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DISCLAIMER
By accessing and using the Alberta Energy website to download or otherwise obtain a scanned mineral
assessment report, you (“User”) agree to be bound by the following terms and conditions:

a)

b)

d)

Each scanned mineral assessment report that is downloaded or otherwise obtained from Alberta
Energy is provided “AS IS”, with no warranties or representations of any kind whatsoever from Her
Majesty the Queen in Right of Alberta, as represented by the Minister of Energy (“Minister”),
expressed or implied, including, but not limited to, no warranties or other representations from the
Minister, regarding the content, accuracy, reliability, use or results from the use of or the integrity,
completeness, quality or legibility of each such scanned mineral assessment report;

To the fullest extent permitted by applicable laws, the Minister hereby expressly disclaims, and is
released from, liability and responsibility for all warranties and conditions, expressed or implied, in
relation to each scanned mineral assessment report shown or displayed on the Alberta Energy website
including but not limited to warranties as to the satisfactory quality of or the fithess of the scanned
mineral assessment report for a particular purpose and warranties as to the non-infringement or other
non-violation of the proprietary rights held by any third party in respect of the scanned mineral
assessment report;

To the fullest extent permitted by applicable law, the Minister, and the Minister's employees and
agents, exclude and disclaim liability to the User for losses and damages of whatsoever nature and
howsoever arising including, without limitation, any direct, indirect, special, consequential, punitive or
incidental damages, loss of use, loss of data, loss caused by a virus, loss of income or profit, claims of
third parties, even if Alberta Energy have been advised of the possibility of such damages or losses,
arising out of or in connection with the use of the Alberta Energy website, including the accessing or
downloading of the scanned mineral assessment report and the use for any purpose of the scanned
mineral assessment report so downloaded or retrieved.

User agrees to indemnify and hold harmless the Minister, and the Minister’'s employees and agents
against and from any and all third party claims, losses, liabilities, demands, actions or proceedings
related to the downloading, distribution, transmissions, storage, redistribution, reproduction or
exploitation of each scanned mineral assessment report obtained by the User from Alberta Energy.

Alberta Mineral Assessment Reporting System A/(bml
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REPORT ON THE IRONCAP
GOLD PROPERTY
PEACE RIVER AREA, ALBERTA
Metallic and Industrial Minerals Permits
No. 9390100001 to 9390100008

prepared by
Marum Resources Inc
4606 5th St S.W.
Calgary, AB, T2S 2E5

April 21, 1995
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NOTICE

This report is the property of Marum Resources Inc. It represents a reference and
assessment document for Metallic and Industrial Minerals Permits No. 9390100001 to
9390100008. Exploration work on the permits will continue throughout 1995.

The subject permits are primarily viewed as areas for gold exploration. However, they were
also considered to have diamond exploration merit and a number of samples were
investigated for diamond indicator minerals.

MARUM RESOURCES INC.

Richard A.
Preside

April 21, 1995
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Project Overview

This compilation and assessment work report summarizes the results of three years
of exploration activities by several exploration teams. The work was performed during the
period January 1, 1992 to December 31, 1994. ‘

Initially, the work consisted of prospecting activities to collect samples and.
exploratory laboratory work intended to identify the presence of gold and platinum group
elements within the target formation, the upper Cretaceous Bad Heart formation.

Two conclusions were reached in the initial stages of exploration. First, that
particles of free gold occur in most crushed samples at magnification of 80 power or
higher. Second, the distribution and measurement of gold within the Bad Heart formation
is subject to a "nugget effect" which renders measurement of gold content expensive. It
should be noted that the gold occurs as bright yellow particles of native gold in an iron
silicate (chamosite) matrix and responds well to normal fire assay procedures. However,
the distribution of the gold within the formation:remains undetermined and the selection
of any particular 28 gram sample (one assay-ton) may not contain any gold or may contain
a large amount of gold. The solution to acquiring a reliable estimate of commercial gold
content is to perform hundreds of thousands of fire assays or to significantly increase the
raw sample size. The first solution is not economically feasible. The second solution
requires leaching of gold from crushed samples and the subsequent measurement of gold
contained in the leach liquor with this amount being pro-rated back to the original sample
weight, taking into account the amount of leach liquid employed in the procedure. This can
be achieved by precipitating the gold from the leach liquor and assaying the precipitate or
alternatively, by subjecting a representative sample of the leach liquor to neutron activation
analysis. :

During 1992, 1993 and 1994, eleven field expeditions were mounted to prospect the
surface occurrences of the Bad Heart formation and large samples were collected for
investigation in processing laboratories maintained by the prospecting teams. These initial
laboratory investigations resulted in the determination that fine, particulate native gold
occurred in most samples of the Bad Heart formation rocks. These same investigations
outlined the difficulties which would be encountered in estimating the gold content of the
formation for commercial purposes.

During 1994, the holders of the Metallic and Industrial Minerals Permits, entered
into an option agreement with Marum Resources Inc. of Calgary. A compilation of
geological information and geochemical results was undertaken in during 1994.
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Two additional exploration expeditions were carried out during 1994 and sufficient
samples were collected to further investigate the mineralogical characteristics of the Bad
Heart formation. Some of the initial samples were contaminated with small grains of
igneous rock which gave rise to speculation about the diamond bearing potential of this
sedimentary formation, but the grains were identified as contaminants relatively quickly
and no further diamond-related processing was undertaken.

Marum's exploration work during 1994 consisted of collecting and processing
surface samples in order to determine the nature of the Bad Heart formation and the-
geological mechanisms which control the distribution of gold within the rocks. Optical
inspection of raw samples, crushed samples and thin sections was undertaken by Marum's
principal consultant, Mr. Richard T. Walker. Numerous concentration and leaching
experiments were carried out by Marum staff with the concentrates and precipitates being
visually investigated or the leach liquors being subjected to neutron activation analysis.
Additional studies were undertaken by two other petrographic consultants. Consultations
were held with representatives of various laboratories and with members of the Geological
Survey of Canada concerning possible controls on gold mineralization. Leach tests were
carried out in commercial laboratories. Additionally, a pressurized sodium bromide leach
test was performed on four samples of material and encouraging qualitative results were
obtained. '

The results of the exploration work performed to date are positive in that they identify the
Bad Heart formation as a potential gold host. The distribution of gold within the formation
will be the focus of the next round of exploration which will be designed to investigate the
stratigraphic and facies controls, if any, leading to commercial concentrations of the yellow
metal.
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Structure of this report

This report is a compilation of relevant technical material bearing on the exploration
of the subject permits, assembled as a working data record and for permit assessment
purposes. A general description of the regional and gross stratigraphic geology is provided
by the Appendix 8. Moreover, the results of recent work, including petrographic studies are
represented by the complete reproduction of the appropriate reports in the Appendices.

The appendices include:

1 Photocopies of Metallic Mineral Exploration Permits No. 9390100001 to
9390100008, including a permit location map.

2 Ironcap Property (Bad Heart Formation) Outcrop Location, Sample Collection
and Sample Processing Program. -

This appendix contains the descriptions of 717 samples collected and analyzed
during the three year period extending from January 1, 1992 to December 31, 1994.
The collection, study, analysis and compilation of sample material contained in this
Appendix represents most of the quantitative data available for the Bad Heart
formation in the project area.

3 Petrographic Analysis of Outcrop Sample, Upper Cretaceous Bad heart
formation, Peace River Area; prepared for Marum Resources by Graham
Davies Geological Consultants, 1994.

This report describes three thin sections of Bad Heart formétion rock. The
petrographer was asked to search for volcaniclastic evidence and reported none.

4 Petrography of Sample RB#1 from NW Alberta, Report No. SSP-94-5/2,
prepared for Monopros Limited by Scott-Smith Petrology, 1994.

This report was prepared in cooperation with Monopros Limited. Two thin sections
and four polished sections were prepared for analysis. A complete petrographic
analysis is rendered in the report. Again, the petrographer was alerted to search for
evidence of volcanogenic affinity and found none.

5 Thin section description of three samples; prepared for Marum Resources Inc.
by Dynamic Geological Consulting, 1994,

" A petrographic description of three thin sections.
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6 Report of two samples of lIroncap formation material; prepared for Marum

Resources Inc. by Dynamic Geological Consulting, 1994.
A discussion of two processed samples of Bad Heart formation rock.
7 Neutron Activation Analysis; correspondence and summary information.

Neutron activation analysis was performed on approximately 20 samples of leach
liquor. Results ranged from trace amounts of gold and platinum group elements to
upwards of three ounces. The Neutron-Activation Analysis component of the
exploration program has to date been qualitative rather than quantitative. The
emphasis has, so far, been on validating the method for quantitative work during
1995 with precise measurement controls on the raw sample, the leaching process
and the leach liquor sampling process. In general, the qualitative work performed
so far has been successful with the generalized conclusion that the Bad Heart
formation does contain geochemically significant but erratically occurring gold.

8 Peace River Iron Deposits, Information Series 75, Alberta Research Council,
1975. :

This Appendix does not form part of this assessment report but is included for
general reference. This report is an excellent description of the project area and its
geology. The report infers in excess of 1.1 billion tons of iron-rich rock grading
between 32 and 36 percent total iron. Most of this "reserve" lies within the subject
permits. ’ :

Exploration Results

A three year program of exploration, sampling and laboratory analysis of the Bad
Heart formation oolitic, ferruginous sandstone has produced the following results.

1. The Bad Heart formation is conclusively diagnosed as a marine, stable shelf,
glauconitic, oolitic, ferruginous clastic rock deposited with a low
sedimentation rate in a quiet marine environment.

2. The Bad Heart formation contains anomalous, even spectacular amounts of
gold. The gold occurs as very fine particles of native metal which can be
observed visually at about 100 power magnification.
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3. Gold values vary dramatically, from traces to loosely extrapolated values of

several ounces per ton. Work to date on bulk samples has been designed
to qualitatively establish the physical, identifiable presence of gold in
samples taken from numerous locations. This has been achieved by visual
examination of crushed raw rock, by gravity concentration, by direct fire
assay, by visual inspection of leach precipitates, and by neutron activation
methods. ‘

The distribution of gold within the Bad Heart formation has not been defined.
Gold values are extremely erratic, even when comparing one ounce aliquots
from the same sample. Current exploration tends towards the leaching of
large, +20KG, samples in order to overcome the small scale variation in
values. ‘

Due to the preliminary nature of the sampling and analysis procedures
performed over three years and the initial thrust of the exploration program
to physically define the nature of the gold mineralization, there is a lack of
quantitative assay information, even though the results of over 700 detailed
samples analyses are represented by this report. This is partly due to the
fact that the exploration teams have been performing pioneer work in order
to-determine the most feasible method to quantify the gold content of the
Bad Heart target host. An informal overall average of 1 gm/Tonne gold
content can be inferred over the sample base processed so far.

The Bad Heart formation contains anomalous amounts of platinum group
metals, primarily osmium and iridium. These are also distributed erratically
in the sandstone.

The exploration programs carried out so far have not included any drilling.
Drill cores from drilling undertaken in the 1950's and 1960's cannot be
located. Consequently, the exploration efforts to date have not included any
detailed stratigraphic information which would shed light on stratigraphic or
facies related mineralization controls.

The Bad Heart formation does not contain any material which demonstrates
a volcaniclastic origin. Consequently, the formation is not currently
considered to be a diamond exploration target.

There are sufficient indications of gold mineralization in the Bad Heart
formation to justify continued exploration. :
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Recommended 1995 Exploration Program
The 1995 exploration program has two principal objectives:

1. To establish stratigraphic control over the data so far collected and to collect
new samples with precise stratigraphic and facies definition. This will require
a drill program of at least 12 holes.

2. To establish a quantitative geochemical database over the new sample
collection. This database will consist of results from fire assay of raw
samples as well as the results of quantified leach tests. .

1995 Ironcap Project Exploration Budget.

Field Operations $20,000
Leaching Tests $25,000
Drilling (12 holes to 200 feet) $25,000
Core & cutting processing $20,000
Contingency $10,000
Total $100,000

ichard

President
April 21, 1995
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| entneY /MINERAL RESOURCES DIVISION
;: I : . - T £ile No. 6890100002 to
Pt iraet North Towe! £890100009

gdmonton, Alberta
phone: (403) 427-7707 _
Fax! (403) 422-3044 Canada T5K 2G6

‘pebruary 7. 1994

423771 Alberta Lcd.
223 Creston Place
EDMONTON AB T5A 1X4

Dear S8ir,
xploration permit

Re: Metallic Mineral E
"NOB » QBQOIQOOQZ to 68201QO0Q9 :
jon (AR 66/93) provides

The Metallic & Industrial :
for the conversion of the older Metalllc Minerals Exploration Permite
i 15 Permits. An existing

to the neweX Meta

permit may be cancelled and a new pernit {gsued, with a term
commencement date of the existing permit. The advantage of the
conversion is & longer term with reduced overall work requirements.

of the Initial renewal yeax on

The above permits reached the end
1993 and October 19, 1993. The Department has reviewed your

October 2,
pernmits and has converted the permits as follows:
Existing New Permit Work Assessment Established
Exploration Nos. Period (Years) Credit
Permit Nos.
6890100002 9390100001 Second (3/4) nil
to to
6890100009 9390100008 Second (3/4) 4 nil

I am enclosing your copy of the Metallic & Imdustrial Minerals
P?rmita which conveys the rights to explore for Metallic & Industrial
Minerals within the locations descxibed therein.,

' Kindly pay gartiiuéar attention to Section 14 of the Reguiation,
gince your second perio assessment work will be re ired by Octob
1994 and October 19, 1994. ™ Y Octeber 2,

If you have any questions regarding the above, contact me at the

above number.
: : Yours truly,

Dt oo~
Brian Hudson
Manager

/le
enclosures Mineral Agreements

& Printad on flecycled Paper
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Aberia

ENERGY
Mineral Resources Division

METALLIC AND INDUSTRIAL MINERALS PERMIT NO. 9390100001

Date of Issue: 1994 February 7

Term Commencement Date: 1990 October 2

In this Permit:

() “Date of Issue” means the date shown above as the Date of Issue;

(b) "Location” means the tract or tracts of land described under the heading "Description of
Location” in the Appendix to this Permit;

(c) "Metallic and Industrial Minerals' means the minerals described under the heading
"Permitted Substances” in the Appendix t0 this Permit;

(d) "Permit Holder” means 423771 Alberta Ltd.

(¢) “Term Commencement Date" means the date shown above as the Term Commencement
‘Date. '

()  a reference in this Permit to the Mines and Minerals Act or to any other Act of the
Legislature of Alberta shall be construed as a reference to '

(i)  that Act, as amended from time to time,

(ii)  any replacement of all or part of that Act from time to time enacted by the
Legislature, as amended from time to time, and

(iii) an'y.regulations, orders, directives, by-laws or subordinate legislation from time
“to time made under any enactment referred to in clause (a) or (b), as amended

from time to time.

rmit Holder the right to explore for Metallic and Industrial

This Permit grants to the Pe
f the Crown in right of Alberta in the Location subject to the

Minerals that are the property O
following terms and conditions:
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APPENDIX
TO

METALLIC AND INDUSTRIAL MINERALS PERMIT NO. 93§0100001

COMMENCEMENT OF TERM:
1990 OCTOBER 2

AGGREGATE AREA:

4 248 HECTARES
DESCRIPTION OF LOCATION:

£-06-087: 32NE,L11,L14;33L13-L16:34L13NW
£€-06-088: 3W,L7N,L7SW,L8NW,LSW,L10,L15,L16;4;5;6N,LINE,
L3NW,L4-18;:75,NW,L9,L10,L15,L16SW;10L15, LINW, L2-1L4
£6-07-087: 26L13N,L14N,L15N;27L14N;33NE,L7E, L8NW, L14E; 34N,
L1N,L1SE, L2N, L2S¥,13, L4SE, L6-L8; 35N, 8W, L1N,L2,L7,L8 ; 36NW,
L3NW, L4N, L5, L6W, L7N,LSW,L10,L15,L16W
6-07-088: 1;26E,L3-LS,L168,L9SE;3;4N,L1,L2,L3E,L6SE,L75,L8;
5N, L2W, L3N, L3SE, L5-L7, LBNW; 6NW, L5, L6W, L8N, L8SE, L9, L1ON, L15,
L16;7S,L98.Ll°,L11;85,L9-L11,L128,L1583,L168:98,L9-L12,L13$,
. L14S,L158,L16;10S,L9SW,L10-L13,L148
6-08-088: 1L2,L3,L6SE,L7-L10,L11E,L16

PERMITTED SUBSTANCES:

METALLIC AND INDUSTRIAL MINERALS

SPECIAL PROVISIONS:

NIL
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METALLIC AND INDUSTRIAL MINERALS PERMIT NO. 4390100002
'Date'of Issue: 1994 Pebruary 7

Term Commencement Date: 1990 October 2

In this Permit:

(a) "Date of Issue” means the date shown above as the Date of Issue;

H

(b)  “Location" means the tract or tracts of land described under the heading "Description of
‘Location” in the Appendix to this Permit;

(¢) "Metallic and Industrial Minerals” means the minerals described under the heading
"Permitted Substances” in the Appendix to this Permit;

(d) "Permit Holder" means 423771 Alberta Ltd.

() ‘"Term Commencement Date" means the date shown above as the Term Commencement
Date. '

(f)  a reference in this Permit to the Mines and Minerals Act or to any other Act of the
Legislature of Alberta shall be construed as a reference to

(i)  that Act, as amended from time to time,

(i)  any replacement of all or part of that Act from time to time enacted by the
Legislature, as amended from time to time, and

(iii) any regulations, orders, directives, by-laws or subordinate legislation from time
to time made under any enactment referred to in clause (a) or (b), as amended
from time to time.

This Permit grants to the Permit Holder the right to explore for Metallic and Industrial
Minerals that are the property of the Crown in right of Alberta in the Location subject to the

following terms and conditions:
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6-04-089:

6-04-090:

6-05-050:
6-05-091:

NIL

APPENDIX

TO

METALLIC AND INDUSTRIAL MINERALS PERMIT NO. 9350100002

COMMENCEMENT OF TERM:
1990 OCTOBER 2
AGGREGATE AREA:
7 832 HﬁCTARSS

DESCRIPTION OF LOCATION:

26N,L5-L3;27N,LS-LG;29N,LS-L8;3OL8,L9,L16;31L1,
L8,L9,L16;32-35 . '
2wW,L1,L2,L7;3-5;6L1,L8,L9,L15E,L16; 7NE, L1, L2E, L7,
18;8-10;11L3W,14,LS,L125W;15W, L1W,L2,L7,L10W;16;17;18E, L3E,
L6,L21,L13,L14;198,L3,L4,L6,L14NE;20;218,L9-L13;29L1S,L2-1L5;
308E,NW,L3,L5,L6,L59,L10,L15,L16W;31L3~L5,L12,L13
25L9,L14-L16;36 '
1;2;3L1E,L8,L9,L15,L16;10L1,L8,L9,L15,L16;11; -
12L18,L25,L3-L5,L6W,L12,L13;1314;145W,L1,L2,L7,L88, LENW,
L10S,L10NW,L11-L13,L14S,L14NW; 15N, SE, L3, L4, L5E, L6; 16NE, L11N,
L12N,L13,L14;218,L9-L12;225W,L1,L2,L78,L7NW,L10W, L11,L12

PERMITTED SUBSTANCES:

METALLIC AND INDUSTRIAL MINERALS

SPECIAL PROVISIONS:
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Aberia

ENERGY
Mineral Reecurces Division

METALLIC AND INDUSTRIAL MINERALS PERMIT NO. 4350100003

Date of Issue: 1994 February 7

Term Commencement Date: 1990 October 2

In this Permit:

(a) "Date of Issue” means the date shown above as the Date of Issue;

(b)  "Location" means the tract or tracts of land described under the heading "Description of
Location” in the Appendix to this Permit;

(¢) "Metallic and Industrial Minerals” means the minerals described under the heading
"Permitted Substances"” in the Appendix to this Permit; -

(d) 'Permit Holder" means 423771 Alberta Ltd.

(e) *Term Commencement Date" means the date shown above as the Term Commencement

‘ Date.

(f)  a reference in this Permit to the Mines and Minerals Act or to any other Act of the

Legislature of Alberta shall be construed as a reference to
()  that Act, as amended from time to time,

(ii) any replacement of all or part of that Act from time to time enacted by the
Legislature, as amended from time to time, and

(i) any regulations, orders, directives, by-laws or subordinate legislation from time
to time made under any enactment referred to in clause (a) or (b), as amended
from time to time.

This Permit grants to the Permit Holder the right to explore for Metallic and Industrial
Minerals that are the property of the Crown in right of Alberta in the Location subject to the
following terms and conditions:
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APPENDIX
TO

METALLIC AND INDUSTRIAL, MINERALS PERMIT NO. 9390100003

COMMENCEMENT OF TERM:
1930 OCTOBER 2
AGGREGATE AREA:
3 448 HECTARES

DESCRIPTION OF LOCATION: | .

6-03-088: 7;8L5W,L13NW,L14N;15L3W,L4,L5,L68W;15L1N,L2N,L4N, )
LS-LB,LIISW,L12,LlJSW;l?N,SW,LlN,L2,L7,L8;18;19:2OL2W,L3,L4,
LSS,LGS,L?SW,L13NW;2GL13NW;29NW,L{,LS,LSW,LION,LIS,L16;30;
318,NB,L11,L14SE;32;33NW.L4,L5,L6W '

6-03-089: 4L4;5L1~L4,LSS,LGS,L?S,LSS

6-04-088; 12;13;24:25:36L1,LB,L9,L108.L152,L16

PERMITTED SUBSTANCES;:

METALLIC AND INDUSTRIAL MINERALS

SPECIAL PROVISIONS:

NIL
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ENERGY

‘Mineral Reacurces Division

METALLIC AND INDUSTRIAL MINERALS PERMIT NO. 4390100004

This Permit grants to the Permit Holder the right t

Minerals that are the property o
following terms and conditions:

Date of Issue: 1994 February 7
Term Commencement Date: 1990 October 2
In this Permit:
(a) ‘"Date of Issue” means the date shown above as the Date of Issue;
(b) "Location" means the tract or tracts of land described under the heading "Description of
‘ Location” in the Appendix to this Permit;
(¢) "Metallic and Industrial Minerals® means the minerals described under the heading
"Permitted Substances” in the Appendix to this Permit; '
(d) “Permit Holder" means 423771 Alberta Ltd.
(e) "Term Commencement Date” means the date shown above as the Term Commencement
Date. :
(3) 4 reference in this Permit to the Mines and Minerals Act or to any other Act of the
Legislature of Alberta shall be construed as a reference to
. (i)  that Act, as amended from time to time,
(i) any replacement of all or part of that Act from time to time enacted by the
Legislature, as amended from time to time, and
(ii) any regulations, orders, directives, by-laws or subordinate legislation from time

to time made under any enactment referred to in clause (a) or (b), as amended
from time to time.

o explore for Metallic and Industrial
f the Crown in right of Alberta in the Location subject to the
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APPENDIX

TO

METALLIC AND INDUSTRIAL MINERALS PERMIT No. $39010000¢

COMMENCEMENT oF TERM:
1990 OCTOBER 2
AGGREGATE Anga,

6 296 HECTARES

DESCRIPTION OF LOCATION:

§-03-086: 19N,L1,L2N,L3

N,LdN,L5-L8;20;21;22W;26L12,L13S;
27N,8W;28-30

16;17L1N,L2N,LGE,L7-L9,LIOS,LISE;IBLISN;ISLI,LZN,

L7E,LB,LS,LIOE,L15NE,L16N;20;21;28W,L2,L7W,L10W,L15W;29L1N,
L2,L3,L4E.LSE,LG-LS,LIOS,LllS,LlGE;B

0L1,L233;33L1N,L2,L3,
L4E,LSE,L6-L9,L108,LllS,LlSB ’

6-04-085;

€-04-086:

,LSSE,LGS,L7S,L8,
,L9W,L165E;11L3W,L4-
.Ll4E,L15;13L5W,L12,L13;14SE,L3E,L9,L10E,

L8;32NW,LlW,L2,L3E,L4N,LS-LIO,LIS,LIGS'
6-04-087; SS,NW,LlO,LlS;7L2,L3,L¢SE
6-05-0g6. 36L9E, L16E

6-05-087; lNE,LZN,LSE,LGN

SPECIAL PROVISIONS,

NIL
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Aberia

ENERGY
Mineral Resources Division

METALLIC AND INDUSTRIAL MINERALS PERMIT NO. 9390100005
Date of Issue: 1994 February 7

Term Commencement Date: 1990 October 2

In this Permit:
(a) "Date of Issue” means the date shown above as the Date of Issue;

(b)  "Location” means the tract or tracts of Jand described under the heading "Description of
Location” in the Appendix to this Permit;

(¢)  "Metallic and Industrial Minerals" means the minerals described under the heading
"Permitted Substances” in the Appendix to this Permit; .

(d) "Permit Holder" means 423771 Alberta Ltd,

(¢) "Term Commencement Date"” means the date shown above as the Term Commencement
Date.

(f)  areference in this Permit to the Mines and Minerals Act or to any other Act of the
Legislature of Alberta shall be construed as a reference to

(i) that Act, as amended from time to time,

(i)  any replacement of all or part of that Act from time to time enacted by the
Legislature, as amended from time to time, and

(iii)  any regulations, orders, directives, by-laws or subordinate legislation from time
to time made under any enactment referred to in clause (a) or (b), as amended
from time to time.

This Permit grants to the Permit Holder the right to explore for Metallic and Industrial
Minerals that are the property of the Crown in right of Alberta in the Location subject to the

following terms and conditions:



i

A

o -

l

A]

METALLIC AND INDUSTRIAL MINERALS PERMIT NO.

~“Teuour D BRYANT PAGE

APPENDIX

TO

9390200005

COMMENCEMENT OF TERM:

13950 OCTOBER 2

AGGREGATE AREA:

2 872 HECTARES

DESCRIPTION OF LOCATION: .

6-02-086:

6-03-086:

15W,L2W,L7N,L7SW,LBN,LS,LIO,LIS;IGE
Lll,L12NE,L13,L14;19L1N,L2N.L3NE,LG-LB L9sW

}LllN!,LIZN,L12SE,Ll3,L14N,LliSW:ZOLS—LB:21;22$W,L2S'288,
L9-L12;308W, L2wW, 17

3NW, L5, L6W, LONW, L1ON,L1S,L16;4NE
SL1-LS;9SE, L3, LSE,L16E;10;11L8N, LS,L10E, L13N

PERMITTED SUBSTANCES:

METALLIC AND INDUSTRIAL MINERALS

SPECIAL PROVISIONS:

NIL
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METALLIC AND INDUSTRIAL MINERALS PERMIT NO. 9390100006

Date of Issue: 1994 Pebruary 7

Term Commencement Date: 1950 October 19

In this Permit:

(a) - "Date of Issue" means the date shown abave as the Date of Issue;

(b)  "Location" means the tract or tracts of land described under the heading "Description of
Location” in the Appendix to this Permit; :

()  "Metallic and Industrial Minerals" means the minerals described under the heading
"Permitted Substances" in the Appendix to this Permit; :

(d) “Permit Holder" means 423771 Alberts Ltd. 75%

Eastabrook Construction Ltd. 25%

(¢)  "Term Commencement Date" means the date shown above as the Term Commencement
Date.

() areference in this Permit to the Mines and Minerals Act or to any other Act of the

Legislature of Alberta shall be construed as a reference to

(i) that Act, as amended from time to time,

(ii)  any replacement of all or part of that Act from time to time enacted by the
Legislature, as amended from time to time, and

(iii)  any regulations, orders, directives, by-laws or subordinate legislation from time

to time made under any enactment referred to in clause (a) or (b), as amended
from time to time., : .

This Permit grants to the Permit Holder the right to explore for Metallic and Industrial

Minerals that are the property of the Crown in right of Alberta in the Location subject to the
following terms and conditions:
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APPENDIX

TO

METALLIC AND INDUSTRIAL MINERALS PERMIT NO.

COMMENCEMENT OF TERM:
1990 OCTOBER 19
AGGREGATE AREA:

16 HECTARES

' DEBCRIPTION OF LOCATION:
ls-oa-oav: 3312
PERMITTED SUBSTANCES:

METALLIC AND INDUSTRIAL MINERALS

SPECIAL PROVISIONS:

N1L

9390200006

PAGE 1%
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(D)  areference in this Permit

PAGE 3

Abeng

ENERQGY
Mineral Resouroes Division

METALLIC AND INDUSTRIAL MINERALS PERMIT Ng,

9390100007
Date of Issue: 1994 February 7

Term Commencement Date: 1990 October 19

In this Permit: -

(a) "Date of Issue* means the date shown above as the Date of Issue;
.(b) "Location” means the tract or tracts of lan

d described under the heading "Description of
Location" in the Appendix to this Permit SR

(¢)  "Metallic and Industrial M

inerals” means the minerals described under the heading
"Permitted Substances” in ¢

he Appendix to this Permit;

(d)  “Permit Holder" means 423771 Alberta Ltd. 75%
' Estabrook Construction Ltd. 25%

(¢) "Term Commencement Date" means the date shown above as the Term Commencement
Date.

() that Act, as amended from time to time,

(i)  any replacement of all or part of that A

ct from time to time enacted by the
Legislature, as amended from time to tim

e, and

(iii) any regulations, orders, directives, by-laws or subordinate
to time made under any
from time to time,

legistation from time
enactment referred to in clause (a) or (b), as amended

This Permit grants to the Permit Holder the right to explore for Metallic and Industrial

t
Minerals that are the property of the Crown in right of Alberta in the Location subject to the
following terms and conditions:
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APPENDIX

TO

METALLIC AND INDUSTRIAL MINERALS PERMIT NO.

COMMENCEMENT OF TERM:
1990 OCTOBER 19
AGGRBGATé AREA:

16 HECTARES

DESCRIPTION OF LOCATION:
6-04-086: 35LS
PERMITTED SUBSTANCES:

METALLIC AND INDUSTRIAL MINERALS

SPECIAL PROVISIONS:

NIL

9380100007

e
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ENERGY
Minersl Resources Division

METALLIC AND INDUSTRIAL ‘MINERALS PERMIT NO. 390100008

Date of Issue: 1994 February 7

Term Commencement Date: 1990 October 19

In this Permit:

(a)
(b)

(©)

(d)

(e)

®

"Date of Issue" means the date shown above as the Date of Issue;

"Location” means the tract or tracts of land described under the heading "Descriptior
Location” in the Appendix to this Permit;

"Metallic and Industrial Minerals" means the minerals described under the heac
"Permitted Substances" in the Appendix to this Permit;

"Permit Holder" means 423771 Alberta Ltd. 75%
_ Estabrook Construction Ltd. 25%

"Term Commencement Date” means the date shown above as the Term Commencem:
Date.

a reference in this Permit to the Mines and Minerals Act or to any other Act of t
Legislature of Alberta shall be construed as a reference to

(i)  that Aect, as amended from time to time,

(ii)  any replacement of all or part of that Act from time to time enacted by t
Legislature, as amended from time to time, and

(ifi) any regulations, orders, directives, by-laws or subordinate legislation from tir

to time made under any enactment referred to in clause (a) or (b), as amend:
from time to time.

This Permit grants to the Permit Holder the right to explore for Metallic and Industri

Minerals that are the property of the Crown in right of Alberta in the Location subject to t!
following terms and conditions:
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APPENDIX
TO

METALLIC AND INDUSTRIAL MINERALS PERMIT NO.

COMMENCEMENT OF TERM:
1950 OCTOBER 19
AGGREGATE AREA:

16 HECTARES

DESCRIPTION OF LOCATION:
6-05-087: 14L11
PERMITTED SUBSTANCES:

METALLIC AND INDUSTRIAL MINERALS

SPECIAL PROVISIONS:

NIL

8390100008

e

1-
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Appendix 2 - Page 1

Ironcap Property (Bad Heart Formation)
~ Outcrop Location, Sample Collection
and Sample Processing Program.
(717 samples)
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Appendix 2 - Page 2

Results of the Regional Outcrop Mapping Project

Due to the nature of the terrain, locating outcrops over such a large property consumed a
considerable number of man days. The initial, and most extensive sampling was carried out on
easily accessible materials found along existing road cuts or in pre-existing pits. The regional
outcrop mapping project resulted in the collection of small representative samples from scattered
locations and established locations for the collection of more comprehensive samples in the
future.. This program may be continued as required since the area is widely covered with seismic
lines which likely contain numerous outcrop opportunities.

Due to the flat-lying character of the Bad Heart formation, field teams were able to more
efficiently locate outcrops by concentrating in areas where the current ground surface occurred '
between 2,500 and 2,600 feet above sea level (ASL), as determined by a portable altimeter. This
technique was used on roadways and also on trails, cut lines and overgrown seismic lines. Several
new outcrop locations were identified. Additionally, a number of locations within the appropriate
altitude zone were noted as having red, rusty looking soil and were designated as possible outcrop '
locations.

The weak grain cementation of the Bad Heart formation causes the exposed rock to crumble upon
exposure making outcrop identification by shape next to impossible. Some success in identifying
outcrop locations was achieved by looking for rusty blooms along the roadways within the pre-
defined altitude zone.

Generally, the Bad Heart formation outcrops have been uniformly and heavily weathered to a light
red, rusty material that is very friable and can be crumbled into clumps and grains by hand. The ‘
red stain at surface is usually the first indicator of exposure, except in the more northerly
exposures along Rambling Creek where weathering is less intense and the outcrops are dark grey
brown in colour. Small exposures in this area are very hard to identify. Over the entire area, there
are also small outcrop exposures that are covered in a grey white coating, probably a calcite or
salt crust. These are difficult to notice and their identification is made easier by narrowing the
search focus to the altimeter range within which the formation is expected to occur.
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Assay Data

The gold assay part of this project has been a source of great encouragement and great
frustration. Initial assay results yielded high values and high expectations. As the assay data base
increased it became evident that the quantification of gold in this target host would not be as easy
as indicated by the initial results. Assay values proved to be extremely variable and the

_ establishment of a consistent grade baseline proved impossible. As testing progressed, there

developed a suspicion that the “ore” was complexing gold and thwarting normal fire assay A
methods. Consequently, project testing was then focused on the refractory nature of the rock and
in time more consistent results were obtained. With further work, a pattern began to develop that
led to the suspicion that the extreme variability in gold grades could be due to a nugget effect
caused by erratic distribution of high single-point values throughout a more or less homogeneous
rock matrix. More assays from many samples were processed but this proved only moderately

- successful and it was decided that the cost of such a sustained program would be unacceptable.

Shortly thereafter, a program to investigate effective methods of producing concentrates for assay
was undertaken. Several gravity concentration tests were performed to determine the most

" effective methods. So far, elutriation procedures and centrifugal concentrators have yielded the

best results. Experiments with vibrating tables failed to yield acceptable results mainly due to the
very clayey nature of the finely crushed rock. The clay tended to clog the riffles and to generally
interfere with recovery. In general, pre-concentration was successful in that it tended to reduce

the nugget effect.

Pre-concentration of rock samples was adopted as a standard analytical procedure and
lead to the investigation of various crush sizes in order to maximize the liberation of gold
particles. It was found through successive crushing tests on sample fractions that crush sizes of
minus 100 mesh were needed with even finer crush sizes being desirable. However, given the
attendant difficulty experienced with fine crush materials in a gravity concentration circuit,
crushes of minus 150 mesh were not advantageous. :

With the higher analytical result consistency found in pre-concentrated samples, further
work addressing the refractory nature of the rock was undertaken. Several approaches were '
evaluated. These included specialized fluxing in fire assays, neutron activation, acid digestion, and

roasting of the rock. Acid digestion and roasting were found to be of benefit. Neutron activation
was considered accurate but with the necessarily small sample size that this technique requires the
nugget effect reduces the applicability neutron activation as a primary analytical tool for this
project. Some work was performed on the amalgamation of raw and treated ores in order to
detect free gold.
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Assay Data (cont’d)

Allowing for the routine pre-concentration of raw samples using gravity methods,
standard gold fire assay techniques have proved to be the most effective in determining gold
content. This is no doubt because the gold appears to occur as discrete, very fine particles of
native gold. One indicated course of action, to optimize gold recovery, would be to evaluate very
large samples of one tonne or more through optimal crush and pre-concentration to be followed
by assay of the concentrates. The concentrates may or may not need roasting and/or acid
digestion and further work will be performed to assess the need for more extensive assay
procedures. Some preliminary bottle roll leach tests of both raw and concentrated ore have been

completed with encouraging results
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MAP REFERENCE NUMBER

These are the locations and sample reference codes, indicated on Map 2 of this Appendix,
where multiple samples of Bad Heart Formation rock was collected. See next page fora
description of the sample locations.

%* 1
* 2
%3
* 4
* 5
* 6
* 7
%* 8
* 9

*# - Bad Heart Formation Multiple Sample Location
—~cWFF
INCP, INCPS, WP-E, WPET, WPEM, WPEB@F]WPNT, WPNM
INCPR | -
WRS, SCB,SCM, SCT,
RCT, RCM, RCB
HC :
SL1B, SLIM, SLIT
SL2B, SL2M, SL2T
NTI1, NT2
NS1, NS2, NS3



i

INCP-
INCPR-
INCPS-
WP-E-
WRS-
WPET-
WPEM-
WPEB-
WPF-
WPNT-
WPNM-
HC-
SCB-
SCM-
SCT-
SL1B-
SLIM-

- SL1T-

SL2B-
SL2M-
SL2T-
RCT-
RCM-
RCB-
NT1
NT2

- NS1

NS2
NS3
DI

RC
RC_DI
WM_DI
NS_DI

'Appendix 2 -Page 6

SAMPLE LOCATION CODES AND SITE DESCRIPTIONS

- Sample from Worsley pit

Sample from seam of ore exposed along Worsley road near pit
Sample from south wall of Worsley pit
Sample from south east wall of Worsley pit

Sample from road cut north west of Worsley pit

Sample from east wall of Worsley pit- top of exposure
Sample from east wall of Worsley pit- middle of exposure
Sample from east wall of Worsley pit- bottom of exposure
Sample from floor of Worsley pit '
Sample from north face of Worsley pit- top of exposure
Sample from north face of Worsley pit- middle of exposure
Sample from test pit dug next to Rambling Creek by ARC
Sample from Running Lake Road exposure- bottom
Sample from Running Lake Road exposure- middle
Sample from Running Lake Road exposure- top

Sample from first Stony Lake Road exposure- bottom
Sample from first Stony Lake Road exposure- middle
Sample from first Stony Lake Road exposure- top
Sample from second Stony Lake Road exposure- bottom
Sample from second Stony Lake Road exposure- middle
Sample from second Stony Lake Road exposure- top
Sample from exposure along Rambling Creek- top
Sample from exposure along Rambling Creek- middle
Sample from exposure along Rambling Creek- bottom
Sample from Notikewin Tower Road

Sample from Notikewin Tower Road

Sample from Notikewin Tower Road drainage crossing
Sample from Notikewin Tower Road drainage crossing
Sample from Notikewin Tower Road drainage crossing
Diamond indicator sample site

Sample from Whitemud River drainage

Sample from Rambling Creek drainage

Re-test of RC for diamond indicator minerals

Re-test of WM for diamond indicator minerals

Re-test of NS for diamond indicator minerals
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CODE

FAR
FAPT
FAS

SCR
SCPT
SCS

LT
LC

'LAR

SPA

ADF
ADS

ADAR

GCP
GCT
GCE

oC
RT
SED

SP
CR
CRD

SAMPLE PROCESSING CODES

Standard fire assay of raw ore

Fire assay of pre-treated ore

Fire assay using sieved fractions of raw ore -
used to reduce "nugget effect”.

Scorification assay of raw ore

Scorification assay of pre-treated ore
Scorification assay of sieved fractions of raw ore
to reduce "nugget effect”.

Neutron Activation

Bottle roll leach test using thiourea

Bottle roll leach test using cyanide

Bottle roll leach test using aqua regia

Small plate amalgamation used for
amalgamation of lab samples of less than five
assay tons. Mercury coated copper plate is
used to gather free gold from slurried sample
manually applied to plate.

Bottle roll amalgamation of larger samples.
Sample digested in Hydrochloric Acid
Sample digested in HydrofluoricAcid

- Sample digested in Sulphuric Acid

Sample digested in Nitric Acid

Sample digested in Aqua Regia

Gravity concentration by panning
Gravity concentration by vibrating table
Gravity concentration by elutriation tower.
Microscopic examination

Optimal crush size

Roast

Sediment diamond indicator test

Till diamond indicator test

Garnet

Spinel

Cromite

Chrome Diopside
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SAMPLE ANALYSIS SHEET
(including cost allocation per sample in dollars)
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Appendix 2 - Page 9

SAMPLE ANALYSIS SHEET (including cost allocation per sample in dollars)

30

COST NUMBER
100 INCP-1
100 INCP-2
100 INCP-3
100 INCPR-1
100 INCPR-2
100 INCPR-3
100 INCPS-1
100 INCPR-2
100 INCPR-3
30 WP-El
30 WP-E2
30 WP-E3
30 WP-E4
30  WP-ES
50 WP-E6
30  WP-E7
30 SCM-1
30 SCM-2
30 SCM-3
30 SCM-4
30  SCM-5
30 SCM-6
50 SCM-7
30 SCT-1
30 SCT-2
30 SCT-3
30 SCT-4
30  SCT-5
50 SCT-6
30  SCB-1
30 . SCB-2
30 SCB-3
30 SCB-4
30 SCB-5
50 SCB-6
30 HC-1
30 HC-2
HC-3

LAB

YG
YG
YG
YG
YG
YG

SRS S e e e e S >

>

ANALYSIS
GCP-ME
GCP-ME
GCP-ME
GCP-ME
GCP-ME
GCP-ME

GCP-ME
GCP-ME
GCP-ME
FAR
FAR
FAR
FAR
FAR
SPA

FAR
FAR
FAR
FAR
FAR
FAR
FAR
SPA
FAR
FAR
FAR
FAR
FAR
SPA
FAR
FAR
FAR
FAR
FAR
SPA
FAR

FAR
FAR

RESULT

Visible gold

Visible gold

Visible gold

Visible gold

Visible gold

Visible gold - one flake bigger than 20
mesh

Visible gold - one silver white flake

Visible gold

Visible gold

.10Z/T AU

.12 0Z/T AU

.03 OZ/T AU

.16 OZ/T AU

.04 OZ/T AU

3 OZ/T AU Two flakes larger than 20
mesh.

COMMENTS

.08 OZ/T AU
.09 OZ/T AU
.02 0Z/T AU

.110Z/T AU .

.09 OZ/T AU

.070Z/T AU

.13 OZ/T AU

.10Z/T AU

.12 0Z/T AU

.10Z/T AU

.07 0Z/'T AU

.030Z/T AU

.04 OZ/T AU

.18 OZ/T AU

.02 OZ/T AU

.08 OZ/T AU

.11 0Z/T AU

.08 OZ/T AU

.73 OZ/T AU

.2 0Z/T AU

.05 OZ/T AU Sample from material left at

rail head from previous
sample program.

