000 30.26 1.17 35.5 0.00 0.00 0.00

36-38 1.33 0.000 24.24 1.26: 44.2 0.00 0.00 0.00 -
38-40 1.78- 0.000 26.19 1.50 41.6 0.00 0.00 0.00 -
40-42 1.35 0.000 22.58 1.17 -5t.6 0.00  0.00 0.00
42-44 1,31 0.000 20.17 1.24 51.7 0.00 0.00 " 0.00
44-46 1.93 0.000 19.42 2.65 49.8 0.00 0.00 0.00
46-48 2.66 0.000 16.33 2.80 49.3 0.00 0.00. 0.00
48-50 3.55 0.000 13.32 6.85 38.5 0.00 0.00 0.00 -
50-52° 3.62 0.000 11.89 22.80 38.4 0.00 0.000 0.00
52-54 2.16 0.000 15.81 23.79 40.9 0.00 0.00 0.00
54-56 1.13 0.000 15.20 17.53 52.5 0.00 0.00 0.00

56-58 2.23 0.000 13.65 9.73 53.3 0.00 0.00 0.00

58-60 4.78 0.000 10.22 19.00 47.27 0.00 0.00 -0.00
60-62 3.07 0.000 11.44 18.98 41.3 . 0.00 0.00 0.00
62-64 3.16 0.000 11.52 23.71 42.7 0.00 0.00 0.00
64-66 4.61 0.000 12.04 21.82 43.9 0.00 0.00 0.00
66-68 3.14 0.000 11.29 23.41 42.5 0.00 0.00 0.00
68-70 3.20 0.000 13.25 21.93 39.4 0.00 0.00 . 0.00
70-72 2.85 0.000 11.89 24.31 40.2 0.00 -0.00 0.00
- 72-74 2,53 0.000 9.79 23.57 46.3 0.00 0.00- 0.00
74-76 1.75 0.000 9.94 26.39 43.9 0.00 0.00 0.00
76-78 .53 0.000 7.53 32.82 42.3 0.00 0.00 0.00
78-80 .53 0.000 7.53 33.77 41.9 0.00 0.00. 0.00

80-82 .34 0.000 7.53 37.33
84-86 .25 0.000 6.32 38.64

0 0.00 0.00 0.00
0 0.00 0.00 0.00
0

0
82-84 .29 0.000 7.15 39.26 0.
0 0.00 0.00 0.00



DDH =

Depth
(m)

0-2
2-4
4-6
6-8

38-10.

10-12
12-14
14-16
16-18
18-20
20-22
22-24
24-26
26-28
28-30
30-32
32-34
34-36

36-38 |

38-40
40-42
42-44

- 44-46
- 46-438

48-50
50-52
52-54

54=56

'56-58

58-60

60-62
62-64
64-66
- 66-68
68-70
70-72
72-74

74-76 -

76-78
78-80
80-82
82-84
84-86
86-88
88-90
90-92
92-94

94-96

Ni  Co
(%) (%)
.34 0.000
.25 0.000
.25 0.000
.38 0.000
.46 0.000
.45 0.000
.56 0.000
.62 0.000
.68 0.000

1.03 0.000

1.35 0.000

1.77 - .047

1.61 .071

1.62 .038

1.69  .050

1.63 .034

1.45  .058

1.37 - .060

1.48  .067

1.26  .064

1.56  .062

1.45  .110

1.75 = .292

1.70  .235

1.81  .381

1.84  .295

2.33  .219

3.45 .118

3.61  .132

1.65 .198

1.00° " .279
.90 -~ .182

2.03 .104

3.58  .075

3.20  .060

4.01° - .058

3.10 .039

2.68  .032

2.93  .024

1.85 .021
.74 0.000
.43 0.000
.34 0.000
.74 0.000
.64 0.000
.60 0.000

1.49 0.000

1.11 0.000

1607NE

LINE

Fe
(%)

34.00
29.00
28.76
28.90
28.00
34.50
36.40
41.50
40.90
45.30
50.70
48.60
48.00
52.70
51.10
51.26
48.00
51.00
47.60
47.70
48.70
45.40
36.41
31.00
33.90
29.20
24.50
18.70
18.30
26.40
21.80

21.00

25.20

18.00"

13.20
14.36
13.00
12.26
10.66
11.26
9.80
8.66
7.70
8.10
" 8.00
11.20
8.30
7.46

271

1200 NW

MgO

R
NOROBXNONRNOOROOCODOOOOOOD

NEPENWWROURUNNWOOOOOOOOOOOOOO

N

coococoocoo
CO00OOOOW®

Al,0

273

(%)

0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00

8.83°

8.47
6.63
8.50
7.70
9.64
7.74
8.13
8.88
8.51
7.10
8.04
6.13
6.08

3.37 -
3.39

1.99
2.33
3.03

- 3.44

2.06
3.25
2.54
1.93
2.41
1.98

-1.70
1.44

1.66
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

ELEV =

Cr,0

273
(%)

0.00
0.00
0.00

206 m

LOI
(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00

10.00 -
- 0.00

0.00
0.00
9.56
10.54
7.61
6.54
6.11
7.47
7.05
7.91
7.49
5.54
8.23

11.64

11.48
12.31
12.64
11.76

9.75
13.41
12.28
11.98
12.69
13.55
12.17
10.48
12.11
12.76
11.99

11.26 -

11.34
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00



DDH =

 Depth

(m)

1636NE

Co
(%)

0.000

0.000
0.000

0.000

0.000
0.000
0.000
0.000
0.000

0.000
) 00000

0.000
0.000
0.000
0.000

'0.000

0.000
.068
.037
.043
.039

042

.047
.036
.037

.038

.045

.053
. 046
. 040
.025

- .024
.023
.028
.027

0.000

0.000

- 0.000

0.000
0.000

LINE

Fe
(%)

33.20
30.60
26.70
27.30
30.70
35.00
46.00
47.00
50.30
47.50
30.30
49.10

47.80

45.60
27.00
17.10
22.40
18.30
10.60
11.70

9.40
13.30
12.10
11.40
10.10
10.80
11.90
14.20
13.50
12.20

8.10

9.60

9.20

- 10.40

10.00
11.00
10.10
7.10
6.70
6.50

272

1200 NW

MgO
(%)

e o

Naololeolofeolofofololofolololololole!

°

OO OOCOOOOOCOOOOOOOOOO

o e o e e o

(O
ol
e

v
SO,
. L] L] »
o= Qo

e
[NV N
(o) > e  Wo o]

Al,O

273
(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

- 0.00
0.00

0.00
2.80

.72

.77
1.15
1.56
1.84
1.41
1.60
1.62
2.05
1.87
1.73
1.05
1.68

1.45
1.72
0.00

0.00 .

0.00
0.00
0.00

ELEV =

Cr,0

273
(%)

203 m

LOI
(%)

'0.00
0.00
0.00
0.00
0.00 -
0.00
0.00
0.00

. 0.00

0.00
0.00
0.00
0.00
0.00
0.00

1 0.00
0.00
7.88
8.95

10.13
8.71

. 10.28

9.61
9.40
9.70
9.79
9.80
9.68
6.29
9.57
6.68
10.19
9.94
10.89
11.18
0.00 -
0.00.
0.00
0.00
0.00



DDH
Depth
(m)

0-2 .
2-4
4-6
6-8
8-10
10-12

12-14

14-16
16-18
18-20
20-22
22-24
24-26
26-28
28-30
30-32
32-34

34-36
36-38
38-40
4042
42-44
Ll~4o6
46-48
4:8-50
50-52
52-54
54-56
1 56-58
58-60
60-62
62-64
64~66
66-68
68-70
70-72
72-74
74-76
76-78
78-80
80-82
82-84
84-86
86-88
88-90
90-92
92-94

= 1660NE .
Ni Co
(%) (%)
.24 .013
.34 .014
.55 .011
«56 .012
.60 .010
57 .018
44 .050
.55 . 040
.90 042

1.05. .041

1.00 .050

1.92 .079

2.53 .047

3.24 .051

3.15 .057

2.77 .054

3.40 .036

3.15 .034

2.24 .034

2.25 ..040

2.73 .038

3.33 .034

3.00 .039

3.29 .024

3.01 .021

3.00  .020

3.63 .026

3.83 .030

3.35 .025

3.46 024

3.45 026

3.60 .024

3.79 .022

3.36 .029

2.95 ° .020

3.58 . .021

3.25 .027

3.50 .026

3.64 . .031

3.60 .025

2.90 .019

2.60 017

2.69 .017

2.02 .014

2.84 .019

2.03 .011

2.35 .014

273

LINE 1200 NW

Fe
(%)

31.50

33.70

40.60
52.80

50.10

43.70
31.90
42.00
36.90
34.80
29.20

27.90 -

16.60
17.00
19.40
15,80
13.30
11,90
12.50
14,50
18.80
15.70
17.10
10.50

7.50

8.80

10.90
10.70
8.40

9.10
9.90
8.80
8.90
10.90
8.90
8.60
8.70
8.80
10.30
8.00
7.50
6.90
6.90
5.80
6.20
4.80
4.70

MgO
(%)

1.20
1.30
.70
.70
1.30
.80
.80
.70
.70
.80
.90
2.70
13.10
15.70

17.70-

12.90

- 20.40:

18.00
12.10
7.70
8.20
15.20

13.30-

21.10

22.30

24.60
21.60
14.10
18.40
20.40
17.10
18.50
20.00
18.20
23.70
23.40
15.20
14.20
15.00
15.20

119.90

22.60
16.70
16.60
18.20
14.40
15.20

W W W '
LONOOOOOOOOOOD

Sio
(%)

2

POANODOOOOQOOOOOO

w
U'l
DJ

40 8

W

U)G\
L]

U'IU1

50.3
51.6
42.1
38.0

36.5

42.1.

47.0
41.5
41.1

- 49.3

47.6
51.3
50.5

51.4

49.0
44.2

48.4 |
48.2

51.5

52.8:
49.4

54.3
54.4
53.8
60.4
62.2
57.9
66.7
66.4

A1203

(%)

0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
O 00

ELEV =

Cr203

(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00

0.00
0.00
1.48
.96
.98
.94
.92
.71
.66
W71
.96
1.12
.90
1.15
.66
.51
47
+61
.66
.51
.50
.56
.63
.62
.79
W51
.60
.56
.61
.67
.59
47
.37
.35
.53
.40
.38
.28

201l m
LOI
(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
10.50
10.37
10.18
10.68
9.75
10.62
9.34
7.61
6.87
8.93
9.51
10.10
9.97
9.12
10.81
10.97
9.33
10.23
10.87
10.92
10.55
10.55
11.28
10.44
10.47
10.37
9.97
10.93
9.64
9.09
9.31
8.04
7.33
8.31
6.20
6.49



DDH

94-96
96-98

- ..98~100

100-102
102-104
104-106
106-108

1660NE

3.60
2.44
3.31
2.80
2.58
2.35

1.58

.019
.013
.022

.022
.023

.016
.008

274

LINE 1200 NW

6.380°

7.60
7.30
8.10
8.80
7.70

-9.00

(Cont.

21.80
25.20
26.20
27.00
26.90

- 29.50

8.90

50.8
46.6
44.3
39.2
29.9
42.0
40.3

1.26
1.39
1.25
1.65
1.65
1.20
1.10

ELEV =

20l m

9.71
10.38
11.12
12.18
12.39
11.72
12.55



@

= 1678 NE

Ni Co
(%) (%)
.26 0.000
.41 0.000
.63 0.000
.70 0.000
.92 0.000
1.00 .099
.92 0.000
.73 0.000
1.71 . 048
2.67 . .062
2.67 . 049
2.44 .059
1.16 . .068
1.78 .047
2.25 ,071
3.46 .056
4.58 .034
4.06 .030
3.42 .025
3.34 .028
- 3.34 .036
3.58 .023
3.24 .019
3.30 .014
3.30 .016
2.58 .025
2.58 .020
3.36 .019
3.55  .017
3.44 .019
3.07 .019
3.07 .017
2.55 .022
2.95 .020
3.47 .026
4.18 .026
4,32 .022
3.49 .024
3.14 .016
4,02 .018
3.83 .015

275

LINE 1200

Fe
(%)

31.63
32.89
41.12
47.00

48.64

45.60

47.21

43.03

24.00
13.92 -

13.92
16.35
20.32
23.42
25.57
14.05
12.06
12.92
11.10
10.93
15.86
14.10
10.70
9.41
8.93
13.75
11.64
8.08
8.19
8.54
9.44
7.96
9.14
10.18
10.32
9.15
9.48
8.90
7.39
7.17
6.70

MgO
(%)

IS
N

NW

Si0
(%)

9
N

NUOOOwOoOOOOoOo

® ® & .8 ¢ ° o s o o

W

\I\D
.

00

33.8
A
44,7
49.0
48.6
49.2
47.9
40,3
43,2
45.5
45.2
35.1
39.8
45.3
44.3
42.6
43.7
45,3
47.6
46,9
48.9
49.7
46.3
50,7
51.9
51.6
49.0

CAOVWPFPOOCWOOOOO

A1203

(%)
0.00

0.00
0.00 -

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
- 0.00
0.00
0.00
0.00

0.00.
0000

0.00
0.00
0.00
0.00
0.00

- 0.00

0.00

- 0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

ELEV =

Cr,0

2°3

(%)
0.00

0.00
0.00

0.00-

0.00
0.00

- 0.00

0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00

0.00 -
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

196 m

LOI
(%)

0.00
0.00
0.00
0.00
0.00
8.03
0.00

- 0.00

8.01
9.36
12.31
10.08
9.48
7.55
9.53
8.63
9.68
8.85
9.17
9,77
9.68
10.92
11.23
10.51
10.72
14.30
12.58
11.07
11.11
11.58
12.22
9.03
10.93
13.91
11.98
8.92
12.22
10.76

'10.14

9.06
10.43



DDH

Depth
. (m)

= 1700NE
Ni  Co
(%) (%)
.26 0.000
.44 0.000
.67 0.000
.85 0.000
1.17  .017
1.59  .020
1.57  .036
1.66  .057
1.66 .115
1.48 .107
1.40  .141
1.95  .183
2.91  .09%
2.99  .035
2.99.  .023
3.47  .020
2.26 - .050
1.76  .063
1.88  .052
1.95 ~ .045
1.87  .041
3.73  .037
2.56  .023
2.17  .020
2.48  .025
2.58 -.020
2.85 .030
2.48  .028
2.31  .031

276

LINE 1200 NW

Fe
(%)

36.63
30.94
39.11
45.93
50.17
51.62
53.86
49.85

47.69

45.45
40.80
33.98
25.73

18.84"

16.83
15.55
24.69
25.49
26.53

25.65 .

24.37

23.40

18,11
16.51
18.92
18.84
19.24
16.40
21.16

MgO
(%)

.20
.35
.45
.35
+50

Si0
(%)

2

e
~N R
L] L ]

'.-\

WOOUNNMNUVORNWPRONO

e e o e & ¢ e ©

WWWwN =
VPWRERPYNLODLOWLWEREOPE

w
&
S

38 3
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0 00 k= G
10 O O L

40 5

34.8
34.0
38.8

34.2 -

35.6
35.8
35.4.

33.1

Al,O
(%)

20.84
24.82
20.65
17.06

13.22

11.36
9.04

12.48

12.46

13.12

10.68
8.60
5.82
3.72
3.08

3.08.

3,96
5.06
5.14
5.20
5.40
4.20
3.52
3.40
3.96
3.64
4.52
3.28

5.15

273

ELEV =

Cr203

(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00

0.00"
0.00.

0.00
- 0.00
0.00
0.00
0.00
-0.00
0.00
0.00
0.00
0.00
~0.00
0.00

0.00 -
0.00

0.00
0.00
0.00
0.00

191 m

LoI
(%)

14.90°
12.76
14.04
9.36
7.14
7.16
7.70
8.30
- 8.86
745
11.04
12.18
10.98
12.48
12.12
12.16
10.00
9.04
9.34
9.58
9.66
11.38
11.86
10.76
11.96
11.34
11.84
12.28
12.40



DDH =

Dépth
(m)

0-2

®J>h3

=4
e
-8
8-10
10-12
12-14
14-16
16-18
18=20
20-22
22-24
24-26
26-28
28-30
30-32
32-34
34-36 -

36-38

38-40
40-42
42-44

44-46

46-48
48-50
50*52'
52-54
54-56
56-58
58-60
60-62
62-64
64-66
66-68
68-70
70-72
72-74
74-76
76-78
78-80
80-82
82-84
84-86
86-88
88-90
90-92
92-94

1707NE

Ni Co

(%) (%)
026 011
.52 011
.69 . .009
.92 .012
1.27 .016
1.50 .018
1.67 .036
1.57 .078
1.53 .157
1.33 104
1.56 .180
1.36 .100
1.69 .263
1.28 = .163
-1.27 w172
1.91 142
3.33 .053
2.35 .036
2.92 .036
2.04  .049
2.02 .056
3.58 .092
3.45 .092
3.50 .052
2.94 . 044
2.48 .041
2.54 .037
2.14 .031
2.58 .019
2.46. .024
2.01 .023
1.63 .028
“1.32 .023
1.90  .032
2.50 .030
2.37 .019
2.51 .018
2.56 .020
2.56 .020
2.85 .016
2.48 .015
2.61 .017
2.81 .019
2.30 .016
2.09 .013
2.82 .017
2.90 .012

LINE

Fe
(%)

33.50
32.30
43.60
49.50
50.00
51.40
56.30
49.10
47.80
46.80
46,00
46,30
34.30
35.20
33.00
25.00
16.50
11.60

12.80

18.20
20.30

15.70

13.80
13.70
13.30
13.30
13.40
15.10
10.90
10.80
10.00
13.10

8.70

-10.80
11.30

9.30
10.50
10.10
10.10

6.80

7.40

8.50
10.10

8.50

8.00

7.70

7.50

277

1200 Nw

MgO
(%)
1.40

1.00
.90

1 1.00

1.00
.70
.70
1.00
1.00
1.10
1.30
1.10
1.60
1.60
1.70
4,20
9.00
13.40
18.20
6.90
4.80
19.60
15.00

19.40
23.20

19.00
19.50
14.20

22.10

24.50
14.90
11.00

9.00
13.60
20.90
24.40

22.10 -

18.20
18.20
25.20
27.80
23.70
17.50
23.60
24.90
20.30
24.40

CONPUNPAPUNNOOOOO
L ONONUVIONOOOOO

SN
ONWO

o o L] [ ] . L] » (]
Qoo

v
NO
® *
N~

MNP o
OO
CRREKY

45.3

47 8

48.4
52.0
49.7
49.5
54.0
52.0

A1203

(%)

0.00
0.00
0.00
0.00
0.00

7.24

5.29
9.65

- 10.75
- 11.83

9.98
12.14
7.94
8.04
6.33
1.77
1.05
.81

1 438
3.59
2.58

1.91

2.67
2.37

- 2.04

1.87
2.15

1:53 -

1.66
1.05
.83

.68

1.11
1.76

1.81 -

1.14

ELEV =

Cr203

(%)

0.00

- 0.00
0.00
- 0.00
0.00
3.38
1.80
2.88
3.15
2.77
1.90

189 m

LOI
(%)

0.00
0.00
0.00
. 0.00 -
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
- 0.00

0.00

-0.00
0.00
0.00
0.00
0.00
0.00
0.00

- 0.00
0.00
0.00
0.00

0.00 -

0.00
0.00
0.00
0.00°
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00 .



DDH =

94-96

96-98

98-100
100-102
102-104

- 104-106

106-108
108-110

110-112

112-114
114-116
116-118
118-120
120-122
122-124
124-126
126-128
128-130
130-132
132-134
134-136

1707NE

2.57
3.03
2.58
1.45
3.77
4.46
5.18

4.77

5.31
4.38
3.72
4.11

4.27
3.91

3.69
3.43
3.16
3.35
2.68
1.74
1.16

.016
.017
.016
.016
.024
.023
.019
.019
.019
.016
.012
.018
.021
-020
.018
.022
.017

.015

.015
.018
.018

278

LINE 1200

l(Cont.f

7.80
8.50
8.20
8.30
8.90
11.20
8.20
8.00
9.00
7.60
7.80
9.20
9.70
9.30
8.60
9.60

8.20°

7.80
6.90
7.70
8.80

21.70
19.70
22.60

27.20 .

21.70
18.70
21.70
20.10
20.40
23.20
24.40
20.30
19.80
20.50
21.10
19.20
20.20
20.90

-+ 25.30

21.20
23.40

NW

52.9
52.1
51.5
47.5
47.3
44.3
47.1
47.7

45.9 -

46,2
44.7
44.9
43.7
51.1
47.3

47-2
49.6

49.7
49,2
52.1

0.0

.46
.37
1.12

.1.15

1.70
2.08
1.54
1.56
1.83
1.53
1.12

1.73
1.92

1.67
1.20

1.10

1.03
1.18
1.06
1.24
0.00

ELEV =

.71
.76

.64
‘75

72

'75

.78
.62
77
.79
.63
.73

.68

.62
.57
0.00

189 m

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00 -
0.00
0.00
0.00
0.00
0.00
0.00



DDH = 1744NE

Depth
(m)

Ni
(%)

C .27

.50
.63
.81

- 1.23

1.38
1.36
1.30

- 1.11

1.19

- 1.77

1.71

'1.83

1.35

1.23

1.95
1.09
1.94
1.90

$2.22
- 2.23

2.73

1.86

1.31
1.32
.40

.78 ’

1.13
1.35
1.12

-~ 1.33

1.23
1.41
1.56
2.47
2.67
1.63

.94
1.86
1.34

.66

.31
1.05

2.56

1.76

Co
(%)

0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000

0.000
0.000
.138
.138
441
W 271
.238
.142
.108
114
.159
.159

- .109

117
.118
.067
.075
.017
.011
.013
.011
.015
.013
.007
.005
.009

. .009
~.007

.005
.011
.020
.016
.018
.016
.016

.016

.015
.125

LINE

Fe
(%)

34.00
37.20
40.30
42.40
49.40
48.00
52.20
51.80
49.60
52.30

©51.10

45.40
40.10
27.70
26.00
22.90
18.90
22.00
24,380
17.90
16.70
14.20
14.30
16.50
13.70
8.20
7.80
8.00
8.40
9.50
8.50
9.20
9.30
9.00
8.80
8.30
7.50
7.50

 8.90

8.60
9.00
7.30
7.60
7.40
6.70
14.50

279

1200 NW

MgO
(%)

.90
.90
1.00
.90
1 00
1.00
.90
1.00
.90
1.00

1.10

1.20

1.40

1.20

1.50

9.20
13.00
11.70
10.90
22.90
17.50
21.10
21.20
11.40
23.40
30.42
30.80
33.70
26.40
24.20
28.30
25.20

23.50

28.00

. 32.00

29.50
30.70
32.30
29.30
24.30
26.50
31.60
35.80
30.90
25.20
18.40

Si0
(%)

2

VOWROOOCOOOOOS

B '
CPRUNOOOOCOOOOOO
L] L] L - [ ] ]

P
N‘O‘O

L]
|_x

37 9
41.6
37.2
37.5
35.0
45.3
39.0
44.1
52,9
43.7
45.6
42.7
44.5

46.7 -

46.4
48.7
47.1
50.8

46.1

44.7
44.6
45.3
43.8
43.1
48.7
46.7
43.8
42.3
46,2
50.1

46.0°

A1203

(%)

0.00-

~0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
8.09
10.52
10.54
5.49
3.35
4.00
3.70

4.74

5.02
3.74
2.39
2.34
1.60
2.58
2.10
.74
.67
.68
.70
1.13
.91
.85
1.03
1.20
1.12
1.10

2 55

ELEV =

Cr203

(%)

0.00
0.00
0.00

0.00

0.00
- 0.00
0.00

- 0.00
0.00
2.87
2.73
3.45
2.25
2.13
1.84
1.36
1.64
156
1.51
1.45
1.21

1.38
1.19
.63
.56
.62
.66
.78
.66

0.00" -

184 m

LoI1
(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
2.53
3.58
5.02
9.27
9.03
10.99
9.33
8.68
8.18
10.25"
8.96
10.55
9.53
7.61
9.64
11.42
11.62
11.27
10.58
10.52
10.10
10.46
9.74
10.49
11.14
11.63
11.71
11.52
10.41
10.38
10.68
10.18
10.72
10.87
10.47
9.19



@

DDH = 1744NE

92-94
94-96
96-98
98-100
100-102
102-104
104-106

- 106-108
- 108-110

110-112
112-114
114-116

116-118
118-120

1.42
1.07
1.61

1.21-

1.63
1.73

.81
1.88
2.36
2.80
3.24

3.44

3.54

- 3.01

.140
.030
.075
.046
.027
.028

.024

.064

.033
.026
.027
.024
.022
.023

LINE 1200 NW

280

(Cont.)

13.50
9.50
10.90
9.30
9.30
9.80
7.70
11.00
8.90
10.00
7.80
10.30
8.50
15.90

20.00
22.30
21.50
28.00

24.70

24.30

30.90~

23.40
23.30
23.50
23.40
22.10
25.50
23.60

43.0
49.7
45.3
41.8
45.3
44.0
44.6
44.5
46.4
45.1
45.6
45.6
44.1
44.8

2.74

.75
2.20
'1.84

1.65
1.74

1.29
2.39

1.63
1.56
1.48
1.52
1.42
1.68

ELEV

1.17
... 87
1.22

= 184 m

9.75
10.88
10.64
10.90
10.81
11.38

9.12-

9.84 -
11.12
11.06
10.46
11.09
10.74
11.41



DDH

Depth
(m)

O 2

= 1780NE -
Ni Co
(%) (%)

. .16 . 004
.28 .004
.48 - .005°
.70 .012

1.05 .013

1.31 -~ .009

1.12 .017

1.09 .027

1.17 . 046

1.16 .052

1.21 .152

2.48 .082

2.66 .056

. 2:28 .054

1.96 .053

1.76 .054

1.04 .053
.62 .051
.34 .052
.59 .051
.70 .051
.49 .052
.51 .052
.62 .051
47 .051
.64 .052
.59 .051
.56 .053
.43 .040

.66 .039

1.38 .045

2.06 .060

1.58 .045
.94 . .039
47 .035
.37 .034
.31 .035
74 .033

1.09 .033

-1.07 .038
.75 .038
.50 .034
.35 .035
.45 .032

LINE

Fe
(%)

35.00

35.10
38.20
43.40
49.90
49.40
51.60
50.20
51.90
50.80
40.80

19.00

11.80
10.40
11.50
12.80
11.50
9.30
9.00
8.90
8.10
8.50

9.20 .

