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FLOTATION STUDIES ON COPFER-NICKEL SULFIDE ORES
FROM DEPOSTTS NEAR ROCKPORT, MAINE 1/

by
John E. Shelton 2/
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Flotation test work was condusted on two samples of Cu-Ni-
bearing ore fram the Harriman Area near Rockport, Maine. The samples
were taken by Roland F. Beera,' Ino., for testwork in cooperation with
ths Federal Bureau of Mines.

Sample T-1 enalyzing 0.58 percent Cu and 0.T1 percent Ni waa
essentially a disseminated pyrrhotite in hypersthene. Pentlandite,
chaloopyrits, pyrite and millerite were intimately asscsiated with the
pyrrhotite.

Locked series flotation tests on this sample showed that
87.3 and T5.2 percent of the Cu and Ni respectively could be recovered
in & bulk ocnoentrate that enalygzed 2.43 percent Cu and 5.28 percent Ni.
The copper end nickel-bearing minerals were colleoted with sulfhydrio
ocollectors in &n alkaline oirouit. Cleaning the concentrate three times

_with the eddition of pH regulators was sufficient in sttaining the
grades reported above.

Semple T-3 had uialynea of 0.32 percent Cu and 0.85 percent M4
and conteined talc in eddition to the hypersthene as the main gangue
u:lnorall‘.l Bulk sulfide flotation wes made after depressing the talo and
resulted in & ooncentrate that analysed 2.33 percent Cu &nd 4.70 percent
Ni at regoveries of 70.0 and Si.4 peroent respectively. Flotation of the

i/ Vork oo TenuASTIpt ocmpieted June 1960.
Supervising Metall st, Buresu of Mines, College Park Metallurgy
Research Ceuter, Region V, College Park, Maryland.
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talo followed by bulk gulfide flotation resulted in grade of Ni in exoess
of 5 parosnt. A looked series test atpilar to the coe conduoted on
Sample T-1, except for a taloc flotatien ocireuit prior to the sulfide
flotetion, ehowdd that 60.7 percent of the Cu and 73.7 peroent of the Ni
could be reobvered at grades of 1.29 percent and 5.85 pereent respestively.

Attempts to make seleotive copper comsentrates on Saxple T«
showed that a consentrate. could be made that had anmalysss of 20.3 peroent
Cu and 2.67 peroent Ni. All sslective copper flotaticn sttempts on
Sample T-3 resulted in concentrates that contained mere Ni than Cu.

INTRODUCTION
This testwork was condusted in cooperation with Roland P, Boir‘";

Inc., which ia presently evaluating & copper-nickel deposit near Rookperd,

Maine. OGeophysical prospecting with some core drilling in cocpersticn
with the Office of Mineral Exploreticn have indiceted over 2-millicm
tons of ore similar to that used for the tec‘wm'k. The dsvelopwent &f
such a deposit with a method of oancentrating the contained valusble
minerals would be of great benefit to the nsticnal eommary and defense
of the United States. '(,‘

The minimum objeotive for ths niokel-bemring dmoertrates wes
art@itarily set at 5 percent Ni with no minimum ¢mn the copper.
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HATURE OF ORE .

Two sauples of cve from the Harvisan Ares, about 5'miles west
of Rookport, Mains weye subsitted by Roland F. Besrs, Ino., for bemefisisticn
stusies. Petrograpiile examinaticd of the two sazples destgnated T-1 snd °
TwS, thosed that Sample T-1 vas essantially a disseminated pyrrhotite in
hyperstbene. Asscelated in the pyvehobite were minor amewmts of pentlandits,
chaloogyzite, pyrite and trace smowts of millerite. Other ganugs winerels
were asifasine) feldaper, hownblende, trenciite, phlogopite exd talo,

Examinetion of Sanple T-3 shoned it aontained dlsseminated
Fyrrhotite in tale and hypersthens. Intimately assooisted with the
fyrihotite were minor smounts of pentiandite, chalocgywite, pyrite, and
wilierite. Other gangus minerals were chlorite, Mﬁ, muscovite,
tremolite, amthophyliite and dolomite.

Some nlakel oxides end silloates were found n both samples.
Approximately 5-8 percent of the nickel was in the oxides and silicates
and not resoversble bty flotation using sulfhydric reagents.

/ Quantitative chamical analyseu showed Sample T-1 conteined |
© 0.3 percent Gu and 0,71 peroent N1, and Saxple -3 0,31 percent Cu and
0.85 peroent Ni. _ _
| Sorean analyses were made on sarples of each material aftey
srushing to minus 10-mesh. The sereen analyses showed thet the minus
100-pesh fracticns of eech materisl were upgraded slightly, and the
svarser fraoticn decreased in grade. Noms of the freotions bad low enough
%&mmmuummwmtumuuamw
taﬂw%MhhcmMaﬂulmm
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BENEFICIATION TESTWORK
Testwork condusted in the past om ores aontasning chalsopyrite
¥/ Theltm, J. k. oy '

? BRan Niol g I3m
Shamrook Mine, Jaskson County, Ore., and the Congress Mines, Fervy
ggeyém.:mmmam?mwmwmmx.m. o
1920, O Pp. .

.y

and pentlandite or millerite :hma' that thess minerals eould be scnoentrated
by flotation using Minerec B mdnemewymlmtm'muhim
§7 Hueres Corporetion, MMam New York Oty Hew York -

oirouits.

The two eaxples fram the laine deposit ocutaioed the same ©.
pinersls es the Oregon oves and applicstion de oimilay reagent schemes
’ should be suscesaful. Careful control of ths pH might also result in
selective ssparetion of the oopper from the nickel provided the minerels
are liberated from eaoh othor at the eise the nsteriel was gromd for
testwork. Fiéure 1 shows a foeet in progress. ‘

Sagple T-1 (low tals)

The first tests were made to detarmine the emeasbility ef the
ore %o seleotive copper and niskel flotaticn. Fepressutotive postiess of
Sauple T-1 were gromd to approximetely 50 and TS percant mimus 200-mesh
with 0.06 pound of Mineres B per ton of ore. The groud pulpe were
separately conditioned with 0.06 pound of pine oil and 3.0 pounds of
Ca0 por ton to raise the pH to 10.7. Rougher ecoventretes were flosted
and then eleansd ance st @ pH of 10.2 vith out further resgent @dditiens.

The rougher and slesner tailings were ocnbined and conditicoed
with 0.5 powd of sesondary butyl xanthate, called xacthese fus the

uum;w)mm.o.ospmefpmmmm“mum '
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HoS04 to lower the pH to 8.6. Rough Ni conoentrates were floated and
oleaned ence at & pH of 8.6 without additionsl reagenmts. Results of these
tests, as ghown in Table 1, Sndicate that copper conoentrate grades of
20.3 percent oan be made from the finer ground material by this scheme,
but the nickel ocmtent was 2.3 percent. The copéer recovery was 61.2
peracent. An additionsal 22.5 percent of the copper reported in the nickel
conoantrate &t 8 grade of 0.9 percent Cu.

This reagent soheme, while not resulting in good selective
ocopper o niokel emeeubrm, did indicate a way to achiove satisfastory
bulk concentrates.

The next test was nads to determine the effect of bulk flotation
followed by seleative copper flotation. The ore was ground to about
%0 percent minus 200-mesh with 0.15 pound of Minerec B per tom of ocre. A
tulk ‘sulfide flotaticn was made after conditioning the grownd pulp with
0.5 pound of zanthate end 0.06 pound of pine oil per tan of ore. The
rougher ocontentrate was oleaned once at a pH of 7.8 without additicnal
reagents. '

The oleansd eenoan&atc was conditioned with 3.0 pounds of Cal
por ton of ore to raise the pH to 11.8. The copper minerals were floated
to lsave & nickwl-rich tailing as shown in Table 2. The liberated
pentlandite was dtmoséed at the higher pH but unliberated chalcopyrite~
pentlandite sdmixtures and millerite floated resulting in the high-niclkel
comtent of the ocpper concentrate.





Circuit

Cu roughery
Cu oleaney
Conditioning
N4 rougher
N{ cleaney

Produst

Cu concentyrate
Ni eoncentrate

Ni cleansr tailing

Rougher tailing

Calculated head

Assay head

Combined Cu, Ni
gencentrate

Product

Cu comcentrate
N{ comcentrate

Ni oleaner tailing

Rougher tailing

Caigulsted head

Assay head

Combined Cu, N{
conocentrate

1.1 20.3 2.28 61.2 3.9
8.8 .93 5.37 2.5 7.7
805 u@ .ﬂ 501 1}.1
81.6 Og .’E u:a - ‘2
1 .0 oo l 0. ’ 10000 Wbo
9'9 BOw 5003 85.7 16.6

#Caloulated ags 0.01 percent Cu.





0. 15 bt dnd

W Lol Loadd eonwew —one
Conditioning % e cone 0.5 0.06 .how
m m z 8.2 swee —owed oons P
m Gmf 7.8 a4 Lol ) soee Soen
‘eﬂ m .=1*-'W} n¢8 woew - wwoe 3.0

. " {*"

— R, e, oot Dlegribulen, eromt

e BrOGUSE peroert 5 u .
Cu ecneentrate 2.4 15.0 2.67 83.8 9.1 ,
M somentrate 10.4 .29 L o 8.1 n.o -
m .%“' mm 705 .15 ., 9 300 xgoa
Boughey ' tailing 2.1 . ,,. 5,1 .1
Calsulated head 100,0 0. 0, 1000  100.0





® ([ 8

The next series of tests was made to determine the effect of
higher pH during rough flotation, finer grind end the addition of Cal
in the grinding oircuit.

mmmwm;pmg\fayovw%mmewum
0.12 pound of Minerec B per tcb of aze. A bulk flotation was mede cn
ammtmnmhamofgzm feed. The pH was edjusted to 9.2 with
the addition of 1 pound of CaO per tou of ore. Esch rougher ococemtrate
vas olesned ense at a DH of 9.5 with 0.5 pound of Ca0 pev tn of ore end
reslsaned with no resgent edditicns. Results of these tegts, shom in :
Table 3, indigate that finer grinding will inoresse the grade of
concentrate but at lover recoveries. | | .

Thete vere then mede in which CeO was added in the grinding
eirouit. The addition of Ca0 during the grind ocsted or in scme way
depressed the sulfids minerals. The grades and reccvery of Cu and Ni in
mummmmmiwn'ohaninmnorwwzm:emm
preferentisl fiotation of chalcopyrite at higher pH values. Additicm of
HaS0q or CuSO, reastivated the oopper and niekel minersls.

A similar test wes run to eubstantiste the cbservatioms. Vary
14ttle flosted until CuSO was sdded, then the recaverles approached those
of tests in vhich Cal was not used or added to conditioning circuit, but
mm‘wcmrmuulmrwmm‘hmu;bms. A
soavenger Siroult wes run on the second test to decease the loes in

talling. Cleaning the soavenger comcemtrate did not incvease the grade

to that of the head sample. |
xnuauunmdhmummuﬂnpnam

rougher flotation was above 9.5 or if Cel was added that the recoveries
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TABIE 3 - Bulk flatatig; tests o %10 I-1 ground to
' pe us 200-mesh

Reagent Scheme
) ion, pounds per tem
Time, %m 4 Pine
Oim\h'l_t min. pi B Xanthate oil Ca0
W‘ - b weo 0.12 - - o et -ow
Bulk rougher 6 9.2 - 0.5 0.06 1.0
Bulk clsaner No. 1 5 9.9 cows - 0.03 9
m °1.mr “o. 2 5 8.5 hadadd —ow coow woe

Metallurgioal Data

75 percent minus 200-pesh grind
%Teig , —@_“s ses, percent Platribution, percent
Product "~ . percent 0 Ni u

it

|

Bulk concentrate 12.

2 2.67 k.38 86.8 76.0
Clsaner tailing No. 2 3.1 .38 .96 3.1 h.i

Cleaney tafiling No. 1 8. .18 .52 k.0 6.
Rougher tailing 16.3 .03 12 6.1 13.3
~ Caloulated head 100.0 0. 0.69 100.0 100.0

50 peroent minus 200-pesh grind
Wei‘gm, %&ﬂ; pereent  Distribution, peroent
_ Product percent Ni Cu N

Bulk eoncentrate 1 5.55 6.85 1.9 65.2
@lesner tailing No. 2 k.5 A3 1.20 4.9 7.7
Cleaner tailing No. 1 18.7 .13 A2 6.1 1.2
Bougher tailing 6.7 O .12 1.1 11.9
. Calsulated head © 100.0 o.g 0,70 100.0 100.0

Assay heed
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TABLE 4 - Effect of Cal in grinding oircuit on Sample T-1
Reagent Scheme
,___Reagent consumptlion, pounds per ton
' Time, Minerec ﬁ
Cirouit min, pH Ca0 B Xanthate oil CuS0q
Grindm Andadd 9.5 2.0 0.12 - oo we -we
Conditioning 5 eee 1.0 =e-- 0.5 0.06  =mm
Rougher float 3 10.5 nothing floated - = -
Conditioning 5 -—— S cema e o 0.2
Rougher float 5 10.5 - e - ———— ---
Metallurgical Data
Welght, ges, percent Distribution, percent
Product percent u Ni Cu Ni
Concentrate 2.48 1.b 2.3 90,0 82.8
Rougher tailling .2 .05 .16 ¢ 9.8 17.2
Calculated head 100.0 0. 0.% 100.0 100.0
Assay head . 0.






Clrouit _ min, pH__ Ce0 B___ Xanthate
Crinding s 9.% 2.0 0.12 ——
Conditicning 5 ooe 1,0 wewe 0.5
Bougwe flctation 3 10,5 very little floated
Mﬁ%ﬁ g 1;; 5 Swew Y-

. !m r 5 w - e woeoe “>mm
c“’:‘im ’ -ww -—en [N .2
Wm t’hlotatim 3 78 wee  wves -

¢leaner

5 Metallurgical Data

s LESRUEY percent i
Roughe? ecnoentrate 18.1 2.19 5,06
~ Sesvenger concentrate 12.9 .05 .58
- Cleaner tailing ‘ 7.5 07 25
Rougher tailing 6.5 .02 .10

Caloulated head * 100.0 0.h2 0,
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wete not as good aa when HoSO, wes added for pH adjustmetit. Additicn of
D.2 pound of CuSQy per ton helped to inorease recoveries, when HoSQg was
not added but the grades of Cu and Ni weve lower. Thias decrease in grvade
probably was bsosupe scme of the niokelifercus pyrrhotite end pemtlandite-
Ryrrhotite adnixture was sctivated, increasing recovery, but diluting
the ooncentrate.

Evaluation of the test ahown in Table 1 indioated that the
lmernqmrandn&ehlmmtmrmnngmmtwm
coarser grind. Since Bhe grede was not eufficiently high the next tewts
mmtommumgmuomeWmmm
rougher or firet clesner am followed by additianal clesning.
The regrind would then be made an 14-25 percent of the weight of criginal
material ssving ecmaiderable grinding costs. '

Sauples were ground to about 50 pereemt minus 200-mesh with
0.12 pound of Minerec B and the ground pulps were oonditioned with 0.5
pound of gecomdsayy butyl xenthate and 0.06 pound of pine oil per ton of
ore. The bulk rougher aomoentrate from one test and the bulk cleaner
genpentrate for the othar were reground to adbout 90 percent minus 325~
meh. The first sample was cleaned twice after regrinding the rougher
soncentrate wzwmamﬁmwo.xpmwmmumoépmw
pine ol at a pH of 8.7 for tie first olsaner and no additicnal vesgests
and & pH of 8.4 for the secohd cleaner. The second sauple was cleansd
enos, reground, and slsaned a gecddd time ot a pH of 8.6 with the additicn
of 0.1 pound of xanthate and 0.03 pound of pine oil per tom of ore.





o o

The nickel grades in the bulk ooncentrates from these teste
were 5.0 and 5.6 peroent at recoveries of 66.6 and 57.0 percemt, respsctively,
indiocating that this prooess would produce satisfaoctory grade concentrates
at a relatively low recovery.
Seleotive copper flotation was made {rom the final bulk om-
centrate from each test to determine if selectivity had been improved
by the finer grinding. mooppernoatewmmdebyraimgthepxto
11.1 and 11.2 Wy aﬁdkw 5.0 pounds of Ca0 per ton of ore. The copper grade
" was {mproved, dut there was still poor selectivity between the copper
exd nickel minerela. Resulte of the test on one sample are shown in
Table 6.
Soresn analyses were mede on samples of roughey taflings from
the tests shom in Table 3 to determine if there was a concemtraticn
of copper or nickel in any eise fracticon. As seen in Tadble 7 there were
inoreases in grades in the mimue 725-mesh fractiom but not enough to
be eignifiosnt or warrant further testwork on these fractians.
Vet vagnetdo separsticns wers also nade oo the tailings from
the coarser ground sampie shown in Table J to determine if flotation of
all the pyrrhotite (whioh was magnatic) would ingrease recovery of the
niclkel. There was no improvement in grede and any nickeliferous pyrrhotite
recovered would dilute the concentrate grade ;-emnung in wsatisfaotory
conoentrates. Regults ere chown in Table 8. |
| Evaluation of the testwork up to this point showed that the
“sttesdis to make selective copper flotatiom with Minerec B cmly, as shom
in Table 1, resulted in the best Ni grade at good reaovery. An inorease
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Ton semple T-

@ 1S

or sleaner cencentrates
v geleotive o%r % Z E
from final coneenty

Time
Circuit wpin,
Gl‘inﬂ 5%—325 -gha e "on 0012 See \ Rl
cmtiw 5 —en wae > 0.5 '_,. 0.03
f m&tim 5 3.7 ——o Sons woe | pmne
Clsaner flotstion No. 1 3 9.0 wes  ewwe 0.1%1) 0.03%1
Cleansr flotatiom No. 2 2 8.5  ees  wmea 0.1¢1) 0.0542
Cu flotation ve 11.1 2.5 wosn won wvow

(1) Added alter regrind of rougher ocnoentrate only
(2) Added after regrind of first clesnsr cancentrate only

Product (

Cn» concentrate 18.6-. & 5
Ni concentrate 6.1 2.7% 5.75 3h.5 5.5
Clesner tailing No. 2 7.6 .69 1.60 13.2 17.9
Cleansr tailing No. 1 11.2 J2 .60 9.0 9.9
Rougher tailing .3 031 .k 5,8 13.3
Caloulated head 100,0 0,h0 0. 100.0 100.0
Asasy head 558 0,71
Combined Cu and Ni ¢

eoncentrate 6.9 h,1h 5.6 T72.0 %6.9

Produot

Cu soncentrate 2.6 8.07 7.18 56.5 28.9
Ni concentrate 6.2 1016 ’QW 20.2 ,107
Cleaner tailing No. 2 &4, .9 1.53 R 10.h
Cleaner tailing No. 1 8.2 33 .66 7.0 8.0
Rougher tailing 11.8 O34 13 6.9 13.0
Caloulated head 100.0 0. 0.6 100.0 100.0
Asssy head . .