.14 OZ/T AU

.11 0Z/T AU
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SAMPLE ANALYSIS SHEET /
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COSTNUMBER LAB . ANALYSIS RESULT COMMENTS
30 HCA4 A FAR .03 OZ/T AU
30 HC-5 A SPA .04 OZ/T AU
30 WRS-1 A FAR 12 0Z/T AU
30 WRS-2 A FAR .04 OZ/T AU
30 WRS-3 A FAR .08 0Z/T AU
30 WRS-4 A-  FAR .02 0Z/T AU
50 WRS-5 A SPA .10Z/T AU
30  WPET-1 A FAR. .06 OZ/T AU
30  WPET-2 A FAR .11 0Z/T AU
30 WPET-3 A  FAR .02 OZ/T AU
50 WPET-4 A SPA .09 OZ/T AU
30  WPEM-I1 A FAR .02 OZ/T AU
30 WPEM-2 A FAR .07 OZ/T AU
30 WPEM-3 A FAR .14 OZ/T AU
50 WPEM-+4 A SPA 20Z/T AU
30  WPEB-1 A FAR .09 OZ/T AU
30  WPEB-2 A FAR 12 0Z/T AU
30  WPEB-3 A FAR .04 OZ/T AU
50 WPEB-4 A SPA .07 OZ/T AU
30  WPF-1 A FAR .02 0Z/T AU
30  WPF-2 A FAR .08 OZ/T AU
30  WPF-3 A FAR .08 OZ/T AU
30 WPF-4 A FAR .04 OZ/T AU
50  WPE-5 A SPA .09 0Z/T AU
12  WPET-5 L FAR TRACE

12  WPET-6 L FAR .02 OZ/T AU
12 WPET-7 L FAR TRACE

12 WPEM-§ L FAR 030Z/TAU
12  WPEM-6 L FAR .02 OZ/T AU
12  WPEM-7 L FAR TRACE

12 WPEB-5 L FAR TRACE

12  WPEB-6 L FAR TRACE

12  WPEB-7 L FAR .06 0Z/T AU
12 SCM-8 L FAR .02 0Z/T AU
12  SCM-9 L - FAR .02 OZ/T AU
12 SCM-10 L FAR TRACE

12 SCB-7 L FAR .02 OZ/T AU
12  SCB-8 L FAR .09 OZ/T AU
12 SCB-9 L FAR TRACE
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SAMPLE ANALYSIS SHEET

12

16

WPEM-13

LAB ANALYSIS

COST NUMBER
12 SCT-7 L
12 SCT-8 L
SCT-9 L
12 SCM-11 L
12 SCM-12 L
12 SCT-10 L
12 SCT-11 L
12 SCB-10 L
12 SCB-11 L
12 WPEB-8 L
12 WPEB-9 L
12 WPEB-10 L
12 WPEM-5 L
12 WPEM-6 L
12 WPEM-7 L
12 WPEB-11 BC
12 WPEB-12 BC
12 WPEM-8 BC
12 WPEM-9 BC
12 SCB-12 BC
12 SCB-13 BC
100 SCB-14 YG
100 SCB-15 YG
40 WPEM-10 YG
100 WPEM-11 A
120 WPEM-1la A
100 WPEM-11b A
100 WPNT-1 YG
100 WPNT-2 YG
100  WPNM-1 YG
100 - WPNM-2 YG
100 WPEM-12 YG
100 WPEM-12a YG
100 WPEM-12b YG
120 WPEM-12bl YG

YG

FAR
FAR
FAR
FAS

FAS

FAS

FAS

FAS
FAS
FAS
FAS
FAS

FAS

FAS
FAS

FAS
FAS

FAS

FAS

FAS

FAS
GCP-ME
GCP-ME
GCp
GCP-ME
ADH-ME

ME

GCP-ME
GCP-ME
GCP-ME
GCP-ME
GCP-ME
GCP-ME

GCP-ME

f
ADH-ME
SCR

RESULT COMMENTS

TRACE
.03 0Z/T AU
.02 OZ/T AU

. .06 OZ/T AU

.03 OZ/T AU

.05 0Z/T AU

.04 OZ/T AU

.04 OZ/T AU

.08 OZ/T AU

TRACE

.04 0Z/T AU

.03 OZ/T AU

.05 OZ/T AU

TRACE

.07 OZ/T AU

TRACE

TRACE

TRACE

.03 OZ/T AU

.02 0Z/T AU

TRACE

Visible gold

Visible gold

Visible gold

Visible gold with heavy iron coat
Acid clean of WPEM-11 over twice as
much visible gold

Detailed examination of visible gold
Visible gold

Visible gold

Visible gold

Visible gold

- 100% passes 50 mesh one flake AU

Recrush to 100% pass 80 mesh - 7 1
flakes visible

" Recrush to 100% pass 100 mesh - 15

lakes visible
Acid clean of 12b - 27 flakes visible
.04 OZ/T AU
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SAMPLE ANALYSIS SHEET

COST NUMBER

16
16
16
16
16
16
16
16
16
50
100
16
200

1200

200
40
40
40
40
40
25
25
40
40
40
200
200
200
230
230
230
50
50
50
50
50
50
50
50
50

WPEM-14
WPEM-135
WPEM-16
WPEM-17
HC-6
HC-7
HC-8
HC-9
HC-10
WPEM-18
WPEM-19
WPEM-19a
WPEM-20
WPEM-21
WPEM-22
WPEM-23
WPEM-24
WPEM-25
WPEM-26
WPEM-27
WPEM-28
WPEM-29
WPEM-30
WPEM-31
WPEM-32
WPEM-33
WPEM-34
WPEM-335
WPEM-36
WPEM-37
WPEM-38
WPEM-39
WPEM-40
WPEM-41
WPEM-42
HC-11
HC-12
HC-13
HC-14
SCT-12

LAB

ANALYSIS RESULT

SCR
SCR
SCR
SCR
SCR
SCR
SCR
SCR
SCR
SPA .
ADH-SPA
SCPT

COMMENTS

.06 OZ/T AU
.06 OZ/T AU
<.025 OZ/T AU
.110Z/T AU -

.07 0Z/T AU

.03 OZ/T AU

.05 OZ/T AU

<.025 0Z/'T AU

.05 0Z/T AU

BLANK

Visible gold

Scorify of above - .08 oz/t AU
TRACE Bottle roll-cyanide
BLANK

TRACE A

.18 OZ/T AU Amalgamation of
21 OZ/T AU five assay ton samples.

.13 OZ/T AU

.44 OZ/T AU
.62 OZ/T AU
TRACE
TRACE

3 0Z/T AU Amalgamation of

27 OZ/T AU ten assay ton samples.
.710Z/T AU

<.025 OZ/T AU Bottle roll

<.025 0Z/T AU thio-urea

<.025 0Z/T AU

.06 OZ/T AU Pre-treat and bottle roll
.06 OZ/T AU thio-urea leach.

.04 0Z/T AU

.03 OZ/T AU Pre-treat and amalgamate
.07 OZ/T AU

.05 OZ/T AU

.1 0Z/T AU

.06 OZ/T AU Pre-treat and amalgamate
.14 OZ/T AU -

<.025 OZ/T AU

.04 OZ/T AU

.04 OZ/T AU Pre-treat-amalgamate

Neutron activation.
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SAMPLE ANALYSIS SHEET

COST NUMBER LAB ANALYSIS RESULT COMMENTS

50 SCT-13 YG ADS-A .07 OZ/T AU Acid pre-treat and

50 SCT-14 YG ADS-A .04 OZ/T AU amalgamate.

50 SCT-15 YG ADS-A .04 0Z/T AU

50 SCB-16 = YG ADS-A .11 OZ/T AU Acid pre-treat and

50 SCB-17 YG ADS-A .47 OZ/T AU amalgamate.

50 SCB-18 YG ADS-A .09 0Z/T AU

50 SCB-19 YG ADS-A .07 OZ/T AU

50 SCB-20 YK -ADS-A .09 OZ/T AU Series of acid pre-treat

50 SCB-21 YK ADS-A .23 OZ/T AU and amalgamate. Five

50 SCB-22 YK  ADS-A .18 OZ/T AU assay ton samples.
SCB-23 YK LOST TO LAB ACCIDENT

50 SCB-24 YK ADS-A  .140Z/T AU

50 SCM-13 YK ADS-A .08 OZ/T AU

50 SCM-14 YK ADS-A .08 OZ/T AU

50 SCM-IS YK ADS-A .10Z/T AU

50 SCM-16 YK ADS-A .07 OZ/T AU

120 WPEM-43 TM GCT-ME Visible gold-some white metal flakes

100 WPEM-44 A ME Crushed sample washed and examined- visible gold-

white flakes - lumpy grey white metalic nicknamed "pudding”. Individual particles pulled for
SEM. Gold flakes hackly and semi crystaline as well as some more worn that had probably been -
transported in a placer environment. The white flakes and the "pudding" were both put through a
hydrochloric acid treatment. White flakes dissolved as did the white grey metallic of the
"pudding". The "pudding" left behind small isometric crystals of gold which were likely the
"lumps in the pudding". Directed lab to pull more of the two questioned metalics for microprobe
but no other examples found in this sample. , :

100 WPEM-45 YG ME Attempt to duplicate above- same particles seen -
visible gold with attached carbon - white flakes that were probed were metallic aluminum.
Operator thought were contaminated sample but examination showed matrix of iron intimately
associated with white flake. No "pudding” seen. Two flakes of copper with some gold edges.

40 WPEM-46 A-X ADH ) FAPT 320 PPB AU Assay ton acid leached
40 WPEM-47 A-X ADH-FAPT 280 PPB AU and difference made up
40 WPEM-48 A-X ADH-FAPT 160 PPB AU with barren fullers earth.

12 WPEM-49 A-X FAR 30 PPB AU No pre-treatment for 49-51
12 WPEM-50 A-X FAR 22PPB AU
12 WPEM-51 A-X FAR 43 PPB AU

40 WPEM-52 YG  ADH-FAPT .22 OZ/T AU Series of pre-treat and
40 WPEM-54 YG  ADH-FAPT .19 OZ/T AU assay.
40 WPEM-55 YG ADH-FAPT .28 OZ/T AU
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SAMPLE ANALYSIS SHEET

COST NUMBER
40  WPEB-13
40  WPEB-14
40  WPEB-15
40  WPET-5
40  WPET-6
40. WPET-7
40  WPET-8
40  WPNT-3
40 WPNT-4
40  WPNT-5
40  WPNM-3
40  WPNM-4
40  WPNM-5
40  WPNM-6
40  HC-15

40  HC-16

40  HC-17

40 HC-18

40  HC-19

40  HC-20
220 WPEM-56
220 WPEM-57
180 WPEM-58
180 WPEM-59
40 SCT-16
40 SCT-17
40 SCT-18
40 SCT-19
40 SCT-20
40 SCM-17
40 SCM-18
40 SCM-19
40 SCM-20

LAB ANALYSIS
YG  ADH-FAPT
YG ADH-FAPT
YG ADH-FAPT
YG ADH-FAPT
YG ADH-FAPT
YG ADH-FAPT
YG ADH-FAPT
YG ADH-FAPT
YG ADH-FAPT
YG ADH-FAPT
YG ADH-FAPT
YG ADH-FAPT
YG ADH-FAPT
YG ADH-FAPT
YG ADH-FAPT
YG ADH-FAPT
YG ADH-FAPT
YG ADH-FAPT
YG ADH-FAPT
YG ADH-FAPT
YK ADF-ADH-
ME-FAPT
YK ADF-ADH-
ME-FAPT
TM-L ADF-ADH-
FAPT
TM-L ADF-ADH-
FAPT
YG ADH-FAPT
YG ADH-FAPT
YG ADH-FAPT
YG ADH-FAPT
YG ADH-FAPT
YG ADH-FAPT
YG ADH-FAPT
YG ADH-FAPT
YG ADH-FAPT

RESULT

.07 OZ/T AU
.17 OZIT AU
.03 OZ/T AU
28 OZIT AU
<.025 OZ/T AU
.14 OZ/T AU
.07 OZIT AU
.05 OZIT AU
.18 OZ/T AU
.05 OZIT AU
.03 OZ/T AU
.03 OZIT AU
<.025 OZ/T AU
.04 OZIT AU
.04 OZIT AU
.03 OZIT AU
.18 OZT AU
.04 OZIT AU
.05 OZIT AU
.13 OZIT AU
.11 OZIT AU

.14 OZT AU
.10Z/T AU
.04 OZ/T AU

.06 OZ/T AU
.04 OZ/T AU
.10Z/T AU

.06 OZ/T AU
.13 OZ/T AU
.20Z/T AU

.04 OZ/T AU
.15 0Z/T AU
.09 0Z/T AU

COMMENTS

Visible gold after
digest
Visible gold
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SAMPLE ANALYSIS SHEET
COST NUMBER LAB ANALYSIS RESULT COMMENTS |

40  SCM-21 YG ADH-FAPT .03 OZ/T AU
40  SCB-25 YG ADH-FAPT .070Z/T AU
40  SCB-26 YG ADH-FAPT .04 OZ/T AU
40  SCB-27 YG ADH-FAPT .0250Z/T AU
40  SCB-28 YG ADH-FAPT .410Z/T AU
40  SCB-29 YG ADH-FAPT .06 OZ/T AU
50 WPEM-60 YG GCE-FAR .180Z/T AU
50 WPEM-61  YG GCE-FAR .140Z/T AU
50 WPEM-62 YG GCE-FAR .330Z/TAU
50 WPEM-63 YG GCE-FAR .050Z/T AU
50 WPEM-64 YG GCE-FAR .16 0Z/T AU
50 WPEM-65 YG GCE-FAR .140Z/T AU
50 WPET-9 YG GCE-FAR .120Z/TAU
50 WPET-10 YG GCE-FAR .06 0Z/T AU
50 WPET-11 YG GCE-FAR .080Z/T AU
50 WPET-12 YG GCE-FAR .10ZTAU
50 WPET-13 YG GCE-FAR .03 0Z/T AU
50 WPEB-16 YG GCE-FAR .050Z/T AU
50 WPEB-17 YG GCE-FAR .220Z/TAU -
50 WPEB-18 YG GCE-FAR .030Z/TAU
50 WPEB-19 YG GCE-FAR .110Z/TAU
50 WPEB-20 YG GCE-FAR .170Z/TAU
50 WPEB-21 YG GCE-FAR .050Z/T Au
60 WPEB-22 YG GCT-FAR .030Z/TAU
60° WPEB-23 YG GCT-FAR <.0250Z/T AU
60 WPEB-24 YG GCT-FAR .03 0Z/T AU
60 WPEB-25 YG GCT-FAR .050ZTAU
60 WPEB-26 YG GCT-FAR .04 OZ/T AU
60 WPET-14 YG GCT-FAR .03 OZ/T AU
60 WPET-15 YG GCT-FAR .03 0Z/T AU
60 WPET-16 YG GCT-FAR .040Z/T AU
60 WPET-17 YG GCT-FAR <.0250Z/TAU
60 WPET-18 YG GCT-FAR .030ZTAU
60 WPEM-66 YG GCT-FAR .06 0Z/T AU
60 WPEM-67 YG GCT-FAR .03 0Z/TAU
60 WPEM-68 YG GCT-FAR .04 0Z/TAU
60 WPEM-69 YG GCT-FAR .040ZTAU
60 WPEM-70 YG GCT-FAR .03 0Z/TAU
40  WPET-19 YG GCE-SCR .07 0Z/T AU
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SAMPLE ANALYSIS SHEET

'COST NUMBER
50  WPET-20
50  WPET-21
50  WPET-22
50  WPET-23
50  WPET-24
200 WPET-25
200 WPET-26
200 WPET-27
200 WPEM-71
200 WPEM-72
180 WPEM-T3
200 WPEM-74
100 WPEM-75

~ ME

100 WPEM-76
ME
100 WPEM-77 .
100 WPEM-78

LAB
YG
YG
YG
YG
YG
YG
YG
YG
YG
YG
YG

YG

YG

YG

YG

YG

ANALYSIS

GCE-SCR
GCE-SCR
GCE-SCR
GCE-SCR
GCE-SCR
GCE-ME-
SCR
GCE-ADH-
ME-SCR
GCE-ADH-
ME-SCR
GCE-ADH-
ME-SCR
GCE-ADH-
ME-SCR

- GCE-ADH-

SCR
GCE-ADH-
ME-SCR
OC-ADH-

OC-ADH

OC-ADH

OC-ADH

RESULT COMMENTS

.05 OZ/T AU

.05 0Z/T AU

.10Z/T AU

.04 OZ/T AU

.07 0Z/T AU

.050Z/T AU Visible gold

.06 OZ/T AU Visible gold

.04 OZ/T AU Visible gold

.06 OZ/T AU Visible gold on
carbon

.04 OZ/T AU Visible gold
some crystaline

.14 OZ/T AU '

.04 OZ/T AU Crystaline, hackly,
placer exsamples of
gold.

Crush to minus 20 mesh-acid clean

and examine for AU. One flake of
hackly gold. Looks like copper is zoned
in the flake.

Crush to minus 30 mesh - acid clean
7 flakes AU. -four placer - two hackly
one of those half copper - one semi-
crystaline and much smaller than 30
mesh. One placer flake

Crush to minus 50 mesh - acid clean
-two flakes all placer.

Crush to minus 80 mesh - acid clean

-5 flakes - three placer and two hackly.
Three flakes have a striated appearance
which may be caused by grinder.
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COST NUMBER

100

100

100
100

100

100

100

100
100

100

100

SAMPLE ANALYSIS SHEET
LAB ANALYSIS
WPEM-79 YG OC-ADH
ME
WPEM-80 YG OC-ADH
ME
WPEM-8l1a YG OC-ADH
ME
WPEM-81b YG = OC-ADH
ME
WPEM-81c YG OC-ADH
ME
WPEM-81d YG OC-ADH
ME
WPEM-8le YG - OC-ADH
ME
SCT-21a YG OC-ADH-
ME
SCT-21b YG OC-ADH-
ME
SCT-21¢ YG OC-ADH-
ME
SCT-21d YG OC-ADH-
ME

RESULT COMMENTS

Crush to minus 100 mesh - acid clean -
13 flakes - 8 are placer . Three seem to
be torn from larger pieces show torn and
crusher(?) smeared edges -two hackly.
Some of the hackly appearance may be
enhanced by acid digestion of copper or
other metal.

Crush to minus 150 mesh- acid clean
Nine flakes - much torn and/or smeared.
all look placer but two with obvious
copper inclusion.

Crush to minus 20 mesh -three flakes
removed. All hackly.

Re-crush to minus thirty mesh - no
flakes found.

Re-crush to minus 50 mesh - three
flakes two placer one hackly -all
removed

Re-crush to minus 80 mesh - two flakes
both placer- removed.

Re-crush to minus 100 mesh - four
flakes removed -two others seen but
attempt to recover lost. Seem to be
covered with iron on one side. Flip
during recovery attempt and can't find.
Crush to minus 20 mesh - no flakes
found '
Crush to minus 30 mesh - one flake torn
but looks placer-removed.

Crush to minus 50 mesh - 3 flakes found
and removed but one gold coloured flake
lost . Not sure if it was gold. All flakes
look placer one somewhat rough.

Crush to minus 80 mesh - no flakes
recovered but three extreamly fine gold
coloured particles look more like pyrite.
Unable to recover.
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SAMPLE ANALYSIS SHEET

. 40

COST NUMBER
100 SCT-2le
120 SCT-22
25  SCT-23
40  SCT-24
25  SCT-25
40  SCT-26
25  SCT-27
SCT-28
25  SCT-29
40  SCT-30
25  SCT-31
40  SCT-32
25  SCT-33
40  SCT-34
25  SCT-35
16  WPEM-82
40  WPEM-83
40  RCT-1
40 . RCT-2
40 RCT-3

LAB

YG
ME

YG

YG
YG

YG
YG

YG
YG

YG
YG

YG
YG

YG
YG

YG
YG

YG

YG

YG

YG

ANALYSIS RESULT

OC-ADH-

'OC-ADH-

ME-FAPT

OC-FAR
OC-ADH-
FAPT
OC-FAR
OC-ADH-
FAPT
OC-FAR
OC-ADH-
FAPT
OC-FAR
OC-ADS-
FAPT
OC-FAR
OC-ADS-
FAPT
OC-FAR
OC-ADS-
FAPT
OC-FAR
OC-SCR

OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT

COMMENTS

Re-crush to minus 100 mesh- 19 flakes
seen-also some pyrite looking particles.
15 of 19 recovered-8 are placer-4 are
semi-placer or partially hackly- 3 are

hackly.
27 0Z/T AU Crush= minus 100 mesh.
Two flakes AU seen but
'acid wash was only one
hour.
13 OZ/T AU Crush=minus 100 mesh
.190ZTAU " "
090ZTAU " "
.180Z/T AU " ' "
.10ZTAU " "
210ZTAU " | "
040ZTAU " "
.180Z/TAU " "
110ZTAU " "
.16 0Z/TAU " "
080ZTAU " "
"220ZTAU " . "
090ZTAU " ' "

Bead looks like corral-submitted for
analysis =4.7% AG, 64.5% AU,
29.2% PT, 0.4% IR, 0.1%CU,
0.1% PB.

.17 0Z/T AU

.08 OZ/T AU
.14 OZ/T AU

.14 OZ/T AU
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SAMPLE ANALYSIS SHEET

‘COST NUMBER
40 RCT-4
40  RCT-5
40  RCT-6
40  RCT-7
40 . RCT-8
40 RCT9
40  RCT-10
40  RCT-11
40  RCT-12
40  RCT-13
40 RCT-14
40  RCT-15
40 RCM-1
40 RCM-2
40 RCM-3
40 RCM-4
40  RCM-5
40 RCM-6
40  RCM-7

LAB

YG

YG

YG

YG

YG

YG

YG

YG

YG

YG

YG

YG

YG

YG

YG

YG

YG

YG

YG

ANALYSIS RESULT

OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT

OC-ADS

FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT

. OC-ADS

FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT

.11 0Z/T AU

4 0Z/T AU

16 OZ/T AU
.09 OZ/T AU
.13 OZ/T AU
.10ZT AU

20Z/T AU

.04 OZ/T AU
06 OZ/T AU
.14 OZ/T AU
.1 0Z/T AU

08 OZ/T AU
.17 OZ/T AU
.06 OZ/T AU

.10Z/T AU

.09 OZ/T AU

.12 0Z/T AU

<.025 0Z/T AU

.11 0Z/T AU

Appendix 2 - Page 19

COMMENTS
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SAMPLE ANALYSIS SHEET

COST NUMBER

40

40

40

40

40

40

40

40

40

40

40

40

40

40

40

40

40

40

40

40

RCM-8
RCM-9

RCM-10
RCM-11
RCM-12
RCM-13
RCM-14
RCM-15
RCB-1

RCB-2

RCB-3

RCB-4

RCB-5

RCB-6

RCB-7

RCB-8

RCB-9

RCB-10

RCB-11

RCB-12

LAB

YG

- YG

YG

YG

YG

YG

YG

YG

' YG

YG
YG
YG
YG
YG
YG
YG
YG
YG
YG

YG

ANALYSIS RESULT

OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT

12 OZ/T AU
03 OZ/T AU
07 OZ/T AU

~ .030ZT AU
18 OZ/T AU
08 OZ/T AU
12 OZ/T AU
09 OZ/T AU
11 OZ/T AU
04 OZ/T AU
07 OZ/T AU
07 OZ/T AU
28 OZ/T AU
09 0Z/T AU
13 OZ/T AU
08 OZIT AU
15 0Z/T AU
05 OZ/T AU
10Z/T AU

.08 OZ/T AU

Appendix 2 - Page 20

COMMENTS
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SAMPLE ANALYSIS SHEET

COST NUMBER LAB ANALYSIS RESULT COMMENTS

40 RCB-13 YG OC-ADS .11 0Z/T AU
‘ FAPT
40 RCB-14 YG OC-ADS <.025 OZ/T AU
: FAPT :
40 RCB-15 YG OC-ADS .09 OZ/T AU
FAPT ‘
200 RCB-16 YG OC-GCE Visible AU - some pyrite- AU mostly
ME placer -some torn that could be hackly
9 placer with two of those smeared by
crusher - 3 torn flakes that could be
placer- two hackly that could be from one
hackly flake - one other flake that was a
. . gold colour but looked like gilded iron.
200 RCM-17 YG OC-GCE Two visible flakes both hackly- one flake
ME looks like crystal trying to grow at one
end. :
200 RCT-18 YG OC-GCE Six flakes visible - two placer- two placer
with torn edges - one piece that looks
like one of the torn off pieces- one

hackly.
40  SLIB-1 YG OC-ADS .03 0Z/T AU
FAPT
40  SL1B-2 YG OC-ADS .03 0Z/T AU
,, FAPT
i 40  SL1B-3 YG OC-ADS .07 0Z/T AU
FAPT
3 40 SL1B-4 YG OC-ADS .05 OZ/T AU
b FAPT
40  SLI1B-§ YG OC-ADS .17 OZ/T AU
FAPT .
40  SL1B-6 YG OC-ADS LOST-BROKEN CRUCIBLE
FAPT
40  SL1B-7 YG OC-ADS LOST-BROKEN CRUCIBLE
FAPT
40 SLI1B-8 YG OC-ADS LOST-BROKEN CRUCIBLE

FAPT

¢ - — —~ R . - . - PRV - .
¢ ! B o T : - ; - - ) ) s E Lo o
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SAMPLE ANALYSIS SHEET

40

40
40
40
40
40
40
40
40
40
40
40
40
40
40
40

40

40 -

40

'COST NUMBER

SL1B-9

SL1B-10

SL1B-11

SL1B-12

SL1B-13

SL1B-14

SL1B-15

SL1B-16
SL1B-17
SL1B-18
SLlB;l9
SLIM-1
SLIM-2
SLIM-3
SL1IM-4
SL1IM-5
SL1M-6
SL1IM-7

SL1IM-8

YG
YG
YG
YG
YG
YG
YG
YG
YG
YG
YG
YG
YG

YG

- YG

YG
YG
YG

YG

OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS

. FAPT

OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT

LAB ANALYSIS RESULT

.13 0Z/T AU

.10Z/T AU

050Z/T AU

.06 OZ/T AU

<.025 OZ/T AU

.06 OZ/T AU
.13 OZ/T AU
.08 OZ/T AU
.05 OZ/T AU
.16 OZ/T AU
.11 0Z/T AU
.09 0Z/T AU
.14 OZ/T AU
.09 OZ)'I' AU
.03 0Z/T AU
.07 0Z/T AU
22 OZ/T AU
.13 0Z/T AU

.08 OZ/T AU

Appendix 2 - Page 22

COMMENTS
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SAMPLE ANALYSIS SHEET

COST NUMBER

40  SLIM-9
40  SLIM-10
40  SLIM-11
40  SLIM-12
40  SLIM-13
40  SLIM-14
40  SLIM-15
40  SLIT-1
40  SLIT-2
40  SLIT-3
40  SLIT-4
40  SLIT-S
40  SLIT-6
40  SLIT-7
40  SLIT-8
40  SLIT-9
40  SLIT-10
40  SLIT-11
40  SLIT-12

LAB

YG

YG

YG

YG

YG

YG

YG

YG

YG

YG

YG

YG

YG

YG

YG

YG

YG

YG

- YG

ANALYSIS RESULT

OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS

FAPT

OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS

- FAPT

OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT

COMMENTS
.12 0Z/T AU
.18 OZ/T AU
.06 OZ/T AU
.09 OZ/T AU
.12 0Z/T AU
.08 OZ/T AU

11 0Z/T AU

'<.025 OZ/T AU

.04 OZ/T AU
.04 OZ/T AU
.03 OZ/T AU
<.025 OZ/T AU
.08 0Z/T AU
.04 OZ/T AU
.11 0Z/T AU
<.025 OZ/T AU
.03 0Z/T AU
.07 OZ/T AU

.04 OZ/T AU
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SAMPLE ANALYSIS SHEET

40

40

40

100

100

180

100

100

100

100

40
40
40
40

40

40

40

40

40

40

'COST NUMBER

SL1T-13

SL1T-14

SL1T-15

SL1B-20

SL1B-21

SLIM-16

SLI1T-17

SL1B-21a

SL1M-16a
SL1T-17a
SL1T-17¢
SL1M-16¢
SL1B-22¢
SL2B-1
SL2B-2
SL2B-3
SL2B-4
SL2B-5
SL2B-6

SL2B-7

LAB

YG

YG

YG

YG

YG

YG

YG

YG
FAPT

YG
YG
YG
YG
YG
YG
YG
YG
YG
YG
YG

YG

ANALYSIS

OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-GCE
ME
OC-GCE
ME
OC-GCE
ME

OC-GCE

ADS-ME

- ADS-ME

FAPT
ADS-ME
FAPT

ADS-FAPT
ADS-FAPT
ADS-FAPT

OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT

RESULT COMMENTS

.10Z/T AU

.05 0Z/T AU

.09 OZ/T AUV

No visible AU

7 Visible flakes- 5 placer-two hagkly

4 Visible flakes - two hackly - one placer
-one white flake with hackly look -
microprobe = crusher pollution

2 flakes- both placer one other flake but
lost in attempt to recover

TRACE Acid clean of tailings from
gravity cons - no visible

gold -assay of insol.

. TRACE " "

TRACE . "
.06 OZ/T AU Assay of cons.
.140Z/TAU " "

.09 0Z/T AU

.06 OZ/T AU

.10Z/T AU

.04 OZ/T AU

.09 OZ/T AU

.24 OZ/T AU

.06 OZ/T AU

.03 OZ/T AU
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SAMPLE ANALYSIS SHEET

COST NUMBER

40

40

40

40

40

40

40

40

40

40

40

40

40

40

40

40

40

40

40

40

SL2B-8
SL2B-9
SL2B-10

SL2B-11

SL2B-12 .

SL2B-13

SL2B-14

SL2B-15

SL2M-1

SL2M-2

SL2M-3

SL2M-4

SL2M-5

SL2M-6

SL2M-7

SL2M-8

SL2M-9

SL2M-10

SL2M-11

SL2M-12

LAB

YG

YG

YG

YG

YG

YG

YG

YG

YG

YG

YG

YG

YG

YG

YG

YG

YG

YG

YG

YG

ANALYSIS RESULT

OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS

- FAPT

OC-ADS
FAPT
OC-ADS
FAPT

- OC-ADS

FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS

FAPT

OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT
OC-ADS
FAPT

OC-ADS.

FAPT
OC-ADS
FAPT
OC-ADS
FAPT

.11 0Z/T AU
.03 OZ/T AU
.07 OZ/T AU
.150Z/T AU
.05 0Z/T AU
.08 OZ/T AU
.05 OZ/T AU
.03 0Z/T AU

.10Z/T AU

COMMENTS

<.025 OZ/T AU

.04 OZ/T AU
.07 OZ/T AU
.06 OZ/T AU
.03 0Z/T AU

.09 0Z/T AU

LOST- CUPEL FLAW

38 0Z/T AU

.04 OZ/T AU

.08 OZ/T AU

.08 OZ/T AU
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SAMPLE ANALYSIS SHEET

COST NUMBER LAB ANALYSIS RESULT COMMENTS

40 SL2M-13 YG OC-ADS <.025 OZ/T AU

FAPT
40 SL2M-14 YG OC-ADS .07 OZ/T AU
: ~ FAPT
40 SL2M-15 YG OC-ADS .04 0Z/T AU
' " FAPT
40 SL2M-16 YG OC-ADS 13 0Z/T AU
FAPT :
40  SL2T-1 YG OC-ADS .17 0Z/T AU
FAPT
40  SL2T-2 YG OC-ADS .10Z/T AU
FAPT
40  SL2T-3 YG OC-ADS .11 OZ/T AU
FAPT
40 SL2T-4  YG OC-ADS .04 OZ/T AU
o FAPT
40  SL2T-5 YG OC-ADS .06 OZ/T AU
FAPT
40  SL2T-6 YG OC-ADS .03 OZ/T AU
FAPT :
40  SL2T-7 YG OC-ADS 13 OZ/T AU
FAPT
40  SL2T-8 YG OC-ADS .1 0Z/T AU
FAPT '
40  SL2T-9 YG OC-ADS  <.0250Z/T AU
- FAPT
40  SL2T-10 YG OC-ADS .04 OZ/T AU
FAPT |
40  SL2T-11 YG OC-ADS .03 OZ/T AU
FAPT
40  SL2T-12 YG OC-ADS .14 OZ/T AU
~ FAPT
40  SL2T-13 YG OC-ADS .09 OZ/T AU
FAPT
40  SL2T-14 YG OC-ADS .05 OZ/T AU
FAPT
40  SL2T-15 YG OC-ADS <.025 OZ/T AU
' FAPT
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SAMPLE ANALYSIS SHEET

COST NUMBER

200

200

200

40
40
40
40
40
100
100
100
100

100

SL2T-16

SL2M-17

SL2B-16

HC-21
HC-22
HC-23
HC-24
HC-25
WPC-1
WPC-2
WPC-3
WPC-4

WPC-5

LAB ANALYSIS RESULT

YG OC-GCE

ME-ADS

FAPT

YG OC-GCE

ME-ADS

FAPR

YG OC-GCE
ME-ADS

FAPR

YG-L OC-ADS
. FAPT

. YG-L OC-ADS
FAPT

' YG-L OC-ADS
FAPT

YG-L OC-ADS
FAPT

YG-L OC-ADS
~ FAPT

YG OC-ADH
ADF-SCPT

YG OC-ADH
ADF-SCPT

YG OC-ADH
ADF-SCPT

YG OC-ADH
ADF-SCPT

YG OC-ADH
ADF-SCPT

.05 OZ/T AU

.13 OZ/T AU

COMMENTS

Three flakes of hackly gold
- one torn or

smeared on corner-

one has copper

edge

11 flakes AU- 9 placer
with 2 of those smeared

2 flakes hackly with one

- having striations or linear

crystaline structure need

- better magnification-maybe

.08 0Z/T AU

SEM.

14 flakes AU - two flakes
white metalic- 7 hackly
AU- four of those smeared

. two torn pieces from

.06 0Z/T AU
.03 0Z/T AU
04 OZIT AU
.09 OZ/T AU
.04 OZIT AU
.11 OZ/T AU
08 OZ/T AU
.1 0Z/T AU

04 OZ/T AU

.070Z/T AU

placer(?) and 5 placer.
White flakes dissolve in
AND.
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SAMPLE ANALYSIS SHEET

'COST NUMBER
100 WPC-6
100 WPC-7
100 WPC-8
100 WPC-9
100 WPC-10
100 WPC-11
100 WPC-12
100 © WPC-12
100 WPC-13
100 WPC-14
100  WPC-15
500 WPC-16a
120  'WPC-16b
120  WPC-16¢c
120  WPC-16e
120  WPC-16f

LAB ANALYSIS

YG-M OC-ADH
ADF-SCPT
YG-M OC-ADH
ADF-SCPT
YG-M OC-ADH
ADF-SCPT
YG-M OC-ADH
 ADF-SCPT
YG-M OC-ADH
ADF-SCPT
YG-M OC-ADH
ADF-SCPT
YG-M OC-ADH
ADF-SCPT
YG-M OC-ADH
~ ADF-SCPT
YG-M OC-ADH
ADF-SCPT
YG-M OC-ADH
ADF-SCPT
YG-M OC-ADH
ADF-SCPT
YG OC-GCE
RT-ADS-
FAPT
'OC-GCE
RT-ADS-
FAPT
YG OC-GCE
RT-ADS-
FAPT
YG OC-GCE
RT-ADS-
FAPT
YG OC-GCE
RT-ADS
FAPT

YG

- RESULT

.03 OZ/T AU

.03 OZ'T AU

.09 OZ'T AU

.04 OZ/T AU

COMMENTS

.06 OZ/T AU

TRACE

1 >OZ/T AU
.04 OZ/T AU
.05 0Z/T AU
.04 0Z/T AU
.04 OZ/T AU

.09 0Z/T AU
.07 0Z/T AU

.070Z/T AU

..10ZT AU

.09 OZ/T AU

30 Kg. sample raw = .5 Kg.

con - split for assay
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SAMPLE ANALYSIS SHEET

120

40

120

40
120

40
120

40
120

40
120

40
120

40

120

40
120

40

'COST NUMBER

WPC-17

WPC-17a
WPC-18

WPC-18a
WPC-19

WPC-19a
WPC-20

WPC-20a
WPC-21

WPC-21a
WPC-22

WPC-22a
WPC-23

WPC-23a
RCM-18

RCM-18a
RCM-19

RCM-19a

LAB
YG

YG
YG

YG
YG

YG

YG

YG
YG

YG
YG

YG
YG

YG
YG-L

YG
YG-L

YG

ANALYSIS

OC-RT
GCE-ADS
FAPT
ADS-FAPT
OC-RT
GCE-ADS
FAPT
ADS-FAPT
OC-RT

GCE-ADS

FAPT
ADS-FAPT
OC-RT
GCE-ADS
FAPT
ADS-FAPT
OC-RT
GCE-ADS
FAPT
ADS-FAPT
OC-RT
GCE-ADS
FAPT
ADS-FAPT
OC-RT
GCE-ADS
FAPT

ADS-FAPT

OC-RT
GCE-ADS
FAPT
ADS-FAPT
OC-RT
GCE-ADS
FAPT
ADS-FAPT

Appendix 2 - Page 29

RESULT COMMENTS

..09 OZ/T AU

TRACE GCE-TAILS

42 OZ/T AU

TRACE GCE-TAILS

21 0Z/T AU

TRACE

GCE-TAILS
25 OZ/T AU ‘

<.025 GCE-TAILS

.19 0Z/T AU

TRACE  GCE-TAILS
32 0Z/T AU

<.025
.23 OZ/T AU

GCE-TAILS

TRACE GCE-TAILS

.18 OZ/T AU

TRACE

GCE-TAILS
22 OZ/T AU :

TRACE  GCE-TAILS
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SAMPLE ANALYSIS SHEET

COST NUMBER

120

40
120

40
120

40
120

40
120

40

120

40
120

40
120

40
120

40

RCM-20

RCM-20a
RCM-21

RCM-21a
SL2M-18 -

SL2M-18a
SL2M-19

SL2M-19a
SL2M-20

SL2M-20a
SL2M-21

SL2M-21a
SL2M-22

SL2M-22a
HC-26

HC-26a
HC-27

HC-27a

LAB

YG-L

YG
YG-L

YG
YG-L

YG
YG

YG
YG

YG
YG-L

YG
YG-L

YG
YG-L

YG
YG

YG

ANALYSIS

OC-RT
GCE-ADS
FAPT
ADS-FAPT
OC-RT
GCE-ADS
FAPT
ADS-FAPT
OC-RT
GCE-ADS
FAPT
ADS-FAPT
OC-RT
GCE-ADS
FAPT
ADS-FAPT
OC-RT
GCE-ADS
FAPT
ADS-FAPT
OC-RT
GCE-ADS
FAPT
ADS-FAPT
OC-RT
GCE-ADS
FAPT
ADS-FAPT
OC-RT
GCE-ADS
FAPT
ADS-FAPT
OC-RT
GCE-ADS
FAPT
ADS-FAPT

RESULT

22 0Z/T AU

TRACE
.13 OZ/T AU

TRACE

.070Z/T AU

TRACE
.09 OZ/T AU

TRACE
.09 OZ/T AU

TRACE
.06 OZ/T AU

TRACE
.07 OZ/T AU

TRACE
.07 OZ/T AU

TRACE

.09 OZ/T AU

TRACE

~ COMMENTS

TAILINGS

TAILINGS

TAILINGS
TAILINGS
TAILINGS‘
TAILINGS
TAILINGS
TAILINGS

TAILINGS
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SAMPLE ANALYSIS SHEET

COST NUMBER
120 HC-28
40 HC-28a
120 HC-29
40 HC-29a
120 HC-30
40 HC-30a
120 HC-31
40 HC-31a
120 HC-32
40 HC-32a
120 HC-33
40 HC-33a
120 HC-34
40 HC-34a
120 HC-35
40 HC-35a
120 HC-36
40 HC-36a

LAB ANALYSIS

YG

YG
YG

YG
YG

YG
YG

YG
YG

YG
YG

YG
YG

YG
YG

YG
YG

YG

OC-RT
GCE-ADS
FAPT

-ADS-FAPT

OC-RT
GCE-ADS
FAPT
ADS-FAPT
OC-RT
GCE-ADS
FAPT
ADS-FAPT
OC-RT
GCE-ADS
FAPT
ADS-FAPT
OC-RT
GCE-ADS
FAPT
ADS-RT
OC-RT
GCE-ADS
FAPT

" ADS-FAPT

OC-RT
GCE-ADS
FAPT
ADS-FAPT
OC-RT
GCE-ADS
FAPT
ADS-FAPT
OC-RT
GCE-ADS
FAPT
ADS-FAPT

RESULT  COMMENTS

.09 OZ/T AU

TRACE TAILINGS
08 OZ/T AU

TRACE TAILINGS
10Z/T AU

TRACE TAILINGS
60Z/T AU

TRACE TAILINGS
10Z/T AU -

TRACE TAILINGS
.08 OZ/T AU

<0250ZTAU  TAILINGS
.09 OZ/T AU

TRACE TAILINGS
.14 OZ/T AU

TRACE TAILINGS
.08 OZ/T AU -

TRACE TAILINGS
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SAMPLE ANALYSIS SHEET

COST NUMBER

120

40
120

40
120

40
120

40
120

40
120

40
120

40
120

40
120

40

HC-37

HC-37a
RCT-19

RCT-19a
RCT-20

RCT-20a
RCT-21

RCT-21a
RCT-22

RCT-22a
RCT-23

RCT-23a
RCT-24

RCT-24a
RCT-25

RCT-25a

RCT-26

RCT-26a

LAB ANALYSIS

YG

YG
YG

YG
YG

YG
YG

YG
YG

YG
YG

YG
YG

YG
YG

YG
YG

YG

OC-RT
GCE-ADS
FAPT
ADS-FAPT
OC-RT
GCE-ADS
FAPT
ADS-FAPT
OC-RT
GCE-ADS
FAPT
ADS-FAPT
OC-RT
GCE-ADS
FAPT
ADS-FAPT
OC-RT
GCE-ADS
FAPT
ADS-FAPT
OC-RT
GCE-ADS
FAPT
ADS-FAPT
OC-RT
GCE-ADS
FAPT
ADS-FAPT
OC-RT
GCE-ADS
FAPT
ADS-FAPT
OC-RT
GCE-ADS
FAPT
ADS-FAPT

RESULT  COMMENTS

08 OZ/T AU

TRACE TAILINGS
.03 OZ/T AU

TRACE TAILINGS
.09 OZ/T AU

TRACE TAILINGS
3 0Z/T AU -
<0250ZTAU  TAILINGS
11 OZ/T AU

TRACE TAILINGS
10Z/T AU

TRACE TAILINGS
10Z/T AU

TRACE TAILINGS
08 OZ/TAU

TRACE TAILINGS
11 OZ/T AU

TRACE TAILINGS
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SAMPLE ANALYSIS SHEET

COST NUMBER

120

40
120

40
120

40
120

40
120

40
120

40
120

40
120

40
120

40

RCT-27

RCT-27a
RCT-28

RCT-28a
RCT-29

RCT-29a
RCT-30

RCT-30a
RCT-31

RCT-31a
RCT-32

RCT-32a
RCT-33

RCT-33a
RCT-34

RCT-34a
RCT-35

RCT-35a

LAB

YG

YG
YG

YG
YG

YG

YG

YG
YG

YG

YG

YG
YG

YG
YG

YG
YG

YG

ANALYSIS

OC-RT
GCE-ADS
FAPT
ADS-FAPT
OC-RT
GCE-ADS
FAPT
ADS-FAPT
OC-RT
GCE-ADS
FAPT
ADS-FAPT
OC-RT
GCE-ADS
FAPT

ADS-FAPT

OC-RT
GCE-ADS
FAPT
ADS-FAPT
OC-RT
GCE-ADS
FAPT
ADS-FAPT
OC-RT
GCE-ADS
FAPT
ADS-FAPT
OC-RT
GCE-ADS
FAPT
ADS-FAPT
OC-RT

- GCE-ADS

FAPT
ADS-FAPT

RESULT  COMMENTS
10Z/T AU

" TRACE TAILINGS
09 OZ/T AU
TRACE TAILINGS
14 OZT AU -
TRACE - TAILINGS
11 OZT AU
025 OZ/T AU TAILINGS
110ZTAU
TRACE TAILINGS
13 0ZT AU
TRACE TAILINGS
22 0Z/T AU
TRACE TAILINGS
11 OZ/T AU
TRACE TAILINGS
.09 OZ/T AU
TRACE TAILINGS
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SAMPLE ANALYSIS SHEET

COST NUMBER

120

40
120

40
120

40

120

40
120

40
120

40
120

40
120

40
120

40
40

RCT-36

RCT-36a
RCT-37

RCT-37a

RCT-38

RCT-38a
RCT-39

'RCT-392

RCT-40

RCT-40a

RCT-41

RCT-41a
RCT-42

RCT-42a
RCT-43

RCT-43a
RCT-44

RCT-44a
RCT-44b

LAB ANALYSIS

YG

YG
YG

YG
YG

YG
YG

YG
YG

YG
YG

YG
YG

YG
YG

YG
YG

YG
YG

OC-RT.
GCE-ADS

"~ FAPT

ADS-FAPT
OC-RT
GCE-ADS
FAPT
ADS-FAPT
OC-RT
GCE-ADS

‘FAPT

ADS-FAPT
OC-RT

- GCE-ADS

FAPT
ADS-FAPT
OC-RT
GCE-ADS
FAPT
ADS-FAPT
OC-RT
GCE-ADS
FAPT
ADS-FAPT
OC-RT
GCE-ADS
FAPT
ADS-FAPT
OC-RT
GCE-ADS
FAPT
ADS-FAPT
OC-RT

GCE-ADS .

