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BENEFICIATION STUDIES ON THE 

HASAN ~ELEBI MAGNETITE DEPOSIT, TURKEY 

by 

Jean W. Pressler 
U. S. Bureau of Min~s 

and 

Ali Akar 
Mineral Research and Exploration ~nstitute 

ABSTRACT. 

Bench-scale and - semicontinuous tests were pe~formed on surface, ttench, 

and diamoPd drill core samples from the Hasan Celebi low-grade magnetite 
. . I 

deposit to ~etermine the optimum beneficiation procedures utilizing wet mag-

netic separation te~hniques. Comp?site core samples typically contain about 

27 percent recoverable magnetite and require crushing and grinding th_:ough --- -

1 mm· in size to insure satisfactory 8eparation of ~he gangue from the .magnetite ----· Regrinding and cleaning the magnetite concentrate to SO . percent minus 150-

mesh is necessary to obtain an optimum of 66 percent iron. 

Semicontinuous pilDt-plant testi.ng with the wet magnetic drum using 

the recycled middling technique indicates that as much as ~3 percent of the 

acid-soluble iron can be recovered into a concentrate containing 66 percent 

iron, with minimum deleterious elements. This represents 27 weight percent 

of the original ore. Further tests will continue when the Maden Tetkik ve 

Arama EnstitUsU (MTA) receives 25 tons of bulk sample from an expl~ra~ory 

drift and cross-~~t now being driven through a section of the major reserve 

area. 



INTRODUCTION 

Purpose of project 

Iron ore beneficiation studies which were part (subproject 6) of 

a broad cooperative mineral investigat j on program. were conducted by 

the Maden Tetkik ve Arama EnstitUsU (MTA) of Turkey and the u. S. 

Geological Survey (USGS). The project w sunder the auspices of the 

Government of Turkey and the Agency for International Development (AID). 

U. S. Departm~ nt of State. 

The objective of the project was to test the value of modern 

beneficiation techniques in making usable the low grade iron ores of · 

Turkey. Components of the project were procurement, installation and 

operation of laboratory and pilot plant equipment and training of MTA 

personnel in specialized fields of beneficiation. 

Scope of investigation 

The Hasan Selebi magnetite deposit is 96 km by road northwest of 

Malatya in east-central Turkey (fig. 1), and is served by both a highway 

and the Divrigi-Malatya railroad. The exploration area, approximately 

500 m wide and two km long, has an· east-west trend and crosses the 
f 

highway, the railroad, and a small stream. During the· 1970 season, 3459.15 1 

of diamond drilling was r.omp.leted, and 10,000 m was programm~d for 

the 1Y71 season. 

The ores lnvestigated during this project have come f r om the Hasan 

~elebi depos1.t; the beneficiation program and exploration work were conducte 

concurrently for .. the past 1~ years. Additional diamond drilling is in pro­

gress, and further pilot 'plant beneficiation studies are planned on ··bulk 

-
samples from exploration drifts and crosscuts ·now being driven. 

-2- . 
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The geoloey of the iron deposit a·nd the surr.ounding ar ea has been 

desc r ibed by Jacobson and others (1972). ~_First Feasi bility Report 

by MTA was made in 1971 for project pl~nning. 

Acknowledg·:tents 

The authors are grateful for the guidance and cooperation ·received 

from Dr. S. Alpan, General Director of MTA, Mr. Nahi~ Kiragli, Chie f of 

the Technological Department, ar.d Dr. Avni Ya.zan, Chief of the Ore 

Dressing Division. 

SURFACE SAMPLE INVESTIGATIONS 

Late b 1969 the Metallic Minerals Department _(Mad~n EtUd) of MTA 

took four surface samples of atout one ton each from the major anomalous 

areas of Hasan qelebi (fig. 2) and requested the Technological Depart~ent 

to conduct ore dressing tests. At that time the Ore DressinB Laboratory 

had no beneficiation equipment for magnetite ores, thus no work was 

perform~d on the samples until June 1970, when the Davis tuhe and the 

Eriez 12" x 7~" single drum wet magnetic separator arrived as part of the 

AID Development Loan. This equipme!lt \o?as immediately set up and work on 

the samples was initiated. Two hundred kilograms of each sample were 

.---

· prepared by roll-crushing and screening through minus 1-mm size, and 

representative portions were chemically (table follows) and mineralogically 

(see below) analyzed. 
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·--~- .. ~-- --·- - · - ---- ... 

Chemical analyses of surface samples 

~- ------ - --~- ... .. _ ..... ,...._ ----· .. -._ .. --

Analysis Analytical Laboratory 
Sample Designation f:e (percent) Number 

Hasan <;elebi no. 1 10.38 91751 
Hasan ~elebi no. 2 60.94 ll 92184 
Hasan ~elebi no. 3 37.07 91750 
Hasan <;elehi no. 4 42.71 91752 

!J Also contains: Si02, 10.95 .per~ent: As. 0.06 percent; s. Trace; P, 0.18 
percent. 

Mineralogical analyses of surface samples 

Hasan ~elebi no. 1 

This sample is from a magnetite-bearin~ metasomatized rock that is 

completely zeolitized and partly carbonitizeri, and sericitized. The 

original rock is obscure, but it probably was an alkali syenite. 

It contains considerable zeolite, lesser amounts of carbm1ates, 

magnetite, chlorite, anJ sericite, small amounts of bematit.e, albite, • ! 

and limonite, and the accessory minerals pyrite, titanite, zircon, and 

apatite. 

The feldspars of the original rock have been altered to zeolites 

and some exhibit relict structure. Zeolites are in fibrous, columnar, 

and tabular form, with some radial crystals. Natrolite was identified, 

and another zeolite of laumontite structure was observed. Calcite is 

the prlncipal carbonate mineral. 

The magnetite has a grain size be~een 0.2-3.0 mm and usually 

occurs as individual crystals between zeolite crystals. In some places 
I 

magnetite forms int~rgrowths with chlorite, calcite, anrl zeolite crystals. 

The magnetite has been subjected to martitization at some places parallel 

to the crystallographic axes. 

-4-



The chlorite is a fibrous and micaceous form of leptochlorite that 

was formed by alteration of biotite from the original rock. Sericite 

•, - occurs as flakes hetween zeolite crystals. Hematite has been formed by 

.• martitization. Albite microcrystals occur with the zP.olites. Some 

pyrite has been altered to limonite, exnibiting pseudomorphic character. 

Hasan ~elebi no. 2 

This sample contains much magnetite, lesser hematite and limonite, 

and gangue minerals of mostly quartz and lesser calcite. Magnetite formed 

in xenomorphic crystals; grain size~ vary from 0.05 to 4.0 mm. Martiti-

zation was observed, and the hPmatite thus formed is i n the form of 

acicular crystals and veinlets. Widths vary from a few microns to 30 

microns, and lengths from 5 to 50 microns. 

Limonite is associated with the magnetite, Pither: in microcrystals 

or as a gel structure. Locally a radial structure and/or small veinlets 

were observed. 

Quartz crystals range from 0.02 to 0.3 mm, an~ form aggregates among 

th~ magnetite crystals. They show anomalous extinction due to pressure, 

and have a granoblastic t~xture. 

Calcite microcrystals present range from 0.01 to 0.05 mm, and form 

veinlets in the magnetite. 

Hasan gelebi no. 3 

This sample was surface dirt and highly altered rock fragments, con-

taining considerable magnetite. No petrographic or mineralogic determination 

was requested. 

-5-
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Hasan relebi no. 4 

This sample is a magnet ite-oearing actir11Jl ite-wolla~tonite hornfels, 

ot coarse-grained and felsitic texture. It contains mucn actinolite, 

lesser amounts of magnetite, calcite, and wollastonite, small amounts 

of quartz, chlorite, and nematite, and the accessory minerals pyrite 

and limonite. Actinolite is in the form of lamellae, columnar and acicular 

crystals and is similar to grarmnatite. 

Magnetite is associated with actinolite as small crystals or in 

crystalline lenses local ly forming stringers and aggregates in the r~ck. 

The grain size of the magnetite is between 0.1 to 0.5 mm wide and between 

0.5 to 2.0 mm long. Magnetite crystals formed in cracks are 1.0 to 20.0 mm 

wide and of variable lengths. Such aggregates have a cataclastic texture. 
• ! 

Fragmentation cracks, which are between 0.02 to 0.04 mm wide, are filled 

with calcite, chlorite and quartz crystals. Magnetite in these cracks has 

also been martitized, in some places parallel to the crystallographic axes. 

Calcite is crypto- and microcrystalline and is associated with 

actinolite, magnetite, and especially wollastonite. Wollastonite forms 

bundles of crystals or fibrous intergrowths with calcite crystals. 

~1artz crystals are granoblastic and micrograined, and show anomalous 

extinction, forming in veinlet.s or g~oups in the sample. Chalcedony also 

forms in radial crystals associated with granoblastic quartz crystals. 

Chlorite is iron-deficient, usually orthochlorite. 

-6-



Hematite is in the magnetite as long, thin crystals; grain size is 

between 0.05 to 0.25 mm. Some hematite has been formed by martitization. 

Pyrite is observed in trace amounts only in magnetite crystals and grains. 

Screen analyses and Davis tube evaluation 

Hasan ~elebi no. 1 

Screen analyses of the -1 mm crushed feed (fig. 3 and table 1·!/) 

indicate that no significant concentration of iron is in any of the 

fractions, and that there is no possibility of discarding either low-

grade fine or coarse material. Davis tube evaluation of ear.h screen 

fraction (fig. 4) indicates that maximu~ recovery •ill be obtained by 

grinding with a minimum of plus 48-mesh material, ~nd optimum gradP. will 

not be attained without regrinding the concentrate substantially to or 

through minus 150 mesh. Additionally, recovery will be l ow because of 

the low-grade ore and the partial alt eration of magnetite to hematite 

and limonite (table 1). 

Hasan ~elebi no. 2 

Screen analyses of the -1 mm crushed i eed (fig. 5 and table 2) 

indicate that no significant concentration of iron is in any of the 

fractions, and that t~ere is no possibility of discarding either a 

fine or coarse low-grade product. Davis tube evaluation of each scfeen 

fraction as shown in figure 6 indicates a gradual decrease in recovery 

in all size fractions finer than 1 mm. This decrease is probably due to 

the increased separation of hematite in the finer sizes, which is intimately 

associatert with the magnetite. Optimum grade and recovery can be attained 

without further grinding finer than minus 1-mm (table 2). 

!/ Tables listed in the appendix. 

-7-
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Hasan ~elebi no. 3 

This is a surface dirt sample. Screen nalysis of the prepared 

minus 1-mm feed (fig. 7 and table 3) indicates a slight concentration 

of iron in the intermediate screen sizes, but no possibilit) ot dis­

carding either a fine or coarse low-grade product. Davis tube evaluation 

of each screen fraction as shown in figure 8 indicates a gradual decrease 

in recovery in the sample fractions finer than 1 mm. ConcentratP. grade 

will not approach optimum until the concentrate has been reground sub­

stantially to 65-mesh (table 3). 

Hasan ~elebi no. 4 

A scrP.en analysis of prepared minu~ 1-mm feed (fig. 9 and table 4) 

indicates a slieht concentration of iron ln intermediate screen si?.es, 

but no possibility of rtiscarding either a fine or coarse low-grade 

product. Davis tube evaluation of each screen fraction as shown in 

figure 10, indicates a recovery approximating 91.5 percent with sample 

preparation to minus 1-mm. However, recovery does drop off gradually 

in the finer sizes. The concentrate will also require minimum regrinding 

to attain optimu ... er,rade (table 4). 

-8-
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Semicontinuous wet magnetic drum tests 

Hasan ~elebi no. 1 

Three hundred kilograms of this sample was prP.l>ared ~y roll-crushing 

and screening through 1-mm size. On~ hundred fifty-five kilograms of 

the screened material was then passed over the Eriez 12" Y 7%" wet magnet;c 

single-drum separator to produce a rough concentrate and a tailing. The 

rough concentrate was dried and pulverized to minus 100-mesh size, and 

then repassed over the drum to produce a final concentrate and a middling. 

About 50 percent of the iron was recovered in a concentrate containing 

66.13 percent iron. The metallurgical balance and a detailed chemical 

analysis ot the concentrate are presented in table 5. Confirming the 

Davis tube evaluation, optimum concentrate grade was attained with a minus • 

100-mesn regrind of the concentrates. 

Hasan ~elebi no. 2 

One hundred kilogr~of the sample was prepared by roll-crushing 

and screening through 1-mm size and 68 kg of the screened material was 

then passed over the Eriez 12" x 7~" single drum wet magnetic separator 

to produce a rough concentrate and a tailing. The rough concentrate 

was further cleaned twice to produce a final concentrate. The metal~ 

lurgical balance is presented in tablP 6. Confirming the Davis tube 

evaluation, over H7 percent of the iron was recovered in a concentrate 

containing 66.43 percent iron without any regrinding of the concentrate. 

A detailed analysis of the concentrate is also presented in table 6. 

-9-
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. . 
Hasan ~eletii no. 3 

. .. . 
• • 

Two hundred kilograms of this sample was prepared by roll-crushing and 

screening through 1-mm size and 160 kg of the product was passed over 

the Eriez 12" x 7~" single :lrum wet magnetic separator to produce a 

rough concentrate and a tailing. The rough concentrate was cleaned 

once by repassing over the drum. This concentrate was then dried, roll-

crushed and screened through a 35-mesh screen, and re-cleaned three times 

with the wet drum. The metallurgical balance is presented in table 7. 

Confirming the Davis tube evaluation, over 80 percent of the iron was 

recovered in a concentrate containing 63.32 percent iron. A detailed 

analysis of the concentrate is also presenteG in table 7. Recycling 

of the reground middlings in a simulated continuous circuit could increase 

the recovery to as much as 88.38 percent, and further regrinding of 

the concentrate might attain an optimum grade of 66 to 67 percent iron. 

However, no further work was done on this sample to confirm this. 

Hasan ~elebi no. 4 

Two hundred kilograms of the sample was prepared by roll-crushing and 

screening through 1-mm size, and 100 kg of the product was passed over 

the Eriez single drum magnetic separator to produce a rough concentrate 

-10-
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and a tailing. This rough conc entrat ~ was then cleaned twice by 

repassing over the drum to produce a final concentrate and two 

middling products. The metallurgical balance is presented in table 

8. Over 87 percent of the iron was recovered in a concentrat~ con­

taining 65.04 pP.rcent iron, without regrinding the concentrate,. 

confirming the evaluation of the Davis tube t~st. 

It is concluded from the tests performed on thPse four surface 

samples that differential alteration of magnetit~ to hematite and 

limonite affects the iron content of the samples. Lower recovery of 

iron can bP. experted f.rom samplPs which have undergone greatPr altP.ration. 

However, the finer the grind, the more associated hematite is separated 

from the magnetite, and it is found in the nonmagnetic tailing. It is 

also hypothesized that the higher Ti02 (avP.rage 2.2H percent) content 

of these surface concentrates, comparPd with the 0.75 pPrcent level 

in concentrates from unaltered ore such as drill core samples, is 

explained by the fact that more of the fine-grained titanite in the 

surtace samples is separated, and because the extremely fine-grained 

magnetite attached to the titanite particles, will impart enough magnetic 

susceptibility to allow it to bP. found in the magnetic concentrate. 