Conbined Cu and Ni

osmgentrates 9. 3.4






Magnetis TR 10,2 18,
Non-megnetia 81,6 N .12 8.8 81.6
Calsulsted bead © 100.0 0 0.12 ___ 100,0 00

Abeny heat . » m . 100,0
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4n the amount of Minereo B should inoreass the recovery with 1fttle
dsorease in grade. Since this eppeared to be the best fiowaheet 8 looked
nr&uunmomhdmsm?-ltodmmmm«mycm
wmmmtwwmwmmummmmw
valuables as reflscted in the olsaner tailings. The test wes aanduotéd
a8 followe; .
Five porticns of Sample T-1 of 1,000 grams each were labled
Ay By C, D, aud B, Sasple & was grousd %o bout 60 peyeent mimus 200-
mahwitqv‘G%mmafmmmentmofm. The muifides were
tlmmwithﬁaddiﬂmwo. 05 pound of pine cil per ton of ore at
mmwpnag.sfmsmu. An additicn &2 0.2 pound of sscandary
mlmmm‘mmmmnmm«nemfwamm.
MommeuolmdwuovimmWM
addition et pil of 8.6 and 8.4, The soncentrate was then olesned a third
mutnmwumoao.oamwwmmBwo.@gmw
pmﬁlportmnfm.
mmmmmummmhAwumwmm
mnmmwmxmus. TMM&GMWGMI’MM
mmuAmmmw,memmmmommmm
saxple B. Ssuples B, O, and D were treated the same way. The olesner
tailings from sanple E were final products and saved for enalysea,
mmwmmimwmcachtmummpmo.am
ef!hsmvwgmwtmrmgbrmmohmr&emul. The amound
dfmmmm“mdumtntprocmmdmpimoum
mummmcmrnmummmnz. Otherwise there were
& ohanges in resgent edditions., Results shown in Table 9.
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TABIE 9 - locked series test on Sample T-1

17

Z

- Time _ " Mine P pe  Buty!

Ciroult 'mimstes X B € D E B oll Zemthate HaS0,
Gm —w= owve 7 eow oo LT ] -ww 0.55 onee oo oo
Rougher 5 8.9 9.2 9.1 9.0 8.8 <eee 005 0.1 0.2 (2)
Clseaner No. 1 3 8.6 8.9 8.7 9.1 9.5 wuven wee- s von
Cleaner No. 2 2 8.4 8.7 8.6 9.1 9.0 <weea aves ow won
Clesner No. 3 2 8.1 84 8,3 9,1 8.8 «evee 0,025(1)e~s 0.2 {2)

zﬂ OGmitted for sampie b
2) Added for sample E only

Metallurgioal Data

Welght, Inalyses, %roent Bistributien, mﬁ_ﬁ
Product percent u

Conoentrate A 1.5 .31 6.90 16.6 8.5
Consentrate B 2.1 3.34 5.23 18.1 15.h
Concentrate C 1.7 3.82 5,61 16.7 13.4
Concentrate D 2.1 5.28 5.01 }g.v %.7
Concentrats E 2.4 2.95 h.51 2 15.2
Cleaner tailing 3E 1.4 .50 1.50 1.8 2.7
Cleaner tailing 2E 2.3 37 .67 2,2 2.2
Clesmer tailing 1IE 4.1 b RS 1.5 2.4
Rougher tailing A 14,8 .03 W13 1.2 2.7
Rougher tailing B 15.8 o4 . 1.6 3.5
Rougher tailing C 17.8 N 21 1.8 z.e
Rougher tailing D XZ.O .03 .18 1.3 o3
Rougher tailing E  16.9 .03 .16 1.3 5.8
Calculated head 100.0 0. 0. 100.0 100.0
Assay head (1] . .
Combined ooncentrates 9.9 . . “BY7.5 3.8
Cleaner tailing 32 1.4 58 1.40 1.8 2.7
Cleaner talling 28 2.3 37 67 2.2 2.2
Cleaner tailing 1 3.1 b A1 1.9 T 2.h
Coubined r

tailing (1 82.3 .03 17 7.2 19.%

(1) All valuea ere caloulated.
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The natural pH of the ore was determined while using College
Park tap water. Water from other areas might require a pH modifier to
ashieve optimum results.
Sample T-3 (high talo)
The methods used cn sample T-1 to recover ocopper end nickel
would probably be sppiissble to sample 7-3 with modificstions, thexefere,
testwork on thie sampls wes conducted along two lines: (1) removal of

the easily floated tale using cnly frothers followed by flotation of the
Cu-M4 sulfide minerals with vanthates or Mineres B, end (2) direct |
flotation of the sulfide minerals with xanthates while the talo was

The expected advantage of the first method would be higher
grade ocucentraten and provably higher reooveriss. Tha seoond method
might result in lower grades and recoveries. It was anticipated that all
of the talc oculd not be depressed, which would cause some diluticn of
the concentrates and the talo depressant would also depress some of the
Cu«Mi minerals. The advantags of the second method would be the
elimination of ome oirsuit from the flowsheet.

The first series of tests was mede by first npatmgmm.o;
followed by buirénmucn of the copper end niokel, Results of the
tests showed that bulk.omntram eontaining 2.5 percent Cu avd 5.k
percent Ni could be made after cleaning once. The recoveriss were 75.3
peroent of the ocpper and 57.8 percent of the niskel. Results of
one of these tests are shown in Tadle 10,

Several sttampte were mede to eelsotively ficat the copper,
but iu all cages the nickel content was higher than the ocpper. Selective

(Y
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L7

Cirouss

Grind
Condition
Talo rougher float

Talo ocleaney float No, 1
Talo cleansy fleat No. 2
camm“x-)(cmm

Bulk vﬁﬂx‘w float
Bulk cleaner fioat

o;n 0.2 ’ wewe

8.2 hadst o oewe

Lo L) - o‘%

95 1 ok dd ocave

8&8 ’ Rt Sadw

wae eneos oew
wow oo Ll d
-—e —oeoe own
-aw woon wos
0.5 ° 03 1.0
“an L T -—ee
- L g L -

Matallurgioal Data
- Velzie, Ty, et mmm, p Toent

ﬁboﬂgp_t ' pereent _ N
Tals cameentrate 1.2 0.13 0.18 5.0 2.9
Bulk cencentrate 8.7 2.46 5.36 .3  57.8
Cleansy teiling 12,5 2h 95 , 10,0 . .5
Rougher tailing 67.8 .05 %30 7 11.6 25,2
Caloulsted head 100.0 0. 0.81 100.0 100.0
Assay head ' B 0.82
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copper concentyrates from one ot‘ these teste showed that the copper grade
dould be raised to 9.0 percent, but the nickel content was 12.5 percent.
Recoyeries of aopper and niokel were less than 60 percets and 30 percent,
rcspcc{ively. Regrinding the bulk concentrates prim' to golective copper
flotation diﬁ not alter the high ratio of nickel-«to-copper. The two
meerals ere so finely disseminated in eaoh other that thay ave not
campletely liberated by regrinding or the millerite in this cre apparently
floats in the asame pH renge as chaloopyrite.

During the testwork on the Congress Mine myit was noted
57 Work olted In footnote 5, page . _
that higher pH values tended to depress millerite, 'but the depression

was not quantitative, some still floated. The presence of ocopper {ons
in the Harrimsn.ore eould also be activating the millerite ssusing it
to float at the xgi ‘ o
ACER0 T was used es a talo depresgant during the bulk sulfide

5/ Knerican Cysnamld, 0 Hookeleller Fiasa, New York, New York.
flotation in the seoond 1line of testwemk. Semples were ground to DO
percent minus 200-mesh with Minereo B and conditicned with xanthate,
pine oll, CuSQ, and AC620. The bulk sulfide rougher flotation was made
at a pH of M'S.ﬁ and the rougher consentrate was olsaned hi;u at a
pH of 8.5 with the addition of AC6RO. Results of cne of thess tests are
shown in Table 1l.

| Attempts were made to raise the grade of the ooncentrates
by regrinding after the rougher or first cleaner Mntlm to approximately
90 percent minus 325-mesh. ‘fhe~ Tecoveries of both copper and nioked
were i.mroved but the gredes ware lower.

>
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TBLE 11 - Bulk aulfide flotation Cras Sample 7-3 grownd
to 50 percent minus 200-me
Reagent Scheme
= Heagent,_oonsumption, to
ent, 0 oan 8_per ton
Time ﬂnﬁeo . gf
Cirouit min, pi_ B Xanthate  ofl _ CuSQq  ACER0
Grind ——— PR 75 . E— —— -——- -—
cmtim 5 S hafududnd 005 0003 °|2 005
Rougher flotation 5 8.5 — .- . - ———
Clszner flotatiom No. 1 3 8.5 ---- ——- S ——— 25
Cleaner flotation No. 2 3 8.5 —om- - ——— — 25

Metallurgical Data

VWelght, Analyses, percent, Distribution, peroent
Product percent Cu Ni- Ni
Goncentrate 9.0 2.33 k.70 T70.0 Sk .l
. Cleaner tailing No. 2 15.1 27 1.03 13.6 20.0
Cleaner teiling No. 1 18.8 b 8.8 13.1
Rougher tailing 57.1 O .17 1.6 12.5
Calculated head 100,0 0. 100,0 100.0

Asgsay head
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It was thought that regrinding might improve the selsotivity
in the copper flotation. The final bulk comcentrate from one sample was
reground after rougher flotation, repulped‘end the pH ‘raiaed to 11.2 with
3.0 pounds of CaQ per ton of ore. The selective copper cancentrate still
had higher nickel thah copper analyses (5.25 percent Cu and 5.67 percent
Ni). The results of tests utilizing the regrind are shown in Tables 12
and 13. |
Generally the direct flotation tests did not result in es’

high grade concentrates as those in whioh the talo wafs floated prior to
the sulfides and in many csses the recoveries .were lower. After the tale
flotation the sulfides had responded the same as thoge in Sample T-1
so a locked series test was made for compariscn of results, -

\ The locked series test run on sample T-3 was similar to the
@ on sample T-1 except that a tale flotation cirouit was added at the
| begiming of the flotation and the first cleaner tailings from ths sulfide
circuit were not reground. All cleaner tailings from one sample were
advanced to the next earlier step on the next sample. ‘I‘be reagent 'acbeme
and metallurgical balance for this test are shown in Table 14. The deorease
in the grade of the ooncentrate was probably due to gradual lowering of
the pH in the third cleaner float caused by recycling the products.
Recysling the products also caused an increasing loss of copper in the
talc ocncentrate. This loss of copper could probably be @educed by cleaning
the tale ooncentrate a third time or by sdding cyanide t6 the cleaners.
Any depreased copper and nickel could be reactivated with Cusm before

adding Minereo B. &





Girouit min, pH B Yanthate otd _ced® cusg, ACGR0
erm ) - el L 2 1] . 6.12 .o - o one -we Lo 2
Condition 5 v enwe 0.9 0.06 eee 0.1 0.2
m fmim ’ 5 8.6 oove “enw wooe Ll T con o
mm cuwm - aw .03 -wen - oo -ee Sowe [ 2 2 ]
Cleaner flotation No. 1 p 8.3 ——oo .1 03 wee - .1
Clesner flotatiom No. 2 3 8.3  wwee eoe cuew  ewe s 05
Copper flotation 2 1.2 wonn wee cnee 3.0, e woe

Welight, m, peroent mxm,
Product peroent Cu_ - m'-

Niokel eoncentrate 1.2 2 2.20 10 2
- Clesner mlm No, 2 80h ‘ .18 T 5.3 8'9
Oleansy tailing No. 1 16.2 15 A9 1.9 9.8
W’ “ium 2-0 0 092 102 1602
Caloulated head 100,0 0.%1 0.8 100.0 100,0
Aspey hesd %5 0,88 -

mma Cu and ¥ ' ‘ S

_ rg_a_g_ng_&rah 174 1.b5 3.05 80,0 66.7
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2k
i e o ¢ Ter toa I
?' Time nerec
Circuit min. pH B Xanthate oil CuSOq AC620
Grm ene bt d 0012 iadndnd 'mno LA L4 wow
1“1@ 5 bt bl ot °c5 o.w 001 0.2
| r flotation 5 8,6 ~eee - bmes  wae . eew
Clganer flotation No. 1 3 8.6 ceve . aea wonn  wes .1
M ;- - e .03 . ‘-‘- e wowe - an >
cumr flut.tim NOG 2 ‘ 3 8-1 Aaddad o ("01 003 oo .1
Mstallurgical Data
, Welght, ,Ana;&m, percent Dletribution, %:«nf '
Produot percent u N —Cu
Concentrate 20.3 1.36 2.72 84,1 68.8
Cleaner tailing No. 2 6.5 .21 .80 h.2 6.5
Cleaner tailing No. 1 14,3 .10 R 4.3 7.8
Rougher tailifg 98.9 .Ob .25 T.b 16.9
Caloulated head 100.0 0. 0.80 100,0 100.0

Assay head .






- TABIE 1% - loocked series test on Sampls T-3

Scheme

Xanthate

B

Re t ion, %
agent cm%pmmﬂa per ton
oil

Time
min.

Cirgult

Grind

5.075 (1)

.03

3
2

—ww
L4 4]
-~
-
LT
LL X
LT

0.35
L. 2 1 4
L 2 4 4
-y gwm
L2 2 2]

——ee .

L2 1 2 J

AN ianay
1 BDD § D OO D

tF2ar 1O NN
[ 4 ¢ o § o o

1 ODD ¥ DWBDOD

i e
.888.8888

.h85.7733
 * ¢ o 8 o o o o
tOMO I DCOD

Hain i Pinist
100D F DDDD

t .
HEALa T Y VY )T

1
2
3

Bulfide c¢leaner No.

Talo ocleansr No. 1
Tale cleaner No. 2
Condition

Sulfide 6leansr No.
smﬁheugnNm

Telc rougher
Buifide rougher

for 2 more mimutes.

or 5 minutes.

Float oantinued
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TABLE 14 - Continued

Metallurgical Data

Velght, Analyses, percent Pistribution, percent
Product percent u N “Cu NL
Tale concentrate A 2.2 0.14 0.15 1.1 0.4
Talc concentrate B 2.9 21 .25 2.2 .9
* Tale concentrate C 3.4 .36 2h h.b 1.0
Talc conoentrate D 2.7 37 .20 3.6 .6
Talo concentrate E 3.2 L8 .20 5.6 .8
Talc oleaner teiling 2E 1.8 .66 .56 h.3 1.2
Talc cleaner tailing 1E 1.4 A2 .70 7.9 4.0
Sulfide concentrate A 1.1 2.25 9.0 9.0 . 1r.7
Sulfide concentrate B 2.9 1.20 h 42 12.2 15.1
Sulfide ocncentrate C 2.5 1.59 5.10 le, 15.0
Sulfide concentrate D 2.7 1.35 4,91 13.3 15.6
Sulfide concentrate E 5.7 97 3.Th 13,1 15.3
Sulfide cleaner tailing 3E 2.2 .19 .78 1.5 2.0
Sulfide cleaner tailing 2E 3.8 .10 Ry 1.b4 2.1
; Sulfide cleaner tailing 1E 5.8 .06 2h 1.3 1.6
Rougher tailing A 8.0 .0l .17 1.2 1.6
Rougher tailing B 10.7 .03 A7 1.2 2.3
Rougher tailing C 11.9 .03 .20 1.3 2.8
Rougher tailing D 12.9 O .18 1.9 2.7
Rougher tailing E 10.9 02 .19 .8 2.4
Calculated head 100.0 0.28 0. 100.0 100.0
Assay head 0.31 .
Camdbined tale
concentrate (1) pL 0.32 0.21 16.9 3.7
Tale oleaner tailing 2E 1.8 A48 .56 4.5 3.7
Talc oleaner teiling 1E 4.9 .66 .70 1.5 4.0
Combined sulfide
oconcentrate (1) 12.9 1.29 4.85 60.7 .7
Sulfide cleaner tailing 3E 2.2 .19 .T8 1.2 2.0
| Sulfide oleaner tailing 2E 3.8 .10 A7 1. 2.1
‘ Sulfide cleaner tailing 1E 5.8 .06 .24 1.3 1.6
Conbined rougheyx tailing( 1)21_&.2 .03 .18 6.h 11.7
Caloulated_head 100.0 0.28 0.85 100.0 100.0

(1) A1l values are calculated.

«!r -






~needed to determine cptimum reagent amounts and any necessary additions

e _‘l
5 . . : ‘
M -

. 27
~ Continuous cirouit flotation or pilot plant tests will be

of other reagents. A more selective tale sircuit will lower the loases
ce oopper in the tale produot. Additional copper in the sulfide oircuit

will not only increase recovery but also the grade of oopper.
GO?&LKBIO}B
Bulk sulfide flotation will result in canbined Cu-Ni omcenmtrates
satisfactory for feed to leaching or pyrometallurgicsl processes.
Selsotive copper concentrates analyzing 20 percent ocopper can be made
from the low talo ore, but further processing would still be required
to remove the remaining niokel. If the two types of ores were to bo
combined for trestment the high Ni ocontent in eolecti\fe copper oancentrates )
from the high tllc ore would be prohibitive,
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Line Hole
Harriman
4N CP-10
2N CP-B
2N Cp-18
0 CP-33
0 CP-31
28 CP-28
2S Cp-27
28 CpP-11
48 CpP-20
4S8 CpP-24
48 CpP-25
6S CP-2
6S Cp-22
6S CP-23
9s CP-6
93 CP-17
128 CP-1
128 CP-36
14, 3S CP-5
15, 8S H-15,85-1
178 CP-13

Area
(f£2)

10,989

9,225
919
10, 144

2,200
4, 350
9,550

1,898
2,953
1,798
6, 649

3,863
6, 359
2,832
13,054

12, 666
9,216
2,725

24,607

5,736
1,975
7,711

6,488
2, 038
8,576

8, 629

7,248

3,500

Total for Harriman

SUMMARY, ASSAY EVALUATION

Value for Harriman

Crawford Pond

42S

528

60S

94S

E-1

E-3

E-4

S-1

500

3,683

6,703

1,158

Total for Crawford Pond

Value for Crawford Pond

Grand total

Value for Harriman and Crawford Pond

NOT INCLUDING BARREN ROCK
Cross-Section Value
$/ton Ni Co Cu

value £t2 x $/ton t2x $/ton £12
4,53 31, 753 11, 554 6, 469
6.81 43,053 8, 154 11,015
17.19 12, 300 1,208 2, 300
7.75% 55, 353 9,962 13, 315
12. 60 45,1715 10, 400 9, 329
15,11 47,706 9, 827 8, 195
13.74% 93, 481 20, 227 17,524
7.50 8, 608 2, 659 2,989
17,11 36, 304 7,238 7,014
15,170 21, 100 2,930 4,214
14, 00% 66,012 12, 827 14,217
6.52 16,531 5,190 3,472
10,170 44, 626 9, 487 13,956
12,10 22, 351 6, 862 5, 090
9,77% 83,508 31, 539 22,518
10. 04 84, 760 20, 987 21, 896
14,81 98, 155 18, 875 19, 477
9.83 17, 696 3, 559 5, 545
11.82% 200,611 13,421 46,918
11.50 44,1721 11,590 9,678
1,37 1,678 869 158
8.91% 46, 399 12, 459 9,836
17.78 86, 177 17,927 11, 375
12. 47 15, 859 6, 859 3, 338
16.50% 102, 036 24,786 14,713
16, 55 106, 402 20, 300 16, 292
12.91 67,012 11,116 15, 500
5.20 13, 360 2,555 2,285
6. 14 2,225 435 410
15.77 37,936 7,207 12,280
12,94 59,206 13, 825 13,712
20, 08 17, 000 3,212 3, 026
Y