FAPT
ADS-FAPT
ADS-FAPT

RESULT

12 OZ/T AU

TRACE
.10Z/T AU

TRACE
.14 OZ/T AU

TRACE
.11 0Z/T AU

TRACE
.08 OZ/T AU

TRACE

.110Z/T AU

TRACE
.14 OZ/T AU

TRACE
.12 0Z/T AU

TRACE
.1 0Z/T AU

COMMENTS

- TAILINGS

TAILINGS
TAILINGS
TAILINGS
TAILINGS
TAILINGS
TAILINGS

TAILINGS

LOST - BROKEN CRUCIBLE

TRACE

'TAILINGS
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SAMPLE ANALYSIS SHEET

COST NUMBER LAB ANALYSIS RESULT

COMMENTS

EVALUATION OF VIBRATING TABLE AS CONCENTRATOR

120

40
120

40
120

40
120

40
120

40
120

40
120

40
120

40
120

40

RCT-45

RCT-45a
RCT-46

RCT-46a
RCT-47

RCT-47a
RCT-48

RCT-48a
RCT-50

RCT-50a
RCT-51

RCT-51a

RCT-52

RCT-52a
RCT-53

RCT-53a
RCT-54

RCT-54a

- YG

YG
YG

YG
YG

YG
YG

YG
YG

YG
YG

YG

" YG

YG
YG

YG
YG

YG

OC-RT
GCT-ADS
FAPT
ADS-FAPT
OC-RT
GCT-ADS
FAPT
ADS-FAPT
OC-RT
GCT-ADS
FAPT

ADS-FAPT

OC-RT
GCT-ADS
FAPT
ADS-FAPT
OC-RT
GCT-ADS
FAPT
ADS-FAPT
OC-RT
GCT-ADS
FAPT
ADS-FAPT
OC-RT
GCT-ADS
FAPT
ADS-FAPT

-OC-RT

GCT-ADS
FAPT
ADS-FAPT
OC-RT
GCT-ADS
FAPT
ADS-FAPT

.03 0ZT AU

,-025 OZ/T AU
.05 0Z/T AU

.05 0Z/T AU

.03 0ZT AU

<.025 OZ/T AU
.04 OZ/T AU

.03 OZ/T AU
.04 OZ/T AU

<.025 0Z/T AU
.28 OZ/T AU

.03 OZ/T AU
.04 0Z/T AU

TRACE
.12 0Z/T AU

.04 OZ/T AU
.03.0Z/T AU

<.025 OZ/T AU

TAILINGS
TAILINGS®
TAILINGS
TAILINGS
TAILINGS
TAILINGS
TAILINGS
T@INGS

TAILINGS
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SAMPLE ANALYSIS SHEET

COST NUMBER

50
50
50
50
50
50
50
50
25
25
25
50
50
50
50
50
50
50
50

50

50

NT1-1
NT1-2

NT1-3

NT1-6
NT1-7
NT1-8
NT1-9
NT1-10
NT1-11
NT2-1
NT2-2
NT2-3

NT2-4

NT2-5

NT2-6
NS1-1
NS1-2
NS1-3

NS1-3

LAB
- YG

YG
YG
YG
YG

YG

YG-

YG

YG

YG
YG
YG
YG
YG
YG
YG
YG
YG
YG

YG

YG

ANALYSIS
OC-RT
ADS-FAPT
OC-RT
ADS-FAPT
OC-RT
ADS-FAPT
OC-RT
ADS-FAPT
OC-RT
ADS-FAPT
OC-RT
ADS-FAPT
OC-RT
ADS-FAPT
OC-RT-
ADS-FAPT
OC-SCR
OC-SCR
OC-SCR
OC-RT
ADS-FAPT
OC-RT
ADS-FAPT
OC-RT
ADS-FAPT
OC-RT
ADS-FAPT
OC-RT
ADS-FAPT
OC-RT
ADS-FAPT
OC-RT
ADS-FAPT
OC-RT
ADS-FAPT
OC-RT
ADS-FAPT
OC-RT
ADS-FAPT

RESULT
.03 OZ/T AU

<025 OZ/T AU
.03 0Z/T AU
.03 OZ/T AU
.03 OZ/T AU
<025 0ZIT AU
<025 OZ/T AU

<.025 0Z/T AU

. .03 0Z/T AU

.03 OZ/T AU

1 <.025 0Z/T AU

<.025 0Z/T AU
.04 OZ/T AU
.03 0Z/T AU *
.03 OZ/T AU
<025 0Z/T AU
<.025 OZ/T AU
.04 0Z/T AU
.03 OZ/T AU
.07 OZ/T AU

.05 OZ/T AU

Appendix 2 - Page 36

COMMENTS
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SAMPLE ANALYSIS SHEET

50

50

50

50

50

50

50

50

50

50

50

50

50

30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30

.COST NUMBER

NS1-4
NS2-1
NS2-2
NS2-3
NS2-4
NS2-5
NS2-6
NS3-1
NS3-2
NS3-3
NS3-4
NS3-5
NS3-6

RC1
RC2
RC3
RC4
RCS
RC6
RC7
RC8
RC9
WMI1
WM2
WM3
WM4
WMS
WM6
WM7

LAB

YG

YG

YG

YG

YG

YG

YG

YG

YG
YG
YG

YG

YG

YG
YG
YG
YG
YG
YG
YG
YG
YG
YG
YG
YG
YG
YG
YG
YG

ANALYSIS

OC-RT
ADS-FAPT
OC-RT
ADS-FAPT
OC-RT
ADS-FAPT
OC-RT
ADS-FAPT
OC-RT
ADS-FAPT
OC-RT

"ADS-FAPT

OC-RT
ADS-FAPT
OC-RT
ADS-FAPT
OC-RT
ADS-FAPT
OC-RT
ADS-FAPT
OC-RT
ADS-FAPT
OC-RT
ADS-FAPT
OC-RT
ADS-FAPT
SED

SED

SED

SED

SED

SED

SED

SED

SED

SED

SED

SED

SED

SED

SED

SED

RESULT COMMENTS

.05 OZ/T AU
.03 OZ/T AU
.04 OZ/T AU
.05 OZ/T AU
.03 OZ/T AU
.04 OZIT AU
.04 OZ/T AU
.04 OZ/T AU
05 OZ/T AU
03 OZ/T AU
.03 OZ/T AU
04 OZ/T AU
<025 OZ/T AU

NO AU

1 VIsible FLAKE

NO AU

4 FLAKES

1 POSSIBLE FLAKE - COPPER?
NO AU

2 FLAKES

NO AU

NO AU

NO AU

NO AU

1 FLAKE

1 FLAKE

NO AU

1 FLAKE AU ONE WHITE FLAKE
NO AU
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DIAMOND INDICATOR MINERAL SEARCH
COST TILL AND SEDIMENT HEAVY MINERAL INVESTIGATION

A . N e ) L ot . i
- - .“- - - - ‘8 - ‘= _

YG-MT

500 DIl YG-M T NIL
500 DI2 YG-M T NIL
500 DI3 YG-M T CR-G
500 DI4 YG-MT G
500 DI5 YG-M T G-CR
500 DI6 YG-MT G-CR
500 DI7 YG-MT  NIL
500 DI8 YG-M T NIL

500 DI9 YG-MT NIL
500 DI10 YG-MT G
500. DIl YGMT NIL
500 DII2 - YG-MT G-CR
500 DII3 YG-MT NIL
500 DIl4 YGMT CR
500 DII5 YGMT G
500 DIl16 YG-MT NIL
500 DI17 YG-MT NIL
500 DII8 - YGM T NIL
500 DI19 YG-MT G
500 DI20 YG-MT NIL
500 DI21 YG-MT NIL
500 DI22 YGMT NIL
500 DI23 YG-M T NIL
500 DI24 YG-MT NIL
500 DI25 YG-MT NIL
500 DI26 YG-MT CR
500 DI27 YG-M T G
500 DI28 YGMT G-CR
500 DI29 YG-MT NIL
500 DI30 YG-MT NIL
500 DI3l YGMT NIL
500 DI32 YG-MT G
500 DI33 YGMT NIL
500 DI34 YG-M T NIL
500 DI35 YG-MT NIL
500 DI36 YG-MT NIL
500 DI37 YG-MT NIL
500 DI38 YG-MT NIL
500 DI39 YG-MT NIL
500 DI40 G
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DIAMOND INDICATOR MINERAL SEARCH
COST TILL AND SEDIMENT HEAVY MINERAL INVESTIGATION

DI41
'S00  DI42
500 DI43
500 DI44
500 RCIDI
500 RC2DI
500 RC3DI
500 RC4DI
500 RCSDI
500 RC6DI
500 RC7DI
500 RCSDI
500 RCIDI
500 WMIDI
500 WM2DI
500 WM3DI
500 WM4DI
500 WMSDI
500 WM6DI
500 WMT7DI
TOTAL $69,080

YG-MT
YG-MT
YG-MT
YG-MT
YG-M SED
YG-M SED
YG-M SED
YG-M SED
YG-M SED
YG-M SED

- YG-M SED
. YG-M SED

YG-M SED
YG-M SED
YG-M SED
YG-M SED

- YG-M SED

YG-M SED
YG-M SED

YG-M SED

NIL
NIL
NIL
NIL
RE-EXAMINE HEAVY MINERAL TESTS
G \
G

G
G-SP-
G
G-SP
G

G

SP
G-SP
SP

G

G

SP
G-SP2
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Clear Hills 1:250,000 (NTS 84D)
Map 1 - Outcrop Map

Legend
X -Located Outcrop

X? -Possible Outcrop
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Map 2

Bad Heart Formation Multiple Sample Locatlons

and

Diamond Indicator Mineral Sample Locations

Legend
DI# - Diamond Indicator Sample Location

*#

*2
%3
¥ 4
* 5
X6
% 7
%8
¥ 9

- Bad Heart Formation Multiple Sample Location
- ¥

INCP, INCPS, WP-E, WPET, WPEM, WPEB, PF, WPNT, WPNM
INCPR '
WRS, SCB,SCM, SCT,

RCT, RCM, RCB

HC

SL1B, SL1M, SL1T
SL2B, SL2M, SL2T

NTI1, NT2
NS1, NS2, NS3
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Bad Heart Formatlon-Addltlonal Sample Sites
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PETROGRAPHIC ANALYSIS OF OUTCROP SAMPLE,
BAD HEART FORMATION

PETROGRAPHIC SUMMARY

Three thin-sections from a single outcrop sample were submitted for petrographic
examination. Because of swelling clay problems, requiring preparation of thin-sections
using oil-lubricated abrasive, the sections generaily were over-thick except at the margins.
This reduces the quality of the photomicrographs used in the report.

The sample is an oxidized chamosite ooid, glauconite peloid “ironstone” with a water-
sensitive swelling-clay matrix (not analyzed - would require XRD). The nuclei of most
of the chamosite ooids are smaller chamosite fragments, but about 10 per cent of the
ooids are nucleated on detrital quartz grains (both monocrystalline and polycrystalline
types). Detritol felspars, mainly of orthoclase type, also form a few ooid nuclei. Quartz
grains lacking chamosite envelopes also are present.

Chamosite is a complex hydrated Fe-Mg aluminosilicate that has precipitated at the sea
floor directly on free, wave-agitated nuclei. Later oxidation has altered much of the
chamosite to iron oxides, probably including goethite and other varieties. During early
diagenesis, chamosite ooids characteristically undergo mineralogical conversion and
shrinkage. The latter is particularly apparent if the surrounding matrix has become
cemented prior to shrinkage, so that it outlines a cast of the original grains. The newly-
created pore space formed by shrinkage commonly is infilled by calcite cement (this
sample), or by other digenetic minerals including authigenic clays.

Glauconite peloids, a common accessory of chamosite grainstones, form a small
percentage of the present sample. They are recognized by their ovoid shape, desiccation
fabrics, and microcrystalline clay texture. Glauconite peloids generally are a reliable
indicator of a depositional environment with marine influence, either fully marine or
estuarine-like. It should be noted, however, that berthierine peloids, very similarin texture
to glauconite peloids, may be misidentified as glauconite, and are indicators of more
brackish-water environments. Recrystallization and oxidation of peloids often obscures
identification as originally glauconite or berthierine. The matrix of the chamosite ooids
is a water-sensitive swelling clay impregnated with iron oxides, and containing a high
percentage of oxidized siderite crystals in fusiform to microspheroidal or microrosette
habit. Locally, where the matrix is absent or has been replaced, patches of zoned iron
oxide cements are present. In thin-section, the cements appear bright red in transmitted
light; they may be haematite or related crystalline iron oxides.

The chamosite ooid ironstone facies identified in thin-section from the Bad Heart
Formation (note: spelling as two words, not Badheart, is based on usage in the CSPG
Lexicon of Canadian Stratigraphy, Vol. 4, by D.J. Glass, 1990) is developed
characteristically north of Hines Creek in the Clear Hills region of the Peace River area
of west-central Alberta. Although references have not been examined, there apparently
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are several papers on the geochemistry and other aspects of the Bad Heart ironstones

by G.B. Mellon in the 1960's; the GSC library may be able to locate these reports if
required. In the set of illustrative photomicrographs, two examples of sideritic chamosite

ooid ironstones from the Triassic of Alaska, overlying the main Prudhoe Bay reservoir

section, have been included for comparison. These chamosite-rich rocks also contain

glauconite peloids, and show similar diagenetic fabrics to the Bad Heart ironstones.

Environmentally, the chamosite ooid-glauconite peloid facies is interpreted to be the
product of precipitation of Fe, Mg and K-bearing hydrous aluminosilicates at the seafloor
or sediment-water interface in an overall marine setting (possible seasonally variable)
under conditions of low sedimentation rates/low dilution by external siliciclastic sources.
Modern analogues have been documented on the Holocene shelf in front of the Niger
Delta of the north-eastern South Atlantic, with glauconite-dominant facies in deeper and
colder outer shelf settings, and chamosite-rich facies in shallower and warmer shelf
settings. In the Western Canada Sedimentary Basin setting for the Bad Heart ironstones,
a similar intermediate shelf setting with condensed or low-sedimentation rate conditions
is suggested, shelfward of a source of fine detrital clays and associated Fe oxides (deltaic
source to the east). ~

Chamosite ooid ironstones in other basinal settings (Sverdrup Basin, Canadian Arctic;
Jurasic-Cretaceous, offshore east coast of Canada) commonly overlie unconformities,
recording transgressive systems with low sedimentation rates (condensed section) --
whether there is a similar relationship to an unconformity in the Bad Heart formation is
undefined. -

Examination of the sections reveals no recognizable evidence for a volcaniclastic
influence or source. The detrital siliciclastic grains are dominated by quartz, with only a
few feldspars. Swelling clay matrix may reflect an altered ash fall, but there is no specific
geological reason to support this possibility.



1A.

1B.

1C.
+D.

SELECTED PHOTOMICROGRAPHS

Chamosite ooids (red arrows) enclosed in water-sensitive clay matrix (yellow in transmitted light) with abundant
oxidized fine crystalline siderite (green arrows). Some of the ooids have been leached or have been washed out
during the sample preparation process, and now are impregnated by blue epoxy. x 20.

Same as 1A at higher magnification showing dominance of chamosite ooids, some of which have detrital siliciclastic
(mainly quartz) nuclei (red arrows). Many of the ooids show typical "shrinkage" fabrics of early diagenetic origin, with
intragranular shrinkage fractures filled by calcite (blue arrows). Note that because the thin-section was difficult to
make due to of swelling clays, it is overthick -- this causes overexposure of optically-clear quartz during
photomicroscopy (losing internal textural detail of these components). Note the pervasive siderite crystals in the clay

matrix (green arrows). X 40.

Two examples of oxidized chamosite ooids (now mainly goethite or related iron oxides), some with quartz nuclei
(red arrows), with associated altered glauconite peloids (blue arrows). The glauconite and chamosite are common

associates in this type of environmental setting. X 100.
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SELECTED PHOTOMICROGRAPHS

2A. Two examples of monocrystalline and polycrystalline quartz grains (red arrows), some as nuclei of chamosite 0oids,

+B. same as uncoated detrital grains. Although a few feldspars, probably orthoclase in composition, were noted, most

of the siliciclastic grains in this sample are quartz. Note the red stained siderite crystals in the enclosing clay matrix,
which appears yellow in transmitted light due to iron oxide impregnation. x 100.

2C.v Larger microporous (blue epoxy impregnation) iron oxide clast (red arrows) in chamosite ooid host. x 20.

2D. Siderite crystals, probably of early diagenetic origin, enclosed in clay matrix. Crystals show microrosette or
microspheroidal fabric typical of many early diagenetic siderite fabrics. X 200.

A B ‘ 0 mm 1 .0 mm 2 0 microm.® 250 0 nfk:mm.‘ 125 0 microm?® 50
: x400
ol D x20 x40 X100 ‘ x200

*microm.smicrometres (microns)







SELECTED PHOTOMICROGRAPHS

3A. Two examples of chamosite ooid fabrics showing localized intergranular cement or replacement (green arrows), with

+B. some indication of crystal growth zoning within the cement. Strong red colour of the crystals under transmitted light
indicates dominance of an iron oxide composition -- the mineral may be haematite or a derivative. Note the incipient
circumgranular shrinkage cracks or micro fractures around several of the chamosite ooids (blue arrows). x 100.

3C. Two examples of highly altered and oxidized chamosite-glauconite peloid samples from the Triassic of Alaska,

+D. overlying in the main Prudhoe Bay oilfield section, showing similarity in some features to the submitted sample.
Similarities include sideritic matrix (green arrows), but also with blue-stained ferroan calcite cement, and shrinkage
fabrics with infill of shrinkage pore space by calcite and authigenic clays (red arrows). X 40.
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PETROGRAPHY OF SAMPLE RB#1 FROM NW ALBERTA

Abstract

The sample comprises one large hand specimen and five very small chips. The large rock and
two of the chips are different sedimentary rocks in which there is no evidence for a volcanic origin.
One constituent, which is present but not common, in the large specimen may represent glassy
ash, among other possibilities. The three other very small chips are composed of hypabyssal
sanidine-clinopyroxene-phlogopite minette but do not appear to relate to the other parts of this
sample. No features were observed to suggest that any of these rocks are lamproites (or

kimberlites).

1.0 INTRODUC

This sample was given by a prospector to Brad Wood of Monopros in Grande Prairie who then
submitted to Scott-Smith Petrology for a petrographic investigation. The sample was apparently
collected from near Peace River in NW Alberta. It is reported that the sample is of volcanic origin
and that it contains lamproite fragments. No other information was supplied. '

20 ETROGRA

Macroscopic examination

The sample comprises one fairly large hand specimen and five very small (<0.5mm) chips which
were submitted separately in a smal vial.

" The large sample (A) was examined prior to sample preparation. It has an overall orangy brown

colour. The rock appears altered. The sample is mainly fine grained with most constituents less
than 0.25mm in size. The rock appears to be finely laminated. The sample does contain the
occasional coarser pebble like clast which range in size up to 1.5cm. These clasts are not
common and their nature is difficult to discem. They appear to comprise similar fine grained
altered material to the host but individual constituents are difficult to discem. The host rock
appears to contain abundant clay minerals which may form the matrix to the coarser constituents.
Quartz appears to be an important constituent of the rock. Other white and black grains must
represent other minerals. No olivine or its pseudomorphs or any other mantle-derived minerals
were observed. Some areas of the sample appeared to contain abundant ovoid oolith-like
structures about 0.5mm in size. No mica or possible lamproitic fragments were observed. There is
no evidence to suggest that this sample is of volcanic origin. It seems more likely that it is of

sedimentary origin.

This large rock sample (A) was submitted to Vancouver Petrographics for the preparation of a
series of polished slabs through the sample which were to be cut perpendicular to the lamination



Two thin sections were also prepared. It was considered that further thin sections should be made
of carefully selected areas of any volcanic constituents that were observed on the polished slab.

A total of four polished slabs about 1cm thick were prepared. Both cut surfaces of these slabs
were polished. The polish of these slabs could be improved but in the interests of time the
samples were not re-submitted. It was considered that this did not mask the presence of any
constituents. The main constituent of the rock appears to be well sorted fine (<0.2mm) grains of
quartz which appear to have a fairly uniform distribution through most of the rock. The quartz
grains may be clast supported but they are not closely packed. The matrix to the quartz appears
to be composed predominantly of orangy brown coloured clayey material which disintegrates
when wetted making the macroscopic examination difficult. Fine stringers of rusty brown probable
iron oxides occur in the rock. These parallel and may define the lamination observed in the rock
prior to sample preparation. This lamination is not so evident on the polished slabs. Some of the
areas where the stringers occur appear to be finer grained and composéd of more abundant clay
minerals and less quartz. The rock resembles: an iron oxide-rich sediment. The occasional
rounded to well rounded pebble-like clast occurs in this rock (<1 or 2 per polished slab). They are
generally more grey and less orangy brown in colour than the host rock. Some of them appear to
be composed of quartz and resemble sandstone. Other finer examples may be finer grained
sediments. Another example appears to contain common ooliths. There is no evidence for any
other clast being present. No constituents of this rock suggest a volcanic derivation for this rock.
Also no inclusions resembling the small mica-bearing chips submitted in the vial were observed.

Accompanying the main rock sample was a small vial containing five very small (<6mm) rock
chips. One of the chips (chip C) has an orangy brown colour and resembles the main sample and
it contained some of the oolith-like structures. Another chip (chip D) appear to be composed of
fine grains or poorly sorted quariz grains which are cemented by dirty looking black-brown
material. Neither of these chips appears to be of volcanic origin. Three of the small chips (chips E,
F and G) have an overall grey colour. They are likely to be small pieces of an igneous rock. They
contain abundant grains of very dark brown mica. The matrix to the mica is mainly light coloured
but it appears to include some pale green grains which could represent a mafic mineral such as
clinopyroxene. The remainder of the matrix is very light in colour but its nature cannot be
discerned. These fragments resemble a lamprophyre but no classification can be made based on
such small pieces of rock. Some phlogopite larproites might be termed lamprophyre but there is
no reason to suggest that these chips are lamproite rather than much more common mica-bearing

- lamprophyres, such as minettes. The very leucocratic matrix to the mica may suggest that they

are not lamproite.

All the small chips were submitted to Vancouver Petrographics for sample preparation. It was
requested that a thin section of the small chips be atternpted although it was realised that this may
not be successful.

Microscopic examination

Two thin sections of the large rock sample were prepared. They are numbered A and B. Thin
section A is described first. This rock is composed mainly of colourless grains set in an orangy



brown matrix (Plate 1). Most of these grains are <0.2mm in size although a few coarser grains are
present. These grains, therefore, appéar to be relatively well sorted. Most of the grains are very
angular but some rounded grains are present. Most of the grains appear to be clear
monocrystalline quartz (Plates 3 and 4). Most of these grains display non-uniform or undulose
extinction suggesting that the quartz has been deformed. Less abundant fine polycrystalline
grains of probable quartz are also present (Plate 4). Common, but less abundant than the quartz
described so far, are grains which have slightly turbid appearance (Plate 3). These grains are
finely poly- to crypto-crystalline and are probably composed of quartz (Plate 4). Other non-
colourless grains similar in size and shape to those already described occur throughout the rock
but are not abundant. Some of these are turbid and pale grey to yellowy in colour (Plate 3). They
are often isotropic and they could represent fine grains of glassy ash. This is, however, difficult to
confirm in grains which are so small. On the other hand these grains could be some other material
such as coliophane. Other grains are composed of cryptocrystalline material which could
represent altered glass or secondary material after another primary constituent. Rare grains of
feldspar with polysynthetic twinning are present. Rare grains of mica are also present. These
constituents are clast supported but not closely packed.

Frequent but not common ooliths occur in this rock (Plate 2). They are mostly <0.5mm. They
typically have a thin im which is now composed of rusty brown iron oxides. These rims enclose a
variety of material most of which have been replaced by secondary iron oxides. Some of the cores
to these ooliths appear to be grain aggregates. Rarely the ooliths enclose a grain of quartz similar
to that found in the host rock.

The matrix to the constituents described so far is composed mainly of browny and rust red brown
material (Plate 3). The former is cryptocrystalline and appears to be composed of clay minerals
(Plate 4). Although the quartz and associated grains have a fairly uniform distribution throughout
the rock, there are patches which appear to be devoid of these grains and composed mainly of
the probable clay minerals. Some of these patches may represent concentrations of the matrix
material while others could be ill defined lithic fragments. One patch contains an inhomogeneous
distribution of quartz grains as found in the host rock as well as more common ooliths and one of
the pebble-like clasts. This sub-rounded pebble is composed of a slightly darker brown coloured
clay mineral and a non-uniform distribution of quartz and other grains which are different from the
host rock.

The other main matrix constituent of the main rock is bright orangy brown coloured clear material
which is presumably composed of iron oxides (Plate 3). This material appears to totally replace a
few grains which form some of the quartz-like grains as well as forming part of the inter-grain
matrix together with the clay-like material just described. Fine granules(<0.1mm) of this material
can occur in the clay-rich patches. This material also partly to totally replaces some of the ooliths.
In addition this material occurs as vein-like stringers which occur in discontinuous zones
throughout the rock (Plates 1 and 2). These stringers have a sub-paraliel orientation in the
samples. There is no apparent systematic change in grain size in this rock so there is no
suggestion of bedding. The lamination observed macroscopically appears to derive only from the
vein-like stringers of secondary iron oxide material.
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Only one other well defined pebble-like clast occur in this thin section. It is 3.5mm in length, well.
rounded with an ovoid shape (Plate 5). itis composed of very fine grained quartz set in abundant
clayey matrix. There may be a concentration of quartz in one layer which suggests that this
material may be bedded. This clast is transected by a series of the iron oxide stringers.

Thin section B of the same rock is obviously very similar to that just described. No other
noteworthy features were observed.

The third thin section comprises the five small chips which were submitted in the small vial along
with the main rock sample. The thin sectioning of this material was successful. The orange brown
chip (C) is composed of common iron oxides as found in the large rock sample. It contains some
concentrically zoned coliths which are composed mainly of iron oxides (Plate 6). No quartz is
present which clearly distinguishes this chip from the large rock sample (A). Apart from the ooliths,
the other constituents are poorly sorted and often finer grained than found in the main rock
sample. These grains are totally replaced by iron oxides but have elongate,  cuspate and other
shapes (Plate 6). The nature of these grains is not understood but they are very different from the
main rock sample. Some of the cuspate fragments could represent fragmented ooliths. They couid
equally be organic in origin. The matrix to these constituents described so far is relatively clean or
clear carbonate (Plate 6). The latter also distinguishes this chip from the rock sample. No clay
minerals occur in the matrix. ‘

As observed macroscopically, chip D is different from rock sample A and chip C. It is composed of
very poorly sorted grains of quartz ranging in size up to 0.5mm in size (Plate 7). The sorting is
quite different from the main rock sample A. The occasional grain of polysynthetically twinned
feldspar is present. The larger grains are mainly sub-rounded to rounded. Many of the smaller
grains are angular in shape. The quartz mainly shows non-uniform extinction. Some
polycrystalline grains are present. A few very altered grains of probable mica are present. Some
of the constituents which are similar in size to the quarz grains appear to be composed of
cryptocrystalline material. Other brown altered indiscernible constituents are present and they are
mainly fine grained. All these constituents are set in a dirty looking darkish brown matrix which
probably contains clay minerals (Plate 7). This matrix is different from that observed in rock

sample A.

As observed macroscopically, chips E, F and G are very similar to each other. These chips are
composed of a fairly fresh porphyritic igneous rock composed of three main constituents: mica,
clinopyroxene and feldspar (Plates 8 and 9). Mica and clinopyroxene occur as phenocrysts as
well as somewhat smaller probable groundmass grain and they occur in approximately equal

_ amounts (perhaps 40 and 30 modal % respectively). The mica ranges in size up to 1mm. The

larger grains occur as stubby laths, have sieve textures in their cores, can contain common
inclusions of very fine grained opaque cubic grains of probable spinel and can be altered to a
greeny brown material (Plate 8). The grains of 0.5mm and less occur as more slender lath-like
grains which have a pale brown colour (Plates 8, 9 and 11). The nms are pleochroic to a darker
brown mica. None of the mica is twinned. The large clinopyroxene grains appear to be equant and
range in size up to 1mm in size (Plate 9). They are often intergrown with or replaced by mica
which is similar to that occurring as phenocrysts (Plate 9). These grains are twinned and probably
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zoned. Some of the smaller clinopyroxene grains have more lath-like shapes. Some of these
grains are clearly zoned. : ’

The mica and clinopyroxene grains are set in a matrix which is composed mainly of clear fresh

colourless feldspar (Plates 8, 9 and 11). The feldspar occurs as a mosaic of intergrown grains
which are interstitial to the other minerals. Although many of the grains are anhedral, some of the

. grains approach a euhedral shape and they usually have lath-like shapes. Some of these grains

show simple Carisbad twinning. No polysynthetic twinning was observed (Plate 10). These
features strongly suggest that the feldspar is sanidine. Some very fine grained spinels occur within
the interstitial feldspar (Plate 11). A few grains of interstitial carbonate are also present. It is
notoriously difficult to establish if carbonate is primary but its mode of occurrence in one chip
suggests that it is primary. Rare grains of a greeny-rosy brown pleochroic mineral have a basal
60° cleavage to show that they are amphibole. Minor interstitial areas are composed of
cryptocrystalline material which are more likely to represent secondary alteration than devitrified

glass.

3.0 MM ND Cc

The large rock sample (A) appears to be a sedimentary rock composed of well sorted
predominantly angular grains of quartz, possible grains of glassy ash, rare feldspar and mica set
in a matrix which appears to be dominated by clay minerals and iron oxides (Plates 1 to 4). The
latter also replaces primary constituents in the rock as well as occurring as discontinuous sub-
parallel secondary vein-like stringers throughout the rock. The latter probably give the sample its
laminated appearance. There is no suggestion of sedimentary bedding. The rock is clast
supported but not closely packed. This rock is an immature matrix-rich fine sandstone which
contains ooliths and abundant iron oxides and the occasional rounded pebble. Iron oxides may be
sufficiently abundant to term this rock an ironstone. The pebbles appear to be sedimentary lithic
clasts (Plate 5). The main rock may contain some common, but not abundant grains, of possible
glassy ash (Plates 3 and 4). This interpretation is difficult to confirm in such small grains,
particularly as no vesicles were observed. These could equally represent other constituents that
could include collophane or others which have been replaced by secondary minerals. There is no
evidence or reason to suggest that these grains, if volcanic, are of lamproitic or even lamprophyric
origin. Basaltic (sensu lato) and other ash types are much more common and may well occur in
the sediments found in NW Alberta.

Chip C shows certain similarities to the main rock sample in the presence of abundant iron oxides
and ooliths. The absence of quartz and the presence other constituents, although totally replaced,
are both very different from the main rock sample A (Plate 6). This shows that this chip may have
undergone similar alteration to the main rock sample A but that it is not directly related to, or
derived from, the large rock sample A. There is no evidence that can be used to suggest a
volcanic origin of any of the constituents of this rock. It is possible that some of the altered
cuspate fragments could be glass shards but there is no real reason to make this suggestion as
there-are other more likely options. If they were glass shards they are unlikely to be of lamproitic
origin. Such constituents have not been observed in lamproitic pyroclastic material by this author.
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Chip D is a poorly sorted immature medium sandstone (Plate 7). This chip contains abundant
quartz but it is poorly sorted and the presence of rounded grains show that it is different to rock
sample A. The nature of the matrix is also different and no iron oxides or ooliths are present. With
both the primary and secondary nature of this rock being different to that of rock sample A and
chips C and D, this sample is not obviously related to any of them. Also there is no evidence that
suggests that any of the constituents in this very small chip have a volcanic origin.

In stark contrast to the rock sample and chips described so far, chips E, F and G are all similar
relatively fresh porphyritic igneous rocks which are very likely to have derived from the same
source. They are composed of phenocrysts of clinopyroxene and phlogopite set in a relatively
coarse grained groundmass composed of similar clinopyroxene, phlogopite, probable sanidine,
rare amphibole and minor amounts of another, possibly secondary, material (Plates 8 to 11). The
latter is unlikely to be glass. The rosy colour of the amphibole is somewhat reminiscent of that
found in lamproites. The zoning in the clinopyroxene, the colour and lack of twinning in the
phlogopite, the twinning in the sanidine, the presence of probable spinel and the absence of
leucite and priderite distinguishes this rock from lamproites. All these features, however, are
typical of hypabyssal minettes. There is no reason to suggest that this rock is a lamproite rather
than the much more common rock type minette. In the very unlikely event of this rock sample
being a lamproite it should be noted that it would be classified as a sanidine<clinopyroxene
phlogopite lamproite and that it contains no olivine. Such rocks, to date, have not been shown to
contain economic quantities of diamonds or to carry significant ‘kimberiitic’ indicator minerals.
Lamproites with such mineralogies are rare. Even those which are somewhat similar (e.g. Leucite
Hills) show significant differences.

4.0 CONCLUSION

The large rock sample and two of the small chips appear to comprise different sedimentary rock
types. The alteration of one chip is similar to the large rock sample, but otherwise there is no
evidence to show that these rocks are related. No observed features can confirm that any of the
constituents of these rocks are volcanic in origin. Some minor constituents in the large rock
samples could be of volcanic origin but other possibilities also exist. Even if these grains were
shown to be volcanic ash, there is no reason to suggest that they are related to any lamproite
rather than much more common volcanic rock types.

In stark contrast to the main rock sample and the two chips described above, the other three chips
are different coloured fresh porphyritic igneous rocks. They are classified as hypabyssal minette.
There is no evidence to suggest that they have any lamproitic affinities. There is also no reason to
suggest that this sample is related to either the main rock sample or either of the other chips.

50  FURTHERWORK

Although the results of this investigation do not suggest any lamproitic affinities to any of the rocks
examined, some additional work could be undertaken to support the conclusions of this report.



1) Treat a large amount of this material for “kimberiitic” indicator minerals. It should be noted
that even if this rock were a lamproite it is unlikely that abundant or any high interest

grains would be found.

(2) Sedimentary rocks are not within the expertise of this author. These samples and thin
sections could be examined by another geologist who is experienced in such rock types.

) The classification of the igneous fragments could be verified by obtaining compositions of
the primary minerals in this rock. If undertaken, this must include grains of the different

generations as well as determinations of their compositional zoning.

4) Only two thin sections -of the main rock sample were initially prepared as it was
‘considered that any further sections should be made from carefully selected areas of the
potential lamproitic material encountered in. the polished siabs. This has not been
undertaken as no such material could be identified. Further random thin sections could be

cut and examined.

(5) Examination of further samples of the igneous material with more detailed background
information should ideally be undertaken to provide support for the classification based on

three very small chips.

6) More background information or an examination of the field relations of the different
components of this sample, the general geology of the area and the nature of the country
rocks is required to both understand their re_lationship and to allow further comment.

6.0 NOTE

This report presents the best professional opinion of the author based on the limited information at
the time. There may be other information not available to the author which may change this

opinion.



Plate 1

Large rock sample - A. Field of view =.4mm. This photomicrograph illustrates the main features of
this rock. The sample is composed of well sorted fine colourless grains. Many of these grains
have angular shapes. Other more coloured grains are also present. These constituents are set in
a browny matrix. The sample is cut but sub-parallel discontinuous veins of browny iron oxides.

Plate 2

As Plate 1. Field of view = 4mm. This area of the sample includes some ooliths which are
composed of brown iron oxides.



Plate 3

Large rock sample A. Field of view = 1.6mm. PPL. A typical area of one of the thin sections which
shows that it is composed mainly of colourless angular grains. Some other coloured grains are
also present. The matrix to the grains is composed of two main constituents. The darker brown
material appears to represent secondary iron oxides while the lighter brown material appears to

contain clay minerals.

Plate 4

As Plate 3. Crossed nicols. It can be seen here that most of the grains are composed of quartz.
Non-uniform extinction can be observed in some of these grains. Other grains are polycrystalline
or cryptocrystalline while a few are virtually isotropic. Some of these grains could be glassy ash
although this cannot be confirmed in these thin sections.The contrasting nature of the different
consitituents of the inter-clast matrix can also be observed.
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Plate 5

Main rock sample A. Field of view = 4mm. Here the main rock (as in Plates 1 to 4) contains a
rounded pebble which is translected by secondary veins of iron oxides. The pebble is composed
of very fine quartz in a clayey matrix. Some of the quartz appears to be concentrated in a layer
which may represent a bed. The pebble is most likely to be a sedimentary rock.

k] —

Plate 6

The orange brown chip C. Field of view = 1.6mm. This photomicrogrpah was taken with
condensed light. This chip is composed of poorly sorted fine constituents which have all been
replaced by iron oxides. Nine of these consitituents appears to have been quartz but they do
include ooliths similar to those observed in the main rock sample. These constituents are setin a
colourless matrix of carbonate. The nature of the clasts and the inter-clast matrix clearly shows
that this chip is different from the main rock sample shown in Plates 1 to 4.

11



Plate 7

The dark brown chip C. This chip is composed of poorly sorted grains of quartz as well as the
occasional feldspar and mica grains. Some of the quartz grains are more rounded than foun in the
main rock sample. The matrix appears to contain clay minerals which have a dark brown colour in
contrast the the matrix of the main rock sample A. This photomicrogrpah clearly shows that this
chip is different from the main rock sample A shown in Plates 1to 4.

Plate 8

Chips D to F. Field of view = 1.6mm. These chips are contain phenocrysts of mica which enclose
some fine grained spinel. The latter is coarser than that found in the groundmass. These micas
are greeny in colour which shows that they are partly altered. These micas also appear to have
sieve textured cores. The rest of the rock is composed of laths of phlogopite, clinopyroxene and

colourless feldspar.
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Plate 9

Chips D to F. Field of view = 1.6mm This photomicrograph shows part of one of the clinopyroxene
phencrysts. It is either intergrown with or partly replaced by phlogopite. The rest od the rock is
composed of laths of phlogopite, clinopyroxene and colourless feldspar.

Plate 10

As Plate 9. Crossed nicols. This photomicrogrpah illustrates the simple Carisbad twinning in the
groundmass feldspar laths.
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Plate 11

Chips D to F. Field of view = 0.6mm. This

plate illustrates the nature of the groundmass which is

composed of brown phlogopite, clinopyroxene ans colourless feldspar with minor amounts of very

fine grained cubic probable groundmass fe
it is partially altered and zoned.

Idspar. The green core to one grain of mica shows that

14
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Dynamic Geological Consulting
Fax Mamo
From: Rick Walker
Dynamic Exploration Ltd.
1916 - 5th  Street South
Cranbrook, BC V1C 1K4

Phone: (604) 489 -~ 2255
Fax: (604) 426 - 8755

To: Marum Resources Inc. Date: April 11, 1994

Attention: Rick Boulay | _ Time: 12:15 pm

Total Pages (with cover page): 5

As requested, a composite description of three thin sections
supplied to Dynamic Exploration Ltd. by Marum Resources Inc.

The material was described as coming from an oolitic sedimentary
unit, having a small proportion of enigmatic granitoid clasts.
The thin sections supplied support the interpretation of a
oolitic lithology in which the majority of the ooliths are cored
by alkali feldspar grains. This observation, coupled with
lamprophyric/lamproitic inclusions supports the possibility that
there may be a proximal source of igneous material.
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Rick Walker

Dynamic Exploration Ltd.
1916 - 5th gtreat South
Cranbrook, BC V1C 1K4

Phona: (604) 489 - 2255
Fax: (604) 426 - 8755

April 11, 1994

Rick Boulay

4606 - 5th street S.W.
Calgary, Alberta

T2S 2ES

Re: Three thin sections of Clear Hills material

Upon examining the thin sections supplied I would have to agree
with the interpretation that they are oolitic in origin. In hand
sample, the lithology is comprised of fine (<1 mm), reddish
coloured, spherical grains in an orange brown matrix. This
observation is evident in thin section. The grains consist of a
nucleus, generally comprised of a limited variety of silicate
grains, with finely laminated, concentric layers. The concentric
layers are now almost exclusively comprised of an iron-rich
material, tentatively identified as haematite. The oolite has a
bimodal population consisting of subequal proportions of
spherical and elliptical ooliths. All the silicate ninerals
comprising the nuclei of the coliths are angular to sub-angular,
excepting the tentatively identified olivine grains which appear
to have a relict euhedral, aggregate morphology.