TRENCH SAMPLE INVESTIGATIONS 

Fifteen trench samples wer~ evaluated by Davis tube tests during the 

1970 season. Magnetite contents are indicated in table 9. In addition 

. ' • 

-11-· 

.. 



samples . from threP of .thP. mo.re . importa11t trenches, w.i th significant 

magnetite contents, were further eval~ated by compl~te analysis of 

the Davis tube conr.entrc.te produr.t and by HCl-solublP iron analys s 

of the tailing product in order to determine efficiency of iron recovery. 

Magn~:>tite concentrate analyses are given in tablP 10 and t.he metallurgical 

balanres in table 11. 

A special study of a 250 kg sample from trench no. 2 was made because 

of its location in the area of the prinripal iron resPrves. Davis tube 

evaluation indicated a 27.53 percent magnetite con t ent, which was very near 

the avera~e ore ~rade anticipaterl at this point, although the metallurgical 

recovery, based on HCl-soluble iron tailing analysis, was only 61.2 percent. 

Accordl.ngly~ a 100 J{g f ractl.on was prepared by roll-crushing and screening 

through l.U-mm s1.ze. A representative portion of the pToduct was then anal) 

by a wet screen test and each screen fraction was evaluated by the 
' 

Davis tube. Results of tnis work (tabl~ 12), indicate that as much as 75.1~ 

percent of the HCl-soluble iron can be magnetically r~covPred in a con-

cent r ate containing 6q.9q percent iron if the mater i al has been crushed 

or ground to at least 80 percent -28 mesh. f i gurP.s 11 and 12 shnw this 

information graphically. 

The 100 kg sample was treated by the Eriez 12" x 7~" single drum 

wet magnetic separator. After cleaning twice the co~centrate was pre-

pared by roll-crusning to minus 35-mcsh, ;:~nd again reel eane1t twi cP. 

Microscopic P.xaminat ion of tllP concentratP indicated sum" r·,·mainin& 

locking of the eaneue wi t h magnetite. The concentra te wa~ Jurthcr treaLP.d 

by roll-crushing and screening through 65-me!=:h and clea:-~ed once on the 

-12-
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wet drum. The final product after further chemical analysis showed 

that as much as 74.73 percent of the HCl-soluble iron can be magnetically 

recovered in a concentrate containing 66.30 percent iron. A complete 

analysis of the concentrate is given in table 10, and the metallurgical 

balance in table 13. 

The drum test confirmed the previous conc~usions on surface samples (p.ll) 

that 1) iron is recovered from altered magnetite by conventional magnetic 

separation methods; 2) grinding must be finer; aod 3) the 2.13 percent Ti02 

content in the concentrate is several times higher than expectP.d in a 

conce1·trate from unaltered ore. 

EVALUATION OF DIAMOND DRILL CORE 

Evaluation and beneficiation studies were made on the core from 

3659.15 m of d1amond drilling completed during the 1970 season. Included 

is core from the first diamond drill hole, Ha-l, completed in November 

1969 at a depth of 110.35 m. At that tirue, MTA nad no equipment capable 

of beneficiating magnetite ores, thus split core samples taken from hole 

Ha-l, were submitted to the analytical laboratory for chemical 

analysis. In June 1970, when a Davis tubE> was received and put into 

operation by the Ore Dressing Division, these samples were evaluated for 

actual magnetite content and recovery by the Davis tube. Split core 

samples from explo, a tory holes at Hasan ~elebi were deli vercrJ for magnetite ---------- -·-- -·---------'- _ .. ______ ------- ·----··-· -- . ·----- ---- ---
evaluation at about the same time the Davis tuhe and the Eriez 12" x 7~" 

separator arrived at the Laboratory. 
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Davis tut,e evaluation 

Split core samples t~kcn at 1 m intervals from each drill hole 

were composited for evaluation. Like materials were composited on the 

basis of geological profiles of ~rill holes which classfi~d magnetite 

mineralization as heavy, medium, light, very light and without ore. 

The composi.tE>d samples.. were jaw-crushed and roll-crushed through minus 

H-mesh size. A 500-g split from each composite sample was pulverized. 

wi t.h Uu• di s c pul vc•ri.zer unt i 1 'J:i percent was minus 100-mesh. After 

careful rolling and hlendine, two 10-g splits werP t:iken and weigheci 

witnin 1-mg accuracy with the Sartorius electric balance. They were 

then treated in the Davis tube for magnetite content mea~uremPnt. The 

average result of two duplicate tests was reported a~ the final result. The 

Davis tube operation and work were based upon the standard procedure recommended 

by thP. U. S. B1Jreau of Mines (Frommer, no date). The procedure follows: 

1 . Split out approximately 100 g of minus 10-mesh material. 

2. Car~fully reduce the 100 g sample t~ partir.1e sizP. specified. 

Methnrt of reduction may vary, hut should be rtescribed~ 

3. Bl end the pulverized samplP, and remove 1.0 {; for the test. 

4. With the Davis tube slightly inclined, and current sPt. at 1.8 amperes, 

or enough to energ1ze the magnetic field, but not enough to reci-

procate the tube, slowly introduce the slurried sample to the tube. 

5. Return the tube to 45°, set the water flow at 100 cc per 

minute, and speed at 45 strokes per minute. Operate for 5 minutes. 

6. RP.set t he water flow to 250 r.c pP.r minute and sp~ed to 85 strokes 

pPr minute. Operate for an additional 15 minutes, for c~mpletion 

of the test. 

The electric Sartorius halance was used for weighing all samples 
I 

and products. 

-14-
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Results from the Dav ~s tube evaluation of the samples from each 

diamond drill hole were reported in the same format as illustrated in 

tables 14 through 29; additional compositing of group results into 

continuous mineralized sections indicates· the optimum section which could 

be the initial basis for open-pit planning. 

Over 100 different specific gravity tests were performed on the 

composite samples, using 25 g of minus H-mesh samp}P. an~ 50-ml pycnometers. 

This work relates the variation or specific gravity to the magnetitP. 

mineralization, and provided the Geological Department and the Plans and 

Projects Department with information required for calculation of ore 

reserves. 

The following table summarizes the results of Davis tube evaluation 

of the split cores from the 19 diamond drill holes drilled in the 1970 

season: 

Davis tube evaluation of diamond drill split cores, 1970 

Split cores in immediate 
area of the deposit 

Split cores for prospecti~g 
and geological i nformation 

. : 

Sample Recoverable 
Interial magnetite, 
.(meters) (percent) 

Recoverable 
Diamond drill 
hoie- ·no~· 

Ha-l 
Ha-2 
Ha-4 
Ha-6 
Ha-8 
Ha-13 
Ha-14 
Jla- 15 
Ha-16 
Ha.-18 
Ha-19 
Ha-20 
Ha-21 
Ha-23 
Ha-101 
Ha-103 

Depth 
(Rei:e£5)· 

110.35 
224 
230 
237 
140 
239 
225 
315 
385 
218 
242 
176 
157.5 
195 

81i.6 
66 

88.35 
0-135 

41-213 
0-237 
0-140 
0-239 
0-146 
0-199 

15-211 
.37-158 
177-224 

0-176 
0-157.5 

30-84 
0-86.6 
0-:66 

47.99 
37.06 
LJ.47 
26.51 
12.00 
22.11 
21.25 
28.93 
32.49 
25.84 
21.37 
2'\.37 
13.32 
19.07 
34.00 
15.07 

-Diamond drill 
hole no. 

Ha-10 
Ha-102a 
Ha-104 

Depth 
(meters) 

122.7 
39.6 

107.6 

magnetite 
(percent) 

4.84 
4.47 
3.82 

For datailed group and mineralized section analyses refer to tables 14 through 29. 
J.S:. 



; . 

.. 
. 
I 
I 

Additional Davis tube evaluation of the core samples involved 

compositing all contiguous groups within each hole which could represent 

an optimum mineralized section. Several Davis tube cests were performed on 

these composites to produce enough magnetite concentrate for a total chemical 

analysis. The Davis tube tailing was then analyzed for total and HCl-

soluble iron. With this information, a metallurgical balance and recovery 

could then be calculat~d, which would b~ a guide for further tests. 

In an exploration program, mineral-dressing evaluation should be 

current with the drilling, so that any changes in quality of the ma~netite 
f 

concentrate, or character of the ore, can be immediately pinpointed. 

The complete chemical analyses of the magnetite concentrates from the 

optimum mineralized sections of each diamond drill hole are tabulated in 

table 10. This data indicates the probaJ ility of attaining an excellent 

pellet-grade concentrate containing approximately 67 percent Fe, and low 

contents of Si02, phosphorous, sulfur, arsenic, and titania. The metallurgical 

.balances tabulated in table 30 indicate that, by selecting samples of an 

average ore grade of 27 percent Pecoverable magnetite, about 78 percent of 

the iron would be recovered. Most of the iron not recovered is in the 

form of hematite, principally specularite. If this project continues, 

flotation tests should be performed on the non-magnetic tailings to recover 

the hematite. Gravity concentration by Humphrey spirals also might be useful 

and should be investigated. 

-16-



BENEFICIATION STUDIES ON THE COMPOSITE DRILL CORE SAMPLE 

Composite samples of the optimum mineralized sections of each 

drill hole were prepared for the p~~pose of obtaining a large enough 

sample (+500 kg) for larger scale beneficiation tests. Preliminary 

calculations of reserves had indicated 114 million tons of ore with 

a recoverable magnetite content of 28 percent. Based on this estimate, 

compositing calculations were made on the profile information of each 

individual hole comprising a reserve block. About 30 percent of the 

1-m split core samples weighed less than 500 g. In the remainder, 

it was estimated that, by taking 1 kg from each of the 1-m samples 

comprising an optimum mineralized section, about 946 kg of sample 

could be obtained, with an estimated recoverable magnetite content of 
• • 

27.39 percent. The sample was then composited and prepared, and Davis 

tube evaluation of a representative fraction confirmed the calculated 

content by yielding 26.94 percent recoverable magnetite. 

Bench-scale tests 

The sample was prepared and representative fractions split out 

according to the flowsheet in table 31. llead samples were appropriately 

prepared and analyzed. The results of analyses follow: 

Chem1cal analysis (percent) of core composites 

Sample Total Fe HCl-soluble Fe 
Analytical 
lab. no. 

Hasan-~elebi 
cor~ composite 24.81 

-17-
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Davis tube evalutaion of core composite head sample 

Weight _Analysis .. Distribution Analyti 
Product (percent) Fe (Eercent) Fe unit& (Eercent) lab. no, --.. 

Concentrate 26.9~ 67.57 1/ 1820.34 77.80 99298 

Tailing 73.06 1 .n 2/ 519.46 22.20 99299 

Calculated 100.00 23.~0 2339.80 100.00 

!/ Total Fe analysis. Also contains 1.56 percent Si02 J 0.06 percent AsJ 0.07 
percent S; trace Ti02 and P; 0.92 percent A1 203 J 0.20 percent CaO; 0.12 
percent MgO; 0.18 percent Mn; and 0.14 percent V. 

~/ HC1-soluble Fe analysis. Also contains 8.47 percent total Fe; 0.84 percent 
S; and trace Zn and Cu. 

Samples of the above Davis tube concentrate and tailing were sent to 

the spectrographic laboritory for trace element analysis with the following 

results: 

Element 

Zn 
Ca 
Ti 
v 

Mg 
Cr 
Ni 
Mn 
Co 
Cu 
Na,K,Li 
Al 
W,Pb 
Mo 

Spectrographic analyses (percent) 
of Davis tube concentrate and tailing 

Davis tube concentrate 
(lab. no. 99296) · 

0.3 
.2 
.15 
.1 
.03 
• 02 
.01 
• 002 
• 001 

Not detected 
Not made 

Davis tube tailing 
(lab. no. 99297) 

0.4 

.3 
• 02 

• 01 
.03 
.003 
.007 

Not detected 
• 001 

Although the Zn was indicated as 0.4 percent in the spectrograph 
analysis, a chemical analysis showed only a trace. 
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Further laboratory work consisted of ro11-~rushing and pulverizing 

representative portions of the sample to minus 1-mm size, minus 0.5-mm size, 

minus 48-mesh, and to minus 100-mesh, followed by wet screen analyses and Davis 

tube evaluation of each screen fraction for recoverable magnetite content. 

Screen analyses of these preparations are shown in figures 13, 15, and 17, 

and indicate that concentrations of iron are in the intermediately fine fractions, 

and that there is no possibility of discarding either a fine or coarse low-grade 
I 

product. Davis tube evaluation of each screen fraction is shown graphically in 

figures 14, 16, and 18. The data indicate that maximum recovery of 90 percen t 

and optimum concentrate grade of 67 percent iron are not attained in any coarse 

fraction until the 150-mesh range is approached. Examination of the four 

progressively finer pr~pared feeds indicates that maximum recovery of 83 percent 

is attained in the range of minus 0.5 to 1-mm, but optimum concentrate grade 

of 67 percent iron cannot be attained without regrinding to minus 150-mesh 

and including the commensurate recleaning steps. The following tabulation 

gives the details, and figure 19 graphically portrays the data. 

Analyses of finer prepared feeds 

Davis tube concentrate 

.. ! 

Analysis Davis tube Analytical 
Feed ~eisht(Eercent) Eercent Fe recovery lab no. 

Minus 1 mm ••••••• Calculated !I 41.70 47.58 82.68 
••••••• Actual 41.33 44.43 83.31 93320 

Minus 0.5 mm ••••• Ca1culated 1! 37.44 54.16 85.25 
• .- ••• Actual 36.50 54.23 83.75 99322 

Minus 48 mesh •••• Calcu1ated 1! 32.00 61.39 81.82 
•••• Actual 31.43 60.55 82.20 99324 

Minus 100 mesh ••• Actual 26.94 67.57 77.80 99298 

1/ Calculated from Davis tube evaluation of screen fractions. 
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To assist the Plans and Project Department of MTA to calculate 

ore reserves, several specific gravity tests were performed on this com-

posite sample, with only variations in particle size of material. Within 

the size limits of the sample available--8-mrn size to 100-mesh--no variation 

in rock porosity was observed. The average specific gravity of the composite 

sample was determined to be 3.127. 

Because of limited availability of composite sample material, very little 

work could be done to test the application of coar se-cobbing to this ore. 

One test only, using the dry ring-type magnetic separator on minus 8-mesh 

ore, was performed. It indicated that 31.62 weight percentof the ore could 

be rejected at that size and that 99.52 percent of the magnetite could be 

recovered. The data from the test follow: 

Product 
Concentrate 1 
Concentrate 2 
Tailing 

l alculated 

WeigbtJ 
percent 
59.27 
9.11 

31.62 

100.00 

Da"t'le tJube 
magnetite(percent) 

31.05 
5.86 
.29 

19.03 

Davis tube_. 
percent recovery 

96.71 
2.81 

.48 

100.00 

Ring-type 
• 1 magnet1c separator 

conditions • ! 