Average value (57.00 x 10% - 4,469 x 105)

% denotes Average Value

Longi-
tudinal

x $/ton Interval

4N - 2N

2N -0

0 -2S

2S - 4S

4S - 65

6S - 95

9S - 128

125 - 14.3S

14.3S-15.8S

15.8S-17S

425 - 528

525-60S

60S - 945

Volume
£¢3 Tons
(x 106) (x 106
2,11 0.224
1.97 0.209
1.62 0.172
1.97 0.209
3.77  0.400
4.85 0.514
2.44  0.259
1.98  0.210
1.19  0.126
0.64  0.0868
22. 54 2, 391
2.90 0.222
4,15 0. 440
13. 36 1.416
20. 41 2.078
42,95 . 4,469

$12.75/ton

$ Ton

Ni

4,13

7.56

9. 84

7.59

7.54

7.64

9.12

12.11
10. 93

7.53

A
U‘<\

9,61

9. 36

9.70

SCHEDULE C

Total $ Ton Total $ Ton Total
Ni 6 Co Cu
(x10 ) Co (x 106) Cu (x 106)
.92 1.02 0.23 0.94 0.21
1.58 1.53 0. 32 1,586 0.33
1.69 2. 04 0.35 1.98 0. 34
1.59 1.74 0. 36 1.86 0. 39
3,01 1,72 0. 69 1,84 0.74
3.92 1.73 0. 89 1.75 0.90
2.36 2. 29 0. 59 1.51 0. 39
2.54 2. 62 0. 55 1.80 0.38
1.38 1.98 0.25 2.00 0.25
0.51 1,28 0. 09 1. 67 0.11
(} “
19,50 2oV 43 9176 4 o4
——— == |
27.86 x 100
2.13 1.83 0.40 3. 04 0. 67
4.12 2.03 0. 89 2.51 1,10
13.74 2.17 3. 07 2.13 3. 02
19,99 1,36 1.79
29,14 x10
39. 49 8.68 8.83
> ]
57,00 x 100






5w\-. 4 3 2 | | 2 3 4 5E
.k, ___________________ N ot 8 Sine. N \ N
It 1 - ! i S Sl e Pty A N R 1o~ i i 3
¥ \\:/ M '\r/ 1 \: ? \ 1 4 4 4N
—d
o\ / \\./.\\.—\\R. ) o ?'\.
— =~ fe—— " R T St 74 I W NS~ y ==t T T~
<7 t '\ 1 / t =t t = 5 1 2N
()
\ /‘ Z
. —_— ».
== ; = T } + "/\G .Q\4 e T T T~ -~ o)
Y \/ \./-\./ O- . \‘/-/
-—— - - b —— _ -—~—._--.—='_./:2_ b e e — — e e e e e e e s
' A ===t == e 2 ;\\ } =R E P! PEL A t 2s
\\/.\./ ) ——.\,/'
aC
O
' .
. =
:___._t\—__‘-__.-__.%:.k\_._...._. -.—-—----.._....:_..._..._..._.__.. = . T e § o e e =l o e # = "_":‘\‘~-_.._.....__ » ———————
f D t < - ~t— %:‘\f e S p—_ 1 45s
0l
o
. NG e e s
v 2}
»\:/u\ N ./ \./ \‘
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«—=—— - Qut-of-Phase Profile

1"210 %

Stage |
Area 2

Phase 1 (b)

ROLAND F. BEERS,INC. TROY,N.Y.

KNOX TIMBER PROSPECT (P-3)
HORIZONTAL LOOP EM.

Couniy:

KNO X Twnp: WARREN Scale: lin. =100 ft.
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ABSTRACT

This report summarizes the procedures and results of a program of
exploration for nickel in Maine, which was suppofted'by The Office of
Minerals Exploration, formerly the Défense Minerals Exploration
Administration. .Beginning on June 30, 1958 and terminating June 1, 1960,
this program has established the presence of economic deposits of iron
sulfide (pyrrhotite) associated with an ultrabasic intrusive which contain
significant concentrations of nickel, copper and cobalt. The igneous
intrusive is a sill-like b‘ody, presumably of Devonian age, injected into
metasedimentary rocks of Cambrian age, with which it is structurally

concordant. The intrusive varies in thickness from 50 to 380 feet,

At the outcrop, the body contains up to 35% total sulfides, with average
content of nickel about one percent; copper, one-half percent; cobalt
about one-tenth percent. The intrusive body is about 300 feet wide near °
t:he exposure, where it lies in a horizontal sheet about 50 feet thick,

North and south of the outcrop the body twists and plunges underground,
dipping down to the east from 0 to 90 degrees. The body pinches and
swells alohg the direction of its trend, and the sulfide content varies from
traces to massive sulfides at several intersections. The continuous length
of the sulfide deposit as shown by core drilling and related geophysical
measurements is 4.5 miles, with geophysical indications of further

extensions to a total length of 8.6 miles, Continuity throughout the further






extensions has not yet been established by drilling. The limits of the body
have not yet been determined either in its length or in its extension to depth

below 350 feet.

Within the limits of drilling and the geophysical surveys which tie the
drilling data together, it is possible to estimate 5.7 million tons of ore,
Proof of the total tonnage and average grade must await further drilling,
Moreover, the tonnage to be mined would be determined as the optimum
figure resulting from detailed studies of ore grade distribution. Taking
the entire mass between the limits of drilling, there results a figure of
5.7 million tons, with a gross value of $57 million. The estima.tes of ore
reserves and their values are contained in Exhibit D. 'The cbmputations
in Schedule B include barren rock, whereas the computations in
Schedule C do not include barren rock. The actual amount to be mined
would vary from this figure either plus or minu'si, depending upon the

outcome of further studies,

Recent develobmen’ts in extractive metallurgy on samples of this ore by
the U.S. Bureau of Mines Experiment Station at College Park, Marylaﬁd,
have shown that a concentrate containing about five percent nickel at
satisfactory recovery can be produced by simple‘ flotation operations.
Concentrates of this type, containing corresponding amounts of copper
and cobalt, are in market demand at ‘the present time, The possibility

of recovering the iron and sulfur content is under investigation,





1.

Location and Extent

The Knox County pyrrhotite deposits, containing significant concentrations
of nickel, copper and cobalt, are presently known to occur within an area
of about 40 squére miles, V This area lies in the towns of Hope, Union and
Warren, ranging from north to south along an axis south 20 degrees west
for a distance of about nine miles. The deposits have been mapped at
their outcrops, at depth by core drilling, and by geophysical surveys over
the limits stated. The full extent of the deposits has not been determined,
either in length or in their extension to depths below 350 feet. Other
deposits of similar nature., possibly related to these, are known to exist

eight miles west of the Knox County trend.

The area of immediate economic interest lies wholly within Knox County,
Maine. It is represented on U.S.G. S. .quadrangles Belfast, Waldoboro and
Rockland. The area contains a number of Great Ponds, where the minerals
are owned by the State of Maine. On those ponds which lie over the sulfide
deposits now mapped, claims have been staked, and mining leases have been
executed with the State. Land areas, on which sulfides are believed to
occur, have been purchased in fee, leased or are held under purchase
and/or lease options. In all, 5426 acres of mineral rights are under the
control of the manager of the American Syndicate, which o.wns the

properties described. There are no mineral rights or mining activities






2.0

- which compete with these developments of the Syn.dicate in Knox

County.

Access and Transpbrtation

The .area extends north and south across state highway 17, about

nine miles northwesf aloh'g the route from Rockland, a seaport on the |
coast of Maihe_,"b Access fo the area is from Route 17 along a number of
secondaryrr‘oédso Othér state roads lead to the area from Camden,

10 miles, and Rockport, 9 miles, to the east, whiéh lie on U. S. Highway 1,
about six miles north of Rockland. Rockland is served by the Maine
Central Railroad. It is an active industrial center for the region,
supporting manufacturing, fishi.ng and canning indusf:ries, and lime
quarries. There is a Portland ce‘ment plant at Thomaston, three miles
south, The ‘Rockland bu‘s'iness community is actively sponsoring new
industry in the regioﬁ tﬁrough the State of Maine Industrial Building
Authority. .The Knox County Development Corporation is the local
non-profit organi'zation which qualifies as sponsor under the Maine

Industrial Building Authority.

Harbor facilities at Rockland are good. Commercial wharfs are now in

use for coastal steamships. De€ep harbor facilities are a future

possibility when the shipping industry can justify their development.
The local development group is actively at work on this project. A

mining operation in the area would encourage these plans.





3.0 History of the Cfa.wford Pond Prospect
The first published reference on these deposits appears to be that of
E. S. Bastin (1908) (see table of publishc;d reference-s at end of-this repdrt);

- R. S. Houston (1954) also described the occurrence in his ddctoral thesis’,’

and again in Bulletin of the Maine Geological Survéy (1956). Lindgren (1‘933)'
refers to Bastin's work-'and uses the occurrénce of nickeliferous
pyrrhotite-in-peridotite as an example of the .liquid-magmatic origin of
sulfide ores. He compares the Knox County deposits with occurrenéés of

nickeliferous pyrrhotite elsewhere,

The prospect was first activated by this company when Lo‘repzo Blondeag, ,
a Canadian prospector, brought in samples of outcropping rocks aridi stated
'that a lease could be obtained on the Harriman farm. The hand samples
.showed a positive reaction for nickel to dimethylglyoxime., Assays of

grab samples showed ﬁickel content up to about 0.9%, cobalt 0. 1% and
copper 0.5%. -Sulfide content of outcrops ranged from 5% to 35%, | with

20% as average.

4.0 Physiographic Features.
The central part of the area lies along z; small ridg'e trénding NZO°E. . The
western border of the ridge ié held up in places by the underlying
metamprphosed limestone énd qﬁartzite, dropping off abrupt_iy to a sm-all
br.ook which flows southwést into Crawfvorb.d Pond. To the east of thé

ridge, there are numerous small depressions (-f 2'i0'feet), and just south
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5.

1

~ of Miller Road, east of the ridge, lies a small pond which drains southwest
through a branch into the brook mentioned above, Maximum topographic |

.relief on the prospect is about 150 eret,, with Crawford Pond at an

elevation of 110 feet above sea level.

The "grain" of the ‘country is evident from aerial photographs. Fracture
pattern analysis has sh.own the consequence of subsurface structure and
stratigraphy on the t0pography The prospect area shows abundant
evidence of gla,ciation and the work of ice and running water are recorded
in the distribution and attitudes of glacial debris. In some places,
peridotite boulder deposits have been onserved to depths of 25 feet or so.
The movement of these boulders along definite trains from their original
locations has been a valuable guide in the exploration.for mineral
deposits. Ground water is abundant and closely related to the drainage

pattern into Crawford Pond.

. Geology

The nickeliferous pyrrhotite of this prospect occurs in an altered

peridotite -pyroxenite sheet which has been intruded into biotite schists

_of the Penobscot formation of Cambrian age. - The.at'titude of the layering |

of the peridotite and of the schistosity of the biotite schist wall rocks

averages N18°E and vertical to steeply eastward in dip.

Petrology of the Intrusive.

The predominant country rock in the immediate area of the Crawford






| -Pén'd"pevr’i'doti"te ‘t's thel Penobscot formation; 'a heterogene ous: biotite:

. ‘schist WhichrfO'rm s the east: a'nd"{We Sfiwalls'; of the per_inlo;citer. In‘c'lnd,e‘d‘f
in what. is mapped as bl;.otite schists are den_se, black, fine-grained.
biotite schists, locally containing chalco'pyrite and pyrrhofite .-qu‘artz'o-‘
feldspéthic biotite schists which locally could be called lit‘-pér-lit |
gneisses; medium-grained bviotite granité and biotite granite peg:mati.te,
rich in' graphic microcline and 'locally carrying tourmaline.’ Coren }
have shown disseminated as well as massive occurrences of graphite

and some garnet within the schists.

Locally, the granite pe'gmatite crosscuts and nearly o-bliterate's zones
of biotite schist., Small, irregular pegmatitic pafches rimmed with
thin biotite.-ampvhibo'le reaction rims are very. common in t:hé ‘p.er.id-otite.
In some places, chalcopyrite has been connentratéd to the gxtent of

5% to 10% in the pegmatite; at one place arsenides of cobalt and nickel

~ have bronght the nickel and cobalt content of a pegmatite up to about 9%..

- East of the peridotite zone, appax_-ently interbedded With‘ tne biotite
schist, are two beds of white dolomitic marble of Cambro-Ordovician
age, wnich Bastin »(.19:08) calls the Rockland limestone. Tney are
talcose and tremolitic locally and at thé edges-fr:ade through an
arnphibole—rich--calc-silicate rock into the biotite schists and gneisse.s_°
The marble is exposed in several prospect pits but generally doeé not

outcrop.






" The basic igneous rock which is host for the nickel ore is largely a

peridotite or, more properly, a biotite lherzolité,, Other basic rocks

are p’resenﬂ however, and ‘incl'ud,e biotite gabbro, biotite hornblende

diorite, and diabase. Inter,rhediate types such as plagioclase peridotites
are also common and in ‘sbme cases they are sulfide-rich. . The

peridotite was fi;fét described by 'E. S. Bastin as an ‘oli\.rine -biotite -

plagioclase-hornblendé rock which he called Lermondose. On the basis

of a great many thin sections taken from cores, the unaltered peridotite

appears to be a biotite-olivine-ortho- and clihopyrqxene rock which
could be called a biotite lherzolite, The términology is not particularly

critical due to _fhe great amount of variation within the mass.

E The"pefri_dotite‘ has been intr‘ﬁded by pegmatites and shows uniform

symmetrical zories of alteration around the pegmatite dikes. . The
alteration zones from the pegmatite outward are (1!).biotitve uralite,

(2) s_teafite, . (3) partially uralitized peridotite, (4) fresh perid_otite (rare).

‘The metamorphic minerals in the alteration zones are: amphiboles

(cummingtonite, anthophyllite, actinolite), fnica-structure minerals

(biotite, clinochlore, penninite, talc), and secondary magnetite,

" All of the _seconda,ry minerals but talc drive out the sulfides by -

displacing them by expansion during rec‘r'ystallizati‘on‘, Chldrit‘e is so

effecti_vé at displacing sulfide that every chlorite patch has been poor

o in sulfide and evé’ry chlorite-rich rock has been low in sulfide. How .






." . much sulfide isv driven out of the syjs'teni is dependent npon.the original |

'silicate sulfide ratio and upon the SpeCleS of metamorphic sﬂicate formed.

-As a general rule the amount of a,lteration of the. or1g1na1 1gneous silicates
determmes the grade of the or=e° Another variable affe.cting grade 1s~the
in1t1a1 sulfide c0ntent of the peridotite for all of the peridotite was not

initially sulfide richo

| 5,2 Structural Geology
'The general attitude of the schists and gneisses is N20°E and vertical

- but mtense local contortmns cause frequent var1at1ons from this, both
in strike and dip. As near as can be»ascertame’d‘from’ geological andi
geophysncal data, the peridotite conforms to the general reglonal |
attitude.' The axis of the conductor. swings with the change in strlke of

_the marble horizon to the east of the per1dot1te° : The peridotite, having

| undergone metamorphism and folding, is assumed to be on the limb of a

: structure, but the posnion of the other 11mb (and whether or not 1t even
exists) is not known at this time Drag foldmg is complex W1th1n the

, s_chists and has not been ma_'pped‘ in detail; but on the ba51s of the
preliminary geologic work; there seern to he two sets of drags, ‘one

~ plunging almost vertical_lly and the other slmost hor‘i.z'o'ntally', striking

' sbout N20°v E.

Faulting seems to be minor, and no transverse .di"s:placements of the

‘ L . peridotite or ore have yet been found, Presurna'bly,. with such high
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' angle foldmg, some thrustmg is present Some fault -zone's'have been

seen in the cores,, but their mgmﬁcance has not yet been deterrmned

; One small shckens1ded surface wh1ch has nearly str1ke shp movement
3 W1th apparently neghglble d1sp1acement was found at the edge of

Crawford Pond at the end of the causewa,yo

Mineralogy of the Sulfides.

- Samples of the ore show that the material to be mined will vary between

two principal end types. - The unaltered ore, T-1, contains pyrrhotite -

in disseminated form, together with pentlandite, the most important

nickel-bearing sulfide, millerite, gersdorffite, chalcopyrite and.
pyritevin small amounts. - The most highly altered ore; T-3, contains,
in addition, a high'percentage of talc. Alteration by p:egfna,tite

intrusives in some cases has resulted in 'concentration of the '

' mckehferous pyrrhot1te, so that the talc- bearmg sections often show

: massive'ocourrence of‘sulfldes Some of the pegmat1tes are mghly

mineralized, in one case showing an assay value of 9°/o-n1cke1, The ‘
ore Varie'sfrom T-1 to T-3 types, without eVidenee of any"spatlal
pattern, One should assume tha,t'th,e mined product wonld‘ avérage

b‘etweenv'the‘ two end types. -

10





. ' 6.0  Geophysics

The entire area of 40 square miles was surveyed geophysically, first
in reconnaissance and subsequently in detail. The methods employed
| were airborne and ground magnetometer, using Sharpe type A-3 and
A-2 vertical intensity magnetometers; vertical and horizontal coil
electr‘omagnetorneters; AFMAG and radio frequency electromagnetic
‘ methods; self -potential and potential drop ratio (PDR) measurements.
Depths to the conductor were determined in several lo‘cat-ions by
vertical resistivity profiling. The results of all geophysical sufveys
have been conqpiled and are represented on maps accompanying this
report. A discussion of the geophysical methods is contained in
Exhibit C.
7.0 Contracts with Defense :Minerals Exploration Administration
(now known as Office of Minerals Exploration)
Early promise of finding an economic deposit of nickel in Knox County
led to the preparation and submission of an application to Defense
Minerals Exploration Administration (DMEA) for financial aid in the
exploration program. As a result, an agr_‘eement was exeéuted on
June 30, 1958, known as Contract No. Idm-E 1224, Under the
provisions of this agreement, the government agreed to furnish
75% of the cost of specific items of exploration, These inc'ludedv
geophysical surveys and drilling, as approved by the DMEA field

| . team. The total sum authorized by the contract was $94, 692. 00,

11
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8.0

$71,019. 00 was agreed to be furnished by the government, and
the sum of $23, 673, 00 to be furvnished by the Operator (Roland

F. Beers, Inc, as manager for the Syndicate).’

The work authorized under this agreement was completed, except for
writing the final report, on May 31, 1960, A total sum of $65, 421,43
of government-furnisﬁed funds has been spent on this contract, The
Syndicate share of the authofized expenses amounts to $21, 807, 14.
Of the total amount of government funds, $58, 406.76 (83. 1%) was
spent in the Knox County area. The remainder, $7,014, 67, was
spent on nickel prospects in Lincoln County, also included in the
contract with DMEA, The costs incurred under the contract are
summarized on Exhibit A, These sums stand as a loan from the
government (without interest) for a period of fifteen years from

June 30, 1958,

- The Core Drilling Program

The cofe drillihg program consists of three parts. Part A is the
initial portion for‘ which no DMEA finanéiéll_assistance was given, It
com_prisied a preliminary phase of shallow ver£ica1 holes drilled by
pack-sack drill, and a later phase of shallow vertical holes by
conventional core drill, The early phase Aof part A was undertaken

to establish the assumption that the electrical conductor shown in

12





the EM surveys has its origin in the nickel-bearing sulfides.