The vast majority of the ooliths have a silicate nucleus,
consisting of (in order of abundance): alkali feldspar and quartz
+ olivine % Ca-pyroxene (diopside). The alkali feldspar grains
are tentatively identified on the basis of low interference
colours (first order gray to yellow), undulose extinction, weakly
defined cleavage (may or may not be present), weakly defined
zoning (may or may not be present), twinning (may or may not be
present) and ubiquitous weak to moderate alteration. Cleavage,
zoning and twinning are features which would not occur in quartz.
Furthermore, alteration effects would not be expected in quartz.

Twinning is weakly defined but instances of tartan twinning and
lamellar twinning were observed. In addition, several grains had
parallel cleavage in evidence. Finally, grains having a
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- !tinctly lath-like crystal morphology were observed. All of
the above observations suggest alkali feldspar is present and

ely comprises the predominant population of the slilicates
ing the ooliths.

eration of the alkali feldspar imparts a patchy appearance to

grains in both plain and polarized 1light. In plain polarized
ight interference colours range from gray to reddish brown in
syccessively altered areas while in crossed polarized light the
'jered patches range from gray to black. The alteration product

too small to identify in thin section but is interpreted to be
sericite (white mica), a common alteration product of alkali
?*"1dspars .

.lartz grains are present, characterized by equant grains having
~g@y to yellow (first orxder) interference colours and straight to
: ‘iulose extinction. 1In a subordinate number of grains,

i Jycrystalline, strained quartz is present.

lighly subordinate population of ooliths have an unaltered
- Mbonate nucleus, around which a concentric haematitic rind has
.eveloped. In addition, in some instances, a carbonate mantle is
dent surrounding silicate grains within a concentric
..matitic rind.
“wg highly altered olivine grains are tentatively identified on
i basis of 2nd order interference coloursg, lack of cleavage and
. Wict grain morphology.
l matrix is composed of green, amorphous material in plane
SWarized light. In crossed polarized 1ight, however, very fine
.-ained laths or plates appear to be present, probably of a
‘gyey material. It is very difficult to identify and is
JJerpreted as chamosite "a monoclinic mineral of the kaolinite
‘_oup, (Fe?*,Mg,Al,Fe3*,)c(A1S13)019(OH)g. An important
‘q@stituent of many oolitic ironstones" (paraphrased from the
itionary of Geologic Terms). In addition, thexe are orange-
wn, irregular grains suspended in the matrix and in small
:ggregates, which are translucent and apparently isotropic in
lssed polarized light.

TERPRETATION

!contrast to the material provided previously, this material is
- 8t described as an oolite. However, the predominance of alkali
eldspar identified coring the majority of the ooliths is
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Marum Resourxces Ltd.
April 11, 1994
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consistent with proximity to an igneous source. It 1s curious
that the possible lamprophyric to lamproitic material identified
in the concentrate was not present, or at least not identified in
the thin sections.

The angular to sub-angular texture of the grains comprising the

‘nuclei of the ocoliths suggests very little transport, again

consistent with a proximal source. The great predominance of

“alkali feldspar is also consistent with an alkaline igneous

source (including lamprophyre and lamproite). Largex grains
(pisoliths) present in the hand samples may represant the igneous
material described in the raw fractions previously supplied.
However, positive identification was not possible, possibly due
to haematitic rinds present on the grains. :

Breakdown of lamproitic and/or lamprophyric igneous material
could supply the alkali feldspar grains coring the ooliths. One
problem with this interpretation is the lack of ooliths cored by
biotite-phlogopite grains but this may be a function of specific
gravity in the environment in which the ooliths formed.

RECOMMENRDATIONS

The source of the igneous material must be addressed before much
additional work is carried out on the deposit. The concentrate
previously supplied has undeniable igneous material, recovered
with very little processing of the bulk sample (treatment with
HC1 and HF). The thin section examined contain no lamprophyric
and/or lamproitic inclusions. However, the ooliths are coxed
predominantly by tentatively identified alkali feldspar. While I
feel relatively confident of this interpretation I cannot get
optic axial figures to verify a biaxial (vs. uniaxial - quartz)
nature. One relatively easy procedure to verify the presence or
absence of alkali feldspar would be to stain the thin sections or
a slab of rock with potassium cobaltinitrate, which would stain
the feldspar yellow. Alternatively, or in addition, descriptions
of the thin sections by unbiased third parties has been suggested
by Rick Boulay, President of Marum Resources Ltd., might verify
the presence of alkali feldspar.

it is further recommended by the author that outcrop exposures be
examined for inclusions and/or clasts of igneous material frxom
the proposed source. Such examination can wait or be subject to
independent thixd paxty verification of an igneous component.
Finally, one large, complete sample of the material should be
processed for recovery and verification of the lamprophyric/
lamproitic inclusions, to specifically address the possibility of
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contamination. The author has been informed that the issue of
possible contamination has already been addressed by Rick Boulay
and that the concentrate previously supplied is free of '
contamination. :

CONCLUSIONS

It is the authors opinion that the concentrate and thin sections
supplied by Marum Resources Ltd. to date represent samples of an
oolite, comprised of numerous ooliths having predominantly alkali
feldspar nuclei. Larger grains (pisoliths), which may also have
a concentric rind of haematite, are present consisting of a
matrxix having biotite-phlogopite phenocrysts.

PR
(]

There is sufficient evidence to support the original
interpretation proposed by the author proposing a proximal source
of alkaline igneous material. This possibility should be pursued
to determine its validity. 1If igneous material is confirmed by
independent sources, then the oolite should be examined in the
fiold in an attempt to determine the position of the proposed
gource for the igneous material. In addition, the oolite should
be evaluated for Rare earth Elements, Platinum Group Elements,
base and other precious metals, as well as possible diamonds.
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Dynamic GCeological Consulting
Fax Memo
From: Rick Walker
Dynamic Eﬁploration Ltd.
1916 - 5tP Street South
Cranbrook, BC V1C 1K4

Phone: (604) 489 - 2255
Fax: (604) 426 - 8755

To: Marum Resources Inc. Date: March 29, 1994
Attention: Rick Boulay Time: 2:15 pm

Total Pages (with cover page): 1

As requested, a discussion of material examined in two samples
supplied to Dynamic Exploration Ltd. by Marum Resources Inc. The
first sample is identified as CH-1 (HC1 and HF) and consists of
approximately one teaspoon of concentrate. The second sample is
jdentified as CH-1 (HCl) Coarse and consists of approximately one

tablespoon.

The material was described as coming from an oolitic sedimentary
unit, having a small proportion of enigmatic granitoid clasts.
The following interpretation documents my reasoning for
considering oolite to be a misnomer. I believe the sample
represents up to three separate and identifiable alkaline igneous
phases, possible associated with (a) diatreme(s) of lamprophyric

or lamproitic affinity.
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Rick Walker

Dynamic Geological Consulting
1916 - 5tP street South
Cranbrook, BC VI1C 1K4

Phone: (604) 489 - 2255
Fax: (604) 426 - 8755

March 29, 1994

"Rick Boul

thY

4606 - 5 Street S.W.
Calgary, Alberta

T2S 2ES

Re: Samples CH-1 (HC1l) Coarse and CH-1 (HC1/HF)

I have examined both samples supplied and interpret them to be
hypabyssal intrusive to extrusive igneous material of
lamprophyric to lamproitic composition.

Sample CH-1 (HCl) Coarse consists of approximately one tablespoon
of concentrate while sample CH-1 (HC1l/HF) consists of
approximately one teaspoon of concentrate. Therefore, the
interpretations based upon the following observations must be
considered in the context of the outcrop from which they were
derived.

CH-1 (HC1l/HF)

The sample consists predominantly of individual mineral grains
and fragments with subordinate brown coloured (Fe- stained)
aggregate material. There are also partial relict moulds
consisting of disaggregated rinds of haematitic (?) material,
which elsewhere coat grains and fragments. Diopside (possibly
low to moderate chrome content) are present as fragments and rare
columnar crystals. Rounded to sub-rounded spinels (non-magnetic
- possibly chromite), glassy black magnetite fragments and black
ilmenite grains are evident. Many rounded, red-brown
haematite(?) coated pellets are also present. There are a
variety of glassy, vitreous minerals that may include: quartz,
plagioclase and/or nepheline. 1In addition, white, translucent
minerals may be alkali feldspar grains and fragments. Glassy
moderately orange coloured grains may be rutile but are more
likely garnet fragments. Finally, numerous euhedral biotite-
phlogopite grains are present, up to 2 mm in diameter across
their basal section.
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CH-1 (HCl) Coarse

The coarse fraction examined is essentially bimodal in
composition, comprised of dirty yellow coloured aggregates and
grey coloured, hypabyssal to extrusive igneous material.

The dirty yellow portion, upon closer examination, consists of
two phases, namely the "oolitic" fraction and a matrix fraction.
The "oolitic" fraction is a misnomer as it is certainly not
oolitic. Treatment with HC1l has not dissolved the sample,
therefore it is not calcareous in composition and there are very
few instances of concentric structure to the grains. The
"oolites" are actually rounded to sub-rounded pellets comprised
of a nucleation site (a pre-existing grain or mineral fragment)
and a haematite(?) rind. The matrix containing the pellets
contains fine-grained, euhedral biotite. The second phase
(arbitrary identification) of dirty yellow material consists of
fine-grained (microphenocrysts?) biotite-phlogopite in dirty
yvellow matrix (composition currently unknown). No phenocrysts
are present in the several small samples identified.

The yellow colouration appears to be a result of alteration of
haematite into goethite and/or limonite. The matrix contains
minerals identified above in the previous sample, implying a
genetic link between the three phases identified in the sample.

The gray material contains euhedral biotite-phlogopite and
subhedral to euhedral (green) diopside. Biotite-phlogopite
crystals are predominant, with diopside crystals slightly
subordinate. Biotite-phlogopite is also present as a matrix
phase. The matrix consists of clear, vitreous silicates which
may include some or all of the following: quartz, plagioclase
and/or nepheline.

One large phenocryst of columnar, euhedral diopside (probably low
chrome) was identified in this fraction.

INTERPRETATION

The fact that matrix is still evident after treatment with HC1l
indicates that the matrix is comprised largely of silicates,
carbonate is either absent or sub-ordinate. This is inconsistent
with an "oolitic" origin unless substantial replacement has
occurred. This possibility is considered remote due to the lack
of any indication of concentricity in the vast majority of the
pellets examined. In addition, the abundant occurrence of
igneous minerals suggests an igneous origin for this sample.
Furthermore, the euhedral nature of biotite-phlogopite crystals
as phenocrysts and in the matrix, and euhedral diopsides suggests
a proximal source. The predominance of biotite-phlogopite
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crystals with slightly subordinate diopside suggests an alkalic
composition similar to a lamprophyre or possibly a lamproite.

The presence of two phases of biotite-phlogopite (phenocrysts and
in groundmass) suggests the possibility of a madupitic lamproite.

Such an interpretation is consistent with the information
available, both observable and reproducible in the concentrate
and the reported presence of granitoid clasts. Such granitoid
clasts would be difficult to reconcile with an oolitic package,
as would the abundance of igneous material.

Furthermore, the pellets may represent igneous material re-worked
in a sub-aqueous environment of limited extent. One possibility
would be within a water filled crater associated with a diatreme.
An iron-rich brine is the probable source of the haematitic rind
developed on the mineral grains and fragments. In order for the
extensive haematitic rinds to be precipitated, a restricted
volume of iron-rich brine is required. Alternatively, the
samples may represent portions of a pyroclastic apron associated
with a proximal vent or vents, again deposited within a
restricted basin. Finally, the igneous material may have been
altered in the subsurface by an iron-rich brine.

RECOMMENDATION

This deposit should be evaluated for diamond potential.
Furthermore, with the possibility of a proximal source, Platinum
Group Element and Rare Earth Element potential should be
considered. In addition, base and precious metals may be

present.

Information available to the author indicates potential as an
iron deposit, currently sub-economic. It may be that if this
igneous material was sourced proximally then potential may exist
for multiple commodities, making a mine feasible.
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Marum Resources Inc.
207, 525 - 11th Avenue SW
Calgary, AB, T2R 0C9
Tel: (403) 243-9500
Fax: (403) 243-9517

May 24, 1994

Dr. John Duke

SLOWPOKE Reactor Facility
3118 Dentistry Pharmacy Building
Univ of Alberta  T6G 2N8

Dear Dr. Duke:

Please find enclosed two sealed centrifuge tubes, each labelled "IC-100 Aqua
Regia", and a plastic bottle of sediment labelled "IC-100 Solids". The tubes contain
Aqua Regia (3 HCL to 1 HNO3) and represent the leach liquor from a 300 gram
samples of ironstone material. The solids represent the residue from the leaching
process and have been thoroughly washed with water. Acid precautions should be
used with the Aqua Regia, no precautions are necessary with the solids.

The materials were prepared as follows:
Solid chunks of ironstone were crushed in a plastic bag with a hammer.

300 grams was measured into a large contained and mixed. The material was
distributed into 10 beakers and covered with Aqua Regia.

The beakers were placed on a rotary shaker and shaken for 36 hours at
medium speed. Every 12 hours the material was hand stirred.

After 36 hours the material was poured into six centrifuge tubes and
centrifuged at high speed for 20 minutes. The liquid was poured off into two
clean centrifuge tubes and centrifuged again at high speed for 10 minutes. The
liquid was then decanted into the two tubes labelled "IC-100 Aqua Regia"”, then
sealed.

The solids were collected in a container and rinsed thoroughly with distilled
water twice and with tap water three times. :

I did not recombine the liquids from the two sealed tubes and suggest that you
do so before extracting a sample for INAA. I would also like to run a sample of the
solids for reference. Please use your discretion as to how many samples of the liquid
and the solids should be run.

Yours truly,
Marum Resources Inc.

Richard A. Boulay, President



To: John Duke
From: Rick Boulay, Marum Resources

Handling: Tube #11 contains HF, all others contain either Aqua .
‘Regia or HCL.

Ironcap fines curshed in ball mill for 8 hours. Samples treated in
acid for 30 hours.

IC-101-2
30 gms Ironcap fines +100ml HCl

IC-101-5
5 gms brushings from rods + 100ml Aqua Regia

IC-101-6 '
50 gms hard residue from rod mill, crushed by hammer + 100ml

Aqua Regia

IC-101-7
30 gms Ironcap fines + 100ml Aqua Regia

IC-101-8
5 gms Ironcap fines + 100ml Aqua  Regia

IC-01-11
30 gms Ironcap fines + 150ml HF
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nvolves the production of radlolsotopes from steble

The principles of the technique were developed and
it was not until the davelopment

Neutron activation analysis (NAA) |
uclel for the purpose of elemental analysis.

a technique could be used In a routine manner. Over the fast four
-type nuclear reactors (together with the

ctor detectors and complementary solid-state electronics capable of

cing complex spectra) hes made NAA ar extremely attractive method of
generally non-destructive, and multi-

analysls when access to a nuclear - °

reactor Is available. The following is a brief introduction to the theory of NAA. For a more

complete coverage of the technique and its applications see Rakovic (1970), Kruger (1971}, De -
Erdtmann and Petri (1986), and

Parry (1891).

Unlika many techniques commanly used -for elemental analysis, NAA is based on the.

d not-the orbiting electrons of the atom. Nuclei of stable atoms"

(making-up the sample to be analyzed) are irradisted with neutrons and some of the nuclei

l absorb or capture neutrons pxbducing radionuclides {equation 1).

Nx + 1n = N+1X oo '.‘—‘> N+1Y sepssscesoe seessasss susensscsensss 0010(1)
Z o z Z+1 :

e.g.. 27A1 + 'n = PALl --- P> B -
13 [») 13 THh=224min 14

These radlonuclides decay according 10 @ well-defined time constant (termed the haif-life, T¥2)
in addition, the decay of many such

rays charactéristlc of the radionuclides.

with the emission of high energy beta particles (8).

radionuclides is accompanled by the emission of gamma-
rays affords the means of slemental analysis; tha energy

and the intensity or number of

' Detection and counting these gamma-
of the gamma photons being used to ldentify the radionuclide,
detected gammas being directly proportional to the mass (and hence concentration) of the parent

elament.
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" A supply of neutrons Is abviously essential for neutron activation analysis. Invariably, a ~

uclear reactor Is used to generaie the high neutron flux necessary for practical analyses. The
lear reactor called the SLOWPOKE

. tnlverslty of Alberta has a small research-typs pool nuc
) n em? s, In comparison to

apable of producing a maximum thermal neutron flux of 1 X 1012
'many other nuclear reactors the SLOWPOKE produces both a very stabla and reproducible
neutron flux which are important features for tha most precise analyses.

'NAA has several advantages over many other analytical techniques including, for example :-

- high sensitivity (using a SLOWPOKE reactor sensitivities for some 70 elements range

from 10* to 10" g) |

- multi-elemental In nature (e.g., some 35-40 _etenients ara routinely determined in
geological materials) ' |

- simple sample preparation. .

. low contamination risk

- generally matrix independent

- ease of calibration (very wide dynamic range)

- most analyses can be performed non-destructively

- nuclear reaction (therefore independent of chemical state)

No technique is inthout its disadvantages for NAA examples include:
- cost (nuclear reactor and f-ully, equipped laboratory €. $1.0 M)
- not all elements have isotopes that readily become radioactive '
- extra precautions are necessary for handling radioactive mater'ia!s
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PART ONE: GEOLOGY, COMPOSITION, AND RESOURCES
Location and Access

The Peace River iron formation is located in the Clear Hills district of
northwestern Alberta, aSout 300 air miles northwest of Edmonton (Fig. 1).
The southern margin of the deposits is about 35 miles from a spur line of
the Northern Alberta Railway which extends from the town of Peace River to
Hines Creek. These deposits are within 5 toAZO miles of an all-weather |
gravelled road which extends northwestward froﬁ Hines Creek along the

southern margin~of the Clear Hills to Fort St. John, British Columbia.

A small-scale map showing the precise location of assessed areas is given

in figure 2.

Geology and Terrain

The Clear Hills form a gently sloping upland which extends between the Peace
River on the south and east and the British Columbia border on the west. The
hills rise gradually from the surrounding wooded plains, and attain a maximum
elevation of about 3,600 feet near their southdéstern margin. Local relief
is in the order of 1000 feet along the southern margin of the hills; to the
north and east the hills slope gradually into the wide glaciated valleys of

the Notikewin and Whitemud Rivers and their tributaries (Fig. 2).

The Clear Hilfsvregion is underlain by'nearly flat-lying sandstone and shale
formations of Cretaceous age, covered in most places by unconsolidated glacial
deposits of variable thickness (Kidd, 1959; Green and Mellon, 1962). Bedrock
exposures are scarce and discontinuous, being confined to some of the small
streams which form a radial drainage pattern about the hills. The upper
surface of the hills, beneath the glacial deposits, is capped by the Upper
Cretaceous Wapiti Formation, which consists of sandstone and shale with thin
coal (lignite) and bentonite interbeds. The iron bed is intercalated among
dark grey marine shales of the Smoky Group whjch underlie the lower slopes of

the hills and the surrounding lowlands (Fig. 3).
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FIGURE 2. Location of assessed iron ore resources, Clear Hills district.
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FIGURE 3. Schematic cross section through the Clear Hills showing the
stratigraphic position of the oolitic iron formationm.

The iron formation.consists of dark brown to black oolitic sandstone with
thin lenses and interbeds of hgrd sideritic (FeC03) ""ironstone' and greenish
grey mudstone. Near the outcrop margin the sandstone has been oxidized to
form a soft, compact, reddish brown aggregate with harder carbonate-cemented
lenses.” Where present, the formation ranges in thickness up to 30 feet and
forms a series of northwest-trending sandstone bodies which are exposed

in places along the flanks of the hills at elevations between 2500 and

2700 feet. The mineable deposits are restricted to those areas near the
outcrop margin where overburden is thinnest. The thickest and most widespread
deposits underlie the northeast slopes of the hills, and thinner less ex-
tensive deposits have been found along the southern slopes north of Worsley
(Fig. 2).

Scattered showings of oolitic sandstone also have been found in the northern,
less accessible part of the Clear Hills, but these have not been explored in
detail (Green and Mellon, 1962).

Composition

The Peace River iron deposit is an oolitic sandstone grossly comparable

in mineral composition and texture to certain sedimentary iron formations
in other parts of the world. The sandstone consists of densely packed
oolites 0.5 to | mm in diameter, large nodular rock fragments, and ‘angular

quartz grains in a finely crystalline "matrix'" composed of hydrafed silica
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(opal), siderite (iron carbonate), and 'elay’ (Mellon, 1962). The oolite
content (and hence the iron content) is highest in the upper part -of the

bed, decreasing progressively towards the base of the sandstone which grades
into underlying dark grey shale,

The major iron-bearing minerals are goethite (Fe 2% HZO) and siderite

(FeCO ); small amounts of pyrite (FeS ) and glauconite (Fe snllcate) are
found in some samples. Silica (S:OZ) is present as discrete quartz granns
and as an amorphous opaline substance which forms part of the intergranular
Ymatrix'. This opaline substance (6r ""cement'') is also a constituent of the
iron-bearing oolites, having been co-deposited with goethite to form the

outer concentric shells of the oolites (Plates | and 2).

~

Chemical analyses show that the various deposits are relatively uniform in

average composition (Table 1). The salient features revealed by the analytical
data are:

(1) Total iron (Fe) content averages between 32 and 36 percent.
Thé Worsley deposits contain lower iron contents than the
thicker deposuts to the northeast (Swnft Creek, Whitemud
aner, see Fig. 2).

(2) The silica content is relatively high, and the alumina content

is correspondingly low.

(3) The phosphorus content is higher than desirable for a conven-
tional iron ore. However, the sulfur content appears. to be

consistently low.

(4) The lime (Ca0) content of the Swift Creek deposit is lower than
that of the Worsley deposits. This may be caused by partial
oxidation of the Worsley deposits in which siderite (Feco )
has reacted with groundwater solutions to form goethite
(Fe 03 HZO) and calcite (CaCO ).

(5) The water content is unusually high due to abundant opal:ne

ll
'cement <
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~ Tahle 1. Chemical analyses of Peace River iren deposits

Deposit
Constituent Rk 3
1 . 2 Swift Creek -

YVorxley ' Swift Creek Whitemud River
lron Fe 32,65 35.44 32.98
Silica 5i0p 25.67 26.49 ) 29.26
Aluming Al203 5.53 4.95 ‘ 5.47
Manganese MnO 0.16 0.16 N.A,
Mognesia MgO 1.25 1.02 1.60
Lime CaO 3.25 1.90 N.A,
Phosphorus 4 0.69 0.67 0.45
Sulfur 'S , 0.1 0.07 . NLA,

. ~ H0

Ignition loss co2 14.36 13.78 1.9

N.A. = not ovailable.

lWeighred averoges of borehole samples (block "A*, Fig. 2). Unpublished report by
N.S. Edgar on lron Prospecting Permit No. 17.

2Weighted overages of borehole samples (block "B”, Fig. 2). Unpublished report by
N.S. Edgar on lron Prospecting Permit No. 16.

3Weigl’sted averoges of borehole sanples (blocks "8" and "C", Fig. 2). Given in
Kidd, 1959 (Res. Coun. Alberto Prelim. Rept. 59-3).

In summary, the Peace River oolitic deposits can be described as a low grade .
highly siliceous iron ore with complex mineral composition and texture.
Becauée of the complex intergrowth relationships of the different mineral
constituents, the deposits are difficult to upgrade by conventional benefi-.

ciation procedures.

Resources

Estimated fesources and grades for the Peace River deposits are summarized
in table 2. The estimates are based on the results of drilling programs
carried out between 1959 and 1965 on four areas explored under iron pros-
pecting permits held by Peace River Mining and Smelting Ltd., Edmonton,
Alberta. The programs were supervised by N. S. Edgar, consulting mining

engineer, whose reports subsequently were submitted to the Alberta Energy
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and Natural Resources. Copies of the reports are now kept in the Industrial
Minerals Files, Alberta Research Council (Edgar, 1961, 1962, 1964, 1965).

The distribution of areas for which resources have been calculated is shown
in figures 2 and 4. The areas are situated along the southern flank of the
Clear Hills S to 6 miles north of Worsley (block A), and along the southeast
margin adjacent to the Notikewin-Eureka River forestry access foad (blocks 8,
c, D).

The degree of precision associated with the resource estimates varies sub-
stantially among the four areas: the resources for blocks ‘A and B have been
calculated from more than 100 borehole intersections in each area, whereas
those for blocks C and D are based on only 8 and 2 borehole intersections
respectively. Consequently, the resource estimates in table 2 are classified
as 'proven'', 'probable'', and 'possible'’ according to the data available for

each area.

The total resources of iron ore inferred to be present in the four blocks are
In excess of 1.1 billion tons grading between 32 and 36 percent total iron (Fe).
About 227 million tons of this are considered 'proven' and underlie blocks A

(Worsley) and B (Swift Creek). The remaining 897 million tons are classed as

.”probable-possible” and underlie blocks C and D. Additional drilling is

necessary to confirm the extent and grade of the iron bed in blocks C and D

and to determine the exact thicknesses and composition of overburden deposits.

Table 2. Reserves and grades of sedimentary iron ore, Clear Hills
district, northwestern Alberta

Reserves (tons) Averoge Maximum
Block No. of |Thickness Grode | Overburden
oc . .

Proven Proboble Possible Oritlholes | Iron Bed (% Fe) | Thickness
. (f) (ft)
A 25,750,000 8,225,000 - 120 8, 33 65
B 201,000,000 - - 15 22 34 130
c - 684,000,000 - 8 17 - 200
D - - 205, 000, 000 2 I - 200

 Totol | 226,750,000 692,225,000 ' 205,000,000
[ W




Table 1. Succession of Strata in the Clear Hills Area,

(from Green and Mellon, 1962).

ROCK UNIT T”'c(:')‘“s LITHOLOGY
soft, whitish sandstone;
Wapiti Formation 0-120 grey, blocky, carbonaceous
shale; thin coal seams
(continental)
| Puskwaskau Formation 90-180 dark grey, fESSi]e shale
- (marine)
. A green, ferruginous;'oolitic
e Bad Heart Sandstone 0-9 sandstone and mudstone
o (marine)
(4]
z )
<} upper member 45-125 dark grey, fissile shale
v PP (marine)
Kaskapau
Formation whitish sandstone; grey,
lower member 12-47 sandy shale; oolitic siderite
(marine)
soft, grey sandstdne with
) - calc. concretions; grey,
Dunvegan Formation 150-235 silty, carbonaceous shale
(deltaic) .
grey, silty shale; thin,
upper member 90-170 laminated siltstone
Shaftesbury (marine)
Formation . black, fissile shale;
N lower member .180-320 numerous fish scales

(marine)

. .
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district, northwestern Alberta

Reserves and grades of sedImentary Iron ore, Clear Hills

Re Average Moximum
serves (tons) No. of [Thickness Grode | Overburden
Block , Dillholes | lron Bed | (% Fa) | Thicknes
Proven Proboble Ponsible (i) (")

A 25,750,000 8,225,000 120 8 3 85

3 201, 000, 000 1S 2 u 130

C 684,000,000 - 8 1”7 200

J 205,000, 000 2 I 200
Totol 226,750,000 692,;25, 000 205,000, 000

\}DRSLEY
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CORRELATION OF MCDOUGALL'S CORE HOLES AND PHILLIPS C NO.IWELL
SWIFT CREEK AREA ,CLEAR HILLS ,ALBERTA
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SSN: A Powerful but Friendly Leach

by Walter Lashley
American Soclety for Applied Technology

A leach that Is fast, powerful, inor-
ganic, safe, and cheap—what more
could a miner ask for?

it started with a computer program

from Fintand that allows the user to do -

years of chemical mathematics in a
matter of minutes. At the speed of light
it flashes through thousands of cheml-
cal specles In the database, selects the
appropriate figures and fits them Into
the equation, in capable hands this
program will calculate: reaction equa-
tions; heat and material balances; equl
librium balances; electrochemical call
equilibium; formula weights; phase sta-
bility diagrams; and Pourbalxdlagrams,

From the previous list the Pourbaix
diagram Is the most helpful, for it glves

a visual picture of what happens and at

what point it takes place chemically.
Without the help of computers it takes
months for a person to calculate and
then draw one of thesa diagrams, ASAT
ls using a 388-SX with a math co-
processor and It takes the computer
from ten to thirty minutes to calculate

some of the diagrams that we willuge in -

explaining how this leach works.

The Starting Polnt
Simplicity seems to be a concept

10 CT SWISS BLUE TOPAZ
10 CT AMETHYST
10 CT GARNET

R
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SouTH AMERICAN GEMS
EXPLORATION, INC.

.We are offering ALL GEMS at Dealer’s Cost!
Send $50 plus $5 shipping to receive one of the following gems:

ALL GEMS ARE GEM GRADE, CUT AND POLISHED
100% Money Back Guarantee

For all your Gemstone Needs,
Call 1-800-553-6505
Sales & Lab Identification Services
S.A.G.E,, Inc
P.O. Box 20456
Sarasota, FL 34276

that Is ditficult for the human mind 10
accept. If we cannot determine exactly
what is happening In nature we auto-
matically start looking for the complex
and/ordifficult Acommonthread sesms
to move through the chemistry of gold
and that Is the use of salt to stabilize
reactions. Whathappens if we start with
salt alone?

Three hundred fifty grams per liter
(2.92 Ibs/gal.) of rock salt will do the
job, Now let's hit it with some nitric acid,
toss Ina plece of gold, and see whatthe
computer says.

.-ISM Cl-Au-%M0 0 10 Sputom e 3308 C
- Al
TR T ook

AL G o
o A2 Roounbooun. .
w201 Sxen

L

P

43 »woxw) !
s “e .
“l - e remy e o
|
<4 . » v
‘3 0 3 ¢ 6 3 o i
Mg SACIANMALIZP ™

When reading a Pourbaix the (a)
indicates that the complex is in solution
and (-a) states that the lon is nagative.

RETAIL VALUE $200.00
RETAIL VALUE $200.00
RETAIL VALUE $200.00

Y

When there I3 no notation at all follow-
ing the formula it statas that the com-
pound I8 In solid state. This diagram
was drawn with chlorine ag the elemen-
tal behavior sought and any reaction
with gold [s our prime interest.

Uniike most Pourbalx diagrams the.
ones that we have requested do not
stop at a pH of 0; they continue as
negativa numbers representing one
mole acidic per number. In looking at
the diagram it Is apparent that there is
little need for the solution to be over 1.5
Molar acid and the reductior/oxlidation
need not exceed 1.00 volts.. Our prod-
uct will be sodium chioroaurate which
will remain in solution until the pH 0 6.2
or higher has been reached.

Thers is one Important part that the
computer program cannot as yet calcu-
late; that Is the dynamics of the chem-
ical reactions. The next step is to check
onthose dynamics—at 25 degresscen-

_ ﬁ?rade wehave apHof 1.2andanORP
0

450 millivolts which is not enough to
doit, or shouid | say that it does not ook
like enough to do it. Nitric acid slowly
oxidizes the salt water and, as the loose-
ly formed bond breaks, the chlorineg is
momentarily nascent. This *newborn®
chlordne Is, for a small fraction of a
second, 100 times mora powerful than
elemental chiorine gas. In aqua regia
ths chiorine soon finds a second chio-
rine and becomes slemental chiorine,
losing its power. Within the saltwater
complex the chiorine combines with
whatever (s available and, if nothing is
avaliable, it reunites with sodium. Inthis
way the chiorine is stilithere and can be
triggered again and again. Couple this
phenomenon with the fact that the reac-
tion of chlorine with goid is exothermic
and suddenly we have a self-sustaining
chemical engine pumping heat directly
into the spot whers it is needed.

At this point we knew that the solu-
tion wouid leach gold but whether it was
a valid and useful method had yetto be
proven, We performed tentests usinga
measured gold plate and setting the
time at thirty minutes. As the tests pro-

- gressed it was noted that the quantity of

gold going Into solution increased with
each time the solution was used. The
only variabies that we were not control-
ling was a slight Increase in tempera-
ture and the increasing gold content
within the solution. We noted this fact
and graphed the function. As we had
already decided upon the first serles of
tasts we continued, this time using 18K
gold to reprasent 750 fine. The same
curva appeared for the total metal re-
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moved with the gold belng proportion-
ate. This suggested that tamperature

- was the cause,

Back to the Computer

Computers can be vary cooperative
if you know how to pose your question,
solet's askfor the same chemistry at 80
degrees centigrade with the printout
only Involving the gold reactions. To
keep it clean and simple, lat's use only
the positive voltages and pH no higher
than pH 8 and down to 4 molar acld (the
last Is Just for printing room). This gives
us the upper left quadrant whare the

reactions of Intarsst lie.

Dﬂm Gots iyt -
1
L4 "\-.\ 1
(xR Aa20! 1
WAZCI&(s) :
" P NaAuCI! 1
19 . 1
(1] ) . \W
L] '™
(Y]
(¥
.'. .A_J i
3 4 1 .
Plia: Doucivnnt lap M

Required redox voitage dropped to
just below 900 millivolts and the point of
wasted chemistry begins at pH 0. In
fact, the diagrany impifes that any pH
less than pH 8.2 wlll dissotve gold. We
tded itwith the pH at 1.3 and 80 degrees
C. Our test plate was 1.4 grams ot 750
fine gold. Ken watched Infascination as
the gold plate vanished In a matter of
minutes. When ha reported this, some
larger places of pure gold were quickly
chosen and Inserted in tha solution.
Thay, too, vanished in minutes. Seven
milliliters of solution dissotved a total of
4.5 grams of gold in fifty minutes. The
solution was by no means saturaled
with gold but taking It to an end point
would not gain information of great val-
ue. :
Metallic copper Is very slightly solu-
ble in hydrochioric acid but it dissolved
readily in the chlorates and perchlora-
tes thatare presentin this leach, By the
rules the solubllity of gold in the pres-
ence of metalllc copper should be nil
but when both gold and copper are
present in the same beaker nelther
metal seems to sulfer a loas of lixivia-
tion. Another observation during the
test series was that regardless of how
violent the reaction at the surface of the
gold the odor of emitted chiorine was
absent. This suggests that It re-com-
bines with sodium rather than forming
chlorine gas.

‘minerals the

All elghteen minerals of gold are
insolubla in both aqua regia and alkali
cyanide which meana that they escape
recovery in many situations, Of these
most troublgsome are
aurocuprite and cupoaurite, both of
which are comjpounds of gold and cop-
per. SSN will l9ach both of these miner-
als, By the timg this article has gone to
press we will have checked the remain-
ing sixteen minerals of gold. For the
time beinglets have a look at palladium,
platinum and rhodium.

h’gﬁ) F.l‘;ﬂn\ LS
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Diagram #3 suggests that palladium
will leach at any redox above 400 miill-
volts and at any pH between pH 0 to pH
6. When fired glumina with palladium
bonded to tha|surface was placed in
SSN isach the reaction was immediate
and quantitatiys. Massive palladium
went into solution as rapidly as sliver
would In nitric acid. SSNia an excellent
solvent for this/metal. Palladium Is the
least noble of the PGM family so let's
move on to platinum.
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Platinum is more noble than palladi-
um and Pourbalx diagram #4 shows
that the window of solubllity has begun
to closa. Radox Is up to 650 miflivolts
and pH has narrowed to 4.5 or greater,

In an effort 1o check reality against
theory, our tests Involved both massive
platinum and finely divided platinum. in
both cases the lixiviationtime was equal
to that of goid.
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- With a ralsed eyebrow we ask the
program for the Pourbalx diagram of

Not only a
great nugget

8 amounts undetectable with other
dulectors (g Gold & SBver T
Chakeopyrite, IMSIVHSUM%
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rhodium in SSN tiquor. In all honesty,
we felt that this was pressing our luck a
little far. It takes about 60 seconds for
the computer to respond for a *no go°
situation. Sixty seconds laterthacrunch
continued and we walted for another
twenty minutes belore the screen
cloared and began to write. As you can
see, we have a dlagram stating that
rhodium will digsolve in the SSN leach.
The window has closed to pH 2 but itis

still there.

Finely divided rhodium dissolved as
easily as gold but the larger particles
ware a little slower. It Is rare in nature
that these metals would be found In a
pure state and for that reason we pro-
duced a pea-sized bead of gold, palla-
dium, platinum and rhodium equally
proportioned. The solubility was total
and the time was rapid.

Without running the Pourbalx dia-
grams we compounded a bead with all
six PGEs present and tried again. This
one was a failure, just as we anticipat-
ed. The Insolubllity of csmium, rutheni-
um and lridium blocked off the reaction
with only the surface metals becoming
Involved.

Leaching Recovery

Flexibility Is one of the virtues of this
jeach. SSN may bs used for a weep
type heap leach, fiooded pit leach, or
batch leach. The reaction time may be
controlied by the temperature and/or
the amount of nitric acid used. When
the acid content Is at its maximum effl-
clency the solution will not harm the
skin, making the handiing of the solu-
tion quits safe.

Whenused with pyrite and arsenopy-
rites tha frea gold diseolves bafore the

HOW 70 AMALGAMATE
AND REPINE
YOUR GOLD AND SILVER
CONCENTRATES

A DETAILED, 8TEP BY $TEP INSTRUCTION FOR
THE LAYRAN WHICH CAN
MARKETABLE QQLD X 34 HOURS

D.M. SPECIALTY CO.
P.0. BOX 191189, 20571 SANTA LUCA
TEHACHAP!, CALIFORNIA 83561

NAMGE
ADCREDS

Ty STATE e 2F° e

Ploase sond me______coplas @ 612% sazh
Check or Money Order enciosed
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There Is no secret for-
mula, no proprletary Infor-
matlon, Just a simple
stralght-forward leach...

pyrites have tolally digested. in the
case of entrapped gold the pyrites may
bae totally digested.

Recovery of the metals from solution
posed no problem, for we used Butyl
Diglyme to recover 999.99 gold and
zinc cementation for the paliadium, plat-
inum and rhodium. We should add that
wa have a membsr on the East Coast
that Is developing a resin structured
from thiourea for use in low level lsach
situations invoiving SSN leaching.

SSN has proven to be an excelient
method of assay when the filters are
folded In test lead and cupslled. Thair
results for both gold and PGEs are not
only proven and welghable but a meth-
od of recovery demonstrated simuita-
neously. These assays may be of any
size required from one 1o ten assay ton.

There is no secretformula, no propri-
etary Information, just a simple stralght-
forward leach; salurated salt water trig-
gered with a smalil amount of nitric acid.
Without the cooperation and financial
support of the membership, ASAT would
not be able to provids this information
for the Industry at large. If you find this
information interesting and useful we
could use ¥our support as well, Call or
write ASAT, P.O. Box 1708, Silver Clty,

NM 88062-1705, phona (505) 388-
5654,

MOTHER LOBE
MINING LAY
CERTER

*Domestic (U.S.) legal services
(including mineral patents).
*Overseas assistancs In acquiring
mining concesslons, with
emphasis on Latin America.

RICHARD KEITH CORBIN

Mining Lawyer
(918) 448-a0LD
300 Capltol Mall, Suite 1228
Sacramento, CA 95814

BLMExtends Comment Period
on Desert Management Plan

The Bureau of Land Management
(BLM) has extended the comment pe-
riod for the Northem and Eastem Call-
fomla Desert Coordinated Management:
Plan and environmental Impact state-
ment (EiS) to June 11, 1984,

This comprahensive multl-agency
planning effort is designed to protect
threatened and endangsred specles
and their habitats within a 5.5 mitllon-
acre area In esstern San Bernardino,
Riverside, and Imperial Countias. The
BLM, U.S. Fish and Wildlife Service
(USFWS), Califomnia Departmentof Fish
and Game, and Joshua Tree National
Monumentara seeking the involvement
of local, state, and federal agencles,
private organizations, Intersst groups,
and the public to identify Issues and
management actions that should be
addressed in the draft managemant
plan and EIS.

The management plan will direct fu-
lure public tand use decisions and the

“activities of cooperating local, state,

and f{ederal agencies. When completed
and approved, it wiil provide specific
guidelines for such uses as recreation,
grazing, mining, and wildemess. The
plan also will serve as the regional
guidance document in tha implementa-
tion of the USFWS' Desert Torloise
Recovery Plan.

Public comments will be accepted
through June 11, 1994, at BLM's Call-
fornia Desert District Office, 8221 Box
Springs 8ivd., Rlverside, CA 92507.
For more Iinformation contact Dick
Crowe at (908) 697-5218.

NEIL SCOTT
Box 476

A Leoti, KS
¥oad 316-375-2553
316-739-4571

DETECTORS
TO LOCATE
OlL, GAS, FAULT
WATER & GOLD
$99.50 EACH
FOR DRILLING LOCATIONS &
PERSONAL SURVEYS
Partners for Gold Exploration
| Can Locate Gold - Call Me
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{.2 BULK LEAGH EXTRACTABLE GOLD
(BLEG)

OR
PULK GYANIOE METUOD .

ution of guid, silver and sone of

The methad {s besed on the selective dissol
their compounds by di.ute setated solutions of nodium.:enlcium or potassium
cysni 4 from Lhe cyanide solution by sither

de. Gold and si ver &t¢ precipitate
gine dust or activate. carbon, Once the gold has been concentrated by precipitation
{vs concencrstion i ceterminad by AAS ofter tinc or carbon 1y removed by fire

agasy or other chaemics! means. '

The methed was designed to try to overcoma the geld populattion sffects that
oceurs in low level gold samples by being able to treat very large samples and .
oxtrect 81l the gold from che sample. The pocmal sampls weight {8 approximately

¢ sample to about 2mm

Skgs snd ths only prepscation neceseary is to screen th
before submitiing to the laboratery for analysis. MHowaver, 1ike all methods

there sre advantsges and disadvantages with this method, Bsfore Ve conatider
these let ue look at the varicus BLAgeR {n & BLEG snalysis.

(A) Dissclution
1f the dissolution 8 ragarded as an electrochamical corrosion Process, then
the gold may be considered to be going tuco solution at the anodic sreas of the
at the cathodic aress, and slectzons 3¢

goid particle, while oxygen {8 reduced
transferred through the metal from the enodic to the cathodic sites

t,a. ac anodicy - -
: 3 Au & & CN” o 2 AULUN,)™ 1 26

at cathodic:
02 - uzo e 86 o Hzoz

« 204

hat a numbsg of factors

{t can be seen €
las goes {nto sclutiom.

ove egqustions,
14 present in che sanp

Constdaring the ad
chat the ge

sra important in ensuring

(1) OXYGEN 1IN SOLVTION
for the dlesolution of gold Ln sgueocus

Oxygen in golution s essencial
solutions at ordinary tomparatuced, The sanples are normaily mads up to 50%
solids with tap water as the first stege {0 the operation. Tap vater conteins
betweesn 3-10ppm dipsolved oxygen end this concentration {s all that i required to
ensure dissolurion. During the diseolution stags it {s usual to agitats the sample,
this not only ansures thet the sclution remains satursted with oxygen, but slso
thet gold particlas come {n contact with the eyanide and oxygen. No attempt nead
be nada to incresase the pattial preseure of oxygen over the solution s.g. by using
high pressure siz on exygen, in enclosed vesssls, since oncé the concentration of
dissolved oxygen exceeds 25ppm the dissolution rats decresses.
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(2) ¢ oawIDE IN SOLUTION

The samples are made up 0 0% solids with tap weter and the cyanida {s

added. A concentration of between 0.10 » 0,208 CN is vyed {n most laboratories.