0.2 amps, 6 ~ gap 
.5 amps, 6 mm gap 

It is recommended that, when bulk samples are obtained from the drift 

and cross-cut tunnels, comprehensive cobbing studies be performed to test 

their applicability. The Eriez 12"x12" cobbing drum and 12'"x8' conveyor belt 

is expected to arrive about September 1971, and the 25-ton bulk sample from Hasan 

~elebi should also arrive at that time. 

Grindability tests were performed on representative portions of the 

composite sample. Four 50-g samples of the wet-screened minus 14-mesh 

plus 28-mesh ore were individually tested with the Hargrove Grindability 

rtachine manufactured by Wallace of Croydon, England. An average of a. 2 g 
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of minus 200-mesh material was obtained after 60 revolutions. The 

Hargrove Index was calculated as follows: 

13 + 6.93 (weight of -200 mesh in grams) = 13 + 6.93(8.2) • 69.83 

Converting this to the Bond Index was done as follows: 

435 ~here H H I d (H ) 0• 91 1 ft 1 • argrove n ex 
1 

Then 435 

(69.~3)0.91 
= 9.129 

The Bond Index of 9,129 corresponds to a less-than-average work index, 

and compares to an average chrome ore. 

Semicontinuous pilot plant tests 

Based upon the recovery, liberation, and concentrate-grade information 

obtained from the Davis tube evaluation of the four roll-crushing and grindint 

~ tests, three 100 kg representative portions of the composite sample were 

prepared by roll-crushing thro~gh 1-mrn size; each 100-kg sample was separately 

submitted to the Eriez single-drum 12" x 7~" wet magnetic separator according 

tc the flowsheet in table 38. Stage-grinding of the concentrate through 35-

mesh, 65-mesh, and 150-mesh followed. The individual middlings were dried 

and sampled, and then were mixed, roll-crushed twice, and locked in to the 

following test by recycling. 

It is emphasized that this work was done using only a single-drum magnetic 

separator and without using a demagnetizing coil for magnetically deflocculating 

the concentrates. However, the Eriez 3-drum separator and degaussing coil 

were put· into operation in September 1971, therefore considerable time should 

be saved, cleaning procedures should be improved, and concentrate grade should 

be higher, by using the new equ~pment. 
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Results of the tests of the · lOO-kg ~amples. using a recycled 

middling technique. substantiate information of the Davis tube evaluation, 

and indicate that as much as 83.0 percent of the HCl-soluqle iron can . 

be recovered into a concentrate. 

The weight of these concentrates is 26 percent of the weight of the 

original feed. This corresponds closely to the initial estimates of 

average grade of 28.25 percent, and also to the Davis tube evaluation 

of the compo5 ite drill core 26.94 percent recoverable magnetite. 

Final results are no~ back from the analytical laboratory as of · 
·' 

June 30, 1971. 

.. 
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RESERVE AND GRADS DETEfu~INATIONS 

During the 1970 drilling season, 19 holes were drilled in the 

Hasan Gelebi area for a tot al of 3459.15 m. Sixteen holes (3137.00 m) 

were in the immediate area and data from them have been used in cal-

culating reserves. The other three holes (296.05 m) were not in the 

immediate area, and were drilled for the purpose of prospecting and 

for obtaining ge ological information. 

Beneficiation tests were made on split core samples from the 16 

drill cores, and the results have been tabulated (tables 14 through 29). • 

These tables also indicate the optimum commercially mineralized horizon 

in each hole. 

---- --
__ ..---·---

-~--

--------
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RECOMMENDATIONS FOR FURTHER BENEFICIATION WORK 

The Ore Dressing Laboratory has completed semicontinuous pilot 

plant testing of the composite core sample. For an average ore con-

taining 27 percent recoverable magnetite, testing has indicated the 

mesh required for screening samples, regrinding requirements for 

optimum concentrate grade, grindability indices, and in a very limited 

way the potential for rejection by coarse cobbing. 

MTA is driving a 250~ drift across the strike of the mineralization 

on the line of diamond drill holes nos. 2, 15, and 4, for the purpose of 

obtaining a large representative sample for comprehensive beneficiation 
f 

tests. Two 100-m crosscuts north and south from the midpoint of the 

d'rift are also being driven. A bulk sample from these workings probably 

arrived ·at the Laboratory in September 1971. A Eriez 3-drum wet magnetic 

separator and Eriez cobbing drum were scheduled to arrive about the same 

time. Thus the next step in beneficiation tests will be to process 

approximately 15 tons of bulk sample in this pilot plant equipment. 

Better figures on recoveries, concentrate grade, screening and grinding 

requirements will result. In addition, it is necessary that sufficient 

magnetite concentrate be obtained to run fine grinding and pelletizing 

tests. Because of the coarse-cobbing potential indicated by the limited 

test discussed in this report, it is recommended that pilot-plant scale 

work be done with the Eriez cobbing drum to develop more information about 

coaree barren rock rejection. 

-24-
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The non-magnetic tailings from the magnetir separation still r on l 

~=-- ~, -~ 
~ .._, ' I 
~~ , _ .. about 6 per cent HCl-soluble iron, most of which is specularite. It i! 

I r • 

!:;. recommended that flotation tests be made on the non-magnetic tailings 

of the bulk sample .to attempt to recover a specularite concentrate 
' . 

at low cost . This would be an important addition to the profitability 

of any venture . 

. I 

-25-
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Table 1.--Hasan elebi surface sam le no. 1, Davis tube evaluation and 
wet ere en anal;rsis. 

DAVIS TUBE EVALUATION ... laiJiat ~'·· 
.... ,.,,,. !mdrasS I•I'SMS I'' It OpiM bptat ,, 

+21 C.DCMUate 10.71 47.03 ~3.69 9.57 
tail!. 19.29 Sell 453.59 ..... C•••tate .... 49.55 439.01 1.54 
Tatli. 11.14 4.55 414.69 

-41+100 Ce--tnte 1.14 63.41 '24.1J 10.61 
Tailiaa to.16 4.14 436.37 

·100.200 C.ae•tnte 9.36 67.63 633.02 10.6S 
TaiU .. to.63 4.77 432.35 

·200 CotCIDtftte s.12 ,.,.,. ~..60 9.12 
%&1Uq 14.21 t.24 .HI.ll 

Calgyted Jl 

Coaceatrate 9.12 .5.5.29 2603.47 9.61 
TaiUDI 90.81 5.03 2325.31 

A.Ml1t1cal 10.31 

Mula .,.t CuulaUYt Calculated 
Frette !!:e•• »mw !tt•t ; ; ''1' 

+28 ss.o 27.5 27.5 t.l7 

•21+41 59.0 29.5 57.0 '·" 
-41+100 35.0 17.5 74.5 10.61 

·100.200 21.0 10.5 as.o 10.65 

•aDO ».Q .UaR 1110.0 1.12 

Ct1altttd 200.0 100.0 9.61 

l/ Cal•latM wtptell ••nae• •t acn• aDAlJ•t• 
1/ r... llla'ftt ·- K•l•U• 
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.ft .... --~teal 
'MAJID Lab. ... 

52.62 92001 
92001 

51.42 92007 
92003 

sa.as tJelO 
92004 

59.42 92011 
92005 

40.67 92006 
92012 

.52.4.5 

91751 

.. 
It UNtt PietpbuUOR J 

263.11 27.38 

2.51.93 26.20 

115.68 19.31 

111.83 11.63 

&YaH ''·M 
961 •• 3 100.00 



Table 2.--Hasan ~elebi surface samEle no. .., Davis tube evaluation and ,, 
wet screen analysis. 

DAVIS TUBE EVALUATION ... WFt ·-'''"· .... 
bes"• brs•t Lla '' uaay 

,,..,,. 
+28 Coacutnta 86.31 6S.I7 S685e24 61.50 

'ralllq 13.69 33.92 464.36 

·za+48 Coeca•tata 12.09 66.13 S4Ue6t 60.,. 
'lalllaa 17.11 35.06 627.,7 

-41+100 Coacatute n.44 70.37 SII49.4S 62.01t 
Talllaa 22.56 u.•s 754.11 

•lOOt-200 Cnc•tnta 73.34 10.09 Sllt0.40 60.14 
kill .. 26.66 3.Se7S tSS.lO 

·200 Coace~~tzate 60.13 67.91 4US.22 S7.4S 
'lalUq 31.17 ltl.lQ 1609·'' 

CtlgalatM l/ 

Coac•tnte 77.39 67.65 25131.92 60.60 
'Ialli .. 22.61 ••• 41101.10 

~lJUe&l 60.94 

VET SCREEN AN.\LYSlS 

Hub llalpt C:U.latiw Calculated 
Fraction Croo;; hxcent Weilht ; 1 ... 1,1 

+28 46.0 u.o z.s.o 61.~ 

•21+41 Stt.o 27.0 50.0 60.56 

-48+100 40.4 20.2 70.2 62.04 

·100+200 25.6 12.1 13.0 60.94 

•200 ~ .l2a! lOO•S! 57.4.5 

C.lculated 200.0 100.0 60.fo 

ll C.lculattcl nlpttcl ••nae • wt 10nan aD&lJill 
11 fi"'OI Dana fuM haluatloa 
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....... r. • U.btkal . 
!rmn ....... 

12.45 92190 
9211S 

89.64 t21t1 
92186 

87.8~ 12192 
92117 

14.36 9219S 
92111 

n.9a 9219/t 
92189 

86.40 

92184 

,. 
Fe Unitt 2&atnbuttos 1 

1414., 23.34 

1635.1 26.99 

1253.2 20.68 

780.0 12.87 

976.7 ''·12 
60S9.S 100.00 



Table 3. --Hasan elebi surface sam le no. 3, Davis tube evaluation and 
wet ere en analysis. 

DAVIS TIJBE E'VAWATION .. Wpt AM17•'•· .... Dan1TuN '-•1Jttca1 
rgct&op lpcWet ftmpt I '• 

,, Opiy bp=•pt ,, !fioDQ k'P· ••• 
+21 CoaoaDtratt 67 •• sa.12 ., .. ,, 42.76 91.19 92019 

Tailtlll 32.12 11,47 377.Jt ~2020 

•21-48 Co•atrate 61.31 60.06 3686,41 41,05 89,80 92452 
TaUt. 31.62 10.14 418,64 92018 

-48+100 Coacutnte 57,24 67,24 3848,12 43,59 88.30 92016 
Ta&Uaa 42.76 11,93 .510,13 92014 

·100.200 ec.cut~ate Jl.l7 66,JO 3392.57 41,44 11.17 12013 
Tail&• 48,83 1S.39 751,49 9201S 

•200 CoDCUitl'ate 36.07 68.05 2454,56 31,79 77.21 92021 
TaUt .. 63,P3 11,33 724,33 92022 

Calqla&ed J.l 

CoDCeDtrate S6,85 62.!6 17281.12 ItO, !I 87,!.5 
Tat Una 43.15 n.to 2782.18 

Analytical 37,07 917.50 

W'f fl!ED 4MI,YSII 

Mula 11atallt C:U.1attw Calculated ,. 
rwuoa Gt•M !c&ept Vei&ht% J, ,, 21 Fe Uni~ Pittribptiop J 

+28 so.o 2.5.0 25,0 42.76 1068,e 26.34 

·28-'ea .56.0 28,0 S3,0 41.0.5 1149.4 28.32 

-48+100 39.0 19 • .5 72., t3.,9 8.50.~ 20.95 

·100+200 24,0 12.0 84,5 41.44 497.3 12,2.5 

•200 .&R ~ l.m!.Q 31.12 422.2 J.l.14 
C.lculattd 200.0 100,0 40 • .51 4058,2 100,00 

ll C.leulated wlpttd tftr ... , wt ecnen an&lJt&t 
J./ •~ n.Ytt Tube I.YaluattoD 
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Table 4.--Hasan ~elebi surface sample no. 4, Davis tube evaluation 
and wet screen analysis. 

DAVIS TUBE EVALUATION 

Mula .,.t AM17•'•· ... Da~·~-.,.,,,. !nz*st brctnt 1..Ja ft Va1S• bJ5Mt ,, IMpym 

+21 eo.e.atute 61 • .59 65.16 4013. 20 42.97 93.39 
Tatu.aa 31.41 7.3t 283.~~ 

·21+41 Coaeutnte 62.42 66.4J 4146." 44.22 93.71 ~ 
'ralUq 37.51 7.32 275 ... 

-48+100 CCI•••tnte 57.51 "·'' 3841.22 41.39 93.01 
!atU .. 42.42 6.12 289.30 

-100+200 Colleen tnt• 47.44 67.06 3111.» 36.03 18.30 
TaiUaa 52.56 ••• 421.» 

·200 CoDcatnte 36.72 69.tS 2561.56 33.()8 77.67 
TaiUaa 63.21 11,68 731.11 

C:.lg l&t!l ll 

Concutnte 56.71 ... ,. 17758.87 41.17 11.SO 
ratu• 43.22 •• 10 2001.17 

ualytlcal 42.71 

1F' !pl¥ AMN,YilS 

Mula 11atpt Cuulatift Calculated 
fpy;tW br Jvs•as V.tsht I , •• 11 ,, Paig 

+21 70.0 35.0 .u.o 42.97 1504.0 

·28448 52.0 26.0 61.0 44.22 1149.7 

~100 Js.o 17.5 78 • .5 41.39 724.3 

·100.200 19.o t.l aa.o 36.03 342.3 

·200 Z!teQ ~ &m!.R p.QI az.o 
Calculated 200.0 100.0 41.17 4117.3 

ll Ca1c•lated wlpted awraae. wt .enu analyata 
Jl ln. .Dana 1\abe haluttoa 

-3~-

- ----- · ·--

AMlytical ...... 
92023 
92024 

92025 
92026 

92121 
92027 

92030 
92029 

92031 
92032 

91752 

,, 
Dtetrtbat&pp J 

36.54 

27.92 

17.59 

1.!1 

J.d.! 
100.00 



Table 5.--Hasan ~elebi surface sample no. 1, pilot plant metallurgical tests. 

TREATMENT: 300 kg of this sample was prepared by roll-crushing and screening 
through 1 mm; 155 kg of the prepared sample was passed over the 
Eriez 12" x 7\" single-drum wet magnetic separator to produce a 
rough concentrate and tailing, the magnetic controller rheostat 
setting was 75. The rough concentrate was dried and pulverized 
through 100-mesh, and repassed over the drum to produce a final 
concentrate and a middling; magnetic cont roller was set at 45. 

Aaalyate, '• Analytical 
Proclpst !e&pt.W. !t'!ht J ; .. Ft Yalta PittributJ.pq l .. b. Mo• 

Conc:entnte 12.937 8.74 66.13 !/ 577.98 so.s8 92814 

Middlloa 4.063 2.75 12e.51t 34.49 3.02 92816 

Tat una lll.J&l M·» ~.99 530.17 46,t.O 92817 

:elculated 148.00 100.00 11.43 1142.64 100.00 

AnAlytical 10.38 91751 

l/ A1eo ana11ee1 2,56% Si02, Trace P, 0,121 Ti, Trace 5 1 0,107. Mn, 0.011 As• 
and 2,661 Al203+T102• 
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Table 6.--Hasan ~elebi surface sample no. 2, pilot plant ~etallurgical tests. 