This phase consisted of 680 feet of pack-sack drilling.

Part B of the drilling program comprised 8094 feet of drilling in three
phases under Stages I and II, as approved by DMEA. The immediate

purpose of this program was to establish the presence of ore in grade

and tonnage compatible with the objectives of DMEA, that is, to discover

economic nickel-bearing ore.

Toward the end of the Part B drilling program, this company desired
to collect more detailed information on grade and tonnage. It was
decided to drill the ore body as completely as possible within the
limitations of time, personnel and funds available. Since the contract
funds had not been fully expended on the government-approved work
by September 1959, an extension was granted to continue drilling until
the funds were exhausted, or until June 1, 1960, whichever occurred
first, The additional drilling was concluded on May 31, 1960 and
amounted to 5907. 5 feet (part C). Finally, drilling to the extent of
2561 feet was undertaken by the Syndicate without DMEA assistance,
The total drilling in Knox County amounted to 15, 927 feet and |

635.5 feet in Lincoln County.

Much of the later drilling was done on the ice of Crawford Pond in

February and March, 1960. The results of all drilling are shown

13






9.

on the drill location map and cross-sections accompanying this
report, All of the drilling locations were first determined by

reconnaissance vertical coil EM surveys, and then checked in

. detail as the drill was moved into place, When the ground was

no longer frozen on the land areas, PDR was used to confirm

the location and magni’tude’ of the EM anomalies which were
subsequently to be drilled,, This procedure, of checking and
confirming the loca'tioﬁ of the conductor along its trend, resulted
in a high degree of success in intersecting the conductor along its
length from 24N to 96S on the Crawford Pond grid, a distance of

12,000 feet,.

Metallurgy

In April 1959, it seemed likely that an economic ore body would
be developed from the Knox County program. Before a decision
could be made to mine and produce the ore it was necessary to
know what metallurgical problefns might arise in processing the
mined production. Accordingly, a study was made to determine,
by laboratory experiments, the nature of processes which would
successfully extract the sulfides of nickel, copper and cobalt
from the ore as produced. A second study was made to determine
the economics of the entire Operétion, including mining and

milling to the end product.

14






In summary, it may be said that subsequent investigations by the

ﬁ. S. Bureau of Mines Experiment Station at College Park, Maryland,
under the direction of John Shelton, Supervising Metallurgist, have
entirely superseded the conclusions drawn from these two earlier
investigations, However, it may be noted that the eariier reports
furnished a basis upon which the exploration program Was subsequently
extended, This extension led to the discovery of larger tonnage than
had been considered realizable in 1959, and for this reason, the

earlier reports cannot be entirely discounted.

Briefly stated, the early reports indicated that a profitable operation
might result if the capacity of mine and mill was not less than 2000
tons per day (tpd}. To achieve this capacity, it would be necessary
to find a deposit of economic grade of not less than 10 million tons.
This volume would yield sufficient income to amortize tapital costs
over a ten year period, and to provide a satisfactory profit. However,
the methoﬁs pr’odu‘ced a concentrate with a maximum of 2. 6% nickel,
a product considered not competitive with the products of the Sudbury
nickel mines, Ontario. It is therefore a great szlatisfaction.to point

to the superior product (Ni 5%) which will result from the USBM
process. Furthermore, this process appears to offer lower unit

operating costs.

15





10, 0. Results of the Exploration Program

‘This section of the report will summarize the results of the exploration

work conducted from October 1957 to May 31, 1960. The summary will

give the estimate which has been made from the drilling of 15,927 feet

-of core holes,. suppiemented by the detailed geophysical measurements

which tie the core hole data together.

This method of reporting the results of exploration jis _slightly.

unconventional, Estimates of ore grade and tonnage are usually based on -

data obtained sblely from coi'es, pitting, trenching, shaft-and tunnel-drilling.

Such estimates are customarily expressed in terms of "proven 6re;' and
"inferred ore". The approved method of éal‘culating these two claéses c;f
figures ié to allot a "zone of influence' to each core hole, trench, shaft‘
or tunnel. Such zones vary from prospect to prospect, depending upon
local conditioné. In the present case, it would be reasonable to allot.

50 feet each side of a core hole in a plane transverse to the longitudinal

axis of the ore body. In the direction of the long axis, the zone would -

- extend halfway from one core hole to the next one. In the aggregate,

this method establishes conservative values of tonnage. The grade is

estimated from the blocks of ore thus computed.  Finally an eétimate of

gross tonnage and of average grade is made for the entire body.

In the present report, a small variation has been adopted in making the

estimaté.” The "zone of influence" method has been employed where

16






adequate information ‘is ava11ab1e f“‘\fﬁ.lhefe only one cofe hole has Beén
drilled, fér eXamble, “the zoneof .irlfllf'luence.may be somewhat smalier
than that which results from th}e related detailed geophysical measure-
m“énts at dep;tho In ordef to make the estimate as realistic as possible,
the pertinent geophysical data have'_beenhsed in these computaf.cions.‘
By 'cqué caiibration of thg geophysical data with actual éore hoie d_é.ta, '
it has been shown that the gaps in core hole data may be filled to a limi'téd
. exten}c with geophysicai data at depth. . Theée measurements provide the
equi_iralent, for these purposes, of cbre holé dat;wmch is desired, but

not available due to limitations of time and funds. The detailed computa-

tions, using these methods, are given on the attached cross-sections.

. There remain many ;v)r.oble'ms» to be investigated in any effort to estabi_ish
) more pr'ecise figures for grade and tbnnage., Between 1_7S and 348, |
e.g., the sulfide body indicated by geophysi_bs has not been found by
drilling. | On the east side of the region between 24N and 368S there
is ‘a-relialbllbe conductor which eiii’déntly lies at a d(_epth greater than
350 feet, “not yet been penetrated by the_dvrilllo None of the conductors
under Alford Pond has been drilled. None of these questionable zones

was included in the estimate of tonnage and grade of the -deposit.

In planning further investigation of these problems, much saving in
time and éxpehse may be expected from the use of geophysicail methods,

followed by a pfogram of additional core drilling. The purpose of the
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additional work is to establish more closely than funds and time have
periﬁitted, the actual grade and tonnage in these deposits. The
evidence now in hand is considered ade'qua'tve‘ for a decision to proceed

oni this additional work.

R_.eéonnaissan-ce view of the results

A bfoad view of the discoveries will _giV'e perspective from which the
aetails’ may be evaluated. The map enclosed shows several parallel
heavy lines.runni.ng about S20°W from the north sﬁ_ore of Alford Pond
to the east sho’rev of North Pond, a distance of abbut nine miles. These
lines represent electrical conductors of sufficier_ft magnitude to be |

considered significant to the distribution of the sulfides associated with

‘the ultrabasic intrusive. This does not mean that these lines represent

economic ore deposits at every point.

The main sulfide body established by drilling lies in the middle of the

pattern of three p'riﬁcipal conductors. It extends from the vicinity of

_ 24N, south to 34S, where it is found in a shallow pit, and from this

point it deflects to the east, where it becomes the eastern-most of -th_e'
conductors found under Crawford Pond. Under the Pond, economic
sulfide deposits have been found by core b.holes at_'428; 528, 60S and
by th‘r:ee.hovles centering around 94S. Further evidence of a é-onductor

has been mapped by magnetomeier and EM on the Simmons Grid, about

i8
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a mile and a half south of 94S. Other conductors have also been found

further south, terminating in the Starrett-Wiley grid at the extreme

south end of the map. . Drilling has proved sulfide deposits at these

places, but not sufficient drilling to provide data for estimating proven

- tonnage and grade,

The central portion of the prospect, that is, from 2N to about 18S

(2000.feet), has been investigated in considerable detail by several
geVOphysical methods and by core drilling, Within these Hmit’s it is
possible to estimate about 3 million tons of orée Extending the
estimation to the region included between 42S and 94S, yields a

total figure of 5.7 million tons.

Summary and Conclusions

Deposits of pyrrhotite containing significant concentrations of
nickel, copper and cobalt have been discovered in Knox County,
Maine. The occurrence is geologically similar to other priméry
deposits of nickel in Canada and elsewhere, ;Detailed mapping by
geologic and geophysical methods has shown the location of
continuous conductors over a length of about nine miles. Core
drilling has confirmed the nickeliferous sulfides to be the most
probable source of these conductive anomalies over a distance

of about four and one L—-hé.lf miles. - The probable influence of |

sedimentary graphite has been considered in making this statement.
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Using core drill and related geophysical data, it is possible to
estimate 5.7 million tons of ore, with a gross v'aiue of $57 million
between those points where the sulfide body has been established
by drilling. The exact tonnage to be mined and milled remains to

be established from further investigations.

Extractive metallurgy developed by the U.S. Bureau of Mines on
these ore deposits has resulted in a selective flotation process by
which concentrates containing five percent nickel, with

corresponding amounts of copper and cobalt, can be produced

' at reasonable costs,
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E_XHIBIT A

ROLAND F. BEERS, INC.

SUMMARY OF COSTS - Docket No. DMEA-4947 - Contract Idm-E 1224

Co L Units Costs
Crawford Pond Prospect - Stage I, Area 1 : ‘

Phase I - ‘ ‘
Diamond core drilling | 2940 ft, - $13,:875. 34
~ Core shed . 350, 00.
_ - $14, 225, 34
Phase II - S '
Diamond core drilling 3860 ft. . $17, 266, 98

Warren-Friendship Prospect - Stage I, Area 2 :

Phase I - ‘
Magnetic survey : $ 2,399,57
Phase II -
Magnetic survey ' _ $ 8,508..15
———.———"—————.
Phase 1II - o
Diamond core drilling 1294 ft, -$ 5,838.22

Hope-Lincolnville Prospect - Stage II, Area 3':

Phase I -
Magnetic survey $ 5,955,17
e —
Phase II - - : :
Magnetic survey . 0§ 1,914,.52

e

Waldoboro Supplement to Warren-Friendship Prospect -

i
i
|
|
|
?
i
?

i

|

|
1






, , EXHIBIT B
SUMMARY OF LEASES AND STATE CLAIMS
Acres
Leases and State Claims - State of Maine
by DMEA Contract Areas (Knox and Lincoln Counties),
Area l 671
Area 2 1,291.4
Area 3 2,387.5
Area 4 1,500
\
\
| Total Leases and State Claims by
DMEA Contract Areas 5,849.9






EXHIBIT C

GEOPHYSICAL PROSPECTING METHODS USED ON THE
KNOX COUNTY ORE DEPOSITS

Summary and Conclusions

" A review of the three principal classes of geophysical exploration methods

has been given. The characteristics, scope and limitations of individual
methods are stated. Each method has particular advantages and disadvantages,
so that the use of combined methods is essential. By their use, nearly all
limitations may be overcome and a complete outline of conducting sulfide
bodies may be attained.

In_ addition, correlation between methods offers strong confirmation of the
facts essential for drilling a prospective ore body. By laboratory measure-
-ments, combined with field observations, specific information regarding

- the composition,-size, -shape and attitude of underground ore bodies may be
inferred. From these conclusions, considerable saving in drilling for ore
may be effected, These practices have been employed throughout the
exploration of 'the Knox‘ County sulfide deposits.

Three classes of geophysmal prospecting methods have been found to be
useful in the discovery and delineation of the Crawford Pond ore deposit.
. These are: steady-state magnetic, steady-state electric, 'and electro-
magnetic induction methods. '

- 'Magnetometer Survey

In the class of steady-state magnetic methods the instrument is a-Sharpe
Model A-2 vertical force magnetometer. This instrument is a precision
magnetic field balance which measures deviations in the vertical component
of the earth's magnetic field. - Sensitivity of the balance is from 15 to 20
gammas per scale division which is ideal for this type of prospecting.
Short-term and long-term stability are excellent. ’

Instrument performance is checked periodically by a laboratory procedure
which calibrates the magnetic balance and the auxiliary magnets.. Diurnal
variations in background are checked against a base station, - Data taken at
25 ft. intervals on the grid are contoured at 400 gamma intervals a.fter
suitable reduction,

The overall range of variation in vertical field intensity over the Crawford

Pond prospect is found to be about plus or minus 5000 gammas with respect

to background. Anomalous variations begin at about plus or minus 200 gammas,
as determined by statistical procedures.






D. C. Metho}ds

Four types of steady-state (D. C.) electrical methods have been found to be
effective, These are: | : R
Self-Potential
‘Applied Potential
Potential Drop Ratlo
Resistivity.

. Self-Potential Survey .

‘The--self-potential survey was conducted with standard porous pot equipment
consisting of non-polarizing copper-sulphate electrodes and a potentiometer.
. Readings are taken-at 50 ft. intervals along the traverses as well as along
‘the baseline.’ Data reduction consists of adjusting all- readmgs to a-common -
- reference datum, then adjusting the datum so that all- deviations are negative,
- The end product is a left-skewed distribution of potentials which are
contoured on 100 millivolt intervals. Overall relief on the Harriman -
prospect has been found to be approximately 800 millivolts. = Anomalous
contours begin at -200 millivolts. ' o j

~Applied Potential

Another type of prospecting by D.- C.- potential measurement is the
Applied Potential method. Here the conductor is energized relative. to
the surface of the ground by placing one electrode in-a drill hole, .-Energy
is supplied by a'D.-"C,. power supply: con51st1ng of an-A, C, englne-drlven
generator and rectifier. The theory of operation for Applied Potential is
that the ore body, ‘being a good conductor, will be at a uniform' potentlal
throughout its extent.- ‘A conductor thus energized will present an electric
f1e1d which can be measured at the surface of the ground

Field p’r‘ocedurie-for. _ma,pping of a conductor is the same .as for Self-Potential,
with the exception that readings are taken at each station with the generdtor
switched on and off, . Deviations from SP due to the generator being switched
on are calculated and are reduced in the same manner as. SP data.. The
result is a map of potential distribution which may be plotted either in
potent1a1 relief or as contoured 1ntervals.

Althou’gh this method was found to be successful, it was not widé‘ly‘ used on .
the Crawford Pond prospect due to variations in the location of drill holes
with respect to the conductor(s)






Potential Drop Ratio

The Potential Drop Ratio (PDR) method measures resistivity contrast’
along a traverse without the depth-discriminating properties of a standard
resistivity technique. Current-carrying electrodes are placed on either
side of the conductor and are fed with a constant direct current which is
alternately switched on and off, . The electric field between points,
approximately 100 ft. fromthe current electrodes, is essentially uniform.
Any conductor located in this area will "short circuit" the 'normal
potential drop, and therefore will become evident as an anomaly.

- Readings of potential difference are taken successively at 50 ft. intervals
along a traverse, using the same-equipment as for SP. 'Data reduction
consists-of removing self-potential (background) readings from those for
which the generator is applied. - All data are adjusted for constant current
and constant line length before the adjusted values are plotted and contoured.

- Experience with PDR has shown that excellent conductors at shallow depth
lie within the 0 millivolt contour, good conductors lie within the 10 millivolt
contour, and 20 millivolts represents a reasonable cutoff between conductive
and non-conductive zones,

- Re si stivity

Res;.st1v1ty prospecting methods offer poss1b111t1es for both horizontal and
vertical profiling. Because of the success experienced in the development
of PDR technique, the use of resistivity has been restricted to. vertical
profiling. Vertical profiles using four and five electrode configurations -
have been found useful principally for measuring the depth of conductors.
This information is desired in planning the location, angle and direction
of inclined drill holes.

In practice the four (or five) electrodes are placed in a symmetrical
manner along the line to be profiled. . Current electrodes are located at
the ends of the configuration, and potential electrodes are arranged about
the center. - For each step in expanding the pattern, data are taken from
which the bulk resistivity of the subsurface soil and rock can be calculated.
When a conductor is encountered, a sharp inflection in the resistivity
curve will occur. At this point the distance separating the potential
electrodes is an approximate measure- of the depth of the conductor.

Very often a depth determination made in this way will be confirmed by
repeating the procedure along a line at right angles to the first profile,






Electromagnetic Methods

Fo‘u'r types of electromagnetic ihduction methods have been used for
mapping the Crawford Pond ore deposit. These are the (1) horizontal
loop (Ronka) EM, (2) vertical loop (Sharpe) EM, {(3) natural field
(AFMAG), . and (4) radio frequency (radio) EM methods.  Each method
has its own particular merits. - All of them have been extremely valuable,

Electromagnetic methods of prospecting operate on the principle that an
electromagnetic field which is changing in intensity (i.e.. alternating)
will induce a current to flow in a conducting mass. - ‘Such a current will
-itself set up a magnetic field in such a direction so as to oppose the
initial (primary) field.” The field due to a conductor is called the
secondary- field. '

- Field procedures for EM prospéecting are designed to detect the
presence of secondary fields-and to measure them along profiles -
from which the position of the conductor -may be interpreted, Two
general methods of prospecting have been devised.

- Method No. 1 measures variations in the magnitude of the -secondary
field as an instrument is moved across'a conductor. Field theory tells
us that the field from-a current-carrying conductor will be strongest"
when one is at the closest proximity to the conductor. Measurements
of intensity are therefore useful means of detection., Since most
conductors are not ideal conductors, the form of the secondary field
will be complex, . It is possible to resolve secondary field measure-
ments into components, thereby yielding additional information on the
geometry of a conductor,

. Method No.. 2 measures variations in the direction of the secondary

field as viewed from the surface of the ground. Three of the EM systems
employed operate on this principle. Since it'is impossible to separate

the secondary field from the primary field it becomes necessary to
maintain a sufficiently high ratio of these two quantities that the secondary
field can be detected., As the instrument passes over a conductor, the
angle of dip of the secondary field is observed to change direction (this
action is called a crossover), thereby indicating the position of the
conductor,

A, C. electromagnetic prospecting methods often encounter difficulties
not experienced with D.. C, methods, thatis, they are affected by power
and telephone lines and other man-made "conductors'. These cultural
conductors may produce two effects: first, they respond as anomalies;
second, they become a strong source of noise which interferes with
measurements on the conducting ore body.





Horizontal Loop EM (Ronka System)

The: Ronka system of prospecting operates under the principles of
Method No. 1, outlined above. The equipment consists of two horizontal
coils and thelr associated electronic equipment, one a transmitter and the
other a receiver, . Both units are powered by batteries. The two coils
are connected to each other through a 200 ft. cable which serves two
functions. The cable is used to maintain the distance between the coils
at a constant 200 ft., thereby eliminating any variations in primary

field intensity due to errors in coil separation. The cable is also used
to transmit to the receiver a small signal, representative of the primary
field, which cancels the primary electromagnetic field coupling to the
receiver, Because of this compensating method, readings of secondary
field values can be made at increased sensitivity, allowing prospecting
at greater depths,

The equipment operates at-an audio frequency of 876 cycles per second.
Measurements are taken by balancmg an A, C. potential bridge, using
headphones as detector,

Data are taken at 50 ft. intervals along traverses normal to the strike
of the conductor. Data are plotted along these profiles in units of
relative field strength for the in-phase and out-of-phase components
which the instrument resolves.

