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PART II DETAILED DISCUSSIONS
Chapter 1 MJZC - 9

1-1 Progress of Drilling

The location and the collar elevation of MJZC-9¢ are append-
ed.

Summary of the drilling, record of the drilling operation

- and the drilling progress are shown in Tables 2-1-1 and 2-1- 2,

and Figure 2-1-1, respectively.

For the near surface zore to 40.00m, non-core drilling was
made by 254mm percussion bit, and 219mm casing pipes were
inserted to 40.00m., At 40.00 to 72.00m, non-core drilling was
made by 203mm percussion bit, and 177w casing  pipes were
inserted to 62.00m.. Percussion drilling was continued by 165mm
bit to 97m where percussion was given up due to the increase of
water flow out from 62m depth,changed to skid-mounted WL, and
1i4dmm casing pipes were inserted to 97m. Cuttings were collect-
ed at 1 m intervals during non-core drilling.

WL 'Coring was done by HQ bit to 201lm, and NW casing pipes
were inserted to 201lm, drilled further to 1,144.76m by NO bit
and CHD rods. Rod grease, cutting oil and Drillprops were uged
in order to prevent vibration during operation.

Waters' wele ‘supplied after pumping up from a water borehole
drilled in the site. : :

Soft sheared zones were encoﬂnte:ed at 405.8-420.2m. At the
zone, the wall was cemented in ordex to prevent collapse.

Borehole 'deviation was measured at 60m intervals. Measure-
ment showed northeastward deviation (Appendices).
1-2 Geology and Mineralization

The geologic log is appended. The geology of this ' borehole
COmpared to that of the survey area described in 3-2 of PART I,



Table 2-1-1

Summary of the Oriiling Operation on MJZC-9
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Table 2+1-2  Record of the Drilling Operation on MJZC-9
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lacks the "Footwall Conglomerate"'immediately below the "Ore
Shale = Horizon", but otherwise it agrees well. Geological de-
scription of the borehole is as follows.

Lower Roan Group

"Footwall Quartzite": 1,112.20 to 1,144,76m, It mainly con-
sists of quartzite and sandstone with intercalation of bio-
tite-anhydrite rock and thin conglomerate. the upper pebbly
quartzite and coarse quartzite partly contain pelitic parts.
‘Anhydrite, biotite and dolomite occur in the lower quartzite.
The conglomerates are composed of quartz, altered granite and
biotite schist pebbles and biotite matrix. Dissemination of
minute chalcopyrite is observed at 1,112.20-1,121.40m.

"Ore Shale Horizon": 1,079.50 to I, 11? 20m, It mainly con-
sists of dolomitic argillites with grey thinly laminated lay-
ers. The basal part of this formation is made up of schistose
argillite. The interval of 1,080,20 to 1112. 20m is the sulfide
mineralized =zone composed of chalcopyrite and pyrite, partly
rich 'in'chalcopyrite. The sulfides occur as dissemination in
the bedding planes and dissemination in silica concretion or
dolomite Veinlet Results of ore assay are shown in Table 2-6-
3.  The cobalt mineral of this borehole was identified to be
- Cattierite and carrollite (Table 2-5-2).

"Hangingwall Quartzite and Argillite": 1,069.60 to 1079.50m.
It  mainly consists of grey quartzites. In the upper part,
- pelitic bands are intercalated. The lowest part is composed of
" thin'alternation of pelitic beds and sandy beds.

- "Interbedded Argillite - and’ Quaftzifé"t 1,038.80 to

1,069.60m. It is mainly composed of dark grey pelitic to dolom-

itic sandstone with intercalation of thin argillite, dolomite
and quartzite. The lower part is composed of quartzitic sand-
stone. Lenses of anhydrites are observed freguently.

"Upper Quasrtzite": 1,028.00 to 1,038.80m. It is composed of
grayish_ white coarse quartzite with minor amounts of pelitic
bands and thin dolomitic sandstone beds.

Upper Roan Group _

"Interbedded Argillite, Dolomite and Quartzite": 989.20 to
1,028.00m. The upper part consists mainly of pelitic sandstone
with intercalation of thin argillite and dolomite beds. The
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lower 'paft cOnsistS of thin- bedded alternation of 'ddlomite,
argillite and sandstone with quartzlite lenses.

“Cherty Dolomite": 969.20 to 989.20m. It mainly consists of
massive white dolomite with silica lenses. In the upper part,
grey argillite (Marker Shale) is intercalated. Very fine-
grained chalcopyrite arnd pyrite are disseminated between 984.60
and 987.70m,

"avenite, Argillite and Dolomite with Anhydrite": 520.70 to
965.20m. It mainly consists of sandy argillite, dolomite and
pelitic sandstone, The upper part, the middle part and the
lower part are rich in pelitic sandstone, dolomite and sandy
argillite, respectively. There are many lenses or patches or
velnlets of anhydrite in this formation.

"Interbedded Argillite and Dolomite with ~Tectono-Breccias":
283.30 to 520.70m. The upper part consists of an alternation
of dolomite, argillite and conglomerate, the middle part of
alternation of sandy rock, dolomite and argillite, the lower
part of alternation of dolomite and argillite. The conglomerate
is composed of dolomite pebbles of irregular shape, and is
argillized. Contermiporaneous brecciations are developed in the

"argillite and sandstone, and many fractures are filled with
"dolomite or quartz. Minor amounts of gypsum bands and patches

of anhydrite or disseminations of pyrite are partly observed in’

" the upper part and the middle to lower part, respectively.