TREATMENT: 100 kg of this sample was prepared by roll-crushing and screening 
through 1-mm; 68 kg of the prepared sample passed over the Eriez 

frosluCiS 

Concentrate 

lUddUq 11 

Klddltna 12 

TalliDI 

Calc. 

Aulytlca1 

12" x 7~" single-drum wet magnetic separator to produce a rough 
concentrate and tailing; magnetic controller rheostat setting was 
75. Test time was one hour and water flow was 18 liters per minute. 
The rough concentrate was further cleaned twice to produce a final 
concentrate and two middling products. Magnetic controller rheostat 
setting was 70 • 

.,..u ••Glf+L M'+!!CI 

w.t1ht, V.ipt AD&ly81a, ,, ADalytical 

"'· Ptteent % ,, ,, UNS• Diatrl.buUp!l I kb. lfoa 

52.600 77.l9 66.43 J./ .5127.7 86.95 92771 

o.61S o.tl 44.97 40.9 o.6t 92772 

o.47S o.69 50.06 34.S o.sa 92773 

14·400 21.21 12,n ""·' Ue?l 92774 

67.890 100.00 5&.98 5898.2 lOOeOO 

60.94 92184 

J./ Al.o analy ... 3.77l 510 ; Trace P; 
o.o11 Aa; and 1.081 iJ.203+Tto

2
• 

Je121 Tii Trace S; 0.091 HD; 
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Table 7.--Hasan ~elebi surface sample no. 3, pilot plant metallurgical tests. 

TREATMENT: 200 kg of this sample was prepared by roll-crushing and screening 
through 1-mm·160 kg uf the prepared sample was passed over the 
Eriez 12" x 7~ .. singl e-drum wet magnetic separator to produce a 
rough concentrate and tailing. Test time was two hours, and water 
flow vas 18 liters per minute. The magnetic controller rheostat 
setting was 70. The rough concentrate was cleaned once by repassing 
over the drum; magnetic controller rheostat setting was 30. The 
concentrate was then dried, roll-crushed and screened through 35-
mesh, and re-passed over the wet drum and cleaned twice; magnetic 
controller rheostat setting was 25. 

V.ipt, 
hpduc;t lu.a 

Concentrate 7S.86 

MldciUna 11 a.oo 
Kiddllna 12 2.31 

HiddUaa 13 1.~6 

MiddliDI 14 7.19 

TaiUna 62.69 

CalcuLated 157.62 

· Analytical 

NITAWJ!GlQL Jt#IICI 

•taht Analyele, 
lerqot L!t Pe Unite 

48.12 63.32 J.l 3046.96 

s.oe 21.t6 147.12 

1.47 29.12 42.11 

1.05 32.41 34.03 .. ,. 16.45 75.01 

39.12 11.08 41t0.10 

UX>.OO 37.86 3786.03 

37.07 

••• D.tttrtbutton % 

80.48 

3.89 

1.13 

0.90 

1.98 

11.62 

100.00 

£aa1yt1cal, 
14~. tto. 

95923 

95915 

95921 

95922 

95913 

917SO 

Jl AlN aaa17••• 4.06% s1o2, Trace ~. o.on s, z.tn 1'102 , 2.011 Al o 
aad o.oo741 ••· 2 3• 
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Table 8.--Hasan ~elebi surface sample no. 4, pilot plant metallurgical tests. 

TREATMENT: 200 kg of the s mple was prepared by roll-crushing and screenins 
through 1-mm, and 100·kg was passed over the Eriez single-drum 
wet magnetic separator to produce a rough concentrate and tailing 
Test time was 70 minutes, and the magnetic controller rheostat • 
setting was 75. Water flow was 18 liters per minute during the 
test. The rough concentrate was then cleaned twice by repassins 
over the drum to produce a final concentrate and two middling 
products. The magnetic controller rheostat setting was 45 during 
the recleaning step. 

I"TA' 'WCI.QJo MW9 

V.ipt, lleipt ADalJiia. '·· •nalyttcal, 
~I'Oduct !ala remgs .Lb ,, Up11il PJttriWt&pg I k\be J!t. 

Cooceatrate S1.00 58.29 6S.Oit 11 3791.2 87.28 92175 
. . 
·~ tU.cJcJUraa 11 t.os 1.07 26.89 28.8 o.66 92n6 

Nlddl iDJ f2. o.4s 0.46 32.21 14.8 0.34 92777 

Tal Una ~ !t(),ll u.tz 509·' u.z2 92na 

Calculated 97.8 1()() .. 00 43.44 4343.9 100.00 

Anal,t1ca1 42.71 91752 

1P Aleo analyse• 3.S21 Sto2, Trace P, 0.221 Tt, Tl'ace s, 0.111 MD, o.Ol% Ae, 
and 3.371 Al2o3+Tt0

2
• 
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Table 9.--Hasan )elebi trench samples, Davis tube evaluation. 

DAVIS TUBE EVALUATION 

1'nneb .... 1•• Mapetite 

···J fi'=?'lttd llrs& 

2 60 1-60 27.27 

3 7 1•7 23.02 

4 1 2 Oe26 

s l 1 o.40 

6 l 1 0.36 

7 1 2 each f8 0.82 

u 2 1·2 20.37 

12 1 1 8.34 

13 2 1·2 17.73 

14 9 1·9 43.58 

16 14 1.4-6.8-15.21,22 46.18 
. . 

(16 ad.asing) 
.: 

17 4 1-4 22.28 

18 4 1·3·7 37.04 

19 4 1-4 20.SS 

A 2 .. , '~ 

• 
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Table 10. --H~neti t_ • _ ~oncentrate analyses, all tests. 

1. IIYU 1'!!& OlUirJGI 

•• Diem• Drill Cog 

DD Con a..•aal ~•lz•'•• ba•s AD&lJtioal 
t ,., " JJ.22 ....L _._ ..AI... t&02 61~2 Ji&q lid ..!... .JID... ...... 
... , eo.p • . 61.33 1.46 'l'r o.oz 'I' I' leSS 0.04 93470 
la-2 eo.p. 1 65.21 4.110 Tr o.o1 'l'r 0.67 O.D2 13472 
• • 11 6S.Ot. s • .s2 Tr 0.11 tr Oe87 0.52 93474 
• • Ill 64e90 4.27 tr o.u 'l'r o.71 1.13 93476 

Ba-4 • 67.27 2.71 'l'r Tr o.OOI 0.63 0.17 9360t .... .. .... 2 1.73 'l'r 0..51 0.()21 0.55 0.12 97273 
&a-a .. 67.70 1.94 Tr o.oa o.032 o.44 1eS6 97251 
fl4•13 .. 1 67.20 2.18 o.o1 o.1o 'l'r o.so o.10 94117 .. " 11 67.60 1.12 o.o1 o.to Tr 0.40 o.76 94119 

• llot feat 66.34 3.14 o.oa o.os .... 947a6 
Ba-14 Co~~p. 61.2S 1.~ tr o.» o.oo7 o.r4 1.16 %tlr9 
la•lS • 1 67.41 2.44 fl' o.42 o.ou o.s7 1.32 96t!l8 .. .. 11 67.94 ,.,. 'l'r o.34 o.ota o.65 le26 96t,WC 
lla•l6 .. 61.14 1.27 Tr 0.04 Tr '" o.64 0.16 o.&• 98681 
la•ll .. 61.70 Tr Tl' ... fl' '·'' 2e55 f7322 ... ,, " 67.12 2.30 tr o.Oit ~ O.JO 1.07 o.u 91641 
la•20 .. 69.40 Tr Tl' ·- 'l'r 1.00 s.oo 98203 
lla•21 .. ... 40 1.96 '1'1' Tl' Tl' 0.10 o.60 o.so 0.10 91611 
lla•2J .. 68.'-0 '·" h 'l'r 'l'r 0.61 1.46 o.Ott 98666 
1&101" 70.70 Tl' fl' Tr 'l'r o.ao 3.00 98025 
la•l03 .. 61.52 1.31 Tr Tr Tr o.3s o.76 97253 

a • tpmb hm1M 

..... (1-60) 67.16 3.14 tr o.oa 'lr 1.64 .s.za 93998 
lloel4(1-f) 66.01 3.02 Tr o.06 Tr 'II' 4.02 94000 
llo.16<1-l.S) 61.10 z.oo Tr o.o.s o.oo1 Tr 1.15 94003 
lu1k No.2 

.. 
11. u• I &• ltiaa ltp•k..PP. •sst.'c IWntgr 'l'ttt 

H~ lloe 1 66.13 2.56 Tr 'fr o.ot 0.20 2.46 0.10 94814 
H~ lloe 2 66.43 3.77 Tr Tr o.ot o.ao o.aa o. 09 92771 
H~ Mo. 3 63.32 4.06 Tr o.oe o.oo7 2.17 2.07 95293 
H~ Mo. 4 6S.04 3.52 'l'r Tr o.o1 o.J7 s.oo 0.11 92775 
Bulk Tnacbl2 66.80 t.oo Tr o.or. 0.022 2.13 o.12 0.32 o.S6 o.t.s 0.16 280 



Table 11. --Trench samples - Davis tube metallurgical balances. 

trench hmles 

1. Trench No, 2. (Goppoalte 1-60 ~&~~plea). 
. 

Weight 6naliiila % Fe Fe. % ~'2XID 
Product rereent Totfl HCl-Sol Total Fe HCl-Sol !e T.T.L. No, 

Concentrate 27 • .53 67.16 'l/ 60.31 61.21 ,1~' 
Tailing 72.47 16.2! 16.17 39.69 38.79 93999 

Calculated 100.00 30 ... 30.21 100.00 100.00 

2. Tren~h No. 14 (Coppoflte 1·9 AAmrlea>. 

Weight &naliilla % F1 re, % lteeovea 
Pt9duct ferccpt Total HCl•Sol Total Fe HCl-Sol Fe T.T.L. No, 

Concentrate 44,56 66.011J 89.07 89.90 94000 
Tailing 5.5.44 6.51 ~.9~ 10.93 10.10 94001 

Calculated 100,00 33,02 100.00 100,00 

3. T[en£h Noa 16 (Comooaite 1-l~ !!~let>• 
• • 

Weight 6ni&I!!Ia %. !'.£ rl, % Recove[I 
Fr9duct fercent Total HCl.Sol Total Fe HCl-Sol Fe T.T,L. lie· 

Concentrate 4.5.9.5 69.10 l/ 87.: ~ 88,34 94002 
Tailing 54.0, 8.48 hlJ l2.6t 11.66 94003 

Calculated 100.00 36.33 100.00 100,00 

Jl lee table ~ Jot oo.plete analyala. 
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'I able 12.--Hasan £e1 ~·!_tre~ch sample no. 2, Davis tube evaluation and wet screen 
an al v~ ~ .. 

DAVIS TUBE EVALUATION 

Heab llelpt AM178i•• .... Da'fta'l'taM A•lJtlcal 
Fr~~..t.!RI! Pm'rst fment .J...r. ft yP&.ta bcspt lt ~tscmn % k'· .... 

+28 CoDGUtDte 41.07 .59.69 28.51.30 36.01t 79.62 92901 
ta1Uoa 51.93 14.14 734.29 92902 

·18+48 CoDCeatrate 40.26 66.00 2657.16 34.24 77.61 92903 
TaiU.q 59.74 12.13 766.46 92904 

-48+100 Conetatnte 44.47 66.10 2934.47 37.46 71.47 t2105 
tat Una 55.!J 14 • .52 106.30 92906 

·100.200 Coacentnta 3.5.59 67.22 2392.36 33.22 72.02 92907 
taiUaa 64.41 14.43 929.44 9294ll 

·200 Coaeatnte 23.87 69.05 1648.22 28.91 57.02 92909 
Tal Una zt.ll 16.32 lUL:\4 92910 

Calcalattd Jl 

Coac•tnte st.tl 64.14 1U06.40 J4.48 7.5.11 
taiUaa 60.09 14.24 4478.66 

AD&l~ic:al 30.92 92to0 

F FUll A!!f.LY~Y 

llub lletabt Cuulat:ift C.1calat:ecl ,. 
frutiop Gt'M lm•t ••• , J .Ll&JI r. Uattt llatrtJmtioa I 

+21 31 • .5 19.44 19.44 36.01t 700.6 20.32 

-28'f48 50.0 30.16 50.30 34.24 1056.6 30.64 

-48+100 38.0 23.46 73.76 37.46 878.1 2.5.49 

-100+200 20.0 12.35 86.11 33.22 410.3 u.to 

·200 ~ 13.11 100.00 aa.tl 40J.ef 11.6~ 

Calculat,. 162.0 100.00 34.48 3447.9 100.00 

Jl Calco1ated wipted awr.... wt acreen analJeU 
1J rroa Davia Tube haluatlon 
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Table 13.--Hasan ~elebi trench sample no. 2, pilot plant metallurgical tests. 

TREATMENTa loo kg of the sample was prepared by roll-crushing and screening through 
1-mm, and 105 kg was passed through the Eriez single-drum wet magnetic 
separator to .. produce a rough concentrate and tailing. 'Dest time was 50 
minutes, and water flow was 18 liters per minute; and a magnetic con­
troller rheostat setting was 70. The rough concentrate was re-cleaned 
twice by repass1ng -over the drum; . niagnetic controller rheostat setting 
was 25 and 20, respectively. The concentrate was dried, roll-crushed 
and screened through 35-mesh, passed over the Eriez drum, re-cleaned 
twice to produce a concentrate and two middling products; magnetic 
controller rheostat setting was 20. Again the concentrate was dried, 
roll-crushed and screened through minus 65-mesh, and passed over the 
Eriez drum once at a magnetic controller rheostat setting of 25 to 
produce a final concentrate and a middling product. 

ppy,YlGI.CiAJ, MJ.MII 

W.lpt .,.t. AD&ly•h· ''• Aaalyt1cal 1 

IJpclyst lila l!J5•AS Lla b UaiSt QJsttibution i. M.b. !IQ,. 

Concentnte 25.805 24.74 66.80 !! 1652.6 56.44 210 

Mtddttaa 11 10.600 10.16 24.96 253.6 8.66 282 

MtddU.aa 12 3.ot5 2.97 40.24 119.5 4.08 213 

Hiddltna 13 2.113 2.03 22.87 46.4 1.58 284 

MtddUna 14 0.126 0.79 31.66 25.0 o •• , 215 

KiddUna 15 2.356 2.26 40.46 9i.4 3.12 216 

ta1uaa a.m 57.05 .l.241 .Y 739.9 p.zz 281 

Calcu1attd 104.295 100.00 29.28 2928.4 100.00 

Ana1ytleel 30.92 92900 

!I Alii analyses 1.001 SiO, 0.02tl As, Trace P, 0.0~ S, 21131 Tt02, 
0.721 At 2o3 , 0.56% MaO, O.Jt.t C&O, 0.161 Hn, and 0.15% V. 

11 Atao ·ana•y•e• 13.09l Total Fe. 

~7-
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Table 14.--Davis tubf evaluation of core from diamond drill hole no. Ha-l. 