Vertical Loop EM (Sharpe System)

In this system a transmitter having a vertical coil is placed directly
over the conductor for maximum excitation, The receiver is carried
by an operator along parallel traverses normal to the conductor at
distances from 400 to 1600 ft. from the transmitter, depending upon

~the size and depth of the conductor and the ambient noise level, At

each station the transmitter loop is rotated so as to place the recelver
in the plane of the loop

Operation of the receiver is essentially that of a direction finder, that -
is, the operator tilts the receiver coil in a direction parallel to the
traverse until a null in the signal is produced. The angle of tilt is
read from a clinometer and represents the reading for the station,

As the receiving coil crosses a- conductor, the dip angle changes from
one side to the other (i.e. west to east) ‘and the posutlon of the-
crossover indicates the position of the conductor on the traverse.

The transmitter is then moved to a new location as determined herein,
and the process is repeated,





Power for the transmitter is derived from a gasoline engine-driven
alternator operating at an audio frequency of 1000 cycles per second,
The receiver is powered by batteries. It includes a high gain amplifier
and a pair of headphones. ‘

' AFMAG

AFMAG is a recently developed EM system Whlch has a sensitivity -
greater than that of the other described systems. A major advantage of
higher sens1t1V1ty is that it allows for prospecting at greater depths.

In contrast, a conventional system employs a transmitter which
generates a pure tone, whereas AFMAG uses no transmitter. Sensitivity
of ‘the conventional system is limited by a combination of engineering
practice and ambient noise, Sensitivity of the AFMAG system is

limited only by practical engineering limits, ambient noise being
regarded as the signal, or primary field.

. Because the nature of a noise field is quite different from that of a pure
tone, the instrument uses an electronic coincidence detector in place of
headphones. Sucha detector provides for increased sensitivity and
greatly reduces errors in Judgment on the part of the operator.

Successful operation of the AFMAG receiver depends upon the observed
fact that the dominant portion of the audio frequency energy in the ambient
noise field at the earth's surface will, for any given period of time,
originate from a constant direction. . This observation is generally
attributed to the world-wide distribution of thunderstorm activity, .
.which varies rather slowly with time. The AFMAG instrument is used

as a direction finder to measure the azimuth and dip of this field. Over

- a conductor, anomalous variations in these parameters will be indicative
of a secondary field. Profiles of these variations are interpreted to '
outline the location of the conductor.

. Because of the electronic principles involved, the instrument uses two
coils mounted at right angles to each other, instead of a single coil.
.The coil system is rotated by the operator so as to produce a null in one
coil, Observation of the null is performed by the coincidence detector
which compares the signals in the two coils. The null posn:lon is where
the comparlson changes from negative to p051t1ve

: Readmgs are taken in the field at 50 ft. 1nterva1s along parallel
traverses. - Data consist of azimuths and dlpS at each station for the
two frequencies, 150 and 510 cycles per second.

Power for the AFMAG equipment is derived from batteries..






- Radio EM

The fourth method of EM prospecting that has been used for mapping
employs a portable radio receiver that has been modified as a direction
finder. The radio is battery-powered and uses headphones for a

"detector,

Field operation is similar to AFMAG in that the direction and dip of the

source must be located, It is preferable to use the signal from a radio
broadcast transmitting station located approximately at a right angle

to the strike of the conductor. Once the azimuth has been determined
it is possible to walk the traverse out while taking continuous observations.

Anomalies from the radio-frequency EM method are well defined. It is
often possible to locate a crossover within a distance of a few feet.

. Disseminated conductors produce a condition of elliptical polarization

of the secondary field for which it may be difficult or impossible to
locate a null plane. ' :

Discussion and Comments on the deophy‘sical Methods

It might be asked why so many different types of exploration methods
have been employed for locating and mapping conductors. The best
answer to this question is that each method coptributes a different type
of information to the fund of knowledge about the conductor. Another
significant reason is that certain limits exist for the areas over which
all the methods can be used together. These limits are governed

. mainly by the fact that EM methods fail in the vicinity of power lines

and that D. C. methods cannot be used on water, ice, or frozen ground.

It is desirable to map a conductor through such barriers with as much
continuity as possible from an area which has been thoroughly outlined.
The confidence which may be inferred from such a continuity can be
very rewarding. - A notable example of this is the Crawford Pond

(east side) conductor,. Here 5400 ft. of the conductor were mapped by
Sharpe EM between the lower end of the Harriman grid and Spruce
Island., - Both of these areas were known to be mineralized from

‘previous drilling. When the continuity had been established, four

holes were successfully drilled into the conductor. . Three of these

- holes intersected significant sulphides at depths in excess of 250 ft.
- Estimates of tonnage and grade from these drill holes are greater

than those for the Harriman segment of the ore deposit.

All this has been accomplished by using a single instrument for mapping
the conductor. Other instruments either could not be used or did not
respond to the conductor due to its depth,
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Measuréements on Test Samples

Since all of the field methods employed in geophysical exploration of
the Knox County nickel deposits are dependent upon the specific
properties of the sulfides, it is desirable to know the range of the
variations in these properties. The distribution of ore may thus be
more precisely determined., Variations in the field anomalies will
be affected by these specific properties, and by the geometry of the
deposits as seen from the surface. If the effects of variations in -
electrical conductivity and magnetic susceptibility can be isolated,
then inferences on the geometry of the deposits will be more precise,

. For these reasons, considerable effort has been made to obtain -
measurements of the properties of the deposits in the laboratory.
These attempts have not been uniformly successful, and work in this
field is continuing. It has been found that measurement of the
properties of ore in place is more significant than those of small
core samples. - The U. S. Geological Survey has cooperated by
making similar measurements in bore holes. When the results of
this work have been evaluated, it is likely that a better understanding
of the fundamental relationships will be in hand,

. Comments about the Individual Methods

Magnetometer

One of the properties of the sulphide mineral deposit is that is is
moderately ferromagnetic., - Mapping by magnetometer is therefore a
valuable method both for detail and for reconnaissance. The magnetometer
can be operated over land and water. It is not affected by power lines,

' weather, or other electrical disturbances.

. Self-Potential

The generation of self-potential, as derived from earth currents, is
another characteristic of sulphide deposits, - Self-potential surveys

can be correlated closely with other type surveys to provide information
about the width of conductors. This method is not affected by power
lines. . Operation is confined to land areas. The depth to which such a
survey is effective is comparable with magnetic. surveys, ‘

- Applied Potential

The size of the conductor in the ground is so large that it is difficult






to energize it over great distances by dlrect electrical conduction,
Thus the method is not generally as useful as other types of surveys,
The requirement for placing an electrode in a drill hole places
‘severe limitations on the distribution of data.. Data can only be
obtained on land in the vicinity of drill holes which have intersected
the conductor. This method will find its maximum usefulness in
special applifcathnb‘.,

"PDR' (Potential Drop Ratio)

Of all the geophysical methodsg PDR p:r"esents probably the most
unbiased picture of a conductor. Good correlation between PDR and
other methods has been uniform and consistent. PDR is useful for
measuring the width of conductors. In this appllcatlon it correlates
be'st with Ronka data. :

PDR is free from the effects of power lmes. Like the othér D. C
methods it cannot be operated on water, ice, or frozen ground

- Resistivity

Resistivity, as noted above, is used mainly for depth determination
by vertical profiling. . In the realm of special applications the method
would be a valuable tool for selective horizontal profiling. . The
difference between resistivity and PDR is one of electrode spacing.

- Ronka EM .

Ronka and other EM methods may be operated on land, water, ice
and snow, Data from the Ronka equipment provide information
 regarding the ldcation, width, attitude, depth and conduct1v1ty of a
conductor,

L1m1tat10ns in the use of this equipment are due to noise from
power line interference, and the 1nab111ty to map conductors at depths
greater than 150 ft.

: Sharpe 'EM

The strength of the Sharpe tra,nsmltter allows for considerable
varlatlon in recelver separation, thereby providing control over ‘the
'depth of penetratlon. Conductors which have been lost, using a
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400 ft, separation, are easily traced using separations of 600 or
800 ft.

The Sharpe instrument is extremely versatile. It is useful for detail
and for reconnaissance work, It can be aperated in summer and
winter and over land and water. Power line noise is the principal
limiting factor. ’

AFMAG
AFMAG is more difficult to operate than the other types of EM

systems. Four readings are.required at a station instead of one
or two., - This procedure can be time-consuming to the point where

other EM methods may be preferred.

In many locations the dominant component of the ambient noise
field originates in power stations and transmission lines, instead
of distant electrical storm activities, . The instrument is designed
to operate in between harmonics of 60 cycles, but when the field is
strong enough, nothing can be done about the noise frequencies that
occur in the intervals between harmonics. As long as one is
prospecting far enough away from the energy source this is not a
problem, The difficulty is that the noise energy from this type of
source arrives in a direction nearly vertical to the surface of the
ground. Azimuth determination becomes difficult under this
condition, and dips are always nearly 90°, ' '

Natural noise energy, on the other hand, arrives in a horizontal
direction. Variations in azimuth and d1p are easﬂy read under
these conditions.

It may be ‘concluded from this discussion that AFMAG is best

applied to work in areas that are remote from inhabited locations.

Radio ‘ElVI '

ThlS is the only ground geophysmal instrument used that can be
operated continuously while traversing the grid. - Readings from
this system are qualitative instead of quantitative., The character
of the response, i,e. broad null, no null, crossover, west dip or
east dip, is recorded by the operator over the interval for which
it is observed. A completed map of such indications provides a
picture which may be correlated with other geophysical data,
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“EXHIBIT D

Current Valuation of the Crawford Pond Ore Deposit -
This evaluation is limited to those parts of the Crawford Pond ore deposit
which have beeh shown by drilling to be mineralized. Although sections

other than those included are known to exist they are not a part of this

calculation as they have not been "proven" by drilling.

The intervals that were used for the evaluaiion ére (1) from 4N to 17S on the
Harriman grid, and (2) from 428 to 94.8 on Crawford Pond, é total length of
7300-fee;., ‘Exte:.nsiojns beyond these lifnits have been partially mapped by
geophysical methods, but have not yet been drilled. The 2500 ft. gap between
these iﬂtervals has been thoroughly outlined by geophysics, Three holes
drilled in this segment have failed to intersect the o.re body. Further |
investigation in this segment is warranted, but has been prevenfced by lack

of time.

Cro’ss-se'ctions on the Harriman'segment were prepared from drill hole
information and from geophysical data. Cross-sections on the Crawford
Pond segment were prepared from drill hole information only, allowing a-

zone of influence to be 50 ft. on either side of the drill hole.

All intervals from the drill holes that were assayed were included. For
the calculations of Schedule B, values attached to these intervals are
diluted by barren rock or unassayed intervals wherever they occur between
the upper 'a'nd‘lower limits of the assayed material. Overburden is not

included. In the calculations of Schedule C, all assayed intervals are
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~considered; funaSSa);ed 'i’n.ter;valg»é.r'e‘ or.nitte‘d. Width of the crdssﬁéeCtions
is detef_mined 5y tapering frorﬁ £he ass'ayed intervals to the. boﬁndaries
established vby'geéphysics. Every effort was made to keep estimates’. of * -
éross-sectional size on the conservative side. ‘Where more than cne hole
is preéént on a Across section, values from one 'hole are applied over the

area half-way to the next hole.

Method of Calculation

For each drilllhole, the intervals assayed are assigned a gross value in
$/ton for each of the elements nickel, cobalt, and copper. Theée determi-
nationé aré based upon the cufrent prices' of $0; 74/1b. for nickel,
$1.50/1b. for cobalt, and $6, 356/1b. for copper, as reported in -
Enginee»vring and »Mining Journél for Jpne, 1960. 'ScheduleA A is a repre-
sentative sample of'_suc.h a computation. The value for the hole in

' 'Schedﬁle B is determined by taking a weighted avérage from’ SchecAlule»A

.of all the <a$‘s_bayed intervals with unassayed intervals included. Tﬁis is
determined for each 'éiement‘ In Séhedule C the vaiué is .deter'mined by :

omitting the unassayed intervals. |

The weighted averages are then applied to the area of influence, as
m‘easured_on the cross-section to produce a set of cross-section values .
in ft2‘$/ton., If more than one the i_s ‘pre_sént, each hole will have its

own area of influence, as described in the p'rece_ding.paragraphs‘.
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Cross-section values from one cfoss-»section to the next ére averaged‘and .
mgltiplied by the separaéion of thé cross sections to produce é fi'gure.in' |
ft3_$./ton.- Division of this factor by the total volume betweeh cross-sections
pi‘oduces an average »gradevin $/ton over tﬁé longitudinal .int.er‘val,- Tonpage
between cros‘s-'se‘ct'ions Wés calculated using a densit& of 0, 1.06 tons_/ftg.

Dollar vaiue is the product of tonnage and the average $/ton.

Results

A line-by-line analysis and summary of tonnage, value per ton, and gross

‘value is presented in Schedule B for the case where barren rock, represented

'by unassayed intervals, is included. . This represen_ts the gross va‘lue of the
ore body in plaqé, that iAsv, .the total amount to be mined. Extens,ions which |
have‘ not been proven by drilling'are not included in this 'r'epo.r“.t, Schedule B
stateé, in summary, a groSs .amount of 5. 756 fnillionAtons of.bre at an

average value of $9.90/ton gross, totalling 57. 0 million dollars.

Schedule C is a similar analysis, in which the unassayed intervals have

been omitted. = Schedule C summarizes at 4.459 million tons of ore grade

material at $12. 75/ton, gross valué, a to’tal value of 57 million dollar'_s.‘

Comparison of the two schedules brackets the ore deposit between a
cbmpletely unclassified ore to an upper limit for classified ore, -
assuming that all the material outlined herein will be mined. Further.

Classific-ation by economic considerations has not been applied as

specific limits have not as yet been established. :

3






EXHIBIT D

Comments

' The two sets of calculations (Schedule B and Schedule C) bresented in this
‘evaluation represent the ultimate value of the metals nic;kel, cobalt 'and'
copper contained in the "proven™ portion of the primary ore deposit at
Crawford Pond. Schedule B tells the averagé value of the ore as it is-
removed from the ground; . Schedule C tells the value as it might be fed "
to the mill. It has been assumed that barren rock can be sorted from

ore grade material prior to concentration,

The purpose of making the evaluation this way is to determine the
tonnage and grade of the ore that has been found. No economic level of
cutoff has beeﬁ used in making this c'le'cerminatic&n° Such aﬁ evaluation
'nat‘ur"ally produces a maximum dollar value, ihaximum tonnage, and
minimum grade of ore.‘ It is expected that the econOmi;:s of mining
and mil‘ling will impose a level of cutoff which‘ will élter 'theseA figures

somewhat.

- Although the estimates of tonnége and value for the 'Crawford Pond
segm‘ent~are founded upon very limited information,. it is believed that
they are low. Itis unIiker that the drill intersected the ore deposit

at its thickest dimension at all ‘locatiqﬁs, The estimate:. of '106 ft. of
width is considerably 1e_ss than widths-rheas_ure& over the Harriman
section by geOphysics and by drilling. This is one si‘de of 'Qhe argument,

A more convincing argument can be presented through the way this






EXHIBIT D_

conductor was discovered. Because of its dgpth, the conductor defied

detection by all the geophysical methods that were tried, excepting

yertical—ldop EM. Even with this instrument special techniques ﬁad to
be employed. Comparison of responses over the Crawford Pond ségment
with those of the Harriman segment reveavls that this conductor would

not have been detected at such a depth unless it was éonsi&erably larger

than the ore deposit at Harriman,






Line 4N

Assayed Hole: CP-10

Interval % $/ton ft x $/ton % $/ton ft x $/ton % $/ton ft x $/ton
CP-10 Interval Length Ni Ni Ni Co Co Co Cu Cu Cu
-1 5'5'" - 10'0" 4,58 0.223 3.30 15,11 0. 029 0. 87 3.98 0. 088 0. 57 2.61
-2 10'0" - 15'0" 5. 00 0.215. 3.18 15,90 ~0.036 1.08 5.40 0. 088 0.57 2.85
-3 19'0" - 24'0" 5. 00 0. 240 3.55 17.75 0, 036 1,08 5.40 0. 069 0, 45 2.25
-4 24'9" - 2910" 4,25 0.166 2.46 10, 46 0. 044 1,32 5,61 0. 081 0.53 2.25
-5 46'0" - 51'3" 5,25 0.207 3,06 16, 06 0.036 1,08 5,67 0. 081 0.53 2,78
-7 73'3" - 78'3" 5.00 0.191 2,83 14.15 0, 029 0.87 4, 35 0.100 0,65 3.25
-6 88'0" - 93'0" 5,00 0,122 1.81 9.05 0.036 1.08 5,40 0.126 0, 82 4,10
Ft assayed 34, 08 98, 48 : 35.81 20, 09
Not assayed 53.50
Total 87.58
Ni value 98.48 . $1.124/ton Co value 32:81. $0.409/ton Cu value 20:99 - $0.229/ton
87.58 87.58 87.58
Ni value 98.48 . $2.89/ton Co value 35.81 = $1,05/ton Cu value 20,09, $0.59/ton
34, 08 34.08 34,08
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Line 2N

CP-

18
-1
-2
-3

Holes Assayed:

Not assayed:

CpP-B, CP-18

6' - 11
11" - 157
15' - 20°'
20 - 25!
25' - 30
Total ft.
41'0" - 46'8"
52'2'" - 54'6"
54'6" - 56'6"
Ft. assayed

Not assayed

CP-34 % $ /ton
Tnferval Leneoth  Ni _Ni
5.00 0.292 4.32
4.00 0.321 4.75
5. 00 0.313 4.63
5.00 0.361 5.34
5. 00 0.291 4.31
24,00
Ni value % =
5.67 0.983 14.55
2.33 0.148 2.19
2.00 1,561 23,10
10. 00
5.50
15.50
° Ni value 133.80 .
15.50
. 133,80
Ni value T3 o°

ft x $/ton

Ni

21,60
19. 00
23.15
26.70
21.55

112.00

$4. 667 /ton

82.50
5.10
46, 20

133.80

$8.632/ton

$13.38/ton

Yo $ / ton ft x $/ton % $ / ton ft x $/ton
Co . Co Co Cu Cu Cu
0.036 1.08 5.40 0.151 0.98 4.90
0.036 1.08 4,32 0.189. 1.23 4,92
0.029 .87 4.35 0. 258 1.68 8. 40
0.029 .87 4,35 0.132 0.86 4,30
0.029 .87 4,35 0.,189 1.23 6.15

22.77 /”' 28.67
22.77 28,67
Co value 52.00 - $0. 949 /ton Cu value 54 00 = $1.194/ton

0.051 1.53 8.68 0.500 3.26 18. 48
0.007 0. 21 0.50 0.138 0.90 2,10
0.066 1.98 3.96 0. 340 2.22 4,44

13. 14 25,02
3.14 _ 25.02 _
Co value 550 $0. 848 /ton Cu value 1550 - $1.614/ton
13,14 _ 25,02 _
Co value 1600 $1.31/ton Cu value 1000 - $2.50/ton






LINE O
Holes Assayed: CP-33, CP-31
Not Assayed: CP-32, CP-4

Interval % $/ton ftx $/ton %% $/ton ftx $/ton % $/ton ftx $/ton
CP-33 Interval Length Ni Ni Ni Co Co Co Cu Cu Cu
-1 10 - 15 5. 00 0.926 13.70 68. 50 0.088 2.64 13. 20 0.302 1.97 9. 85
-2 15 -~ 20 5.00 0. 800 11. 84 59. 20 0.073 2.19 10.95 0.258 1.68 8. 40
-3 20 - 25 5. 00 0.751 11.11 55.55 0.080 2. 40 12.00 0. 296 1.93 9.65
-4 25 - 30 5.00 2020.6500.782 9.62 48. 10 0.080 2.40 12.00 . 0.4410.324 2.88 14.40
-5 30 - 35 5.00 0. 316 4,68 23. 40 0.044 1.32 6.60 0.157 1.02 5.10
-6 35 - 42 7.00 ,2.00.2600.283 3.85 26. 95 0.044 1.32 9.24 ,p 0.2200./9¢ 1.43 10, 01
Total ft. 32.00 32.2 0.595 281. 70 ' 63.99 32 6,275 57. 41
Ni value g—g—;—g—g— = $8.803/ton Co value _g%_(g)% = $2.000/ton Cu value g; g(l) = $1,.794/ton
CP-31
-1 9 - 14 5. 00 0.979 14, 49 72. 45 0.102 3.06 15. 30 0. 434 2.83 14,15
-2 14 - 19 5. 00 0. 955- 14.13 70. 65 0.110 3.30 16.50 0. 333 2.17 10. 85
-3 19 - 24 5.00 0.747 11. 06 55. 30 0.073 2.19 10.95 0. 233 1.52 7.60
-4 24 - 29 5. 00 0.837 12. 39 61.95 0. 080 2. 40 12.00 0. 491 3.20 16.00
-5 29 - 37'3" 8. 25 0.422 6.25 51. 56 0.052 1.56 12.87 0.176 1.15 9. 49
-6 37'3" - 42! 4.175 0.796 11.78 55. 95 0.073 2.19 10. 40 0. 258 1.68 7.98
-7 42 - 47 5.00 0.800 11. 84 59. 20 0.073 2.19 10.95 0. 321 2.09 10. 45
-8 47 - 53 6. 00 0.625 9.25 55.50 0.058 1.74 10. 44 0.16 1.06 6.36
Total ft. 44,00 0. 741 482.56 99.41 0. 2%9 82. 88
Ni value 282:96 . ¢10.967/ton Co value 22:2L _ g3 259/ton Cu value 82:88 _ $1 884/ton
44.00 - o 44.00 100






Line 95

CP-6

-1
-2
-3
-4
-5
-6
-7
-8
-9

CP-17

-2
-3

Assayed Holes: CP-6, CP-17

Interval

150'6"
155'4"
160'4"
-216'3"
221'3"
226!
231!
236!
241"

- 155'4"

- 160'4"
- 165'4"
-221'3"
- 226"
- 231"
- 236!
- 241"

- 249!