"Mwashia Group": 60. C0 to 283. 3om; The upper part is com- -
posed of pelitic dolomite. The lower part is composed mainly of -
argillite. The argillite is rich in shaly part with sandy" or
dolomitic intercalation.

1-3 Discussions

"NN-75 1is ldcated-to:the north of the”présent site in ques-

tion. This NN-75 confirmed the occurrence "of a high-grade
‘copper deposit. The mineralization encountered in’ both holes 1s

developed from the "Ore Shale" to the footwall and belongs to
the chalcopyrite zone. The geology of MJZC-9 is. shown in the
cross section (Figs. 1-7, 2-1-2). The "Ore Shale” is thicker in
this borehole than in NN-75. In NN-75, the ore shoot occurs
as one unit in "Ore Shale”, whereas in this hole, the shoot is



separated into two within the "Ore $hale" and the ‘lower one
continues into the footwall quartzite. The highest grade ' of
copper and cobalt in both holes occurs in the lover part of the
shoot, and it 1is possible that they are continuous,

Basement depth contour of the area was prepared from three
holes (MJZC-6, 7, 10) drilled in the vicinity. 'And it is
inferred that both holes are located over a basement depressicn
which extend in the NE-SW direction., MJZC-6, 7, 10 are located
_on or near palaeo-basement highs at the time of ore deposition
(2-3, 2nd year report).

From +the similarity of mineralization encountered at this
hole and NN-75 and the geologic structure of the area, the ore
shoot confirmed by the two boreholes is concluded to be a
continuous ore deposit emplaced over a basement depression
which extend in approximately NE-SW . And this depression  was
formed on a limb of the palaeo-basement high at the time of ore
deposition. '
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Chapter 2 MJZC -10

2-1 Progress of Drilling

The location and the collar elevation of MJZ2C-10 are append-
ed.

summary of the drilling, record of the drilling operation
and the drilling progress are shown in Tables 2-1-1 and 2-1-2,
and Figure 2-1-1, respectively.

For the near surface zone to 24.00m, non-core drilling ‘was
made by 254mm percussion pit, and 219mm casing pipes were
inserted to 24.00m. At 24.00 to 32.00m, non-core drilling was
made by 203mm percussion bit, and 177mm éasing pipes were
inserted to 32.00m. Percussion drilling was continued by 13%9mm’
bit to 60m where percussion was given up due to the increase of
water flow out from around 32m depth. Then the method was
changed - to truck-mounted WL, and 1ldmm casing pipes were in-
serted to 60m. Cuttings were collected at 1 m intervals 'during-'
non-core drilling.

WL Coring was done by HQ bit to 173.90m, and NW casing pipes
were inserted to 173.90m, drilled further to 663.90m by NQ bit
and CHD rods. ‘Rods were broken at 520.35m depth, became impos-
sible to driil further, the hole was wedged (1.5°) at 454.92m
and drilling continued. - ' '

soft sheared zones were encountered at 490-512m and  598-
608m. At the zone, the wall was cemented in order to ' prevent
collapse, and bentonite was used to drill further. At 958.40m
depth drilled, rods breakage, hole bending and guide rod break-
age in casing pipes happened at above sheared zone, and the
drilling below 501m became impossible. These accidents seemed
to be caused by the collapse. ConséQuéntly the hole was’ again
wedged (1.5°) at 448.13m and drilling continued to 628,76m by

NG bit and BW casing pipes were inserted. Then core dfilling
was done by BD bit to 1,009.86m.

Rod grease, cutting Qil and Drillprops wexe used in order to
prevent vibration during operation. :

Waters were pumped up into a tanker from a water borehole



Table 2-2-1

Summary of the Drilling Operation on MJZC=10
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Table 2-2-2  Record of the Drilling Operation on NJZC-10 (1)
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Table 2-2-2  Record of the Drilling Operation on HJZC-10 (2)
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drilled in the site of MJ2C-9, and the tanker was transported

to MJZC-10 by a tractor:

At 813.90m depth drilled, spindle bearing of drilling machine

(Strata) was broken, and the machine was replaced by L-44 due
to a long time to get exchange parts.

Borehole deviation was surveyed at 60m intervals. Surveying
showed north-northeastward deviation (Appendices).

2-2 Geology and Mineralization

The geologic log is appended. The geology of this borehole
conpared to that of the survey area described in 3-2 of PART I,
lacks  the "Intermediate Conglomerate "reldspathic Quartzite
and Grit" and "Basal Conglomerate" of the Footwall Formation,
put otherwise it agrees well. Geological description of the
porehole is as follows.

"Basement": 1,007.80 to 1,009.86m. The rock is altered
coarse- -crystalline granite. Strong biotitization and axgilliza-
tion of feldspar are observed in this rock Also, weak dissemi-
nation of minute pyrite grains occurs,

Lower Rocan Group _ ‘
"Footwall Quartzite": 988.40 to 1, 007. BOm. It mainly con-
sists of gray argillaceous quartzite and greywacke with pelitic

- parts irregularly. Anhydrite- biotite rock and thin bed of bio-

tite rock occur in the hasal part of this formation. Dissemi-
nation of chalcopyrite is observed at 988. 40_995‘20m

"Footwall Conglomerate": 987.40 to 988.40m. It is composed
of conglomerate and pebbly dolomitic sandstone. The conglomer-
ate consists of quartz and feldspar granules, Pyrite dissemina-
tion is observed in this formation.