8.30
7.10
9.20
7.50
9.30
8.60
8.80
8.60
10.80

10.00

8.70
6.60
6.40
6.30
6.40
6.10
6.80
7.00
6.50
6.90
7.90

281

1200

MgO
(%)

1.20
1.00
.90
1.20
1.10
-1.20
1.30
1.20
1.20
1.30
1.50
19.50
27.10
27.00
26.90
24.70
27.10
29.00
26.20

25.70

25.10
24.10
23.40
25.50
30.60
18.80

9.30
18.00

-19.70

27.10
27.60
23.60
23.90
27.80
30.00
32.70
31.00
30. 30
23.80
28.60
29.00
24. 80
34.00
32.80

9
N

ROOOOOCOOOOCOO0
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0. OO

0. OO
0.00
0.00

0.00

0.00
0.00
0.00

ELEV =

Cr,0

273
(%)

0.00
0.00
0.00

0.00 -
+0.00

0.00
0.00
0.00

~0.00

0.00
0.00
1.01
.60
.71
.72
.80
.75
.61
.63
.63
.69
.73
.75
.62
<49

.76

.72
.82
.70
.64
.68
1.15
.95
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

180 m

LOI
(%)

0.00
0.00

- 0.00

0.00
0.00

.0.00

0.00
0.00
0.00
0.00
0.00
11.78
11.28
11.54
11.50
10.70
11.56
11.53
10.54
10.67
10.09
9.43
9.41
10.18
11.29
9.14
5.84
9.47
9.55
10.06
11.83
11.70
11.72
0.00

+ 0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00



DDH =

Depth
(m)

0-2

O\-I-\N
000'\4-\

8-10
10-12
12-14
14-16
16-18
18-20
20-22
22-24

2426

26-28
28-30
30-32
3234
34-36

36-38

38-40
40-42
42-44

44-46

46-438
48-50
50-52

52-54 =

54-56
© 56-58
58-60
60-62
62-64
64-66
66-68
68-70
70-72
72-74

1810NE
Ni  Co
(%) (%)
.17 042
.31 .043
.67 044
.91 . 045
.85 . 045
.80 . 049
1.08  .081
.96 .076
.89 .071
1.10 .079
1.04 .067
1.07  .130
.73 .079
1.69 .083
1.48 .055
.80 .047
.49 L047 -
.63 047
.57 . 045
1.15 .046
1.07 .024
.43 .020
.33 .020
.64 .018
.98 .024
.83 .024
.72 - .024
.72 .022
<55  .029
41 .020
.35 .020
.36 .022
.37 .018
.32 .016
.28 L0017
.31 .018
.34 .018

LINE 1200 NW

Fe
(%)

42.30
40.00
47.50
50.90
51.50
52.20

52.80

56.00
54.80
51.90
50.30

41,40

20.30
20.80
17.00
12.50
10.70
11.30
8.90
8.30
9.20
8.40
7.60
7.40
7.80
11.40
9.60
8.80

9.90

9.10

7.20

6.80
7.30
6.20
5.30
6.10
6.50

282

MgO
(%)

1,00
.90
.60
.70
.50
.50
.60
.70
.60
.60
.80
1.10
1.50
7.40

- 12.30

18.10
22.90
23.80
21.00
21.90
25.60
23.90
25.80
27.00
27.20
17.50
19.20
20.00
19.00
23.70
23.30

18.80-

26.50

31.60

29.40
38.40
35.90

e« & O e

oL WRULULROO
o L]
PANWRNWNONOOO

[N

s ® e . .

FSN
~ W
O O

e ® 8 o o 0 e e o s e

CO0000000000COOO0O
CO00000O0O0O0OCOOODOO

Al,0

273
(%)

0.00

0.00

11.62
9.22

9.27
8.57
8.26
8.67
9.32

8.79.

9.93
8.36
1.66
2.56

2.20

1.83
1.75

- 1.67

-84

o 71
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0,00

0.00
0.00
0.00
0.00
0.00

ELEV =
Cr,0

273
(%)

0.00
0.00

2.99

3.02.

3.06

12.94

2.85
3.10
3.58
2.50
2.98
2.65

1.31

1.81
1.04
.71
.69
.76
.58
.62
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

-0.00

0.00
0.00
0.00

0.00

0.00
0.00

179 m
1L.OI

(%)

0.00
0.00
9040

- 6.60

6.61
6.35
6.30
5.67
6.52
5.19
6.30
8.77

10.42

9.31
6.86
7.83
9.00
9.48
8.55
9.07
0.00
0.00 -
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00



DDH =

Depth
(m)

0- 2

®J>h3
qacnb

8-10
10-12
12-14

14-16

16-18
18-20
20-22
22-24

24-26 .

26-28
28-30

30-32
32-34

34-36
.36-38

38-40
40-42

42-44

44-46

- 46-48
48-50
50-52
52-54
54~56
56-58
58-60
60-62
62-64

1819NE

Co
(%)

0.000

0.000 -

0.000

0.000 -

0.000

- 0.000

0.000
0.000
0.000
0.000
0.000

0.000

0.000
0.000

- 0.000

0.000
0.000
0.000

0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

.0.000

0.000
00\000
0.000

LINE 1200 NW

Fe
(%)

-40.31

47.71
48.34
46.29
49.21
49 .47

47.79

48.83
49,28
46.08

24.00

14.90
11.12
9.09
7.89
5.90
5.62
8.04

9.26
9.76
8.68
9.30

8.41 .

8.05
7.74
-8.08
6.71
6.84
7:20
6.54
6.41

e e s e. » 9. 3. ® & e o » o e . e e o & & » e e s . e e o e o

ololelolelolololeololojolololeololofololololololololololofolele e

Al,O

273
(%)

0.00

0.00
0.00

0.00

0.00
0.00

0.00 .
0.00

0.00
0.00
0.00

0.00-

0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

- 0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

ELEV =
Cr,0

273
(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00:

0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00

175 m

LOI

- (%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00

~0.00

0.00
0.00
0.00
0.00
0.00.
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00



DDH

Depth
(m)

0-2

NN
o OV

- 8-10
10-12

12-14

14-16
16-18
18-20
20-22
22-24
24-26
26-28
28-30
30-32
32-34
34-36
36-38
38-40
40-42
42-44
44-46
46-48

- Ni

1874NE
Co
(%) (%)
.58 .008
.64 011
74 .017
.+ 59 .047
.61 .098
W77 .199
72 .155
.22 .354
.86 .102
.74 .158
.69  ,151
.74 .249
.62 .120
.36 075
.51 .087
.71 074
.60 .018 .
.49 .017
.33 .020
.26 .015
.29 .019
.32 .022
.26 017
.25 .016

LINE 1200 NW

Fe
(%)

52.50
53.30
50.90
47.00
47.20
42.90
34.30
32.30
33.40

26.10

20.90

122.30

26.50
17.90
19.20
13.10
8.90
8.90
7.80
6.00

7.00

7.80
6.00
5.90

284

MgO0
(%)

1.00

.80
.80
.80
.70
.60
.50
.80
s 80
.80
.80
.80
.80
.80
¢80

6.50 -

20.80
21.90
23.80
23.50

20.40-

30.40
34.30
28.40

. e o0 o0 o 0o ® e o a. o o . 0 e o e .

=== =T=ToToToT=T=R=lel=1=toleole e o= oTe
CO000000O0OO0O0OOOOOOOOD |

"Al,0O

273
(%)

0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

ELEV =

Cr.0.,

273
(%)

0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00

~0.00

0.00
0.00
0.00

-0.00

0.00

- 0.00
0.00"

0.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00

167 m

LOI
(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00 -
0.00

- 0.00

0.00
0.00
0.00

. 0.00

0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00



DDH. = 1900NE

Depth
(m)

0-2
2-4
4-6
6-8
8-10

10-12

12-14

14-16

16-18

18-20

20-22

22-24

24-26

26-28

28-30

30-32
32-34
34-36
36-38
38-40

40-42

Ni
(%)

.43
.70
.84
.69
.74
.52
.38

.58

.29
44

.60

.45

.48

.61
.66
.84
.61
.58
.56
.50
.55

(%)

Co

0.000
0.000
0.000
0.000
0.000
0.000

0.000:

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

285

LINE 1200 NW

Fe
(%)

43.44
40.72
43.60
42.96
42.88
29.66
21.64
24.85
13.63
20.04
30.46
18.76

18.11

19.24
18.35
13.18
11.54
10.26
12.02
12.02
13.14

MgO
(%)

.40
.25
.30
.30
.30
.20

.20

.20

.20

.25
.25
.25
.25
.25
.70
11.95
16.385
21.15
17.55
19.20
16.00

61.9
60.7
58.1

47.9

48,7

51.7
47 .4
50.5

A1203

(%)

13.94
13.76
11.48
8.66
6.76

4.30 -

3.96
3.84
2.52
3.32
5.12
2.14
1.50
1.98
3.08
1.84
2.76
1.52
1.56
1.16
1.52

ELEV =

Cr203

(%)

0.00
0.00
0.00
0.00

© 0.00
0.00
0.00

0.00

0.00
0.00

0.00 -

0.00
0.00
0.00
0.00
0.00
0.00
0.00

-0.00

0.00
0.00

158 m -

- LOI
(%)

13.28
14.18
13.80
11.24
11.14
8.16
. 5.83
6.80
4,56
5.68
7.98
5.34
5.30
5.68
5.30
6.50
10.66
12.00
11.04
13.08
10.66



286

DDH = 1907NE LINE 1200 NW ELEV = 154 m

- Depth Ni Co Fe - Mg0 SiOz, A1203 Cr203 LOI

(m) (%) (%) (%) (%) (%) (%) (%) (%)

0-2 - .53 0.000 41.71 - .86 0.00 0.00 0.00
2-4 .65 0.000 43.67 .74 0.00 0.00 0.00
4-6 .68 0.000 39.44 .83 0.00 0.00 0.00
6-8 .47 0.000 26.32 .49 0.00 0.00 0.00
8-10 .49 0.000 27.69 -57 0.00 0.00 0.00
10-12 " .26 0.000 20.77 .56 0.00 0.00 0.00
12-14 .47 0.000 22.56 .55 0.00 0.00 0.00

14-16 .57 0.000 23.75 .59
16-18 .40 0.000 13.31 .42

0.00. 0.00 . 0.00

18-20 .40 0.000 12.78 .39 0.00 0.00 0.00
20-22° .41 0.000 15.20 .85 0.00 0.00 0.00
22-24 .38 0.000 11.77 .84 0.00 0.00 0.00

24-26 .64 0.000 20.35 2.28
26-28 .29 0.000 9.46 .59
28-30 1.65 0.000 13.62 18.31
30-32 .29 0.000 6.47 31.98
32-34 .23 0.000 6.40 33.45
34-36 . .21 0.000 5.63 36.89
36-38 .20 0.000 5.27 36.45
38-40. .18 0.000  5.32 36.60
40-42 .21 0.000 5.40 36.38
42-44 .22 -0.000 5.85 38.18
44-46 .23 0.000 5.54 35.00
46-48 .22 0.000 5.96 38.80

0.00 0.00 0.00
0.00 0.00 . 0.00
0.00 ~0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 . 0.00 0.00
0.00. 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00

. . @ Q [ ] o L] 9 Q L[] L 3 L[] L] L]
COOCOOOOOCOOOOC OO0 OO

OO0

L) L[] L] * L] L[] L] . L ©

0.00 0.00 0.00



DDH =

Depth
(m)

1952NE

Co
(%)

.043
.023
.068
.073
.037
.031
.026
.024
.022

.049

.054

- .061
- .036

. 026
.015
.018
.025

.023
.020

.020

.019

.017
.019
.021
.022
.020
.021

- .019

.020
.020
.019
.017

017 -

.018

LINE

Fe
(%)

-32.20

18.20
33.10
26.10
13.20
13.40
12.70
12.90
11.20
17.00
22.30
21.30
11.10
13.30

8.50
10.00
12.90
12.20

9.60"

9.70
8.80

10.00

8.40

.10.00
- 8,90

8.00

9.60.

8.60
8.30
8.00
5.90
9.90
8.50

7.70

287

1200 NW

‘MgO
(%)

1.20
2.10
1.30
1.90
13.80
13.50
14.60
16.00
12.70
1.40
1.50
1.00
1.10
8.80
15.00

20.80
15.10.
16.50

22.80
24.30
24..00
28.70
17.60
24,40

23.30

25.00
27.80
25.90

24.30
-27.20

26.70
28.20

37.20

33.60

® e 8 & & o s e e O o o o

s ® ¢ 8 e o o 8 O O

Al,0O

273

(%)
. 0.00

0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00

- 0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00 -

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

ELEV =

Cr203‘
- (%)

0.00
0.00

-0.00
0.00 -
0.00 .

0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00

0.00-

0.00
0.00
0.00
0.00

0.00:
- 0.00

0.00
0.00
0.00
0.00

- 0.00
0.00

0.00
0.00

0.00
0.00

0.00

0.00

0.00
0.00

148 m

LOI
(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

. 0.00

0.00
0.00
0.00

- 0.00

0.00
0.00
0.00
0.00
0.00
0.00

- 0.00

0.00
0.00
0.00
0.00-
0.00
0.00

. 0.00

0.00

- 0.00

0.00 .
0.00
0.00
0.00
0.00



®

288

DDH = 1975NE LINE 1200 NW ' ELEV = 141 m

Depth Ni Co Fe MgO SiO2 A1203 Cr203 LOI

(m) (%) (%) (%) (%) (%) - (%) (%) (%)

0-2 .60 .049 37.50. .70 . 0.00 0.00 0.00 .
2-4 «59 .018 23.70 .50 . 0.00 0.00 0.00
4-6 44 .017 16.60 .40 . 0.00 0.00 0.00
6-8 .74 049 23.50 .50 . 0.00 0.00 0.00
8-10 .65 .085 26.60 .60 . 0.00 0.00 0.00
10-12 1.03 .302 34.00 .80 . 0.00 0.00 0.00

0.00 0.00 0.00
0.00 0.00 0.00:
0.00  0.00  0.00
0.00 0.00 0.00
0.00  0.00  0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 . 0.00-
0.00 . 0.00. 0.00
'0.00 0.00 0.00
0.00 - 0.00  0.00
0.00 - 0.00 - 0.00
0.00 0.00 0.00
0.00 0.00 - 0.00
0.00 - 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 -0.00  0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
..0.00 0.00 = 0.00
0.00 - 0.00  0.00
0.00. 0.00 0.00
0.00 0.00 0.00

12-14 1.13  .281 35.50 .80
14-16 .80 .363 25.20 .80
16-18 1.15 .312 33.70  1.00
18-20 .80 .129 24.70 .90
20-22 1.18 .131 30.90. 1.00
22-24 .48  .050 12.10 .80
24-26 .64 .029 9.70 6.70
26-28 .66  .024 8.30 13.30
28-30 .61  .021 7.60 26.50
30-32° 1.14 .022 7.40 15.70 °
32-34 .38 - .027 9.10 19.40
34-36 .34 .025 8.20 19.50
36-38 .40  .027 11.00 19.90
38-40 .43  .026 11.70 18.30
40-42 .30 .025 9.60 5.80
42-44 .60 .029 16.00 10.10
44-46 .66 . .028 13.30 13.20
46-48 .73  .030 14.70 12.80
48-50 .68 .031 15.20 15.70
50-52 .75 .030 15.80 16.80
52-54 .66  .025 14.60 12.70
54-56 .75  .024 14.80 17.80
56-58 - .90 = .024 13.60 17.30
58-60 .52  .017 8.90 23.70
60-62 .32 .011 7.10 29.60
62-64 .37  .013  7.40 28.30
64-66 .44 .015 7.70 26.90
66-68 .28 - .012 - 7.10 30.10
68-70 ~ .55 .010 6.90 28.90

COO0OO0O OO OO0 OO0 OOOO0COOCOO0COOOOOOOOO0O0O



DDH = 2004NE

Depth = Ni
(m) (%)
0-2 .69.
2-4 .82
4-6 .34
6-8 .37
8-10 .46

10-12 .82

12-14 .83

14-16 1.47

16-18 1.62

18-20 1.14

20-22 1.13

22-24 .97

24-26 44

26-28 .30

28-30 .29

30-32 .37

32-34 .67

34-36. .59

36-38 .40

38-40 .77

40-42 .86

42-44 .33

44-46 .35

46-48 .29

Co
(%)

.098
.137

.081

.072
.076
.054
074
.061
.051

- 045

L] 043
.036
.015

014

.014
.015
.016

.017 -

.014
.013
.014
.013
.013
.012

289

LINE 1200 NW

Fe
(%)

33.10
32.60
13.70
12.50
17.50

10.20 .

22.60
18.10

16.20
11.70

13.00
10.80
9.00
7.70

7.60

8.70
8.00
8.20
7.30
6.60
7.10
7.20
7.00
5.50

MgO
(%)

1.20
1.30
1.30
.90
.90
3.40
2.30
5.90
7.90
6.60
13.00
18.60

- 22.40

25.00
24.80
23.80
20.20
21.10
26.70
24.30
21.30
32.40
28.00
30.00

'Si0

2
(%)

32.1
32.5
72.0
73.3
64.5
52.9
51.0
52.2
55.5
57.5
53.7
49.9
50.0
51.7
52.1

- 53.1

55.6
54.2
50.8
54.5
57.2
46.9
50.0
50.3

AL,0.

273
(%)

7.59
6.72
2.27
2.95
1.65

11.27

4.98
3.48
3.20
3.60
2.66
2.08

1.60

1.50

-1.39

.97
.94
1.06
.64
.54
.58
.62
.54
.50

ELEV =

Cr,0

273
(%)

- 2.32
2.71
1.02

.68
1.50

. .64
1.81
1.68
1.16
1.17

.99
.75
.58
.50
«53
«55
.54
.59
.52
.50
«55
47
.49
<48

133 m

LOI
(%)

8.94
8.43
3.67
3.97
5.18
8.05
6.86
7.28
7.28
7.03
8.22
9.39
9.24
10.55
9.65
9.21
8.34
9.08
9.26
9.93
10.32
9.59
10.23
9.76



DDH =

2026NE
Ni Co
(%) (%)
.50 .034
.70 .033
.90 .094
1.22 .095
.87 .039
.95 .040
1.22 . 040
1.18 . 048
.86 .016
45 .019
21 .013
.24 .017
.21 .012
.21 .008
.22 011
.54 .013
.60 .018
.57 .020
.63 .020
.31 .016
.24 .014
.29 014
.21 .013

DDH = 2043NE

Depth
(m)

Ni

(%)

1.22

1.09

Co
(%)

.039

.015

.051
.089
.105

-.035

.018
.015

- .015

. 015
.019
.015

.018

.016
.021

LINE

Fe
(%)

24.30
23.40
27.00
28.00
10.50
11.70
8.10
13.90
6.50
7.20
5.40
6.20
5.30
5.40
5.90
7.10
8.20
8.20
7.50
6,10
6.30
6.50

6.00"

290

1200 NW

MgO
(%)

1.20

.80
1.00
2.60
5.70

- 5.80 .

14.50
11.50
20.20

23.70

23.30
31.10
32.10
31.50

28.50

22.00
25.10
23.80
22.50
27.10
36.60
36.40
33.00

s e 0o &

LINE 1200 NW

Fe
(%)

13.80
14.60

19.30

20.70
19.90

11.50

7.30
5.90
6.60
6.90
6.80
6.50
7.90
6.80
7.00

MgO
(%)

.90
.90
.70
.80
1.30
15.30
18.60

20.80 .

29.50
32.50
19.20
17.40
27.40
30.90
34,30

COoO0O0O0O0OCOO0OOOOOO

- S§1i0

2
)

~~
9

.

COOOOOCOTOOOOOO

A1203
(%)

0.00

0.00

0.00
0.00

- 0.00

0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00

- 0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

A1203

(%)

0.00
0.00

0.00

0.00
0.00
0.00

0.00

0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00

ELEV =

Cr203

(%)

0.00
0.00
0.00

0.00

0.00
0.00
- 0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
- 0.00
0.00

0.00

ELEV

Cr 0

273

(%)

0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00

126 m

LOI
(%)

0.00
0.00
0,00
0,00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

119 m
101
(%)

0.00

0.00
0.00
0.00
0.00
0.00
0.00

0.00 -

0.00
0.00
0.00
0.00
0.00
0.00
0.00



DDH

Depth

(m)

~ 2062NE

Ni Co
(%) (%)

.56 0.000
.52 0.000
.63 0.000
.69 .0.000
1.07 0.000
.64 0.000
.68 0.000

1.20 0.000

.66 0.000
.27 0.000

.32 . 0.000.
.30° 0.000 -

.22 0.000

= 2085NE

Ni Co
(%) (%)

.62 .043
.31 .020
420 040
.95  .112
1.11 - .310
1.21° .075
.83 .026
.35 .021
.27 .015
.25  .015
.24 .021

291

LINE 1200 NW

Fe MgO
(%) (%)
30.40 .70
22.80. .70
23.80 .60
25.70 .90
15.00 6.40

8.30 4.50

8.10 5.50
10.20 13.50

9.20 21.50

6.60 30.40

6.90 30.80

7.50 32.10

7.70 32.90

-LINE 1200

Fe MgO
(%) (%)
35.00 .40
13.20 .60
18.20 .60

- 29.40 .80
+29.30 .50
12.40 14.50

9.60- 18.10

7.50 28.50

7.00 34.80

6.20 37.30

6.20 35.30

OO OCOOOOCOOOOOCO

ejojolejolejlololeolalolele)

~~
59
N

L] * L] L[] - L] L]
COOOOCOOCOOO0O

[oYofolofofolelololole)

Al 0

273
(%)

0.00

~0.00

0.00

0.00 -

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

Al,O

273
(%)

0.00
0.00

- 0.00

0.00
0.00
0.00
0.00
0.00

.0.00

0.00
0.00

"ELEV =

Cr,0

273
(%)

0.00
0.00
0.00
0.00

0.00

0.00
0.00

0.00 -
0.00"

0.00
0.00
0.00
0.00

ELEV =

Cr203 :

(%)
0.00

1 0.00
0.00°
0.00
0.00 -
0.00

0.00"

0.00
0.00

0.00

0.00

112 m
LOI

(%)

- 0.00

0.00
0.00

0.00

0.00

0.00

0.00

0.00

0.00
0.00

- 0.00
0.00

0.00

104 m -
LOI

(%)

0.00
0.00
0.00

0.00

0.00

0.00 .

0.00
0.00
0.00
0.00-
0.00



DDH =

Depth
(%)

0-2

O'\-l-\ll\i

4
-6
-8

8-10
10-12
12-14
14-16
16-18
18-20
20-22
22-24
24-26
26-28

DDH

Depth
(m)

0-2
2-4
4—6
6-8
8-10

10-12
12-14

14-16

16-18"

18-20 -

20-22
22-24
24-26

2105NE
Ni Co
(%) (%)
.88 .058
.73 . ..037
.75 .067
1.45 .062
-1.35 .065
1.41 .034
.54 .021
.48 .019
.42 .020
1.10 .021
.60 .022.
.54 .021
+56 .025
.46 .031
= 2120NE
Ni Co
(%) (%)
.64 .088
1.26 .113
1.29  .110
- 2.07 .078
1.97.  .047
1.52 .039
1.35 .017
.68 .023
.45 .019
.35 .017
.29 .017
.25 .015
.25 .015

LINE

Fe
(%)

42.10
30.90
28.20
19.80
18.40
12.40
8.10
6.70
6.60
11.90
6.60
7.20
7.70
10.80

292

1200

MgO
(%)

1.40
1.20
1.60
2.50
4,00
34.00
23.70
29.50
30.80
28.80
30.00
30.90
32.40

29.20

LINE 1200

‘Fe

(%)
38.70

34.10 -

38.60
26.50
23.70
21.00
13.10
13.40
8.80
7.90
10.20
9.80
9.10

MgO
(%)

.60
400
2.60
5.50
8.20
6.60

16.60

17.20

20.10

21.90

28.10

21.40

22.20

NW
5i0,
(%)

9

lofofofolofolololofofofoRole

NW
Si0
(%)

24.7
27.1
23.8
37.5
39.0
46.2
49.0
47.3
49.8
49.0
44.8
47.7
44.8

A1203

(%)
0.00

0.00
0.00
0.00
0.00
0.00

. 0.00

0.00
- 0.00
0.00
0.00
0.00
0.00
0.00

A1203

(%)

5.36
3.47
3.10

2.54.

2.15
1.45
1.05

P 1.44

1.35
1.34
1.28
1.35
1.31

ELEV =

Cr203

(%)

0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00

0.00

-0.00 -

ELEV

Cr203

(%)

2.09
2.28
2.49
1.89
1.54

1.25

.80
.81
.56
.51

54
.49

0.00

98 m

LOI
(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00.
0.00
0.00
-0.00
0.00

=91 m

LOI
(%)

9.92
9.38
9.22
8.12
7.96
7.28
8.37

8,42
8.68

- 8.19
9.47

10.71

11.53



293

DDH = 2134NE LINE 1200 NW ELEV = 84 m

Depth  Ni Co  Fe MgO0 Si0, Al,0, Cr,0, ~LOL
(m) (%) (%) (%) (%) (%) (%) (%) (%)
0-2 1.58 .099 22.30 9.80 41.6 2.14 1.58 7.76
2-4  1.87 .063 13.20 9.10. 55.8 2.28 1.11  6.01
4-6  1.49 .047 13.30 13.20 0.0 0.00 0.00 0.00
6-8 1.42 .028 11,10 19.70 0.0 0.00 0.00 0.00
8-10 .52 .018 7.30 26.30 0.0 0.00 0.00 0.00
10-12 .61 .019 8.00 27.00° 0.0 0.00 0.00 0.00
12-14 42 .017 6.90 31.40 0.0 0.00 0.00 0.00
14-16 .37 .019 6.90 32.20 0.0 0.00 0.00 0O.00
16-18 .33 .017 6.50 32.30 0.0 0.00 0.00 0.00
18-20 .32 .018- 6.80 32.10 0.0 0.00 0.00 0.00
DDH = 2153NE LINE 1200 NW ELEV = 77 m
Depth  Ni Co Fe MgO SiO2 A1203 Cr'203 LOI
(m) (%) (%) (%) (%) (%) (%) (%) (%)
0-2 .96 .082 31.300 1.10 0.0 0.00 0.00 0.00
2-4  1.38 .092 25,90 ~1.80 0.0 0.00 0,00 0.00
4-6  2.24 .085 26.20  6.00 34.0 3.98 1.67 9.61
6-8 2.44 .049 10.90 15.60 50.0 1.47 .84  9.39
8-10 .85 .040 8.10 24,40 0.0 0.00 0.00 0.00
10-12 .52 .038 - 7.40 30.50 0.0 '0.00 0.00 0.00
12-14. .48 .037 6.80 32,00 0.0 0.00 0.00 .0.00
14-16 .49 .039 6.00 31.90 0.0 0.00 0.00 0.00
16-18 .48 .037 6.10 33.40 0.0 0.00 . 0.00 .0.00
18-20 .31  .,040 6.40 32,50 0.0 0.00 0.00 * 0.00°
20-22 .36 .038 7.60 39.70 0.0 0.00 0.00 0.00°
- 22-24 .30 .036 6.90 30.50 0.0 0.00 0.00 0.00
24-26 - .45 .040 11.20 18.30 0.0 0.00 0.00 0.00
26-28 " 1.38 .039 8.90 25.40 0.0 0.00 0.00 0.00
28-30 1.09 .036 6.60 30.20 0.0 0.00 0.00. 0.00
~30-32 .65 ..035 6.50 31.90 0.0 0.00 0.00 0.00
32-34 .51 .034 6.50 33.90 0.0 0.00 0.00 0.00



DDH =

Depth:
(m)
0-2
2-4

4-6

6-8

- 8-10
10-12

12-14

14-16

16-18

18-20

20-22

22-24
24-26

DDH

Ni
(%)

45
1.14

1.54

0 2.32

2157NE

Co
(%)

.063
.097
.161
.129
.058
.034
.036
.027

- .021.