Cysnide s consumed or 1ost during the dissolution {n a number of ways.

(3) 1f the pd 18 allowed to drop the NaCN is hydrolysed to HON which is

volatile and pofsonous. For this reason a pH of about 10.5 18 required

throughout the operation %o pravent hydrelysis: :

(bk Iron sulphides, pyrrhotite and 10 & - sser extent pyrite form ferrvocyanides,
<) Copper minerals are raadily solubla ¢~ syanide solutions, with copper
_.rbonates e.g. malachite and azurite co.- g the largest cysnide consumption.
(d) Arsenic and ant{mony minerals form .- 3Je complexes and reduce the
dissolution rates.

Because of the sbove ‘“ere will be cyanide consumption during the dissolution
and so it s necesssr. rhe laboratory to closel mon{ tor the cyanide
strength {n solutior ",st the concentration when necassary.

(3) PARTICLE SIZE

If a soiution rate 3mg/cm2 he 4s taken as & rough avarsge of the solution

rates met with in practice, {t may be shown that a spherdcal particle 44um
diamatar (325#) would take 14 hours to digsolve while 8 149um sphers (150#)
would take 48 hours. This emphasises the importance of not using this method
1£ visidle gold can be seen {n the sample when collecting t.

Aftar the sample has been in contact with the cyanide for 2 set tima, usually
batween 12424 hours depending on the 1aboratory, floculating agents are added
to assist in clarifying tha solution. A seti weight of liquor is than extracted

and the process then proceeds 10 ths precipitation stage.

() PRECIPITATION

As mantioned earlier saveral methods ars available for precipitation gold

and silver from cyanide solutions. At present precipitation with 1inc dust {8
by far the most common technique used by taboratories doing BLEG work and so
we will consider this technique tn more detail,

Gold and silver are quickly and completely cemanted from cyanide solutions by

{inc according to following equation: ‘
zn + 20u(EN); # 2 Au ¢ Tn(CN);

Copper is partly precipitiated, numerous side reactions occur which lead to
consumption of 2inc and or contamination of the precipitate. Iinc dissolves
readily {n cyanide solution {n the presence of oxygen so the solutions are
deaerated befors precipitation.

Lead, in small amounts, improves precipitation by form1ng a laad - zinc couple,
and for this reason lsed acetate or lead mitrate 15 usud \y addad te very S10W
and so 1 - Sppm lesd in solution {s the maximum used,

Khen grecipizat{on is comg1cte. usually 30 = 60 minutes the vacuum is removed
and the sample {s then fi tered and tha precipitats containing gold and silvar

" on zinc is racovared.

(5) DETERMINATION CF AU CONCENTRATION

Laboratories that utilize a £ire assay finigh than dry the precipitate, mix

with suitable fluxes and then QO through the fire assdy process 2s discussed
sariies. As the smount of gold {n the fina) prill is 1(kaly to be vary 1ow

all laboratories do the gold concentration determination Dy AAS .

P02
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(6)

_oporatories using @ wet chemical means dissolve the zinc in hydrochleric acid.
After the zinc is dissloved aqua regla i3 odded to diseolva. the gold and this

is then extracted into an organi¢ solvent usually M,1.8.X. and read on an AAS,

This then is briefly the outling of the method.

| Lat ug now consider the
advantages and disadvantages of the method. :

() ADVANTAGES
(1) Because vary large samples can be treated and 211 the gold extracted from
the sample, very lew detaction 1imits can be obtained, Mos¢ faboratories

quote a detection 14mit of about 0.05ppb on 50 ppt, compared with 5ppbd by fire

2534y,
SZ) Because the method trezts the whole tampla, the probiem of pbtadning 2
1e |s not encountered. As & result, accuracles

aboratory repressntative subsamq

such that one or twd gold particles {n the S5Kg sample should bs datected. The
method therefore overcomes the "gold population effects" in Tow level samples.
(3) Since no sample preparation 1§ required, the oniy cost {nvolved is that
of tha analysis. HMost Tsboratortes charge around $30.00 for this type of

analysis.

(B) DISAVANTAGES
(1) The method 1s des{gned for ?rass roots stege exgloration. 1t should be used
to define targel areas after which conventional 8xp oration techniques {.e. pan
concentrates and sieve analyses are employed. 1t 18 not designed for the
evaluation of known exploration targets since the gold value obtained i5 not
total gold as obtained by fire assdy, but rather cyanide extractable geold.
(2) 1f visible goid is present {n the tample, the method should not be used
since not all the gold will be dissolved in the axtractfon time.

(3) Stnce each laboratory going the method has different operation paramelers
e.g. extraction time.,prec*pfteting method etc. results from one leboratory
will not be comparablé with those from another laborstory. For this reason if

ou start & grogram with one laboratory you should maintain using that
aboratery throughout the program. ,
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THE REDUCTION OF CLEAR HILLS IRON ORE BY THE R-N PROCESS

1. INTRODUCTION

The development of an iron and steel industry is of prime consideration in the industri-
al growth of any nation or area. This statement is no less true for Alberta, and as a consequence
the Research Council of Alberta has throughout its entire history been actively interested in the
development of this vital basic industry. Indeed, the Research Council was established as o
consequence of geological investigations on iron ore deposits in Alberta by Dr. J. A. Allan
during the First World Wor. The interest ond activity of the Research Council in this field has
been particularly marked in recent years culminating in its participation in the semicommercial
demonstration plant tests on the reduction of Peace River iron ore by the R-N process at Birming~

ham, Alaboma.

This report traces the developments leading to the R-N testing program, and also
offers o description of the tests and an analysis of the results.

I1. HISTORY OF THE DEVELOPMENT OF THE PEACE RIVER IRON ORE .DEPOSIT

In 1953 geologists of the Phillips Petroleum Company and of the Oil and Gas Conser-
vation Board noted the presence of iron during the examination of core from a Phillips Petroleum
Company well (Phil C No. 1 well). Subsequently the iron-bearing materials were found in three
other Phillips wells.

In May, 1954, D. B. McDougall obtained an iron prospecting permit covering
100,000 acres in the Clear Hills area. He drilled 11 holes in the Swift Creek deposit and o
report was written on the results of this work. For this investigation the chemical analyses were
performed by W. E. Harris ond K. B. Newbound ot the University of Alberta, and the mineralogi-
cal analysis by C. P. Gravenor of the Research Council of Alberta. A bulk sample was sent to
the Mines Branch of the Department of Mines and Technical Surveys. Later in 1954 a surface

geological party was sent in by McDougall and a report was prepared by H. S. McColl of his staff.

This report carries the first mention of outcrops along Swift Creek.

In 1956 minerological and age dating reports were prepared by A. C. Lenz ot the .
University of Alberta under the direction of C. P. Gravenor. This was the first comprehensive
report on the constituents of the iron-bearing material. In the same year the Reseorch Council of
Alberta sent R. Green ond D. J. Kidd up to examine the Swift Creek deposit. Also in 1956,
Premier Steel Mills Ltd. obtained a report from McDougall on his findings and took out several
permits on the Swift Creek deposit.

In 1957, Premier Steel Mills Ltd. continued their investigations, working southwards,
and along with a local farmer (Anderson) located the southern Clear Hills deposit. Also in 1957,
G. L. Colborne, graduate student ot the University of Alberta, examined the Swift Creek oc-
currence for Cleveland Cliffs Iron Company and wrote a thesis on this material.

In 1958, D. J. Kidd of the Research Council mapped all the outcrops along the
southern Clear Hills indicating the best areas for further prospecting. Kidd made on estimate of

130 million tons available for strip-mining operations. At the same time, Premier Steel Mills Ltd.

continued their operation in an examination of the Worsely occurrence by stripping operations.
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1
Toble 2. Chemical analyses of iron-rich samples, southern Clear Hills
(ofter Kidd, 1959)
Weight per cent
13 14 15 16 17
Total Fe 27.33 41.47 38.10 20.90 18.49
Mn 77argantee  0.25 0.29 0.29 0.18 0.16
$i0y A Sia 41.74 18.84 25,32 39.46 55.68
A5O3 rminnrs 5.94 - 6.63 6.02 3.97 5.10
CaO  Coteiun 0.63 052 0.95 9.19 3,40
MgO 47/47@ 0.83 0.82 0.48 1.05 . 0.90
TiOy 2firs 0.24 0.34 | 0.23 | 0.17 0.27
P ﬂf-f/fﬂ 0.377 0.353 0.536 0.278 0.120
s /«uéﬂ/w- 0.007 0.012 0.008 0.032 0.015
C Coders 0.65 0.6 0.58 2.55 1.10
Combined water 6.84 8.79 7.60 5.37 3.27

Sulphur content ranges from zero to 0.03 per cent (Kidd, 1959). The five analyses of the samples
from the southern Clear Hills show an average of 29.2 per cent iron.

The silica and phosphorus content would appear to be high for long-established North
American smelting methods but apparently a concentrate can be prepared which is suitable for
blast furnace operation (Kidd, 1959). The percentages of other constituents such as sulphur are
within metallurgically acceptable limits.

In the absence of a detailed drilling program it is difficult to give an occurate as-
sessment of reserves. Based on available data, Kidd (1959) has suggested 1.5 billion tons for the
Swift Creek deposit and 136 million for the southern Clear Hills deposit. In terms of strippable
reserves the Swift Creek estimate might have to be reduced due to the heavy overburden on
certain parts of the deposit.

Other ferruginous Cretaceous sandstone deposits in the Peace River region have been
reported from the Dunvegan area, Spirit River Town, and the Smoky River (Kidd, 1959). Some of
these deposits are similar petrographically and chemically to those described from Swift Creek but
very little is known about their extent,
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that steel plants totalling a capacity of 400,000 tons per year have been established in the four
western provinces. In addition, the centrifugal casting plants of Anthes-Imperial ot Calgary and
Griffin Wheel Company in Winnipeg require an additional 40,000 tons of iron per year, Recent
years have witnessed the amazing growth of pipe mills and their combined capacity is in excess of
1,000,000 tons per year. With the exception of the Saskatchewan plant the skelp for remaining
plants is imported into Western Canado.

While the iron needs of the present rolling mills have been met by scrap supplies, the
future expansion of the iron and steel industry together with the requirements for the pipe mills is
raising the question of a basic source of supply of iron. The Consolidated Mining and Smelting
Company of Canada Ltd. are already producing pig iron from their iron-rich tailings. Interest is
also being shown by various groups in the Kelsey Lake deposits of Saskatchewan, the Peace River
deposits, the Burmis mognetic sands, and the magnetites of Dillon, Montana. '

V. STEPS LEADING TO R-N TESTS

Metallurgical Investigations

It was early apparent to Premier Steel Mills Ltd, that the Peace River iron ore was
unsuitable as a blast furnace feed and the company began investigating various methods of process-
ing low-grade ores,

At Watenstedt, Germany, o plant was in operation on a large scale utilizing low
grade ores. The process in use was the Krupp-Renn process, a rotary kiln method using low-grade
coal for reduction and oil or powdered coal for fuel. In 1956, samples of the ore and of Alberta
coal were sent to Germany for pilot plant tests. Following satisfactory results on the test, Premier
Steel Mills Ltd. sent a technical team to Germany to observe the commercial operation at
Watenstedt. The basic conclusion arrived ot by the team was that the process was satisfactory but
that the product was unsuitable for anything but blast furnace charge material.

It was then recommended by Dr. Colclough of the British Iron and Steel Research
Association, W. Voice of the British Iron and Steel Research Association, and P. E. Cavanagh of
the Ontario Research Foundation that further work be done toward concentration of the ore. Asa
result, Cavanagh of the Ontario Research Foundation was commissioned to carry out a program of
investigation involving flash roasting and magnetic concentration. Preliminary tests indicated that
a concentrate running 54 - 56 per cent iron which was suitable charging material for o blast
furnace could be produced. '

Following these laboratory test results which indicated thot the Peace River ore could
be concentrated up to a grade of 54 - 56 per cent iron, it was decided that further work should be
done on the geological and mining end of the project, and in 1958 a program of development was
initioted calling for the drilling of closely spaced holes to definitely prove tonnage, grade, and
overburden. Unfortunately, great difficulty was encountered in recovering relioble samples by
standard drilling techniques and the program was abandoned until a suitable technique could be
developed. In the meantime, some large bulldozer cuts were made into the deposit and bulk
samples were taken for further metallurgical work. In late 1959, a dry drilling technique using an
air blast to bring up the sample was tested and found to work successfully, and by March 1960
25,750,000 tons averaging 32.65 per cent iron had been proven,
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below the melting point of the materials, and with subsequent concentration and briquetting of the
metallic iron. The process had been successfully demonstrated during five years' operation of the .
R-N pilot plant, Birmingham, Alabama, on a great variety of ores and concentrates with iron
contents from about 30 per cent iron to 70 per cent iron, and with ore particle sizes ranging from
about 20 mesh to about 1inch. Even very fine-grained ores and concentrates with particle size
less than 200 mesh have been successfully treated after pelletizing the material before processing.
As the process is carried out below the melting temperature of the materials, the process is suitable
to basic as well as acidic ores. Thus the versatility of the process as regards ore grade and ore
particle size has been thoroughly established.

A similar versatility has been established with respect to the fuel requirements of the
process. The fuel requirements consist of:

1. Solid carbon for reducing agent

The solid carbonaceous matter is mixed with the ore and acts as reducing agent for the
iron oxides, forming CO-which is combusted above the ore bed in the rotary kiln. A wide variety
of carbonaceous matter as, for instance, coke breeze, anthracite and char with low as well as high
sulfur and ash contents, have been used successfully for this purpose.

2. Additional gaseous fuel for heating the kiln load

For this purpose, it has been established that natural gos, mineral oils (heavy as well
as light), coal char gases, and other industrial gases of similar composition can be used. An ex-
tremely important development in this respect is the development of special processes for charring
coking as well as noncoking coal - processes which can be integrated with the R-N reduction kiln,
producing char for reducing agent and hot char gas as fuel for the kiln. Thus, coal, coking or
noncoking, can be used as the sole source of fuel required for the process. The possibilities of the
R-N process are thereby greatly enhanced and expanded, especially for locations and countries
which lack coking coals for conventional steel production or where gaseous fuel is costly.

Description of the R-N Pilot Plant

The R-N plant consists primarily of o large, rotary kiln similar to a cement kiln. Ore
mixed with o solid reductant such as coke breeze or coal char is fed into the kiln which is fired by
oil or hot combustible gases as, for instance, char gas or partially combusted natural gas. The
material travels through the kiln, is heated up and reduced to metallic iron progressively in
counter-current to the kiln gases. The discharge from the kiln is cooled, separated from excess
coke, ground and magnetically separated for removal of gangue, leaving a high-grade metallic
iron concentrate which is pressed into briquettes suitable for steel melting stock.

The rotary kiln is 150 feet long with 9 feet OD and 7 1/2 feet ID. Spaced along the
length of the kiln and penetrating the kiln wall are 6-foot-long, open-end air inlet tubes, extend-
ing to the axis of the kiln. Through these tubes regulated amounts of air are introduced for pro-
gressive combustion of the combustible gases in the kiln. Each tube acts as an inverted burner,
admitting air into a stream of combustible gas. Instead of one strong, high-temperature flame, os
in the case of only one burner at the end of the kiln, there are as many smaller flames as there are
air tubes. This system of heating provides very precise control of the temperature profile over a
major portion of the kiln, with corresponding increase of capacity and with relatively low flame
temperatures in the kiln, minimizing the danger of clinkering.

For temperature control, ten thermocouples are mounted in the kiln. Thermocouple
No. 1 meosures the temperature in the stationary precombustion chamber at the discharge end of
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Notural Gas

The heat volue of the gas was 1,042 B.t.u. per cu. ft. lIts analysis was:

CHy 93.8 %
CoHg 2.6 %
C4Hg 0.6 %
C4Hyo 0.25%
C.H, 0.25%

In the combustion chamber of the kiln, the gos is partiolly combusted and the resulting hot com-
bustible gases are passed into the kiln.

Limestone

Limestone is normally mixed with the feed to effectively minimize the sulfur content of
the R-N product which usually contains less than 0.05 per cent sulfur, even when relatively high
sulfur content ores and fuels are used. In the first part of the test, a locally available limestone
with particle size minus 3/16 was used. Loter the addition of limestone was discontinued as the
omount of lime in the ore itself seemed to be sufficient for sulfur removal.

Water

Water is used for cooling the kiln bearings, for indirect cooling of the kiln discharge,
and for wet grinding, classification, and separation.

Operation

During the period from August 1 to October 9, 1960, two tests were made in the R-N
pilot plant on 5,285.60 net tons of Clear Hills ore, supplied by Premier Steel Mill Ltd., Edmonton,
Alberta, Conada. The first test was made on 3, 486.05 net tons of ore from August 1 through Sep-
tember 2, ond the second test on 1779.55 net tons of ore from September 17 through October 9.

The purpose of the tests was to demonstrate the amenability of the Peace River ore to
treatment by the R-N process under conditions to allow realistic, economic projection to com-
mercial scale. For any ore tested in the pilot plant, o "run-in" period is required to reach the
optimum conditions, before o so-called "steady state" period con be established, during which
complete operational data ond heat and moterial balances are obtained as a basis for the com-
mercial projection. :

In the first test run, the ore “os received" was crushed to 5/8 inch prior to feeding to
the kiln. The omount of fines in the ore "as received" and as created by crushing ond handling
was considerable - ot times, the ore, as fed to the kiln, contained as much as 70 per cent minus
6 mesh. As the amount of fines varied, it was difficult to maintain an even load in the kiln.
Besides, the presence of the fines necessitated o very close temperature control on the kiln in order
to ovoid sintering when operating so close to the softening temperature of the ore fines. Although
sintering deposits on the walls were not formed, consideroble difficulties were experienced with
loose sinter deposits of fine particles on the thermocouple protection tubes requiring constant ex-
change and cleaning of thermocouples. In the latter port of the test run, some of the ore fines
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As further research on the concentration circuit seemed to be needed, four one-
thousand~pound samples of concentrate were shipped to the following laboratories for study:

Department of Mines and Technical Surveys, Ottawa
Ontario Research Foundation

Department of Mining and Metallurgy, University of Alberta
Wright Engineering, Vancouver, B.C.

Test 1l was carried out from September 16 to October 9, 1960. An odditional 1800
tons were received and treated in this period, with the procedures evolved towards the close of
the previous period. The ore for Test [l had been exposed to heavy rains in transit and on the
stock pile and presented more feeding problems due to sticking in the bins and passages. However,
the last fourteen days of operation were satisfactory and gave an average metallization of 90 per
cent. The "steady state” period ran from October 3 through October 7 and is presented as basis
for commerciol projection.

Observation

The R-N Corporation welcomes observers representing their clients. The supervisory
personnel of the corporation were most cooperative and willing to discuss all aspects of the oper=
ation and to answer any questions. Photostatic copies of daily data sheets were made available to
all observers. All observers were impressed with the complete openness and objectivity with which
the R-N personnel discussed all matters. The following observers were present during various
phases of the tests: ' 4 ‘

Dr. C. S. Samis, Professor of Metallurgy, University of British Columbia, representing
Premier Steel Mills, Ltd., Edmonton.

Mr. L. R. Cunaingham, Premier Steel Mills, Ltd., Edmonton,

Mr. John Gregory, Research Council of Alberta, Edmonton.

Mr. George Sibckin, Mata'lurgist, Steel Company of Conada, Ltd. Hamilton.

Mr. George Viens, Hzad, Pyro-maiallurgical Section, Department of Mines and
Technical Surveys, Otiawa.

Dr. Joha Dortnell, representing Steworts and Lloyds, England.

Mr. G. G. Ridley, representing Stewarts and Lloyds, England.

Mr. P. Audette, Stee! Company of Conada Ltd., Hamilton.

Mr. D. K. Pickeit, Depatment of Mines and Technical Surveys, Ottawa.

VIl. R-N CORPORATION TEST RESULTS

The test results were compiled by the R-N Corporation ond presented to Premier Steel
Mills in reports entitled:

(1) Spaulding Pilot Plant Test Report, Premier Steel Mill Ltd., Conada, August 1 to October 9,

1960
(2) R-N Report No. 179, R-N Commercial Facility Projection of Premier Steel Mills Ltd. Peace

River Ore, Coses 1 & 2

Summary

The "steady state" period from October 3 through October 7 is representative of
stable, controlled oparations of thz pilot plont oa this oce. The results and data obtained during
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i Table 4. o R-N§ SEAULDING PILOT PLANT

Peace River Ore
: 2nd Test - Steady 3tate
Oct. 3 - Oct. T, i9%0
Metalllzatlon 9U.86% Recovery Th.225 actual, 33.17Y, corrected

Natural 9 Dry % Tons B 3 Tons % Tons % * % % %
Iten Tons - Water Tons Iron Iron Silica Silica Carbon Carbon v Ash Met. Mgo] 9_&9 _P_
RAW MATERIALS i
i Ore (plus Pellets) 527.89 14.51 451.28 LO.17 185.28  18.50 83.48 1.65 T.43 - - 7.45¢  3.660  0.69*
; Fresh Coke 110.35  13.45 ' 95.51 3.53 3.37 9.23 8.82 76.3b T72.91 21.0h4 - - - -
i
i Recycle Coke 177.91  19.53 14317 5.35 T.66 9.79 .01 73.53 105.27 25.52  34.77 - - -
; - Limestone - - - - - - - - - - - - - -
]
' TOTAL I 816.15 15.46 689.96 28.45 196.31 15.41 106.31  26.90 185.61 . - - - -
CONCENTRATE . _
Final Concentrate 121.21 7.8  111.71  99.00 100.54 3.56 3.98 0.25 - 0.28 - 9k.10 2.3L 0.76 0.29
Speciel Sample 4,05 37.45 2.53 50.43 1.28  26.28 0.66 2.19 0.06 - - - - -
Filter Cake to Pellets 92.52 15.36 18.29 62.00 L8.54  14.65 11.47 3.6 2.7 - 76.74 - - -
WASTES
First Stage Tallings 5420.00 97.0L 162.12 21.18 .34 39.68 6h. 32 7.78 12.62 - 46.51 - - -
Second Stage Tailings 5001.00 99.43 28.35 18.10 5.13 39.26 11.13 0.53 0.15 - 28.86 - . -
Kiln Tailings 6329.00 99.73 17.09 19.78 3.38  19.02 3.25 38.15 6.52 - 36.13 - - -
! Stack Loss (Est.) 9.55 - 9.55 23.88 2.30 15.71 1.50 23.12 2.20 - - - - -
Spillege 1.22  13.94 1.05 50.48 0.53 10.48 0.11 L.76 0.05 - - - - -
Total Waste - - 218.16 20.94 Ls.68  36.81 80.31 9.87 21.54 - - - - -
Recycle Coke 177.91  19.53 14317 5.35 T.66 9.79 . 14.01 73.53 105.27 25.52 34.T7 - - .
TOTAL CUT - - 553.86 - 203.70 - 110.43 - 129.86 - - - - -
Gas Power Recycle Kiln Gas - Average Analysis - % By Volume ’
MCF KWH Coke Ratio CO ({97} CHy
2119 116,000 : 1.50 3.0 15.5 1.9 0.7 1.2
' KILN TEMPERATURES, DEGREES F. '
‘ Kiln . WEATHER
Speed Kiln Cooler AVg.q Avg.
MPR f1 2 £3  f3A # # #6 1 ¥8 #9 F.E.H. Stack Disc. Disc. Temp. "F Hum. %
Avg. Gas 5:39 1885 1964 1976 1962 1960 1943 1936 1915 1910 - 904 507 1169 - :
3 82
Avg. Bed - - 1907 18y5 1886 1880 186y 1864 1817 1568 - - - - 288 T

¥4

*For ore lncluded only - for composition of ore plus pellet [eed, see following page.
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Figure 4, Peace River test - finishing circuit
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Footnotes:

(1) The moisture content of the ore, as processed during the test, was higher than expected for
commercial conditions,

(2) This lower value of heat in the unburned gases is opproximately one million B.t.u. per ton of
concentrate more than was actually obtained from the heat balance calculations of the period
August 3 to August 10 and is equivalent to 3.5 per cent combustibles in the exhaust gas. The per
cent combustibles for this period was just over 2 per cent as compared to over 6 per cent for the
"steady state" period. During the "steady state" period no particular effort was made to reduce
the combustibles in the exhaust gas since the reduction of iron was of prime importance,

(3) During the latter part of the test |f was necessary to borrow o magnetic separator from the lo-
cation in the circuit where the initial separation is made. Single separation instead of the usual
double separation was thus employed. Consequently, more carbon was carried into the milling
circuit and thus lost in the first stage toilings. These units of carbon would have normally been
reclaimed with the recycle coke. This condition increased the physical carbon loss. It is esti-
moted that the pelletizing of all the fine ore will further reduce the physical carbon loss to approxi-
mately 2.0 million B.t.u. per ton of concentrate. '

(4) The heat input needed to balance with the reduced heat requirements (output) is made up with
coke and gas at the same ratio as actually used during the "steady state" period.

lron Recovery Calculations

Actual Iron Recovery

The actual iron recovery, as . determined for the daily and period summaries in this
reporf are based on the amount of iron in the final concentrate ylelded from the amount of iron in
the ore only. The calculation is made as follows:

Tons of Fe in Concentrate
Tons Fe in Ore Tons Fe in
Including Pellets* — Filter Coke*

x 100 = % Fe Recovery

*Pellets included ore and filter cake. The filter coke is
composed of kiln collector dust and recirculated
milling circuit material, and therefore does not contribute
new units of iron.

For this "steady state" period this method of calculation gives:

100.54

5 28 - 5 — 28% x]00=74.22%

*Units of iron removed from circuit for special 4 x 10 ball
feed sample.

Spillage Free Recovery

Another method for expressing iron recovery is by assuming a spillage free operation.
This value is practical in commercial prolechon since large scale continuous operations would have




Plate 1. R-N briquettes




—

‘ -

Py o

Sk T
(TR

s

‘ﬂ'!"‘"’ﬁ







Sy |

aumcilE 2D

35|l mill and mz

Plate 7.




| C f SR
Gl R N R N e e e e

able 1, Summary

ick type

-

of alteration and mineralization in the four different rock units from Fort MacKay, Alberta, Canada
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d-bed sandstone-

aputile sequence

::M:li\iil Lilk(;

“Onmation

nestones

B

saver River

ndstone

Proterozoic bascinent

red sandstone, reddish-
green siltstone, and
gypsum thin bed
Middle Devonian

Paleosols and

argillaccous limestone,
fossiliferous limestone
dolostonce

Upper Devonian

quartz ccmented sandstone

Lower Cretaccous

cpidote, chlorite,

CeP 04, CeCO3, calcite
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CeCO3, CelO4, (K,Na)Cl
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NaCl, KCl, barite, native
sulfur, biotite
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Au+Ca, Au+Al, Au+Si, Au, AutAg, Aut
Cd, Au+Cud-Zn, AutFe+Ni, Au-chlorides
Cu, Cu+Zn, Fe+Cu+Zn, Cd+Zu. Zn,P'b,
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Abstract

Disseminated Au-Ag-Cu mineralization has beea discovered in the Western Canadian
Sedimentary Basin (WCSB) at Fort MacKay, Alberta, Canada. The host rocks for the Au-Ag-Cu
mineralization range from Proterozoic basement granitoids (~300 m underground), through to
Devonian limestones and Cretaceous Beaver River sandstones at surface. The dominant gold
forms, as detected by SEM backscatter imaging and energy dispersion X-ray spectrometer, are
Au+Si and native Au alloys in the granitoids, and Au+Ca, Aut+Al, Au, Au+Ag, Au+Cd, Au+Si,
and Au+salts mixrures in the sediments. The Au-bearing minerals range in size from <0.2 to 400

.um, but are dominantly 1-2 pm. Associated alterations include calcite, quartz, salts, clay, and

Ce-bearing minerals with abundant hemaute and little pyrite. Other metallic elements, including -
Cu, Zn, Pb, Ag, Cd, Sb, Sn, Bi, and Ni, occur as (1) alloys (e.g. Cu and Ag); (2) oxides (e.g.

Sb,0,); (3) chlorides (e.g. AgCl), and (4) carbonates (e.g. Pb-carbonate). The occurrence of Au-

Ag-Cu mineralization in the area is explained by a genetic model in which oxidized brines leach
metals from the basal red-bed sandstone-evaporite sequences and basement rocks, which are later
precipitated by reducing agents in host rocks and by brine mixing. The discovery of the Au-Ag-
Cu mineralization signifies a great opportunity for Au and other metal exploration in the WCSB.
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INTRODUCTION :

The Western Canadian Sedimentary Basin (WCSB), especially the Alberta portion of the
basin, contains abundant petroleumn resources and is the largest petroleumn producing province of
Canada. However, excepting the Pine Point Pb-Zn deposits (Anderson and Macqueen, 1982), and
Ca, Li, and Mg potential from high salinity brines, there is no report of metallic mineral deposits
in the basin (Edwards, 1988). Gold has been recovered from rivers in Alberta and Saskatchewan
for over a century (Giust, 1986; Edwards, 1988). The lack of known large-scale metallic
mineralization in the basin may indicate an underdeveloped opportunity rather than a lack of
geological potential because most geological studies in the WCSB have focused on energy
resources. ’

Recently, elevated Au, Ag, and platinum group elements (PGE) abundances have been
reported for the Phanerozoic sedimentary rocks of the WCSB from Fort MacKay, Northeast
Alberta, indicating possible mineralization. However, different assay methods have produced
contrasting Au results, and there has been confusion over the existence of significant Au
mineralization in the area (see for example, a series reporis in the Northern Miner, 1993;
Abercrombie and Feng 1994). In this study, 32 rock chips, polished thin sections and rock slabs
from (1) altered basement granitoids, (2) red-bed sandstone, and (3) Beaverhill Lake Formation
(drill core and surface) near Fort MacKay have been examined by SEM using a backscatter
image and energy dispersion X-ray spectrometer (EDS). More than half of the samples examined
contain various amounts of Au and other metallic phases. This paper reports these results.

GEOLOGICAL BACKGROUND

Fort MacKay, Alberta, lies near the southwest edge of the Proterozoic trans-Hudson
basement outcrop. (Figs. | and 2). Three broad rock sequences identified are: 1) basement; 2)
a Devonian sequence dominated by red-bed sandstone, evaporite, and carbonate formations; and
3) a Cretaceous sequence of predominantly sandstones containing heavy oils (Carrigy, 1959; Figs.
1 and 2). Basement rocks buried underneath the Fort MacKay are Proterozoic granitoids that
form part of a 2.0-1.8 Ma magmatic belt (e.g. Ross et al, 1991). Paleosols developed on the
basement granitoids are preserved and are called "Granite Wash" (Fig. 2). The northwest striking

' Middle Devonian sequences, the Lower and Upper EIk Point Groups, in this region

unconformably overlie basemeat. The Lower Elk Point Group comprises basal units of
interbedded red sandstone, reddish-green mudstone, and evaporites which change upward- into
limestone and evaporites, forming a typical red-bed sequence (Meijer Drees, 1986; Fig. 2). The
Upper Elk Point Group includes Winnipegosis Formation carbonates and Prairie Formation salt-
evaporates. The edge or "solution front" of the Prairie Formation salts parallels the basin-
basement boundary (Hamilton 1971; Fig. 2). The Beaverhill Lake Formation is the basal unit
of the Upper Devonian and consists of a sequence of alternatng limestones and shales (Fig. 1).

* Other Upper Devonian rocks, including the Woodbend and Nisku carbonate formations are absent

in the study area (Fig. 2).

The Cretaceous Manaville Group (sandstones) was deposited on eroded Devonian rocks
and contains the largest reserve of heavy-oil in the world (Fig. 2). Between the contact of
Devonian and Cretaceous rocks there is a unique sequence of quartz cemented sandstones (Beaver
River sandstones) which also outcrogs in the area (Carrigy, 1959; Martin and Jamin, 1963). A
northwest-southeast fault (Sewetakun fauit) that may have affected rock units as young as
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Devonian in age, was identified by Hackbarth and Nastasa (1979) based on geological,
geophysical, and hydrogeological evidence (e.g. Fig. 2).

The regional hydrology of the formation waters in the northeastern Alberta basin has been
documented by Bachu and Underschultz (1993). The pre-Prairie Formation aquifers, beneath the
regionally extensive impermeable Prairde salt aquiclude, are characterized by regional
topographically-driven flow along stratigraphic layers and updip migraton (Fig.2). At the edge
of the Prairie Formation salt, along the trace of the Sewetakun fault, vertical cross formational
flow occurs (Fig. 2). The post-Prairie Formation aquifers are characterized by transitional flow

. regimes between regional and localized flow (Fig.2).

Figure 1. Bedrock geology. of Fort MacKay area, Aiberta, Canada (After Carrigy, 1939) The
Sewetakun fault was identified by Hackbarth and Nastasa (1979), the Muskeg River fault was
inferred from topographic features and offset of magnetic anomalies.

Figure 2. Schematic stratigraphic cross section of the Fort MacKay area, Alberta Canada (after
Carrigy, 1959)

ANALYTICAL RESULTS

Figure 3. (A) Association of PbCl, and AgCl grains on a fresh broken surface of an altered
granitoid sample (B-1, core); (B) Disseminated AgCl grains on a fresh broken surface of a
granitoid sample (number of AgCl grains >1000; B-1); (C) Enlargement of AgCl crystals in (B);
(D) Ag+Si (Ag+Si EDS peaks) grains occur inside of Fe-epidote nodule in the altered granitoids
(WS-1, core); (E) An aggregate of Au and Au+Si grains on a newly sawed granitoid surface,
more than five such aggregate and >100 Au grains were found in the sample (A31028); (F) A
hexagonal Au+Si core is rimed by pure Au (A31028). All photomicrographs shown are
backscattered electron images. The element sequence is arranged in declining EDS peak intensity
in all the figures.

Figure 4. (A) A native Au grain on a freshly broken surface of a red-bed sandstone sample (Al-
RR). (B) Intergrowth of Au-bearing grains with salts (NaCl+KCl), calcite, and clay on the edge
of the thin section (not in-situ). EDS peaks are Au+minor Cl+K+Al+Na for Au (T4-312.5, core).
(C) Cd+Au+Zn+Pd alloys (1) grow on top of (2), a mixture of quartz+(Na,K)Cl+Au+Ag+Zn
(EDS peaks: Si+Cl+Na+K+minor Au+Ag+Zn) (T4-312.5, core). (D) A group of fine Au grains
(<2 um bright spots) in the fresh broken surface of limestone, EDS. peaks include Au+minor
Ca+Al (number of Au grains >200; F20). (E) A large Au+Ag (9:1) grain (~400 pum), dark
inclusion is mixture of clay and calcite. More than 30 grains of Au between 0.5-400 um were

" found in the sample (T2-25.75). (F) A tongue shaped Au grain on the fresh surface of limestone.

EDS peaks include Au+minor Al+Ca (F20). .
Figure 5. (A) Association of Au and Cu-Zn grains on the fresh broken surface of limestone
(F20). (B) A group of Au-bearing grains: (1) Ag+Ca+Au; (2) Au; (3) Ag+Au; (4) Si+Au+Ca;
and (5) Au+Cd in a polished thin section of limestone (Au grains >15; RR-40). (C) Au & Au-Fe-
Cd-Cu-Cr-Ni alloys occurs near cavity in the limestone and in fractures (T2-25.75, core). The
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left corner shows Au scratch mark during polishing. (D) Zoned Au-bearing grain. At the two
ends, the shaded parts are Au+Si, the bright centre is Au+Al (RR-40). (E) Au-bearing aggregate
consisting of two parts on a polished limestone surface.  Less bright part (1) is
Ca+Al+Si+K+Cl+Au (less Au) and bright part (2) is Au+Ca+Al+Si+K+Cl (more Au) (Au grains
>200; F18). (F) A zoned Au-bearing grain in limestone; the less bright dm (1) is Ca+Au, the
bright core is Au+Ca (Au grains >200; FO2).

Figure 6. (A) Au+Cd micro-grain, chlorite+illite, and calcite+clay aggregates occur within the

. same pore system in limestone, implying a genetic relationship (F02). (B) An Au+Ca grain

occurs in the calcite veining network in the limestone (F02). (C) An Au+minor Cl+K grain and
a clusier of KCI cubes embedded in a NaCl+KCl+calcite mixture matrix (Au grains >10, AgCl -
grains >200; RR-43A). (D) Au+Ag alloys occur on top of matrix material with
O+Na+S+Cl+Ca+C EDS peaks (gypsum+salt+organic matter). The gypsum+salt+organic matter
aggregates have erupted out of a flat surface (WK-14, limestone). (E) AgCl micro-grains in
limestone (RR-43A). (F) Native Cu in limestone (sample A)

Fig. 7. Represent EDS peak péttems for Au- and Ag-bearing phases in the rocks from Fort
MacKay area, Alberta, Canada.

DISCUSSION
Similarities of mineralization in the different rock units

The alteration and metallic mineralization of the four different rock units show some
similarities (Table 1). They all contain Ce-bearing minerals, saits (NaCl and KCI), calcite,
quartz, and clay. A unique metallic element association, including Au, Ag, Cu, Za, Pb, Sb, Sn,
Cd, Bi, and W, occurs in finely disseminated form in all four rock units. All rock units lack
sulfide except for some pyrite. Metallic minerals mainly occur as (1) alloys (e.g. Cu and
Cu+Zn): (2) oxides (e.g. Sb,05); (3) chlorides (e.g. AgCl and PbCly), and (4) carbonates (e.g. Pb-
carbonate). Au, Ag, and Cu mineralization is related to calcite, clay, quartz, hematite, and salt
alteration. All these features suggest that the alteration and mineralization in the different rock
‘units may have been caused by similar fluid processes.

The slight difference in the degree of alteration and mineralization between the different
rock units may reflect different physical-chemical conditions in the different host rocks. Pb and
Ag chlorides and pyrite are relatively more abundant in the altered granitoids near the "Granite
Wash” than in the sedimentary rocks above. The form of Au minerals is also slighdy different
among the different rock units. In the altered granitoids, Au+Si associated with native Au is
observed, but in the limestone, Au+Ca and Au+Al associated with native Au are present, a

probable reflection of host rock composiuon.

The forms of Au-bearing minerals

Detailed EDS study indicates that Au+Ca, Au+Al, and Al+Si grains in granitoids and
sediments have little or no oxygen, which rules out the possibility that these mixtures are oxides
or carbonates. Insiead. Au may alloy with Ca, Al, and Si. These types of Au alloys do not
appear to have been reporied in the literature before, and their chemical propertes are unknown.
Another important Au form is related to halide salts. Au in the sediments shows associauons
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with salts, and Au-bearing grains were identified to have Au+Cl+K+Na EDS peaks, suggesting
that these Au-bearing grains may be in the form of chlorides. However, it is unclear what the
proportion of Au-chlorides to the total Au is, since some of the Au-chlorides may be sub-micron
in size and not detected by SEM. Au-chlorides are soluble even in cold water and may be
volatile at <300 °C. This form of Au could easily be lost because of inapproprite assay methods.
The combined effects of novel forms of Au mineralization, and the presence of hydrocarbons and
salts in the sediments may in part account for the non-reproducible assay results for gold.

Physical-chemical conditions of ore-forming solution

A unique feature of the alteration is widespread Ce-bearing minerals in all rocks. Ce can
only be decoupled from the rest of rare earth elements (REE) under relatively oxidizing
conditions when Ce is removed as Ce®. This is consistent with atundant hematite and Fe-Ni-Cr
oxide minerals, both of which are indicators of high Eh conditions. Calcite, salt, clay, and quartz
as the main alteration minerals suggests that the ore-forming solution were enriched in Cl, CO;?,
Si, Na, and K. The presence of Au-, Ag-; Pb-, Bi-, Cu-, and Fe-chlorides, and the Au-salt
association indicate that Cl is a major agent in the ore-forming soludons, indicating Cl-rich
formation waters or brines as the mineralizing solution. The fact that most metallic minerals do
not oceur as sulfides, except some for pyrite, indicates that either S was not abundant in the ore-
forming solution or the ore-forming conditions were oxidized so that S existed in forms other
than sulfide, or a combination of both. This is supported by the occurrence of a small amount
of native S and barite.

The small grain size of the metallic and alteration minerals, their disseminated
distribution, the alteration mineral associations, the wide distribution of soluble bitumen within
the host rocks, and burial reconstruction together indicate that the temperature of mineralization
was probably not >120°C. In the altered granitoids, the alteration minerals associated with Ag,
Pb, and probably Au mineralization are larger in size, probably indicating somewhat higher
temperatures in the basement. The timing of the mineralization may be Cretaceous or younger,
since the Cretaceous Beaver River sandstone and quartzites were also mineralized, but conditions
for transportation of metals by oxidized Cl-rich brines may have existed since the Middle
Devonian and continue to the present day. ‘

Au-Ag-Cu transportation and precipitation in the WCSB

Au, Ag, and Cu must have been enriched by some process to form a deposit. Therefore,
the source of the metals, their mobility, transport, and precipitation mechanisms have to be
addressed. The solubility of these metals in natural waters is mainly a function of Eh and fluid
compositions (e.g. Maynard, 1983; Jaireth, 1992; Thornber, 1992, and references therein).
According to these authors, Au, Ag, and Cu chloride, bromide, and iodide complexes are the

" most stable species in oxidized, neutral to acidic waters at low temperature. In the northeast

Alberta basin, the formation waters contain abundant Cl, Br, and 1, but relatively litde or no H,S
(Hitchon et al., 1971; Hitchon, 1993). This makes Cl, Br, and I the most likely complexing
agents to mobilize and transfer gold and other precious metals. However, these brines have
relatively low Eh (e.g. Sverjensky, 1987; Hitchon 1993), therefore, Cl, Br, and I may not form
soluble complexes with Au, Ag, and Cu (e.g. Maynard, 1983; Jaireth, 1992; Thomber, 1992).
Sverjeasky (1987) and Bloom et al. (1992) have calculated the chemical evolution of a saline
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brine during migration. If reducing formation waters react first with sulfate-rich evaporates and
then with a typical red-bed assemblage, oxygen fugacites well into the hematite (jarosite) field
can be attained. Under these conditions, Au, Ag, Cu and other metals are soluble as chlornde
complexes, and therefore may be leached out from the red-bed units or from basement rocks
beneath (e.g. Fig. 8; Jaireth, 1992; Thorner, 1992). This is supported by the fact that formation
waters from the "Granite Wash" have higher Fe and Mn contents than those from other aquifers
(Hitchon, 1993). The metals would precipitate out from the solutions when encountering organic-
rich layers, or mixing with brines with different Eh, pH or salinities.