"ore Shale Horizon": 961.30 to 987.40m. The upper patt
mainly consists of black sandy argiilite with thin lamination.
The lower part is made wp of gray to black dolomitic argillite,
and rich in biotite. The interval of 961.30 to 971.50m is the
pyritized zone and 971.50 to 974.90m is pyrite-pyrrhotite zone
and  974.90 to 979.80m is pyrite-pyrrhotite-chalcopyrite zone
and 979.80 to 982.50m is pyrrhotité—ch31009yrite zone and



982.50 to 987.40m is chalcopyrite-pyrite zone. ' The- sulfides
cccur as ‘dissemination at the bedding planes , the rim of
dolomite concretionS'énd'patches or lenses of irregular shape.
Results of ore assay are shown in Table 2-6-~3. The cobalt
mineral of this borehole was identified to be cobalt pentlan-
dite (Table 2-5-2),

"Hangingwall Quartzite and Argillite": 957.90 +to 961.30m.
It mainly consists of silicecus greywacke, siliceous granule
conglomerate, quartzite and pebbly argillite. Local weak dis-~
semination of pyrite is observed.

‘"Interbedded Argillite and Quartzite": 927.70 to 957.90m. It
is composed mainly of pelitic and dolomitic sandstone to
greywacke with intercalation of thin dolomite, argillite and
guartzitic lenses. Pyrite dissemination is observed in pelitic
parts, and also, local anhydritization (lenses, patches) is
observed. :

"Upper Quartzite": 916.00 to 927.70m. It is composed of

grayish white quartzite with pelitic bands., Pyrite dissemina-~
tion is observed in the pelitic bands.

Upper Roan Group

"Interbedded Argillite, Dolomite and Quartzite": 879.00  to
916.00m. This is composéd of thin-bedded alternation of pelitic
sandstone, dolomite and argillite. The upper part is rich ' in
sandstone, and the lower part is rich in dolomite and argil-
lite. ' _ R
. Pyrite dissemination‘and‘Siiicification‘are'1OCa11y'obServed in
‘the basal part. :

“"Cherty Dolomite": 854.55 to 879.00m. -~ It mainly consists of

dolomite with anhydrite. In the upper part,'dark green sandy
‘argillite (Marker Shale) is intercalated. Weak dissemination of
‘minute chalcopyrite-pyrite grains is observed between 869.70
~and 878.00m.

- "Arenite, Argillite and Dolomite with Anhydrite": 460.20 to
'854.55m. The upper part mainly consists of dark gay thinly
laminated argillite with small amount of thin local intercala-
tion of dolomite and sandstone. The middle part mainly con-
sists of an alternation zone of green to gray massive argillite
and dolomite with small amount of thin quartzitic sandstone

s



intercalation. The lower part is composed mainly of dark gray
to black micaceous and sandy argillitcé with small amount of
thin dolomite bed, thin sandstone bed, quartzite lens and grit.
Contemporaneous brecciation and sheared zone are developed' in
the above argillite, and many fractures are filled with dolo-
mite or quartz or green clay. The middle and lower parl have
been anhydritized (veinlets, patches, lenses) as a whole.
Pyrite dissemination is observed frequently in the middle part.

"Interbedded Argillite and Dolomite with TectonoéBreccias":
115.00 to 316.50m, 361.90 to 364.80m, 368.00 to 460.20m. The
upper . part mainly consists of an alternation of dolomite and
argillite with thin intercalation of sandy rock and conglomer -
ate. The conglomerate is composed of dolomite and argillite
pebbles. The lower part mainly consists of quartzite with local
pebbles of pelitic sandstone. Weak pyrite dissemination is ob-
served frequently in the upper part.

"Mwashia Group”: 7.00 to 115.00m. It mainly consists of gray
micaceous to dolomitic argillite and black dolomitic shale with
intercalation of dolomite and thin sandstone bed. Dissemination
and lenses to laminas of pyrite-pyrrhotite are observed in the
black shale.

"Gabbro (Amphibolite)" 316.50 to 361.90m, 364.80‘t6 368.00m,
The bodies are dark gray altered and massive and strongly

" - carbonatized and biotized.

1 2-3 Dischssions

This borehole is located 6n a limb of a basement high (Figs.
1-7, 2-2-2). It is inferred that this hole is located in the
vicinity oOf palaeo-basement high at the start of "Ore Shale"
deposition. The mineralized zone of this hole is developed from
the "Ore Shale" horizon toward the’footwall,‘ahd zonal distri-
bution of sulfide minerals are observed. The Fe/Cu ratio gener-

‘ally increases upward from chalcopyrite zones of "Footwall

Quartzite” and "Fgotwall Conglomerate" to pyrite zone of upper
"gre Shale". This is intexrpreted to indicate that; in this
area, ‘the sea rapidly became deeper after the start of the
deposition of the "Ore Shale" and consequently the environment
became chemically reducing. Therefore, it is considered that
the oreshoot was formed in this area because of the formation
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of a deep local depression in a relativély short period of time
after the start of "Ore Shale" deposition on the 1limb of a

palaeo-basement high. Ore shoots were not encountered in this

hole, but the existence of rich ore in the vicinity is a possi-
bility.
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Chapter 3 'MJZC -11

3-1 Progress of Drilling

The location and the collar elevation of MJZC-11 are append-
ed.