.023
.017
.019
.021

= 2221NE

- Co

(%)

0.000
0.000

0.000
0.000

0.000 -

0.000

0.000

0.000

- 0.000
‘0.000
0.000

0.000

0.000

0.000
0.000

294

LINE 1200 NW

Fe MgO
(%) (%)
35.50 1.00
30.80 .68
31.40 1.90
26.80  6.20
16.40 16.20
13.10 21.20
10.20 25.40
10.60 25.40
9.80 23.60
10.90 19.40
8.80 25.70
10.20 19.10°
10.10 19.80

LINE 1200
Fe - MgO
(%) (%)
20.69 1.18
7.40 2.88
3.17 3.04
5.21 3.11
7.85 3.74
8.46 4.51
8.23 3.66
8.00 4.90
8.61 5.06.
20.33 5.29
24.15 9.17
29.72 6.45
27.56 7.85
17.22 11.35
16.31 16.32

Si0
(%)

23.3
23.7

2

28.6 -
32.3

33.5
37.9
40.2
39.1
43.3
44.3
43.6
47.5
46.6

NW
Sio
(%)

9
. . . . . o« e . . .

NOLOODOOODOOOOOO

SO w

Al,0O

N

Al,O

273

(%)
8.40

8.56

6.14
5.20
3.26

2.14

1.28
.62
.51
.81

47

.13

273

- (%)

0.00

0.00

0.00
0.00

0.00

0.00

- 0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

ELEV

Cr203

(%)
0.00"

0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

ELEV =

Cr203

(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00

=75 m

- LOI
(%)

0.00
0.00
0.00

0.00
10.00
0.00
0.00

- 0.00
0.00
0.00
0.00
0.00 -
0.00

63 m.

- LOI
(%)

0.00
0.00
0.00.
0.00
0.00
0.00
0.00
- 0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00



DDH = 2224NE

<

Depth' "Ni- Co-
(m) (%) (%)

0-2 .44 0.000
2-4 .14 0.000
4-6 .05 0.000
6-8 .06 0.000

8-10 .06 0.000
10-12 .14 0.000

12-14 .20 0.000
14-16 .10 0.000°

16-18 .13 0.000

18-20 .36 0.000

20-22 .88 0.000
22-24 .77 - 0.000
24-26 .94 0.000
26-28 1.21 0.000
28-30 1.83 0.000
30-32 1.55  0.000
32-34 .70° 0.000
- 34-36 .29 0.000
36-38 .26 0.000
38-40 - .28 0.000
40-42 .24 0.000
42-44 .24 - 0.000

DDH = 2247NE

Depth Ni ~ Co
(m) (%) (%)

0-2 .11 0.000
2-4 .25 0.000
4-6 .04 0.000
6-8 .03 0.000

. 8-10 .01 0.000
-10-12 .06 0.000

12-14 .03 0.000

14-16 = .06 0.000
16-18 .09 0.000

18-20 .09 ' 0.000
20-22 .04 0.000

22-24 .11 0.000
24-26 .19 0.000

26-28 .92 0.000
28-30 .55 0.000

LINE

295

1200 NW

- Fe - MgO
(%) (%)
25.27 1.25
9.81 2.81
6.19 3.38
5.58 3.14
5.88 3.87
'8.60 4.19
7.69 3.05
7.54 4.44
9.82  5.37
13.37 3.81
25.15 4.98
28.39  5.99
30.74 6.69
24.32 9.87
12.08 20.62
10.41 24.43

8.91 27.43

7.48 29.13

6.80 26.62

6.34 31.65

6.04 33.03

6.19 33.59

LINE 1200

Fe MgO

(%) (%)

8.38 - 2.11

14.03 2.03
5.73 3.26

6.03 4.88

5.88 3.72

6.04 3.03

7.09 4,03

6.79 4.80

7.32 3.72
8.83 5.11

6.03 4.19

6.86 4.11

6.94 3.34

21.27 4.65
16.52 4.03

> & 0

COCOCOUMPUONOOOOOOOOOOOOO

- NN L

]
=

2
N

COOOOOOCOCOOCOOOCOCOO

. e ® o

COO0OCOCOOOOCCOOCOOO

Al 0

273
(%)

0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00

A1.0,

273
(%)

0.00
~0.00-

0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00

10.00

0.00

0.00

0.00
0.00

ELEV =

Cr203 

(%)

0.00
0.00

0.00
0.00
0.00
0.00

0.00
0.00 =

0.00
0.00
0.00
0.00

0.00

0.00

0.00

0.00

0.00
0.00

0.00
0.00
0.00
0.00

ELEV =
Cr,0

273

(%)

0.00
0.00

- 0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

63 m

LOIL
(%)

0.00

0.00
0.00

0.00"

0.00
0.00
0.00.
0.00
0.00
0.00

0.00
10.00

0.00
0.00
0.00
0.00

0.00

0.00
0.00

0.00

0.00
0.00

62 m

LOL
(%)
0.00

0.00 . -

0.00

.0.00

0.00 .

- 0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00



= 2250NE

Ni Co

(%) (%)

.10 0.000
.19 0.000
.03 0.000
.03 0.000
.03 0.000
.03 0.000
.04 0.000
.08 0.000
.14 0.000
.06 "0.000

.03 0.000

.10 0.000

.05 0.000-

.94 0.000

.40 0.000

= 2270NE

Ni Co
(%) (%)

.15 0.000
.10 0.000
.08 0.000
.04 0.000
.04 0.000
.08 -0.000
.08 0.000
.07 0.000
.12 0.000
.04 0.000
.08 0.000
.11 0.000
.42 0.000
.20 0.000

LINE

Fe
(%)

7.69

13.43

5.28
6.19
5.43
5.73
6.49
7.92
9.28
7.69
6.56
7.09
2.87

19.31
12.82

LINE

Fe
(%)

12.28

7.54
6.03

6.33

6.18
6.33
7.16
6.93
8.74
6.33
7.08
6.18

11.45

9.19

296

1200 NW

MgO
(%)

1.64
2.41
3.57
4.73
3.65
2.95
3.80
6.27
3.65
6.35
4.57
4.03
3.42
4.42
4.42

1200

(%)

1.43

7.33

20.30

4.63
4.22
2.91
3.97
7.82
5.12
4.71
3.97
3.32
2.58
3.40

COO0OOOCOOOOOOOOOO0O

OO O OO OOCOTCOOOOOO0O

9
()

o X=l=X=T=1=1=1=1==t=1=X=L=)
o ¥=Y=T=2=R=1=R-RoT=R=R=R==

Al,0

273
(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00

- 0.00
- 0.00

0.00
0.00

ELEV

Cr,0

273
(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

- 0.00
0.00 =

0.00
0.00

ELEV =
Cr 0

273
(%)

0.00
0.00
0.00
0.00
0.00

1 0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

62 m

LOI
(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00

0.00

60 m

LOI
(%)
0.00

0.00
0.00

. 0.00

0.00
0.00 "
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00



297

DDH = 2273NE A LINE 1200 NW ELEV = 59 m

Depth Ni . Co Fe Mg0  Si0, A1203 Cr,0,  LOI

(m) (%) (%) (%) (%) (%) - (%) (%) (%)

0.00 0.00 0.00
0.00 0.00 0.00
0.00° 0.00  0.00
0.00 - 0.00 0.00

2 .21 0.000 20.07 1.37
-4 - .09 0.000 8.89 5.45

6

8

.10 0.000 9.49 12.89
.09 0.000 11.30 5.61

8-10 .05 0.000 7.38 8.06
10-12° .05 0.000 7.01 5.61
12-14 .03 0.000 6.25 4.96
14-16 .05 0.000 5.95  3.32
16-18 .06 0.000 7.54  4.55
18-20 .08 0.000 7.38 6.26
20-22 .02 " 0.000 6.93  4.96
22-24 .09 0.000 6.86 3.48
24-26 .05 0.000 6.33  3.65
26-28 .28 0.000 7.99 2.91

28-30 .51 0.000 15.37 2.91

0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00

COCOOOOCOCCOOOOO

0.00 0.00 0.00
0.00 0.00 0.00
0.00  0.00 0.00
0.00 0.00 0.00
- 0.00  0.00 0.00
0.00 0:00 0.00

s & e e o

0.00 0.00 ~ 0.00

0.00 0.00 0.00



DDH

Depth
(m)

0-2
2-4
46
6-8
8-10
10-12
12-14

DDH

Depth
(m)
0-2

2-4
4—6

= 659NE
Ni Co
(%) (%)
.41 0.000
.92 0.000
.18 0.000
.18 0.000
.06 0.000 .
.18 0.000
.24 0.000
= 754NE
Ni Co
(%) (%)
.53 0.000
.53 0.000
1.43 0.000
= 800NE -
Ni Co
(%) (%)
.55 .070
1.91 .099
2.85 .063
- 2.60  .047
2.65  .047
2.81  .044
2.01  .039
1.44  .037
1.52  .030
1.18  .025
.77 - .017
.66  .020
.64  .021
.39  .010
.31 .012

LINE .

Fe .
(%)

14.56
17.10
8.20
8,20
6.50
5.90
4.80

LINE

Fe
(%)

33.40
3200
32.90

LINE

Fe
(%)

31.10
27.90
21.50
19.60
21.40
21.80
20.30
19.30
16.60

12.40

11.10
9.90
9.60
7.40
6.60

298

1300
‘MgO
(%)

.92
.66
.92

1300

(%)

.90
1.20
2.20
2.90

3.30°

4.70

5.50

4.70
15.90
24.00
23.60
37.00
26.20
32.20
35.10

NW

(%)

OO

(eNe o)

NW

Si0

(%)

34.1
36.3
46.7
48.1
44.9
43.4
47.4
48.5

42.5

41.1
44.1
44.2
46.3
43.4
42.7

A1203

(%)

0.00
.0.00
0.00
0.00
0.00
0.00

0.00

A1203

(%)

0.00
0.00
0.00

A1203

(%)

7.67
6.92

- 4.66

4.18
4.55
4.37
3.49
4.54
2.90
2.28
2.19
1.64
1.06
1.32
1.22

ELEV

Cr203

(%)

0.00
0.00
0.00

0.00

0.00
0.00
0.00

ELEV

Cr203

(%)
0.00

0.00
0.00

ELEV

Cr203

(%)

10.00
0.00
0.00

0.00 -

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00-

- 0.00

LOI
(%)

0.00
0.00

0.00 .

100 m :

LOI
(%)

9.36
8.18
7.59
6.91
7.62
8.24
7.77
7.68
9.76
10.79
9.95
11.12
10.70
8.34
6.80



DDH

Depth
(m)

2-4
4-6
6-8
8-10
10-12
12-14
14-16
16-18
18-20
20-22
22-24

DDH

Depth
(m)

0-2

O\-II-\N
o o\

8-10
+10-12
12-14
14-16
.16-18

1.58

2.11

= 862NE

Ni
(%)

.73
1.23

Co
(%)

0.000
0.000
.061
.051
.043
.031
.049
0.000
0.000
0.000
0.000
0.000

2.95
3.20
3.40
2.60
1.21
1.21
1.22

44

.57

= 900NE

Ni
(%)

.85
1.18
2.82
4.24
3.95
3.16
2.75
2.81

Co
(%)

0.000
© .137
.051
.051
.069
.051
.038
.034
.038

= 935NE

Ni
(%)

74
1.38
3.37
2.00

Co
(%)

0.000
0.000

.035

.032
0.000
0.000
0.000

299

LINE 1300 Nw

Fe
(%)

32.76

34.00
34.28
30.52
24.50
19.53
13.34
7.78
6.47
5.69
7.00
7.20

MgO
(%)

.88
.90
1.00
5.61
10.48
12.85
13.11
12.15
13.69
16.63
25.86
34.55

LINE 1300

Fe
(%)

30.57
39.07
17.65
16.19
19.88
17.47
13.14
11.46
11.78

MgO
(%)

.09
.12

- 9.35

10.68

9.60
15.65
19.40

21.42

20.10

MU WWN
OCOOCOOWVWWORPOO

o e » s e o 8 »

OCOOCOOULMINOPOVOO

NW
Sio
(%)

38.4
24.9
48.1
45.7
40.7
37.7
40.8
41.3
39.3

2

LINE 1300 NW

Fe
(%)

22.36

17.61
9.52
10.26
6.09

6.21

6.09

MgO
(%)

.65
2.46
29.21
27.79
39.02
35.29
36.22

A1203

(%)

0.00
0.00
-5.53
4.43
3.06
1.59
2.09

0.00

0.00
0.00

0.00

0.00

A1203

(%)

6.64
6.98
3.00
1.88
2.56

3.00

2.30

1.94

1.72

- A1,0

273
(%)

0.00
0.00
0.00
0.00
0.00
0.00

0.00

ELEV =

Cr203

(%)

0.00
0.00
2.13
1.61
1.21

.80
1.53

0.00

0.00
0.00
0.00
0.00

ELEV

Cr203

(%)
0.00

0.00

0.00
0.00
0.00
0.00
0.00

0.00 -

0.00

ELEV

Cr,0 '

273
(%)

0.00

- 0.00
0.00
0.00
0.00
0.00
0.00

112 m

LOI
(%)

0.00
0.00
10.29
10.52
10.10
8.52
8.53
0.00
0.00
0.00
0.00 -
0.00

125 m

LOI
(%)

8.58
9.38
8.76
10.50
11.00
.13.50
12.74
13.16
10.58

133 m

LOI
(%)

0.00
0.00
12.25
8.00
0.00
0.00
0.00



DDH

Depth
(m)

0-2
2-4
4-6
6-8
8-10
10-12
12-14
14-16
16-18
18-20
20-22
22-24
24-26
26-28

= 1005NE
Ni Co
(%) (%)
.45 0.000
.55 0.000
1.82 224
- 3.00 .033
2.88 .051
2.32 .030
~1.85 .021
1.93 .020
1.88 .021
2.14 .018
1.71 .019
.53 0.000
.34 0.000
.22 0.000
= 1080NE
Ni Co
(%) (%)
.84 -.049
.73 .139
1.82  .229
.69 .090
2.23 .058
2.97 .041
2.47 .026
2.55 023
2.41 .019
1.80 .018
1.14 .017
45 .015
.39 .017

300

LINE 1300 NW

Fe
(%)

20.78
16.77
44.72
41.90

14.35-

8.98
6.96
7.57

6.95

6.83
7.35
6.04
5.70
5.28

MgO
(%)

.48
.55
.72
2.84
21,35
28.16
30.83
25.87
24,08
31.30
32.83
33.02

36.00 -

33.82

LINE 1300

Fe
(%)

25.90
19.30
38.10
16.10
17.00

11.20

8.70
7.90

7.10

6.60
6.20
5.70
5.60

MgO
(%)

2.70
.80

1.30

1.00
20.20
27.20

27.90

21.40
23.30
33.20
34.60
36.90
36.50

SiO
(%)

N

A1203

(%)

0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

A1203

(%)

0.00
0.00

0.00

0'0 00

0.00"

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

ELEV =

Cr203
(%)

0.00
0.00
0.00
10.00
0.00
0.00
0.00
0.00
0.00
0.00
1 0.00
0.00
0.00
0.00

ELEV =

Cr,04

(%)

0.00
0.00

0.00

0.00

0.00
0.00

0.00
- 0..00
0.00
0.00

0.00

0.00

0.00:

154 m

0.00

169 m
LOI
(%) -

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
- 0.00



DDH

Depth
(m)

0-2

o"l-\N
0 O P

8-10
10-12
12-14
14-16 -
16-18
18-20
20-22
22-24
24-26
- 26-28
28-30"

DDH

Depth
(m)

. 0-2
2-4
4-6 -

8-10
10-12
12-14
14-16
16-18
18-20 -
20~-22
22-24
24-26
26-28
28-30
30-32

= 1105NE
Ni Co
(%) (%)
.92 0.000
1.50 .200
1.37 0.000
1.60 .100
1.93 .080
2.43 .059
2.51 .075
2.76 .024
2.42 .015
2.23 .014
1.45 0.000
1.79 .013
.95 0,000
.53 0.000
.46 0,000
= 1126NE
Ni Co
(%) (%)
~ %92 .088
.59 .029
1.02 - .079
. .86 .060
3.30 047
3.70 .028
2.81 .022
2.41 .020
2.96 - .018
3.07 .022
2.12 .020
1.41 .021
- .46 .018
41 .019
1.62 .016
.80 .021

301

LINE 1300 NW

Fe
(%)

31.45

- 39.29

34.70
21.62
14.72
12.00
7.38
7.86
7.20
6.18
7.00
8.34
6.45
6.10
6.48

MgO
(%)

LINE 1300

Fe
(%)

24..10
8.20
23.50
15.70
13.70
9.20
8.00
7.80
7.80
9.00
7.60
8.40
7.30
6.20
7.00
7.50

MgO
(%)

1.50

2.00
1.30
1.50
15.00
26.10
30.30
25.50

28.70..

25.80
30.00
28.50
36.10
36.30
31.70
32.40

2
(%)

0.0
13.7
0.0
51.6
53.4
61.1

61.0.

54.5

Al,04
(%)

0.00

0.00
- 0.00

0.00
0.00

0.00

0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00

A1203

(%)

0.00
0.00
0.00
0.00

- 1.32

.89
1.31
1.30
1.40
1.76
1.46

- 1.59

1.34
1.07
1.41
0.00

 Cr.0

ELEV =

273
(%)

0.00
0.00
- 0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

ELEV =

Cr203

(%)
0.00

0.00

0.00
0.00
o 1.21

- 73

.68
.62
.63
.71
.71
«65
.52
.51
.58
0.00

175 m
LOI

=

182 m

LOI
(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00 .
0.00
0.00
10.00
0.00
0.00"
0.00
0.00
0.00



DDH

Depth
(m)

= 1150NE

Ni
(%)

2.60
2.52

.46

Ni

(%)

.66
77

.92

.93

2.05

2.62
3.38
3.27
2.89
3.10
3.43
1.82
1.86
2.66
2.10
1.67
2.64
1.46
1.60

Co
(%)

0.000
0.000
0.000
0.000
0.000

0.000 -

0.000
0.000
0.000
0.000
0.000

0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0,000
0.000
0.000

1171NE

Co
(%)

0.000
0.000
0.000
0.000
.056
.052
.028
.022

~.019

014
.014
.017
.018
.011
.013
.015
.013
.015
.012

302

LINE 1300 NW

Fe
(%)

14.60
22.20
14.10
13.60
12.30
9.60
4.50
5.40
7.10
7.60
7.10
6.30
6.30
6.40
6.00
6.30
6.50
6.20
6.40
6.20
6.00
6.00

MgO
(%)

19.10
14.40
20.90
20.30
20.60
16.10
17.90
18.40
21.40
27.40
23.50
23.10
28.80
37.60
36.70
34.10
24.50
25.30
29.60
30.80
33.70
22.40

LINE 1300

Fe
(%)

25.85

22.70 -

24.70
22.62
18.60
14.34
10.86
10.23
9.43
7.09
6.63
7.06
7.41
6.81
6.92
7.50

6.90.

7.71
7.21

MgO
(%)

.58

.59

.67

.70
10.54
15.03
17.52
20.01
17.52
22.36
22.92
23.90
22.15
21.78
26.06

25.60

22.58
21.94
22.77

Si0
(%)
42.1

34.5
39.0

2

Si0
(%)

NV R

NOOOMhRO OO O
L] . o L] L I ) [ ] [ ]
ORI OOOO0O

B N SV AV, RV, RV, 3V,
DLWNWOO R
® [ . L ] * ® -
VWO BN

.5110

0.00

0. OO
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

ELEV =

Cr203

(%)

1.12
1.57
1.06
1.14
.94
.94
.49
.55

.65 -

.69
.56
.50
.57
.51
.49
.50
<56
.54

.59 -

0,00
0.00
0.00
ELEV =

Cr,0

273 -

(%)

0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

189 m

LoI
(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00

196 m

LOI
(%)

0.00
0.00
0.00
0.00
8.73 .
8.70
8.88
9.38
8.57
"~ 9.65
10.24
9.99
9.42
9.68
11.12
11.20
10.43
4.18
10,36



DDH =

Depth
(m)

0-2

2-4

4—6

. 6-8

8-10
10-12
12-14
14-16
16-18
18-20
20-22
22-24
24-26
26-28
28-30

- 30-32

32-34
34-36
36-38
38-40
40-42
42-44
44-46.
46-48
48-50
50-52

-52-54
- 54-56

56-58
58-60

60-62

62-64
64-66
66-68
68-70
70-72
72-74

1173NE
Ni Co
(%) (%)
.66 0.000
2.46 .054
2.50 .043
2.58 .033
2.68 .020
2.86 .022
3.16 .010
2.80 015"
2.91 .013
1.95  .012
1.86 .010
1.29 0.000
2.74 .013
1.95 .012
2.73 - 006
.97 0.000
.53 0.000
1.46 0.000
1.39 0.000
1.77 0.000
.48 0.000
2.31 - .006
1.48 0.000
.76 0.000
2.55 .010
2.40 .010
3.57 .007
2.69 .012
3.28 .010
3.11 011
3.21  .011
2.71 . 009
2.06  .009
2.79 .005
1.41 0.000
.89 0.000
.79 0.000

303

LINE 1300 NW

Fe’
(%)
19.45

15.25
15.80

12.38

8.37
8.00
7.85
8.80
8.47
7.84
7.79
7.37
6.84
7.47

6.20 -

7.41

MgO
(%)

.61
15.00
8.75
14.80
22.87
21.02
22.00
21.68
20.39
27.00
26.10
27.48
20.80
21.84
26.02
26.80
28.90
25,27

24,86 .

23.12
29.27
22.70
27.78
29.61
23.40
27.84
24.60

+26.40

23.43
24.60
25.36
25.60
25.88
23.41
22.50
21.93
26.79

Y,
PNOOOROODOOOO

OO0 LWOOOOOO

L

A1203

(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

- 0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

- 0.00

0.00
0.00

- 0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00

ELEV =

Cr O
(%)

0.00

0.00

0.00
0.00

0.00
©0.00
0.00
0.00
0.00
0.00
- 0.00
0.00
0.00
'0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1 0.00
©0.00
0.00
0.00
0.00
0.00

2”3

196 m
LOI
(%)

0.00
8.04
7.53
8.44
10.07
10.05
9.67
9.58
9.59
10.03
10.04
0.00
'8.84
8.52 .
10.49 -
0.00
0.00
0.00
0.00
0.00
0.00
9.38
0.00
0.00
9.83
~9.70
9.94
9.99
9.78
10.19
10.18
10.36
10.54
9.95
0.00
0.00
0.00



= 1203NE

Ni Co
(%) (%)
1.06 0.000
3.33 . 048
3.91 . 044
3.99 074
3.74 .051
3.53 .019
3.54 . 040
3.02 .023
2.74 .022
2.91 .024
2.83 .022
1.02 .014
.83 .012
2.16 .015
1.37 .013
.78 . .015
1.36 .014
1.75 - .015
1.21 0.000
1.03 0.000

.68 -0.000
1.02 0.000
1.10 0.000

.50 0.000
.33 0.000
.37 0.000
.47 J.000
.73 3.000
.55 0.000
.49 0.000

LINE 1300 NW

Fe
(%)

35.90
18.00
14.80
22.80
12.30
7.70
11.30
8.80
8.50
8.10
7.40
6.40
6.30
6.70
6.30
6.30
6.70
7.00
6.90
6.70
7.50
6.50
7.40
5.30
5.30
6.30
6.70
6.70
6.80
6.50

304

MgO
(%)

.90

3.30°

2.70
14.10
23.20
27.70
20.40

23.80

25.40

27.70

29.90
34.10
34.20
32.20
33.60

33.90

33.00
31.70

31.80

32.70
31.50
26.60
22.50
20.10
23.50
30.30
30.00

28.80

31.10
31.90

o

OO0
CoOO0O0OOoO0OCO00OO

. 8 & e e ® & o e & O @

Al,O

273
(%)

0.00
2.40
2.17
3.80
2.37

1. 44
1.28
1.45
1.31

.70

.45

.64
1.00

.88
1.06
1.05
1.02
0.00
0.00
0.00
0.00
0.00
0.00

-0.00

0.00
0.00
0.00
0.00
0.00

Cr20

ELEV =

3
(%)

203 m

LOI
(%)

0.00

5.50

5.31
10.60
10.98
11.20
11.11
10.51
10.01
12.80
13.59
13.388
13.80
13.84
14.06
14.52
13.82
13.78

0.00

0.00

- 0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00



DDH = 1230NE

Depth
(m)

Ni
(%)

.93
3.13
2.90
2.57

2.40

2.81
2.91
2.08

.50

.72 ‘

.60
2.06
3.80
2.99
2.60
1.17

«30

.38

Co
(%)

0.000
.041
.030
.019
.018
.023
.016
.021
.012
.012

.013

.016
.019
.020
.016
.016
.012
.012

305

LINE 1300 NW

Fe
(%)

40.20
15.20

13.90

" 9.90
10.20

10.90"

8.90
10.70
8.10
7.10
5.80
7.00
7.90
8.20
6.50
6.50
5.70
. 6.00

MgO
(%)

.90
20.80
18.00
24..30
26.60
23.00
25.90
25.10
34.10
30.90
30.60
27.00
24,00
28.00
31.40
34.50
36.80
36.80

Sio
(%)

0.0
37.4
40.4
44.0
44.6
44.7

2

A1203

(%)

0.00
2.47
2.76

ELEV =

Cr203
(%)

0.00

208 m

LOI
(%)

0.00
10.10
- 9.16

9.24

8.65"

9.54
10.07

8.70

7.36

8.56

6.00

8.35

8.80
'8.79
10.31

0.00

0.00

0.00



DDH

Depth
(m)

0-2
2-4
4—6
6-8

8-10

10-12
12-14
14-16
16-18
18-20
20-22
22-24
24-26
26-28
28-30
30-32
32-34
34-36
36-38
38-40
40-42
4244,
lLlimbo6
46-48
4:8-50
50-52
52-54
54-56
56-58
58-60
60-62
62-64
64-66
66-68
68-70
70-72
72-74