In the context of the regional hydrogeology of the formation waters in the northeastern
Alberta (Fig. 9), the generation of Au-Ag-Cu mineralization can be explained as follows. The
formation waters or brines in the aquifers beneath the Prairie Formation were oxidized during
their up-dip migration through the redbeds and "Granite Wash" (Fig. 9). The resulting oxidized

" brine then leached out gold and other metals from these rock units. The oxidized brines may also

have circulated into basement and leached gold there, subsequently circulating back to the basin
through faults (Fig. 9). Owing to the impermeability of the Prairie Formation aquiclude, the ore-
bearing brines could nat flow vertically through the Prairie Formation salts, but rather flowed up-

dip along the base of the Prairie Formation (Fig. 9). At the solution front of the Prairie
Formation salts, vertical upward cross formational flow became possible. Faults in the rocks
further facilitated the upward cross formadon flow (Fig. 9). When these ore-bearing, oxidized
brines reached reducing environments in the overlying limestones and shales containing abundant
organic metter, or when the brines mixed with other brines of different salinities and Eh-pH
conditions, Au and other related metals precipitated and local mineralization took place.

In conclusion, the general geochemical environments and the possitle genetic mechanism
for the Au-Ag-Cu mineralization described here are very similar to those of so-called red-bed Cu
deposits and the unconformiry-related Au-PGE-U mineralization in the South Alligator mineral
field, Australia (e.g. Sverjeasky, 1987; Eugster, 1989; Bloom et al., 1992). The discovery of Au-
Ag-Cu mineralization signifies a great opportuniry for extensive exploration of metallic minerals
in the WCSB basin, which has been overlooked for almost one hundred years.
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Frontispiece

- Aerial view from Hozikewin forestry tower,
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ABSTRACT

The wealth of oil end gas found in Alberta since 1947

has resulted in a greatly expended economy. Th.s has produced

a growing utket for iron and i(.:% alloya 1n the west:ern ptoviucea. .’
and has atoused the intetest of several large international steel -

producers. Consequently au known occurTences of iron in Alberta

have undergone 1west£gstion of va,rying intensity during the

P e e

pastfewyeets. » - e
‘Ihia theeis aets fotth the tesult:s of a stndy. from many

epproacbes, of oue of the more promiseing possible coametcial

deposlts,' Iocated in the clear H11ls area of northwestem Alberta. A_

This is a fine mle of an oolicic iton depoe:lt competeble. )

i

mi.neralogicauy. to many of the well kaowm eedimentery deposits
of iron thtwghou: Europe amd t:he Uni.t.ed Stet:ea of Ama:tce.

‘r’ne field and laborat:c*y evideace appears to eubstantiate
the.asmtaon tb.at: the oolitic i.ron i.n :he Clear Fills haa
definite cmeteial possibiuctes es & low grade h-on ore. 'l‘he
prospective (but not ptmren) tonnage appeats to be capable of

mpport{.ng a Iarge economical open pit opetet:ion.

- .. e .
) . ¥ i - . i ol “ o .
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" CHAPTER 1

INTRODUCTION

General Stetexm2nt

Thcte has been co::side-'able intereet shown ln low-grade iroa

bécurteuces in Alberta during the past four years. Tb*s interest.,
elthough bluated by the recescional pericd im 1957-58, etill has

sufficient promice to be kept alive for future investigation and

development.

The h:on occurrences in quesci.oa range from a low-gtade

coumercial oeposi.t: CO mere treces in some sedimentary tocks. Geograph-

- e s

:lcally, che lmown occurtem:es ere confined to the foothill belt:a of

tne Rockies and the Cleat Hil’e of the Peace River district geologiceally,

they appear to be most prevalent 1n the Upper Cretaceous mrine sedixzents.

'rhe writer. under the sponso:ship of cliffs of Canada Ltd.

(Cana.dign Explore.tion cqmpany of Cleveland Cliffa. .u.A.) , was

comzissioned to examine all possible iron occurrences in the Proviuce

' of Alberta, so far es time allowed during the sumzer of 1957. Several

areas were visited but final' eu:phaéie' vés placed on the Clear Hillse

depoeit.. ., ..o .. S oL,
‘rhe Cleer Htlls deposic px:eeented the best. commexrcial
posai.bilicies and a ;roblem in di.agenesis and ewitomnent of depaosition,
‘rhe Cleaz' !Iilla deposit: is of the oolitic type snd probably comareble
to eimilar deposite throughout. the wvorld. The wri.ter will atte:q:c to

sho'a this relationship along with possible determiuation of source

nrea, age end enviromment of deposition.
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The oature of oolitic iron of the Clear Hills srea, both in

tgrade end quantity, gives it priority cver all other known occurrences
‘in Alberta. The other areas examined will be treated briefly as a
. means of correlation with conditicns of possible contemporaneous

deposition,

‘Location of Areas and‘Acceseibility

P

All the areas investigated are located in the Province of

Alberta, and are accessible by roada of highuay calibre at. least- to

'their perimecers. The' lqcations themselves can be reached by Albertat

' Eoreatry roads. The ufeéa are locétéd-on:the index map of Alberta

(Fig. 1, p. 3) aud the followtng is a more detailed deacription of

locatiou of eacﬁ area in order of cecreasing importsnce._:"“

1. Clear Hills -~ Twps. 87, 89, 69, %0, 91, 92 W6
: R Rges. &, S, 6, 7 .
2. Highwood River ~  Twp. 16~ . .. W
S Rge. 5 : ' '
3. Brule .. 77 Twps. 50, 51 w5
L ' Rge. 27 . . 4 ’
4, Mountain Park .M' TWps.245,146, 47‘“Ax . ' w5

Rgee. 22' 23 ] _;‘

LA )

‘ -The Cleer Hills srealbn which edphaeis is being placed 18
located 300 air miles northwest of Edmonton_(?ig. 1, p. 5); - The
east and soéth.boundaries ere eccessible By road a;d raii, pyrghe
deimshaw higﬂway on the east and Fines Creek, the railhead, on the
south, o | )

Thc srea Iies.between rmeridiansg of longitudc 118° 20' W and

119° 00' W, end is bounded oa the north and south by parallels of

- .
ek R R R

AL bty RITH U ST S et U ey

b PEVANAS,
P"m:e"; s

TR TR

-
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LOCATION OF IRON ‘\@)meuwoo Medjcing
OCCURRENCES ~ EXAMINED 2 ‘ Hat:
BY THE WRITER DURING 1957 § e

ALBERTA S _

\ <]
in Miles ) . 9%
"9 l,',ssc.oo'le 190 igo 200 B | S N

. o . s . o .9, CEERE 8 . " . . S
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S7° 00' H anJ 56° 30' ® reapectivelj. This quacdrangle inciudes all

orf. na*tc of Lor.ex.s‘xipe 87 to 92 and Ransea & to 7 west of tha sixth

meric:iérh (Fig. 2 in euvelope on beaclk cover).

Culture

'rhe cbief occupations of the population in this erea are

sim:.lar to those of tke cnt:iro Peace River: Block - agriculture,

- suboid!.ary lumbering, and the usu.a]. winter trapping. 'rhe fam{.ng

i m:eas are confi.ned to the petmete 0 oF the. Clea. hnla and tha

remainder of the area in. queatioa is auu a vetitable wildernese,

"1nbabited by a fairly lsrge big-gane populatim._

The erea in recent years hae been literally gridded with

_.selsuic e:plératton cut-lines and :oads, which are omly pgseable

when the ground ie frozen., The Clear Hilis pr:merAe:e devoid of
humn inh.bitents, except for rangers of the Alberta Bepar@eut of
Lande anci Forests durmg the fire" season end trappers during the
winter. _ '
Ecommica is an impottnnt aspect of this theaic and 1¢ 18
therefote necessary to coneider the population and deneity of
population for the entire Peace River Block of Albe:ta. This would
assume eome importance as to local labor supply if and wvhen a basic
industry £s developed. There ere sone 13 1morporé.ted towns end
villages 1n this area o£ spproximately 34, 000 square miles and the
tot_al population as ghown by ;hc 195_1 census consisted of 54,102
petsons: (Teble I, p. 6).° At the time of the census this number

was epproximately 5.75 per cent of Alberta's total population

(Istvanffy, 1954).
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Thc rate of increaee in Albctta 8 pmulation ( able 1) kao

accelerated eince 1941, 'rhio is aleo an izzncru.nt factor in coa~

eioetati.on of steel merkete in the weestern prcvinceu and should be -

"ASLE

| DERSITY CF POPULATION & AREA

Area

cEisUS DIV, 15 22,845 &q. miles

" 11,100 sq. miles

POPUL&TICN (aa of 1951)

" Peace River Block,’ ;A'_lpertav » |

Census Div. 15 - 21,663 .
Census Div. 16 -~ 32,&39 I
54,102

5. 751 of Albe-ta s total in 1951.

Pcpulac:l.m 'of incorporated cities, towss, and villases es of 1951:

Beaverlodge Slll» - Fairview
Palher =~ = 515

Grig;shaw L 5(‘(‘

Hythe = . 342 . . Kiouco

Hclennsn 1074
Rycréft BN Y 4 |

Verbly . .~ . 251

Populatiorn Albetr.a : . 1941
Population Alberta 1951
Population Alberta : , 1953
Population Alberta 1957

Populetfon increese 6€7 eince 1941,

33.945 5q. n.!.lea. :

Grende Prairie

High Preiric

Peace River

Spirit River

.rela..ed to density of populatio'x. a3 shown 1n Figure 3, page S.

Densit;z
_0.95

2,92

929
2664
1141
238
1672
| 5
796,169
939,501
1,002,000
1',260,000
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The writer, ewployed by Cliffs of Canada, Ltd., under the
direction of Dr. W.L.C.Greer in Port Arthur carried out field- -
{uvestigation of reporte& iron occurrencea in Alberta during the
fie}'.d‘,eeasclm of 1_?457, as c@lete es time voul& permit. -

' Sections of Cretaceous sediments with ehowings of irom were

‘examined in the Highwood River, Hountei{n Park, Brule and Clear Hills ..

aress (Fig. 1, p;'3).-—:' e

' Two areas showed eome promise of grade and quantity: the
Righwood area of southern Alberts &nd the Clear Hills area of north-
western Alberta. The emphasisc was placed on the Clear Kills,-deéosits
and.iuoa‘t of the detailed work in the field and.labotal:Oty was carrvied
out ‘on tﬁié waterial, . - | : |

. Semples were collected from all arcas previously mentioned,
with careful samling of the two ereas that were -esses’sed to be
actual prospet;.tive &eposita." The Clear Hills end the Eighwo&d River.
areas eppeared to preéeﬁt the best possibiliciee'.' Thin sections of
gamples Erom-'éxposures exanined, including sections of the Clear Hills
and Highwood samples, and key sections of samples from other erees cf
leeser importance to be used in possible correlation, were é:epated ﬁy
a commnercial 1aborat§ry. - Crushed mounts were élso prepared from the
Clear Hills samples. Comple;e quentitsative e.na‘lyses were carried cat
on the C;ear Hills semples | and esanidine feldepar was seperated for
45;‘!"'0IX24'0 age determinetfon. Further details of methods end. results

are described in thelr respective chepters.
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The Pesce River hes begn a historic trade route across this
part of morthwest Cenada, end todsy the famous Alaska Bigb\}vay' pacsses
throuzh the area. -

. Earliest cbservaticns on the :geolégy were generelly confined - -

ST S wi e n s

-~.. to.the pagk-s of the Peace River -and its tributaries, The'generall_.yv--' :E

o open character of the country wade it goséiﬁle for ‘some e;ariy expi.t‘wrcéai - , §
l ke myout: recmime éurve?.s overland. el g
C 'rhe earliestréporé containing reference to the 8661087 of EJ
r-l the Peace River Block is that of Selwyn (1875-?6)_ in &8 reconnaissance '

- gurvey of areas in northeastern British Columbia end east along the

~

Peace River. A later eurvey by Dawson (1879-80) covered the Pegce

oy

River area in wore detall. He eubdivided the Crétacedus of this area

and essigned formational unames, some of which are still retained.

\

Hcl'.éafa (1917-19) wmade a wore systematic survey aud study of
the Cretaceous formations exposed along the Pesce and Smoky. Rivers.

A gencral veport on the geology of the Mackenzie River basin‘

Pesce and Smoky Rivers on a small scqle map and in very little detail.

M

.. ... .J.A. Allan examined the Cretaceous section along the Pesce in
1921 end at some points along the Smoky River at a later date. The

resultas of his observationa appear in the Resesrch Council of Alberta

n

Reports for 1521 and 1924.

- In 1929 a detailed survey of the geology and water resources

was carrfed cut i{n perts of the Peace River end Grende Prairie districts.

. T N

A A ok
{Cemsell et al, 1919) contains a sumnary of the geology along the - ' i
)



. . .
.
K

. .

-9 -

Thic repert coateined detailed descriptioas of formaticas examfned
(Rutherford, 1940). Additional work vac carried out by J.A. Allan

ev\d C.R Stelck (1340) end again by C.R. Stelck (1941). These reports

were concerned with the Pouce Coupe ete_a but stnce there ere formestional

co"teletioas wvith the Peace River area they. have been 1nc-.’.udec1‘as

references., "The advent of the province-wide cil cnd gas explo-'aticm

vzs minly respoastble for che opem:;3 up oE th;a partict.lsr area.

*"*In 1951 Phillipe Petrcleum Co. Ltd. drilled a wildcat well

fo the Clear Wills eren, located in Legal Subdiviéfon 12, Secticn 29,

Towaskip ‘89, Range 'lc',”w'efst of the .Gt':ﬁ'princi:pal meridisen, The oolitic

iron member was encouutered after passing 'through 53 feet of glacial
débrié and 429 feet of the Kaskapau (Upper Cretaceous) formation.
Thio was the ‘firs::'-ndica_ticm, to the best E:;cwledge of> the writer,
that" an'éciicic iroa bed-of this thickness was p:ésent in the
Cretaceous (Isfvenffy, 1954). | |
Ia 1954 the Albetté Goverunent issued four exploration .

p;etmits eéovering fron occurreacéa in the Clear Hills area.

| The McDougall-Segan Syndicate, formed inm 1954, reported that
diamond drilling of their deposit on the east flank of thg Clear Hills
in Townships 84 to S5, Ranges 3 to 6, weet of the 6th weridisn, had
indicated a flat-lying bed of colitic iron averaging 10 feet in thick-

ness over &n area 13 m_iles by 3 nmiles. A potential reeerve of one

billion tons of "ore" averaging ebout 347 irom wes reported (Janes, 1657).

Concentretica tests cerried out by the Mines Erench, Ottawva,

indicated certein problems., In 1656 the Research (.a.mfil of Alberta

it
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. undertook resesrch into tha benefication of the iron, with special.

atteution to mineralogy and chemistry of the deposit (Grace, 1956).
A reconnaissance of the Clear Hills area mac!e by Reseerch Council
geoioeists under the supervisica of Dr. D. 3. Kidd, during the
sunzer of 1956, disclosed that the arenscecus ocolitic iron of Upper

Cretaceous age out ctopped along the vallny wzlls of qw.ift: Creek in

the clear Hille. 'I'ha outcrop area atraddles the boundary between ~

"rowuships 90 and 91 Range 3, west of th° 6th meridian, and i.s

r.'oughly forty mles nortn of the railhead at Hines c::eek. In July,

1956 Premier Steel CO. !.td.. Sdmontoa, toox over iron permits

;__tlmt had been dx:opped by the HcDougall-Segan Syndicate. During

w

'the fall. of 1957 tha v-'iter carried out a field imestigscim of

i

-

the Swift Creek ateas.
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CEAVIER I

' CESERAL CEARACTER CP THE AREA

Geclogical Succession . ..

The consolidated strata underlying the area showum on the

- wap, thura 2 ‘ere all of Cretacecus age. Only the oolitic iron' S

,membet of. the Kasmpau formaticn is exposed and forms the valley. '

X

are exposed outsi.de “the !.mediate mp erea (Ruthetford 1930,

. p. 19), in the valley of the Peace River and uesr Gti.mshaw on the '

-hackenzie highway. A ;nantle of superficial Pleietoceue end Recent

deposits, varying tn thickness ftom a few feet to approximately

100 feec, ccvers most: of the area. The Pleistocene depoaits are

‘ceposite‘d most o£ its debris load. In genersl the strata dip. .to

the south and r.:_egional slope, as indicated by the drdn&ge, i8s to

thc north.
The generel charactet of the fo*mations in the atea, names

aseigned to. chem and thicknesses as noted in the well log of

Phillips "C" ho. ‘1, erc as follous:

KIX TN

&
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walls of ‘some oE the streans, - The Duuvegan and olcer formsttone- S

thics.est in the prezlacial valleye where the continental ice sheet
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TABLE - 2 -

TABLE  OF

FORMATIONS

v&! ‘ i "“m"m' . Mnn.mm " run‘mwum g W

. Period or Formations and .
- Era epoch - " thickness ‘(feet) Lithology
N Till; lake and stream
Cenozoic. | Pleistocene- - - 0-100 feet deposits of boulders,
g ' kravel sand, silt and
clay. '
Dark to black shales
of marine depositfion;
Upper Kaskapau some fine-grained
- Cretaceous 560 feet sandstones and oolitic |
- ' iron.
Alterna;ing sandscones
_ . . and'shales, brackish
Mesozolc . Dunvegan water deposition; some
' 833 feet sandstones up to SO
feet thick.
. ‘Dark blue to grey
Shaftesbury friable marine shales;
644 feet ironstone ccncretions.
Lower Massive sandstones,
Peace River with a lower shale and
Cretaceous Tt 251 feet alternating sandstone
- members.
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9hysiogtapﬁ;:

. The Clesr Hills erea is part of the Crest Plains region of

. western Cawda. ‘The area tmder discussion has Ab.eeu uodified by '

' :»glaciatio':x aad posu-glnc!.el la"inq; (Pl. i, B. » p. 85) from a matutcly

oiesected topography to a youthful tmmaphy btoken by the hig,hlm.z

" e:cpreesicu ‘of the former’ uplendss T

'rhis area of low rollitxg hills, w.;th a mim elevetion aoo'm

seé level z‘?f., approximate;y_}o:)o feet (locel r_c;ligf of 300 to 400 feet),

- 1ie6 .on the nottheastern edge of the Alberta eyucline. . Post-Cretacesus

wmonadnocks are respongible for _t_he.hillg, in.p;onqan;eﬁ contrast to

'the Fureke plein to the eouth. The surfece expression is due meisly

to accumlation of glecial geﬁz-s_ iv the form of end mofaipes and
’arrlaciax ‘lacustrinoe do@osits. The area a.ppeeréd as & definite nigh
during ,the Fl eistoceae and was pro&ably respons;ble fcr:: the atagnat:ion
of the ccntinencal ice sheet in this erca. Tbe ice sheet contridbuted

to the formation of many of the landfcmns present teday.
Draipage .

. The waters of the entire Peace River. area drein to the Arctic -
Ocezn, by way of the Mzckenzie River eyetem.

. The Cleer Eille arca is drairved by streams flowing into tke
Peace River, which flwws aloag the scuthern end easterm boundaries
of the map sheet. The vain etreans flow acrocs the eres froa west

to eact to the Peace River. Locally the dreimage pattexn is dendritic

ead youthful in etege.
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The mojority of the stresus are underfit (too sxall to be

respousible fer the valley they flow in) end flow in glecial debris-

choked preglecial va’le“s. Tle kotikewin ver. largest in thé arca;5

fcrms the northern boan.ery oi the &rea exaained by the uriter. Ic

bitu many splendzd examgles of ox—bou 1e¢es, mepndcT. scare, meander

scrolls and cyc‘ic tertaces. Thete is good eviocncc he*e of suvcessiv

“’lowering QE ;he meltuater duriug ‘the final wasting of the contigental

:

ica shect._

Soma of the stresws oscuwpy proglacial spiliways inm part and

‘preglacial valleys throughout the resainder of their course; while

oéhers have cut through the pﬁconsolidated debris and ere actively
cpt@ing_t?g‘underiying Cretaceous_bedr§ck.l Suamer reinfall raﬁgca.
from 30 to 40 inches, consequently the dendritic draiasge patgern in.
vthg uncopédlidated g!gcislAdebris i3 very dguse (®ig. 2).. Sp ings
gﬁelabundan; ca all slopes, indicsting a very shallow water-table.

The majority of sprimgs carry iron in sciuvtion.

Preglacial Topography

. Prior to glaciation :his srea is concidered to have been a
maturely diasected upland, Tha present topostaphy has been modifiedA
to some extert by the erosive action of the continentsl ice shect;
;he deep preglacidl valleys have becn filled with glacialldcbtie aad
proglecial lscuctrina deposite. The exigting streeme are presexntly

erodirg down to preglacial base le§e1 &nd are flowing in the saxa

- direction es preglacial streams.

.
-y
T T e
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The drainage pattern indicates a strong edst-west iineation -

_of ridges end hilla. The hills are preglaciel, wodified by glecial
' actim and m.;a&eu with a veneer of glacial debr" 8. Pro*laciél spill-.

oy ~waya have pravided eddl tio.:al strem chamels and ere t.sed in par.. -

by somé of the present etresmd.. ---

' ‘Terminal motaines in weny iocalitj.ee occur oa the preglacial

. ¢idges, ‘restoring some of the relief that was destroyed by-" the

‘continental fce sheet. ¢

DTSR S e ST e et -

" Forests and ¥Woods ST

- The uplandé are the most heavily wooded {Pl. I, A., p. 85)

end hieve not euffered fire demage in r:ecmt years. -Spruce end poplsr

are 'nobtiab_u:_xdant -and ere gufficient in size and qusotity to ‘support

- éevetél emall ‘.l_ﬁmbet-mﬁ.lis. ‘There are severael permanent planing mills
'.'1ﬁ'-ti£nes-0reek:aad waay portable mills were noted, well into the wep

erea. The stdnds of spruce wosld serve a mining operetion’s needs

for timbor.”

‘fhe fiat areas to the éou:h. vhich include most of the settled
districts, ete in part open and in part wooded with poplar and. shrubbery.
This 18 gradually beirg removed es the cultivetion of the land progresses.

" It {¢ elso ncted that spruce ere fornd meinly on the porth
slopes znd the aepen, poplar and birch groves are confined to the
gouth. There appesrs to be very little mixing of coniferous aod .
éeciduous types. Forest reserves play aa irportaent part in the econcy

cf this reglon.
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CRAPTER III -

. DESCRIPTIVE GEOLOGY .

B 'S.tructura o

— - The Clear -Hille erea ie situated on the east limd of the

-"Albetté"Syucline". " Late Cretaceocus and early Terti.afy‘ formatioﬁs_
- ~1n£11_1?ing‘ the syncline are best developed in the southern half of - -
3A1berta. The distribution of these formations {ndicates that the

- trend o’ the syncunal axis is to the northseest. 'rhe ‘axis extends

northwest and crosees the Peace River near the west bouoda'-y of

'Alberta (Rnthetford 1930. p. 13).

Inclination of the strata foming the east limd of thie

eyncline ia Agenerally small thtoughout the ptovince. ‘rhig holds true

for the Clear Hills area, where the beds are flat-lying orﬂdipping

:gently to the south.,

... The Clear Hills area has few outcropa. The only Upper

: Creteceous bedrock examined in the field was the massive. oolitic fron

member of the Keskepau forwation. Any detailed study of structure V

from outerop f.nvestigdtion 1s impractical. It is felt that the

general structural features of the Peace River area asinoted by previocus

workers (Rutherford, 1930, p. 14) holds for this area as well. Dips
of 1ow inclination to the south were observed in the oolitic irom
member;. but ﬁ;fther evidence of structura was lackinz., The overlying

shales had been eroded off and underlying shales are not exposed.
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Stracigr&phg

- The namés-aééigﬁed”td the formstions oéthfihs within this

. area ere tabuleted in Chapter 1I. Host of these forwmaticns belong

- .. - - e

to the Upper Cretaceous. _Correlation of these formatfons has been

restticted to the Pesce River and Athabasca Rivcr areas and 18 besed

on early work of McLearn (1917) end more recent microfaunal studies

_by C. R. Stelck and J.H.. Wall. (1954 and 1955) _ .

Rone of the formsations tabulated with exception of the
oolitic iron member, were exsmined im the field, but &all vere

encountered in the discovéty well., Descriptions of these formations

 a:e_1qc1u8ed“in’th£a thesis as a useful reference.

All of the formations described outcrop immediately outeide

the m#p;aréél The followiﬁg are detailed descriptions of the -

important formstions of the Cretaceous of this area:

Peace River formationm, Fort St. John group, Lower Cretacecus

Author: McConmnell (1893) :

Type loculity. The Peace River saundstones ..... &ppear from benesth

‘the latter (Shaftesbury fotmation) in descendxng the river iwmediately

below the Smoky River forks, and are then exposed in the banke of the
valley down to about threa or four miles below Battle River (now
Notikewin River).

Lithologic. cheracteristics: McConnell - The Pesce River ssndstome

consists of hesvy massive beds of yellowish &nd greyisik soft coarse
sendrtones, alternating with bends of thin~-bedded sandstones and

gheles. The massive beds have an occesional thicknass of fifty fect
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'o" mo"e,".nd vea..her :mto a series of cteep cliifs seperated by elopi@

' ter-'aeee cut out: of the snsly bnn..o. Lignitc seEms OCcur occasioeally,

‘ aﬂd hard Senssc«te concret:onn renging from a few inches to ten to.

In deecendinz, 1"e&ce ®iver, the Peace River seadstomes become mbté' :

argillaceous, decrease grecua" ly in tnic&.ness and at lengr,t:h diuppear

- a fe%l miles below tbc mouth of Bs*tle R.wet. In 1951 Wickenden

'deecribed the Peace Ri.vet fotnation ca consisting of t:he following.

N Contluental member

o Cadot:te membet

- vriiddle shaie memder
Basel :r-ember

In 1952 a etudy grov.'p of the A.S P. G., under t&e cha!rmaaship

’..-*_._./ S =

‘oE L E. Horman (1954), restricted the Pesce H.ver formation and re-

defined 1c 50 that it conteined the fououiug?
Paddy nexdher - 0-130 feet R average 60
Cadotte wesber - &0-170 feet ’ average 70

| Hermon memoer = 49-110 'feet, evez'ege 60 :

‘rhicknese end distribl.ticm- As redefined, the Peace River formation
everages 190 feet iu thicknesa .and in the croes-se.cti’qel eccorxxpanyirng
the A.S P.G. study group report the fotmation 13 reeognized in sub-
su"fece from the Albevte‘zr;tish Coluxbie baundary eestward to the

so.:th shore o Leseer Slave lake

Relat‘on to other unita. Tne farmatioa is underlain by the eiltstones

and san&etmeo of the Hetikewfn mermber of the Falher formation eand is iu

o dim e p——— - -
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turn overlain by the dark merine shales of the Shaftesbury formatiom.

- Sheftesbury formatiom, Fort.St. Jobkn group, Lower Cretaceous

© ¢ Autbor: Mclearn and Henderson (1944) ° =

- - —1ype locality: '-Wer Peace River, Alberta -

"Hi't—:ﬁgg‘ y: The name "Fort St. Jobm shale",’ originally used by Dawsoa " -

(1880), applied to dark shales below the Dunvegen formation. Base

- defined by HcCotinell (1893) a6 shales between Feace ‘River eandstonas

‘and Dusvegan formation, Mcleern (1917) shortened name to "Gt, Johd'

 and used in the same mamner as McComnell. Wickenden and Shaw (1943)“‘ ”

raised Fort St. John to group status. Hcl.eétn end Henderson (1944)

introduced Sheftesbury for shales forwerly called Fort St. Joho and . -

St. John in the lower Peace River area.

.. Lithologic characteristics: McLearn (1917») describes the formation

as a sequence of dark blue to grey frisble marine ehales with occasional

- rounded or banded ironstone ccm;retions.

v Tl;iceréeo apd distributicn: At type section 70 feet is exposed but

it ie estimated that et least 560 feet is present. In the Cache Creck

erea 1,300 feet hae been measured.

- Relation to ot:hcr“uni.i:s:- The contacts with the overlying Dunvegan -

formation end the underlying Peace River formstion are conformable
and gradational. The Shaftesbury is equivalent to the Cruiser, Good-
rich, and Haeler formations of the Pine River area, British Columbia,
and to lwér Blacketoue where the Dunvegan pinches out to the south-
esst.  Wickenden and Shaw (1943) show a direct correlation with the

"Dark Harine Sh_.ale"_ of the Leone Hountain area, British Columbla.,
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Paleon‘:oloﬁ.g- The Fish Scale zore 18 a prominent herizon within

'the Sbafteabury. The following foscils have bec‘n idcn’tified fron t:he‘ )

" fommt_ion' Neogaat:roolites, Posidom:ya nahwiei ia Britiah Colu:i)ia.

. .Duuvej;an formaticn, Upper Cretaceous

Au:aéf{ Dawson (1880)

'\ype locali _y_- I\ear Dumregan 'rtading Post. Peace River. notthweqtm

' Alberta '
N Lithologic characterizticw _ Consists of mrin.. and non-matine gend-

'stone, ughi: gtey to yellcwi.sa buff in color. eds ere massive end

ehow crossbedding. Zonea of thin-bedded sanﬁstoae and ghale, sheny

limestcme and coal ere preseat. Freshvater aad marin. £aseils occmr :

.1n the sanés. ‘l‘he Dunvegen £arm3 conspicuoua lig,ht brown mthe.ring

]

mm a.nd buttes.

'rhickness and distributiom 500' to 600' 111 the Peace River area

: tbinning, to thc south and east. The D:.mvegan extends fro:n the Peace

. River: area no-t:h to Fart Nelson end the Liard River, and 1:1 the foot-

.hiua belt as ‘at soz.th es J’aspez:.

| Relation t:o other unita- The Dum'egan is ovetlain corformably by

che Blackstone fornation in cmttal Alber:ta end by the Smoi-y River
forumti:on {0 the Peace Rive" area of northeastern British Ceolumbia.,
It is unoerlein by the Shafteebury fotmat oa oE the Fort St. John

g'roup. Both co_ntacts are gradational. 'rhe Dumvegan i8 correlated
wit:h ‘thé' Fort Kelson form#tion of northeastern British Columbia and

the Liard River formation.

Paleontoloﬂ: " lon-marine fossile- Unio Coylinzi; Melanis; Unio
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| River 'group

..'2'1..

su‘fu"ien"is c“bula pyriformis var., dunveperensis,

o he.rine fossns- . Corbula cf. ne:ngtonhara': lnoceremis cunvegaaensisc; .

Tnocera:m.s nx:ccnnalli Inocerame mtheffardig Inocerm:me athabask-

LT I L
. ..

...ensis;_Barbatia.micronez\a; Ostrea gnoxmicides. -~ ~- - - oo

.‘___.x:aekeyau formation, Smoky River group, Upper Cretaceots o T
. Author: McLearn (1926)

- Type locality: On the Peace River; vicimity of Dunvegzn, the base

&xti:top'e at the top of the Dunvegen cliffs. On the Smoky River below

. . Puskwaskau River to about 12 miles below Racing Creek, this mesber is

S exposed on the valley sidee.

Histog[ The Smo!:y River group was first used by Dawson’ fn 187 9.
for ' &hale. strata 'exbosed on the;Smky_ River. This uﬁit was _eubdivi.deﬁ
fn 1918 by McLearn into the following wembers: Upper Shale, Bad Heart
sendstone and Lcﬁei’ Sﬁale'. In 1926 ue eesigned the nama Faskapau to
the ldvei' shale member. The nawe Raskapau is epparently derived from
the term "Ka-ska—pa-te-si-oi" Cree for Smoky River. Gleddie (1948)
proposed formtional status “for’ the Laskspau shale w!.ttun the Smoky

PP
H

Litholooic cb.m:acteriatica‘ K Pfédoa:iéantiy ‘dark .gtey" fissiie carbca-

aceocus shale, frisble near the bese, with varying emounts of iroastouns
concretions thr_dughout. Sandstaone’ l.enses‘occur‘near the top and thin

fine-grained sandstone beds are fouwxl ne=ar the base.

Thickness and distribution: The Kaskspau fofmation {e ebout 520
feet thick on the Swmoky River; &nd shout 550 feet thick in the Sturgeon
Lel:e area. At VWembly the forwaticn is either thickened by leuses or

it interffogers wvith a lete Dunvegen sandstose geries, Werrea and

—

"

.
.
A e Finy’ i femte o s b0 38

wia &

e mrm e e ah e rate i e e e 0

0 48

AYIH

gy

h Lkl

Lm

0

int B

‘rymy

]

aFes

L2 14

N Ao



-y PP

T

A AT Rl 2 iy i i 1k 4 bde m

L

A COMPARISON BETWEEN OOLITIC ORE DEPOSITS

Cobaastt AMAL FArass s A

[T o Y N e

(;:; raphic Clinton Lorraine Cleveland-Hi1l Wabana ore, Salzgitter ore, Germany Clear Hills ore,
lo:atlon hard ore, Minette ore, ore, England Newfoundland : Alberta,
U.S.A. France High grade {Low grade Canada
" logical Limonite Chamosita Hematite
: “‘rasrgic' Hematite Siderite. Siderite Chamosite Siderite | Siderite Limonite-goethite
compo on : Hematite Siderite Siderite-chamosite?
Geological age Silurian Jurassic Jurassic Ordovician Crataceous| Cretaceous Cretaceous
Associated Limestone Shales, sand- Shale Sandstone Sandstone | Sandstone Sandstone
rocks Shale stone, marl Shale Shale Shale Shale
Fe 37.0 30.0 36.0 - 20-57 32.60 29.70 30.15
Mn 0.23 —ew “cem --ee 0.22 0.12 0.15
P 0.30 0.5-1.8 0.55 0.7-2.0 0.37 0.48 0.58
Chemical
emied 510, 7.14 7.2 8.51 6.50 27.00 27.80 25.36
itl .
composition lan,0,|  3.81 s 6.12 3-6 10.17 5.60 6.24
ca0 119.20 12.0 5.74 1.30 0.16 3.95 * aeee
H,0 anee cona 3.75 ane- 1.65 1.48 cee-
S . 0.08 cana 0.05 e-e 0.16 0.05 + 0.701
* Sometimes
present
+ Not always
present
e I . B . PR saciears cerom T - S — — N 0 ] ——
SRR i oo BE { - ; R : - T -
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. Stelcle (1940)‘ fanclude the Pouce Coupe candetone in the Kaskapau

~ forwmstion.

Relaticn .to. other .unita:.. Succeeds. the Dugvegan- sandstone and-. - -

" precedes the Bad Heart eandstome. The corresponding unit of t!;é" T

o céﬁ'ti'a_i' Plains occurs about 180 feet below the Firet White Specks

to below the Second White Specks.

Ple;stocene Deposite and Recent Deposits : : : oo

-

[

_ Sor.\e reference ta these deposita hee already been mde n

Chapter Il e
: Pleietocene deposf.cs, including those foemed 1.medi.ate1y
following glacietion, are prevalent throughout wmost of the erea.

- .+ The recent deposits, coasisting c&iefl.y.of river _gtavels

' |I L and saadé; are of o specéal significancea.

; II
P

B . .
'

.
llI

The deposits due to glaciation ere chiefly derived from areas

to the norcheaet. since ice ftctn the Keewatin centre cove"ed the area.

" The Pleistocene deposite sre two main tvpes‘ unso*ted materials
derived from melting ice, bouldet clays eud gravels, ‘and the semi-
stratified glacio-lacuattine éeooeita of finer. silt—li&e weterisl

(r1. 1, B., P. 85)

Litholony

This thesisz is conéérned wich. the etudy of the oolitic member
of the Kaekapau formation. Therefore this section will deal with the
1ithology of the Keskapau underlying and overlying the colitic iron

memder,

‘*P'l"“

.
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- The follov‘ g well 10". of Phillips “C' No. 1, as described‘
by Richsrd Procter (Procter first noticed the iron in the discovety
L well). gives a fairly detailed lithologic descrzpticn of the bedrock.
ﬁﬂcwn_t???éAvvd.@r..ﬁheﬂdr.ift-
| l | 'I‘ABLE 3

N ) LI'I'HCLOGIC DESCRIPTIC . .
Well log of Phil. "C* No. 1 - after Richard M. Procter.

" Rock e Descrf_:gt'io'.i. Ceeee i Footage
Sand, gravel  Glactal dtift L 10e50

RS TR ) Vo .
R R B N v T ety k3
)
i

l:nskapau fotmat:lon

B

Shale light gtey to grey-green, finely 50-120
- nicaceous, slightly calcarecus,
bentonitic end silty. Lignite
occurs &5 laminae in the shale.

Cy

Sandstone . 1ight grey-browm, fine-grained. 120-160
) ' Send grains in the rock are sub-
rounded, well sorted, aund mostly
- clear. to pink quartez.

i AN

: ll .. Sandstome ' Sandstone is gemerally shaly, and - . 160-210
;. A wvith sheale very calcaveous at base of the section.

< - ~ Shale is grey to grey-buff, finely

K - micacecus in part, and aleso slightly

. II - T . calcareous. The amount of the shale .

O 4 1ncreases downward.

|l © Shale grey to light grey-green, fissile but  210-310
- S 3 soft, silty and bentonitic in part;

small emounts of iromstone. Cozl end
5 Il e : sendstone are present in some pleces.

Sandstone ghale i grey and yellowish brown, 310-400
~with shale fissile but soft; bentonitic, silty
I. s - and finely micaceous in part.
- o * Sandstone 18 buff to brown, fine-grained,
: : quertgose, glaucoaitic, calcareous,
'; II . carbonaceous, siliceous, end micaceocus,
B -and grading to argillaceous limestone
in part.
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Rock tyse ‘Deceription ' Foofzae
Shale grey, grey-green to buffi fimely £96-470

miceceous, bentonitic ead eilty in

~ part. Pclecypod shell fragments

. .gre-gbundant. - Ssndstone beds are -
prescai. !.n scma placee. '

Iron-beering yellowish brown to ved ooli.t:es gra 470-610 -

oolitic bed .. emhedded in a dark brown to black
© matrix. The everage eize of oolites -
R i less than 0.5 wm, in diameter. :
C " - Some pyrite and bentonitic shale 18
present i.n varioas places., o

~ Shale » grey. bentonitic, Einely micaceoua.

Some pyrite and oolitic cavings are
_present {n variocus horizoums. S

" Tep of Dunvegen formation.

hge and correlaticn of the Keskapsu formation

_and its included oclitic iron membder

. The oolitic iron bed is associsted with the eacles and

sandstones of the "lcwer" I:.nskapan fermatica. Evidence elaboreted

- below iudicatee thc iron is ugpez: Cenomaai.an in gge. Thie placcs

it in the lower portion of the Gaudryina ivenmersis nicrofaunal cone

and the ixpper’ portion of the Dunveganoceras megzfaunal rone and
makes it epproximetely equiveleant to thé Doe Creel: sendstone of
the Pouce Coupe area. ~ Stelck and Wall (1955, p. 20) outlinc a

zonetion based on foreminiferal feunistic changes from che upper

part of the Cenomanien streata into lower Turonien stage as follows:

al i e Hn ch— mium i oee
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FOSSIL ZOSES IN TEE KASRAPAU

Pelagic microfauhal‘zone-(lower or

"“Central" second white speckled ehale) -
Raekepau Heplophragmeides epiritense gzone
: (includes white ckalcedony bed) -
Turonien oot e ,
' Ammobaculites pocalis zone
cé? :-nfan o \(4nglgdesﬁaawgrd.Cteek,sagd)
Gaudryina irencnsis gone (includes
Lower Pouce Coupe sand at top end Doe Creek
. Kaskeapsu : member near baee) = -
Ammobaculites_ggevenori zore /
Dupvegan Unﬁzmed‘microfaunal gorne

restricted

Stelck end. Well (1955. P. 7) presented a cuccession of lithologic

markers from the lower. Turonian to Cenomanian stage from the

Pquce Coupq &ren (thickagssessare approximete).
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TABLE S

LITEOLOGIC HORIZOW MARKERS -

Formatfon ~ =~ . Members and markers

Second white speckled shale mesber:

“White chalcedonic bed' or “wihite
noduler wember”

[ .:;A-:'i-‘;..j'.-,.'_' vl sSQ°* .“-': shale: - - --
fCent:alﬁ.Khékapau;i e T Cenomanianfruroniah contact - -
'20'. - - shale

"Homard Creek sand top

130° .- . sendy and tuffaceous shales
UBOfA ~ Pouce Coupe sandstone
74! shale with irormstone
"Lower" Kaskapau : : _ ' ,
- 6! Doc Creek sandstone
190 sandy shales

“b§n§egan formeticn _-. sandstonee ;nd shalea..
The terms "Central" snd "Lowet" vere introduced by S:elck and whll_
(1955, p. 7) Locally the "Centtal" and "Lower" Kaskapau portions
have been correlated froa Pouce Coupe to Spirit River (Scelck and
Wall 1954 pp 9-16) ) Regionally the Kaskapau has been correlated
ulth m&ny areas in the bnited Ststes end Canada (Scelck and wall,

1954 pp. 14-16)
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A study of the micrefaunal assemblages recefved from two

core holes, Bureka Ko. 1 and No. 2 (kicDougall, 1654) was carried

out by Lenz (1956). The microfauna in the shalez underlying tha

| it.on' bed were found in both cora holes, .esta.blishing a horizon

for the irom bed.

... .~ Leaz (1956, p. 16) reported that all of the foramirifera

were erenacecus forms and divided the fauna into two zones based

 on the Amucbaculites gravenori and Caudryina irenensis of the Pesce

River erea (Stelck and Wall, 1955, p. 21-22). Apparently neither
of these species wac present in this locality and Lenz (1956)

beeed his zonation on the faunal essexblage acd on the presence

of Proteomfna alexanderi. Thie placed the section in the Upper

'Ceuomniah stage. Lenz (1956). concludes thet the iron béd overe

lying the chales would be within the lower part of the Gaudryina

irenengis zoae.  This would be equivélenc to the Doa Creek eand

(Stelck, personal coummnication), a thin sendetone member in the

lougr part. of ‘the Kaskapau formation of the Pesce River area.

Stelck end Wall (1955, p. 27) and Lenz (1956, p. 18) believe the |

environment to be near-shore, probably brackish or legoonal, based

on shallow-water arenaceous fauna present. Stelck and Wall (2955,

P. 28) believe that the depth of water was slowly incresefng, with

a cﬁange from almost fresh water to normal ealinity and with normal

depositfon from lowered source areas accompanied by the deepening

of the late Cenomenian seas.
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CHAPTER IV

CEMFRLY, cs:'t.w::'s* OF THE "ODE

Cenersal Statement

‘. Tha colitic irom "ore" was exazined in plece, outcroppiﬁg o

‘elong the valley of Swlft Creck (Fig. 2 - in envelope at back of

thesis).” The exposure varied in thicknees gt the eurface from a

| fow 'feeé'- r'_"o' over 25 feet. This variatioﬁ was éue mainly to slu_:q.vicg

of eupc:ficial glacinl deposits covering the outctoo vherever the

smele ‘of valley ‘slope was low enough to support thkis wmeterial. 'rl'e.

- ..thickest: sectiona were not c*mined {n detail because the atraigbt

walls made thém insccessible (2?1, II, B., p. 8}. However, r.he general

. 'cbaracter and appearame of the "ore'' along eev*-re.l milee of the

. vaney bottom w.;e unifo*m and maseive. ‘I‘nexe did -wt gppear l:o be

arry variation go far ao could be szen.