Summary of the drilling, record of the drilling operation
and the drilling progress are shown in Tables 2-3-1 and 2-3-2,
and Figure 2-3-1, respectively.

For the near surface zone to 36.00in, non-core drilling was
made by 254mm percussion bit, and 219mm casing pipes were
inserted to 33.00m. At 33.00 to 95.00m, non-core drilling was
made by 203mm percussion bit, and 14lmm casing pipes were
inserted to 95.00m. Percussion drilling was continued by 11dmm
pbit +to 126m where percussion was glven up due to the increase
of water flow out from near 32m depth. Then the method was
changed to skid-mounted WL, after 114mm casing pipes wexe
inserted to 95m. Cuttings were collected at 1 m intervals
during non-core drilling. ' '

WL Coring was done by KQ bit to 174.00m, and NW casing pipes
were inserted to 174.00m, drilled further to 852.87m by NQ bit
and CHD rods. At 557.15m depth drilled, the machine (Sullvin-
22) was replaced by L-44 due to a small capacity of drilling.

Rod grease, cutting o£l3and Drillprops were useéd in order to.
prevent vibration during operation. '

Waters were supplied after pumﬁing up’from a water bdrehole
drilled in the site of this hole. ‘

Borehole deviation was surveyed at'60m‘intervals. Surveying
showed north-northeastward deviation (Appendices).
3-2 Geology and Mineralization

The geologic log is appended. The geology of this borehole
compared to that of the survey area described in 3-2 of PART I,

Jacks the "Basal Conglomerate” of the Footwall Formation, but
otherwise it agrees well. Geological description of the bore-
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Table 2-3-1  Swmary of the Drilling Operation on MJZ6-11
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Tablo 2-3-2

Record of the Dritting Operation on MJZC-11
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hole is as follows.

"Basement“- 785. 70 to 852. 87m. The rock is altered granite.
Strong silicification or bleaching occur locally. Thin amphibo-
lites are intercalated frequently in this rock. This amphibo-
lite seems to be mafic intrusive rock.

Lower Roan Group
"Feldspathic Quartzite and Grit": 697. 00 to 771.60m, 782.10

“to - 785, 70m. It mainly consists of white to gray quartzite.

Pebbly quartzite and thin conglomerate bed are intercalated in
the middle part. Thin beds of gritty and pelitic sandstone are

" intercalated in the lower part. The guartzite contains bands or

dissemination of bilotite. Also, amphibolite supposed to be
mafic intrusive rock occurs in th lower part.

"Intermediate Conglomerate": 672.70 to 697.00m. 1t mainiy
consists of conglomerate with. intercalation of small amount of
thin quartzite bed in the lower part. The conglomerate contains
various types of pebbles of rounded to subangular shape such as.
quartzite, sandstone, biotized argillite, chert, quartz, potash
feldspar, granite and schist.

"Footwall Quartzite"' 658.70 to 672.70m. 1t mainly consists

- of -argillaceous to biotized quartzite and pelitic sandstone
" with many pelitic bands. Dissemination of chalcopyrite bornite

is observed in this formation.

"Footwall Conglomerate"' ' 656.60 to SSBI?Om 1t is compoeed-

of conglomerate with rounded to subangulax pebbles. The nature -
‘of pebbles are quartzite argillite, sandstone’ and small amount
'of granite.

nore Shalé Horizon": 637.20 to 656.60m. It mainly consists
of gray dolomitic argillite with intercalation of carbonaceous

‘argillite in the lower part. Also, thin bed of dolomlte and

sandstone ‘occirs in the basal part. The interval of 637.2 to .
642.6m 1s the pyritized zone and 642.6 to 656.4m is p‘yr’i'te-i ‘
pyrrhotite-chalcopyrite zone. The sulfides occur as dissemina-
tion at the bedding planes , the rim of dolomite concretions,

patches or lenses and veinlets. Results of ore assay are shown

4in Table 2-6-3. The cobalt mineral of this borehole was identi-

fied to be cobalt pentlandite (Table 2-5-2).



"Hangingwall Quartzite and, ﬁrgillite"' 636.80 to  637,20m,.
1t consists of white quartzitic sandstone with pelitic bands,

"Interpbedded Argillite and Quartzite“' '606.80 to. 636. BOm.
The major rock of this unit is dolomitic or pelitic sandstone
with many thin intercalations of dolomite and argillite. The
sandstone 1is locally gquartzitic. This formation contains patch-
es to lenses of anhydrite.

"Upper Quartzite": 594.20 to 606.80m. This unit consists of
pinkish gray quartzite with pelitic to micaceous bands.

Upper Roan Group

"Interbedded Argillite, Dolomite and Quartzite": 566.70 to
594.20m. The upper part is composed mainly an alternation of
dolomite and pelitic sandstone with intercalation of small
amount of pelitic bands and thin quartzite beds. The lower part
is composed of an alternation of dolomite and sandy argillite.

"Cherty Dolomite®: 545.30 to 566.70m. The main component : of
this unit is white massive dolomite and green sandy -argiilite
{(Marker Shale) 1is intercalated in the upper part. This unit
contailns anhydrite patches. Also, minute chalccpyrite pyrite
grains is faintly disseminated in th lower part..