74-76

76-78
78-80
80-82
82-84

= 1249NE
Ni- Co
(%) (%)
.73 0.000
.89 0.000
.57 0.000
.56 0.000
.38 0.000
.30 0.000
1.04 0.000
1.48 0.000
2.14 .050
1.75 .026
1.47 = .019
1.72 .025
.35 .015
1.99 - .018
.92 .016
1.20 .016
3.75 ° .047
4.18 . .077
3.46 .042
2.99 .024
2.98 .038
.36 017
2.28 .018
1.94 .019
4,36 .012
2.17 .065
1.67 .065
“1.20 .066
.97 . 066
2.20 .061
2.19 .058
1.79  .064
2.10. .062
3.03 .060
3.28 .057
2.40 .058
.67 062
.70 .059
1.19 .066
+83 . 060
.60 - .057
1.82 .059

306

LINE 1300 NW

Fe
(%)

36. 80
29.40
17.20
15.20
8.30
7.30
27.60
19.10
11.60
10.80
9.70
8.40
6.40
6.70
6.50
6.90
14.60
17.80
13.10
9.00
13.40
6.50
8,00
7.00
5.00
7.90
7.70
8.20
7.80
6.80
7.20
8.40
8.80
8.10
8.80
9.30
8.10
7.60
9.90
9.50
7.60
8.40

MgO
(%)

1.00
.90
.80
.80

~1.10

.70
1.10
5.50

19.20

23.20

25.10

28.90

35.40

28.30
33.90
35.10
20.40
17.10
22.50
29.70

23.40

34.50
25.40
26.90
18.80
24.60

24.90

27.10
30.20

27.80

24.20
27.90

"24.10

22.10

21.80.
22.60

32.10
31.20
23.70
19.50
23.70
18.30

- Si0

"2
(%)

S ‘
R OONOOOOOOOO0O

43.5

47.4
52.2

51.9
57.8

A1203

(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
2.45
2.22
1.72
1.57
1.28
.87
1.10
.86
2.21

2.55,

1.98
1.25
2.23
1.13

.84
1.31
1.12
1.36
1.24
.85
.77

.67

1.17
1.53
1.44

1.37

1.33
.88
.92

1.09
.90
.71

1.02

ELEV =

Cr203

(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

.90
.91

.62

.72

.56

210 m

LoI
(%)

0.00
- 0.00
0.00
0.00
0.00
0.00
0.00
0.00
9.15
10.11
10.23
9.81
'8.73
10.21
'10.20
10.26
10.55
10.93
11.69
12.41
11.03
11.30
10.12
11.04
8.16
9.92
9.37
8.66
10.48
10.78
9.92
10.66
10.02
10.04
10.04
10.42
9.81
11.21
10.69
11.05
10.43
9.15



DDH = 1292NE

’Depth

(m)

Ni-
(%)

.94
.82

1.33
1.59
1.31
1.65

3.45

3.09
2.35
1.25
.29
.26

Co
(%)

0.000
0.000
0.000
.109
.225
.126
.182
.104
<039
.032
.027
0.000
0.000

307

LINE 1300 NW

Fe
(%)

42.00
32.00
30.50
35.43
39.53
33.25
42.20
14.00

7.70
10.00

9.00

6:49

5.92

MgO
(%)

.75
.68

096

77
W71
.75
.73
23.80
28.75
26.58
32.61
36.10
38.16

Al,0

273

(%)

0.00
0.00

~0.00

0.00
0.00
0.00

0.00 .
0.00-

0.00
0.00
0.00
0.00
0.00

ELEV =

Cr203

(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

217 m

LOI
(%)

0.00
0.00
0.00
8.80-
10.52
8.46
10.73
11.08
10.83
11.74
12.40
0.00
0.00



DDH = 1334NE |

- Depth

(m)

Ni

(%)
.57

.64
<25

.41

42
. .80

-1 48

.89

.93

.98
1.47
.99
2.35
1.44
42
.34
.38

.46
.63 -

.80
.76

.91

1.07
.70
.51

.82

1.38

1.67

.84
.62

.68
.81
.72
.73

.69

.53

.48

.43
.35
.49
.38

Co
(%)

0.000
0.000

0.000

0.000
0.000

.0.000

.018
0.000
0.000

.017
0.000

. 035

.028

.030

024
.018
.016
.014
.019
.024
.023
.020

.019 -
.024 .
.020.

.018
.019

.020

.019
0.000
0.000

0.000

0.000
0.000
0.000
0.000
0.000
0.000

0.000

0.000
0.000
0.000

Fe

308 .

LINE 1300 NW

(%)

40.
32.
10.
14.
15.
12.
7.
6.
8.
8.
7.

13.

9.
11.
9.
7.
6.
6.
8.
9.
8.
8.
8.
9
8.
8.
8.

- 8.

- 8.
8.
9.
9.
9.
9.
8.
8.
6
6.
6.
6.
7
6.

50

30
50
60

10

80
70
60
60
00
70
90
30
20
60
20
50
30
30
30
60
20
30

.20

40
10
10

90

70
50
80
10
50
30
70
50

.70

60
20
00

.00

40

MgO

(%)

.90
.80
.70
.60
.60
6.40

15.90

9.30
13.60
24.80
11.00

13.80

8.80
25.90
29.20
36.20
28.00
27.10

26.70

20.50
21.60
23.10
23.30
23.00

1 27.20

31.30
27.50
23.20
21.70
25.50
21.90
21.00
23.20
23.70
30.10
28.10
17.70
25.70
26.20
27.50
25.40
22.10
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A1203

(%)

0.00
0.00
0.00

0.00 -

0,00
0.00
0.00

0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
. 0.00°

0.00

©0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

ELEV = 224 m

Cr203

(%)

0.00
0.00
0.00
0.00
0.00

0.00.

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

£ 0.00

1 0.00

0.00:

0.00
0.00
0.00
0.00
0.00
0.00
0.00
.0.00
0.00
0.00
0.00
0..00
0.00
.0.00
- 0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

.0.00

LOI
(%)

OOOO
0.00
0.00
0.00

~.0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0..00
0.00
0.00
0.00

0.‘00 '

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00



DDH

- Depth

(m)

= 1369NE
Ni Co
(%) (%)
.56 0.000
.62 0.000
.86 0.000
.69 0.000
1.49 0.000
.88 0.000
.87 0.000
1.34 0.000
2.94 .049
4.19 .035
2.50 .034
2.81 .043
2.42 .028
1.41 .033
1.91 .030
2.13 - .026
1.45 .035
1.01 .033
.94 .036
.73 .024
.64 .021
W72 .023
.82 .021
.60 .022
.55 .021
.43 .020
.35 .022
.83 .023
1.17 .021
.97 .020
1.52 .021
1.76 .022
2.30 .023
2.13 021
.62 .018
W74 0 .016
1.31 .016
.67  ..022
.33 .019
.59 .019
1.50 .018
1.43 017
1.41 .014
.96 .013
.69 .014
1.72 .015
2.13 .017
2.06 .017
},64' .020

LINE

Fe
(%)

46.20
45.90
39.30
25.20.
33.90
27.10
28.90
25,70
22,10
14.20
17.80
18.00
8.80
8.90
12.80
11.70
15.30
17.50
14.00
10.60
10.46
10.30
10.10
10.90
9.90
9.60
7.70
9.90
9.70
8.50
9.20

10.30

9.30
9.60
9.90
8.10
6.10
9.40
8.20
9.20
7.80
9.10
6.80
6.60
7.00
8.80
8.70
9.40
9.00

309

1300 NW

MgO
(%)

.90
1.10
.90
.80
1.00
.80
© .90
3.40

4.00

7.70
9.10
9.10
5.10
2.60
5.30
12.60

6.80 °

13.10
16.40
16.10
20.50
20.60
22.00
20.10
21.80

0 27.20

31.30
24.80
21.60
23.10

20.50-

20.50
22.30
20.10
28.50

30.40

22.40
22.90
27.90
21.50

19.50

15.30
14.10
18.20
27.20
19.30
19.00
20.00
21.20

W
OWOOOOOOOO

U e ‘e e 8 e e & & 0 e
CLOOOOOOOO

~No PP

RO
L] ..

Wwke

61.2
53,2
55.7
45.3

46.2

50.1
50.6
51.0
51.3
51.0
50.6
43.9
43.7
40.1

49.2

48.0
50.9
49.1
48.7
51.9
44.7

43,8

54.4
48.1
45.1

- 52.0

54.6
59.2
64.4
59.3
48.3
54.0
52.2

50.6
49.9

A1203

(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
3.93
2.44
1.66
2.07
1.85
.84
.94
.80
1.32
1.40
1.76
1.66
1.55
1.56
1.14
1.60
1.45
1.44
1.21
1.63
1.58
1.37
1.56
1.48

1.44

1.24
1.21
.84
.81

ELEV =

Cr203

(%)

0.00

0.00
0.00
0.00
0.00
- 0.00
0.00
0.00
1.47
.95
.85
.94

. 70

«75
.90
.68
1.14
1.04
.94
.68
.65
74

.71

.71
.67
.58
55
.68
.73
.58
.80
.64
.65
.65
.54
.51
1.00
.64
.50
.58
.65
.63
.46
.51
.51
.54
.65
.70

.65

232 m

LOI
(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

7.27

6.67
7.25
755
4,34
3.21
5.01
7.67
6.23
8.15

8.28 -

8.31
-7.98
7.61
8.84
7.36
9.88
9.23
8.67
9.15
9.00
9.57
8.75
9.26
9.44
8.64
9.74
10.47
8.64
8.86
9.47
8.49
8.80
7.56
6.48
7.34
8.42
8.99
9.29
10.00
9.97



DDH = 1410NE

Depth
(m)

1.50
3.68
4.11

2.85 .

2.51
2.30
3.20
2.51
1.95

+1.22

.60
.57
.48
2.28
2.78

2.57

2.58

4.03

3.15
.66
‘49

'31

Co
(%)

.021
.023
.025
.044
.089
.221

<294
.207
.101
.080
.032
.029
.035
.056
.028
.020

.017

.020
.016
.018
.027

.026

.032
.038

.034.

.034
.032
.035
.030

.031
.025

.020

.023
.028

.028
.028

.022
.025
.018
.022
.018
.019

LINE

Fe
(%)

50.00
49.50
49.10
45.10
46.10
42.70
35.60
33.20
41.80
25.10
9.70
11.00
8.00
14.90
15.90
10.40
8.80.
9.10
7.70
7.90
10.50
11.30
10.60
12.00
12.00
11.50
11.20
12.10
12.40
15.30
13.40
9.30
8.20
9.10
8.70
9.30
10.00
12.90
8.80
7.70
6.10
6.60
7.10
7.20

310

1300 NwW

MgO
(%)

1.30
.90
1.30
1.10
1.00
1.00
.80
.90
.90
4.50
11.00

‘13.10

3.50
3.20
14.30

13.80 -

13.90
21.10
18.70
18.70

14.40

16.60
10.00
14.50
11.80
11.00

9.50
12.30
12.40
13.40
15.40

16.90
- 27.60

27.70
19.70
19.00
16.90
14.50
21.60

25.80

21.20
22.60
33.60
37.70

NMNINNOOOQOQOOOOOO

COOOCOOCOOOO
[ ] L] . L] - L] L]

Un W
= N
L]

S~ uon
oo
NO W0

54.8

A1203

(%)

0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
3.12
.65
.64
.33
.80
1.13
.62

37

.61
.57
.54
.69

.84

.88
1.26
.97
1.45
1.31

2.19

1.97
2.81
2.32
1.23

.54

.49

.52
.65
.55
.83
1.10
.85
0.00
0.00
0.00
0.00

Cr,0

ELEV =

273
(%)

0.00

0.00
0.00
0.00

0.00

0.00

0.00
“0.00 -

0.00
1.21
47
.50
.54
.89
.64
«55
«55
.48
47
.54
.54
.56
.58
.65
78
.83
.73
1.12
.73
1.07
1.06
.74
.48
47
.50
.54
.63
.74
.61
.52
0.00
0.00
0.00
0.00

237 m

LOI
(%)

0.00

- 0.00

0.00
0.00
0.00
0.00
0.00 .
0.00
0.00
8.15
7.09
8.27
3.35
5.32
8.94
7.76
7.27
9.47
15.29
8.80
8.78
9.15
7.23
9.49
8.92
8.03
7.15
9.70
8.83
9.89
7.70
8.16
9.62
8.49
8.98"
9.06

8.57

9.11
9.27
9.91
0.00
0.00
0.00
0.00



DDH =

Depth

(m)

1447NE

 Ni Co

(%) (%)
.55 0.000
.55 0.000
1.65 .092
1.11 .071
. .87 .181
1.16. 246
0 1.28 224
1.91 456
1.22 .120
1.98 .068
1.80 .067
2.51 .055
3.89 .034
4.50 - .022
5.36 .021
5.19 021
4.29  .020
4,14  ,021
4,42 .017
4,43 .018
4.16 - .017
5.26. .038
2,31 . .014
1.22 .015
4,51 .048
2.92 . .023
2.94 .023
2.20 .019
1.63 .020
1.07 .015
1.30 .020
- 2.11 021
2.12 . .015
2.21 -017
©2.36 .018
2.56 .019
2.58 .025
2.76 .022
3.80 .022
4.17 .019
4.27 .020

LINE

Fe
(%)

50.30

50.80

43.20
20.30
30.10
33.66
25.40
32.60
17.30
24,20
26.40
19.90.
10.40
10.10
10.30
10.30

- 9.70

8.90
9.40
7.60
8.80-

10.40
8.30
6.80.
8.90
9.90
8.90
7.30
8.90
7.80

19.00
9.80
8.30
9.40
9.20

10.60

10.70

10.50
9.40
8.70
8.10

311

1300 Nw

MgO .

(%)

1.20
.90

1.10
3.20
1.20
1.30
1.00
1.30

1.00
1.70

1.40
2.20
11.90
14.80
18.20

17.30
15.60

- 14.60

15.20
13.96
9.50
5.40
2.00
8.70

11.00

19.10
12.90
16.70
15.60
21.10
20.26
18.20
19.10
17.10
16.60

'14.40

21.00
22.60
21.10
23.60

510,
(%)
0.0

0.0
1 10.6

53.6
38.8
30.9
45.9
28.0
59.7
45.7
41.7
53.6

55.8 -

53.1
46.9
44.3

50.5.

54.6
55.2
55.8
55.6
56.6
70.6
83.8

63.5

64.5
52.0
65.2
58.5
62.5
52.1
50.8
57.7

53.6

55.8
52.5
56.0
45.9
45.3
49.0
46.3

A1203

(%)

0.00
0.00
8.03
3.32
3.40
4.70
3.72
5.43
2.08
3.72
4.33
2.80
1.32
1.15

1.66 -

1.89
1.29
1.33
1.45
1.15
1.28
1.36

.68

.59
2.75

1.63

2.03
1.58

"~ 1.60

1.47
2.14
1.77
1.07

1.00-

1.15
1.45
1.48
1.80

1.75

1.53
1.61

ELEV =

Cr203

(%)

- 0.00

0.00
- 2.40

1.50

“1.71
2.17
1.50
2.04

1.71

2.19
1.72
.80
.74
.75

.78

.77
.70

.69

.66
.86

1.05

+58
.57
1.04
.75
+ 80
.69
.57
.66
.81
.83

.80

.73
.75
.85
.91
.77
.71
.67
.66

235 m

LOI
(%)

0.00
- 0.00
12.35

6.38

8.09

9.01

7.46

9.73

5.73

7.36

7.78

4.61

8.11

8.77

9.68
11.38

9.07
'7.89

7.80

8.73

8.38 .

7.38
3.43

1.95

5.89

6.46
8.97
. 6.14
7.36

6.96

" 9.12
8.93
8.22
9.02
8.82
9.69
7.62

10.53
9.67
9.37

10.04



DDH = 1481NE

Depth
(m)

Ni
(%)

.54
.66
.83
.90

.56 .
.68

1.27
1.13
1.12

1.02.

1.22
4.77
5.25
4.00
3.85

2.85-
2.22
2.27

1.81

1.63

1.52
.86
.39
.30
.25
.32
.32

.39

Co
(%)

0.000
0.000
0.000
0.000
0.000
0.000

.694

.366

.360

<480

«263

097

. 040
.030
.027
.022

-.020
.029

~.033 .

.032

- .023
0.000

0.000

0.000

0.000
0.000

0.000

0.000

312

LINE 1300 NW

Fe
(%)

52.20
52.30
50.70
54.30
48.80
47.10
41.90
46.80
47.00
35.70
35.50
20.00

13.00

11,60

10.80
8.40
8.30

8.80
11.40
13.00

8.60

-10.30

8.00
7.10
6.70
7.50
7.10
8.10

MgO
(%)

.70
.80

.70
.80
.90
1.10
1.00
.80

.70
.90
1.10

11.80

17.40

14.80

18.80

16.60
14.40
12.70

9.90
16.20
18.50
20.70

22.40 -

22.00
22.40

- 24.80

27.30

29.90

Si0
(%)

2

VOB PROOOOOO
NWHhPOOOOOO
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oo NO

o Wn
o~
L] L]
N

61.6

. ELEV =

A1203

(%)
0.00

. 0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
3.04

2.36.

1.77

- 1.98
1.52

1.07
1.24
1.38
.94
.97
0.00

0.00

10.00
0.00
0.00
0.00

0.00-

Cr203

(%)

0.00

0.00
0.00

0.00 .

0.00
0.00
0.00

- 0. oo_

230 m

LOI
(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00-
0.00
0.00
0.00
0.00
9.99
9.76
9.07
9.71
8.59
7.35
6.64
6.66
8.79
8.31
- 0.00
0.00
0.00

0.00.

0.00
0. 00
0.00



- DDH =

Depth
(m)

0-2
2-4
4~6
- 6-8
8-10
10-12
12-14
14-16
16-18
18-20
20-22

22-24 -

24-26
26-28
28-30
30-32
32-34
34-36
36-38
38-40

1500NE
Ni Co
(%) (%)
63 .011
.77 .009
.94 .008
.81 .017
.82 .028°
.68 .040
.70 .059
.83  .250
1.14 .350
.96 .116
.86 .031
3.34 .107
6.05 .075
8.00 .069
5.35 .073
6.05 .051
4.05 .042
2.96 .046
3.22 049
3.58 .051

313

LINE 1300
‘Fe MgO
(%) (%)

43.48 .02
51.98 .02
56.11 .03
53.71 .03
52.12 .02
51.96 .04
50.36 .04
46.36 .04
40,92 .04
- 36.77 .05
31.97 . .08
22.22 2.70
21.58 3.20
20.14 4.58
17.15 4.16
19.32 3.97
21.16  2.40
30.62 3.18
21.00 11.00
19.00 13.70

NW
Sio
(%)

AOVWRNRRFRRNO 39
[ ] [ ] [ ] L ] e ® L]
N

womnmSonwFRrOPRERNO

BN
,..x
oo

40 6

w
O\
CX)

48 1
43.4
46.6
32.7
39.1
38.2

A1203

(%)

19.60
13.62
10.40
10.60
11.86
10.60
11.74
13.40
8.72
5.52
8.40
5.25
3.68

4.12

3.90
4.38
3.56
3.76
3.24
3.38

ELEV = 225 m.

Cr203

(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

LOI
(%)

12.60
8.38
6.56
7.38
7.26
6.64
8.30.

11.54

13.58

+10.86
10.64

10.44
11.76
12.24

9'46

-11.06 |

9.40
10.98 .
10.74
10.76



DDH

Depth
(m)

0-2
8-10
10-12
12-14
14-16
16-18
18-20
20-22
22-24
| 24-26
26-28
28-30
30-32
32-34
34-36
- 36-38
38-40
40-42
42-44
4b-li6
46-48
48-50
50-52
52-54
54-56
56-58
58-60
 60-62°

62-64
64-66"
66-68

PN
0o Oy

- 68-70

70-72

72-74
74-76

'76-78
78-80
80-82
82-84
84-86
86-88

. 88-90

90-92
$'92-94

~ 1502NE

Ni Co
(%) (%)
.64 0.000
.95 0.000
.94 0.000
.87 0.000
.95 0.000
.76 0.000
.72 0.000
1.31  .432
1.41  .380
.94 0.000
1.24  .230
4.85  .174
6.08 .055
5.31 .046
6.06 .042
5.42 047
2.80 .053
2.58  .050
2,99 ~ .060
3.23 . .060
2.48  .053
2.34 047
2.04  .048
1.80 .048
1.91  .047
1.65  .046
1.50  .044
1.59 .046
1.57  .046-
1.61  .045
1.59  .045
1.63  .046
1.65 .047
1.70.  .045
1.92  .048
1.65  .046
1.59  .045
1.09  .044
.68  .042
.50  .043
.97  .043
.78 .045
.66  .046
.53 .046
.77 - .025
.71 .021
.97 .023

-10.90

LINE

Fe
(%)

42.60
52.30
55.40
55.80
52.10
50.70
48.10
42.00

38.50

31.70
27.40
14.40
12.60
10.40
11.60
10.50°
10. 80
8.90
16.10
12.20
10.60

£10.00
110.50

11.60
10.60
8.90
7.20
8.00
8.20
9.10
9.00
9.90
10.40
10.20
11.90
10.60

7.90
7.60
7.80.
8.10
9.90
10.30
10.00
9.60
11.50
8.10

314

1300 NW

MgO
(%)

1.00
.80
.70
.70

1.10

1.10

1.00

.90

.80
.70
.70
15.80
16.20

14.10

12.20

15.70
.16.50

13.20

9.20
19.30
26.20
26.30
18.40
13.70
20.50
26.80

28.80

22.60
20.30
25.20

25.30

21.10
20.50
21.90
22.20
26.40

-+ 21.90

25.70
31.30
34.80
29.20

24.90
24.80
20.30
14.60
16.00

e & & &

[y
e & o o @
WHONWOAONVWOOOOOOO

RROPOOOOOOOO

U pPpw
O W

46.9

w
¢
P

47 A

40.2.

39.7
40.1
50.8
54.4
46.7
43.0
45.2
48.0
52.5

45.5

45.3
48.2
46.8

45.0

42.3
41.8
4h . 4
47.8
45.7
41.2
46.3
47.8
45.2
45.9
52.5
61.8
60.4

A1203

(%)

10.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
'0.00
0.00
0.00
0.00
0.00

- 0.00
. 0.00

0.00
0.00
0.00
0.00
0.00

0.00 -

0.00

0.00.

0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

ELEV =

Cr203

(%)

0.00
0.00
0.00
0.00

0.00.

0.00
0.00

0.00
0.00
0.00
0.00

0.00

0.00
0.00

0000 :

0.00
0.00

- 0.00

0.00
0.00
0.00

- 0.00
0.00
0.00
0.00
0.00

0.00 -
0.00

0.00
- 0.00
0.00
- 0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00 -

0.00
0.00

0.00
0.00

224 m

LOI
(%)

0.00
0.00
0.00
0.00
0.00
0.00 .
0.00

0.00
0.00
0.00
0.00
0.00

0.00 -

©0.00
0.00
- 0.00
0.00
0.00
0.00
0.00
 0.00
- 0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00 -
0.00
0.00
0.00

0.00 -

0.00
. 0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00



DDH

94-96

96-98

98-100
100-102
102-104

104-106.

106-108
108-110
110-112
112-114
114-116
~116-118
118-120
120-122
122-124

1502NE

1.70
1.00
1.53
1.90

1.77-

1.76
1.89
1.36
1.34
1.71

1.36:

.92
1.94
1.68
1.01

.016
.023
.021
.021
.019
.019
.019
.016

.014
.013.

.019
.018
.013
.017

0.000

LINE 1300 NW

315

(Cont.)

6.90
10.10

9.40
8.90"

8.90
8.40
7.20
8.30
6.90
6.00
8.90
7.70
7.70
7.70
7.40

10.20

17.70
18.80
22.70
21.70
21.40
24.40
26.40
23.80
18.10
20.70
27.70
23.10

19.80.

27.80

68.3
54.1

52.8

48.7
48.6
50.1
50.0
46.0
51.1
60.7
53.6
46.0
52.3
56.4
47.5

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00

ELEV =

0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

224 m

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00.
0.00 -
0.00

.0.00

0.00



L

DDH = 1524NE

Depth

(m)
O 2

O\-PN
OOO\-D

8-10
10-12
12-14
14-16
16-18
18-20

- 20-22
22-24

24-26
26-28
28-30
30-32
32-34
34-36
36-38
38-40
40-42
42-44
44-46
46-48
48-50
50-52
52-54
54-56

56-58

58-60

Ni
(%)

.58
.58
.59
.91
.68
.78
.94
1.02
.80
.82
1.32
5.15

3.82
4.59

4.65
3.55
3.72
4.08
4.05

4.30

3.64
3.14

3.11 .

2.75
1.90
1.53
1.42
1.90
1.45
1.55

Co
(%)

0.000
0.000
0.000
0.000
0.000
0.000

0.000

0.000
0.000

0.000.-

.173

.040

.036
.030
. 040
.018
.021
.017
.031
.043
.020
.015
.020
.015

- .010

,010
.011
-+011
.018
.015

316

"LINE 1300 NW

Fe
(%)

40.00
50.00
51.45
51.31
51.36
43.53
51.56
48.68
46.72
52.00

28.25 .

13.58
17.78
13.18
15.10
10.20

10.75

11.48
13.30
16.80
10.79
9.15
9.87
7.75
7.22

- 6.87

6.65
8.50

011.80

8.91

MgO
(%)

.64
.66
.66
.54
.66
.71
.56
.68
.82
.65
3 26
7.65
5.40
12.67
12.60
17.30
17.39

©18.99

16.15
17.70
26.80
22.70
18.70
21.90
23.87

22.19 .

24,61
20.00
21.00
22.66

Si0
(%)

2

VOO OCOOOCOOOO

ANMOOOOOOOOOO

A1203

(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00

OOOO

0.00
0.00
0.00
0.00
0.00
0.00
1.60
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

ELEV =

Cr203

(%)
0.00

0.00°

0.00
0.00
0.00
0.00
0.00
0.00

0.00"
0.00

0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00 .

217 m

LOI
(%)

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
10.00
0.00 -
9.00.
7.96
7.81
9.27
'8.96
9.71
9.39
10.77
10.54
10.68
11.63
10.41
9.99
9.85
9.35
8.56
8.77
9.08
9.63
9.60



DDH

Depth
(m)
O 2

O\-I-\N
OOO\-I-\

8-10

- 10-12

12-14
14-16
16-18
18-20
20-22
22-24
24-26

26-28
28-30
30-32

32-34
34-36
36-38
38-40
40-42

42-44

4446

46-48
48-50
50-52

52-54
54-56

56-58 .
58-60"

60-62
62-64
64-66
66-68
68-70
70-72
72-74
74~76
76-78
78-80
80-82
82-84
84-86
86-88
88-90
90-92

92-94

94-96
96-98

= 1549NE

3.36

3.09

2. 48
2.44
2.52
2.82
2.81
2.73
2.34
2.71
2.70
3.01

6.82.