Ft assayed
Not assayed
Total f¢,

214 - 219
219 - 224
224 - 229
Ft assayed
Total ft.

Interval % $/ton ft x $/ton
Length Ni Ni Ni
4,83 0.205 3.03 14,63
5.00 0.289 4.28 21. 40
5. 00 0.189 2. 80 14. 00
5. 00 0.278 4.11 20. 55
4,75 0. 405, 5.99 28, 45
5. 00 0.695 10. 29 51,45
5. 00 1.004. 14. 86 74. 30
5. 00 0. 469, 6.94 34.70
8. 00 0.941 13.93 111, 44
47.58 ' 370.902
50. 92
98.50
Ni value §_7_9__9_(g)_ = $3.766/ton
Ni value 42:92 - ¢7. 796/ton
47.58
5. 00 0. 052 0.77 3. 85
5. 00 0. 064 0.95 4.15
5. 00 0.056 0, 83 4.15
15. 00 — 12. 75
15. 00 :
Ni value 12:75 - $0.850/ton

15

% $/ton ft x $/ton % $/ton
Co Co Co Cu Cu
0. 058 1.74 8. 40 0.189 1.23
0. 066 1,98 9.90 0. 144 0.94
0. 044 1,32 6. 60 0.119- Q78
0.051 " 1.53 7.65 0.170 1,11
0. 05§ 1,74 8,26 0. 258 1.68
0.073. 2.19 10,95 0. 245 1,60
0.102 3. 06 15, 30 0.674 4, 39
0. 066 1.98 9,90 0. 390 2.54
0. 080 2.40 19, 20 0.182 1,19

95,16
Co value 96.16 _ $0.976/ton Cu value 80. 24
98.50 98.50
Co valﬁe 96.16 . $2.021/ton Cu value 80.24,
47.58 47,58
0. 007 0.21 1.05 0. 006 0. 04
0. 022 Q 66 3. 30 0.012 0, 08
0.015 - 0,45 2.25 0.018 0,12
6. 60
6.60. ¢g 1,20 _
Co value 5= $0. 440 /ton Cu value TE

ft x $/ton
Cu

.94
.10
. 90
.55
.98

- 0N
O N = 00 3 U W bW

(o]
o
[\
V>N

= $0.815/ton

$1.686/ton

0.20

$0. 080/ton






& Line 128

vl Assayed Holes: CP-1, CP-36

Not assayed: CP-7

Interval % $/ton ft x §/ton % $/ton ft x $/ton % $/ton ft x $/ton
CP-1 Interval Length Ni Ni Ni Co Co Co Cu Cu Cu
-1 138'6" - 143'3" 4,75 0.821 12.15 57.71 0.073 2.19 10,40 0. 069 0.45 2.14
-2 144'8" - 149'8" 5. 00 0.938 13, 88 69.40 0. 080 2. 40 12.00 0, 081 0.53 2. 65
-3 149'8" - 154'0" 4,33 0.4175 7.03 30. 44 0.081 —  2.43 10, 52 0. 075 0. 49 2.12
-4 154'0" - 159'7" 5,58 0. 585 8. 66 48, 32 0.110 3. 30 18. 41 0. 195. 1,27 7. 09
-5 159'7" - 164'2" 4,58 0.934: 13. 82 63. 30 0. 1.02 3. 06 14. 01 0.214 1. 40 6,41
-6 164'2" - 169'4" 5,17 0.817. 12. 09 62. 50 0.117 3.51 18. 15 0.289 1.88 9,72
-7 169'4" - 174'6" 5.17 0.796. 11,78 60. 90 0.125 3.75 19, 39 0. 447 2.91 15. 04
-8 174'6" - 179'9" 5,25 0.768 11, 37 59. 69 0.125_ 3.75 19. 69 0.207 1.35 7.09
-9 179'9" - 184'4" 4,58 0.813- 12,03 55,10 0.102 3.06 14. 01 0. 151 098 4. 49
-10 205'1" - 210'9" 5,67 0.792 11.72 66. 45 0. 066. 1.98 11.23 0.541 3.53 20, 01
-11 214'8" - 219'8" 5.00 0. 731 10. 82 54, 10 0. 073, 2.19  10.95 0. 327 2.13 10, 65
-12 219'8" - 225'0" 5, 33 1, 040 15. 39 82.03 0. 066 1.98 10. 55 0.233 1.52 8. 10
-13 226'4" - 228%10" 2.50 0. 508. 7.52 18. 80 0. 058. 1.74 4,35 0.182 1.19 2,98
-14 228'10"-232'2" 3.38 2.767 40,95 138. 41 0.125 3,75 12. 67 0, 245 1.60 5,40
-15 234'11"-239'11" 5.00 0.878 12.99 84.95 0.073 2.19 10. 95 0. 441 2.87 ' 14, 35
-16 239911'"-243'8" 3.175 1. 150 17. 02 63. 82 0.088 2. 64 9,90 0.541 3.53 13. 24
Ft assayed 75. 04 995, 92 ; 207. 18 131, 48
Not assayed 30,13
Total ft. 105, 17
Ni value 995.92 . $9,.470/ton Co value 207,18 _ $1.970/ton Cu value 131.48 . $1.250/ton
105. 17 , 105,17 105, 17
207.:18
g Ni value 295.92 - $13.271/ton Co value —5==77"= $2. 761 /ton Cu value 3128 .41 752 /ton
) 75. 04 ' 75. 04
CP-36
-1 236'4" - 241'4" 5,00 _ 0.365 5.40 27. 00 0. 095 2. 85 14,25 0.264 1,72 8. 60
-2 241'4" - 244'9" 3.42 8.40,4260:37 6, 30 21.55 0.102 3.06 10. 47 0.2776.269 1. 81 6.19
-3 248'7" - 253'7" 5. 00 0.568 8.41 42,05 0,117 3.51 17.55 0,289 1.88 9. 40
-4 25317" - 258'7" 5,00 0.588 8.70 43,50 0.110 3. 30 16. 50 0. 346 2.26 11. 30
-5 25817"" - 266" 7.42 )7.40.564 0,673 8.35 61.96 0.117 3.51 26. 04 0.1195,233 0,78 5.79
Ft assayed 25. 84 | 196. 06 84, 81 - 41,28
Not assayed 3.83
Total ft. 29. 67
Ni value 196,06 . $6.608/ton ~ Co value 84.81, $2.858/ton Cu value 41.28 . $1.391/ton
29, 67 29, 67 29, 67
Ni value 196.06 $7.587/ton Co value 84.81 $3.282/ton Cu value 41.28, $1,597/ton
25, 84 25, 84 25, 84






Line 14.3S

CP-5
1
-2
-3
-4
-5
-6
-7
-8
-9
-10

-11
-12

-13

-14
-15
-16
~-17
-18
-19
-20

Hole Assayed: CP-5 Interval
Lengh
235'10"" - 240'10" 5. 00
240'10" - 245'10" 5. 00
245'10" - 250'10" 5.00
250'10" - 255'10" 5. 00
255'10" - 260" 4417
264" - 270'6" L . 6.50
273'8" - 278'8" " ° 5. 00
278'8" - 281'11" ,,.* 3.25
283'2" - 286'T" 2 3. 42
290'9" - 206' 4 TTE 25
296! - 301" 5.00
301" - 306! 5. 00
306" - 311 5.00
311! - 316" 5.00
316" - 321" 5.00
321 - 326' 5.00
326! - 331" 5.00
331! - 336" 5.00
336! - 341 5. 00
3411 - 345'10" 4,83
Ft. Assayed 97.42
Not assayed 12,58
Total ft. 110,00

%

[ )H

.9593

. 565.
. 656
. 681
.703
.528
. 809
.589
. 156.
. 245

MOOOOOOOOOZ

. 235
. 977
.874.
.012
. 650
.813
. 888
. 406
. 857
.152

OO M OO0 OO -

Ni value

Ni value

$/ton ft x $/ton
Ni Ni

8.178 43. 90
8. 36 41.80
9.71 48. 55
10.08 50. 40
10. 40 43. 37
7.81 50,76
11.97 59. 85
8.72 28. 34
11.19 38. 27
18. 43 96.76°
18. 28 91.40
14. 46 72,30
12.94 64.70
14,98 74.90
9.62 48,10
12.03 60. 15
13.14 65.70
20, 81 104.05
12.68 63. 40
11,13 53.786
1200, 46

-%%—:—%g = $10.913/ton

1200, 46
97.42 = $12. 322/ton

%o
Co
.132
. 088
. 103
. 088
. 081
. 059
. 066

. 051
.088

(=l Ne e NoNeNeNoNeNa/

.103
.088
. 066
.081
. 066
.059
.073
.081
. 066
. 059

CO OO OCOoOO0OOOC

Co value

Co value

. 059

$ / ton
Co

DN = = = = DNDNWN W

— e DN e ke DN e DN W

.96
.64
.09
.64
.43
17
.98
.17
.93
. 64

.09
.64
.98
.43
.98
17
.19
.43
.98
77

229.02 _
110.00

229.02
97.42 °

ft x $/ton %o "~ $ / ton ft x $/ton
Co Cu Cu Cu
19.80 0.434 2,83 14,15
13. 20 0. 207 1.35 6.75
15.45 0.252 1.64 8.20
13.20 0.233 1.52 7.60
10.13 0.315 2.05 8.55
11.50 0.233 1.52 9.88
9.90 0. 447 2,91 14,55
5.175 0. 27T 1.81 5.88
5,23 0. 239 1.56 5.34
13.86 0.302 1,97 10. 34
15.45 0.270 1.76 8.80
13.20 0.214 1.40 7.00
9.90 0.170 1,11 5.55
12,15 0.409 2.67 13.35
9.90 0.113 0.74 3.70
8.85 0.138 0.90 4,50
10,95 0.321 2.09 10.45
12,15 0.371 2,42 12,10
9.90 0.378 2,46 12.30
8.55 0.453 2.95 14, 25
229.02 183. 24
183. 24
$2.082/ton Cu value 11000 - $1.666/ton
183.24
$2.351/ton Cu value 97. 42 - $1.881/ton






Line 15.8S

H-15,8S5-1

-1
-2
-3
-4
-5
-6
-1
-8
-9

-10
-11
.12
-13
-14
-15
-16
-17

Assayed Hole H-~15, 85-1

Interval
286'8" - 291'8"
309'7" - 314'7"
314'7" - 318'7"
319'8" - 323'6"
323'6" - 328'6"
33312" - 338'2"
338'2" - 34312"
343'2" - 348'2"
348'2" - 353'2"
35312" - 358'2"
358'2" - 363'2"
363'2" - 368'2"
368'2" - 37174 "'
371'4" - 376'4"
387'3/" - 392'3"
330! 334'1"
376'4" - 381'5"

Ft. assayed
Not assayed
Total ft.

QO VWO TU Ulw o Ul Ol

Interval
Length

. 00
. 00
. 00
.83
.00
.00
.00
. 00
.00
. 00
. 00
. 00
.17
. 00
. 00
.08
.08
80.16
25, 42
.58

$/ton

-
W DLW U =IO D N

—

—

MG = $9.242/ton

17
.01

N WO wr 3
OGN =W

=N O =
SO OO =3

NN -
b
2o

9.83

740, 88
105.58

ft x $/ton
Ni

13.85

15
21
52
36
21
24

28,
25,
27,
19,
65.

7.
18,
49,

265, 05
47,

00
74
60
75
70
30
35
55
25
80
34
85
45
36

740,

88

= $7.017/ton

Co value

122.88 _

~ .

% $/ton ft x $/ton

Co Co Co
0. 022 0. 66 3. 30
0.176 5,28 26.40
0.073 2.19 8.76
0. 044 1.32 5. 06
0.036 1.08 5. 40
0. 058 1.74 8.170
0. 051 1.53 7.65
0. 036 1.08 5. 40
0.038, 1.08 5. 40
0. 044 1.32 6. 60
0.036 1.08 5. 40
0. 036 1.08 5. 40
0. 044 1.32 4,18
0.073 2.19 10. 95
0.014 0,42 2.10
0. 036 1.08 4, 41
0. 051 1.53 7.71
122,88

Co value 122.88. $1.164/ton
105.58 -

$1.532/ton

% $/ton
Cu Cu
0, 044 0.29
0. 195 1,27
0.220 1.43
0.100 0. 65
0. 126 0. 82
2.217 . 45
0.239% 1,56
0.170 1.11
0. 138 0.90
0.132 0. 86
0.132 0. 86
0.119 0,78
0. 144 0,94
0. 907 5,01
0. 056 0,37
0. 403 2.63
0.107 0,70
Cu value M

Cu value -1-—7-1—-?—8 =

80.16

-3

[\~
PomoNnNw bbb dd I NobRNO o -

Pt

—
]
—

ft x $/ton

Cu

. 45
.35
.72
.49
.10
.25

80

.55
.50
.30
.30
.90
.98
.55
. 85
.73

56

.38
A = $1.623/ton

$2.138/ton






Line 17S

Assayed Hole: CP-13
Not assayed: CP-8

Interval % $/ton ft x $/ton % $/ton ft x $/ton % $/ton ft x $/ton

CF-13 Interval Length Ni Ni Ni Co Co Co Cu Cu Cu
! 1 —

-1 191 - 196 5, 00 0. 392 5.80 29. 00 0.022 0.686 3. 30 0.114 0.74 3.70

-2 196 - 201 5.00 0,173 2.56 12.80 0.022 0. 66 3.30 0. 094 0.61 3.05

-3 201" - 206 5. 00 0.209 3.09 15, 45 0. 029 0. 87 4, 35 0. 094 0.61 3.05

Ft. assayed 15. 00 57,25 10.95 9.80

Total ft. 15. 00
9. 80
Ni value -5—-71—;5— = $3.817/ton Co value —1—91'—59—5—= $0.730/ton Cu value 5 $0. 653 /ton
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"2N" TRAVERSE

LINE

BASE

R T T Sy —— S,

CP-B
9225 ft2 at $6.81/ton
Ni value 4,667 x 9225
Co value 0.949 x 9225
Cu value 1,194 x 9225

43,053 $ft2/ton
8,754
11,015 "

Ccp-18
1425 ft2 at $11.09/ton

Ni value  8.632 x 1425 12, 300 $ft2/ton

Co value 0,848 x 1425 = 1,208 "
Cu value 1,614 x 1425 = 2,300 "
Average value = $7, 38/ton
Cross section values
Ni 55,353 $ftZ/ton
Co 9, 962 "
Cu 13, 315 "

ROLAND F BEERS,INC. TROY, N.Y.

2 North Cross Section (Harriman)

Township  UNION County  KNOX, MAINE Scale 1":

50'






v
-
R

CP-33

T

Ll $9.2

PDR

RONKA

"0 TRAVERSE

Ll 970

LINE

BASE

i
1
i
1
Cp_32;3{ s CP_
. + 3, | _
|
|
!
}QDE
| 17/, 6
Cp-33

5200 ft2 at $12. 60/ton
Ni value 8.803 x 5200
Co value 2,000 x 5200
Cu value 1.794 x 5200

45,7175 $ft2/ton
10,400 "
9,329 "

wowu

Cp-31
4350 £t2 at $15. 11/ton
Ni value 10. 967 x 4350
Co value 2.259 x 4350
Cu value 1,884 x 4350

47,706 $ft2 /ton
9,827 "
8,195 "

[}

#ou

Average value = $13.74/ton

Cross gection values

Ni 93, 481 $ft2 /ton
Co 20,227 "
Cu 17,524 "

ROLAND F. BEERS,INC.TROY,N.Y.

"0" Cross Section (Harriman)

Township  UNION County KNOX, MAINE Scale 1":50'






"2S" TRAVERSE
-t ‘PDR" J|
} RONKA {
|
i
! CP-28 +uc- < CP-Il CP-29 '
2,4 P2 |
cP-30 __-=* == CP-27 | P2 |
| | |
[ s5F I
N o 7,5/' |
| 1 r’}{‘[ &> i
| A .
]4%\%’;’ -\ /"
U,
Jg«o .
r) - 29
w
§ CP-28
3200 ft2 at $4.45/ton
w Ni value 2,690 x 3200 = 8, 608 $ft2/ton
ot Co value 0,831 x 3200 = 2,659 "
Cu value 0,934 x 3200 = 2,989 "
CP-27

3450 ft2 at $14. 65/ton

Ni value 10.523 x 3450 = 36, 304 $ft>/ton

Co value 2,098 x3450 = 17,238 "

Cuvalue 2.033 x 3450 = 7,014 "
cp-11

1825 £t2 at $15. 48 /ton

Ni value 11,562 x 1825 = 21,100 $ft2/t0n
Co value 1,606 x 1825 = 2,930 "
Cu value 2,309 x 1825 = 4,214 "

Average value $10.98/ton

Cross section values

Ni 66, 012 $t2/ton
Co 12,827 "
Cu 14,217 "

ROLAND F BEERS,INC.TROY,N.Y.