‘"Arenite, Argillite and Dolomite with Anhydrite": 306.70 to
. '545.30m. ' The upper part mainly consists of an alternation . of
‘micaceous dolomite and micaceous to dolomitic argillite with
‘thin intercalation of sandstone to quartzite. The lower part is
‘composed ‘of argillite with grit. Anhydritization (patches,
veinlets, 'lenses) occurs throughout the unit and limonitization

by weathering is commonly observed in cavity of dolomite in the

upper part.

"Interbedded Argillite and Polomite with Tectono-Breccias":
6,00 to 96.00m, 126.00 to 222.70m, 224.50 to 247.60m, 254.30 to
306.70m. The upper part consists of micaceous or shaly or
dolomitic argillite, limestone and dolomite. Lamina to dissemi-
nation is observed in a part of the shale. The major component
of | the lower part is guartzite with intercalation of dolomite
and conglomeratic rocks in some localities. The conglomeratic
rock consists of dolomite, quartzite and micaceous argillite
pebbles of subrounded shape. Some gabbro bodies occur in this
unit. Also, limonitization by weathering occur frequently in
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this wunit, and 1im0nite-dolomite-quartz veinlets which filled
fractures of quartzite are considerably developed in the lower
part.

"Gabbro (Amphibolite)" 96.00 to 126.00m, 222.70 to 224,50m,
249.60 to 254.30m. The bodies are dark green altered with platy
cleavages developed and strongly carbonatized and biotized.
Also, in the lower part of this hole, thin amphibolites similar
to this rock are developed in the "Feldspathic Quartzite and
Grit" of Lower Roan Group and basement granite.

3-3 Dbiscussions

The mineralized zone occurs in the "Ore Shale"” in this
borehole. The ores belong to the pyrite-pyxrrhotite-chalcopy-
rite zone and pyrite zone. The location of this borehole was
offshore far from the coast at the time of ore deposition and
ig inferred to have been unfavorable for copper predipitation.

Existence of a basement high is inferred to the west of this
hole from the basement surface contour map (Fig. 1-10), but it
is believed that this basement high was formed by folding after

- the deposition of the "Upper Roan Group” because all the beds

of the "Lower and Upper Roan Groups" occur in harmony with the
basement.

._.35.._



Chapter 4 MJZC -12

4-1 Progress of Drilling

The location and the collar elevation of MJZC-12 are append-
ed,

‘Summary of the drilling, record of the dfilling operation
and the drilling progress are shown in Tables 2-3-1 and 2~-3-2,
and Figure 2-3-1, respectively.

For the near surface zone to 43.00m, non-core drilling was
made by 2b4mm percussion bit, and 219mm casing pipes were
inserted to 34.00m. At 43.00 to 72.00m, non-core drilling was
made by 203mm percussion bit, and 177mm casing pipes were
inserted to 48.00m. Percussion drilling was continued by 139mm
bit to 180m where percussion was given up due to the increase
of water flow out from near 67m depth. Then the method was
changed to skid-mounted WL after 114mm casing pipes were in-
serted to 180m. Cuttings were collected at 1 m intervals during
non-core drilling.

After NW casing pipes were inserted to 180.00m, WL Coring
was done by NQ bit and CHD rods to 782.28m. At 550. 51m depth
drilled the machine (Sullvin-22) was replaced by L-44 of MJZC-
.9 due to a small capacity of drllling

Rod grease,icutting oil'and'Driliprops were used in order to
i_p:event vibration during operation.

Waters were pumpedlup'into a tankeréfrbm a water borehole
drilled in the site of MJZC-11, and the tanker was transported
to MJZC-12 by a tractor.

Borehoie deviation was surveyed at 100m intexrvals. Surveying
showed north-northwestward deviation (Appendices).

4-2 GeOIng and: Mineralization
‘The geologic log is appended. The geology of this borehole

compared to that of the survey area described in 3-2 of PART I,
it agrees well., Geological description of the borehole is as

- 86—
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Table 2-4-2 =~ Record of the Drilling Operation on MJZC-12
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follows.

“Basement": ' 769.60 to 782.28m. The rock is coarse-crystal-
line granite and rich in secondary quartz and biotite. Strong
silicification and a large amount of mica occur in +the top
part. Thin mafic rocks occur in this rock.

Lower Roan Group
"Basal Conglomerate": 768.70 to 769.60m. Conglomerate with
boulders of granite and fragments of potash feldspar.

"Feldspathic Quartzite and Grit”: 743.70 to 768.70m. It |is
composed of pinkish grey quartzZite with local pébbly quartzite,
and contains bands or patches of biotite.

"Intermediate Conglomerate": 692.00 to 743.70m. It mainly

consists of conglomerate with subangular pebbles, and contains
locally granule conglomerate or pebbly quartzite. The nature of
pebbles are wich in quartzite, chert, argillite, granite,
quartz, schist and potash feldspar in the upper part, and rich
in biotite schist, spotted mica schist and quartzite in the
‘lower part.

"Footwall Quartzite": 675.50 to 692.00m. It mainly consists
of pebbly sandstone, pebbly quartzite and pelitic sandstone,
and many pelitic bands ' are intercalated in a state of thin-
"bedded alternation in the sandstone.

' “Footwall Conglomerate": 674.10 to 675.50m. It is composed

-of conglomerate with'subangulér to rounded pebblés. The most
“abundant pebbles are granite, followed by quartzite and biotite
schist.