Magnetite 
Meter Interval• 

CQ;potlttd Hettn Groyp Percent Unite Distribution 

0 • 2.00 2.0 I 55.50 111. 00 2.62 

17.0 • 30.0 u.o II 42.68 5.54. 84 3.09 

3S.O • 37.0 2.0 1II 61.58 123 • . 16 2.90 

37.0 • 44.6 7.6 19 49.57 376.73 8.89 

44.6 • 47.65 3.05 v 61.99 189 .. 07 4.46 

47.65- 61.65 14.0 VI 48.41 6n.74 15.99 

• .. ~ 63.6S. 78.65 1.5.0 Vll 48.18 722.70 17.04 

78.6s- 80.65 2.0 VIII 47.07 94.14 2.22 

80.65-90.30 9.65 m 55.95 539.92 12.73 

90.30· 97 .so 7.2 X 51.56 371.23 8.~6 

97.50·110.35 u,u n ~74' 479.J8 11. 3U 

'I orAL 88e3S 47.99 4239.71 100. 0()1 

-48-
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Table 15.--Davis tube evaluation of core from diamond drill hole no. Ha-2. 

Meter Intervals 
Hynetite 

..... 
f!ae'P081 ted Meters Percent Units '0-135 meters 0-224 liMiters .. . . ·- --

.o.-26 26 JJ-.56 f24.J6 I&. lie ·14.32 
11-30 4. M.6.5 178.;60 l.S7 2.n 
~ 2 38.34 76.68 1 • .53 l.1t 
JMl 9 42.13 379.17 7.58 5.87 
41-" 18 33.32 J99.76 11.99 9.29 
Jt-e6 27 37.60 1015.20 20.29 15.73 
16-101 1.5 47.26 708.90 14.17 10.98 

101-111 10 39 • .50 3t.5.00 7.90 6.12 
111-120 9 37.2.5 13.5.25 6.70 .5.19 
120-13.5 1.5 2.5.97 389 • .55 7.79 6.03 
13.5-1.5.5 20 14..10 286.00 4.43 
1.5.5·16.5 10 31'.28 312.80 4.85 
16.5·173 8 22.02 176.16 2.73 .. . 
173-183 10 16.70 167.00 2.59 
183-191 8 8.10 64.80 1.00 
191·208 17 13.32 226.44 3 • .51 
208•212) 

D.06 130.60 21.5-218)) 10 2.02. 
221•224 
212-215) 
218·221 --' Jlt.80 y.ao '·38 
211elatl!l 224 n:~ 64.55.27 100.00 100.00 

0-13.5 13.5 .5002.67 
13.5·224 89 10~32 . 14.52.60 
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Table 16.--Davis tube evaluation of core from diamond drill hole no. Ha-4 

Meter Intervals MAGNETITE 

Group · Composited Meters Percent Units Percent Distribution 

1 1•25 25 24.67 616.75 u.tl 

11 25-41 16 J.67 90.72 2.05 

Ill 41·54 13 22.16 288.08 6.51 
,) 

1V 54-82 21 20.16 564.48 12.75 

v 12•116 34 2tt.aa · 145.92 19.11 

Y1 116·130 14 7.99 U1.86 2.53 

Vll 130·162 32 22.66 725.12 16.38 

Vlll 162-176 14 21.19 296.66 6.70 

m 176-190 14 4.20 .58.80 1.33 

z 190.213 23 27.39 629.97 14.23 

ZI 213·230 l2 11.65 118.39 4.4§ 

U8 19.2.5 4426.75 100.00 
Comoosite 0Jo2UI!S 

1 I~ . III, I, v, 
VII, VIII, '1 169 23.47 3966.98 89.61 

2 II, VI, . I%• XI 61 1.54 .,.n 10.39 23'0 
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Table 17.--Davis tube eval uation oi core from diamond drill hole no. Ha-6. 

MAGNETITE 
Meter Interval• 

Group C•po•lted Meter a Percent Unit• Percent Dietrlbutic -, 

1 0-100 100 23.94 2394.00 38.09 

2 100-104 • 23.04 12.16 1.47 

3 104-107 3 27.15 81.45 1.30 

4 107-118 11 36.21 398.31 6.34 

5 118-149 31 25.80 799.80 12.73 

6 1 49-16~ 18 25.06 151.01 7.18 

7 167-173 6 24.98 149.88 2.39 

8 173-177 4 24.25 97.00 1.54 
• 

9 177-184 7 21.41 149.87 2.39 

10 184-214 30 JS.44 1063.20 16.93 

11 114-223 9 29.24 263.16 4.19 

12 223-231 8 27.43 219.44 3.49 

13 231-233 2 15.35 30.70 0.49 

14 233-23 7 4 23.03 92.12 1.47 

237 21.51 6282.17 100.00 
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Table 18.--Davis tube lvaluation of corP. from diarnonJ drill hole no. Ha-8. 

Meter Interval• MAGNITITI 
G•oup Coapoetted Met en Percent Unite Percent Dtatrtbutton 

t 0-14 14 25.41 355.74 21.06 

2 14-63 49 5.21 255.29 15.11 

3 63-65 2 14.80 29.60 1. 75 

4 65-77 11 7.61 91.32 5.41 

5 77-80 3 24.04 72.12 ' 4.27 

6 80-81 1 8.68 8.68 0.51 

7 81-84 3 28.78 86.28 5.11 

8 84-88 4- 1.56 6.24 0.37 

9 88-93 5 20.59 102.95 6.10 
• 

10 93-97 4 12.07 48.24 2.86 

11 97-99 2 17.90 35.80 2.12 

12 99-100 1 13.21 13.21 8 . 78 

lJ 100-113 13 17.25 224.25 13.28 

14 113-114 1 2.27 1.17 0.13 

15 114-119 5 13.22 66.10 3.91 

16 111-125 6 11.49 68.94 4.08 

17 125-130 5 15.89 79.45 4.70 

18 130-lleO ...M! 14.25 142.50 8.44 

1le0 12.06 1688.98 100.00 

Section '· f77-113) (36) (16. 56) (597.77) (35.40) 
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Table 19.-~Davis tube evaluation of core from diamond drill hole no. Ha-lOe 102A, 104 

MAGNETITE 
tt.ter Interval• Percent Specific 

Gnap Coapotltel Meter• Percent Unite Dtetrtbut1on Gravity 

1 0-39 19 2.73 106.47 17.92 2.53 

2 39-42 3 34.36 103.08 11.,.35 2.94 

3 42-44 2 13.48 26.96 4.54 2.60 

4 44-47 3 4.31 12.93 2.18 2.73 

5 '4-70 23 4,19 96.!H 16.22 2.75 

6 70-80 10 11.20 112.00 18.84 2.70 

7 80-116 36 3.12 133.92 22.52 2.78 

8 116-122.70 6,70 0.38 2.55 0.43 2.68 

Total 122.70 4.84 594.28 100.00 2.68 
• 

Dl~D DRILl. HOJ,E NO. HA-102A 

1 0-39.60 39.60 4.47 100.00 2.77 

DUHOHD DRILL HOLE NO. HA-104 

1 0·107 .60 107.60 3.82 100.00 2.88 
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Table 20.--Davts cube evaluation of , co~e from diamond drill hole no. Ha-13. 

.. ter IDtenala •1 IIIIJ! 
G~pup Cqwoa&ttd M!t•n htnnt "''CI "n•t PMtrQutte 

1 0-8 8 6.92 55.36 1.os 

ll 8·19 11 29.47 324.17 6.13 

Ill 19•2S 6 31.32 187.92 3.56 

IV 25·36 11 29.40 323.40 6.12 

v 36-76 40 27.18 1114.38 21.09 -
V1 76-97 21 14.35 301.3S 5.70 

Vll 97•111 14 17.63 246.82 4.67 

VIII U1·116 s 6.51 32.55 o.62 

11 Ur6-l20 4 9.38 37.52 0.71 

X 120.126 6 6.31 37.86 o.72 

u 126-167 41 23.55 965.~5 18.27 

XII 167-169) 5 16.83 84.15 1.59 
172•175 

XIII 169-172) 16 25.29 404.64 7.66 175-188 
XIV 188-200 12 1S.96 191.52 3.62 

XV 200-214 14 30.93 433.02 8 • .20 

XVI 214-239 ~ ~1.75 ~3.7~ 10,21 

239 22.11 5283.95 100.00 



' 

Table 21.--Davis tube evaluation of core from diamon d drill hole no. Ha-14. 

Meter Intervals Magnetite 
GrouE ComEosited Meters Percent Units Percent Distribution 

0-146 meters 146-225 meters 
1 0-5 ' ~6.46 : 132.~ 4.26 
2 5-8 3 17.96 u.,.a 1. 74 
3 8-11 3 22.93 61.79 2.22 
4 11-12 1 17.93 17.93 0.58 
5 12-21 9 23.04 207.36 6. 68 
6 21-31 10 13.00 130.00 4.19 
7 31-41 10 21.22 212.20 6•84 
8 41-49 8 15.49 123.92 3.99 
9 49-54 5 12.39 61.95 2.00 

10 54-70 16 21.23 339.68 10.95 
11 70-77 7 24.91 174.37 5.62 
12 77-79 2 3.64 7.28 0.23 . 
13 79-81 2 24.62 t9.24 1.59 
14 81-81 1 12.47 12.47 0.40 
15 82-89 7 26.90 ta8.30 6.07 
16 89-93 4 10.39 41.56 1.34 
17 93-9, 2 33.20 66.40 2.14 
!8 95-105 10 11.44 114.40 3.69 
19 1H-146 41 26.84 1)100.44 35.47 

Ca4POSITI 146 21.25 ](02.42 too.oo 

zo 146-149 3 11.22 33.66 4.84 

21 149-158 9 13.09 117.81 16.93 

22 158-165 7 5.52 38.64 5.55 

23 165-168 3 10.13 30.39 4.37 

24 168-171 3 3.89 11.67 1.68 

25 171-193 21 11.66 256.52 36.86 

26 193-202 9 4.40 39.60 5.69 

21 202-205 3 9.93 29.79 4.28 

28 205-221 16 3.48 55.68 8.00 

29 221-225 4 20.53 82.12 11.6\J 
71 8.81 695.88 100.00 
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Table 22.--Davis tube evaluation of core from diamond drill hole no. Ha-15. 

Meter lnte"al1 KAGMETITE 
Group C09C)Ilted Meter• rereent Unlta rereent Dletrtbutton 

0-199 .. tere 199·315 .. ter1 
1 0-8,26-29, 45-48 14 27.25 381.50 6.63 
2 8-17 9 19.39 171.51 3.05 
3 17·18 1 40.80 40.80 0. 7t 
4 18-23 5 14.83 74.15 1. 29 
5 23-26 3 28.64 85.92 1.49 
6 29-33 4 30.35 121.40 2.11 
7 33-35 2 31.96 63.92 1.11 
8 35-45 10 40.31 403.80 7.01 
9 41-74 26 35.72 928.72 16.12 

74-77 3 0 0 0 
10 77-89 !.! 11 24.42 293.04 5.09 
11 89-90 1 6.09 6.09 0.11 
l2 90·117 27 28.86 779.22 13.53 
u 117·124 7 30.75 215.25 3 . 74 
14 124-130 6 32.74 196.44 3.41 
15 130-131 l 5.32 5.32 0.09 
16 131-138 7 36.57 255.99 4.45 
17 138-143 5 29.28 146.40 2.54 
18 143-1~6 13 34.52 448.76 7.80 
19 156-159 3 26.99 80.97 1.41 
20 159-180 21 31.89 669.69 11.62 
21 180-189 9 ll.60 122.40 2.13 
22 119-199 _!Q 26.29 26i 1 Z! 4.56 

CCIIPOSITI 199 28.93 5756.58 100.0. 
23 199-201 2 4,97 9 .94 0.51 24 201-215 14 9.33 130.62 6.70 25 215-237 22 26.37 580.14 29.77 26 237-239 2 13.38 26.76 1.37 27 239-246 7 18.54 129.78 6.66 28 246-249 3 2.59 7.77 0.40 29 249-256 7 11.95 132.65 6.81 30 256-260 4 7. 75 31.00 1.59 :I 
3l 60-266 6 24.47 146.82 7.53 
3) ~/ 266.279 13 17.16 223.08 11.45 
32 279-281 2 9.83 19.66 1.01 
35 11 281-287 6 17.16 102.96 5.28 
33 287-296 9 12.93 116.37 5.97 
35 1.1 296-309 13 17.66 223.08 11.45 
34 309-312 3 5.56 16.68 0.86 
35 11 312-315 3 17.16 5l.48 2.64 m 16.70 1948.79 100.00 

!J Core samples missing. 

2/ Group 35 is a 35-m composite of sediments of the 4 indicated intervals. 
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Table 23.--Davis tube evaluation of core from diamond drill hole no. Ha-16. 

MAGNETITE 
Meter Intervals Specific 

Croup Composited Meters Percent Units Distributl~Jn Gravity 

1 0- 15 15 30.54 458.10 4.82 3.09 
2 15-162 147 35.07 5155.29 54.19 3.27 
3 162-164 2 12.97 25.94 o: 27 2.91 
4 164-169 5 28.94 144.70 1. 52 3.21 
5 169-171 2 5. 71 11.42 0.12 2.81 
6 171-175 4 21.59 86.36 o. 91 3.12 
7 175-177 2 7.43 14.86 0.16 2.97 
8 177-179 2 22.48 44.96 0.47 3.13 
9 179-180 1 32.98 32.98 0.35 3.30 

10 180-190 10 31.23 312.30 3.28 3.19 
11 190-192 2 9.34 18.68 0.20 2.94 
12 192-196 4 14.99 59.96 0.63 3.02 
13 196-198 2 3. 9l 1.42 0.08 2.94 
14 198-211 13 34.80 452.40 4.76 3.18 

Section (15-211) (196) (32.49) (6367.27) (66.94) (3.23) 
15 211-219 8 6.94 55.52 0.58 2.88 
16 219-232 13 17.15 222.95 2.34 2.81 
17 232-237 5 9.25 46.25 0.49 2.80 

2.84 
.. 

1R 237-246 9 15.05 13S.45 1.42 
•. 9 246-256 . 10 14.75 147.50 1. 55 2.99 
2() 256-260 4 23.03 92.12 0.97 3.01 
21 260-287 27 8.62 232.i4 2.45 2.81 
22 287-290 3 29.80 89.40 0.94 3.13 
23 290-298 8 8.04 64.32 0.68 2. 77 
24 298-302 4 19.40 77.60 0.82 2.87 
25 302-337 35 12.15 425.25 4.47 2.86 

Section (211-337) (126) (12. 61' (1589.10) (16. 71) (2.86) 
26 337-348 11 26.31 289.41 3.04 3.04 
27 348-385 37 21.83 807.71 8.49 2. 91 

Section (33 7-385) (48) (22.86) (1097.12) (11.53) (2.94) 

Total 385 24.71 9511.59 100.00 3.07 
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Table 24.--Davis tube evaluation of core from diamond drill hole no. Ha-18. 