6.27
1.91
1.91
2.36
.38
.28
«27

Co
_(%)
0.000
0.000
0.000
0.000

0.000
0.000

. 0.000
0.000 -

0.000
0.000
0.000

0.000

0.000

0.000
- 0.000°

0.000
0.000
0.000

~0.000 -
0.000
0.000
1 0.000
0.000
0.000

0.000
0.000

0.000 -

0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
10.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000

0.000
0.000
0.000
0.000

LINE 1300 NW .

Fe
(%)

44.70

43.80
51.20
52.50
56.20

54040‘

52.90
55.80
52.40
53.50
47.20
49.40

38.80.

31.50
29.00

19.00°
15.50
13.80

24.00-

29.90

31.20
19.10
14.40

13.50

9.60
10.20
10.80
10,00

8.30

8.40

8.20°
-11.10

11.00
15.00

10.70

11.70

10,70

11.30

10.70

10.50
10.10
7.90
6.30
7.50
7.50
7.70

7.00

6.10
5.60

317

MgO
(%)
.90

.80
.90

.70

.60
.70
.70
.80
.90
.70
.90
.80

- 1.30

.70
+90
9.70
16.70
19.80

7.20 -
3.60
3.00 .

11.60
15.20
14.80
18.20
14.40
15.20
15.70
16.00
16.90
16.80

12‘40'

15.50

18.20
15.70.

18.70

17.90
17.70

19.60
22.40
20.20
18.30

17.90.

20.70
20.70
18.20
32.30

-32.90

34.80

NUNOOOOCOOOOOOOO

WNhNWPhRPPLWWER '

OCONPOIURANOOOOCOCOOOOOO
] - » L ] [ ] [ ] [ ]

nup oo

. Al,0O

273
(%)

0.00

0.00

0.00
0.00
0.00
0.00

0.00

0.00 -

0.00
0.00
0.00
9.14
4.87
5.45

2.40
~1.62

2.02

5.00
6.00 -
4.50

3.10
1.97
0.00

1.80

1.99
2.07

1.23

.68
.65
.85
.66
.90

1.97
1.98
2.52
1.96

2.20

2.35

2.40
2.17
1.73
1.23
0.00
0.00
1.36
0.00
0.00
0.00

ELEV =

Cr203

(%)

0.00
0.00
0.00
0.00

-0.00
- 0.00
0.00

0.00

0.00
- 0.00

0.00
0.00

- 0.00

4.15
2.27
2.50
1.41
.85
.96

1.95

2.53
2.55

. 1.38
- 1.04
- 0.00

.88
.82
1.06
.88
.78

W72

o715
.68
.76
.90
.78
.98
.78

. '88

.86
.89
.82

.65
.54
0.00

O . 00
© .53

0.00
0.00
0.00

210 m

LOI

(%)

0.00
0.00
0.00
0.00
0.00 -
0.00
0.00
0.00
0.00
0..00
0.00
0.00

- 0.00 -

0.00
0.00 -
0.00

. 0.00"

0.00
0.00
0.00
0.00

- 0.00
,OOOO

0.00
0.00
0.00
0.00
0.00
0.00
0.00-
0.00

- 0.00

0.00
0.00
0.00
0.00
0.00
0.00 -
0.00

0.00
~0.00

0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00



318

DDH = 1594NE LINE 1300 NW © ELEV = 196 m

Depth Ni Co Fe MgO Sio A1203 Cr203 LOI

(m) (%) (%) (%) (%) (%) (%) (%) (%)

2
N

0-2 .31 0.000 35.42 .64 . 0.00 0.00 0.00
2-4 .51 0.000 39.24 .62 . 0.00 0.00 0.00
4-6 -~ .68 0.000 44.53 .75 . 0.00 0.00 .0.00
6-8 .72 0.000 48.27 .69 . 0.00 0.00 0.00
. 8-10 .84 0.000 49.76 .63 . 0.00 0.00 0.00
10-12 .74 0.000 48.39 .61 0. 0.00 ~ 0.00 0.00
12-14 .89 0.000 51.00 .66 - 0.00 0.00 0.00
14-16 .83 0.000 51.50 .66 0.00 0.00 0.00

16-18 .91 0.000 50.66 .69
18-20 1.00 0.000 43.31 72

0.00 0.00 0.00
0.00 0.00 0.00

20-22 .74 0.000 36.82 .63 . 0.00 0.00 0.00
22-24 .43. 0.000 24.80 .57 . 0.00 0.00 0.00
24-26 .51 0.000 27.49 .57 . 0.00 0.00 0.00
26-28 .57 0.000 28.04 .63 0.00 0.00 0.00
28-30 .57 0.000 24.16 .57 0.00 0.00 0.00

0.00 0.00 0.00
0.00 0.00 7.97
0.00 . 0.00 0.00
0.00 0.00 7.22
0.00 0.00  8.75
0.00 0.00 8.75
0.00 0.00 10.22
0.00 . 0.00 10.53

30-32 1.21 0.000 18.29 .81
32-34 2.20 - .086 23.22 1.21
34-36 .85 0.000 15.33 - 2.81
- 36-38 1.93 .043 15.91 3.92
'38-40 4.03 .065 19.30 3.31
40-42 4.09 .056 18.06 6.15
42-44 4.00- .065 14.77 14.75
44-46 3.92 .068 15.17 11.50
46-48 4.23 066 14.68 11.71 0.00 0.00 10.00
48-50  4.43 .067 17.38 10.73 0.00. 0.00 11.94
50-52 2.48 .085 23.84 2.60 41 0 0.00 0.00 13.57
52-54 3.26 - .045 13.31 3.00 60.0 0.00 0.00 8.99
54-56 2.88 .040 8.60 10.80 63.6 0.00 0.00 7.94
56-58 . 4.00 .053  9.35 17.30 54.5 0.00 0.00 9.94
58-60 3.77 ~ .035 - 8.33 16.48 59.5 0.00 0.00- 9.16
60-62  3.27 .034 7.22 12.18 66.7 0.00 0.00 7.46
62-64 3.13 .025 7.40 13.27 65.8 0.00 0.00 8.04
64-66 2.71  .019 6.52 14.24 '65.9 0.00 0.00 6.86
66-68 2.86 .017 7.00 15.80 55.8 0.00 0.00 7.23
68-70 1.95 .012 5.77 17.60 '51.6  0.00 0.00 6.49
70-72 - 2.94  .016 7.68 22,22 52.8 0.00 0.00 8.52
72-74 3.21 .015 8.34 24.78 46.2 0.00 0.00 9.74
74-76 1.81 .017 6.98 30.85 42.2 0.00 0.00 9.10
76-78 2.09 .014 7.07 29.51 39.0 0.00 0.00 11.70
78-80 .32 0.000 5.60 33.50 0.0 0.00 0.00 0.00
80-82 .23 0.000 5.84 36.00 0.0 0.00 0.00 0.00.
- 82-84 .25 0.000 6.30 34.47 0.0 0.00 0.00- 0.00

~ ‘.
VOO ONOOOOOOOOOO0OOCOOCO0O0

PP n
(9]

AR
ook
rro



DDH =

Depth
(m)

0-2
2-4
46

 6-8
8-10

10-12
12-14
14-16
16-18
18-20
20-22
22-24

24-26.

26-28
28-30
30-32

32-34

34-36
36-38

38-40 -
40-42

4244
4446
46-48
48-50
50-52
52-54
'54-56
56-58
58-60
© 60-62

. 62-64

64-66
66-68
68-70
70-72
72-74
74-76
76-78
78-80
80-82
82-84

1624NE

Co

(%)

.006
.007

.009

.013
.012
.033
.051
.093
.037
.064

.120

.076
.128

.337

.189
271
.212
.112
<131

- .062 -

.063
074
.047
.052

051

.085
<058
.079
.096
.087
.107
.084
.065
.046
044
.019

~.037

.035
.017

-.017

.018
.008

LINE

Fe
(%)

34.80
34.00
41.30
53.20
57.00
53.70
53.00
52.10

. 53.40

41.90
49.00
46.40
43.90
42.30
42.30
40.90
37.10
18.90
18.50
16.50
17.00

19.00

15.00
23.40
17.40
17.10
11.50
19.00
17.50
15.00
15.00
12.70
11.00
10.60
11.40

7.60
10.50
11.10

6.90

8.40

8.20

6.30

319

1300 NW

MgO
(%)

JUIINOOQOOOOOOOOOOOOOC0

LN o
TN OO0 OOOO

Ui
oo
W O 00~

Al,O

273
(%)

0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00

0.00 .

0.00
0.00

5.60

2.54
1.47
1.29
1.67
2.84
2.42
2.66
1.50
1.99
1.16
1.75
3.06
1.91

1.12

1.05
.97

1.85
2.17

1.43
1.71
1.81
0.00
0.00
0.00
0.00

ELEV =

Cr 0

273
(%)

0.00
0.00

.0.00

0.00
0.00
0.00

0.00"

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

2.49
1.85

1.47

1.26
1.31
1.29
1.21

1.87
1.57

1.35
1.36

1.84 -

1.67

1.06

1.15
77
.75

1.04 -

.96
.70
.85
.86
0.00
0.00

0.00

0.00

189 m ,

LoI

(%)

0.00
0.00
0.00 -
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00 .
0.00
0.00

0.00 .

0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00

0.00-
0.00

0.00
0.00
0.00
0.00

- 0.00

0.00
0.00
0.00
0.00
0.00



DDH =

Depth
(m)

Ni

(%).

.26
41

© .52
.61
72

.80
.76
.98

1.17

.90
.87
.87
".59

L] 50

.76

- 1.40
4.60
4.94 .

5.86
5.79
3.01
2.31

3.31
2.17

~1.71
1.60°

1.42

" 1.14

1.03
1.69

-3.99

3.60
4.31
3.74
2.48
1.34

.50

.37

.45

1639NE

Co
(%)

0.000
0.000

0.000
0.000

0.000
0.000
0.000

- 0.000
-0.000

0.000

0.000

0.000
0.000

10.000

0.000
0.000

0.000
'0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000-

0.000
0.000
0.000
0.000
0.000

- 0.000

0.000

0.000

0.000
0.000
0.000
0.000
0.000
0.000

320

LINE 1300 NW

Fe
(%)

35.75
32.30
37.78
46.12
48.29
53.48

51.90

54.53
51.15
49.05
48.82
48.82

26.96

26.89
34.85
31.17

120.20
15.32
14.12

14.05
12.99
14.87
26.06
22.08

20.73
20.28

18.85
9.01
8.78

11.91

12.24
8.94
9.39

10.74

11.27

12.62

10.36
8.94

- 8.23

9.03
9.93

MgO
(%)

«26
.33
.41
.51
72
.48
.72

.67
.69
.54

< 54-

.30
.36
.60
.64

7.54
12.92

10.29

9.79
4.74
1 2.48

2.56

2.56
1.99
2.07
3.85
1.74

.60

.96

2.37 -

9.47
13.10

15.60
19.18

14.13
13.10
24,64
29.89
25.32
24.19

SiO2

(%)

e ¢ e o @

VU EJoloYolololofolofoloRoXoNoXo)

OO0 OCOTOOOOO

BRWN
wHLn
NO\

47 4

o u
O o 0o S
(NF W

w
O\
'..\

A1203

(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00

0.00.

0.00

0.00

0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00

- 0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00 -

0.00

ELEV =

Cr2 3
(%)

0.00.
0.00.

0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

- 0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00:

0.00
0.00

0.00 -

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00

185 m
. LOI

(%)

- 0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

- 0.00

0.00

0.00 - -

0.00

1 0.00

0.00
0.00

-0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00.
0.00
0.00



321

DDH = 1655NE LINE 1300 NW ELEV = 182 m -

Depth Ni Co Fe MgO  Si0, A1203 Cr203 . LOI
~(m) - (%) (%) (%) (%) (%) (%) (%) (%)

0.00 0.00. 0.00

0-2 .37 .011 35.30 .90 0.0 -
-4 .73- .016 35.00 .80 0.0 0.00 0.00 0.00
6 .90 .028 48.30 .80 0.0 0.00 0.00 0.00
8 .92 .028 51.10 .80 0.0 0.000 0.00 0.00
8-10. .80 .025 53.40 .80 0.0 0.00 0.00 0.00-
10-12 .94 .058 53.00 .80 0.0 0.00 0.00 0.00
12-14 .89 .052 51.70 .80 0.0 0.00 0.00 0.00
14-16 .90 .038 50.60 .80 0.0 0.00 0.00 0.00
16-18 .59 .040 50,40 .80 0.0 0.00 0.00 0.00.
18-20 .70 - .270 40.50 .70 0.0 0.00 0.00 0.00
20-22 .65 112 27.50 .60 0.0 0.00 0.00 0.00°
- 22-24 .60 .174 24.80 1 50 0.0 0.00.. 0.00 0.00.
24-26 47 .197 22.10 . - .90 0.0 0.00 =~ 0.00 0.00
26-28 .69 = .202 31.30° 1.00 0.0 0.00 0.00 0.00
28-30 .71 .081 26.00 1.20 0.0 0.00 0.00. 0.00
30-32 6.47 .089 18.50 4.70 42.2 3.81 1.53 0.00
. 32-34 5.07 .052 14.10 7.90 48.6 2.44 1.01 0.00
34-36 4.93  .027 11.50 10.50 52.0 1.67 .82 0.00
'36-38 5.67 .021 10.60 10.50 53.4 @ 1.52 .69 0.00
38-40 4.58 .025 11.80 13.20 47.5 1.75 = .90 0.00
40-42 3.45 .035 13.70 7.10 52.3 1.66 1.06 0.00

42-44 3.78 024 12.10 8.80 54.1 1. 10i 1.02° 0.00

44-46 4.52 -.031 12.80 6.80 53.5 1.03 .96 0.00 -
46-48 4.64 .023 10.40 7.20 57.6 1.22 .87 0.00"
- 48-50 4.20 .029 12.10 6.70. 55.3 1.00 .95 0.00
50-52 2.81 .041 15,60 12.00 48.2 2.24 1.55 0.00
52-54 3.79 .038 .14.10 10.60 54.0 1.58 . 1.45 0.00
54-56 4.02 -~ .048 11.80 = 7.40 57.2 1.34 1.26 0.00.
-56-58 2.26  .059 10.30  4.70 67.5 1.10 1.10 0.00
58-60 1.09 .059 6.20 1.60 76.9 54 .67 0.00
60-62 1.25 .028 9.00 2.10 75.4 .67 1.03- 0.00
62-64 1.51 -.016 2.80 1.70 85.5 .34 .92 0.00
64-66 2.77 .032 3.80 3.00 78.4 .66 1.14 0.00
- 66-68 3.88 @ .046 8.50 19.90 51.9 1.25 .86 0.00
68-70 3.77 .022 6.60 20.60 56.8 .75 +59° "0.00

70-72  3.79 .019 7.70 22.50 50.2 1.21 .62 0.00.

72-74 .85 .013 7.30 25.90

76-78 .43 .011 6.10 32.70
78-80 .66 .022 6.90 34.60

0 0.00 0.00 0.00
0 0.00 0.00 0.00
0 0.00 0.00  0.00
0

0
74-76 .39 .015 5.60 30.00 O
0
0 0.00 0.00 0.00



@

L

DDH

Depth
(m)

= 1670NE

Ni

4.00

7 61
7.38
5.33
2.63
5.72
2.40

L34

2.18
«35
.28
.35

44

Co
(%)

0.000

0.000
0.000
0.000

- 0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
.186
.061
.053
.057
.055
.069
064
.042
. 040
.057
.048
.047
.055
. 046
047
.030
.023
.029
.023
0.000
0.000
0.000
0.000
0.000

LINE

Fe
(%)

33.70
32.80
42.70
49.50
45.50
51.60
49.50
48.10
44,30
35.40
32.90
24.20
27.10
25.80
32.80
18.90
11.00
11.80
13.00
13.80
16.00
24.90
16.30
12.30
13.20
13.60
11.80
12.90
12.70
12.30
10.70
10.30

6.80

6.90

5.80

7.20

5.80

8.10
10.80

9.90

322
1300 NW
Mg0 510,
(%) (%)
1.00 0.

.80 0.
1.00 0.
.90 0.
1.00 0.
.80 0.
1.10 0.
1.10 0.
1.00 0.
.90 0.
1.00 0.
.90 0.
.70 0.
.80 = 0.
.80 0.
.90 0.
1.00° " 0.
1.50 69.
7.30 55.9

13.00 46.6

11.40 46.8
4.40 38.8
5.00 57.5
5.80 63.3
2.70  65.0
9.10 52.1

10.20 51.4

13.40 46.0

15.00 46.7

23.50 45.2

14.70 53.6

23.90 50.5

29.20  51.2

33.30 44.5

31.10 43.5

31.40 0.0

33.80° 0.0

28.00 0.0

25.00 0.0

17.60 0.0

POOCOOOOOOOOOCOOCOOO0O

Al,O

273

(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

i 80
2.33
2.25
2.40
1.12

.85
1.26

1.44

2.06
1.65
1.96
1.14
- .86

.54

.38

.51

.60
0.00
0.00
0.00
0.00
0.00

ELEV =

Cr203

(%)

0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
- .83
1.05
1.14
1.92
3.35
1.36
1.02
1.35

1.54

1.20

1.11

1.40
.85
.97
+65

.64
.49
0.00
0.00
0.00

0.00

0.00

180 m
LOI
(%)

0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

5.02 -

6.79

10.45

10.91
10.72
8.09
7.35
5.50
8.61
- 8.05
9.80
8.85
10.87
8.92
10.43
10.34
10.74
11.62
0.00
0.00
0.00
0.00
0.00



@

@

DDH =

- Depth

(m)

Ni

3.15
3,28.
3.84

4.01

- 2.18

3.17
4.74
5.39
5.98
5.67
4.48
4.31
4.01

4,31
4.55

5.98
8.03
6.42

4.07

1690NE

Co
(%)

0.000
0.000

- 0.000
.0.000

0.000
0.000
0.000
0.000

10.000
0.000
0.000
0.000

0.000

0.000
0.000

0.000

0.000 .

0.000
0.000
0.000
0.000
0.000

0.000 -
. 0.000

0.000
0.000

0.000

0.000
0.000

0.000

0.000
0.000
0.000

0.000.
0.000

323

LINE 1300 NW

Fe
(%)

33.46
35.64
50,60
51.13
49.02

45.41
33.31.
28.50

21.50
24,06
21.35
17.90
13.04
15.19
13.07
16.45
16.37
14.57
12.69
10.52
13.74

9.69

9.61

8.56
10.06

10.82.

10.52
7436
6.76
6.53
7.10

10.21
9.31

10.44

13.22

MgO
(%)
.52

.49

.62

.62 .

.62
.63
.60
.93
1,12
.57
.61
5.12
13.56
12.90
8.88
13.34
13.41
13.10
9.96
1445
8.57
9.03
9.89
10.12
11.62
15.15
17.06
13.57
'9.61
9.61
13.97

14.36
13.34

13.10

7.84

B~
o~
o

Sio
(%)

2

W ‘ .
ololoNolofoYoloRololoNe)
L] .

£~
4-\@
OI\J

44 5
48.7

53.9

52.7

- 54.4

63.4
59.5
59.4
53.4

49.5

50.2
59.1
68.7
69.3
58.2

'50.0

50.6
54.0
54.7

INOOOOO0O00OO -

A1203
(%)

0.00
0.00
0.00
0.00
0.00

0.00 -

0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00

- 0.00

0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

ELEV =

Cr203

(%)

0.00
- 0.00
0.00 .

0.00

0.00

0.00
0.00
0.00

0.00

0.00

0‘. OO .

0.00
0.00

0.00

0.00
0.00
0.00

0.00

0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
- 0.00
0.00
- 0.00
~0.00

180 m
LOT
(%)

0.00
0.00
0.00
.0.00
0.00
0.00
0.00
0.00
0.00"
0.00
0.00
0.00 -
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00 -
0.00
0.00
0.00
0.00
0.00
0.00
10.00

0.00



DDH =

Depth
(m)

0-2
2-4
4-6
6-8
8-10
10-12
12-14
14-16
16-18
18-20

- 20-22

22-24
24-26
26-28
28-30
30-32

32-34

34-36
36-38
38-40

- 40-42
- 42-44

44-46
46-48

- 48-50

50-52
52-54
54-56
56-58
58-60
60-62

- 62-64

64-66
66-68
68-70
70-72
72-74
74-76

. 76-78

2.43

1710NE
Ni Co
(%) (%)
.33 0 .011
.57 .014
.84 .013
.80 2019
.56 . .042
.26 .043
.40 .097
.42 . .087
.60 .064
.63 .197
.68 <206
.93 .186
1.51 .079 -
2.11 .051
4,27 .052
3.42 .034
3.08 .032
4.67 .032
3.61 .030
3.00 ..036
2.78 .036
2.02 .028°
2.69 - .034
3.94  .020
4.06 .024
2.95 .021
1.40 .019
1.51 .022
1.99 .018
.91 .017
.84 .017
.49 .017
1.31 .018
1.41 .016
3.86 .018
1.02 .029
2.22 .017
2.63 . .020
.017

324

LINE 1300 NW

Fe
(%)

33.60
43.70
52.10
52.90

49.30
49.30 .

34.70
27.20
31.60
33.20

23.50

28.70
19.00
13.80
16.20
14.70

14.50

12.30
13.20
11.50

11.30
15.50

15.80
9.70
10.20

8.60.

10.30
10.80
9.80
5.80
7.00

"~ 6.00

6.80
6.10
6.70
8.00
7.20
7.70
6.50

'Mgd
(%)

.80
.90
.90
.90
1.10
.70
.70
.70
.80
.70
.90
1,90
3.10
6.40
14.40
15.90
16 .40
13.70
11.40
9.80
8.60
7.70
8.70
8.70

14.50
20.70

27.10

24,10

16.40
16.20
22.20
25.20
27.00
25.60
18.70
29.20
27.70
27.70
28.80

Sio
(%)

2

L ll-YeloYofololefoXooNoRoNa)

NPOOOODOOOOOOOO

wutun
) \O
L] -
(@]

>
w W
00 W C

e~
Co
N

51. 4
55.9
59.6
62.2

'54.6
62.8

54.5

46.3
47.4

60.4

63.0
54.3

53.0

48.4
51.7
54.3
45.2
46.8

47.0
46.8

A1203

(%)

- 0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
1.51
1.60
2.97
2.52
2.68
1.83
1.49
1.11
-.78
.65
1.21
.85
.86
.69
.79
1.49
<92
.77
.94
43
45

.66

1.17
1.43
1.28
1.00

.84

ELEV =

Cr203
(%)

0.00

0000 7

0.00

0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
1.38
1.39
1.30

0.00

178 m

LOI
(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00 -

0.00
'0.00
0.00
5.33
5.82
10 34
9.59
9.62
7.60
7.61
“6.34
5.97 -
5.57
7.82
5.55
6.73
8.24

7.74

8.09
6.05
7.9
9.13
9.26
8.60
8.08
8.12
7.94
7.25
7.68



DDH

Depth
(m)

0-2

O\-DN

-4
-6
-8
8-10

-10-12

12-14

14-16
16-18

18-20
20-22
22-24

24-26 .

26-28
28-30
30-32
32-34
34-36

'36-38

38-40
40-42
42-44
44-46

- 46-48

48-50

= 1738NE
Ni Co
(%) - (%)
.61 .008
.79 0.000
.53 .025
.54 .078
1.09 .325
1.29 0.000
1.18 .158
.78 .065
1.39 .275
4.84 - 069
5.34 .049
3.43 .045
4,19 .053
2.50 .062
3.37 .085
4,95 .043
4.14 .032
3.87 .035
3.72 .030
2.60 .032
3.65 .022
3.93 .027
1.33 .015
.31 .011
.68 011

325

LINE 1300 NW

Fe
(%)

46.64
51.58
46.22
46.49
42.34
37.06
38.39
22.26
22.63
21.04
13.78
14.63
15.36

9.57
13.60
11.51

8.23
10.02

8.31

10.14

6.76
10.00
9.20
6.60
7.22

MgO
(%)

.68
.66
.72
.66
.72
.67
.69
<59
.66
9.73

- 6.00
14.42

13.71
5.73
6.70
7.52
6.16
6.89
9.72

12.55

9.27
15.31
25.71
32.90
33.19

510,
(%)

OO OOOOOOOO

ANV PR PuUT W
NN N0 WO
L] L] . . L] L] .
~NO0oo PO O

67.6

FPNOCOOOOOOOO

Ale3

(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00 .

0.00
0.00
0.00
-0.00

0.00

0.00
0.00

ELEV =

Cr203

(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00 ..

0.00
-0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

175 m

LOI
(%)

0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00

0.00

9.03

6.08

10.46

11.96

6.01
7.10
6.34
4.90
5.40
6.06
6.62
5.34
7.09
0.00
0.00
0.00



DDH

Depth
(m)

0-2 "

2-4

4-6

6-8

8-10
10-12
12-14
14-16

16-18.

18-20
20-22
22-24

2426

26-28
28-30
30-32
32-34
34-36
36-38
38-40
40-42
42-44
44-46

46-48

48-50
50-52
52-54
54-56
56-58

.28

= 1767NE
CNi Co
(%) (%)
.38 -.012
.69 016
.74 .010
.81 .015
1.00 027
1.20 . .056
1.15 .068
1.41 .097
1.46 .130
1.35 .158
1.28 .062
- 1.75 - .198 .
1.81 .317
1.4% “166
.65 - .063
2.40 .070
2.95 . 049
4.37 041
4.35 041
4,36 .032
4.87 .037
4.82 - .037
3.14 .028
3.29 .037
4.75 .033
2:.37 .022
.58 .027
.38 .018

- .015

326

LINE 1300 NW

Fe
(%)

31.30

35.00
41.20

47 .40

52.20
52.00

. 51.00

50.50

50.30
51.40

49.90
51.00

©23.10

11.20
15.30
12.40
11.50
11.90
19,30
11.50
11.10

8.00
10.10

8.70

8.70

8.90

7.40
6.80

MgO
(%)

.1;101

.80
1.00
.90
.90
.90
.90

1.10

1,30

1.30

1.30
1.50

1.30

1.00
2.60
5.00
6.60

~ 7.60

9.40
13.70
14.40

14.60

17.00
16.50
21.70
29.40
32.50
34.60

C2
(%)

|_\
AN NOOOOQOOOOO0O0O

e o o s o ° e o & o s ¢ e 0.