_ "Ore Shale Horizon": 655.40 to 674.10m. It mainly consists
of black to gray sandy argillite with local dolomitic argil-
- lite. 'Also, thin bed of pelitic sandstone accurs in the basal

part. The interval of 655.4 to 661.4m is the pyritized zone and
. .661L, i to 672.1m is pyrite-pyrrhotite-chalcopyrite =zone and

"672.1 to 674.0m is bornite-chalcopyrite =zone. The sulfides
“occur as dissemination to lamination at the bedding planes ,
patches to lenses of irregular shape. Results of ore assay are
‘shown in Table 2-6-3. The cobalt minerals of this borehole were
identified to be cobalt pentlandite and carrollite (Table 2-5-
2).
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"Hangingwall ‘Quartzite and Argillite": 654.00 to 655.40m.
1t conslsts of pink to white guartzite with pelitic hands.

"Interbedded Argillite and Quartzite®": 624.00 to 654.00m. It
is composed mainly of an alternation of pélitio sandstone,
quartzite and argillite, and thin beds of dolomite are interca-
lated in this unit. Anhydrite lenses occur commonly in this
unit.

"Upper Quartzite": 612.20 to 624.00m. This unit consists of
white to pink quartzite with pelitic and micaceous bands.

Upper Roan Group

"Interbedded Argillite, Dolomite and Quartzite™: 584.70 to
612.20m. This unit is composed of thin-bedded alternation of
dolomite, argillite, pelitic sandstone and guartzite.

"Cherty Dolomite": 562.70 to 584.70m. The main component of
this unit is white massive dolomite with anhydrite. Micaceous
and dolomitic argillite (Marker Shale) is intexrcalated in the
upper part.

"pyenite, Argillite and bDolomite with Anhydrite": 339.00  to
562.70m. The upper part mainly consists of an ‘alternation of
dolomite and greenish grey. argillite, and contains locally
intercalations of pelitic sandstone. The lower part is composed
mainly of green sandy to gritty argillite with thin intercala-
tions of small amount of dolomite and sandstone, Anhydritiza-

“tion (patches, veinlets, lenses) occurs throughout the unit and
limonitization by weathering is observed in the upper part. '

"Interbeddéd Argillité and Dolomite with Tectono-BrecciaS":
157.00 to 164.50m, 220.50 to 247.60m, 300.20 to 339.00m. The
upper part consists of an alternation of dolomite and argil-
lite, and contains intercalations of sandstone. The lower part
is composed mainly of an alternation of quartzite and dolomite,
and contains intercalation of conglomerate The conglomerate
consists of pebbles of dolomite and ‘argillite. Some gabbro
bodies occur in this unit. Also,'limonitlzation by =~ weathering
occur generally this unit.

*Mwashia Group": 29.00 to 157.00m. It is composed mainly of
dark grey to black shaly argillite with intercalation of dolo-
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mite. Dissemination of pyrite is observed locally in the argil-
lite.

"Gabbro (Amphibolite)" 164.50 to 220,50m, 247.60 to 300.20m.
The bodies are dark green to black altered, massive. Generally,
strong bilotitization and carbonatization occur and silicifica-
tion is observed locally.

4-3 Discussions

~ The mineralized zone occurs in the "Ore Shale” of this
borehole and vertical zoning of sulfide minerals is observed.
In the "Ore Shale", bornite-chalcopyrite zone occurs at the
bottom and the mnmineral assemblage changes upwards through
pyfite—pyrrhotite«chélcopyrite zonge to pyrite zone. This fact
indicates that this site was located in the vicinity of the
palaeo-basement high at the beginning of "Ore Shale" deposi-
tion. But subsequently the sea rapidly became deeper and the
environment became chemically reducing and thus unfavorable for
copper precipitation,

Although this & borehole is inferred to be 1located over a
basement high from the basement surface contour map (Fig. 1-
10), the units of the "Lower and Upper Rcan” Groups occur in
harmony with the basement complex. Thus this basement high is
~ considered to have formed by folding after the deposition of
' the "Upper Roan Group". The occurrence of palaeco-basement high
in this:basemeht high became a possibility as above: mentioned.
If,” therefore, deep depressions were formed locally on the limb
of the palaeo-basement high during the beginning of "Ore Shale"
'depbsition, ore shoots could have been formed.
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Results of Chemical Analysis of Ore Samoles (1)
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Table 2-5-3 Results of Chemical Analysis of Ore Samples (2)
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Table 2-5-3

Rasults of Chemical Analysis of Ore Samples (3)

MJZC--12

Sanple Bepth TCu § AS-Cu | To Sazple Depth 1o | #-Cv [ T-Co
|y {8} w.l w | w | | %o {e) [0 m w |
KGIEIS3 | §52.37 . 65247 1<0.00 ) .01 | <041 K620 3 s M L 056 00 ) @8 | <00
Keibise | 652,87 . 65397 | <001 | w01 | o0 x612201 | 635,64 . 63614 ] 0.0 [ <001 [ <o.00
s 6w L e e ool @] @l wel2o2 | 614 - gre qq | 001 | 0ol | @i
e | esamr ., ss49 i <0.01 | 0| @al KC12203 | 636 48 ~ §16.98