2 South Cross Section (Harriman)

Townshi

p UNION County

KNOX, MAINE Scale 1":=50
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"4s" TRAVERSE

PDR" {
F RONKA |
| |
I - iz,e
, CP-24 | ., - CP-25 +7° | CP-26 7o
CP-20 — |
| R 1 | T
| ] |
} |
&/ ]90;/ 7/0[; j"ﬁ
— /»’-fa"'/’
Ry
w .
2 L] 2o ¢
a
w
(]
g
[a0]
CF-20 CPp-24 CF-25
5350 ft2 at $4.71/ton 6875 ft2 at $9.90/ton 4075 ft2 at $8.42/ton
Ni value - 3.090 x 5350 = 16,531 $t2 /ton Ni value 6.491 x 6875 = 44,626 $ft2/ton Ni value 5,485 x 4075 = 22, 351 $ft2/ton
Co value 0.970 x 5350 = 5,190 " Co value 1.380x 6875 = 9,487 " Co value 1.684 x 4075 = 6,862 "
Cu value 0.649 x 5350 = 3,472 " Cu value 2.030x 6875 = 13,956 " Cu value 1,249 x 4075 = 5,090 "

Average value = $7.83/ton

Cross section values

Ni 83, 508 $ftZ/ton
Co 21,539 "
Cu 22,518 "

ROLAND F. BEERS,INC.TROY, N.Y.

4 South Cross Section (Harriman)

Township  UNION County KNOX, MAINE Scale 1':50






-

ST,
SN

"6 S" TRAVERSE

——

CpP-2

cp-2I

“POR" i
RONKA Jl
|
:
CpP-22 CP-23 U pes”
i
!
i
\ : 1992
I
l
|
L) 557

BASE

CP-2
14,200 ft2 at $8.99/ton

Ni value  5.969 x 14,200 = 84, 760 $ft2/ton

Co value 1,478 x 14,200 = 20,987 "

Cu value 1,542 x 14,200 = 21,896 "
Ccp-22

11,350 ft2 at $12. 03/ton

Ni value 8,648 x 11, 350 = 98, 155 $ft2/ton

Co value 1,663 x 11,350 =18,875 "

Cu value 1,716 x 11,350 = 19,477 "
CP-23

2,725 £t at $9.83/ton

Ni value 6,494 x 2725 = 17,696 $ft2/ton
Co value 1.306 x 2725 = 3,559 "
Cu value 2,035 x 2725 = 5,545 "

Average value = $10,29/ton

Cross section values

© Ni 200, 611 $ft2/ton
Co 43,421 "
Cu 46,918 "

ROLAND F BEERS,INC. TROY,N.Y.

6 South Cross Section (Harriman)

Township  UNION County KNOX, MAINE Scale "= 50






——

o e o — - —— o — ——

RONKA

HPDRII

LINE

BASE

“9s8" TRAVERSE

CP-6 cp-ir
CF-6
11, 875 ft2 at $5.56/ton
Ni value  3.766 x 11, 875
Co value 0.976 x 11, 875

Cu value 0.815x 11,875

CP-117
1,975 ft2 at $1.37/ton

Ni value 0.850 x 1975 =

Co value 0.440 x 1975 =

Cu value 0,080 x 1975 =
Average value = $4,96/ton
Cross section values

Ni 46, 399 $ft2 /ton

Co 12, 459 "

Cu 9,836 "

44,1721 $£t2 /ton
11,590 "
9,678 "

I ]

1,678 $ft2/ton
869 "
158 "

ROL AND F. BEERS,INC. TROY, N.Y.

9 South Cross Section (Harriman)

Township UNION County KNOX, MAINE Scale 1":50"
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- CP-7
" oDR" I SE— 1 el B __"_C_P__ 36— —
r -/ 2 8E
RONKA =] |
A S
P4
3
[19)
w
£ ¢
1]
i
Va
: cp-1

9100 ft2 at $12.69/ton
Ni value 9,470 x 9100
Co value 1.970 x 9100
Cu value 1.250 x 9100

86,177 $ft% /ton
17,027 "
11,375

L'

CP-36
2400 ft2 at $10. 86
) Ni value 6.608 x 2400
Co value 2.858 x 2400
1 Cu value 1.391 x 2400

15, 859 $ft2/ton
6,859 "
3,338 "

Average value = $12,31/ton

Cross section values

Ni 102, 036 $ft2/ton
Co 24,786 "
Cu 14,713 "

ROLAND F BEERS,INC. TROY,N.Y.

12 South Cross Section (Harriman)

Township  UNION County KNOX, MAINE Scale 1"

=50






“14 .3S" TRAVERSE

PDR

B

———
—

RONKA P-5

BASE LINE

CP-5
9,750 ft2 at $14,67/ton

Cross section values

Ni 106, 402 $ft2/ton
Co 20,300 "
Cu 16,292 "

ROLAND F BEERS,INC. TROY, N.Y.

14.3 South Cross Section (Harriman)

Township UNION County KNOX , MAINE Scale

u 1

1"'=50






PDR

"

H-15. 8S-1
9550 ft2 at $9.80/ton

"Is.8 s"

TRAVERSE

HI5.8 S -1

Cross section values

Ni 7.017 x 9550
Co 1,164 x 9550
Cu 1,623 x 9550

o ou

67,012 $£t2/ton
11,118 "
15,500 "

ROLAND F BEERS, INC. TROY, N.Y.

15.8 South Cross Section (Harriman)

Township UNION

County KNOX , MAINE Scale

||l: 501
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Township

17 S" TRAVERSE

1)

CP-13
CcP-13
3500 ft2 at $5.20/ton
Cross section values
Ni 3,817 x 3500 = 13,360 $ft2/ton
Co 0.730 x 3500 = 2,555
Cu 0.653 x 3500 = 2,285

ROLAND F BEERS,INC.TROY,N.Y.

|7 South Cross Section (Harriman)

UNION County KNOX, MAINE

Scale

1"=50
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"4N" TRAVERSE

P

B I I

”POR” {
RONKA %
|
CP-35 CP-10
_ — | |
¥ s
/—é
B R L
wt
Z
5
LJ
w
<
m
CP-10

28,250 ft2 at $1.76/ton
Ni value 1,124 x 28,250
Co value 0,409 x 28,250
Cu value 0.229 x 28, 250

31, 753 $ft2/ton
11,554
6,469 "

[}

ROLAND F. BEERS,INC. TROY, N.Y.

4 North Cross Section (Harriman)

Township UNION County  KNOX , MAINE Scale 1"z 50"






Line 28

CP-28

-1
-2
-3
-4

Cp-11

-1
-2
-3
-4
-5
-6

Assayed Holes: CP-28, CP-

Not assayed : CP-30, CP-29

Interval % $/ton ft x $/ton
Interval Length Ni Ni Ni
14' - 20! 6, 00 0,264 3.91 23.46
22' - 27 5. 00 0.186 2.75 13.75
31' - 34'6" 3.50 0,312 4,62 16,17
40'7"-43'9" 3.17 0.568 8.41 26.66
Ft assayed 17,67 80,04
Not assayed 12,08
Total ft, 29.75
Ni value S9:04 . $2.690/ton
29,175
Ni value 80.04 $4.530/ton
17,67
914" - 17! 7.617 1.060 * 15,69 120. 34
17 - 22'5" /5.42 0.9086 13.41 72,68
225" - 2912" 7.3 6.75____1,056/2/7. 15.63 105, 50
35'10" - 40'10" 5. 00 1.190 17,61 88. 05
40'10" - 455" 4,58 9.40.4750,3%4%. 1,03 32.20
45'5" - 50! 4,58 4/,60,264 ___ 3.91 17,91
50' - 559" 5.75 5,70,609 9,01 51, 81
Ft assayed 39.75 /7.9 2,675 188, 49
Not assayed 6. 67
Total ft, 486, 42
Ni value —28:49 = $10,523/ton
46, 42
Ni value 188,49, $12,289/ton
39.175
8' - 12 4,00 1. 003 14, 84 59, 36
12" - 17 5,00 0.751 11,11 55,55
17t - 219" 4,75 0.674 9.98 47,40
2212"-2710" 4,83 0.621 9.19 44, 39
27 - 32! 5. 00 0.369 12,86 64, 30
32' - 37! 5. 00 0. 869 12.86 64, 30
Ft assayed 28,58 335.30
Not assayed 0,42
Total ft. 29. 00
Ni value 232:30 - §11.562/ton
29,00
Ni value 335.30 . $11,732/ton

27, CP-11

28,58

% $/ton ft x $/ton
Co Co Co
0. 051 1.53 9,18
0.036 1.08 5,40
0. 044 1,32 4, 62
0.058 1,74 5,52
24,72
Co value 24.72 . $0.831/ton
: 29,75

24,172
Co value ———= $1. 400/ton
17, 67

0, 095 2.85 21, 86
0,073 2.19 11, 87
0.102 3,06 20, 65
0.102 3.06 15, 30
0, 058 1,74 7.97
0. 052 1,56 7.14
0.073 2,19 12,59
97, 38
Co value 97.38 $2.098/ton
46, 42
97.38 _ 40 4
Co value 3975 $2.450/ton
0, 066 1,98 7.92
0, 044 1,32 6. 60
0.051 1.53 7.27
0.051 1,53 7,39
0.058 1,74 8.70
0,058 1,74 8,70
46,58
Co value 46.58 $1.606/ton
29, 00
Co value 46.58 $1.630/ton
28,58

0, 312 2,03 15,57
0, 485 3.16 17.13
19,30, 3330.36%2, 17 14, 65
0. 245 1,60 8.00
_0,2960.2671,93 8. 84
0,497 3.24 14, 84
0.409 2,867 15. 35
1986362 94, 38
Cu value 94.38 = $2,033/ton
46, 42
Cu value 94.38 . $2, 374 /ton
39.75
0,994 6,48 25,92
0.277 1.81 9,05
0.139 1.23 5, 84
0,226 1,47 7.10
0. 1389 1.23 6. 15
0. 396 2.58 12,90
66, 96
Cu value 66.96 $2.309/ton
29,00
66. 96
Cu value 3538 ° $2,343/ton .

% $/ton ft x $/ton
Cu Cu Cu
0.113 0,74 4,44
0,132 0, 86 4,30
0,648 4,22 14,77
0,207 1,35 4,28
27.79
Cu value 27.79 $0.934/ton
29,75
27,79
Cu value

- = $1.573/ton






LINE 48

CP-20

-2
-3
-4
-5
-6
-7
-8
-9
-10
-11
-12

CP-25

Holes Assayed: CP-20,

Not assayed:

Interval
21 - 26
26 - 31
31 - 36
36 -~ 41
41 - 46
46 - 51'8"
55- 58'6"
61 - 644"
76 - 81
81 - 85
892" - 94!
94 - 99
Ft. assayed
Not assayed
Total Ft.
11 - 18
16 - 21
21 - 28
26 - 31
31 - 36
36 - 41
41 - 486
46 - 51
51 - 58
61 - 66
66 - 71
71 - 18
Ft. assayed
NNot assayed
Total Ft.
23 - 29'6"
43'2" - 48!
48' - 53"
53" - 58!
58' - 63!
63' ~ 68
68' - T74'6" |
79'6" - 84'3"
Ft. Assayed
Not assayed
Total Ft.

CP-24, CP-25

Interval % $/ton ft x $/ton A $/ton ft x $/ton % $/ton ft x $/ton
Length Ni Ni Ni Co Co Co Cu Cu Cu
5.00 0.235 3.48 17. 40 0.051 1.53 7.65 0.327 2.13 10.65
5.00 0. 231 3.42 17.10 0.051 1.53 7.65 0.119 0.18 3.90
5.00 0. 235 3.48 17. 40 0,044 1.32 6.60 0.138 0.90 4,50
5.00 0. 203 3.00 15.00 0.044 1.32 6.60 0.138 0.90 4.50
5,00 0.166 2.486 12.30 0.029 0.87 4,35 0,100 0.65 3.25
5.67 0. 259 3.83 21,72 0.044 1.32 7.48 0.132 0. 86 4.88
3.50 0.194 2.87 10. 04 0.036 1.08 3.178 0.119 0.78 2.173
3.33 0.523 T.74 25. 77 0.058 1,74 5.79 0.182 1.19 3.96
5.00 0. 357 5.28 26. 40 0.044 1.32 6.60 0.113 0.74 3.70
4,00 0. 337 4,99 . 19.96 0.044 1.32 5,28 0. 144 0.94 3.76
4.83 0.215 3.18 15. 36 0.036 1.08 5.22 0,069 0.45 2.17
5.00 0.576 8.52 42, 60 0.058 1.74 8.70 0,081 0.53 2.65
56.33 241,05 75.70 50.65
21.67
78.00
Ni value- ?'%‘-g% = $3.080/ton Co value -:-;-g—:—g"g"= $0.970/ton Cu value “g—g—“%% $0.649/ton
Ni value ___________2;‘15 gg = $4, 279 /ton Co value 52-*‘*—-65;,30 = $1,344/ton Cu value %%?3 = $0.899/ton
5.00 0.532 T.87 39. 35 0.073 2.19 10.95 0.598 3.80 19.50
5.00 0.512 7.58 37.90 0,086 1.98 9.90 0. 264 1.72 8. 60
5.00 0.510 7.55 37,75 0. 086 1.98 9,90 0.3@5' 2.38 11.90
5. 00 0.508 7.52 37.60 0.066, 1.98 9.90 0.415 2.71 13.55
5,00 0. 463 6.85 34, 25 0.044 1.32 6.60 0.333 2.17 10. 85
5.00 0.638 9.44 47. 20 0.058 1.74 8.70 0.371 2.42 12,10
5.00 0.581 8. 60 43.00 0. 051 1.53 T7.65 0. 346 2,26 11,30
5.00 /o0 0.6380.54% 9.44 47. 20 0.058 1.74 8.70 __0,5160:3%7 3.36 16. 80
5,00 0,284 4.20 21.00 0.036 1.08 5.40 0,258 . 1.68 8. 40
5,00 0.386 5.71 28.55 0.029 .87 4,35 . 170 1.11 5.55
5.00 0.306 4,53 22.65 0.029 .87 4.35 0. 201 1.31 6.55
7.00 NL%Q&QZML&“% 5. 49 38.43 0.029 .87 6.09 __0.239%208 1,58 10,92
62.00 . 434,88 92.49 136. 02
5,00
67.00 . 434,88 92. 49 136.02
Ni value <700 - $6.491/ton Co value 700" $1.380/ton Cu value 5700 - $2.030/ton
. 434,88 92. 49 136.02
Ni value 52. 00 ° $7.014/ton Co value .6‘“2. 00 = $1.492/ton Cu value 62.00 - $2,194/ton
6.50 0,701 el 10, 317 67.40 0.117 3.51 22.82 _0.642 | 4.19 27. 23
4,83 e 0,422 e 6. 25 30.19 0. 066 1.98 9,56 ’Amg;iégwMﬁmy, 0.98 4,73
5. 00 0.373 - 5.52 27. 60 0,066 1.98 9.90 0.163 1.06 5.30
5.00 0.304- 4.50 22. 50 0.05& 1.74 3.70 0.144 0.94 4,70
5.00  /500,3960.358 5.86 29. 30 0.058. 1.74 8.70  __0,2580./8% 1.68 8. 40
5.00 0.581 8.60 43.00 0.088 2.64 13.20 0.252 1.64 8.20
6.50  /,£0.8730.746 12.92 . 83.98 0.102 3.06 19.89 0,252 . 1.64 10. 66
4.75 0.455 .. 6.73 31.97 0.073 2.19 10.40 0,233 1.52 7. 22
42.58 335,94 103.17 “76. 44
18. 67
61.25
Ni value —3—:-%-%% = $5, 485/ton Co value }%% = $1.684/ton Cu value %?61—-—%% =$1,248/ton
Ni 335.94 7.8717 C 10517 L g 23 C 1 18,22 1,795
i value 2258 $7.877/ton o value 12 58 $2.423/ton u value 7570 $1, /ton





LINE 635

CP-23
-1
-2
-3
-4

Assayed Holes: CP-2, CP-22, CP-23
Not assayed: CcpP-21
Interval % $/ton £t x $/ton
Interval length Ni Ni Ni
102'7" - 107'10" 5.25 0.175 2.59 13.60
107'10" - 112'11" 5.08 0.142. 2.10 10, 67
112111" - 117'9" 4,83 0.134 1.98 9.56
179" - 12007 2,83 0.130 1.92 5,43
128'6" - 134 5.50 0.179 2.65 14,57
134! - 139 5.00 0.142 2.10 10. 50
139! - 143'10" 4.83 0. 130 1.92 9,27
14412" - 149'2" 5,00 0.162 2,40 12,00
14912" - 154 4,83 0. 264 3.91 18. 89
154 - 159! 5,00 0.398 5.89 29. 45
159" - 163'9" 4,75 0.471 6.97 33.11
163'9" - 168'9" 5.00 0.477 7.06 35.30
168'9" - 173'10" 5.08 0. 370. 5.48 27. 84
173'10" - 179! 5.17 0. 455 6.73 34. 79
179 - 134'2" 5.17 0.516 7. 64 39.50
184'2" - 189'3" 5.08 0.544. 8. 05 40, 89
189'3" - 194'3" 5.00 0.626 9,26 46,30
194'3" 199'3" 5. 00 0.882 13. 05 65. 25
199'3" - 205’ 5.75 1.004 14.86 85. 44
206'8" - 210'5" 3.75 0.914 13.53 50. 74
214'4" - 220 5.67 0.979 14.49 82,16
220" - 225! 5.00 0.719 10. 64 " 53,20
225! - 230 5.00 0.512 7.58 37.90
230" - 235! __5.00 0.325 4.81 24, 05
I't. assayed 118,57 790. 41
Not assayed 13.84
Total ft. 132,41
Ni value -}g—g—%} = $5.969/ton
. 790. 41
Ni value T7g757 = $6 666 /ton
16! - 21 5.00. 0.703 10, 40 52,00
21! - 26 5.00 0,764 11.31 56.55
26! 31 5.00 0.658 9.74 48.170
31t - 36! 5.00 0.813 12.03 60. 15
36! - 41 5,00 0.762 11.28 56. 40
41 46! 5.00 0.745 11.03 55. 15
46! - 51 5.00 ,0.758 11.22 56,10
51' - 55' 4.00 37.0.512872° 7 58 30,32
646" - 69'6" 5,00 0.367 5. 43 27. 15
696" - 175 5.50 0.300 4. 44 24, 42
75" - 80! 5.00 /440.2920,3/] 4.32 21.60
97 - 102! 5,00 0.680 10.06 50. 30
102! - 107 5.00 0.560 8. 29 41, 45
107 - 112 5.00 0. 747 11.06 55. 30
112 - ur 5.00 0.782 11.57 57. 85
117 - 122 5.00 1.501 23.55 117.75
122 - 127 5.00 1.036 15. 33 76. §5
127 - 132! 5,00 0.670 9.92 49, 60
132! - 137 5.00 0.717 10.61 53.05
137! - 142 5,00 0.538 7.96 139.80
142! ~ 147 5.00 40,¥1.8350.7/6 27.15 135.175
147" - 152 5,00 0.345 5.11 25. 55
152! - 157 5.00 /600,376 9360 5.56 27. 30
Ft. assayed 114,50 1219. 39
Not assayed 26,50
Total ft. 141,00
Ni value 1219:39 . 438 448/ton
141.00 |
_ 1219.39 .
Ni value 114.50 $10. 649 /ton
5811" - 631" 5,00 0.522 7.73 38.65
63'1" - 68 4.90 4,9 0.7398:2%7 10.94 53. 61
68! - 73 5,00 0.374 5.54 27.70
73' - 178 5.00 0.319 4.72 23, 60
78' - 83! 5.00 ,4p0.2450:2/3  3.63 18.15
Ft. assayed 24,90 ’ 161. 71
Total ft. 24.90
Ni value 161.71 $6. 494 /ton