[V We))
(o)W ;]
L[]

W

60.5
59.2

57.6

NOWOOOO0OOOOCOCOOO

A1203

%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
10.00
0.00
7.72
7.59
3.93
1.57
1.22

1.00

1.08
1.14
1.33
2.01
1.99
1.23
1.64
2.14

1.76
0.00

0.00
0.00

ELEV =

Cr203

(%)
0.00

0.00

-0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

-0.00 -
- 3.14
3.28

1.90
1.39
1.36
1.12
.99
1.04
72
1.36

1.11

.73
1.03
.96

.76

0.00
0.00
- 0.00

167 m

LOIL
(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
©0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00-

0.00
0.00
0.00
0.00
0.00
0.00.
0.00
0.00
0.00
0.00
0.00
0.00
0.00



DDH = 1813NE

" Depth

(m)

Ni
(%)

.30 .
.49

.69
.72
1.01
1.38
1.52

1.56

1.86
1.70
1.75
1.50

1.43

1.59

“1.70:
1.49

1.42
1.52

1'43 .
2.02

1.92

1.53
1.21

1.28
4.06
4.66
4.60
3.96
5.12
5.16

4.88
5.11
4.95

4.29

~2.03

5.10
4.40
3.46

. 2.28

4.39

6.00

.59

.31

Co
(%)
0.000

0.000
0.000

0.000

0.000

0.000

©.099
.076
.132
.107
.066

. 104

.110
.090
.154

.22
0.000

171
.123
.298

L2911

.106
.081
.046
.041
.037
.030

.031

.056
.057
054
.020
.021
.019
.027
.025
.028
.026
.021
.024
0.000
0.000

14.30

LINE

Fe
(%)

30.30
34.30
38.90
41.70

48.10

50.90
52.60
53.30
49.90
53.50
54.2
49.70
48.70-

51.70

45.50
37.50
29.80
29.60
28.90
30.40

'27.70

22.50
18.20
18.20
14.50.
15.00

11.20
9.50
8.50
9.00
9.10

1 8.80
8.90
8.40
8.40
7.90
9.70
9.80
8.40
8.29
7.10
6.10

327

10. 80

'10.90

12.20
17.80
19.30
19.60

18.80 -

20.00
23.30
26.00

.22.10

21.40
19.00
28.30
20.80
23.30
35.40
37.80

NW -

Sio0

—~~

>

ha
N

NMPuUuoCOThOVOONNRFRROOWRHROOOOOO

NWWwR .
CWRWOORAOURPRERPPOOOOOO
. L] o [ ] L ] [ ] [ . * L] e L] [ ] -

o

~w
O ~J
~N P&~

W
\O
L]

N

A1203

(%)
0.00

0.00

0.00
0.00
0.00
0.00
8.21
7.24
9.02

6.66

6.49
7.75
6.87
7.43
7.03
6.80
5.29
5.74
5.19
5.54
4.45
2.05
"~ 1.46

- 1.56

2.33
2.31
1.17

.92

o717

-1.00
1.66
1.42
1.27

.90
.70
.70
.94
1.08

1. 47
1.30
0.00

ELEV =

Cr203

(%)

0.00
“0.00
0.00
0.00
0.00
0.00
2.44
2.47
2.69

2.71

2.75
2.74
3.33
3.32

4.28

3.11
2.19
©2.30

2.45

2.34
1.92

1.82

1.32
1.28
1.11

1.02

1.02

.88

1.03

.76
.76
.82
.70
.61
w73
.79
«75
.67
.68
.70
.52
0.00

.83

158 m

LOI -
(%)

0.00
0.00
0.00"
0.00.-
0.00

0.00"

6.07
6.85
8.51
6.72
5.27
8.02
8.45
- 4.45
8.82
11.08
9.59
9.63
9.24
10.28
9.29
8.31
7.17
6.47
7.14
8.25
8.43
8.22
'8.88
9.36
9.67
9.30
9.61
9.68
9.80
9.51
9.47
8.90
9.01
9.65
10.04.
11.90
- 0.00



DDH
Depth
(m)

0-2
2-4
46
6-8
8-10

10-12

12-14

14-16

16-18

18-20

20-22

22-24

2426

26-28

28-30

30-32

32-34

34-36

36-38

38-40

40-42

42-b4

Lb-46

- 46-438

48-50.

50-52

52-54

54-56

56-58

58-60

60-62

 62-64

64-66

66-68

68-70

70-72

72-74

74-76

76-78

78-80

80-82

82-84

84-86

86-88

88-90

90-92

92-94

94-96

96-98

= 1850NE
Ni Co
(%) (%)
.27 .011
47 017
.64 .018
.64 .018
.83 .019
1.20 .020
1.30 .030
1.11 .045
1.48 .099
1.32 .104
1.63 .088
1.61 .128
"1.48 .078
1.49 .109
1.25 .125
1.28 .162
'1.88 .258
3.10 .133
4.33 .053
4.70 .036
5.79 - .035
5.60 .049
6.00 047
4,63 .028 -
4.83 .035
4.65 .027
4,49 .026
3.99 .032
3.35 .028
4.21 .033
4.43 .033
3.84 .022
4,33 .029
4,22 .023
4.35 .029
4.41 .032
4.49 .030
3.82 .025
2.20 .020
2.06 .030
1.36. .026
1.97 .027
2.35 .022
2.43 024
2.33 .025
1.86 .030
1.75 .024
.70 .023
.28 .020

328

LINE 1300 NW

Fe
(%)

36.00

38.10
41.10
42.70
48.00
47.40
50.90
51.80
50.40
51.00
49.90
46.90
51.70
49.20
46.60

28.20

22.50
17.70
15.60
12.70
10.60

10.00

9.70
9.20
9.00
8.80
8.70
10.00
9.40
9.40
10.00
8.70
9.80
10.40
9.80

9.50

10.00
10.30
9.90
10.60
8.80
9.10

- 9,10

9.30
9.50
9.00
7.70
7.00
6.40

MgO
(%)

.90

.80
.70

Si0

2
(%)

® o ¢ o o o ¢ o

WAPONOODOOOOCOOOO

NAPLFPLWLOOOOOOOOOO

=

I YO
N~ P oy
W

S
~
o

46 0

FSN
\IU'I
Y-

52 0

(SN
(JON
Hb

50 6
50.5
54.5
51.7
49.4
55.8

- 51.1

48.5
49.2
47.7
45.6
45.4
45.1
48.1
48.3
53.2
53.3
49.9
52.7
53.3
53.7

0.0

0.0

A1203

(%)

0.00
0.00

0.00

0.00
- 0.00
0.00
0.00
0.00

0.00

0.00
8.90
10.40
8.02

9.92

7.87
3.93
2.88
1.80
1.92
1.91
1.85
1.84
1.71

.95

.74

.74

.68

.91
.76
.87
.86
.84
.82

1.07

1.74

2.12

2.13

2.23

1.82

2.12

1.07
.83
.72
.73
.79

1.14

1.34

0.00

0.00

ELEV =
Cr203
(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
2.71
3.45
2.68
2.59
2.85
1.83
1.63
1.28
L89

155 m
LOI
(%)
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
9.02
9.42
6.90

- 6.51
6.48
9.31
7.83
7.70
- 8.43
9.00
9.36

10.06
9.47
8.65
8.24
8.23
9.04
8.50
7.93
9.17
9.57
8.32
9.01
9.39 -
9.49
9.25

10.37

10.25
9.56
9.90
8.95
8.79
8.69
9,26
9,35
9.45
8.48
0.00
0.00



DDH =.1884NE

Depth

(m)
0-2

C2-4

4—6
6-8

. 8-10
10-12 -
12-14
14-16 -
16-18

18-20
20-22
22-24
24-26
26-28

28-30.

30-32
32-34
34-36

36-38
38 40
4071
4.81

Ni

(%)

.29
.64
.81
. 84
.92
.88
.86
.97
.88
.88

3.71
4.67 .

4.83
5.23
5.33

4.34

4.37
4.47
3.67
4.66

3.62

3.83
4.19

4.48

- 4.07
4.04

3.71
3.77
4.87
3.9

4,38

4.25
4.37
3.89
2.68
3.32
3.94

Co
(Z)'

10.000°
©0.000
0.000-

0.000
0.000

0.000

0.000
0.000
0.000
0.000
116

.080

.061

.055 .
.053°

.052

~.053
.051 -

.063
.058
.078
.066

.042

- .040

..028
.025
.022
.030
.026

.024

.031
024
<022
<029
.023
.017

.014

329

LINE 1300 NW

Fe
(%)

35.73
41.40
53.52
55.11

53.82

54.11
53.09
51.17
47.14
36.35
17.97

16.03

14.56
14.70
13.84

13.69

14.46

16.54 -

17.57
17.11
18.53
17.07
12.13
14,60
14,08
14.04
13.27

12.10
13.20

12.98
9.66
12.05
12.00
9.85
9.34
11.24
10.74
9.40
8.52

MgO-

(%)
.38
.49

47
47

.51

.49
.43

.50

.68
.64

-10.26

13.63
13.61
14.72
14.14
11.47
13.72
12.46
11.68
12.55

8.52

- 9.11

'9.84
8.44
11.52
12.72

17.36
18.40

15.50
14.76

19.11
20.80
20.45.

21.31

21.98

2250
23.29
21.52
22.15

s
wo

NWPhOOOCOCODOOOOO

B~
RN
L] L]
o

41.9

o S
N
Do

44 9
58.5

53.9

48.7
49.1
43.9
42.3
49.1
48.4
46.4

43.2.

42.2

45.9

45.5
42.9
40.1
41.5
44,3

PO WFROOOOOODOOOO0

Al,O

273

(%)

0.00
0.00

0.00

0.00
0.00
0.00

0.00

0.00
0.00

0.00

0.00

0.00
0.00"

0.00

- 0.00

0.00

0.00"

0.00

0.00

0.00
0.00

0.00

0.00

- 0,00
0.00.

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00

0.00

0.00
0.00
0.00
0.00

ELEV = 154 m

Cr203

(%)

0.00
- 0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00

0.00

0.00
0.00

0.00

0.00

0.00

0,00
0.00

0.00

0.00
0.00.

- 0.00
0.00
0.00

0.00 -

0.00
0.00

0.00-

0.00
0.00

0.00 -

. 0.00
0.00
0.00
0.00

- 0.00

0.00
0.00

0.00.
0.00

LOI
(%)

0.00
0.00

0.00

0.00 .
0.00
0.00
0.00
0.00
0.00
0.00
13.08
12.96
11.85
11.79
10.59 -
9.42
10.15
10.16
10.38
9.79
9.49
8.63
7.43
8.27
9.24 .
8.87
10.29 -
9.72
9.33
9.95
-9.55
10 42
10.33

10,07

9.93
10.66
11.12-
11.21
10.18



DDH

78-80
80-82
82-84

84-86

86-88
88-90
90-92
92-94
94-96
96-98
98-100

1884NE

3.97
3.64
3.78
L.h6
3.52
2.55
2.38
2.97

- 3.68

2.90
3.78

100-102 2.61

.016

.022
.019
.035
.036

. 039

.036
.035
.035
.034
.036
.029

LINE 1300 NW-

330

(Cont.)

9.15.

12.03
9.22

9.23.

12.99

13.48°

12.06
12.33
12.68
11.44

9.60

7.87

24 .43
18.24
21.51
22,02
20.69
21.15
22.15
18.75
16.49
19.78
18.08
18.14

44.1
41.1
43.2
43.7
41.4
42.4
43.4
45.8
48.5
48.7
52.8
57.6

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00

ELEV =

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

154 m

11.14
10.44
10.69
10.52
11.01
10.32
11.46
10.69
10.11

9.40

9.53

7.71



C

s “\v
L

DDH =

Depth
(m)

1900NE
Ni Co
(%) (%)
.20 0.000
.82 0.000
.73 0.000
.84 0.000
.84 0.000
.84 0.000
.82 0.000
1.09 o121
.71 0.000
1.30 .124
1.53 .151
1.48 . .159
1.23 . 096
2.68 ..066
3.51 .055
3.85 .064
- 3.85 . 060
3.67 - .053
4.01 .060
3.91 . 060
3.75 .055
4.11 . 046
4.59 .049
5.42 .042
4.47 .034

LINE 1300

Fe MgO
(%) (%)

39.01 .03
48.92 .04
53.23 .12
53.71 .05
53.15 .04
53.71 .03
52.28 .02
48.76 .04
39.97 .03
35.01 .07
33.09 .11
30.45 .39
31.18 .65
23.24 6.18
20.60 7.57
19.24 11.52
19.40 15.10
16.91° 17.50
16.99 13.25
16.91 14.21
16.83 12.88
17.27 12.00
17.37 14.50
15.63 13.22
15.07 15.05
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w
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\O

39.1
38.4
33.6
35.4
41.0

40.9°

43.2
44.4
37.7
42.8
43.9

VOV O 000N O

A1203

(%)

22.14

13.50
11.08
9.64
" 9.44
9.44
8.88
7.56
4.38

5.96

5.10
4.04
5.18
" 4.60
3.60
3.96
4.28
4.10
3.30
2.72
2.36
2.72

3.30

2.78
2.72

ELEV =

Cr,0

273

(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
- 0.00
0.00
0.00
0.00
0.00
0.00

0.00"

0.00
0.00
0.00
0.00
1.42
1.30
1.17
1.40
1.10
1.16

152 m

LOI
(%)

15.90

9.98
6.40
6.48
7.12

6.16
7.32

12.78

10.86

10.90

11.08

12.48

13.88
12.30
11.96
11.60
12.74
12.54
11.44
11.18
10.98
10.40
11.36
11.14
10.44



DDH

Depth
(m)

0-2

2-4
-6

6-8 - °

- 8-10

10-12
12-14
14-16
16-18
18-20
20-22
22-24
24-26
26-28

+.28-30

30-32
32-34
34-36
36-38

- . 38-40

40-42
42-44

lbimtlib
46-48
48-50 -

50-52
52-54
- 54-56

156-58
58-60
6062
62-64
6466

'~ 66-68
68-70

70-72
72-74
74-76
76-78
78-80
80-82
82-84
84-86
86-88
88-90
90-92
92-94

= 1934NE
Ni  Co
(%), (%)
47 - .014
W42 014
46 044
.58  .122
.77 .091
.98 189
.97  .085
1.44  .109
1.08 .109
4.08  .052
4.63  .027
4.52  .026
3.57  .025
4.23 .02
3.56  .026
3.59  .029
2.87  .028
3.06 .032
3.19 023
3.09 .027
2.62 - .028
3.66 - .026
3.90 .026
4.52. .022
3.42  .020
4.08 .021
4.01 - .025
3.64  .025
3.69 . .025
4.23  .026
3.24  .023
2.61  .027
2.64  .023
2.76  .019
2.18  .022
©2.80  .022
2.74 . .025
3.37 . .021
2.37 © .017"
2.61 .013
2.79 - .016
2.01  .016
1.78  .029
1.74  .025
.42 021
.92 .019
.58  .019
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LINE 1300

Fe

(%)
46 .40

46.20
45.90

50.50
45.50

41.10

27.70
32.20

28.20
16.10
11.80
10.20
12.70
11.90
11.80
12.60

13.60

15.40
12.80
13.60

12.60

13.90

13.20
12.60

9.90

11.20.

10.90
10.80

10.90

11.60
12,20
12.60

~12.10

9.50

-10.80

10.70
13.00

10.20
9.70

7:90
10.80
9.20
9.60

9.00

8.90
7.90

8.70

MgO .

(%)

1.00

.80
.80
570
.70

o~
9
—
N

LNWOOOO00O00OO
[ . L) L[] L] . [ ] [ ]
PNOOOOOOOOO

Al,O

273

(%)

0.00

0.00

0.00
0.00
0.00

£ 0.00
0.00
10.00

0.00

. 1.76

1.77
1.34
2.03
1.84

1.71 .
1.77

2.34
2.56
2.17
2.10
1.46

~1.06
1.22

1.54
1.34
1.67
1.90

1.43

.73
.76

1.09

2.07
1.79

.76
1.09
1.92
1.78

.67
.33
.59
.52
1.03
.94
0.00
0.00

0.00"°

ELEV =

Cr,0

273
(%)

0.00
0.00
0.00
0.00

- 0.00

0.00
0.00
0.00

0.00

.99
.67
.66
.83
.66
72
.79
.85

1.07

.81

.95
1.07
1.04.

.92
w71
.66
.76
73

.74

.71
.84
.69
.82
77
.69

.80 -

.85
.86
.98
.60
.52
.52
.49
.69
.59

0.00

0.00
0.00

148 m

LOI
(%)

0.00
0.00
0.00
0.00
0.00

10.00
10.00

0.00
0.00

- 0.00

0.00
0.00
0.00 -

0.00 -

0.00
0.00
0.00
0.00
0.00

- 0.00

0.00
0.00.
0.00
0.00
0.00

0.00

0.00
0.00
0..00

- 0.00

0.00
0.00

- 0.00
-0.00

0.00

- 0.00
- 0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00 .
0.00



DDH

- Depth
(m)

= 1955NE

Ni Co
(%) (%)
.72 .181
1.18 .180
1.10 .104
1.02 .163
1.07 .216
3.77.  .068
1.70 - .206
4.55 .048
4.64 . .060
3.79 - .049
3.87 .036.
4,22 . 044
7.60 .045
9.93 057
7.80 .053
4,11 - .033
4.61 .052
3.54 .049
3.25° .056
2.56 .060
2.10 -.07%5
1.34  .047
2.14 .061
2.67 .068
2.15 .045
2.49 .047
2.50 .034
2.90 .032
3.71 .024
3.38 .024
2.31 .021
2.68 .021
2.66 .025
2.72 022
2.82 .016
2.51 .016
1.43 - ,016
.52 .014
.46 .017
.51 .019
.37 . .017
.52 .015
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LINE 1300

Fe
(%)

44.60

42.60°

26.10

25.60

24.50

18.10
18.90

14.40
20.40
17.10

13.60°
15.50

13.40
16.90
15.70

9.70

:18.80
18.40 .

16.70

20.50
125.00.
19.60

23.00
21.20
16.60
16.40
11.20
12.10

10.80

9.90
9.10
9.60
11.40
10.10
7.60
7.70
6.60
6.20
7.40
8.70

7.70
24.80

7.50

MgO
(%)

.90
.80
.70
.80

.70
10,80

2.10

11.50

9.40
16.60

18.60

16.10

14.50
7.70°

11.30
11.60

13.50
7.20 -
11.10
13.10

8.90
3.60
4.40

6.00

12.20

16.60

18.00
18.30
21.80
23.70
17.70
16.70
18.60
25.20

27.60 -
- 29.00

24.40

'34.20
31.70

28.70
28.80

NW
Sio
(%)

9
[\S)

wwHup

PREAENNRHROOCOOO
L] L] . L] . L] L] L] . [ ]
AW OULOCOOOO

PUBRPRPPPOLWPRPLULLWWW
NOROPROOVCWRAR Lo~ ULIOYO W
[ ] L] L[] L] * L] . L] L] L3 L] L] . L] . L] L] -
PROONWONUNOONOSONO

43.3
54.2
54.7
48.0
42.8

45.0 .
. 43.8.

42.1
44.0
44.3
47.4

51.8 -

“Al,0

273

(%)

0.00
0.00

0.00
0.00

3 25

3 78

ELEV =

Cr203

(%)

0.00
0.00
0.00
0.00

0.00

1.38

- 1.55
1.11
1.28
1.08
.89
1.07
.95

1029 .

1.16

.79
1.09
1.24
1.32

1.46:

1.60
1.56
1.59
1.62
1.09
1.06

.86

.80
.87
.75
64
.68
.75
.73
.54
.55
.53
.49
.66
.64
.62
.66

140 m -

LOI
(%)

0.00
0.00
0.00
0.00
0.00
0..00
0.00
0.00
0.00
0.00
10.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00.
0.00
10.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00



p—y

o

DDH

84-86
86-88
88-90
90-92
92-94
94-96
96-98
98-100

100-102

102-104

104-106

~1955NE

1.49
.85
<40

.72

<35
1.70

1.95°

2.52
2.56
1.79

.54

.014
.014

.016
.017
.018

.018

.019
.019
.019
.020
.017
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LINE 1300 NW

(Cont.)

8.00

7.60 "

7.00

~7.40

7.10
7.00

7.20°

7.00
7.40
7.20
6.10

28.30
28.40
32.20
29.80
33.40

'25.80

27.50
23.40
26.70
30.00

33.80

44.0
46.1
43.4
43.8
42.6
49.5
47.8

51.4

47.7
45.2
0.0

1.19
1.36
1.38
1.20
.68
.42
.52
.37
41
.42
0.00

ELEV =

140 m

0.00
0.00

. 0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00



DDH

-Depth

(m)

0-2
2-4
- 4-6
- 6-8
8-10
10-12

12-14 -

14-16
16-18
18-20
- 20-22
22-24
24-26
26-28

28230

30-32
32-34
34-36
36-38
38-40
40-42
42-44

- 44-46

46-48
48-50
50-52
52-54
54-56
56~58
58-60
60-62
62-64
64-66
66-68
. 68-70
70-72
72-74

= 1973NE
Ni  Co
(%) (%)
.76  .081
1.02 - .050
1.00 . .109
2.08  .090
2.64  .081
6.34  .060
3.00  .116
3.60  .028
2.82  .021
2.64  .018
'2.50  .019
3.14  .019
3.06  .020
4,46 .021
3.72 - .024
2.54  .024
3.51  .026
4,08  .021
2.50  .021
2.61  .025
3.09  .027
2.21  .025
2.27  .026
2.34  .022
2.32  .017
3.10 .021
3.23  .020
2.57 .017
2.26  .017
2.17  .016
2.48 .016
1.68  .019.
1.51 .02t
1.44 .019
1.07  .016
1.15 * .013
1.07  .017

LINE

Fe
(%)

43.30
33.00
27.50
30.80
27.90
19.80

123.00

9.60
7.10
7.20
8.60
7.70
7.+50
8.60
9.10
10.00
13.50

10.30

9.90
11.30
12.50
12.20
13.00
11.50

7.80
'9.70
11.30

8.40

8.00

7.60

7.00

9.60-
10.00

9.10

8.30

7.20

5.90

335

1300 NW

Mgd
(%) -

1.00

.90
1.00
1.80
3.30
9.40

5.70.

25.30
24.20

24,40

28.20
23.10
18.10
24..30
23.00
23.70
20.80
21.30
20.40

17.70
18.80

16.90
17.60
18.50
19.00
23.90
21.30

22.10

22.60
20.40
22.70
15.50
17.70
15.50
10.70
12.70

9.20

Si02
(%)

16.0
36.3
46.9
36.0
37.2
37.0
42.9
42.1
48.7
49.4
43.2
48.7
55.5
41.4
42.8
41.4
44.0
45.8
45.5

- 50.3

46.0
49.6

- 45.3

47.6
52.5
41.6
43.6
47.1
47.6
51.1
54,2
58.0
54.5
59.0
69.0
66.5

73.5

Al 0.

273
(%)

6.73

3.21
4.60
5.46

3.88

4.34
3.98
1.11

73

.69
.76

.93

1.74

1.63

1.78
1.77
1.29

1.09

.86
.73
.68

.87

1.00

1.89

2.10
1.25

.57

.65

.51
.59
.96

- 1.05

.82

ELEV =

Cr203

(%)

2:.77
2.59
2.05
2.20
2:.13
1.75
1.75
.67
.52
.55
.54
.57
.67
.71
.75
.65
.84
.71
.67
.68
.82
«81

.92

.71
.52
.66
.76
.54
.53

.46

.52
.77
.84

.50
.43

133 m

LOI
(%)

9.82
7.82

- 5.93

8.05
7.81
9.19
7.46
11.41
10.22
10.19
11.81
10.07
8.57
11.29
11.28
12.06
11.45
9.58
11.23
10.23
10.68
10.57
11.26
11.05
9.43
12.78
12.16
10.97

10.60

9.59
9.17
9.46

4 10.57
.89
.65

9.56

6.60

7.97
5.13




DDH =

Depth
(m)

0-2

O\-l-\ll\3

4
-6
-8
1 8-10 -
10-12
12-14
14-16 -
16-18
18-20
20-22
22-24
24-26

- 26-28

28-30
30-32
32-34
34-36
36-38
38-40
40-42
42-44
44-46
46-48
48-50
50-52.
52-54

1992NE
Ni - Co
(%) (%)
3.02 .076
5.95 041
6.23 .043
4,82 .042
4.39. . 040
4.27 .059
3.50 .051
3.16 .028
2.51. ..027
2.34 .024
2.84  .025.
"3.19 .023
'2.33 . .024
2.14 .022
2.26 .025
2.16 .023
-+ 3.18 .023
2.74 .017
2.21 .017
2.54 .018
-2.96 .022
4.04 .019
2.43 . .018
2.56  .020
2.19 .014
.66 . .013
.37

.012:
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LINE 1300

Fe
(%)

26.30

11.50

10.10
12.20

11.20
:18.70

18.00

12.20
11.50
10,30 -

11.40
10.90
10.30

9.70
10.00
10.50

9.60

-+ 7.80

8.30

7.40 -

9.60
9.90

- 8.00

9.70
7.70
7.00

. 6,20

MgO
(%)

6.60
17.30
19.20
18.70

- 18.60
14.70

11.00
14.30

24.30

27.10
23.20
22.50
24.60
23.70
25.50
21.60

20.70
19.00

18.50
23.60
23.50
22.80
21.40
25.40
30.00
31.60
32.20

 Si0

NW

(%)

33.6
42.4

40.9

42.0

bbb

35.3
42.3
48.8

- 38.6

38.1
39.8
39.9

40.8

43.5
41.7
46 .4
49.7
53.6
54.2
49.7

43.3

43.2
49.3
42.4
41.7
0.0
0.0

A1203

(%)

3.79
1.66
1.94
1.25
1.26

- 2.58
3.17

1.69

1.72

1.87
1.89
2.10
2.07
2.05
1.87
1.07

169

.60
1.79

2.14

2.18
1.37
1.57
1.05
0.00
0.00

ELEV =

Cr203

(%)

1.65
.90
.80

.90

.87
1.02
"1.13

. .83
.68

.55
.80
» 74

.56

.60
.63
.71
67
.58
.51
47
.66
.80

.68
.54

0.00 -

0.00

126 m

LOI
(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00.
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00




C

DDH =

Depth
(m)

0-~2
2-4
4-6
. 6-8
8-10
10-12
12-14
14-16
16-18
18-20
20-22

22-24

24-26
26-28

28-30

30-32
32-34

34-36

36-38
38-40
40-42

42-44 .