Aetdis? | 6597 . eséar [ o0y | o0 ] 001 KEA2200 | 676 55 ~ 612,45 |

K158 6548 . 6551 | <001 | @er.| @Bl KE12205 | 90,46 ~ 622,86

ACIE1S0 | 65517 ~ 65560 | <0.00 { <001 | <001 KE12208 | 597,08 ~ 678 26

WCIBED | €55.67 . €56.17 | <0.01 ] <0.01 | <0.01

“Koietel | e58.17 . €96.87 | <001 | <081 ] <o

Keis2 | 656,67 . 701 | <0.01] 001 | 000 ‘ ;
KS16083 | 65147 . €52.67 ) Tidth Bepth TCu | A$Tv | T-Go
TECIBIGH | 65167 . 65891 | ¢ () W ® W ®
KEIEH65 | 653.37 . 658.87 | <0.¢ & 310 | 6601 ~ €220 ] 077 | <001 | 0.06
Fieies | 658 87 - 68937 150 € ~en ] 228 | ool | o005
Ke16167 }EE'E:’E&ET 001 @i b ool

Keterse 69.81 ., 66031 |01 |00 [ o0

Re16169 | 660, :n' 56087 | <00l | o0 a0l

TKCIE170 | €60.87 L €ab A6 | <0.01 | <0.01 | 0¢4

AR S O TR KRR K TE

XCIE172 | 661,96 . €62.45 | 001 | b0 | 002

XC16173 | 662.46 . €62.58 1 033 | @01 | 902

TREIEITE | 66206 _ 6348 | 029 | <@al | a0

KCTBI75 | 66%.46 _ 663.66 | 0.18 | <008 | 0.01

KCI6176 | 663.96 . 66431 | 029 [ w0y | 002

KCIEIP {66437 . k6a 81 | 003 | <001 | oor

Ne16178 | ese 8y _ 6e5.a1 | av2 | <01 | @02

KCIG179 | 66537 66587 | 0.18 | <001 | 0.02

KCIE180 | 665,87 . 686,37 [ 0.2 [ <008 | 001

eI | 66597 . 66587 | oaa | <D ob | 001

KCI6192 § 666.87 . 66237 | 013 | <008 | 0.01

KO8 | 66797 . €181 | 028 | .8 | a.01

NGIETBS | 667.87 .. £68.37 | 0.03 | 001 | 0.02

NGIE15 | 668.97 ., 6588 | 028 | 01 | o00

KCI6188 | o63.87 - 66004 | 0.04 | oo | 002

KA L B R R Y

KCIG188 | 650.6¢ . 67014 | &.64 | <00 | &0l

KCIE1E0 | 670.14 . 670.45 | 0.50 | <001 { 0.02

KCIE190 | 670.45 _ 670.95 | 0.66 { <0 | 0.3

KCIS191 | 620.95 145 0.66 | < o

16192 | 61145 . 60085 1 85 1 Q0. .

'i&iiﬁ 165 .. 61224 | 0.98 | <0.01 | 0.0

kel | i z'c e 12301 2,86 <0.01 | C0.02

G S I R R B

keidiss | o0 z4_ §4 e 1o | 0t

Keitis) | enT ”me"ii"ﬁ 06 | wo | 002

KCIG98 | 62434 . M6 | 001 | <001 | <001

RCUEI9s | 67084 - 1514 | .01 | 000 | @01

~ 100 —



=

.Chapter-S Ore Reserve Calculation

5.1 Objective

The objective of the ore reserve calculation is to assess
the mineral potential of the survey area.

5-2 Method

The calculation was carried out by ZCCM using LYNX computer
of Canadian LYNX GEOSYSTEM INC.

Kriging method, Inverse Distance Sguared method and manual
calculation on orebody sections were studied ‘for the ' ore 7re-
serve calculation. in the Kriging, borehole data points may not
be enough for constructing a reliable semi-variogram, while the
manual calculation overestimated the tonnage and the grade in
the part of 1low density of borehole. Consequently Inverse
Distance’ Squared method was adopted to the ore reserve calcula-
tion of the area.

‘In the Inverse Distance Squared method the grade of a block
is calculated that:

: N
x;: (xi/di®) / if;l(l/diz) :

- X 1 block: grade
xi: grade composite value of neighbourlng sample point
“(intersection grade of drill hole etc. )
di: distance between centre of block and sample poxnt
i : neighbouring sample point
N : number of samples used for the estimation

Inverse Distance Squared method was used under the following
conditions.

3D GRID MODEL DIMENSIONS: 150 x 150 x 1300 (m)
SEARCH ELLIPSOID DIMENSIONS: 800 x 800 x 800 (m)
CUT-OFF GRADE: 1% T-Cu

ORE DENSITY: 2.67

Assay results of gold and silver for the Iintersections 6f
drill holes are listed in the appendices. These results are
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generally low {in the order of ppb) However, there are several

relatively high grade ores in some. part of the Southern Area
Shecot, Northern Area Shoot and in the western part of the
survey area. ‘The matter how to treat these gold and silver
assays 1in the calculation of ore reserves are now being dis-
cussed by ZCCM.

5-3 Results

68 boreholes were found to have intersections of 1% Cu
mineralizatiqn.

The orebbdy being mostly gentle slope lying, each 3D Grid
cell created one orebody intersection as seen in the plan.

Figures and tables of various Kinds on the results of the
calculation are shown in appendices.