Meter J.nterva1s MAGNETITE 

Grou2 Com2osited Meters Percent Units Percent Distribution 

.1 0-37 37 7.50 277.50 7.02 

2 37-65 28 24.97 699.16 17.69 

3 65-70 5 13.01 65.05 1.65 

4 70-119 49 26.39 1293.11 32.70 

s 119-121 2 13.60 27.20 0.69 

6 121-149 28 31. O(t 869.12 21.98 

7 149-154 5 14.06 70 •. 30 1. 78 

8 154-158 4 25.88 103.52 2.62 

9 158-200 42 6.67 280.14 
7.09 

10 ~00-201 1 41.11 41.71 1.06 

11 201-218 17 13.30 226.10 5.72 -
218 18.13 3952.91 100.00 

2-8 37-158 1~1 2S.tJ4 3127.46 79.12 

1,~-11 0-37 
158-218) 91 8.51 825.45 20.88 

218 18.13 3952.91 100.00 
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Table 25.--Davis tube evaluation of core ftom diamond drill hole no. Ha-20. 

MAGNETITE 

Meter Intervals Percent Specific 
Group Composited Meters Percent Units Distribution Gravity --

1 0-13 13 52.09 6'17.17 15.16 3.58 
2 13-14 1 21.16 21.16 0.47 3.10 
3 14-16 2 16.07 Ja.t~~ o. 72 3.11 
4 16-'36 20 6.38 127.60 2.96 2.82 
5 36-64 28 33.01 924.08 20.70 3.22 
6 64-66 2 10.74 21.48 0.48 2.91 
7 66-69 3 5.08 15.24 0.34 2.82 
8 69-70 1 11.14 11.14 0.25 2.87 
9 70-81 11 24.18 265.98 5.96 3.01 

10 81-90 9 3.76 33.84 0.76 2.86 
11. 90-98 8 22.19 177.52 3.98 3.00 
12 98-99;} 

104-107 4 21.06 84.24 1.89 2.84 

13 99-104} 13 10.56 137.28 3.07 2. 80 107-115 
14 115-12 

125-129 .. . 
132- 135 25 36.64 916.00 20. so 3.20 138-142 
144-145 
1~7-153 

154-l«i 
15 120-12 

129-132 
135- 138 18 25.48 458.64 10.27 3.08 142-144 
145-147 
153-154 
156-15 

16 158-160 2 42.82 85.64 1. 92 3.11 
17 160-176 16 29.78 476.48 10.67 3.06 

176 25.37 4465.83 100.00 3.07 
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Table 26.--Davis tube evaluation of core from diamond drill hole no. Ha-21. 

MAGNETITE 

Meter Intervals Percent Specific 
Group Composited Meters Percent Units Distribution Gravity 

1 0-3 3 22.17 66.51 3.17 2.88 

2 3-11 8 13.94 111.52 5.32 2.79 

3 11-14 3 7.56 22.68 1.08 2.75 

4 14Y"18 4 19.28 77.12 3.68 2.88 

5 18-23 5 6.21 31.05 1. 48 2.82 

6 23-29 6 13.59 81.54 3.89 2.67 

7 29-58 29 19.28 559.12 26.65 2.90 

8 58-64 6 9.49 56.94 2. 71 2.87 

9 64-69 5 23.20 116.00 5.53 2.90 

10 69-107 38 11.05 419.90 20.02 2.84 

11 107-111 4 16.74 66.96 3.19 2.88 

12 111-157.5 46.5 10.50 488.25 23.28 2.81 

Total 157.5 13.32 2097.59 100.00 2.84 
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Table 27.--Davis tube evaluation of core from diamond drill hole no. Ha-23. 

MAGNETITE 

Meter Intervals Percent Specific 
Group Composited Meters · Percent Units Distribution Gravity 

1 0-2 ., 4.50 9.00 0.37 2.96 ... 

2 2-14 12 7.25 87.00 3.59 2.78 

3 14-28 14 12.91 180.74 7.47 2.95 

4 28 ... 30 2 6. 77 13.54 0.55 2.84 

Section (0-30) (30) (9.67) (290.28) (11.99) (2. 86) 

5 30-56 26 24. 35 633.10 26.14 3.07 

6 56-71 15 8.47 127.05 5.25 2.89 

7 71-74 3 23.37 70.11 2.-90 3.11 

8 74-77 3 19.71 59.13 2.44 2.95 

9 77-84 7 20.08 140.56 5.81 2.96 

Section (30-.811) (54) (19.07) (1029.95) (42.54) (3.00) 

10 85-185 101 8.76 884.76 36.55 2. 72 

11 185-189 4 19.93 79.72 3.29 2.84 

12 189-195 6 22.70 136.20 5.63 2.84 

Section (185-195) (10) (21. 59) (215.92) (8. 92) (2.84) 

Total 195 12.41 2420.91 100.00 2.97 
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Table 28. --D§lvis tube test evaluation of core from diamond drill hoit. no. Ha-101, 19. 

MAGNETITE 

M~ter Intervals l'ercent Specific 
Group Cornposited Meters Percent Units Distribution Gravity 

l 0-19 19 19.12 363.2R 12.34 2.92 
2 19-86.6 67.6 38.18 2580.97 87.66 3.30 

86.6 34.00 2944.25 100.00 3.22 

DIAMOND DRILL HOLE NO, Ha-19 

MAGNETITE 
Meter Intervals PeTcent Specific 

Group Composited Meters Percent Units Distribution Gravity 

1 0-10 10 9. ''0 91 •• 00 3.97 2.82 
2 10- 51 41 5.22 214.02 9.04 2.86 
3 51-58 7 6.47 45.29 1. 91 2.88 
4 58-117 59 2.89 170.51 7.20 2.81 

Sect·ion (0-117) (n7) (4.48) (523.82) (22.12) (2.84) 
5 117-122 5 23.83 119.15 5.03 3.21 
6 122-232 10 14.17 141.70 5.99 2.97 

' 132-134 2 22.16 44.32 1.87 3.13 
8 134-141 7 7. 38 51.66 2.18 2.91 
9 141-146 5 19.94 99.70 4. 21 .. 3.10 

Section (117-146) (29) (15. 74) (456.53) (19.28) (3.03) 
U> 146-157 11 2.67 29.37 1.24 7.93 
11 15h169 12 4.68 56.16 2. 37 J.oo 
12 169-177 8 6.74 53.92 2.28 3.03 

Section (146-177) (31) (4.50) (139.45) (5.89) (2.98) 
13 177-189 12 22.17 266.04 11.24 3.14 
14 189-191 2 16.80 33.60 1.42 3.00 
15 191-206 15 24.25 363.75 15.38 3.~3 
16 206-211 5 9.01 45.05 1.90 2.94 
17 211-215 4 19.95 79.80 3. 37 3. 08 
18 215-216 1 11.07 11.07 0.47 2.91 
19 216-224 8 25.62 204.96 8.66 ~ Section (177-221.1) (47) (21. 37) (1001~. 27) (42.44) ) 
20 224-227 3 10.07 30.21 1. 28 2.83 
21 227-242 15 14.18 212.70 8.99 2.93 

Section (224-242) TIS) (13. so) (242. 91) (10. 27) (2. 91) 

Total 242 9.78 2366.98 100.00 2.93 
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Table 29.--Dayis tube avaluationoof core from diamond drill hole no. Ha-103. 

MAGNETITE 

Meter Intervals Percent 
Groop Composited Meters Percent Units Distribution 

t 0-2 2 17. 2J 34.46 3.46 

2 2-4 2 7. 71 15.4"2. 1. ~5 

3 4-6 2 2.04 4.0H 0.41 

4 6-11 5 14.47 72. j~ I • "J.I 

5 il-12 1 2.44 2.44 o.ls 

6 12-22 10 13.80 138.00 1l.87 

7 22-23 1 5.07 5.07 0.51 

8 23-25 2 15.13 30.26 3.04 

9' 25-37 12 10.17 122.04 12.27 

1U 37-38 1 25.57 25.57 2.57 

11 38-43 5 20.36 101.80 10.J3 

12 43-59 16 15.77 252.32 25.37 

13 59-60 1 21.71 21.71 2.16 

14 60-66 6 28.23 169.38 17.02 

.. 66 15.07 994.90 100.00 

Section (37-66) (29) (20.39) (570.78) (57.35) 
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Table 30. - -Davis tube test evaluat1on of diamond drill sore an4 Mulfur 
and copper analyses of Davis tuLe tailings. 

lat.nal, ttert&h t:pp. lelliu.l lr 1--=ew.a. r. Alael)'ticaal 
Mall f •sen "'' .U...v Jalal IEl=hJ tat& I IIC&elgl Le'ts ... 

Ha-l 81.JS 47.97 69.33 11.28 t.71 14.11 86.65 93470 
Ha•2 0·13.5 36.64 6.5.29 1.07 6.56 IZ.Ja 1.5.20 93472 .. 1J.5-l24 t6.32 65.0lt 9.82 1.69 56.34 59.34 tlt74 .. e-u4 21.72 64.90 1.16 7 • .52 74.69 77.67 93476 
Ba-4 169/UO 2l.J4 67.27 10.33 9.21 66.47 68.M 9360t .... 0.237 26 • .51 61.82 7.04 6.56 77.91 79.01 972n 
Ba-e 0·140 12.00 67.70 10 • .59 9.12 46 • .57 so. so 972.51 
lla•13 1·76 21.67 67.20 1.06 7.50 n.oz 71.27 94117 .. 126·239 23.21 67.60 8.14 7.10 69.80 74.21 94189 
Ba-14 0.146 21.2.5 68.27 7.Jt 7.13 71..36 72.09 96949 
Ba•lS 8-199 28.93 67.41 9.74 9.36 73.10 74 • .57 96181 .. 1H•llS 116.70 67.97 1.43 1.09 61.71 62.7.5 96190 
Ba·16 1.5•211 32.49 61.14 '·" 6.12 12.43 . 14.27 99293 
Ba·11 l7•1SI 2..5.84 68.70 8.3.5 7.20 74.14 76.88 97322 
Ba-19 177·224 20.94 67.12 .. 09 7.32 68.73 70e83 98641 
la·20 0·176 2.5.37 69.~ 7.10 6.45 75.15 78.53 98023 
lla·21 0·1.57.5 13.32 61.40 '·" .5.2.5 G4.92 66.69 98681 
Ba·2S J0-14 19.07 ... ItO •••• 3.05 79.41 14.09 98666 
lia•101 . 177•224 21.37 70.70 7.95 '·'' 70.73 73.72 9802.5 
la•lOJ 0-66 1.5.07 68 • .52 1.d! 7.1J IL20 63.01 972.53 

••• T ... 24.19 67.11 1.24 7.30 70.99 73.35 

SULFUR AND COPPER ANALYSES OF DAVIS TUBE TAILINGS 

!iu .... 
·- - ·chemical A•lz~Kee-

i\i61r CmtH 

Ba-6(0.237 ll) 0.1.5 o.06 
Ha-eC0·140 M) 3.71 0.22 
Ba-14(0.146 10 2.74 ..... 
Ba•l.5(0•199 K) o.st o.06 .. U99•l1510 o.a2 o.1a 
lla•l6( 1.5-211 K) 0.17 Tnca 
Ra•l8(J7•UI K) 0.210 ... 
Ba·19(177•224M) o.48 Trace 
Ba-20(0-176 It) o.JO loDe 
Ba•21(0.157..5) 0.27 Tnce 
11&•23(30-84 H) o.11 Tnce 
Ba·l01(177•224H) 0.16 ... 
Ba•103(0•66 K) 2.73 .... 

11 l'or coaplete analyaia. eee Table 10. 
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Table 31.--Davis tube test evaluation of c011poslte core samples from drill holes. 

A. D;l,•mgd Drill Hple Mo. 1 

1. Cgmootite (88.35/110,35 .. tera) 
ieight AnalTiil.l fe 

lrgduct lercent Total HCl:Sol 
Concentrate 47.97 68,33• 
Tailing 52.~ 11.28 9.71 
Calculated 100,00 38,65 

B. Dipond Drill Hole No. 2 

2. Composite 1 (0•135 litera) 

Prosluct 
Weight~ 

lercqnt tOCAl BCl.SOl 

Concentrate 36,64 
Tailing 63.36 

Calculated 100.00 29.04 

3. Compoaite 2 (135·224 mttera) 

Weight 6!lll:t•''• ~ Ws 

••· ; Jtecoven 
Tota1 We HCl-Sol Fe 

84.81 
15.12 

100.00 

86,65 
13.35 

100.00 

''· ; Recoft!Y 
Total It HCl·Sol Fe 

82.38 
11.62 

100,00 

85.20 
148 80 

100.00 

Et 1 ~ Rec:oft£! _ 
Prosiuct Pers;ent Toyl HCl.,SOl Igtal Fe HCl=Sol 

Concentrate 16.32 65.04* S6.36 59.34 
Tailing 83.68 9.82 8.69 f3ei!f !tQ.66 

Calculated 100.00 18.83 100.00 100.00 

4. Cowpoaite 3 (0.224 meters) 

Weiaht 6DI&XI&a. I r1 Ft1 J le£gYeiJl 

Fe 

froduct btMflS Toyl HC1.So1 Total Fe HC1·Sol Fe 

Concentrate 28.72 64.90* 74.69 77.67 
Tal Una 71.28 ·f.86 z.s~ 2Se3l 22.33 

Calculated 100.00 24.95 100.00 100,()(\ 

*.See Table 10 for complete analytia. 
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T1T.L. No. 
93470 
93471 

T,T,!.1 No. 

93lt72 
93473 

T.t.L. Np. 

93474 
93476 

T,T,L, No. 

93476 
93477 

atw Pt AC4? _P.4ij 

.. 
I 

.. 



TABLE 31 (cont 'd.) . 

c. Dipond Qrf.ll Hole No, 11&-4, 

1. Comnoaite I169~V() •t•n>. 
Weight AMblil .. ; Fe Fe 1 1 R&coverx 

Pr9duct Percent Iotal HCl.Sol Tgyl Fe liCl-Sol Fe T,T,L. !q1 

Concentrate 
Tailing 

23.34 67.27* 
76.66 10.33 9.21 

Calculated 100.00 23.62 

D, Diai!Ond Drill Hole No, Ha·U• 

1. Cqppotite 1 (8-76 petert>• 

Weight 6•1!1&1. I ll 

66.47 
33 • .5~ 

68.98 
3l.Q2 

100.00 

le 1 % lltcoyea 

93609 
93610 

J!IQSiu~' Pe~J:!nt ta~L HC1-5ol Tottl Ft HCl -Sol Ft T, T .J,1 Ng,. 

Concentrate 28,67 67,20* 
Tailing 71.33 1.06 ' 7.50 

Calculated 100.00 2.5.02 

2. Cogpotite 2 (126~239 atters). 

Procluct Weight AnaL!Iill ~ l• 

77.02 
22·98 

100.00 

78.27 
21.73 

ft I ; l!CO!'D' 

94187 
94188 

- - Percent Total HCl..SOl Total Fe HCl.SOl Fe T1T1L, llo1 

Concentrate 23.21 67,60* 
Tailing 76.79 8.84 

Calculated 100.00 22.48 

7.10 
69,80 
3Q.20 

100.00 

74.21 
25-79 

100.00 

94189 
94190 

3. Combined Mosnetic S 1 Qtion Ia lyrite Flotation (Denver Flot!.Cell) 

Weight Ch!JI.An&b!lila; Rs2!!1l:a 1 
Product GxAIIIJl brcent Fe s P! s T1 T1L1 N2• 
Magnetite Cone. 118,3 23.1.5 66.34* o.os 67.76 0,97 94786 
Pyrite Cone. 16.8 3.29 41,2U/27.oo .5,98 74.49 94788 
Haan. Mida 4,0 0,78 22.34 1..51 0.77 0,99 94787 
l'yrite Mids 1.5,0 2.93 24.02 2.43 3,11 .5.97 94789 
TatUac 3.57.0 69.8J 7. 2611' 2a1Q 22.38 17·3 94790 

Calculated .511.1 100.00 22.16 1.19 100. 100,00 

l/ Alao &D&lJaal 7.03% HCl•ao~la re. 
J/ Aleo analys;u O.ltO% Cu, DO gold, DO lilVer, 

* Set Table 10 for complett aaalyeia. 
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TABLE 31 (cont'd.) 