44-46

46-48

48-50

DDH

4Depth
(m)

0-2

4-6
- 6-8

8-10
10-12
12-14
14-16
16-18
18-20
20-22
22-24
24-26

2010NE
Ni Co
(%) (%)
.80 .065
1.43 .103
3.31 .053
1.58 .028
4.90 . 049
2.59 .066
3.03 .032
4.44 .048
3.27 = .047
3.64 .013
3.29 .010
3.36 .012
3.26 .016
2.23 .008
2.25 .008
2.42 .010
2.66  .013
2.62 .009
3.10 .010
3.57 012
3.78. .006
2.62  .006
1.56 - .008
.37 .005
44 .004
= 2030NE
Ni Co
(%) (%)
1.01 0.000.
1.74 0.000
3.54 0.000
3.68 0.000
2.96 0.000
3.49 0.000
3.53 0.000
3.61 0.000
2.73 0.000
.72 0.000
.24 0.000
.86 0.000
.77 0.000

337

LINE 1300

Fe
(%)

36.20
36.60
20.60
12.80
18.10
26.70
13.00
20.80
20.10
10.60
11.80
11.60
12.70

11.10

10.50
12.00
12.30
12.20
10.70
9.10
5.90
7.70
7.70
7.20
6.00

"LINE 1300 .

Fe
(%)

23.40
28.60
15.10
14.90
13.80
13.90
11.70
8.70
8.90
7.30
5.70
6.50
6.60

MgO
(%)

1.50
2.70
15.10
12.40
15.40
16.70

17.00

24.60
25.00
32.10
34.20
30.90
32.00

Al,0

273
(%)

0.00
0.00
2.75
1.34

3.71

5.42
2.67
3.89
3.22
2.02
1.67
1.98

2.10°

1.10
1.58
1.93
2.24

1.27

.89
.96
.89
1.23

.88

0.00
0.00

-Al1,O

273
(%)

0.00

5.07 -

3.02

3.06

2.22

2.43

2.08

1.20

0.00
0.00
0.00
0.00

Cr,0

ELEV =

273
(%)

0.00
0.00
1.16

76 .

1.25
1.67
.83
1.72
1.32
.68
.71
74
.83
.64
W57
.58

L] 76

.62

.67 -

.54
.48
.62
.62
0.00
0.00

ELEV =
Cr,0

273
(%)

0.00
1.76
1.05
1.01
.84
.92
77
.62
.65
0.00
0.00
0.00
0.00

119 m

LOI
(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00

- 0.00

112 m

LOI
(%)

0.00
7.64
10.23
8.89
9.56
10.59
10.20
11.53
11.57
0.00
0.00
0.00
0.00



DDH

Depth

(m)
0-2-

2-4

4-6

6-8

8-10
10-12
12-14
14-16
16-18

18-20

20-22

DDH =

Depth

~ 2046NE
Ni  Co
(%) (%)
.94  .069
.94  .052
1.36  .057
3.50  .043
2.83  .051
1.99  .030
01.85  .017
.82 .014
.43 .013
.35 .01l .
.33 .012
2064NE
Ni  Co
(%) (%)
1.55  .057
3.27  .032
1.89  .044"
1.13  .054
1.50  .049
3.44  .035
3.31 . .034
3.55 .028
1.69 .018
.80  .018
1.15  .016.
3.30 .018
1.03 . .020
.80  .018
1.59  .014
2.76 . .015
1.56  .017
1.53  .018
.73 .018
.68  .017
.90 .016
.65 .020
.38 .012
.25 .015
.21 .013

LINE 1300 |

Fe
(%)

29.00

24.40

26.30
17.70

- 20.20
13.00

12.50

8.40

7.50
6.30
6.40

LINE 1300 |

~ Fe

(%)

23.50

11.90
17.70
21.20
20.10
12.30
13.70
12.10

8.40°

7.40
7.10

~7.90

8.30

8.40

7.70
-7.10
7.20
7.00
7.00
6.60
7.10

8.00
- 6.20

6.00
5.00

338

MgO -
(%)

1.
1.
- 1.
19.

20
10

60

60

12.40

19.
24,
27.
29.
32.
34.

50

70

20
70
30
80

- MgO

(%)

3.
- 21.
- 10.

1.
2.
14,
13.
14.
25.
30.
27.
25.
28.
28.
30.
29.
30.
31.

32.
34.
33.
33.

35.
37.
36.

30
80

60

10
20
30
00
70

90

50
90
20
50
80
10
80
70
20
10

50

50
20
10
20
50

RPNWLWOOO

S~ ww

OO OO

AL,05

(%)

0.00
0.00
0.00
2.05
2.53

2.25

1.79
0.00

0.00 .
-0.00

0.00

ELEV = 105 m
Cr203 LOI
(%) (%)
0.00 0.00
0.00 0.00
0.00 0.00
1.10 0.00
1.27 0.00
.91 0.00
.62 0.00
- 0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
ELEV = 98 m
Cr203. LOI
(%) (%)
1.84 7.35
.93 11.30
1.28 8.54
1.81 6.26
1.89  6.10
1.20 9.20
1.15 8.77
1.16 9.15
.69 11.44
.59 11.86
.58 10.65
.79 . 8.72
.69 12.08
.62 11.67
.67 14,11
.63 12.63
.65 12.50
.59 12.48
0.00 0.00
0.00 0.00
0.00 0.00
0.00. 0.00
0.00 0.00
0.00 0.00
0.00 0.00



DDH

Depth
(m)

= 2080NE

- Ni

(%)

.69
.84
1.17
1.22
1.51

2.02

2.24

2,40

1.97
1.24

.56

-1.19

2.04

Co
(%)

0.000
0.000

0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000

- 0.000

0.000

0.000 -

0.000

= 2105NE

Ni
(%)

1.23
1.09

Co
(%)

.125
.064
.110
.101
.068
.026
.019
.024
.023
.019
.019
.019

339

LINE 1300 NW

"Fe
(%)

-31.00

29.00

36.60

33.80
26.80
27.60
10.80
15.00
10.40
11.30
7.90
8.10
7.40
6.80

MgO
(%)

4.70
11.00
2.30
2.50
1.60
9.00
26.90
26.40
27.00

$28.30

32.40
32.20
35.80

- 36.90

LINE 1300

Fe
(%)

35.80
41.60
36.20
31.30
20.80
9.70
7.00
7.20

7.40°

7.00
6.30
6.10

MgO

(%)

.80
.80
.70

4.10

19.50

28.80

31.40
32.10

33.90

34.50
35.80
36.40

Sio
(%)

2

wwwk

NOPA~ANOOOO

. [ ] L] L[] L] L] L] L]
PR PRPOOOCOOO

S
o

39.4

A1203

(%)

0.00
0.00
0.00
0.00
1.76
1.58
1.17
1.23
1.22
1.44
1.21
1.22

.56

A1203

(%)

0.00
0.00
2.59
2.34
1.40
0.00
0.00
0.00
0.00
0.00
0.00
0.00

ELEV =

Cr203

(%)

0.00
0.00
0.00
0.00

2.23 .

2.60
.86
1.01
.79
.62
.67

.65
.54

ELEV =

Cr203

(%)

0.00
0.00
2.36
2.21
1.62
0.00
0.00
0.00
0.00
0.00

0.00-

0.00

92 m

LOI
(%)

'0.00
0.00
0.00
0.00
7.10
9.51

12.14
12.12
11.60
12.42
12.51
11.96
12.79
13.34

85 m

LOI
(%)

0.00
0.00
7.15
7.96
10.87
0.00
0.00
- 0.00
0.00
0.00
- 0.00
0.00



w

DDH

Depth
(m)

0-2
2-4
4-6
6-8
8-10
10-12
12-14

- 14-16

16-18
18-20
20-22
22-24
24-26
26-28
28-30

= 2129NE

Ni
(%)

.80

2.16
3.49
4.88
3.42
1.74

.57

.54

L] 38

.54
.38
.38
.37

.37

41

Co
(%)

.083
<112
.081
.050
.036
.032
.028
.026
.023
.019
.018
.016
.017
.016
.016

= 2148NE

Ni
(%)

.94

2.95

2.25
2.15
2.55
1.87
«39
.36
.34
«39
.57
.36
.33
.34
.46
.40
.31
.29
.35
.29

.25

Co
(%)

0.000°
125

.102
- .050

035

.022
0.000
0.000
0.000

0.000

0.000

0.000

0.000

0.000

0.000
0.000
0.000

0.000

0.000
0.000
0.000

340

LINE 1300 NW

Fe
%)

42.50
41.20
23.10
22.00
14.90
14.30
14.40
10.10
.8.70
8.00
8.00
7.90
7.20
7.20
7.20

MgO
(%)

1.00

1.60
10.90
12.90
18.30
20.00
12.30
21.90
32.30
32.80
33.80

34.30

34.30
34.30
33.70

'LINE 1300

Fe
(%)

37.00
33.60

32.90

25.70
20.00

12.00

8.80
9.00
7.80
7.40
8.00
7.00
7.00
6.70
7.10
6.80
6.20
6.80
6.10
6.00
5.80

Mg0
(%)

1.20
1.20
2.70

11.20

14.00

23.10

29.60
28.70
27.10
31.90
30.70
33.50
32.70
34.70
34.80
35.00
35.50
35.60
35.70
35.90
35.10

coococococooo
CO0OO0OOOO

COOO0COCOOOODOOOOO
COO0OO0OO0OO0OO OO OOOO

A1203

(%)

0.00
3.62
1.72
1.56
1.22
1.02
0.00
0.00

- 0.00

0.00
0.00
0.00
0.00
0.00
0.00

Ale3

(%)

0.00
10.70
9.15
3.80
1.21

0.00
0.00
0.00
0.00
0.00
0.00

0.00 .
0.00 .

0.00
0.00
0.00
0.00
0.00
0.00
0.00

ELEV =

Cr203

(%)
0.00

2.69
2.00

1.75
1.20
1.16

'0.00
0.00-

0.00
0.00
0.00
0.00
0.00
0.00

0.00

ELEV

Cr203

(%)
0.00
2.17
2.30
1.87
1.60

.87
0.00

0.00 -

0.00
0.00
0.00
0.00
0.00
-0.00
0.00
0.00
0.00

0.00

0.00
.0.00
0.00

77 m

LOI
(%)

0.00
10.43
9.70
10.04
10.25
11.19
0.00
0.00
0.00
0.00
0.00
0.00
0.00.
'0.00
0.00

70 m

LOI
(%)

0.00
12.26
13.28"
17.04
16.61
13.41

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

©0.00
0.00



DDH = 774NE

- Depth  Ni Co

(m) - (%) (%)

0-2 .42 0.000
2-4 .81 0.000
4-6 .60 0.000
6-8 44 0.000

8-10 .39 0.000
10-12 .41 0.000
12-14 .25 0.000
14-16 .20 0.000

DDH = 852NE

Depth Ni Co
(m) (%) (%)
0-2 .53 0.000

4-6 .47 0.000
6-8 .76 0.000

8-10 .49 0.000

10-12 .40 - 0.000

12-14 .24 0.000
14-16 .26 0.000
16-18 - .20 0.000
18-20 .20 0.000

. DDH = 930NE

Depth .Ni‘ Co
(m) (%) . (%)

0-2 .40° 0.000
2-4 .44 0.000
4-6 .32 0.000
6-8 .34 0.000

8~10 .34 0.000
10-12 .28 0.000
12-14 .28 . 0.000
14-16 .25 0.000
16-18 .23 0.000

341

LINE 2000 NW

MgO

(%) (%)

21.20 .10
13.60 . 9.30
9.80 19.80
7.20- 19.30
7.50 28.90
- 7.40 32.90
6.40 33.50
5.70 36.80

LINE 2000

MgO

(%) - (%)

32.10 .70
32.70 4.00
29.30 3.30
19.70 4.70
.9.60 17.80
8.30 18.60
6.20 19.40
6.30. 25.60.
6.00 27.40
5.80 29.10

LINE 2000 NW

MgO

(%) (%)

25.70 .80
20.20 .60
11.60 .70
10.00 - 2.00
6.00 24.40
7.70 28.60
7.20 30.40
6.20 35.20
6.00 36.20

oYoleYoYoloYo e
o YofofoleloXo ko)

9
N

COOOODOOOOO

COODO0O0O0OOO

9
[ [ . .
[>¥olololeolofoloNe]

L] ] L] . .

. coococoocoo0oQ

Al,O

273
(%)

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

A1203

(%)
0.00

0.00
0.00 "

0.00
0.00
0.00
0.00

0.00"
0.00

0.00

Al,O.

273
(%)

0.00

0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00

ELEV

Cr203

(%)

0.00
0.00

0.00 -

0.00
0.00
0.00
0.00

0.00

ELEV =
Cr,0

273
(%)

0.00
0.00
0.00

0.00

0.00

- 0.00

0.00
0.00
0.00

- 0.00

ELEV =
Cr,0

273
(%)

0.00
0.00
0.00

. 0.00

0.00

-0.00

0.00
0.00
0.00

57 m .

LOI
(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

70 m -

LOI
(%)

'0.00

0.00
0.00
0.00
0.00
0.00

.0.00

0.00
0.00 -

0.00

81l m

LOI
(%)

0.00
0.00

0.00
- 0.00

0.00
0.00
0.00
0.00
0.00



DDH =

Depth
(m)

0-2
2-4
46
6-8

- 8-10

10-12.

12-14

DDH =

DDH =

Depth'
(m)

0-2
2-4
4-6
6-8
8-10
10-12
12-14
14-16

16-18

18-20

953NE

Ni
(%)

.23
.22
.10
.29
.93

77

.39

Co
(%)
0.000

0.000
0.000

0.000
0.000

0.000
0.000

975NE

- Co

(%)

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

995NE

Ni
(%)

.46

.43
.87
.89
.90

.28

.27

W27

.31
.30

" Co ‘
(%)

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

LINE 2000 NW

Fe
(%)

20.50
16.30
9.70
9.00
13.20
9.90

7.10

342

MgO
(%)

.90
.80
.90
2.90
15.00

27.40°
31.10

LINE 2000

Fe
(%)

31.00
25.40
15.20
14.00

8.00

- 6.00

5.60
5.80
5.80

- 5.60

MgO
(%)
1.20

.70
.50

120.20

26.40
32.90
35.90
35.70
35.40
35.20

LINE 2000

Fe
(%)

29.50

24.40
27.20
11.20
10.60
6.30
6.40
- 6.10
6.30
6.20

MgO
(%)

.60

.30
3.50
22.90
25.30
35.20
35.30
36.00
35.30
34.80

ofofolololoke)

RofoRoloe Yol

o
N

CO0OO0OOODOO
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COOCOCOOOOOO
COOOCOOOOO0O

Al,O

273
(%)

0.00
0.00

0.00
0.00
0.00

0.00
0. 00

A1203.

(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00

Al,O

2%3
(%)

0.00
0.00

.0.00

0.00
0.00
0.00

0.00 .

0.00
0.00
0.00

ELEV

ELEV =
Cr,0

273
(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00

ELEV =
Cr,0

273
(%)

0.00 .

0.00

0.00
0.00

0.00
0.00
0.00

0.00

0.00
0.00

Cr203

(%)

0.00.

0.00
0.00
0.00
0.00
0.00

0.00
0.00

0.00
0.00

84 m

LOI
(%)

0.00
0.00
0.00
0.00
0.00 -
0.00

0.00 -

87 m

LOI
(%)

0.00
0.00
0.00
0.00
0.00.
0.00
0.00 .
0.00
0.00
0.00

89 m

LOI
(%)
0.00

~0.00

0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00



J

DDH = 1013NE

Depth - Ni
(m) (%)
0-2 .46
2-4 .54
4-6 .95
6-8 1.29
8-10 1.39

10-12 1.41

12-14 .85

Co
(%)

.051
.068
.054
.036
.037
.030
.023

DDH = 1040NE

Depth  Ni
(m) (%)
0-2 .28
2—4 077
4-6  1.28
6-8 1.27.
8-10 .28

10-12 .35

12-14 .25

Co
(%)

0.000

0.000
0.000

0.000 .
0.000

0.000
0.000

DDH = 1065NE

Depth Ni
(m) - (%)
0-2 .45
2-4 .92
4-6 1.76
6-8 1.66
8-10 1.15

10-12 .35

12-14 . .35

14-16 .25

Co
(%)

0.000
0.000
0.000
0.000

0.000
-0.000
0.000

0.000

343

LINE 2000

Fe MgO

(%) (%)
31.70 .60
32.20 .70
24.00 9.70
17.30 16.30
17.00 18.00
13.90 22.10
10.40 27.80
LINE 2000

Fe MgO

(%) (%)
17.50 .90
18.60 18.50
8.40 28.70
9.30 27.30
6.20 32.50
7.40 29.80
8.80 31.60

NW

Si0,
(%)

33.9
31.9
35.8
38.5
38.5
39.7
39.6

Sio
(%)

o
N

ofofelololole

LINE 2000 NW

Fe MgO
(%) (%)

34.50 .90

45.40 .50
30.80 12.90
36.90 7.60
10.40 27.20
6.60 33.20
6.70 33.70
6.40 33.60

510,
(%)
0.0

0.0
3
1

OOooao
ooooum

COOOOO0O

A1203

(%)

9.13
9.69
6.06
3.77
3.40
2.80
2.10

A1203

(%)

0.00
0.00
0.00
0.00
0.00

0.00.

0.00

A1203

(%)
0.00

0.00

0.00

0.00

0.00
0.00

0.00 N

0.00

ELEV =

Cr203

(%)

2.21
2.37
1.67
1.37
1.19
1.00

.75

ELEV =

Cr,0

273

(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00

ELEV

Cr203

(%)

0.00
- 0.00
0.00

0.00 -

0.00
0.00
0.00
0.00

91 m

LOI
(%)

8.55
8.76
8.83
9.47
9.55
10.45
11.11

94 m

LOI
(%)

0.00
0.00
0.00
0.00
0.00
0.00

0.00

97 m

LOT -
(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00



DDH =

Depth
(m) .

DDH

- Depth

(m)
0-2

l—6
6-8

- 8-10
10-12

12-14

DDH =

Depth

(m)

0-2
2-4
4-6
6-8
8-10

1090NE

Ni
(%)

.46
.81

1.36
1.60
1.74
1.20

.80
.27

022

Co
(%)

0.000
0.000
0.000
0.000

'0.000

0.000
0.000

0.000 ..

0.000

1113NE

o Ni

(%)

<54

.82

1.12
1.66
.60

42
.36

Co
(%)
0.000

0.000 .
.119

.048
0.000
0.000
0.000

1212NE

- Ni
(%)
1.45

1.92
41

.29

C .22

Co
(%);

.075

.107
0.000
0.000
0.000

LINE 2000 NW

Fe
(%)

35.20
44,60
48.50

33.30
23.30
11.90
7.90
6,20
5.50

LINE 2000 NW

Fe
(%)

37.70

47.50

48.50

15.80
9.20
9.00
8.30

344

- MgO

(%)

.80
.60
.60
7.60
15.70
26.20
32.70

- 34.70

34.80

MgO0
(%)

.80

.60
2.10
25.70

32.80

32.60
34.70

" LINE 2000

Fe
(%)

32.25

26.88
6.43
5.61
5.32

MgO
(%)

6.87
10.01
34.15
37.15
37.88

COOoOORNOOO
] L] . L[] L[] .
COoOOoORrRrFRPOOO0O

coorocoO
cCoOoOPhOCOO

Al,0

273
(%)

0.00

0.00 -

0.00
0.00
0.00

0.00 -
0.00

0.00
0.00

- ELEV

AL,04

(%)

0.00
0.00

- 0.00

1.04
0.00
0.00
0.00

AL,0

273
(%)

0.00
0.00
0.00

- 0.00

0.00

-ELEV

ELEV =

Cr203'

(%) .

0.00
0.00

0.00

0.00

- 0.00

0.00
0.00
0.00

0.00

Cr,0,"

273
(%)

0.00
0.00

-0.00

1.13
0.00
0.00
0.00

Cr203,_

(%)

0.00
0.00
0.00
0.00
0.00

99 m

LOI
(%)
0.00

0.00
-0.00

0.00 -~

0.00
0.00
0.00
0.00
0.00

100 m

LOI
(%)

0.00 .
0.00
10.00
12.12
0.00

0.00
0.00

98 m

LOI
(%)

10.49
9.12
0.00
0.00
0.00



DDH =

1232NE

Co
(%)

0.000

0.000

- 0.000

0.000
0.000
0.000
0.000

0.000.
0.000
0.000

0.000
0.000
0.000
0.000
0.000

0.000 -

0.000

0.000
'0.000

DDH = 1267NE

Depth'
(m)

Ni

(%)

1.08

1.37

1.43

.40

.27
.27

027

.26

345

LINE 2000 Nw

Fe
(%)

37.52

14.76

9.04
.6.31

7.84

7.34
6.28
7.50
7.26

6.21

6.00
6.25
6.00
6.66

6.56
6.16.

7.00
7.92
7.51

MgO
(%)

1.45

3.02
22.25

27.95

27.20

29.30

30.36
27.67
29.20
31.19
32.91
33.91

35.00

29.07

- 29.37.

30.61
32.13
31.10
32.15

OO OOCOOOCOOOOOOOOOO0OCO0O
[ ] L] L] L] L ] L] L] L ] L] L] [ ] . L] L] .

LINE 2000 NW

Fe
(%)

44,50
36.25
11.97
7.04
6.70
7.03
6.84
6.59

- MgO

(%)

1.03
9.70
28.00
37.63

.38.00

37.68
34.00
37.81

A1203

(%)

0.00
0.00
- 0.00

- 0.00

0.00
0.00
0.00

0.00

0.00
0.00
0.00
.0.00

0.00

0.00
0.00
0.00

0.00 -

0.00
0.00

A1203

(%)

0.00

0.00
-0.00
0.00
0.00
0.00
0.00
0.00

ELEV

ELEV =

Cr203

(%)

0.00

0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
. 0.00
0.00
0.00

0.00.

0.00

0.00

1 0.00
0.00
0.00

Cr203

(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

105 m

LOI

(%)
0.00
0.00
.0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00 .
© 0.00
- 0.00
0.00
0.00
0.00
'0.00
0.00

112 m
LOT
(%)

-10.74
10.77
9.88"
0.00
0.00 .
0.00
0.00.
0.00 -



DDH = 1320NE

Depth
(m)

Ni Co
(%) . (%)
.90 0.000
1.07 0.000
1.39 .134
- 2.03 .050
1. 27 .023
.36 .025
.43 .026
.25 .027
42 .030
.61 .031
.62 .033
72 .020
.37 .025
.49 .021
.35 .030
= 1378NE
Ni Co
(%) (%)
.80 -.130
1.02 .160
1.700 - .090
2.13 .030
1.87 .030
1.54 .020
1.35 .020
2.63 .020
1.15 .020
.28 .010
.30 .010

346

LINE 2000 NW-

Fe
(%)

42.49

43.10
46.13
15.07
9.72
6.37
6.47
6.32
6.78
8.27
8.23
7.83
6.93
7.43
6.54

MgO
(%)
91

.65
.75

.22.53

31.11
35.88
36.71

38.90

39.27
35.14
35.62
36.50
38.82
36.30
37.07

LINE 2000

Fe
(%)

41.29

42.70

31.53

10.21
10.00
6.90
7.84
7.60
7.20
6.38
6.20

MgO
(%)

.75

.68
12.41
26.00
25.81
31.37
31.70
24.85
31.54
35.00
35.71

NW
Sio
(%)

12.5

9.9
22.9
40.2
39.6
40.4
41.4
40.3
43.0
44.4
42.9

Al,0

23

(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

A1203

(%)

9.02
7.95
2.74
1.08
1.33
1.08
1.05
1.05
.93
.75
.71

ELEV =

Cr203
(%)

0.00
0.00
0.00
0.00
.0.00
0.00
0.00
0.00
~0.00
0.00
0.00
0.00

0.00 -

0.00
0.00

ELEV =

Cr203

(%)
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

119 m
LOI
(%)

11.51
11.33
11.17
12.18

9.58
13.85
13.77

8.41

8.62
10.11
10.59
11.65

9.93
12.52
12.55

126 m
LOI
(%)

10.68 -
11.40
10.54
10.58
9.59
11.12
8.98
12.24
10.38
10.73
10.63



DDH =

Depth
(m)

0-2
2
4H—
6

|
oo o &~

8-10
10-12
12-14
14-16
16-18
18-20.
20-22
22-24
24-26
26-28
28-30
30-32

.30

1427NE
"Ni - Co’
(%) (%)
17 111
.58  .148
1.07 ,051
1 10 041
" .76 . 044
1.58 = .099
1.75 .226
1.81 246
1.73 ° .248
1.90 114
.92 - .020
.46 .015 -
1.10 .019
.49 017
.29 .015

.016

347

LINE 2000
‘Fe - Mg0
(%) (%)
44.00 1.50
40.50 ° 1.90
45.30. 1.20
41.80 1.10
27.30 .90.
20.50 4.10
29.50 9.30"
41,30 1.90
41.80 - 1.90
28.30 11.40
8.90 30.10
6.60 33.70
8.70 30.00
6.90 36.00
6,10 36.10
6.50 35.70

NW

-S§i0
(%)

12.6
12.1

9.5
15.4
45.3
51.4

25.1

9.9
10.3
26.2
40.3
40.5
42.1
41.5
38.7
38.9

Al 0

273
(%)

7.45

11.68
7.18

7.25
4.06

3.25
6.57 .