ZCCM has made a policy not to use the word ore unless an
cconomic evaluation has been made, and  concluded that the
tonnage and grade of the results be expressed under two head-
ings: _ _

(A) Potentially Economic Mineralization: This will be summa-
tion of blocks which have a minimum true thickness of 3m and a
minimum block grade of 2% T-Cu. The blocks should also be
connected with each other making a minable body. This criterion
was used to quantlfy the Northern Area Shoot and'the Southern
'Area Shoot.

(B)_Subeconcmic mineralization: The grade and tonnage of the
remaining blocks of the 1% Cut-Off mineralization.

The areas around NN-75, MJZC-9(NN-84) and RCB-2 were pur-
"posely left out from the Potentially Economic Mineralization as
‘those are separated from the Northern Area Shoot and require
.further drilling to firm up the block grades and tonnages,
However those areas are regarded as of considerable promise for
location of economic mineralization.

EThe tbnnagés‘énd grades of the survey area are as follows.
POTENTIALLY ECONOMIC MINERALIZATION;

NORTHERN AREA SHOOT: 54,793,000 tons, 2.70% T-Cu, 0.13% T-Co
SOUTHERN AREA SHOOT: 14,934,000 tons, 2.19% T-Cu, 0.13% T-Co
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SUBECONOMIC MINERALIZATION (includes isoclated patches of 2%

Cu and 3m true thickness blocks):
107,909,000 tons, 1.83% T-Cu, 0.03% T-Co

— 105 -



—an
g2y

il



PART IO

CONCLUSIONS AND
RECOMMENDATIONS







i T
kS 13
R

PART III  Conclusions and Recommendations

CHAPTER 1 Conclusions

Drilling was carried out during the third phase of the Cham-
bishi Southeast survey. All four holes drilled (MJzZC-92, -10,
<11, -12) this year accomplished their objective by penetrating
the ore horizon. Of these four, three reached the basement. The
results of these work clarified considerably the geology and
mineralization ‘of the western and southern parts of the survey
area and the following conclusions were attained.

1. MJzZC-9 drilled in the western part of the area confirmed
the existence of high-grade ores (1. width 5.90m, grade T-Cu
3.12%, T-Co 0.08%; ii. width 2.58m, grade T-Cu '2,29%, T-Co
<0.01%). These ores are considered to be continuous to the
shoot confirmed to the north of this hole (NN-75). Thus it is
now: clear that an ore shoot of considerable scale exists in
this area. It is inferred that this ore shoot is emplaced over
a basement depression which is elongated in the NE-SW direction
and it is deemed possible that this shoot is developed further
southward or westward.

2 Relatively low-grade cbpper ores rich in pyrrhotite were

confirmed by MJZC-10 drilled on the eastern side of MJZC-9 and |

‘MJzc-11 . -12 drilled in the southern part of - the area. In

these mineralized zones, 'the rich ore probably deposited during
a relatively short period of time before or after the start of
deposition of the "Ore: Shale“, because Fe/Cu ratio tends to
increase upward. : :

3. Small scale bornite-chalcopyrite mineralization ‘was  con-
firmed in the basal part of the "Ore Shale" in MJZC-12. 1t 1is
inferred that this mineralized zone lies over a pbasement-rise
which extends southward. Palaeo-basement highs probably exist-
ed in parts of this rise ‘at the time of ore deposition. There-
fore, palaeo-basement highs occurred in relatively shallow
parts and there are possibilities of ore shoots occurling on
their liwmbs,

4. A basement depression extending in the NE-SW dlrection is

considered to exist between MJZC-11 and -12. This should be
noted as MJZC-2 with relatively high grade ores is located on
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the northeastern extension of fhisfdepreSsion.

5. Ore reserve estimation was carried out to asses the miner-
al potential of the survey areca with the following results.

POTENTIALLY ECONOMIC MINERALIZATION;
NORTHERN 'AREA SHOOT: 54,793,000 tons, 2.70% T-Cu, 0,13% T-Co
SOUTHERN AREA SHOOT: 14,934,000 tons, 2.19% T-Cu, 0.13% T-Co
SUBECONOMIC MINERALIZATION (includes isolated patches of 2%
Cu and 3m true thickness blocks):

107,909,000 tons, '1,83% T-Cu; 0.03% T-Co

CHAPTER 2 Recommendations for Future Exploration

Significant amounts of ore weré confirmed in this survey
area by drilling during this year. The ore deposits of this
area, however, occur in relatively deep zZones, the major depos-
“its probably occurs at 550 to 1,050m below the surface. There-
fore, "in order to develop this deposit, it is necessary to

further increase the ore reserves. The western and southern .

parts of the survey area have not been explored and the poten-
tial is considered to be promising.

‘1t is now clear, from the results of the present survey,
‘that a deposit which was hitherto unknown occurs in the western
part of the area. Also borehole RCB-2 which previously con-
firmed ores is located far south of MJZC-9 which also confirmed
ores. From the above it'is strongly recommended that: efforts be

.concentrated as’ follows to confirming new ore reserves and to
exploring the vicinity. First drill at sites where the depth of

the ore deposits can be estimated at shallow depths, namely
near the two boreholes which encountered ores (MJZC-9, NN-75),
then drill at sites where the depth of the ore is considered
to become deeper, namely south and west of MJZC-9.

The ?possibiiity of ore shoots still remain in the southern
part of the area and thus it is recommended that drilling be
" carried out in the area to the south of MJZC-12.

Also in order to accurately determine the ore reserves of

the Northern Area Shoot, the main deposit, drilling should be
carried out near the peripheries of the deposit.
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