24.90

% $/ton ft x g/ton % $/ton ft x g/ton
Co a___(':‘_g_ Co Cu Cu Cu

0. 044 1.32 6.93 0.075 0. 49 2. 57
0.044 1.32 6.71 0.056 0. 36 1.83
0. 044. 1.32 6.38 0. 094 0.61 2. 95
0.051 1.53 4.33 0.157 1.02 2,89
0. 044 1,32 7.26 0. 100 0. 65 3.57
0.058 1.74 8.170 0.113 0. 74 3.70
0. 044 1.32 6.38 0.151 0.98 4,13
0.051 1.53 7.65 0.214 1,40 7.00
0.036 1.08 5.22 0.252 1.64 7.92
0. 044 1.32 6. 60 0. 264 1,72 8.60
0.051 1.53 7.27 0. 289 1.88 8.93
0.051 1.53 7.65 0.182 1,19 5.95
0.051. 1.53 7.77 0.182 1.19 6. 05
0.058 1.74 9,00 0.365 2.38 12. 30
0.058 1.74 9. 00 0.308 2.01 10. 39
0.051 1.53 7.77 0.195 1.27 6. 45
0.051 1,53 7.65 0.819 5.34 26.70
0. 080 2, 40 12.00 0.403 2.63 13.15
0.088 2,64 15,18 0.661 4.31 24. 178
0.066 1.98 7.42 0.573 3.74 14.02
0.080, 2. 40 13. 61 0. 447 2,91 16.50
0.066 1.98 9.90 0.321 2.09 10. 45
0.051 1.53 7.65 0.075 0. 49 2. 45
0.051 1.53 7.65 0.010 0.07 0. 35
195. 68 204. 23
Co value %_g_g.,%% = $1,478/ton Cu value %%w?f $1.542/ton
Co value %’9“1%;:%%-1 $1,850/ton Cu value %‘?%wg%‘ = $1.722/ton
0.088 2,64 13.20 0.365 2.38 11.90
0.081 2,43 12,15 0.428 2.179 13.95
0.073 2,19 10,95 0.491 3.20 16,00
0.088 2. 64 13. 20 0.604 3.94 19.70
0.080 2. 40 12.00 0. 409 2,67 13.35
0.073 2,19 10.95 0.333 2,17 10. 85
0.073 2.19 10. 95 0.359 2. 34 11.70
0.058 1,74 6. 96 0.1600.40°% 1,04 4.16
0.051 1.53 7.65 0.201 1.31 6.55
0. 036 1.08 5.94 0.157 1.02 5,61
0.036 1.08 5.40  _0.1570.7  1.02 5.10
0. 066 1,98 9.90 0.396 2.58 12.90
0. 044 1.32 6.60 0.094 0.61 3.05
0.066 1.98 9.90 0. 100 0. 65 3.25
0. 066 1.98 9.90 0.642 4.19 20. 95
0.117 3.51 17.55 0.252 1,64 8.20
0.102 3.06 15. 30 0. 466 3.04 15, 20
0. 066 1,98 9.90 0.504 3.29 16. 45
0.073 2.19 10.95 0.352 2.29 11.45
0.038 1.08 5.40 0.195 1,27 6.35
0.133 3.99 19.95 0.2830.3229 1.85 9.25
0.036 1.08 5. 40 0.214 1. 40 7.00
0.029 0.87 4.35 0.2772.2%46 1.81 9. 05
234, 45 241,97
Co value 234,45, $1.663/ton Cu value 241.97 $1.716/ton

141,00 141, 00

234.45 241.97
Co value 114.30 = $2.048/ton Cu value 114.50 ° $2.113/ton
0. 044 1.32 6. 60 0. 806 5.26 26. 30
0.058 1.74 3.53 0.2770.5%4 1.81 8.87
0.036 1.08 5. 40 0.119 0,78 3.90
0. 044 1.32 6,60 0,245 1,60 8. 00
0.036 1.08 5. 40 0.1100,/5% 0172 _3.60
32.53 ‘ 50. 67

. 32.53 _ 50. 67 _

Co value 5150 $1.306/ton Cu value 5300 $2.035/ton





Line 425
Assayed Hole: E-1
E-1 Interval
-1 282'8" - 287'8"
Ft assayed
Line 525
Asgsayed Hole: E-3
E-3 Interval
-1 259'8" - 265'0"
-2 265' - 270!
-3 270" - 275!
-4 275' - 281!
-5 282' - 287!
-6 287" - 291'6"
-7 291'6" - 297'6"
Ft assayed
Not assayed
Total ft.
Line 608
Assayed Hole: E-4
E-4 Interval
-1 357'10" - 362'11"
-2 739814 - 403'4"
-3 403'4" - 408'4"
-4 | 4c8'4" - 413'4"
-5 | 413'4" - 418'4"
-6 \ 418'4" - 424
-1 } 424! - 4291
-8 L 429! - 434!
-9 L 434! - 439"
-10 i 439! - 445!
-11 393! - 398'4"
-12 388* - 393!
-13 383! - 388'.
Ft assayed
Not assayed
Tatal ft.
Line 9483
Asgsayed Hole: S-1
S-1 Interval
-1 51'6" - 54'6"
-2 54'6" - 59!
-3 60'6" - 62'7"
-4 86'4" - 63'4"
Ft assayed
Not assayed
Total ft.

Interval % $/ton ft x $/ton
Length Ni Ni Ni
5,00 0. 301 4,45 22,25
5,00
22,25 _

Ni value —==2Z= $4,45/ton
5

% $/ton ft x $/ton % $/ton ft x $/ton
Co Co Co Cu Cu Cu
0, 029 0,87 4, 35 0,126 0, 82 4,10

4,35
Co value -—-5%-0 = $0, 87 /ton

Ni value =77 33 * $14,689/ton

Interval % $/ton ft x $/ton % $/ton ft x §/ton
Length Ni Ni Ni Co Co Co
5,33 0,792 11,72 62,47 0.073 2.19 11,67
5,00 0, 686 10,15 50,175 0,073 2,19 10.95
5, 00 0.873 12.92 64, 60 0. 088 2. 64 13,20
6.00 0.802 11, 87 71,22 0, 080 2,40 14, 40
5,00 0, 634 10, 12 50, 60 0.080 2.40 12. 00
4,50 0.703 10, 40 46, 80 0.073 2.19 9.85
6, 00 0,371 5.49 32.94 0. 036 1,08 6, 48
36, 83 379, 38 78. 55
1,00
37, 83
379,38 _ 78,55
Ni value 3T 53 $10. 028/ton Co value 5T 83 - $2,076/ton
_ 379,38 78,55
Ni value 35 g3 ° $10. 30/ton Co value 36,83 = $2,133/ton
Interval % $/ton ft x $/ton % $/ton ft x $/ton
Length Ni Ni Ni Co Co Co
5,08 0,475 ... T7.03 35,71 0,073 2.19 11,13
5,00 0,784 11. 60 58, 00 0.088 2,64 13.20
5,00 0,967 14, 31 71.55 0.110 3. 30 16,50
5.00 1,077 15.94 79,70 0,117 3.51 17,55
5,00 0.998 14,77 73.85 0,117 3.561 17.55
5, 67 0. 601 8.389 50, 41 0.073 2.19 12.42
5.00 0, 459 6.79  33.95 ° 0, 051 1,53 7.65
5,00 0,534 7.90 39,50 0. 051 1.53 7.65
5,00 ... 0,435 . ... 6.44 32.20 0, 044 1,32 6, 60
6.00 __0.274 ___ 4,06 24, 36 0. 044 1.32 7,92
5,33 W_g.ﬁgg‘gwmm 7,81 41,63 0,051 1.53 8.15
5, 00 0, 347 5,14 25,170 0,036 1,08 5,40
5,00 0, 345 5,11 25.55 0, 044 1,32 __ﬁ_ﬁ’(_)_
67,08 592, 11 138, 32
20,09
87. 17
Ni value 523:1; - $6.792/ton Co value —g7-p; = $1.586/ton
592, 11 138,32
Ni value &g = $8.827/ton Co value ~g7. 03 = $2.062/ton
Interval % $/ton ft x $/ton -/ $/ton ft x $/ton
Length Ni Ni Ni Co Co Co
3.00 0,934 13,82 41, 46 0. 088 2,64 7.92
4.50 1,446 ___ 21,40 96. 30 0.117 3.51 15. 80
2,08 m&é@é«ﬂm 5, 40 11,23 0.058 1,74 3.62
2,00 0,710 10.51 21, 02 0. 080 2.40 4,80
11,58 170,01 32.14
5. 25
16. 83
Ni value 171%"%13 = $10, 101 /ton Co value 32 ;: = $1,909/ton
170, 01 32.14

Co value 11:58 = $2,775/ton

Cu value ié—l-«‘)—’ $0. 82/ton

% $/ton ft x $/ton
Cu Cu Cu
0.283 1,85 9,86
0, 308 2,01 10, 05
0.289 1,38 9,40
1.026 8. 69 40, 14
0,598 3.90 19,50
0, 844 5,50 24,175
0,233 1,52 9,12
122,82
Cu value 122.82, $3.246/ton
37.83
122, 82
Cu value ———= $3. 335/ton
36,83
i) $/ton ft x $/ton
Cu Cu Cu
0,138 0.90 4,57
0, 302 1,97 9,85
0, 333 2,17 10. 85
0. 396 2.58 12,90
0, 655 4,27 21,35
0, 422 2.15 15,59
0,207 1.35 6.75
0.258 1,68 8.40
0.390 2,54 12,70
0.245 1.80 9, 60
0,189 1,23 6,56
0, 453 2,95 14,75
G, 119 0.78 3.90
137,177
Cu value 137,77 $1,380/ton
87.17
137,77

Cu value '6"7‘. 0“8

= $2, 053 /ton

) $/ton ft x $/ton
Cu Cu Cu
0.170 1,11 3,33
0. 4686 3. 04 13,63
0, 809 5,217 10, 96
0,176 1.15 2. 30
30,27
30.217
Cu value 153§ ° $1,798/ton
30,27

Cu value 11. 58

= $2, 614 /ton





SUMMARY,

ASSAY EVALUATION

Area

INCLUDING BARREN ROCK

Crogs-gection Value

SCHEDULE B

* denotes Average Value

Ni Co Cu Longitudinal
$ /ton & Volume Tons $ / ton Total $ / ton Total $ / ton Total
Line Hole (£t2) Value 12 x $/ton ft2x$/ton ft2x $/ton interval (ft3)6 6 Ni $ Ni Co $ Co Cu $ Cu
x105) (x 10°) (x 109) (x 106) (x 105)
Harriman
4N CP-10 28,250 1,76 31,753 11,554 6,469
4N - 2N 3.89 0.412 2,24 .92 .55 0.23 0.51 0.21
2N CP-B 9,225 6.81 43,053 8,754 11, 015
2N Cp-18 1,425 11,00 12,300 1,208 2, 300
10, 650 T.38% 55, 353 9,962 13, 315
2N -0 2.02 0.214 7.37 1.58 1.49 0. 32 1.53 0.33
0 CP-33 5,200 12.-60 45,775 10,400 9,329
0 Cp-31 4,350 15,11 47,706 9,827 8,195
9, 550 13, 74% 93,481 30,227 17,524 ’
) 0 -2S 1,80 0.191 8. 86 1.69 1.84 0. 35 1.76 0. 34
28 CP-28 3,200 4,45 8,608 2,659 2,989
25 CpP-21 3, 450 14, 65 36, 304 7,238 7,014
25 CP-11 1,825 15.48 21,100 2,930 4,214
8,475 10,98% 66,012 12, 827 14,217 o
28 - 4S 2.48 0.263 6.03 1.59 1,38 0. 36 1.48 0, 39
48 Ccp-20 5, 350 4,71 16,531 5,190 3,472
4S Cpr-24 6, 875 9.90 44, 626 9, 487 13,956
4S CpP-25 4,075 8.42 22, 351 6,862 5,090
16, 300 7.83% 83,508 21,539 22,518
48 - 6S 4,46 0.473 6, 37 3.01 1.46 ° 0.69 1.56 0,74
6S Cp-2 14,200 8.'99 84,760 20,987 21,896
6S CP-22 11, 350 12,03 98, 155 18, 875 19,4717
6S Cp-23 2,725 9,83 17,696 3,559 5, 545
28,275 10, 29% 200,611 43, 421 46,918 '
6S - 95 6. 32 0. 67 5,86 3.92 1.33 0. 89 1,35 0.90
95 CP-6 11,875 5,56 44,1721 11,590 9,678 ,
9s CP-17 1,975 1,37 1,678 869 158
13,850 4,96% 46, 399 12,459 9,836
9S8 - 12S 3_. 80 0.403 5,86 2.36 1,47 0.59 0.97 0. 39
128 Cp-1 9,100 12. 69 86,177 17,927 11, 375
128 CP-36 2,400 10. 86 15, 859 6, 859 3,338 '\
11,500 LZ__?_]_._* 102, 03_6_ 24,786 14,713
128 - 14.3S 2.44 0.259 9,82 2.54 2.12 0.55 1.46 0. 38
14,38 CP-5 9,750 14, 67 106, 402 20, 300 16, 292
14,35-15, 85 1,48 0. 157 8.79 1. 38 1.59 0.25 1,61 0.25
15.88  H-15.85-1 9,550 9. 80 67, 012 11,1186 15, 500
15,88 -175 0.78 0.083 6.18 0.51 1.05 0. 09 1. 37 0.11
178 Cp-13 3,500 5,20 13, 360 2,555 2,285
i 29,47 3.125 19,50 4,32 4, 04
Total for Harriman B g - |
Value for Harriman ) \ 27.86 x 10
Crawford Fond
428 E-1 500 6.14 2,225 435 410
428 - 528 2.14 0. 227 9.38 2.13 1.78 0.40 2.96 Q0,67
52S E-3 3,783 15,18 37,936 7,207 12,280
528 = 60S 5.00 0.530 T.717 4,12 " 1.68 0.89 2.08 1.10
60S E-4 8,717 9,95 59,206 13, 825 13,7132
60S - 948 17.68 1.874 T.33 13,74 1,64 3.07 1.67 3.02
948S 5-1 1,883 13,81 17,000 3,212 3,026
Total for Crawford Pond 24,82 2.631 19. 99 4, 36 4,79
Value for Crawford Fond ‘ 29,14 x 108
Grand Total | 54, 29 5.756 39, 49 8. 88 8.83
N
Value for Harriman and Crawford Fond 57.00 x 106
Average value per ton (57.00 x 106 .. 5,756 x 105) $9.90/ton
P





Line Hole
Harriman
4N CP-10
2N CP-B
2N CP-18
0 CP-33
0 CP-31
25 CP-28
2S Cp-217
25 CP-11
4S CP-20
4S Cpr-24
4S8 Cp-25
6S CpP-2
6S Ccp-22
6S CP-23
9s CP-6
9s CP-17
128 CP-1
12S CP-36
14, 3S CP-5
15,88 H-15,85-1
178 CP-13

Area
(£t2)

8,629

7,248

3,500

Total for Harriman

Value for Harriman

Crawford Pond

425

528

60S

945

E-1

E-3

E-4

S-1

Total for Crawford Fond

500

3,683

6,703

1,158

SUMMARY, ASSAY EVALUATION

NOT

Value for Crawford Fond

Grand total

Value for Harriman and Crawford Pond

INCLUDING BARREN ROCK
Cross~-Section Value
$/ton Ni Co Cu

value ft2x $/ton ft®x $/ton ft
4.53 31,753 11, 554 6,469
6. 81 43, 053 8, 754 11, 015
17.19 12, 300 1,208 2, 300
7.75% 55, 353 9,962 13,315
12. 60 45,715 10, 400 9, 329
15,11 47,706 9, 827 8,195
13. 74% 93, 481 30, 227 17, 524
7.50 8, 608 2, 659 2,989
17, 11 36, 304 7,238 7,014
15.70 21,100 2,930 4,214
14, 00% 66, 012 13, 827 14,217
6.52 16, 531 5,190 3, 472
10. 70 44, 626 9, 487 13, 956
12. 10 22, 351 6, 862 5, 090
9.77% 83,508 31, 539 33,518
10. 04 84,1760 20, 987 21, 896
14. 81 98, 155 18, 875 19, 477
9.83 17, 696 3,559 5, 545
11.82% 200,611 43,421 46,918
11. 50 44,721 11, 590 9, 678
1,37 1,678 369 158
8.91% 46, 399 12, 459 9,836
17.178 86, 177 17,927 11, 375
12. 47 15, 859 6, 859 3, 338
16.50% 102,036 54,786 14,713
16, 55 106, 402 20, 300 16, 292
12.91 67,012 11, 116 15, 500
5,20 13, 360 2, 555 2,285
6.14 2,225 435 410
15,77 37, 936 7,207 12, 280
12. 94 59,206 13, 825 13,712
20. 08 17, 000 3,212 3,026
1

Average value (57,00 x 105 __ 4,469 x 106)

% denotes Average Value

Longi-
tudinal

2% $/ton Interval

4N - 2N

2N -0

0 -2S

2S - 4S

4S - 6S

6S - 95

9S - 125

12S - 14.38S

14,3S-15.85

15.88-175

42S - 528

525-60S

60S - 945

Volume
ft3 Tons
(x 106) (x 106)
2.11 0.224
1,97 0.209
1.62 0.172
1.97 0.209
3.77 0.400
4,35 0.514
2,44 0.259
1,98 0.210
1.19 0.1286
0. 64 0. 068
22,54 2, 391
2.90 0.222
4,15 0. 440
13.36 1.416
20, 41 2.078
42,95 . 4,469

$12,.75/ton

$ Ton

Ni

4,13

7.56

9,84

7.59

7.54

7.64

9.12

12,11
10.93

7.53

9.61

9. 36

9.70

Total $ Ton
Ni
6
(x 10 ) Co
.92 1.02
1.58 1.53
1.69 2,04
1.59 1.74
3.01 1,72
3.92 1,73
2,36 2.29
2.54 2.62
1.38 1.98
0.51 1.28
<&
19. 50 20
2.13 1.83
4,12 2.03
13.74 2.17
19,99
39. 49

5
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