_ "‘he o:xly exception to t:his weo the coloer chacge in the out-
cron ftom water level up for eeveral feet - the "ore" was def:lni.t.ely
gre')ish green in colot: end graded into the b*‘owm and reod'sh brown
'rhis varf.etion J.n color cen be seen :ln Plntc VII, A., page 91 and

Plste v, A. end B.. pag.e 88. This color varution has definice
chemical meltcationa. .

"'he oolitic iton veathets very eaeily because of its soft
and friabla pature. The wen weathered surface tekes on the eppearance
of a clay bank (Pl. III, A., p. S7) and could easily escepe detecttor.

Farthet upstresn the ocutcrop had been subjected to recent frost action
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'~ B., page 87, close exemination revezled a hirvt cf weak bedding but the
More', alwost "“honeycomd" in effect. This would eeem to indicate pcst- ‘ §'
{

| aleng plenes of weakoess,

: Petrolm ‘

" tbe fouowing definitions of oolite ead colith: ..... 'Aa oo!ite 1s

znd fresn "ore" was expceed (2i. VY, A, and B., p. 89). In Plate III,

aw it mewris e L ewe - =

most noticesble feature was the lerge-scalé polygonal pattern to the

———

dq»csit;ienel gfound-wgte: gction with concentration of ivon oxide -

. :A typical exposura was chosen i{n excess of 24 feet and tr:enched

~to.,the,,f£e-ah mitér-tél:(?l. .iII, A., p. 87). Tals exposure wasg 'éé.re- '

'~'"£u11y measured and composite samples were teken frosioach-tiao-foqt - B

interval, The exposure wag sampled from the bottom up, eince this

was the simplest method.. -

ggascogic descrf.gtiow' DeE‘ord and waldschm.dt (19«'46) preaented

a rock mde up of an aggre»a..e o£ s:sall spheroidal bodiea cal'eé
ooliths, held together by 1uterstitia1 cementing nat:e:‘ial. 'me
ncml di.ametet of an oolith is less chan one millimeter. The aane

'oolith comes from the resem::lsace to fish roe .....". The recocmcnded

' size tcn;ge for the ooliths is o 1-10 millimetere tn diametet.

‘rhe term ooid was recently ptmosed by P. E. Cloud (DeFord and i\'a];c-‘
sc!um.dt. 1946, p. 588) to be used in prefe:ence to the tem oolith
by some authore t:o é.vo*d confusion with ooli.té and oolitic. In éhié
thesis the m:iter will use the terms oolite and oolith as elaborated

by DeFord and Valdschmidt (1S46).

N PSS i IE BEE T RToT 5
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" The Clear‘Eillc ferruginous oolii;e-. does not appear to iuiv_e
definite bedding planes. . It is quite probeble thet if ay existed
they wveve destroyed by the poat-féegositimxal compaction of the
mterial or by wechanical redepoeition.

 The colite in cutcrop and kend specimen presents a veriety -
of colors ranging through grey-green (Pl. ViI, A., P. °1), gree:_xish '
grey, yellow-brown to reddish brown (Pl. VI, A., p. 90). with bluish
bieck {ron oxides -concenttated.along past-dépositiona]_. frecture
pl_aneg in che_ section. The Qolite,- fron} a distznce appears to be a
mﬁtynoduletr .saadstoue. On closer imspection it 1s eppa'rent' chat.
the méca:i.al is sandéif;e but eppears es wniform spheroids similar
to very'fine pellets, having a submetallic luster.,gcxf;-edded in ex
earthy matrix varying in coler from greenish grey to reddish browm.
&.amination by hand lens and binocular microscope revealed fine
.sands{ced angular quartz, false colithe formed froa rock fraguents
and {rregular-shaped concretions of grey-gteen rudstone poseibly
ch#n;os_itic oT. side:itic in coxpoeition. .

. .. The oolite exposure varied in berdness froa the bottom of
the e.xpoc;ure to the top. The ,sof'ter.friable materiel was found at.-
the top of the bed. This may have been due to eurfsce leaching and
exposure but it was also noticed that the deneity of coliths increased
upwards and therefore the matrix volume decréased.

Thg oolite outcrop, where exposed to weathering for aﬁy length
" of time, dieintegrated easily, presenting a yellowish brown earthy

appesrance (Pl. III, A., P. 87) waich could easily be confused with
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subso*l overburdcn. .A portion of sample hq-lo (Appendix, p. 73)
'was subjected to several freaze-thaw cycles huvino firat been sat-
uratcd with water. It’ diseggregated wiith frczlity and produced a
very fine sand comaosed of the oolithe (Pl. VI, B., p. 90).

. Samples from the uppet beds, dark reddish browm in color.

DT

eere extremely friable and could be btoken up by squeezing between
the fingets. Under the bxnocular microscopa the material consi;:ed
I&rgely of dark brown spherical stbspherical and oblate sphe*oidal
faceretionary bodiee displaying a submetallic luster, vith comman sizea
lesa than 0 25 nnu The ooliths are loosely held in clay-like light
gteenieh-colored matrix in the basal beds but as the pe:centage of
oolitha becomea greater the mstrix decresases and me.elj fille the
interstices of the oolithe in contact. ._ |
. i"rest of the broken ooliths exhibxt fres -looking angular
quette nuclei conceﬂtrically surrouuded by a dark bro@n limonite-1ike -
material hcl (1 1 Soln) was applied on a polished euvface of a
.sample ene observed under the binoculer mictoscope. It is noticed
that an accelereted reaction takee place in ot eround the nuclei and
epareely in the matrix. It was found that the polished surfeee wasg
extensively etched The remaina from tha etching vere ouartz sanda
and concentrie ringe of 1imonite~like material

- The surfecc exposures of the oolite present a definite nodular
eppeeraﬂce (Pl. III, B., P. 87), and (Pl. IV, A., p. 88) and in fact
individual nodules are auite comuon, Fossil wood (Pl. ViI, B., p. 91)

end bone were dieccvered in the oolitic iron bed ard identified as

such by C.R. Stelck (personal cozmunication).
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'maneralogy are depicted in the color plates included in this thesie.

- mess of unlform-siéed spherulites or rhombs of grey-green eiderite
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Hicros;op ic oescriptior" Two sefiea of thin sections were prepared

and exsmined. This included 16 from the Clesr. flills sa=ples and 15

from the Highuood eamples (Appendix, pp. 77-78). The Highwood thin

aections were included for possible correiztim of enviromment of

i

deposition, source material a:d-soprceAarea, Since veriation in the

e 81 o 24 S0 s 3

P

meterial of the Cleer Hills oolite wuas not great & gedsral descriptian '
is given, supplemented by mention of particular features characteristic

oE certain horizons. . Qutstanding exasrples of diagnostic features and

~he soft mature of the oolite p:evented the ptocuction of

thin sections of standgfd thickneri. This was a disadvantage in thst =
it was-imprﬁctical to obtain optic figures or use birefringence 1#
most cases in cetermining the minetala present. This was oﬁercame‘
to some extent by correlating results of other chemical and physical
gests, to arrive at a reasonable determination of the mineral character
of tﬁé oolite. | |

. Because of the thicknees of the thin sections it was necessary
to utiligze meximum light with the eid of the converging lens aund with-
out use of the enalyser nicol.

" +he basal beds of the exposure, greyish green in the hend

specimen (P1l. IX, A., P. 93), under the microscope appeared as a

with the occasional fragment of clean angular quartz. The ooliths

were a minor constituent, probably less than 10 per ceant,

Nodules removed from the deposit indicated the possibility
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of erosi.cn and ::eoepoe‘tian of the primary colite. These nodules
' mpeared to ke ccmpoeed of a mxcrocryet.a..line sideritctc (chamcit:ic?)
mudstone, with 1ncludcd indivipua?. ooliths end rock fragments containing
eoliths (PL. VIII, A. and B., p. 92). Fosoll wood (Pl. XI, A. end B., |
p. 95) and bone is liberally distributed throughout the exposura and

is indicatiw.le of near-sh&te ?uvirmmt. - o o

* The character of the Qlité chaﬁges repidly upwerd io the
'a:po;t;re. _The eolor change'ié due to fncrease in the éetceatage of
“ooliths (Pl. VI, A., P. 90) and the incresse in the amount of liwonite-
- goethite present in the shells of the ooliths. D .

'I‘he oolit_-hs' ehow little evidence of distortiq'a thto:jgh. campactioa
and-the-ﬁrtablé'shaées can be related to the odd shapes of the nuclei
(*1. IR, B., p. 93 end Pl. XIX, B., P. 963}.

‘ The ooliths vaery in errangement froa being "suspended" in the
mt:f..x {a the basal beds to being very closely packed. At points of
contect there is little if any indentatiom. Thetre are two possible
reasons for this: either the ooli;hé were. deposited in an indurated
-gtate or the matrix was soft and acted as.a cuchion until they were
| sufficiently m&ﬁfat:ed.' |

The mcle;t of the oclithe consist of a veriety of media
(p1l. IX, B., p. 93). The clear subanguler grains of 'quartz ere by . ¢
. far the wost ebundent. In wost cases the qusrte 18 clear and un-
chenged but examples of replacement are not uncomuon (Pi. X, B.,
p. S4). NBuclel of the ooliths consict of the following: quaftz,
fz;om 15 to Qo.per cent, fragments of ironstonc nodules, rock fragmente,

gnd subrounded feldspar greins (btthoclase clear end fresh). HNo fosuil
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forawicifera appear to be preegent in auy of the tkhin sections examined.
Tﬁe“cdtallboiume of the:oolithe in the section et:mine&nvefies from 1C
;er ceht &t the base to over S0 per cent fn the uppet beds.

The matfix ig composed of the seme minerals found.ee the
551«tﬁéo' idetite chazosgite (glhuconite?),vlimbnite;QOeEhite after
eioertte, quartz, feldspar, rock fragments, with the occurrence in
eome samples of seconéa'y calcite. ‘and chert fragments. In thin section
No. 3080 there is evxdence of chalcedonic replacement of calcite, |

Q@;. Plate XIII, A., page 97 presents a good example of secondety calcite
ptobably replacing sice—ite, azl vestiges of concenttic oolith

-etructute have been destroyed ' R

. Sideritic-chamositic (glauconitic?) mudstone forms the major

pcrtion of the matrix &nd varies from 10 to 50 per cent of the total

' volume of matrix. "It varies in color from a dirty gteyish green
yellowish green to dirty broun, poorly translucent and ig in thin secticn

~Acharacterist1ca11y splotchy and non-uni form, Absolute determination of
chsmoeite in the matrix vas not pcssible.' The siderite exhib‘ts a

spherulitic textute and occgsionally showa good rﬁdﬁﬁie form CPI. IX,

ey

A.. p. 93)
. Within the mattix ere loose angulear gtuinu of quartz, occaaional
grains of clear subengular £eldsper (comaonly orthoclase), pseudo-ooliths

‘ormed of rounded £tagmenta of ironstone and fregments of wood and bone

(Pl. XI. A., and.B., p. 95).

Chemietry

Quantitative chemical enalyeee were csrried out on & series

of 12 oolitic {iron serples, CH to CH-12 inclusive (Appendix, p. 73).
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"_This.verk.was supervised by H. Baedsgaard and the znalytical work done

by G.HM. Hughesrehd the writer. 1lhis enalytical work was primarily -

carried out to determine the per cent weight of ferrous irom and ferric

fron in the Clear Hills oolitic iron. The results were used to advantage

in substantiating the presence of giderice'(FeCQ3),ie“chie deposié;”A

One complete analysis was carried out at the ﬁniyerslty by. C.E. Roble,

. Proviuciel Analyst, . one By Cliffs of Canada Ltd. (p. 36).end several:

'by the Regearch Council of Alberta for HcDougall (1954) (Appendix, p. 76).

The iron in the basal beds is almost completely ferrous iron.

4

This corroborates the large percentage of siderite determined in the

chin*sectious as. eccufring in the lower beds. The ferrous iron content
dec*eased from the base upwards, in the uppermost.samsle ie is in
negligible -amcunts. - .ﬁ~ UER SR . L Cen

“:.+. The complete enalysis revealed minor smourts of calcium
o#ide;‘maéeesium oxide, and manganese. Sulphur occuered in a few
samples; the sulphur may have been released by che,deeoﬁpositiou of
pyrite. .Pyrite wﬁs'ptesenf in swall amountsc es mictogranuler«ér&sials
in the basal beds. Calcium, éodium;.minor emounts of tin end-possibly

chrooium were found ‘in the Mcneugall samples in a spectrographic

" analysis (Appendix, p. 76).

The complete analysis aleo indicates that there is sufficient

‘silica, alumina, magnesia and phosphorus present to account for the

presence of chamosite.

The chewical aralysis has confirmed identificetions which
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- ‘nad'been cade by petrogreshic methode and estebliched the presénce
of other minerals not {ndicated by microscopic examinatiom.

The petrograpaic and chenlcal exsminaticas indicate the
presence of three ptimipal {roa-bearing minerals which include
a cooplex oxide, & silicste and a ca:bonate. Shcll matter probably
accocnteiféf' the phosphorus coatent, the minor amounts of magnesia
and 1imo: indicated by the apalysis, and some of the eecondary calcite
as revealed by petrographic exami.nations. |

The ore snd accampanying rocks appear to be free froa any
otiginai 1ime ‘content cutside 'che snall amounts indicated by the
ccmplete analysia.

Au of the constituents of the "ore" vary somevhat from

layer to leyer and a tepresentative ‘wineral aase:nblage with’ 1imiting -

percentages {s as follows:

e = -

i Limonite-goethite (21'e203.3i!20 - rezos.uzm © 5-25%
" giderite (Fe003) : $-25%
. chamosite ~15(Fe,Me)0. snzo3.us1o2.1en,_o o se107
nui {quartz (S109) T Coenn e 15-20% 7
. Collophenite? - (CazP;0g) o SR 1-2%
- orthoclase (KA1Si0g) Y 3-5%
- pyrite (FeSp) - 13

" carbonaceous matter (C) ‘ ' - Q=5%
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Chier{cally the ;verqge saxnle f‘ro:n__thé middle of the deposit

is soproximately as follows:

Iron . . 30.15%
Silica . . © 25.36%
Aleafma. O 6.24%
© " Sulphur : . - 0.‘702.
~ Phosphorus - . . ..ot v - 0,58%
e Mangemese . © 0 .0.15Z

(The above anaiysis was Tun by Cleveland Cliffs Ltd., Ishpeming,:

Michigen, in core from Fhillips “Cern' Ro. 1). .

‘Geochkronology

ciiia. Age dating wae undertaken to establish en agefor the 6011!:1(:
iron in the Xaskapau forma;iou. | The presence of sanidine 'feldspet,
presumably of volcanfc origin, provided en opporturity to obtein an
&g8c by the potessium-argon method.

Sample: .A couipos_it:e sample,ncollected from location “A" on Swift
- Creek (fig. 2), representing the 1l6-foot ta 23-foot interval (dépths
from eurfece on exposure) was used in the deteru:.‘.nati-on.. |

Preparation of samole: The comceite sample of oolitic iron "ore”

was mechanically crushed and pulverized. 'l'he disaggregated samplo

- wes put thx-'ough 2 series of eleves consieting of the following ecreen
gizes: 35 60 80. 100, 140 and 200 meshes to the {nch (u.s. Sieve
Se.ties) The sa.m?le retained on the 140 msh appeared to preeent
vthe beset cize. The ei-eying vas carried out twice, once wet and once

dry.
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~. - The sanple was then separcted iato light end heavy fractioas : I
using heavy liquid tefrabrometkane (sp. gr. was reduced to 2,54 by ’
eddition of acetone and checked with feldépgr chip at 20°  C). 'r_hé
light fractioa was then run through Ehe Frantz megnetic seperator :
at all ax;:_aerage settings and two f‘inai passes @t mavimem of 1.5 aemps.. .

e
1} N

The meterial _in”thé non?mgnéticfraction wes then subjected to further

ATOT A

heavy liquid eeperation, using tetrabromoethane (at specific gravity 2.54)

- end the light fraction with epecific gravity less than 2.54 obtained

from this operation amounted to about 6 grams. ‘ﬂxe. sample appeared

to be meinly feldspar with some quartz contawimation.. -

: :A mount of the material wes mede up in Canade Balsam. This

mount was examined under the petrographic microscope.. The writer .

' concluded. that the feldspar present was mainly sanidine. IR T ‘ - i

= . Potassium-Arpon method: This sample was rua by H. Baadagaai'd. k !
after a series of weshinge with HC1 to remove ell trsces of irom.

The foliowing information was obtained: . - .- s : [

. AK Ho. 1&° - .. Slide No. 3224 | ¥
-, KR miperal . - = 'San_idine ). .. s ~ x
, - _Qolitic member. LR lfaskapau fétmation (Upper Cretaceous) |
- RunNo 13 R m/gm. sample 1. 53 x 10'5 cc. STP
T kg0 - 2.63 (23) A0 = 0.0103

K -.2.18 Calculated age = 169 x 106 years.

Conclusiona. It is quite appe.rent that the sanidine doee not: date
t:‘m time of deposition of the n:on. Feldgper in the metrix 18 detrital;

it could posstbly provide sone indication of the socurce materinl.
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The age placez the sanidine formation in Juressic, st about the time ' §i
of the Topley batholith. Detriﬁus from the ercsion cf this'intrusivc 
might poesibly be the source of the irom and its essociated detrital

" materirl, -

Condiiiéné of Deo&sition of the Iroﬁ

e o

(T U O SR —" -

Ra? PR

e s Castano and Gerrels (1950, p. 770) based on their “engrimencal

gea" reported that rivers of moderately,loﬁ PH draining into the sea
'.mightAwell contain considerable qusntities of ferrous iron. 1t has

been ehown that river water pH veries considergbly, but some river

waters have values of 7.0 or. lover (Rankama &nd Szhama, 1950, p. 228).

Er
:
o
lr.
T
.

Cn reaching the sea the river would drop its clastic load.- I€ the

tiver eatered an area of open circulation the iron would probably

(TN

‘' be precipiteted fimmedigtely and be diluted with the clestic material.
1f, however,. the aresa of deposition was a lagoonal or restricted

basin typé,v;he river waters would very likely keep the lagoon or fl

| - ,.AU<
N R G I Oy O G O ar =
. . - R - - . o R _ . e

. ‘ .

b@sin waters fairly fresh or at most brackish. If this wérevthe

case the clestics would be left behind and the iron carried to a .

(4
-

place where there was sufficient ocean water in equilibrium with -
celcium carbonate to oxidize aund precipitate the iron. In sediments

and sedimentery rocks ferric iron preci{pitates as the comzon velence

&

stata,: . -

-~ As & general rule, siderite rarely occurs in ores. It must

[“.".;

‘depend for its formation on the zctivity of the ferrous fon 2nd the

i

K

ectivity of the carbonate ion. Conditions for FeCO3 formstion would

L3
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be fairly kigh pi, where ferrwua ion activity ic maximum and the
hydroxyl ion 18 relatively low.. Both hydroxyl end carbenste increase

- with incteaéing pH and ferric iron predominates.

" Where organic debris such a@s has beea found in the Clear Hills

‘colite and etagnant water coexist, oxygen is rapidly removed. Iroam
moving ' into such an énviromnent might be expected to precipitate as
.ferrous- compounds. | ’i'hc':eforé,ifotmtion of siderite and chsmosite
would be expected. "L ML TS

‘1271t cen ble statéd ttx'at. ito#;beafihg solutions moving into
aerated 6ce"an waters’ dpntdiﬁing"calci\ﬁn. carbonate will precipitate
ferric o'giae” (Renkama gnd Sshama, 1950, p. 666). With the addition
- of silt and slight loveri:\g; of pil, chamoaite might possiblﬁ ba formed;

1§, hovever, irom-bearing solutions move into an area of stegnant -

vater vhere organic dedbris tends to accumulate, the miverels formed

,\r.vig‘n.t “v'ell be chemosite (if silt present) or siderite aend pyrite.
Such conditions would not be expected to- last very long;

' mavenenta of the strand line might well put: a given basin beyond
the range of itca, end calcium carbonate deposition might be resumed.
A change in river volume or si.lcing up of a clastic-trapping basin
might result in the common y'récipitstiod of the iron along with thae
claetic deposition. This eppesrs to be the case at the time of iron
depceition in the Clear Hills area. The thickness of the iron bed
doea not exceed 30 feet CHcDougail, 195&) end i3 on the average’
approximately 15 feet. This would indicate a relstively short

period of deposition. The environmental pi varied from tine to time
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Gue to siternating pefiods of depositioﬁ of organic wmeterial, stagnant
water conditions, and pericdic re-entrance of normal sea water.
:AThe ferrous to ferric iron ratio decreases from the base of

the examined section #nd #he upper béds coatain,only minor emounts
of siderite and chamosfte. There is suffictent A1é03‘preéent to
account for the presence of chamosite or chamasitic madstone.
R  Chamosite’ (hydrated Fe, Mz, Al, Silicnte) known to form
only: in a marine euvironment, may be a se*onéary replacement of quarte
and feldspar;‘and probsbly forms whea the basin of depooition is -
éﬁb}ected to aﬁ {nflow of silt carried by the streams,-

Perrous bicarbonate may be. formed by tﬁe action of COz-bea.ing.

waters on ferrous mincrals in the abseﬂce of oxygen. The Supposition

that iron is carried in solution, principdlly as the bicarbonate or

'> éoluble‘carbonate, is fairly well founded (Earden, 1919, pp. 64-84).

Iron_will remain ia ecluticn L£ CI5 ie in excéss; when COZ is dacreased
prgéiéitati&ﬁ ;eéults. MIf Qxygen is present in normal amounts ferric
hydroxida will be precipitated and if oxygen 18 ecarca ferrous éarbon-
ate'wiil’cdme'oﬁﬁ~of.solution; - |

- iu ereas of breckich water in marine swarps and marshes’
iron 1s deposited in thé'presencé.of plants. Decaying vegetation.
{nhibits oxidation &2 stated above, end {ron is depogited es ferrous
carbenate. Even 1f'fe:fic hydroxide were precipitated, iﬁ could
te reduced end the'formation of ferrous cerbonate could take‘plaée;

" The aforementioned enviroament is very similar to that

favoring'coal eccurulation acd presence of carbonscecus material
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would indicate that conditions were almost right for this to occur

. ac well, . In msny parts of the vorld siderite is associated with

. ¢coal, . -

. Lo grad ent sluggish streams hsve a very low suspended

load capacity. ' The major iron load of this type of etream is in

solution as a bicarbonate or a ferric colloid. This would account

for the lack of comson sedipents mixed with the iron. ' If thase

streams debouched into brackish wat:ers having en ahove normal conteat
of humic qcid, the ferric cor@ounds might be reduced to the ferrous
etate and deposited as caxbonate. The. occurrence of brackish water
microfaunas in the underlying sbales substantiates the belief. that
the gone of deposition was a lagoom, a barred basin, cr an estuariae

dglta erea,

F;rrmﬁibn ond Deposition of 0611(:58-

The writer believes that tha Clear Hills deposit ip cocpersble
to Wabana iron ore of Kewfoundland in some aspects.. Heyes (1915, p. 93)
notes a totel lack of limeatoné or igneous rock in the Ordovician
series of sedimentary rocks of waoundland} Thie eleo aprplies to

the {roa member of the Kaskapau formstion end the underlying end

overlying écetaceous sediments. The phosphate indicated in the analysis

oa page 37 could very well be derived from foeeil shell remains.
There is no evidence that trensformation from an original oolitic

1:mestone to oolitic siderite-limonite has taken place.

.
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- Webena formed at the sea bottom or just below the sucrfsce of deposition

at the-expense of chamosite end hexmatite i{a the presence of organic i
. at P : /

.'and decteascs upwards._ It has been shown that it tends to replace

"estuarieo'at apd of 7.0 to 7.8.end an Eh of approitimately -0.2,

- 43 -

Eaycs (1915, p. 82} also contends that the ciderite of .

debris undergoing decomyosition. ‘Hayes finds siderite at the bace

of the Newfoundland bed, a noteworthy cozparison since the siderite -

of the Clesr Hi;is oclite is most abundent.qt the base of the bed .
quartz and limonite-goethitc.v' ' Y _ e
; The formation of Flo*ida andé Bahama oolites is.sa%d to be -
dependent on bacteria active in shoal waters precipitating enormous
quantities of cal;iug car§qnate (Illing, 1954, y. 41) unde: deﬁinite
tempetature couditions and aslinity. Tae chexically precipitated
calcite may forn Bphe*ulites which in tern fcrn ooxiths by acctetton
aide& by wave acticn in the shallows. Simxla:‘physica} methods

aight hsve been operative for the formation of the siderite-chamosite-

limonite-goethi e oolithn. A ) _ _ ‘ ) M

Krumbein and car*els (1952, p. 28) believe that siderite

ptecipitstion takes place in barred basins or stsznant lsgoons or : i

The writer believes that the Clear Hills ooliths sre primary
inAorig;n, because of the foliouing observations: .
. (1) There 1& no evidence of primary calcite ooliths

- (2) 1Im near-snore marine waters the redox potential and pH

“tend to favot the.fqrmation of eiderite

(3) There are no limestones of note in the Cretaceous

BRI PTG SN,

SRS N

’

TE

%
ik

.'lf:"".:\;’f\'

A
Y S e DA
YR TR

-y
3

5

7
4

N
“Oapt e

Y

SR

)
S

-

TR

T R - Yy -

,
Ay

SRR



-4l -

PR A L T

litholonic sequer.ce involved, and le&s-c of =11 oolitic limestcnes
(4) :The s:.der:.te is for tm. mosc pert acorphous end. therc

s little ev:.dence of secondary crystalliza‘.xon
.{5) The c&rboaata coutent of the waters of deposii:ioa wasgs

pot in excess or limestone would have been precipitated

e an g cedvtive et b st

_(6) - The carrier weter would have to be carbonated to carry

-

.mffic:.ent u:on to account for the depoeit - .
| - \.,__(7) Tbe catbonated iron-bearing fresh waters, on teaching
. the marine or brackish water of higher pH, would tend to precipitate i
. ..z.roa out as a cerbcnate. | _
‘o That the formation of ooh.l:hs is due to precf.pitatian caused
_by phyqio-che:nicel _teactx.ons has been conclueively .establgshe_d. '(Buchc;.
| 1918)., The ;:;ﬁ;i.tjonment ofvuoolitﬁ deposition was a g:ontrm';gtjsial _A
_subject for wany. years. _Eeyee, Grumer, Illing, Kelly end many others
vorking in this field have concluded that ooliths ere formed in |
vhere the turbulent ectica of current or waves 'servec! to .sua:pend

g :-:\wf.tcble nucleil for subsequent eccrecion of oolith shells.  This

concept ia,vnvow gencx:ally -accepted, E . S
. Qolitic i;oq deposits ere a}.moat__ 'gn_tigel_y wf.thix_x marine 4beds
but it has been reported (Kelly, 1951, p. 2222) that fer_:mg'ipous
.oéli.ths are now forming {n certain Swedii.sh lakes. It is aléo koown
(Twenhofel, 1939, p. $73) tkat oo_lit:es fom under subaerial conditions

in certsin soils and of course theee oolites 4:night;. be eroded eund

deposited in thc sea. Furthermore, it has been vecopgnized that oolites

';reilg_tivgly shallow water of es:ugries, lagoons or very shallow sezs, - ' f
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formed one place.in the seca probably have been reworked by cdrrenta

énd'éepoaited in their finol burial pleace wholly by méchanical neESNE.,

Théfe-ié.éonsiderable evidenca to support tﬁe thecry that this is
the case with the Clear ills oolitic iron depogit. There do ﬁo;
appear to be any gradatiohs in the HKaskapau, contacts are éharp
chemxcally, lithologically, and faunal-wice. Nodules (Pl VIII. A.

end B., p. 92) ere cocmon 1n the depocit containing a mixture of :

. sider.t.c cbamositic matrix xnaividual ooliths and rock ftagmenta

with included ooliths. Golitb fr&gments ere not uncommoa, togecher
with fragments of cheru, secondary calcite after ooliths (Pl "III,

A., p. 97). calcite veine, pseudo-ool‘tha of rounded rock fragmeata

(Bﬂstin, 1950 p. 67) aad ironstone nodnle fragments. Lack of fossils

.

o’ marine origin in the deposit also poincs to possible mechanical
depositton of the primary mate*ial.

Iron m¢uera1 oolites may develov by either- (1) acc;etiona*y
growth about a nucleuc befo*e butial (Pl Xy, A.. p. 6) (2) con~-
cretionary crystalliztticﬂ from a bydrogel of amotphozs solid' (3)
pseuaomorphous reglacement in cea wster cf an earlier non-iton _
oc‘ite (Brown, 191& p. 770) (4) oolztic replacement in sea wufer
cf a non-oolitic tuostance, (S) crysta‘lizat‘on in oolitic form of
finely divided crys*als and amorphoua materials after burxal;_and
(6) reo]ecement by saltc 1n pcre-space (coana te) water after buriél.

| The uriter telieves that the Clear Hills oolite falls into

the first division of Lhc abcve eummary of types of oclitic oeveloo-

wept,
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Daspite the variocus ways that deposits of iroa cen ba ferzed

it would appesr from tha findings of Hoore and Meyonerd (1929, p. 301)

“that the douinant manner of depositicn of iron winerais is by

coagulation of hydrosols and hardening of hydrogels.

1So¢fce of the "Cre"

Van Hise and Leith (1911, p. 499) concluded that all the -

-‘ e

inpartcnt Lake Superior iron-bearing formstions are similar ia origin.

They believe that a very large pert of the iron end silica was con-

tributed. to the ocean directly, eithe: by magmatic emanations from

' 'igneov;se rocks in the ocean floor or fapid decompasition of basic

igneous rocks in comtact with sea water wiile still very kot. This

..theory was expanded by Collina, Quirke and Thomson (1926, pp. l-ibl)

and by meny others working {a this field.

- The average river water today contains less than one part -
bet.mi_uion of iroa (Crumer, 1922, p. 421). ‘11;15 suggests that
t-hese watere are ir.adeéuate es a source for the deposition of irom
formation es 'defined-by Jemes (1954, p. 239). Jemes >6e-fined 1ron;-

formation a8 follows: .eese g chemical sed¢iment typicslly thin- "

bedded or lamivated, containing 15 per cent or more iron of sedimentary

' origin, commonly bu:bnoc vecessarily conteining layers of chert". -

Rivers in tropicel climates such as the Amzoh of Braszil, however,
carty 2 to 7 parts per million of Fey03. Vau Hise and Leith besed

their work oa studies of temperate weathering cycles. James (1954,

: p. 276) points cut that vulcanisa, though not uncomon during periods of
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iven de ositic’n 16 1ot neceesary or &lways contenporencovs,
s H

It hﬂs oceq €S tabl‘s!xeu ln&L the Clear Hills oolich ia a
sedmenw.ry form‘.tion. There has been no evidence chat: vulc:.nim
pla‘ed cn,' pau fn su;»?lyiné source .n:—.terial It appears thac the

envlromem. of depositica esemoles thct: of the Leke Superior tegioa 4

- (Ja.mes, 19.:4 P 280), with the excepcion chac there was apparently

. no tect.onic act..v;.ty asbociated v:lch the period o.. deposicion.

PR W ':,p-

Iron ia & comison cmponc.nt in the Cr:et:aceous sedi:.ents o; a11 ages

and often forms enncbed zones oC nooulc.s or replacement: beds such

- as in the Blacl.stone-c.a :.iun gone in the uighwood area (Pl. v, B..

' 'p. 99 a.ndP "vr L., p. mo)

A "‘he a.n.;lys*s of thc 1’£gbwooé samples (Anoendix, p. 78,

‘ ;.n.;lcates tnat the ircn content can be sub tantial There;m:e it

does not seen unhkcly that thc Clear Hi.;la ool!.te cwld be deﬂosited
during pe*iods cf optw:m eoadit‘one. I“he criginal mcerial eppears

to have co:ne fron a westetn gre.nitic source. as ind:.cat:ed by the

fresh quattv and feldspar, both trems-potc resieta.nt, and o-ﬂ.y the

odd fragme.xt oE chert. "he inttusio::. of the mpley granire and

telanec‘i int-*uaions :la Jurnssic t:ixaa, subeeque'xt deep veathering under |

f,.-, e

trop,.cnl cond*tions and nlternattng wet and éry secsons prwxded a
low 1yin~a source area and. sluggich -ivers (Allin,g , 1947, p. 1011) to
trancport i:on:in solution to the legcons or estuaries marginal to

the Kaekapau sea.
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Qecurrences of Sinmilaer Ore

Clinton iron ore heds: The Clintcon iron ore beds reck next in

{mportence to the _I.r;.ke Supericr depoéits_ (Bate:asn’ 1942, p. 568).

Theee beds outcrop aérogs Wiiscousin and Kew York end south to Aia&m.
‘rhe cre occurs &s cedimentery beds intercalated with saale.

limestone, and sandstone of Cltnton (Silurian} @,e. 'rhe type; of

ore sre: ' (1) oolitic ore ccmosed of t'ound oolitee of hematite, 1

' to 2 m. in dimnecer. enclosed in a mtriz of hemstite and calcite;

(2) fossil ftagments partly replaced by limnite end mclosed f.n
mrphous ool* ti.c hemetite' (..) flaxseed ore co::tposed of flat::ened
cmcretione of hemat‘ te sm'rounded by hemetite wid and repleced
foss?.l _fragu)ents._ Allin, (19&-7 P 1015) believes the Cltnf.m cres
to be ptﬁ:\ary due to the di&genesia of marie limestones in the
preeen:e of so‘utioas well supplied with iron caz;ounds. He also
belzevcu that the orig..na‘ xrcn coq:o:mds ceuld have beeu ferrcus
and have become oxidized to the' ferric staCe.

Vebana iron ores of Hewfmmdland: The oolitic iron ore with

ferwginoue shales _ar_xd sandet'oneg. fqrms. part of a series of eedinentary
rocks of_: lovwer (_)rdqvl‘cian age. Siderite occurs £nm.a11cr 'qua’ntit:y |
then f:hmnosite_ot hematite but is locally ebundsut. It r'epléces hemetite
cnd chamosite eénd in eome instances detrital quartz. The eiderite was
chgmically égccipitated accerdinz to Hayes (1915, p. 93); tobably

under the cover of overlying sedimente. This could also be tke case

. with thke Clear Eills ore depoeit. Heyes eleo believes (1915, p. 94)

thet the Webana iron ore is primary and is mined today {m essentially
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the sawe conditions as deposited, except for induretien, faulting,
end winor edditions of secondsry csleite end quartz.

Minette ores of Luxesburg and Lorraine: These ore deposits

resemble the Wabana ores im their oolitic character and the content
cof green ferrous silicate. It is believed that they were depocited
on the bottom of a shallow coastal sea. Fétmrly these deposits

and many eimilar Keposits were considered to be metgsomatic replace-
mc;ata-of limestones. - Tha primary cheracter of the deposition {is now‘
fully recognized (Tyrrell, 1937, p. 230).

Qolitic ores of Bohemis and Thuringia, Cérmany: Oolitic hematite-

chemosite-eiderite ores occur in these regions of Germany in rocks

of lower Silurian age. This ore also resemdles tﬁe Webana deposit. .

‘The fact that limestone is entirely lecking in this lithologic

" sequence 18 noteworthy.

Clevelsnd iron ores of Enciend: The wost impcertant ores of Emgland,

the Juraesic ores of thae Cleveland Hills in Nozth Yorl:shira, are
comprenensively reviewéd by Eastin {1950, p. 69) in a suxmary of

the work of A.F. Eallimond (1925, p. 10) in a paper written for

the Geological Socfety of Crest Britain. These deposite are chearscter-
istically oolitic and all evidence poirts to thea &8 being primary in
nature. They differ from most other oolitic ironm ores in that the
iron is utée;y in a ferrous stete a5 chamosite end eiderite. Ferric
oxides are rare and if present occur g8 products of recent weethering.
In the Cleveland ores the oolithe everage about cne-sixteenth of aa

inch {n diameter and ere comwmoeged of charwsite and siderite. The
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. chémosite 16 fiue-grained end conzentrically bended. Siderite is

g'ca:mla. and uvsunliy repleciug chemoeite. Soc:.e- c'x:liths arc w’tolly
chamo,si.ta but rarely wholly siderite. Hany mlitha have no recogz-
nizable nucleus but others contain shell or oolith fragmeats. The
metrix consists of &l derite rhosbs in & groundmaes cf fine chsmdsite.

'r‘ue CIevele.nd ool ci.c iron ore appears t:o bear a close resembla.,ce

: to the clear u;lls ooliti.c ircn " ore“ in qtruc‘.t..ral snd mneralogical

1
char;cteristicea

anre
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CHAPTER V

ECONSMIC GEOLOGY

General Stetement

-do not epproach the “Mesabi type” in grada end purity but past’

‘his dispds_al. ; 'Th)_arefore {t is necessary that a summary of ths

4§értixie'~at"£éa-::u‘réa' ‘of the econcmic background of the province be

 was 80 named for study purposes by the Canadien cection of the ' [

 study of the northern areas of Korth America but the anslysts also

The oolitic iron "ore" may have a eignificent place in

the future development of the province of Alberts. The depoéité

e v 05 o g e e e+ 4 e e e o e

history has ghown that men can make good use of the material at

presented. It will be ceen that all of these factors are inter=
dep'en&éﬂt and probably hold the key to the development of this
low grade froa. |

47U qhe Clear Hills area 1s located within the erea designated

&6 the "Canadian North Pacific’ (Cemsell et al, 1947). This arca

R&:th' Pécific Plaﬁning Project, headed by Charles Camsell, and

initiat;ed: in 1943. The main purpose of thie project was defense

produced a report on the future economic poesibilitico of this vast Bk

" region.

" The region comprises epprowimately 1,000,000 square wiles,
more thon one-quarter the area of Canada. Prior to World War II
there were less thsn 1000 miles of ussble roads in the entire &vea.

The Peace River district, which fncludes the Clear hills, was the
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only part' of this region that had a cizable populeticn and traans-

vporrtatf.oa facilitcies.

Lend Treusportation

fnes Creck is locsted at the end of stecl, on the edge of

et e g boes ® S,

the :Lron deposita. fhe ﬁctthem Albetta‘ Eailroad: reacheﬂ'thg.s .
tradins cea..re 1n 1930. "‘he ares is acceseible by mo all-wezthet
highways oE the Alberta Highvay Syctem, co Hi.nes Creek on the soutb

. and_ _tl;le. eastern beuudsry ia :eadily acceseible by uay of the Kackenzie
Bighway, vhich begins at Grimshew, a few milea west of tne tova of
'Fea.ce River 'l‘he’e is a poseibility of the road to Hinea Creek baing

extended westward by di.rect route to Fort St. John in Britieu Coluxbia,

: wnete the Pacific GreeL Eastern Ra2ilway heos receutxy been e:.teuded

o . . . . . . Catent, e L s, T e e ST B
. N R . .. - P . .. ‘ .

prwiaivb the Peace River d.isttict with an outlet to the Pacific coast.
Fareetry Departmeut roads aad cil-com?e.ny exploration treils and roeds
, w.ake ptacticauy all pa"ts of the grea cpen to travel st various times

| of the year, dependent on seasoaal conditions,

| Hinea Creek ia en meo"umt trading centre, in the heart of
& rvich mired feming end lumbering district. The area was originally
ranching country, eupporting thoueands of sheep end cettle. Ranching
hes been sﬁperseded but not repleced by one o£ tho best mixed ferming
areas 1n the north. Hineé Creek 18 a tredicg centre for sbout 4,000

settlera froa the eurrounding area. liundreds of cerlodds of cattle,
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aheep, nogs nnd da ty products ara shippecz froa this centre each

‘ .y‘ear." Forecasts ‘of the settling of 1,009,000 acves of 3,000,000

acresd evelloble have been made fur the very necer future.

Forests .

- Only rough eetimates of the tiuber remtces of nerthern
alberta lying within ‘the Nerth Pacific region are possible. ‘Ihe.

northern portian oE the ptovince, lyf.ng between che SStb parallel

of létit'txde': and the 'no:them boundary ard between 114th and 120th

meridiana, has Sééﬁ éétiméted to contafn -;bmt fi;ve and one-half .
Billioﬁ" i:oafd f:-‘eet“bf ﬁetchéﬁtable u.mbef {Cemsgell 'eﬁail.‘- 1947. p.
55-57). * This fighré constders the conifers anly and since the -

Forestry Departmeut of Alberta believes that the poplar end birch

. growthfis-”probably three times gx:eater it can easily be seen that

the ticber résén;'e' 15' spectaéular;
“Considering the Clear Hills area as a unit, estimates of

790 millfon. board feet of timber heve been givea, Duriﬁg 1957

Hines Cieek plening mille shipped more than 26 willion bosrd feet.

In éd&itio;.to this production spproximately 60 casrloeds of pulp-

wood are s:hi;':péd? ennually from this ceantre.

Water~-Power Resources

' The Peece River drainc an &rea of 119,000 egusre miles end
18 the largest trﬂ:utat? of the Mackenzie dtnime' systen, ‘The head-

waters are loccted in a great intermontane valley,z ﬁé;t of the main
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range of the Rocky Mountaine. Oue balf of the drefnege area £8 in
tha Corcilleraq region and the rezainder forms part of the Great

Central Plain.. The Peace River it nazvigable by river-type steamers

“from fts mouth to Hudeon Eope in British Col\mui.a, apatt: from the

-o‘b&ruction at Vemilicn Chutes,

‘ Wster j?lx The floa of the Peace River ve.riee considetably

_ because of the distinct phvsiographic divisicns in i.ts drai.nage

N 3

basiu. The gteater perc of the Tun-off comes fr:cm the mountein

sect:ion dependen:: on tempersture and precipicatioa. 'I.'he records

L Y

\

- &t Peace Rivcr t.mm shaz a maxim dischsrge of 375 000 c.f. s. in

L7
PRI

C Juue. 1922 and. minimum ax.scharge of 6,350 c.f.8. ia Decembet, 1916.

The averagc anwe.l flou is anrproxim;ely 62,000 c. f. s. (Cemsell el:

al 19&7 p. 77)

L

Pwer resources: No power developzent hed been msde in the Peace

Rz.vex. basi:: pr or to 1947. Studies for develogment oa the Nation

' River, fo* supply at Pinchi Lake, were be.n., made at thia tme

Severnl possible poaer si tes h.ave been Lmrest‘.gated on the Peace

o~

Rf.ve.r, s:i.th estx.mated potem:ial horsepower aveilsble nmging from

25 l,000 to, 500,000.

Pwer poaeibiltties are indicated on & number of t:hé tribu-
taries of the Peace but infotmation is fnsufficient to givc eny
estimatee of their potentialxties. The power sites appear to be
available but large power-consuming industries would be required to

rrant their development. Tha provimce of Alberta in its eati;:ety

has e potential of only 2.5 milllen kilowetts of hydro-electric

pover oa all of its rivers. Thesefcre power reecurces in Eritish
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Columbia adjacent te this area must be considered.