8.60
8.15
4.63

1-74 )

1.12

1.38°

.92
1.10
1.30

ELEV =

Cr203

(%)

2.94
2.64
3.40
3.60
2.75
1.97
2.90
3.96
3.70
2.30
.66
.52
.73
.60
46
<45

133 m

LOI
(%)

11.44
12.11
12.08
-10.26
6.92
6.71
10.03
11.18
11.19
11,19
13.24
13.84
10.55
10.68
14.73
14.60



DDH

Depth
(m)

0-2

4-6

6-8

8-10
10-12
12-14
14-16
16-18
18-20
20-22

22-24

24-26
26-28
28-30
30-32
32-34
34-36
36-38
38-40
40-42
42-44
44-46
46-48
48-50
50-52
52-54
54~56
56-58
58-60

= 1500NE
Ni  Co
(%) (%)
.67 0.000
.67 0.000
.65 0.000
.71 0.000
.76 0.000
1.03  .050
.79 0.000
.77 0.000
.74 0.000
1.22  .145
1.05 244
.71 0.000
1.16  .082
2.20  .044
2.06 .025
1.77  .030
1.77  .034
1.80  .042
2.11  .024
3.45  .028
2,01  .031
1.19  .028
1.06  .040
.91 0.000
1.04  .049
.89 0.000°
1.10  .042
1.27  .046
1.49  .037
1.00 .036

LINE 2000

Fe MgO
(%) (%)

40.89 .02
44,35 .02
49.58 .02
49.34 .02
50.70 .02
53.68 .01
47.57 .01
50.62 .01
52.34 .01
44 .43 .01
22.63 .01
19.48 .31
21.17 1.35
16.10 4.72
12.07 10.79
12.15 2.47
15.94 6.00
18.03 7.04
11.14 14.35
10.58 18.75
11.38 10.24
11.14 5.76
12.50 3.94
15.87 3.00
15.07 2.44
14.11 . 2.14
16.51 ~ 3.12
16.35 4.60
13.87 9.24

13.77

348

5.32

NW

Si0
(%)

9
N

COoOWNULEDENSW

RO U0 000NN WO W W~

A1203

(%)

20.00
18.56
16.43
14.50
13.74
10.48
12.84

10.54

6.52
7.24
3.80
4.16
4,32
4.72
-+ 2.20
2.24
2.44
1.36
1.28
1.18

1.38

.96
1.77
2.38
2.34
1.92
2.24
2.56

2.04

1.40

ELEV =

Cr203

(%)

0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

- 0.00

0.00
0.00
0.00
0.00
0.00

0.00

-0.00

146 m

LOI
(%)

14.64
11.88
8.90
7.66
6.76
6.44
10.34
12.92
12.66
12.74
7.18
6.10
7.56
8.66
18.58
7.92
8.98
11.36
9.24
10.26
7.00
5.16
5.20
5.52
5.96
6.06
7.66
8.56
9.12
6.80



/
N

DDH =

Depth

(m)
0 2

C\-l-\l\J
000\-{-\

8-10
10-12

12-14

14-16
16-18
18-20
20-22
22-24
24-26
26-28
28-30
30-32
32-34
34-36

36-38

38-40
40-42
42-44
44-46
46-48
48-50
50-52
52-54
54-56
56-58
58-60
60-62
62-64
64-66
66-68
68-70
70-72
72-74
74-76
76-78
78-80
80-82
82-84
84-86
86-88
88-90
90-92
92-94
94-96

Ni
(%)

.46
.61
.70
77
.90
.92
.89

1.05

1.23

1.65

2.08
.73
.83

1.11

2.09

2.07

1.78

1.18
.91

1.79

1.51

2.34

2.79

1.56

.76

1.72

1.83

1.87

1.74
1.49
1.31
1.38
1.37
1.32
1.26

1.62 .
1.21.

1.51
.90
.80

1.00
.53

1.34
.70
47
<43
.52
.37

1502NE

Co
(%)

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000.

.099
.189
.126
.090
.053
.028
.026
.049
.033
.024
.021
.018
.018
.025
.025
.028
.084
.081
.068
.061
0.000
0.000
0.000

0..000

0.000
0.000

.058
0.000

.055
0.000
0.000
0.000
0.000

0.000.
‘0.000

0.000
0.000
0.000
0.000

LINE

Fe
(%)

41.80
47.30
53.20
53.30
56.10
49.70
54.40
48.60
32.20
22.00
27.70
15.10
19.30
18.50
10.50
10.70
22.30
14.80
11.40
8.50
7.50
9.90
9.80
9.90
9.50
19.20
17.30
14.20
11.40
10.00
10. 30
11.40
10.80
10.10
10.00
10.30
9.60
8.00
7.20
7.00
7.70
7.50
6.90
7.10
7.80
7.80
7.40
7.00

349

2000 NW

MgO
(%)

.50
.50
.50
.50
.40
.50
.40
.40
.70
3.20
3.70
1.30
1.40
4.30
15.10
17.50
6.20
8.90

20.70

19.80
22.80
23.30
21.80
12.80

4.10

4.20

9.80
13.00
16.00
13.50
16.70
17.80
20.60
19.80
19.10
19.60
18.00
21.90
25.10
24.90
20.20
33.40
25.80
31.10
29.20
28.60
28.10
33.70

Si0
(%)

2

s & e e« ®» s O & 8 o

POOCOOOOOO

RPUNWONOOOOODOOOO

(oY) WOLRE) |
N WO O
L]

56.8
59.0
55.1
46.2
54.9
47.1

54.5

52.9
50.0
47.7
61.6
74.3
54.3
48.8
49.9
51.7
59.0
54.6
49.2
49.0
52.1

- 52.2

L
= e
. L] ]

N

COOOOCOODOTOOW

QOO COOOOoO0O

A1203

(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00 -

1.89
3.24
1.59
1.64
1.64
.81
.91
3.49
2.78
1.54
1.20
.84
.73
1.19
1.62
1.16
2.29
2.50
2.22
1.73
1.12

- 1.31

1.37
1.21
1.12
1.12
1.07
1.35
1.27
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

ELEV =

Cr203

(%)

0.00
0.00
0.00
0.00
0.00
0.00

- 0.00

0.00
0.00
1.57
1.75
.89
1.12
1.20
.79
.72
1.48
1.04
.72
.66
«59
.49
.63
.65
.76
1.08
1.02
.92
.73
.69
.84
.88
71
.81
.67
77
.68
.60
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00

144 m

LOI
(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
6.38
6.91
3.76
4.71
6.84
7.55
8.33
7.26
6.46
10.70

8.70 -

9.39
9.26
10.09
6.47
3.27
5.52
8.21
8.55
8.79
7.10
8.64
9.46
9.76
9.76
9.33
9.67
8.97
9.13
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00



DDH =

"Depth
(m)

0-2
2-4
4—6
6-8
8-10

10-12

12-14

14-16

16-18

18-20

20-22

22-24

24-26

26-28

28-30

30-32

32-34

34-36

36-38

38-40

40-42

42-44

44-46

46-48

48-50

.36

1574NE
Ni Co
(%) (%)
.75 .027
.62 .026
.45 .059
.60 .076
1.11 .113
.71 .085
1.24 .115
3.51 . .052
2.02 .032
1.69 .025
2.14 .034
3.58 .025
2.90 .029
3.43 .020
2.54 .026 .
1.81 .023
1.20 .023
43 - ,019
a4 .016
.74 - .021
.53 .019
.36 .018
.38 016 -
<32 .016
.015

350

LINE 2000

Fe
(%)

50.90
49.30
44,80
36.70
36.70
37.60
31.10
16.00
15.90
10.20
16.50
9.20
11.00
8.00
9.90
8.80
7.90
7.20
6.80
8.60
7.50
7.30
6.30
6.00
6.10

MgO
(%)

1.40
1.10
1.40
1.00
.90
.70
2.90

13.80

9.40

9.20
12.60
20.80

14,20

19.70
23.30
22.30
26.00
31.00
29.00
26.40
28.50
28.70
34.80
35.00
33.80

NW
Sio
(%)

6.0

5.6
13.0
30.8
26.0
26.8
34.4
42.1
30.4
61.9
44.8
47.9
54.7
51.4
51.0

50.0.
49.7

44.6
46.6
46.9
45.5
43.8
40.6
43.2
43.4

ELEV =

Cr203

(%)
2.67

3.14

2.76
1.84

2.64

2.75
2.76

1.16

75

.78

1.12
.72
.95
.70
.91
74
+69
.59

.53
71

.64
.62

.50

.66

.51

134 m
LOIL
(%)

10.15
9.07
11.45
9.61
10.45
10.15
9.61:
10.86
10.48
6.43
10.26
10.67
9.01
9.43
9.92
10.47
11.15
10.94
10.67
10.65
11.11
11.11
11.52
11.46
8.39



C.

L

DDH =

Depth

(m)
0 2

0\4-\N
OOO\-I-\

8-10
10-12
12-14
14-16
16-18
18-20
20-22
22-24
24-26
26-28
28-30

DDH

Depth .
- (m)

0-2
2-4
4-6
6-8
8-10
10-12
12-14
14-16

16-18

18-20
20-22
22-24
24-26
26-28
28-30"
30-32
32-34
34-36
36-38

1600NE
Ni  Co
(%) (%)
.34 0.000
.58 0.000
.82 0.000
.68 0.000
.71 0.000
.67 0.000
.48 0.000
.58 0.000
.83 © 0.000
.77 0.000
.90 0.000
2.76  .046
2.36  .048
1.29  .048
1.63  .039
= 1657NE
Ni  Co
(%) (%)
.78  .028
1.27  .035
1.08  .025
1.17  .050
1.67 - .112
1.65 .103
1.97  .258
0.00 0.000
0.00 0.000
0.00 0.000
0.00 0.000
3.59  .066
2.15  .026
.67  .017
.27 .013
.26  .013
.39 .013
.29  .012
.30 .013

351
LINE 2000
Fe MgO
(%) (%)
36.84 .29
46.31 .33
49.92 .61
47.03 .50
38.85 .37
46.75 .26
36.59 .26
27.89 .43
30.47 .55
26.44 .48
29.85 .34 .
20.47 7.80
16.16 10.62
21.44 2.18
15.96 7.40
LINE 2000
Fe MgO
(%) (%)
41.30 .90
- 41.30 .80
50.90 .70
51.30 .80
51.00 .90
53.90 .70
49.40 .70
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
17.10 15.30
12.20 19.20
7.20 23.50
5.00 22.50
5.10 23.40

6.10 29.00
5.70 35.70
6.20 37.00

NW
Si0
(%)

N
N e N SRR I S P}

[ ] - [ ] [ ] .
O 00~ 00 W o N

wWPHpPpLLwwN
~NO B~
O Py

=~
L\JH
-I-\O

37 9

NW
Si0o
(%)

wwpH o ury
PPN ORPROOCOONNOONUNON

o

S
o
PR IOONHPNOOOOULOPRNGOON

W
O Ww

A1203

(%)

25.84
18.12
12.16
7.74
5.60
7.28

5.04

7.18
5.36
4.60
5.10
4.04
3.52

4,28

4.12

A1203

(%)

13.43
11.36
7.96
8.38
7.58
6.07
5.85

0.00-
0.00

0.00
0.00
1.96
1.77
1.21

.82
1.00

.95
1.02
1.22

ELEV =

Cr,0

273 .

(%)

1.76
1.76
1.76
1.76
1.62

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

ELEV =

Cr203

(%)

2.73
3.19
3.42
3.21
3.66
3.16
5.01
0.00
0.00
0.00
0.00
1.74

<95

.50

.37

.45
.46
.41

131 m

LOI
(%)

15.32
0.00
0.00
0.00
0.00
0.00

10.64
8.38
8.54
7.64
8.08

11.08

11.52

10.10

14.08

112 m

LOI
(%)

12.10
12.01
- 7.38
6.87
4.69
4.50
7.96
0.00
0.00
0.00
0.00
10.65
8.73
15.12
20.90
20.34
15.33
14.62
10.32



352

DDH = 1753NE LINE 2000 Nw ELEV = 92 m

Depth Ni Co Fe MgO SiO2 A1203 Cr203 LOI
(m) (%) (%) - (%) (%) (%) (%) (%) (%)
0-2 .31 0.000 27.90 1.00 0.0 0.00 0.00 0.00
2-4 .60 0.000 29.20 .80 0.0 0.00 0.00 0.00
4-6 .58 0.000 31.50 .90 0.0 0.00 0.00 0.00
6-8 .58 0.000 37.80 1.00 0.0 0.00 0.00 0.00
8-10 .65 0.000 41.00 .80 0.0 0.00 0.00 0.00

10-12 .67 0.000 43.10 .90 0.0 0.00 0.00 0.00

12-14 .68 0.000 43.00 1.00 0.0 . 0.00 0.00 0.00

"14-16 .69 0.000 43.40 - .80 0.0 0.00 0.00 0.00

16-18 .84 0.000 43.20 .70 0.0 0.00 0.00 0.00

18-20 .81 0.000 53.70 .70 0.0 0.00 0.00 0.00

20-22 .77 0.000 45.50 .80 0.0 0.00 0.00 0.00

22-24 1.22 0.000 52.10 .90 0.0 0.00 0.00 0.00

24-26 1.58 0.000 48.50 .90 5.0 9.09 2.90 - 9.55

26-28 1.55 0.000 49.80 .90 6.3 8.65 3.08 7.28

28-30 1.53 0.000 45.70 1.20 12.7 7.69 2.36 7.47

30-32 1.90 0.000 24.00 4,70 43.5 2.98 2.67 8.40

32-34 1.67 0.000 16.10 17.50 45.2 2.71 1.07 9.27

34-36 1.28 0.000 9.50 24.90 48.5 1.73 .71 10.45

36-38 2.74 0.000 9.00 24.20 47.6 1.96 .73 10.76

38-40 2.94 0.000 9.20 25.60 44.9 1.93 .70 11.53

40-42 3.47 0.000 8.50 25.50 45.2 1.66 .67 11.73

42-44  3.54 0.000 8.40 25.30 46.7 1.59 .78 11.40

44-46 1.35 0.000 6.70 31.70 0.0 .0.00 0.00 0.00

46-48 .30 0.000 6.50 33.30 0.0 . 0.00 0.00 0.00

48-50 .24 0.000 6.00 35.20 0.0 0.00- 0.00 0.00

0.0 0.00 0.00 0.00

50-52 .28 0.000 6.00 32.70



-

\J

DDH =

1800NE
Ni - Co
(%) (%)
.10 0.000
.24 0.000
.40 0.000
.49 0.000
.57 0.000
.77 0.000
.90 0.000
1.21 .086
1.45 117
1.51  .171
1.51° .137
1.35 .132
1.54 .184
1.60 .184
1.86 .190
1.31 .096
2.38 .096
2.57 .064
2.92 .060
2.22  .042
1.98  .034°
2.68 .046
2.49 .038
1.88 .034
2.22 .029
1.63 .034
1.61 .042
1.26  .038°
.99 0.000 -

353
LINE 2000

Fe MgO

(%) (%)
19.18 .14
27.40 .11
29.82 .23
29.05 1.16
35.62 .19
41.78 .07
44,66 .10
49.79 17
50.67 .13
51.07 .22
51.47 .23
50.34 .23
46.01 .24
37.51 1.01
32.06 1.89
28.05 1.40
25.33 6.99
18.76 10.88
18.60° 14.61
15.47 17.14
'13.31 19.92
16.30 16.75
14.99  16.54
14,11 17.63
13.71 20.39
15.55 20.01
15.23 20.79
16.51 18.90
14.43 23.21

o BN RV RV, RV, NV, RV, RN
- . L] L)
NwokpPPpwoN

'._\

22.0

38.6

A1203

(%)

18.68
25.74
26.48

21.26

22.06
17.46
16.46
10.52

8.50

9.12
8.28
9.64
"9.36
8.34
5.72
5.80

4.44

3.80
3.76
4.54
3.81
4.01
4.11

4.40 .
4.60

4,60
4.44
4.70
3.01

ELEV

Cr203

(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00

. 0.00

10.00

0.00
0.00

0.00

0.00
- 0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
.0.00

0.00 "

91 m

LOI
(%)

10.48
13.20
13.36
11.94

9.28
12.40
10.86

8.44

8.16

7.56

6.28

5.86

8.28
12.06
15.34
10.96
11.76
10.60
11.28
10.92
11.32
11.40
11.28
11.18
11.58
11.20
11.30
10.72
11.40



(-

W)

S

DDH =

Depth
(m)
0-2

(o) LS
0 O

8-10
10-12
12-14
14-16
16-18
18-20
20-22
22-24
24-26
26-28

- 28-30

30-32
32-34
34-36

- 36-38

38-40
40-42
42-44

. 44-46

46-48
48-50
50-52
52-54
54~56
56-58

-58-60

60-62
62-64

Ni
(%)

.28
41

.76

1.38

1.43

1.39
2.81
1.80
1.14
1.24
1.71
2.56

3.10
2.65

2.55

2.59
3.80°
3.57 -

1.88
.36
.34
.30
.30
.29
47
47
.67
.94
.77

1.09
.96
.54

1859NE

Co
(%)

1 0.000
0.000

0.000
1,029
.022
.071
.182
.090
.056
.069

- .097

.070
.088
.083
.056

.053

.052

.041
.032

-0.000

0.000
0.000
0.000

0.000

0.000
0.000
0.000

10.000
0.000

.032

- 0.000

0.000

LINE

Fe
(%)

31.50
34.90
41.30
51.40
51.20
49.50
35.90
39.00
31.50
25.50
25.90
21.20
25.00
22.90
19.30
19.40
16.30
11.70
8.20
6.20
5.70
5.60
5.30
6.50
8.60
8.80
11.50
13.80
10.80
15.10
17.30
10.00

354

2000 Nw

MgO
(%)
.60

.60
.60

.80

.70
.90
2.10
1.40
1.20
1.20
2.40
11.20
7.40
7.50
14.90

12.20.

14.40
21.80
27.10
30.20
31.40

.32.00

31.30
32.30
29.00
27.40
22.90
20.80
23.80
19.20
15.70
26.40

Si0
(%)

N

COOCOCOOCOOOOOOO0O

COOCOOCOOOOOOO

A1203

(%)

0.00
0.00

0.00

0.00
0.00

0.00 -

9.17

9.16 "

10.19
7.48
4.80
4.96

5.86

4,27
4.39
4.68
4.48

2.67

1.80
0.00
0.00
0.00
0.00
10.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

LOI
(%)

0.00
0.00
0.00°
0.00
0.00
0.00
9.64
10.50
9.49
' 8.46
10.07
10.68
9.70
- 9.32
11.16
10.35
10.32
10.81

- 11.84

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00



N
o

DDH

Depth
(m)

O 2

8-10
10-12
12-14
14-16

- 16-18°

18-20
20-22
22-24
24-26
26-28
28-30
30-32

1.45

= 1955NE

Ni
(%)

.26
.92
47
.51
.69
.96
1.14
1.39
1.28

2.47.

1.55
2.24
2.00
1.18

.99
1.80

- 2.19
1.03

.40
.51
.69
.70
.32
.33

- Ni

(%)
.32

-43

47

3.14
4.21
4.64
3.95
2.40
1.60
.33
.28
.67

1.64

1.17
1.00

Co
(%)

0.000

0.000
0.000
0.000
0.000
0.000
.034
.109
.167
.096
. 040
.022
..020
.024
.024
0.000
0.000
048
0.000
0.000
0.000
0.000

'0.000

0.000

-= 2000NE

Co
(%)

0.000

0.000"

0.000

.520 -

.330
~.332
.222
<127
.049
.027

0.000

0.000
0.000
.079
.065
.047

- 8.00

LINE

Fe
(%)

24.30
35.80
12.40

8.30
10.60
21.00
41.50
34.30
22.70
21.30
12.90
11.50
10.20

9.00

8.80

9.20
10.10
18.10

8.70
6.90
7.40
6.70
6.50

28.00

355

2000 NW

MgO0  SiO
(%) (%)

.80
.60
.90
2.60
2.70
1.90
1.60
1.90
3.40
12.60
4.80
7.80
17.40
25.50
22.20
20.10
25.20
16.70

2

O\Q
® ¢ & o o & e o e o 8 o .0
o000V RANOOPLPOOOOOCOOOOCO

~PEPuvn Ut
OOOCOOOCONNPLWOOUNOOOOOOCOO

25.60
25.90
29.80
30.90
32.40

» o @ ». 0 e e

LINE 2000 NW

Fe
(%)

33.04 .
19.29
17.36
31.27
25.72
22.47
14.71
11.15
9.46
6.38
6.01
5.61
5.57
0.00
0.00
0.00

MgO0 SiO
(%) (%)

.37 28.0

.36 55.0

43 61.4

.87 28.0
1.81 34.2
6.00 31.7
12.05 42.1
13.85 49.4
17.10 51.1
20.00 54.9
31.44 35.3
28.60. 38.2
27.82 39.8
0.00 0
0.00 0.
0.00 0

A1203

(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
2.42
1.86
0.00
1.23
1.11
1.30
1.41

S 1.34

0.00

0.00

0.00
0.00
0.00
0.00

0.00

A1203

(%)

9.96
6.64
4.66
6.42
6.64
3.44
2.68
2.84
1.88
1.72
'1.00
.92
1.34
0.00
0.00
0.00

ELEV =

Cr203

(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.00

91,

0.00
.71
.51
.53
.56

.62

0.00

0.00

0.00

0.00

0.00

0.00

O 00

ELEV =

Cr203

(%)

0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

75 m

LOI
(%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
15.05
7.58
- 0.00
8.51
8.27
10.16
10.30
9.43
0.00
0.00
0.00
0.00-
0.00
0.00
0.00

79 m

LOI
(%)

0.00
0.00
0.00
9.73
9.71

15.58

12.34

10.80

10.71
8.30
0.00
0.00
0.00
0.00
0.00
0.00



2

DDH = 2047NE

Depth
(m)

0-2
2-4
4-6
6-8
8-10
10-12
12-14
14-16
16-18
18-20
20-22
22-24

24-26

26-28
28-30
30-32
32-34
34-36

DDH

Depth
(m)

0-2

b6

6-8

8-10
10-12
12-14
14-16
16-18
18-20

. 20-22

22-24
24-26
26-28
28-30

Ni
(%)

.67

74

1.40

1.09

.66
1.60

.75

.24

«25
.23
.25
.25
.23
A4
.30

Co
(%)

0.000
0.000
.083
.064

0.000

.037
0.000
0.000
0.000

0.000

0.000
0.000
0.000

0.000

0.000
0.000

0.000

0.000

= 2100NE

" Ni

(%)

.32

.69
2.67
3.55
4.21
3.72
4.04
2.90
3.71
3.12
2.74

1056

4.27
4.63

Co
(%)

0.000

0.000
.088

.046-

.031
.028

-~ ,025

<025
. 046
.037
.023
.025
.044
.037

356

LINE 2000

Fe
(%)

10.90
13.30
16.70
14.90

17.00

13.20
8.50
5.90
5.20
4.90
5.20
5.60
5.40

" 6.30
- 6.00

6.10

5.80.
6.20

MgO
(%)

.80
1.20
2.30
2.30

.90

12.60
24.50

32.30

33.30
33.80
34.10

35.00

33.60
30.80
32.30
33.80

36.30
35.50

NW

Sio

Py

9

—
N

OCOO0OOCOOOOOOOOOOOOOO

LINE 2000 NW

Fe
(%)

22.42
24.11
21.44
15.25
12.20
13.16
10.11

11.88

8.83
10.59
8.68
9.32
9.79
8.51
7:06

MgO
(%)

.12

.29
-4.10
11.16
14.85
20.00
20.00
20.00
24.30
18.85
19.70
14.10
15.20
23.20
20.35

5102
(%)

40.9
39.6
44.1
47.2
48.9
39.8
45.2
43.7
45.4
47.5

53.9

-59.3
55.3
46.1
52.6

'ofoYololofololoRofofololoYolofoRo Yo

A1203

(%)

0.00
0.00
0.00
0.00
0.00

.82

0.00

0.00

0.00
0.00
0.00

0.00
0.00

0.00
0.00
0.00
0.00
0.00

A1203

(%)
16.50

13.40"
4.74
2.92.

2.64
2.60
2.20
2.32

1.44

1.52
1.66
1.20
1.80
- 2.00
1.20

ELEV =

Cr203

(%)
0.00

0.00
0.00
0.00.

0.00

1.01

0.00
0.00
- 0.00
0.00

O .OO )

0.00
0.00
0.00
0.00

0.00

0.00
0.00

ELEV =

Cr203

(%)

0.00
0.00
0.00
0.00
- 0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

72 m

LOI
(%)

0.00
0.00
0.00
0.00
0.00
7.40
0.00
0.00
0.00
0.00
0.00

0.00

0.00

0.00

0.00
0.00
0.00
0.00

69 m

LOI
(%)

10.36
9.70
9.08
9,72
9.56

12.46

11.70

11.36

10.94

10.84
8.88
- 9,68
8.60

10.32
8.84
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DDH = 2155NE

Depth  Ni

(m) (%)

2. 1.34
-4 .24
6 .12
8 .72
1.14

2.92
3.14

2.43
3.27
2.80
2.60
2.22
1.57

30-32 .36
32-34 .25

1.34

3.18 .

Co
(%)

. 047
.025
0.000
0.000

- .048

.064
.048
.034
.023
.024
. 024
.018
.014
.013
.015
0.000
0.000

357

LINE 2000 NW

Fe
(%)

24.70
16.00
12.00
20.70
29.60
28.70
16.70
11.60
10.40
13.30
11.00
10.50

. 8.50

8.80
10.10
8.00
6.40

MgO
(%)

1.90
« 80
.70

1.40

3.00

3.30

17.70
25.60
24.20
16.70
21.50
18.70
24.10
23.20
23.70
25.40
30.30

Si0
)

2

~~
2

w
nooocooo
L ] L] L ] [ ] * L [ ] [ ] L ]
PHRWOLROOOOOO

S~ w
whhN~d

45.8
46.2
43.9
38.0

0.0

A1203

(%)

0.00
0.00
0.00
0.00
0.00
0.00
4.19

1.94

1.66

1.53 -

1.03
.92
.93
.89
1.68
0.00
0.00

ELEV = 61 m

Cr,0

273

(%)
0.00

0.00

0.00
0.00

0.00"

0.00
1.18

1.10

1.09

1.24
.68

.92
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Contour interval 25 m.

PLATE |

General Geology, Cerro Matoso Areaq,
Montelibano, Colombia

EXPLANATION

UNITS

Qal Alluvium

Lower Oligocene - Lower Miocene
ToCo | (cienaga de Oro Formation. Reddish-
brown ferruginous sandstone, gray

sandy and calcareous shale, black

carbonaceous shale; coal beds near
top and at base.

Pre- Upper Cretaceous
Peridotite

SYMBOLS

Approximate contact

—— Fault;long dashes where approximately
~wea. located, short dashes where inferred,

*++e.+. dots where covered

)
\

River

N\

Stream

\\25/‘ Contour line, meters
above sea level

f Fault

Topographic base from Plate 82-II-D,
Montelibano Area, Instituto Geografico Agustin
Codazzi, scale |: 25,000

Geology by J.E. Lopez- Rendon (1984)
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PLATE 2

SURFACE GEOLOGY, CERRO MATOSO
PERIDOTITE, MONTELIBANO, COLOMBIA

EXPLANATION

UNITS

Canga
Limonite zone

Saprolite

Early Oligocene-
Early Miocene Cienaga
de Oro Formation.
Sandstones with inter-
bedded carbonaceous
shale and codl beds.
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SYMBOLS

Approximate contact between
wectnered peridotite units

Contact between peridotite
and sediments

Fault; long dashes where approximately

short dashes where inferred, dots where

covered
Contour line, meters above sea level

Stream

River

Topograghic base after Cig, de Niguel

e SuTtuce geology modifise

irango ¢t Cerro Matoso S, A,

located)|




500 NE
000 NE
1500 NE
2000 NE

PLATE &

ST ' : \\\\ i U
,,,e"—*"'-"--P\ ’ )\\& s Vertical section, line I200NW,
e ------;,—"%'%“-"ff,;“"" ' \ showing the distribution of the
il | laterite profile at Cerro Matoso
__./T7 ,/’/ P '\
T
L %
0] o
ELEVATION : O m.
200 NW SECTION
0] 100 300
— " —
meters
Contact
‘2:::':: Earthy canga with iron concretions UA Saprolite (U:Upper; L: Lower) . Approximate transition from Lower saprolite to peridotite bedrock
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