&. JH••g& Drill Bplt lo· &a-6 

. 1•4 I lacoven 
Tptel Wt JICl.SoJ Pt T,'J,L. kiP· I!JP• 

CoDCutntt 
rautaa 

.... 2J/ 
Z.Oit J/ iaJi 

Calculated 100.00 23.42 23.07 

Jl· Al1o analya•• 0.2.5% I aDd 0.061 Cu. 

r. piemgl pnn Bolt "'· Ba:t 

1. C..O•itt (0-140 mteu) 
8etaht lpalyt&t. I r, 

1Jo4uct l!tcent ~otal BC1:Sq1 

Coacentrate 
TatUoa 

12.00 67.70 J/ 
y.oo 10·3 J/ J..U 

Calculated 100.00 17.44 16.15 

G. DiAIIC)nd Drill Bolt lip, Ba·l4 

1. Cg&otite (0.146 Mttp) 
Vataht Analt•t•. I Pt 

ito4ust lerce"' 19~1 BCl-Sol 

Cooc:entrate 
Tatuaa 

Calculated 100.00 20.32 20.12 

!I Aleo analyse• 2.74% 8 and No cu. 

B. Diuoocl Prill Hg1f lp. Ba-15 

le Cpgpotltt (Otll? ~ttttt) 
ltipt AQA1Yt11, J .,, 

bpdpst hrstnt Tot&l I£' .Sol 

Co001ntrate 
Tat Una 

21.13 67.41 l/ 
71.R2 L2! J/ LJt 

77.91 
22.9f 

100.00 

79.01 
2Q,t9 

100.00 

re, I ltcovan 
Tptel ft 8Cl,S01 Fa 

46.57 
53.43 

100.00 

re. % lecoven 
Total Fa BCJ ·Sol fa 

71.36 
28.64 

100.00 

72.09 
27.11 

100.00 

To!j&l Pt HCl-!ol ft 

73.80 
26.zg 

Calculated 100.00 26.42 26.1.5 aoo.oo 100.00 
l/ Stt Table 10 for cG.plete analye11. 
~f, Abo analy981 0.591 S and 0.061 c:u. 
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t727l 
t7274 

Analyttcal 
J.h, lfp. 

97251 
972.52 

Analytical 
kb, !o· 

96949 
969.50 

Analytical 
Lib, !o. 

96881 
96889 
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TABLE 31 (cont'd.) 

a. D&•=al Drill Boll Np, Ha·U (coatlruM) 

2. ~litt (199e313 MtiQ) 

CoDCentl'att 
Tat Una 

•iaht 
ltJ'SIDt 

16.70 67.97 ~/ 
83.30 '·43 1/ ... 

Calculated 100.00 18.37 18.09 

J,.l A lao anal:y see 0,821 I and o.l81 a.. 

1. PlfPPAd Dt1J 1 8ol• l!o. ···" 

V.laht ABIIX!lle I ll 
Pmt'n£&; Percegt ToCAJ, J!:l:lql 

Coactntrate 32.49 61.14 JJ 
Ta111D& 67.!1 '·II 11 LoU 

C&lcalattcl 100.00 26.86 26.27 

J.l Abo anal:rse• 0.171 S and Tnct a.. 

J. Pii'Rpd Drill Holt No• i!a•18 

1. Coepoalte (37•158 l!ttr•> 

hocluct Wtigbt Apa1Jaia. J It 
~ercent Total HCl.aoJ 

CoDCeDtDtt 25.84 68.70 l/ 
Ttl U ng 74.16 a. '' Jjl z. zp 

Calculated 100.00 23.94 23.09 

!J/1 &lao aMl:ysu o.2011 .- • eu.. 
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61.78 
M.22 

100.00 

62.75 
3Z·P 

''• I 'sown II"' ICl=f.Al 

100. 00 

14.27 u.u 
100.00 

ft • 1 lac:oytn , 
Total HClcSol 

74.14 2, .• , 
100.00 

76.88 
23.12 

100,00 

A•17Uca1 
'1'· ... 

96890 
96191 

Analytical 
kh •• 

99293 
99294 

97322.' 
97323 



TABLE 31 .(cont 'd.) 

C. DIMOIIl J)rill Bolt !Pe llt•l9 

Welpt 6nalz•'•· a '• ho4yst hzsent tpkl JIC1·89J, 

Coacasatnte 20.94 67.12 Jl 
talUaa 79.9§ ..A&JJI .z.u 

Calculatecl 100.00 20.4.5 19.84 

L. DJ,•=pd pu 11 Holt Jfo. la•20 

1. Co.potltt (0.176 .,tera> 

Weight 6Ml!lil· ·l fJ 
bpdpst itrseat Tog I MC:l.!pl 

Coaceotrate 2.5.37 69.4011 
TaiUaa 14.63 Ze§O l/ le4.5 

Calculated 100.00 23.43 22.42 

l/ Alto an&lJSIBI 0e301 S and J1o Cue 

H. DiMPP4 Drill Bolt !st. 8a·21 

1. cromootite (0·1.51..5 •ttr•> 

l'rod~t Vtigbt 6DI&!Iil· I '• 
brcent toyl BCl.Sol 

Coacentnte 13.32 68.40 jJ 
tat liD& •• 68 ~.~1 !!I 58 25 

Calculatecl 100.00 14.03 13.66 

j/ Alto analyse• o.zn s and Trace cu. 

111. Diel!?nd Drill Hole Mo. lla-23· 
1. Sftpotite S30:flt ntert) 

V.lpt ABiblll• 1 Ft 
llaiiYSS b&lll' TiS.I E&.Sp.J. 

Concentrate 19.07 ... ~v 
talUDa &.l.:i ! • .1.11/ ;a.~ 

Calculated 100.00 16.43 1.5 • .51 

11 See Table 10 for co.pltte &D&ly111. 
~I Al.a analyse• 0.111 I and trace Cu. 

I! a J ltcpV!IY 

X,tal HCl:loJ. 

61.73 
Jl.Z? . 

uao.oo 

70.83 
at.J,Z 

1oo.oo 

· . Analytical 
kbe Hoe 

98641 
98642 

fe. 1 lfcoven Aaalyttcal 
J'gt&l BCl•Sol J.lb. lfp8 

7.5.1.5 
24.8.5 

100.00 

78 • .53 
21. 'J 

100.00 

''• I !tCOftiX 
Tgyl IICl-Sol 

64.92 66.69 
35·08 33.31 

100.00 1e».oo 

fe. la.coyen 
togl BCl-821 

100.00 

14.09 
U.9J, 

100.00 

98023 
98024 

Analytical 
kb, "2· 

98681 
98682 

Analytical 
Lab. No. 

98666 
98667 

• 

------~---M~~~·~·-·-· ~'77-·~----~. ~~~~f~·~~~<--·--~v--­.; . \ 

i 
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TABLE 31 {cont'd.) 

o. DJ'"'Y' Prfll Bale !g. 8a•1Ql. 

1. "-o•1St SlU-224 •we) 
V.lpt 611111&1. I •• 

rct·st brsept tote& 8Cl-8ql 

CoDCtDtzate 21.37 70.70 J.l 
T&illaa D.63 

'·'' J,l 
6.p 

C.lwlattd 100.00 21.36 20.49 

•· P'·nmd pnu Boll •· a.-103>. 
1. 'i=ml&tt (0:6fp et;ep) 

•tpt .,.,11&1. I II 
hgl•t hl511\t ipStl Fl-lol 

Coac•tratt 15.07 •• 52 Jl 
'faiU• M.p 7.19 Jl .z..u 

Calcnalate41 110.00 16.60 16.JI 

11 See 'fable 10 for Co.plete aaaly•l• 
Jlt Alao auly•• 2.731. 8 ud llo c.a. 
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I•• I !r:RDD 
TpStl MCl.Spl 

70.73 
u,az 

100.00 

73.72 
26.21 

100.00 

Wt 1 l...,.n 
Tthl HCl·lol 

62.20 
17,10 

100.00 

63.03 
36·17 

100.00 

Allalytlca1 ...... 

ba1Jtica1 ...... 
97253 
972J4 



Table 32.--Sample preparation and proposed flowsheet for treatment of composite 
eore samples. 

I. Preparation and Initial Splitting 

COMPOSITE SAMPLE, 946 Kgs. 

CONE AND QUARTEg 
~ ~ 

290 Kgs. ( 2 ) ~70.;;...%_,,"---:::6..;;;.5..;;..6 _K~g...,;;s~. l ~Drum Storage) 
(1) 3Q%, 

Large Splitter 

~ ./ 
(3) 90 Kgs. (4) 200 Kgs. 

! (For 2 X 100 Kgs. 12"x7~" Mag. Drum Tests) 

Large Splitter 

~ ~ 
(5) 15 Kgs. (') 1i Kgs. 

(For Sec. III, Initial Testwork) 

Small ~plitte~ 

(7) ~· (8) 13 Kgs. 
(For Sectiora II) (Save for any test work not specified) 

II. He ,1d Sampling 

Disc 

~ (7) 2 r·· -8 mesh 

(9) 500 grams (10) 50 gr s 

~ l' 
Pulverizer, -100 mesh 2 x 25 gram for 

~ 
(11) 1450 grams 

l 
~ Specific Gravity Tests Wel Screen, -14+28 mesh 

:\. 100 grams to T.T.L. 
(total Fe HCl ·Sol Fe) 

1 
To Sec. IV, B. 

J 
3 x 50 gram for Hargrove , . 

B. 6 x 20 grams to Davis Tube 
1. Cones. and Tails to T.T.L. for Complete Analysis. 
2. Cones. and Tai l s to Spectrographic, trace element 

analysis. 
3. Sav~ 10 grams concentrate in 0. D. Laboratory. 

-71-

Grindability Tests 
(Also 2 x 25 g. Sp. Gr.teats 
All 3 fractions, Save All 
Products) 
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TABLE 32 (cont'd.) 

III. Initial Testwork 

(14) 2 Kgs. 

~ 

75 Kgs. ------------. 
(13)r 

and Screen Dry Screen -1 mm (Wedag) 

(15)~ 
lfaveJ 

J f 
+1 IIID -1 mm 

J l ' ~ 2x25 g. *10 KgS· 2x25 I• (Save) 

( ) Sp. "'Gr. J (Sp. GT".) 
16 ~ J. Mas. Ring Sep. 

(To Sec. IliA.) Screen. R.C. and Screen 
( -0.5 mrn) l 

~ -1 mm Testwork 
/Splitter~ 

(17) ~ (18)~30 s. (19) 13 Kgs. 
--v- (Save) 

(To Sec. III. B) 
J 

-0.5 mm Testwork 

Screen, R.C. and Screen -•s mesh 

~ 
~Splitter~ 

(20) ~ (21) 15 Kgs. 
J. (Save) 

(To -48 mesh Testwork) 

Section III.C. 
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TAILE 32 (cont'd.) 

III. Initial Testwork (Continued) 

(14) 2 s. 

(23) 2 x 25 grams 

For Sp. Gr. Tests 

(24) 2 X 10 g. 

For Davis Tube 

(22) 500 grams 

t 
Wet Screen Analysis, 
(+20 , 28, 35, 48, 65, 100, 150, 200 and -200 

~ 
Dry and Weigh Each Fraction 

! 
2 x 10 !ram each fraction to Davis Tube 

Cone. and Tailing Products t~T.T~L. 

(Conc.-Total Fe, Tails-Total Fe, HCl-Sol Fe) 

-73-

(25) 1430 grams 
(save) 



TABLE 32 (cont'd.) 

III. Initial Testwork (Continued) 

B. -0.5 mm Testwork 

(17) 2 s. -0.5 mm 

(29) 1430 ,. 
(Save 

(28) 2x2~ 8• 

For p. Gr. Tests 

(27) 2 x 10 gram 
J 

For Davis Tube 

(26) SOI grams 

Wet Screen Analysis 
(+35, 48, 65, 100, 150, 200, and -200) 

~ Dri and Weish Each Fraction 

2 x 10 gram each fraction to Davis Tube 

~ 
Cone. and Tailing Products to T.T.L. 

(Conc.-Total Fe, Tails-Total Fe, HCl-Sol Fe) 



TABLE 32 (cont'd.) 

III. Initial Testwork (Continued) 

C. -48 mesh Testwork 

(20) 15 s, -48 mesh 

(32) 2 X 25 8• 

For Sp. Gr. Tests 

(31) 2 X 10 g. 

F ' D . T b or av1s u e 

00) ST grams 

Wet Screen Analysis 
(+65, 100, 150, 200 and -200) 

! 
Dry and Weigh Each Fraction 

l 
2 x 10 g. each fraction to Davis Tube 

l 
Cone. and Tailing Products to T.T.L. 

Concentrates - Total Fe. 
Tailings - Total Fe, HCl-Sol Fe. 
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(33) 1430 ,. 
(Save 



TABLE 32 (cont'd.) 

IV. A. Davis Tube Tests: 

1. 2 each -1mm Feed (from 24) 
2. 2 each -o.s mm Feed (from 2?) 
3. 2 each -48 mesh Feed (from 31) 
4. 2 each -100 mesh Feed {from 9) 

-so 

40 

Recov~y 30 
and 

Cone. grade 20 

10 

14 20 2 

IV. B. SEecific Gravitl Tests 

1. 2 each -8 mesh Feed (from 10) 
2. 2 each (-8 mesh + 1 mm) Cfrom 
3. 2 each (- 1mm) (from 13) 
4. 2 each (-1 mm) (from 23) 
s. 2 each (-0.5 mm) (from 28) 
6. 2 each (-48 mesh) (from 32) 
7. 2 each (+14 mesh) (from 11) 
8. 2 each (-14 mesh and 28 mesh) 
9. 2 each (-28 mesh) (from 11) 

48 

13) 

(from 11) 
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• Table 33.-- Davis tube evaluation of composite core sam21e1 minus 12-crushed 
.2!!..• 

... 

• .... •tabt ._,,.t •• w.-, Da.ta .,.,_ Ala17ttca1 ,..,,. 
"*"' I• !TIPS .ua ,, """ "TW' ,, &ICOJIQ hit. ... 

• +20 Co••tnte 52.~ 21.11 156J.et 19.39 10.6, 99355 
Ta1U .. 47.60 7.19 J75.J6 t9"' 

•20+21 eo .. tmta 47.54 J0.46 1441 •• 7 11.20 79.56 99357 
tatu• 52.46 7.et 371.14 99351 ... ., Co••tnbl 45.36 33.13 1.534.53 19.21 79.H 99JS9 
TatU .. .54.64 7.20 J9S.41 ''* 

·3S141 c:eac-trate 41.42 u.os 112J.Il 22.52 11.06 99361 
tailtaa "·" 7.J4 426.61 99362 

~s Caaceatrate 42.34 50.28 2121 ... 25.24 84.33 99363 
Tatuaa .57.66 6.16 395 • .55 99364 

-6S.100 CoDc•trat.e 42.79 57 .. 60 2le64.7D 28.44 16.66 t9365 
tatuaa 57.21 6.63 379.30 99366 

.. 100ot150 Coocutnte 45.38 65.71 2981.92 33.56 88.87 99367 
TalUq 54.62 6.14 373.60 99368 

·150+-200 Conceatrate 49.68 66.110 3298.75 36.38 90.68 99369 
TaiUaa .50.32 6.74 339.16 99370 

·200 Coacentrate 26.93 8.!17 1146.59 23.85 n.42 99371 
'l'&UiD& 1J..j}]_ 7,37 53f.53 99372 

<;Alglat!d J,/ 
: .: 

Coocentnte 41.70 47.58 24.00 82.61 

• • T&Ulaa 58.30 7.13 

An&lytlca1 23.36 99295 
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Table 34.-~et screen anallais of com~site core sample, minus 
1-mm curshed ore. .... •s.pt C..lattw Cal•Latell w. 

fnc&fM ..... .bJS'95 .. ,., J J I• Jl 1• !ldY Dl.e&rttpS&• J 

•20 12.1 2.61 2.11 1t • .!9 50.61 2.11 

·20+28 87.! 17.86 20. 47 11.20 325.05 13.54 

•21+SS 74.0 15.11 ss.51 19.21 2tl.J2 12.14 

·3S+41 52.0 10.61 116.19 22e-'2 231.94 '·" 
-48465 ... , t.ot 5-'.28 25.24 229.43 '·" 
-65+100 "·' 11.33 "·'' 21.44 322.23 · 13.43 

·100.1~ 21.5 4.39 71.00 33 • .56 147.33 6.14 

·1S0+200 40 • .5 1.27 79.27 ••• 300.86 12.53 

· 200 lQl., zq2 n tm.oo ,,.,, t\14.41 ao.a 
Calculated 419.8 100.00 24.00 2le00.11 100.00 

Aaalyttcal 23.36 

J.l 11'011 Dan• Tube i'Yalu.atioa of lena Fnctioaa 
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-Table 35.--Davie tube evaluation of composite core samElel! minus 0.5-mm 
crushed ore. 

..... tlatallt ... 17•1•· . .... Da.t•r.• ._lyttcal 

-"""" h OFS brgaS .u.. ,, .,,., "==' •• 1tconn !Melt. · 

+l5 CoDCUtnte 45.15 36.11 1637.23 19.74 82.94 99S77 
TaUtaa 54.66 6.16 336.71 99J71 

•3S+41 CoacDtl'aU 41.66 39.71 1654.32 19.97 82.83 99379 
TalU .. sa.34 5.18 343.04 99310 

...... 5 Co.aceatnu 39.U .. .. , 182$.7J 21.12 83.68 99311 
Talliq 60.88 s.as l56.U 99382 

-65+100 eo--tnte ~ •• 9 SS.2S 2220.10 25.11 ••• ,.., 
Tatllaa 59 .. 1 6e03 .... ,, 

"* -uao.uo Cclau•t•te 44.1S 62.11 2ns.34 J1e02 ., ... tt3l5 
wu .. SS.I7 S.l4 326.21 ·-·1.50+200 Concutnte 43.12 65.74 2834.71 31.70 89.41 99387 
TalUaa 56.18 s.to llS.st 99388 

·200 Cooceatnte 26.22 67.19 1710.01 22.69 78.44 99389 
Te.ilua 73.ZJ 6.63 4§9.16 99390 

Sflcu1ated. ll 

Coacentnte 37.44 54.16 24.14 85.25 
TaiUD& ta..a 6.17 

1oo.ao 

. :· Analytical 24.811/ 99295 
23.36 J./ . ' ll Calculated wlpt avena•• wt acree;, &D&lyai• 

~ Total lroa aaaly•l• 
J/ BC1-aolub1e troa analyata 
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Table 36.--Wet screen an~lzsis of com2!aite core sam21aE 
crushed ore. .... .,.t 

rraet&op Grams Pemat 

+3.5 .51.2 10.31 

·35+48 ''·' 13.21 

-48+65 79.4 1.5.99 

·6S+l00 37.4 7 • .53 

•100+1.50 67.9 13.68 

·1.50+200 48.2 9.71 

•200 146.1 U.JZ 

Calculated 49f .. 5 100.00 

Aaalytleal 

l/ F~ Dan• Ttabe !valuatioa 
Jl Total li'OD Aaalyet• 
Jl Bel•aolubl• lEOD AD&ly•1• 

C:...Latift 
"'•t I 

10.31 

23 • .52 

39.51 

47.04 

60.72 

70.43 

lOQ,OO 

C.Jc.latell 
4 Fe 1/ ' •• ••&• --
19.74 203.,2 

19.97 263.10 

21.12 341.90 

2.5.81 194.3.5 

31.02 61'-U 

31.70 307.11 

Pelt 670.14 

24.14 2413.67 

24.11 Jl 
23.361/ 
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minus 0.5-DID 

'• Di stribution.l 

•• 43 

10.93 

14.46 

a.os 
lJ.S& 

12.7.5 

21.10 

100.00 



Table 37.--Davis tube evaluation and vet screen anal~sis of composite 
core sample, minus 48-mesh crushed ore • • . 

• .... Vai.Pt AM17•1a· w .... Dana TUe &alJtlcal 
!bsJioa .,.,., ltppt &.b ,, Upill It=• ,, le&QDQ hits Ia. ... , CaMutrate J4.24 ... 57 1594 • .56 lt.62 11.21 ttJI1 

TailiDI 65.76 '·" 366.94 t9JI2 

~ -65t-100 ~t-te 36,01 SS.It 2016.51 24.01 84.00 ,,., 
Tail! .. 63.92 6.01 314.16 "'"' 

•100<·1· 37.11 61.69 2332.50 27.08 86.U ""' 62.19 6.04 375.63 99Jt6 

•1!50+200 CoDcaDtJata 31.10 6S.U 2527.12 29.12 16.12 ""7 
Tat liD& 61.20 6.27 383.72 ,,. 

-200 Coacutnte 24.47 61 • .54 1677.17 22.02 76.16 993ft 
TailtDI '~·» '·'' 324eP 99600 

C.lgktttl Jl 

CoDcentrate n.oo 61.J9 24.01 11.12 
TatUD& ... oo 6.42 

Au1yt1cal 24.1J.V· 99295 
23.36JI 99295 

Jilt !!PM WL!fll 

Hula C.lculatecl •• 
•~s.iu '9. 1..,& !J.I '• DDib 1!1.1\dlsYa ; 

+65 41.0 8.25 8.2.5 19.62 161.87 6.74 .. 
-6.S.100 125.0 25.16 33.41 24.01 604.09 2S.U . ·• •lOO+lSO 60.5 12.18 45.59 27.01 S29.83 13,73 

·1J0+200 75.4 &5.17 60.76 29.12 441.75 U.J9 

•200 1tJ10 st124 100a09_ 22,02 864,0! 3Ltt 
C.lculatad .,,_, 100.{10 24.112 2401.60 100.00 

l/ Calculated w1Jbted aver ... • wt acreen analyala 
11 Total hoD analyata 
l/ BCl-aoluble tson aD&l,.ta 
!!I rr- Dawta T•be aYalu.atioD 
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Table 38.--FLowshQet for oemicontinuous Eriez single-drum wet magnetic separator. 

r W. Ceg=tt! Cgg h•\lt lllnua 1- milllmet.er 

ld.IZ-; 1. "N' l!rua Ill& !!eSMtiC ,...ratpr (67·70-4.5) l/ 

~~uu+~~ T•'L&ea 

1 

E 

Cpncen rate 2 Middl ing 3 

• Dry, Roll-Crush. & SciJI!I! ,-65 11~ 

Eriar; r !IllS~) 
BzllUI~I!t=t ~ !lddlipa 4 

Copcentratli J 

. f 
:::;:::::=~· 6 Screen 

f&Ml Concent~ JUddUgg 6 

•150 mesh 

JJ Parenthesis figures, resp. 
1. VibTating FeedeT Rheo•tat Setting 
2. Magnetic Drum ~troller Rheoatat Setting 
3. Minute• of Test Operation 

-H2-



I 

Table 39. ~etallurgical balance in semicontinuous Eriez sin~le-drum wet 
magnetic se~arator tests. 

" ... ,. 
Da' Iuli Ire! '••li tNIII Ill' . 

~ •taht V.iabt. V.laht, W.ipt Weight, Veiabt, • ltpdyQ' .... bmenli w. &~rea• Ill· bre.tDii .•• '· CoDCiallt~ate 36.80 38.16 38.30 35.34 4Z.45 31.01 
I 

•'•• 1-w NlcldUaa 1 6.t3 7.19 a.n 7.59 7.72 '·'1 ~.1.1 §h85 .JZ.RZ .tt:r, SS.QI 
,. 

sa:.. z. 
-'•• 35-mesh 

SteE 3, 
aiA!a 
~-ae§l! 

s_.~--
·, ! ,. · ~ 

. . 

TaiUap ~z.zg 
96.43 100.00 108.37 100.00 100.00 

Concentrate 28.90 82.0l 30.o3 82.26 31.80 77.48 
Hidctuaa 2 s.11 16.21 s.oo 13.69 7.57 18.4.5 
HlddUaa 3 sa.ta &.li 18 ~.~ 1.67 !.liZ 

35.23 100.00 36 • .51 100.00 41.04 100.00 

Fector: 36.aon.s.2J • 1.0446 38.30136 • .51 - 1.049 42e4S/4te04 • leOJ44 

CoKeD Cia&• 24.24 88.9S 25.27 as.~ 24.60 86.43 
Middling 4 2.16 7.93 2.62 9.19 3.03 10.65 
HlddUaa 5 2,.§~ ~.u o.u z.J.z ...QdJ a.2a 

27.25 100.00 28.51 100.00 28.46 100.00 

Factor: 28.90/27.25 • 1.0606 ~03128.51 • 1.0533 31.80/28.46 • 1.117 

Concentrate 
Middling 6 

21.90 
a. .54 

24.44 

89.61 
10.39 

100.00 

91.69 
8.:u 

100.00 

Factor: 24.24/23.53 • 1e0302 25.27/24.44 • 1.0340 24.~/,23.45 • 1.049 

lirat Te•t 1 

llecapitulated Met&l1urgical lal&Dce 

: ... i1'2duct lldght, Weight Davia Tube,% )Jagnetite Diatr. 
' Kua ~ES!D~ le~ov1~seet,te !UI.a ~!Sen~ 

· · C.:•ncantrate:36.SOs.820h.S895x.9520 25.57 26 • .52 100.00 2652.0 89.00 
!!trldUna 1 6.93 7.19 1.5.79 113.3 3.80 
Y!~dliD& 2: .5.71 X 1e0446 s.96 6.18 10e87 67.2 2.26 
~tddltoa 3: o.62 x 1.0446 0.65 o.67 30.99 20.s 0.70 
~Gdlin& 4: 2.16 X 1.0446 X 1.0606 2.39 2.48 8.04 19.9 o.67 
~addlina sz o.es x 1.0446 x 1.0606 0.94 o.t7 42.!4 41.7 1.40 
~aadliD& 6: 1.13xt.o466x1.0606xt.o302 1.29 1.34 16.48 22.1 o.74 
Tc 111na &1.2 ~.6~ o.zs ·~·f a.•~ 
Ca lc:u 1a ted 96.~3 100.00 29.SO 2971.8 100.00 
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TABLE 39 (cont' 1.) 
MSAN QWtBI ftOJECT 

Hatall\Argical Balance 
Seai..COotlauoua Eriaz Stnale-Drum Wet ~tic Separator Taatwork 

IECUITULU'ED tlaALIJIIGlC.U.I&LANC& 
Collbi.Md Firat ad S.cODcl 'rata 

Yeight V.iaht Da1rta Tube,% 
Jrodgct k•· ll;cent ReCQJ•!t'ft'tltt 

lat Cooe:36.ea&.820~889S&.952•2J.57 ) 
2nd Coac:38~8226z.8864z.8961a25.02 

.50.St 27.11 100.00 

2Dd lllddliDI 1 8.22 4.40 W>.t1 
2Dd MicldUoa 2 : s.oo a 1,0490 5.25 2.81 t.Oit 
2Dd ltf.cldUna 3: 1,48 a 1.l'490 1.s5 0.83 41,40 
2Dd tuddUna 4: 2,62 a 1.0533 a 1,0490 2.89 1.S5 11,90 
2Dd tiiclcllioa St 0,62 a 1,('533 a l.o'tto 0.69 0.37 41,23 
2Dd Mfd 6:2,~1,0J40ale05J3Kl,0490 2,90 1,.55 22.69 
lalla& Lit 52,70 a 0.78 •41.11 

2nd 61.85 K .wi • A£h!2 
1114.S5 o.n 81.93 l&!a.U ,, .• ;a 0,72 

C.lculated 186,64 100,00 29.32 

Dr.Ol'TUU.DD tCAU.UlGIC&L MUMCI 
c:o.biD&cl Firat, leconcl, & Tbtrd Teata 

•taht, V.taht Da'f'!a 'lube, % 

HapeUta Dlatr. ""' 
!llttt brc;;IRt' 

2711.0 92.46 

48.0 t.64 
2S.4 0.87 . 
34,4 1.17 
18,4 0,63 
liSe! o.-'2 
35.2 1.20 

~ Iii~ 
2~11.9 1()('.(' .. ') 

Kasnetlte Dtatr, 
ftodpst "'· IJrsent lfcoY·Mt•Qititt -.,tU bpnt 

1at Coac:36,80&,8203K,889!K.952-25.S7 ) 
2769,0 2nd Cooc&38.30K,8226z,8864z,8961-25,02) 76,65 27,69 100.00 93.S4 

3rd Conc:42,45a,7748x.8643a,9169a26.06 
3rd IUdclUna 1 7.72 2,79 13 • .50 37.7 1,27 
3rd Midd11na 2: 7 • .57 z 1,0344 7,83 2,83 7,14 20,2 0.68 
3rd Midd1tna 3: 1,67 a 1,0344 1.73 0.62 34,37 21.3 0.72 
3rd Middltna 4: 3.03 a 1.0344 a 1,111 3.~ 1,26 12.05 15,2 Oe.51 
3rd Middltna 5: 0,83 a 1,0344 a 1,117 o.96 o.zs 39.78 u.t 0,47 . 
3rd IUd 6: 1,95 K l,Cl44 K 1.117 a 1,049 2.36 0,85 3.5.13 29.9 1.01 . 
Taila: let .52.70 a 0,78 • 41.11 

2Dd 61,85 K 0,66 • 40.82 
3Td 61.5Q X ~ • 65,81 

176.05 0,84 147.74 l76.QS 63.61 01184 .»..! ...i.~ 

Calculated 276.80 100,00 29.61. 2960,6 100,00 
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