Mineral Resourceg

‘_ ' 'me Cleat hﬁ.ne area, underlaia by sediments, does uot offer
any possibi.‘l.ity Eor petal 1ic mineral depoaita, a?arﬁ. fro:a the oolitic
iron occ:m:ences. Ron-metallics and hyc!rocatbons &re of gteat '
im;)m:tance m tha Peace River cisttict of Al‘berta and Boicish Columbia.
, ) E_g}_: The coal oeposite of ‘the E'eaca Rivet disttict (British
Columbia) are smong the ©9st . mportant undevcloped coal reserves in
the wesﬁ. ‘r‘ney are knosm tO occur aver &n erea of several thoosand

-square milea. A receut: ccmp* lnuon of t:ineaale cool resetves has

pleced these at over one biliion short tons (Camsell, 1947, p. 35).

HE The cocl availsble would provide the economic fuel tegquired for the

emelting of tke irom “ore'.:

. Pesce River district; Alberta: The coaf;s of Alberta are classi-

£ied according to the cisesification of coals by Rank A.S.T.M.,
Designation D388-38.". Allan (1943, p. 166) reported that there was
o snthrecite coal or lignite, with tke exception of ‘one sezm in
the Pakor.:ki arez. In the Peacé River area of Albetta three general
ccal eteas have been located (Fig. &, p. 57) where coal has either:

been discovered or produced (Allan, 1943, p. 167).

I
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TALLE 6

PEACE RIVER, ALGERTA CGALS

SEaay : -
M Y " P ] Y

- - ' -
- . . et hR%
. . . G, PRI e

Area ) Thickness of Depth of : -

: v gegm (feet) cover (feet) bip Rank.

'- L T T ' L o , high volatile C
I Eeleourt - .. 1.5°2.3. . 0-150 --= - bituminous and
A L st d - ' gsub-bitumincus B

L N

L

.':":.;I-‘.-'..-'_: “, ‘,‘_-'“‘
L,
[}
[}
[}
[}
[]
[}
)
]
s

N

* qutt s

P

" gexsaith 3 . 30-40 === sub-bituminous C

: Bigh Pre:lrle " gub-bituminocus C

"t‘hét ptiﬁéipal coal producing section cf tae Pea.ce ‘River oistricL

is the Halcour:t coal. srea waich occupies Townshxps 69-71, Ranges 5-13,

west of the Sth mer!.dian (Fig. &, p. 57). Production ‘from the rest '

. of the Peace Ri\ret distri.ct: has been neg;igibl‘e vp _to the present.

Allen and Carr (1544, p. 4-0) repctted the tesults of the

survey in the wapiti-(:utbank erea &s followe: ....e "!J: appears

et

unlikely that thicx coal sesms mll be disccvered north of the Wapiti

BN K

River'. The Pucsm thin seams in thie. erec have been mined vich some

. L e .. et et e . et
. el s . cae et
. . n - . ot

- success in the peet (Allen end Cerr, 1944, p. 26), but mining operatior‘xe“ )
todzy ere at their iowest ebb, Soma océurreﬁces oo Pinto Creek and -
the lower part of t:he Cutback River ghow some promise but there is.
no evidence to ahow that thcy would be econoumic deposits. The above
evidence would indicate thet denosits other t'nan these would tu:ve to

be discovered to prdvi.de aedecuate fuel supply for an iron industry.

‘- .

— -

B Me s Ihim M B

. AEP GRS VIR MUY a8
ey

e e gy be
o

.‘.?-'lﬂ--;- '-‘..P’:— ..':ﬁ.:-:,,.\.‘ e

I

e

e

e pes

re

e

A



-~ 57 -
Tiguve &4 - ___ ,
i
]
3_ ;l\
! o
e 4 HR
1
VALHALI A} ‘écb :. A
‘)9 i y I
2 38
LT p—— HIGH PRAIRIE SLAVE by
HALCOURT : . . ’PF;
| : i)
! o ATHABASKA 23
S
WESTLOCK —
PAKAN
“m
&
t—:nmom'oﬂl 46 .
» l:.o“
',g:s. CAMROSE .
5‘*
&
CASTOR
sOTETTLER
ARDLEY P
Tt
o
&
: !
M1 cLercren \sTeveviLE P
EMPRESS kB
. - r”~
L3 BROOKS |
COAL AREAS 1"~>qk nescurr
‘- OF ALBERTA e
BASED ON GEOLOGICAL FORMATIONS - TABER A4
by J. A Allon . {’_'.'
L 1OMONTON, ALSEATA RIDG ) ,i
1920 PAKOWKI 7
. MAGRATH i
MILK RIVER .
2

i o

g
X

f
£
\]
-



By gttt
v Y
s

%

ol . . . K . .

. . K - .

. NN s . - e M
- ’- - . - - """‘-"" :

- r——

e L
-t

Lo r——

[ - o

- -

- -
-

It 4 - 58 -

Tals assuptioa {6 based on the possibiiity that the initial comcen-
tratica of irom woula be ca‘:t:'.ed'out close to the sdurce.

" Peace River district, British Columbia: It has beca knowa for

scme time that the Cretaceous rocks of this area had associsted coal

geams of feirly high rank and thickness (Dewson, 1879-80, p. 1153).

In the Peace River aree coel dépoaita ere ford ia the Gething

fcrmatiou of tha Bullkead gro.xp, Loe:er c::etacews in age. 'i‘he Gething
ia correlated with the Luscar fcrmati.ea and the lower part: of the
Blazmre group om the beaie of £10“a found 1n the follwing locsal-
icies: (Fig. 5, p. 59) - Peace: Rlver _C&nyon coal area, Dunlevy Creck-
C;;ist C*éek—Butler Ridge srea, ‘Carbon Creck coal basin area, Fisher

Creer.-Pine River erea,’ Haeler Creek coal acea, aad P.alfvay S:‘.kxnai

' C‘nief River sres (Mclacrn and Rindle, 195C, p. 159). The Peace

River canym coal field is the bea; koown of these; several anall
mines have operated from tima to time dusino the past 25 years.
Tae comdined coal reserves of the ein aress has been estimated by
tﬁe B,oyél Coamission on Coal {H;Kay, 1947) as 467,649,000 toms of
pr.;oha'bly minesble coal and with 673,440,000 toao of paseible
aéditional mineable coal. |

The coals of the Pe.ace River dietrict, Britich COIumbia,
h#ﬁjva low ech content aad a high cslorific value for a majority of
t.he seems (Mathews, 1946, p. 20). According to the A.S.T.M. claesi-
ficeticn by tank, all of the coal seams in the Peace River foothills

are either low volatile bituminous or mediva velatile bituminaus.
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" The structure of thils erea veries, from the Plains arcas

flat structure through Foothills structures to the typical Cordilleran

folded end feulted gtructural features. All cosl seams ere within

economic depth and vone exceed 1000 feet according to McLearn end

Kindle (1930.). The main fsctor in the leck of development of these

coal areas is the avsence of a lerge market in the area.

- In the event that the Clear Hills {rom is developed the _

ilogicai source of coal is the Peace River Canyon sud Pine Pase areas
‘of British Columbia. It has already been shown that the coal ereas

of northwestern Alberta are fnmadequate.

Mileages on existing transportation routes (FKorthern Alberta

:‘1

Railvays end Pacific Greet Eastern Railroad) end aleo the direct

| linés distances from the railhesd at Hines Creek to the coal ereas

of Alberta and British Columbia are se follous:
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TADLE 7

MILEAGE TO COAL AREAS

L e . .
Ed . - .

s

cbaitAreaé

Bdmonton, .

PRESEAES

- |Alberta -

| Dietence from Hines Creek,'Alberta

Line distance
(rnilec)

Rail distence

(niles - &pprex.)

.., 280

360

Alberta

Grande Prairie, ‘| - -

Y -

225

Spirit River,
Alberta

35

100

Kigh Prairie,
Alberta

130

Peace River,
Alberta.

50

60

Dawson Creek, -
Eriticeh Columbia

15

360

Fort St. John,'

British Columbia .

85

350

Hudson Hape aree,
British Columbia

130

400

|Pinc Pass grea,
{British Cclumbia

L o
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ihe table shows that the exfsting ralivoades, with their
1Andir‘:ecit routes, provide saeconorical haulege distances, The line
distancgs to the British Columbia coaln deposits are well within -
economic .lf.mii:e. 1f the irea or the coal is to be developed {a
thie are.aAil: woulé be cecessary to construct shorter, more direct

reilroads.

Limestone: The mountainous aress of the Peace River district of

Efit sh COIumBi.a sfford an abundan supply of ‘rriaasic &nd ?aleozoic
iimestones thet might be suitable €or use in a stecl .‘..ndustry.
Wintams (1934) has poxm:ed out th.nt raw materials and fuel for -

| the menufactere of Portlend cement u'e_ availetle ia close proxirity

tn the Peace River éistrict.

Lim-:.s..one pey be obteined 15 milcs up Peace River above tae
muth of the lsabeecae. A plent: site o che Pine River s.{tuated
between the mouths of Le ho*a} end Mointain Creeks could obtain

limestone wit:bi.n a rad.’.ua of ten miles and coal oa Pyremid Mountain

witnin three miles.

?etroleum end Metural gas: The Peace River block and Hines Creek

ex"ea {n perticular ccnteins & létge mmber of gas producing fielde
end vene(l’-‘ig 6 ,“p-. 4463). Néﬁurél gas and crude petrcleun ere
pfoduced _o"r‘reserv.ejs ere gctcblished throughout the grea. Natural
gas ;s b)'v'lfo.r ﬁhe %nost sbundant (Rume and Iguatieff, 1952). Here
aé,ain ié the possibility of e fuel source eveilable on the site of
the {rom ':'6:'&" that could be uecd in the reduction and concentration

cf thke irom, if additionzl gas reserves were made availeble for the
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8.C.— ALBERTA

6. Pouce Coupe Field

ALBERTA

7. Belloy Area

8. Dixonville Area

9, Dunvegan field
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GAS FIELDS AND AREAS
BRITISH COLUMBIA

10. Eaglesham Area
11. Gordondale Fieid
12. Harmon Valley Area
13. Heant River Area
14, Littte Smoky Area
15. Normandville Area
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17. Rycroft Area
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Feace River digtrict. At the present time the reserves for this
siurket are iuadecsuete.

. XIrom:' Yhe pteceding t_sections of thia chapter have serveci es back=-
ground inforwmation on tie econcaic gevlogy involved in the ut_ilization
of‘ tha low grade oolitic iroa of the Clear Hille. This type iron
deposit 46 not new to the steel {ndustry of the ucrld,A especially

in Europe. Tue North American steel industry, ia the eastern portion
of the contiment, bas bteen and etill is fortunate f.n.bzvtng actensive‘
Ligh grece depositav. . The Clesr Hills type of deposit presents many
faxiligr problems in benef_!.caci.on end reduction and this has resulted
ina ge:_zerul lack of fnterest by those caseble of developing this low
grace iron deposit im Alberta. The high silica content does not lendb
iteelf too well to the etendard smelting ptocedu:és. ‘ Phosphorﬁs
content p:eéeute a problem though it migbc_ be eliminated 6: utilized.

Sulphur does not appear to be present in gll sarples end may unot be

a problem. The silica could be elimineted by magnetic separation

end flotatioa and is not present in more thaa the expected emounte
for this type of "»cr:e".

. There ere, however, many fectors in favor of this deposit.
A recent econonic survey report by J.T. Donzld & Co. { Econoxic Resgarch
Consultsnts), produced for Celgexy Power Ltd., revealed a 123 million-
deller steel;mgrket: in Alberta. At the present time §7 per cent of
Alberta's steel is shipped into the province. It is menticned in
the survey that a eteel industry ueing i{ndigenous ores may be sterted
in the prevince, opening the door for coke production from evalleble

coal rescurces on a lerge scale.
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The Peace River aree ¢f northeastevn Britiek Coluxbia is

sewed by the Pacific Grezzt Eastern z.‘.iltoad wiatch now extends frca |

: Vancower to 'i‘aylor, British Columbia,’ half way between Fort St. John

a.nd Dawson c:eek, Britieh Colmoia. It eeeas pcusib...e taat this rail=-
vay, whz.ch passea throur“* the coel erea of Peace River Cenyen, could
be extended into Alberta aud the clear Iiills iron dcposits by & more
direct route than now ezista. | '

o Prelminary work by ct.e Hcl}ougen-Segen Syndicste has p:cven

.a reserve of a b111 on t:cms "hei.r area of inveetigation was rea.atively

m:zn and it is felc that more extensive sm:veys will reveal billi.o:zs

o{ tcns of low gracxe h:on. Recem. inves..t.gations by Preuier Steel Co.

_Ltd. ) of E&nwnton have cascloaed a more access‘ble oepoeit near ho*s:.ey,

30 wiles soutuweet of the orignal lmatioa, containing a favmable
cclciﬁm carbonate cmten... ‘- |

Fuel should be no pmole::l because of lerge coal reserves
less then 150 miles froa the depoeit. Natural ges oo the location

could poseibly be used in the pelletizing proéess but the present |

reserves of natural gas are m_scfficienc for the present Peece

River market. This vmight be allevisted by further diescoveries but

the possibilities remain in douwbt. Hydro pouer gites ere eveiladle

in Britich Coiuwmbia's Pesce iver Canyon, vhere 400,020 horsepover
couald be developed to provide the power ‘required (Cassell , 1947, p. 77).
The recently completed Rayeal Coraiigeion Report on Cenada's Econom..c
Prosnects (Ncvember, 1957} gives hydéro power reseining to be develcped

on the Peace River {n northeastera Britich Columiia oo 3 million

srime e

-raw

IRV U X1 T o TR s ot

2 Lk EL R

T Y L TV T

Baladd




vy

. . . - . . X . . )

Ve .
o

——

ey

A

-66 -

kilowstts (Gorden, 1957, p. 141).

A recent news reolease (Jurme 17, 1958, Edsonton) reported
that the Eritish firm of Thouson-Houston is 1nveac13ati§g five
pqssible hydrmpm: sites in ..t‘ae Peace River Canyom of t_xortheaetern
nr‘tish Columbia. N _

_ Hini'\,, of the mat:e"ial would oot present eny difﬁculty.:
Tn most locations the ovetburden io light &ad tha "ore" itcel?s .
could be removed by etzndatd open pit nethods.,

- T‘ne Cles* Hills 1" not: a "Meszbi' or a "Labradot" but
does ccmpare favoref:-ly witn the Hinette ore of France of tha
Salt.gittex: of Getuesy {u cheracter eod coupoeition. &2d, with the
stz&‘ble ezistina steel m:-rket and the possibility of cver 2 millioa
people in Alberta b_{ f975 > th;s dq)osit.my te compeg tive with

steal from essctern SCUTCES.
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" CHAPTER VI
CONCLUSIONS

The oolitic ircm of the Clear Hille in ite pregent location
eppesrs to be a reworked sedimentsry iron deposit. The colitic irea
wes initinlly laid down es a primery materizl fn e brackich mariee
lagoon in an enviroument which was fevorskle to the deposition of

iron cmied‘ in soluticna by rivets from the source »a‘reés.' As the

variable emounts of organic debris, -allowed tha precipitation of the
Iis;soaite-goethite to alternate with the Fe carbbnate facies. Ttils
could eske place as indicated ebove or it cculd be a simple replace-
went of primary siderite. A |

" It is Believed ths.-t'rthe "orc" is of warine or mréinal merine
to brackieh-wmter crigin. The oolitic structuve 45 characterietic of
merine envirenment e.:tdb the presenca of chamosite, ccasidcred to be

.txclu'e.f.vely e merine enviroment wmineral, substantlates this theory.

The oolites were probably for-=1 by colloidzsl proceeses and if not,

ac eiderite directly. The cxides were reduced on the bottem or

elightly beneeth the surface of depocition. Variatioms in coposition

of the denosit euggest a gredual change to conditions rore favorsble

to the oxide facies. Probcb‘s deepening of the water by in€lrx of
the sea resulted in turtulent flov gerating tke waters end produced

normal oxygen content. The presence of fragmentary ooliths, chert

fragtueﬁts, secondary celcite znd rock fregrents contefning ocolithn

deposition progreesed, changes ia pH, tke ebundance or lack of oxygem,
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gives the depcsit all the appesrance of a priwmery deposit erodcd

snd redeposited mechaaicqll The socrce of the originsl primary
iton is believed to be- to the vest. The mineralcgy indicates en

igneous soutce, poasioly the Topley Butholith undergoing. deep

'tr091ca1‘erosicn. Iroa was probably carried as & colloid by.

large cluggish streams incapable of cerrying large suspended loads.
~ Any clastlc material would probab;y be dropped before the
zone of iron deposition was reached. The microsccoic sppearance

of the oolith shells euggests colloidal conditions and this would

- mean that iron (colloids) in colution would heve to come in contsact

~ with the saline sea waters to be precipitated. This would carry

the itoﬁ beyoand the clastic trap basin. The general ecarcity of
clestic material in the devosit suggests that it has not been
tregnsported vesy'far from the original bed of Geposition. Quite

probably the depoeit wes merely ripped to pleces by wave action

es the sca level rose.

The Clear Hills oolitic iron "“ore" comperes favorably with

moet of the known oclitic {ren orc deposits oF the vorld. Considericg

the well knowm deposits of this type it appesra that the Cleveland

Hi1l deposits of England present the most interesting comparison,

The histories of depcsition of both the Clear Hills end the Cleveland

1111 deposits from the evidence at hand have wuch {n common.
There is a subetantiel rmarket for steel in Western Canada.
The possibilities of this warket expending are very good. There

_ave large tonnages of.louv grade iron in the Clear lillse deposcit.
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A minimmm estimate 1s spproxinately one billion tons (cDougall,
1954)'..’ Fuel in the form of coal, sad hycro-electric power resources
are svailable for development fin tha Peace River Cenyon area of.

Bricish Columbia within ecancomic line distanca of tke iron deposit.
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LIST OF THIN SECTIONS - CLEAR HILLS

Field ‘@ Thin Section | %_* Tnterval
Number ° Number ! Location ; (feet)
| cH-1 3076 ‘ Swift Creek - é 26'-28"
iqa-z 3077 oo o | 24'-26"
. CH-3 3078 " .o 22'-24"
?bu-a -3079 " "o 20'-22"
CH-5 3080 ' .. E 18'-20"
CH-6 3081 " oo _ 16°-18"
CH-7 3082 “oom EETNTY
! CH-9 3083 " - . 10'-12"
?;H-II_A 3084 - "o i 6'-8°
L ci-16 3085 W g Redulen g
CH-15 3086 " .- . 6'-8"
[ cr-17 3087 " w . op Nedule l o g
CH-21 3088 " .- . 100-12"
CH-~20 3089 " N -0% S VAN T-L
! CH-22 3090 " " - % -17'-
CH-23 3091 " woo. } 16

* All depths from surface (Till & feet).
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CHEMICAL ARALYSES OF OOLITIC IRON
(SWIFT CREEK, CLEAR HILLS) -

Sample| Thin Section  Footage L.-.%. Percent by weight
No. No.. (from surface) Fet+ T Fettt Total Icon
TILL 0'-4"
* No
CH-12| thin section 4'-6" 0.27 33.19 33.46
CH-11 3084 6'-8' 1.52 30.56 32.08
* No )
CH-10| thin section 8'-10"' 0.50 31:93 32.08
~ CH-9 3083 10'-12' 1.53 30.12 31.65
. * No
. CH-8 thin section 12'-14' 2.12 34.03 36.15
CH-7 3082 14'-16" 10.58 16.58 27.20
- CH-6. . 3081 16*-18' 6.12 21.12 27.24
CH-5 3080 18'-20"' 10.54 13.11 23.65
CH-& 3079 20'-22" 10.35 . 13.46 23.81
. CH-3 3078 22'-24" 7.92 13.88 21.80
CH-2 3077 24%-26" 21.92 3.18 25.10
CH-I 30?6 26'-28' 19.00 0.14 19.14

* Material too soft and
friable for thin section

-

(Chemical analyses done by
G.M. Hughes and G.L. Colborne) -
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ANALYSES OF SWIFT CREEK OOLITIC
IRON SAMPLES FOR CLIFFS OF CANADA*

,Loss—;ﬁ Intervel -—?
Lab. No. Sample No. | Total Iron | Ignition (in feet) ;
30-716 CH-1 27.26 17.35 0-2 Location A |
717 CH-2 . 26.94 22.31 2-4 ¢
718 CH-3 28.94 18.92 4-6 W oow
719 CH-4& 27.98 13.67 ' 6-8 “« o u
720 _CH-5 27.90 13.36 8-10 " .
721 CH-6 27.42 13.49 10-12 "
" 722 CH-7 30.05 13.47 12-14 "o
723 CH-8 30.77 12.57 14-16 "o
724 CH-9 34.77 11.73 16-18 T
725 CH-10 33.97 12.91 18-20 " "
726 CH-11 33.73 11.74 20-22 wooe
727 CH-12 35.73 12.74 22-24 . *T
728 CH-13 27.26 13.81 0-12 Comp. 5
) ’ R
729 CH-14 33.65 12.05 12-24 Comp.
730 CH-15 31.49 13.69 %;;:“iggpge
731 CH-16 30.37 20.94 Location A
732 CH-17 35.41 22.65 Nodule at A
733 CH-18 11.91 14.27 Band in till

* Analyses carried out by Steep Rock Iron Mines Led., Steep Rock,
Ontario, (1957).
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ANALYSES OF CORE HOLE SAMPLES

(McDougall, 1954, p. 10)

- 5 foot intervals -

% Calculated as Mgl

+ E-1A

- E = Fureka - 1 = hole number - A = interval -

sample No. E-1A" E-3B E-3C E-4C E-4D
L.0.1. 13.64 12.57 12.52 12.98 12.63
5107 27.49 27.34 48.46 34.05 37.89
Feg03 50. 10 50.58 28.02 41.55 35.47
A1703 6.11 5.95 6.00 6.55 7.70
MgO 2.62 2.34 2.68 2.63 3.30
Ca0 0.00 0.19 0.00 10.00 0.00
... sample No. E-1B E-2A E-2B E-3A E-4A
L.0.1. 16.32 12.80 16.37 15.35 14.56
5109 23.18 31.68 19.93 21.52 23.80
Fe,03 46.40 43.84 $2.94 51.98 52.46
Al503 7.25 7.40 6.55 6.30 S.80
* Mg0 + Ca0 4.68 2.53 2.87 1.31 1.60
Sampl2 No. E-4B E-5A E-5B E-5C E-5D
L.0.1. 13.75 12.93 16.37 15.24 13.76
510, 27.34 26.14 25.57 24.70 27.36
Fes03 49.47 48.88 48.88 46.67 45.98
Al503 6.50 7.40 6.50 .05 7.45
£ MgO + Ca0 2.60 2.64 1.66 3.32 .95

I~
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POSSTBLE TOTAl IRON
FROM MCDOUGALI ANALYSES
(McDougall, 1954, p. 11)

Sample No. Per;ent Tron
E-1A ... ieea.en e e it eee e 40.5
E-1B  ...... AU 38.8
E=-2A .. .iiieeeeaaaen £ eenac s 35.1
E-2B " it e easase e 44.3
E-3A B R R 42.9 -
FoB3B  eeeeeearenn s ... 40.4
EoBC v eeeinneeeaa e e 22.4
2 N P 42.9
E-4B ... ...c-.. e eceece e e 40.1
EaliC i ieteeceanenaaaaranansanns S 33.4
LI » R R 28.4
E-SA i - 39.2
E-SB  ...-. e 40 8
o oS R I 38.4
1501 ) PP 37.3
Spectrographic Analyses of McDougall Samples by
K.B. Newbound, Physics_Departmeant, University of
Alberta. (McDougall, 1954, p. 12).

Iron - major coastituent

Magnesium - 1less than 10 percent

Silicon - lines weak, element difficult to excite
Sodium - less than 1 percent :
- Calcium - less than | percent

Chromium - presence not definitely cstahlished

Sample 5D - contained some tin.
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LIST OF THIN SECTIM®S - HIGHWOOD RIVER AREA

Ll e

: [
H

o

<

N s . . . e
.

e

pye

\

PR

* Interval

| Field ! Thin Section

ENumberi ‘Number ‘Location (feet)

= ! )

: HW-1 % 3092 Contact Creek Pit-1 Blackzgggzcgardium
Hw_z =' 3093 " "t (1] 1 1] 0'_1'

tpW-3 3094 " wooomow 1'-3"

i. Hw_s i 3095 11 " " " 3'_5'

- | D : s

:HW-G ' 3096 " " w 5*-7

uw-7 3097 " " 0o 7!

g HW-9 |. | 309'8 " " "won 7'-10"

;HWJIO ;1 3099 " " woon 10'-12"

Rw-11 1 3100 " wooomow 12'-15"

' !

P HW-12 3101 " T 15'-20"

i HW-13 3102 " " non 20'-25"

| e : , " - Nodules

| HW-164 3103 ' Todeses
HW-15. 3104 " " Pit-2 Basal bed.
"HW-16 3105 n woowom Middle bed
HW-17 3106 " " "o Top beds

* Footage reads from Blackstone-Cardium contact upwardé.
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# ANALYSES OF FERRUGINOUS SANDY SHALE - BLACKSTONE-
CARDIUM CONTACT, CONTACT CREEK-HIGHWOOD RIVER ARFA.

FOR CLIFFS OF CANADA

Total | l.oss on ! )
gLab No. | Sample No| Tron Silica Ignition Interval
{ ' Blackstone-Cardium
28-889 HW-1 23.15 | 25.39 19.62 contact
890 2 23.47 | 28.32 10.95 Plt-lgi g
891 3 26.60 | 16.17 21.18 1'-3"
892 4 28.29 | 21.45 14.39 OXigig?d
893 5 31.51 |  16.45 17.59 3t-5°
894 6 27.65 | 15.34 | 20.77 507
895 7 34.40 | 11.22 20.07 Basegz*i?iZEd zone
896 3 42.68 | 11.23 19.86 Oxidized zone
897 9 23.71 | 16.37 24.48 7'-10"
898 10 15.75 19.50 .'22.56 10'-12°
899 11 11.73 | 30.07 17.77 12'-15"
200 12 2.57 | 33.78 20.00 15'-20"
901 13 1.93 | 57.18 15.73 20'-25"
902 14 6.27 | 80.20 &4.90 Jogdules §
903 15 39.06 | 12.27 18.00 Pi;;gal bed i
904 16 35.28 | 13.28 16.99 Middle bed :
905 17 31.10 12.72 17.78 Top beds
906 18 1.61 | 93.40 | 1.98 2::;l¥i:§
* p Rock Irom Mines, Ltd.,

Analyses carried out by Stece

Steep Rock, Ontario (1957).
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TIC ORE DEPOSITS

v - PR e
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Geographic Clinton Lorraine Cleveland-tiill Wabana ore, Salzgitter ore, Germany Clear Hills ore,
location hard ore, Minette ore, ore, England Newfoundlaud Alberta,

U.S.A. France High grade [Low grade Canada
uineralogical Limonite Chamosite Hematite .
Hine ont%ic. Hematite Siderite Siderite Chamosite Siderite Siderite Limonite-goethite

comp on Hematite Siderite siderite-chamosite?
Geologlical age Silurian Jurassic Jurassic Ordovician Cretaceous| Cretaceous Cretaceous
Associated Limestone Shales, sand- | Shale Sandstone sandstone | Sandstone Sandstone
rocks Shale stone, marl Shale Shale Shale Shale
Fe 37.0 30.0 36.0 20-57 32,60 29.70 30.15
Hn 0.23 cmew ~ee- ---- 0.22 0.12 " 0.15
P 0.30 0.5-1.8 0.55 0.7-2.0 0.37 0.48 0.58
Chemical
$102 7.14 7.2 8.51 6.50 27.00 27.80 25.36
composition . . '
‘Al904 3.81 cee= 6.12 3-6 10.17 5.60 6.24
ca0 19.20 12.0 5.74 . 1.30 0.16 3.95 * eee-
H,0 coe- coe= 3.75 - 1.65 1.48 cew-
\7 S . 0.08 coen 0.05. -vee 0.16 0.05 + 0,701

* Sowmetimes
present

+ Not always
present
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Allea, J.A.
1921;:

192&:

. 1940 -

1843:

1945:

Allive,
1947

Bastin,

1950: )

Reteman, AWM,

) 1650:

Brown, T.C.
1614:

" Bucher, W.H.

1918:
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A, - View looking southwest from Notikewin
‘forestry tower, Clear kills, Alberta

B. - Easz2rgency landing strip cne mile south of
NMotikewin foresiry tower, bullt on glacio-
lacustrine silt
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TUL PETROLEUMS LTD.
THE PEACE RIVER DIAMOND EXPLORATION PROJECT

extracts from....

1993 YEAR END EXPLORATION AND PROPERTY REPORT

with the permission of
TUL Petroleums Ltd.
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1.0 INTRODUCTION

DIAMONDS IN ALBERTA

At least twenty diémoud finds have been made in Alberta. Diamond finds in
the N.U.T have been associated with the Archean North American Craton and
margins, and sutures between assembledges of sub—cratons.

Diamonds in Alberta are believed to originate from classic kimberlite pipe
intrusions, modelled after those in South Africa, or from the more lucrative
but elusive lamproite deposits. Alluvial diamond finds are also possible,

The . Peace River Arch in north west Alberta is a region where diamonds have
apparently been found. Heavy mineral diamond indicators are being used to
point the way to their sources. Aeromagnetic surveys and drilling activities
are planned by permit holders in Alberta. Monopros - DeBeers of South Africa
and Diamet have large tracts of land in the Peace River region. Monopros'
activities of several years, in the area, have been kept secret. However,
we have located and photographed their Grande Prairie facility and their
wash plant equipment. The Peace River Arch diamond play is quietly-
developing and has not yet become well known.

The Peace River Arch, is a significant structural - feature. It is an
anticline underlaying twenty thousand square miles in Alberta. The basement
rock is comprised of three major sub-cratons which vary in age of formation.
They are made up of granitic material and vary from one another in
formation, age, density and magnetic character.

Successive uplift,collapse and downwarping of parts of the arch have created
reefal and structural traps for oil and gas; therefore, geologic information
from several Fhousand exploration holes is available. - ‘

The mechanics of the Peace River Arch are not well understood. Migration of

the building blocks which form today's continents, the northwesterly

movement of the North American Craton and accretion of new material from the
west, have created a complex geological dynamic in this region.

Crustal thickening, cratonic transverse movement, uplift and collapse, have
resulted in fault systems and regional grabens; or failed rifts; which have
created conditions believed to be suitable for kimberlite or lamproitic
emplacement.



TUL Petroleums Ltd is a small private oil and gas company owned by the
undersigned. Tri Union Resources Ltd is a petroleum and natural qas
industry land service company.

TUL Petroleums Ltd has applied for and has received Metallic and Industrial
Minerals Permits covering about twenty townships. Some of these were applied
for in the name of Tri Union Resources Ltd, in early stages of the play for
strategic reasons. Some of the lands were applied for 100% for TUL, while
other lands were applied for on behalf of TUL and silent partners, under
trust conditions.

TUL Petroleums Ltd has prepared maps of basement and structural geology and
has obtained aero magnetic data for the prospect lands.

The lands have been divided into blocks, based on a combination of; the time
acquired, geological prospects, and/or partnership interests. Each Permit
Rpplication was named according to its geographical area. Additional data
has been acquired for the Monopros lands for play development and comparison
purposes. :

Geological basement and structural isopach maps of the Precambrian surface
indicate several interesting features. Faults, suites of faults and suture
zones, represent linaments of crustal weakness and movement. Crustal rock
character, age, density and history of movement, together with knowledge of
overlaying geophysical/aeromagnetic data, lead us to identify target areas
for exploration.

- Prospect areas and targets were picked, based on differing geological
concepts; therefore, a number of exploration philosophies and techniques
are required during exploration.

With this and previous reports, we have informed the TUL PEACE DIAMOND JOINT
VENTURE partners and other prospective investors of the known facts about
the Peace River Arch diamond play. We have layed out the agreements in place
and the understandings that we have at this time. We have formed a team,
adopted an exploration philosophy and raised additional capital, and we have
designed exploration programs to evaluate the properties and advance the
Peace River diamond play. We have met our objective of adding value to the
Project lands and enhanced the likelyhood of finding diamonds on some of our
properties. Finding other valuable stone and minerals is also possible.
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THE PEACE RIVER DIAﬁOND EXPLORATION CAMP

2.0 Location and Access

The Peace River Arch uhderlies the Clear Hills in north western Alberﬁa.
the Peace River Lowlands west of the Town of Peace River, and extends south
under the Wapiti Plain to Grande Prairie and to Dawson Creek in British

Columbia.

The Peace River diamond play centers around the Town of Peace River and

"covers parts of the Municipal Districts of Smoky River # 130, # 133,

Peace # 135 and Fairview # 136. It also covers parts of Improvement
Districts: Slave Lake § 17, Wanham # 19, Woking # 20, Worsley § 21 and
Grimshaw # 22. It covers most of the four National Topographic Series (NTS)
1:250,000 scale maps in NT3 ncn_onpt MN® and "MY, an area of 21,000 square

miles.

The TUL prospects are west of the Town. of Peace River; along the river and
on the Lowlands; north of the Town of Fairview, in the Whitemud Hills and in
the Clear Hills. -

" The lands west of the Town of Peace River are transected by the Peace River

and contain four touwnships. These lands are accessible from the lowlands
terrace accross privately owned lands. These Peace River Lowlands are
largely farmlands and and ranchlands situated at an elevation of around 2100
feet ASL. They slope toward the steep walled valley of the Peace River -
some 1000 feet below and are cut by several tributary streams.

" The lands -in the river valley itself are important from a'geological and

exploration point. of view. The river valley lands are accessible by
jet-boat sixty miles west of Peace River. The valley walls are steep,
slumped and block slumped. These exposures and outcrops make it possible to
do an effective soil and rock sampling program. In this westerly area, the
river has eroded through the Cretaceous - Kaskapau, Dunvegan and into the
Cretaceous Upper Shaftsbury Formation. Further to the east, north of Peace -
River, it has eroded below the Shaftsbury Fish Scales Marker.
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Stream channel development and morpholdgy.are important to the TUL project.

The development and location of the Peace River channel reveals facts about
the underlaying structure and tectonics. River gradient and flow data aids
us in designing and timing exploration programs. River sediment sampling is
one our best exploration methods. Channel form and morphology; island, sand
bar and point bar sampling; discharge data and fluctuations; and timing of
fieldwork, according to periods of least flow, are important in terms of
access to the best data.

Most of the TUL lands are in the Clear Hills and Whitemud Hills, or on their
side slopes. These hills are a part of a physiographic region knouwn as the
Clear Hills Uplands. Elevations reach three thousand, five hundred feet in
the Clear Hills summits and plateaus. The UWhitemud Hills reach two
thousand, seven hundred feet. - There is over a thousand feet of relief
between some of these hills and the Peace River Lowlands terrace and over
twenty-five hundred . fegt from the Peace River Valley bottom at ODOunvegan

Bridge.

The Clear Hills are well treed and are presently being logged by a number of
companies. The entire area has been explored at one time or another by oil
and gas companies using siesmic. Grids of cut-lines are common. Many areas
have been explored for oil and gas and remanents of roads exist in many

parts of the hills. i

There are three Alberta forestry fire towers in the Clear Hills. There is
one fire tower in the Whitemud Hills. These towers have access routes which
provide reasonable four wheel drive road access to most of the TUL lands.

Some areas have been developed as oil and gas fields. These areas have well
developed o0il and gas field wellsite roads held under Licences of
‘Occupation. There is at least one compressor station and connecting
gathering system existing in the Clear/Whitemud Hills. Use of existing
roads and negotiation for the use of these roads is a priority in our

exploration program.

Generally, the TUL lands are accessible under most conditions. That is, you
can drive to them; however, much of the field work has to be done by walking
or using low pressure tired all terrain-type vehicles.



GEOCOETIC TABLE OF AVERAGE SLOPES
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2.1 Physiography

The physiographic region known as the Clear Hills Uplands has a severe
climate, 350 to 450 mm of annual precipitation and fewer than eighty frost
free days per year. Most of the precipitation probably occurs during the
spring and early summer. This is a problem for access where there are
benonitic sandstones, shales and clays. The area is covered with Grey
Wooded soils interspersed with wetlands; peatlands, bogs and muskegs.

The physiographic region known as the Peace River Lowlands also has a severe
climate and 400 mm of annual precipitation. Since these lands are flatter,
access is less of a mobility problem. However,time and money is required to
obtain access, because most of the area is patented land. There is farming
and ranching on these, the Dark Grey soils and the Dark Grey Wooded soils.

2.2 Environmental Concerns

There are environmental concerns for some of the lands that make up our
permits. Our discussions with Alberta Forestry and Alberta Environment
have encouraged us in that these departments have been most accomodating;
since it is in eveyone's interest to explore and creat jobs; however, proper
permitting and responsible field practices are required. An exploration
permit is required by a company and a form of program plan must be submitted
to Alberta Energy. UWe bhave extensive experience in doing this and
understand the specific concerns and requirements of Alberta Culture
(archaeology), Environment, Lands and Forests, Wildlife, Fisheries, etc.

2.3 History'

Exploration of the Clears Hills dates back to the early part of this century
and has been uwritten about in a report by the Alberta Research Council.
Attention first came to the Clears Hills when prospectors observed outcrops
of ironstone and oolitic iron in ten to twenty foot thick beds exposed in
the Clear Hills and Whitemud Hills. Claims were staked for minerals early
on, but the potential of these iron beds was not recognized for some time.
The heavy mineral exploration centered around the Clear Hills Iron Deposits
and culminated in Alberta Research Council studies, core hole drilling,
volumetric estimations and economic evaluations during the Seventies. These
iron deposits are knmown world-class iron deposits and compare in size with
the Allsace-Lorraine deposits of north eastern France and Germany. There is
at least 1.5 billion tons of 37% iron in this region. This area would
probably be under development through the Western Diversification Program if
it were not for the present recession and an abundance of iron in eastern
North America. ‘
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PART ONE: GEOLOGY, COMPOSITION, AND RESOURCES
Location and Access

The Peace River iron formation is located in the Clear Hills district of
northwestern Alberta, about 300 air miles northwest of Edmonton (Fig. 1).
The southern margin.of the deposits is about 35 miles from.a spur line of
the Northern Alberta Railway which extends from the town of Peace River to
Hines Creek. These deposits are within 5 to'ZO miles of an all-weather
gravelled road which extends northwestward from Hines Creek along the

southern margin of the Clear Hills to Fort St. John, British Columbia.

A small-scale map showing the precise location of assessed areas is given
in figure 2.

Geology and Terrain

The Clear Hills form a gently sloping upland which extends between the Peace
River on the south and east and the British Columbia border on the west. The
hills rise gradually from the surrounding wooded plains, and attain a maximum
elevation of about 3,600 feet near their southWéstern margin. _Local relief
is in the order of 1000 feet along the southern margin of the hills; to the
north and east the hills slope gradually into the wide glaciated valleys of
the Notikewin and Whitemud Rivers and their tributaries (Fig. 2).

The Clear Hills region is underlain”by nearly flat-lying sandstone and shale
formations of Cretaceous age, covered in most places by unconsolidated glacial
deposits of variable thickness (Kidd, 1959; Green and Mellon, 1962). Bedrock
exposures are scarce and discontinuous, being confined to some of the small
streams which form a radial drainage pattern about the hills. The upper
surface of the hllls, beneath the glacial deposits, is capped by the Upper
Cretaceous Wapliti Formation, which consists of sandstone and shale with thin
coal (lignite) and bentonite interbeds. The iron bed is intercalated among

dark grey marine shales of the Smoky Group which underlie the lower slopes of

the hills. and the surrounding lowlands (Fig. 3).
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FIGURE 3. Schematic cross section through the Clear Hills showing the
. stratigraphic postttan of the ooZtttc iron formatiom.

The iron formation consists of dark brown to black oolitic sandstone with

vthln lenses and |nterbeds of hard sideritic (FeCO ) "ironstone' and greenish

grey mudstone. Near the outcrop margin the sandstone has been oxidized to
form a soft, compact, reddish brown aggregate with harder carbonate-cemented
lenses.  Where present, the formation ranges in thickness up to 30 feet and
forms a series of northwes;-trending sandstone bodies which are exposed

in places along the flanks of the hills atdelevations between 2500 and

2700 feet. The mineable deposits are restricted to those areas near the
outcrop margin where overburden is thinnest. The thickest and.most widespread
deposftS'under]ie the northeast slopes of the hills, and thinner less ex-
tensive deposits have been found along the southern slopes north of Worsley
(Fig. 2).

Scattered showings of oolitic sandstone also have been found in the northern,
less accessible part of the Clear Hills, but these have not been explored in
detail (Green and Mellon, 1962).

Composition

The Peace River iron deposit is an oolitic sandstone grossly comparable

in mineral composition and texture to certein sedimentary iron formetions
in other parts of the world;' The sandstone consists of densely packed
oolites 0.5 to 1 mm in diameter, large nodular rock fragments, end angular

quartz grains in a finely crystalline "matrix" composed of hydrated silica



(opal), siderite (iron carbonate), and ''clay" (Mellon, 1962).

The oolite
content (and hence the iron content)

is highest in the uppér part of the
bed, decreasing progressively towards the base of the sandstone which grades
into underlying dark grey shale.

The major iron-bearing minerals are goethite (Fe203'H20) and siderite

(FeC03); small amounts of pyrite (FeSz) and glauconite (Fe silicate) are

found in some samples. Silica (Sioz) is present as discrete quartz grains

and as an amorphous opaline substance which forms part of the intergranular
"matrix''. This opaline substance (or ''cement'!)

is also a constituent of the
iron-bearing oolites,

having been co-deposited with goethite to form the
outer concentric shells of the ocolites (Plates | and 2). .
Chemical analyses shqw that the various deposits are relatively uniform in
average composition (Table 1).
data are:

(1) Total iron (Fe) content averages between 32 and 36 percent.

The Worsley deposits contain lower iron contents than the

thicker deposits to the northeast (Swift Creek, Whitemud
River, see Fig. 2). :

(2) The silica content is relatively high, and the alumina content

is correspondingly low.

(3) The phosphorus content |s higher than desirable for a conven-

tional iron ore. However, the sulfur ¢ontent appears to be
consistently low.

(4) The lime (Ca0) content of the Swift Creek deposit is lower than

that of the Worsley deposits. This hay be caused by partial

oxidation of the Worsley deposits in which siderite (FeCOB)

has reacted with groundwater solutions to form goethite
(FeZOB-HZO) and calcite (CaC03);

(5) The water content is unusually high due to abundant opaline

Yeem ", '
cement <

The salient features revealed by the analytical
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Table 1. Succession of Strata in the Clear Hills Area,
(from Green and Mellon, 1962).

ROCK UNIT T"'%SESS LI THOLOGY
soft, whitish sandstone;
. . _ grey, blocky, carbonaceous
Wapiti Formation 0-120 shale; thin coal seams
(continental)
. - dark grey, fissile shale
Puskwaskau Formation 90-180 (marine)
*. *
Probably Glauconit? : ..
: . green, ferruginous, oolitic
e Bad Heart Sandstone 0-9 sandstone and mudstone
0 (marine
S Some Bentopites _ grop volcalic ash
5
e upper member 45-125 dark grey, fissile shale
v PP (marine)
Kaskapau :
Formation whitish sandstone; grey,
lower member 12-47 sandy shale; oolltic siderite
(marine)
soft, grey sandstone wlth
' _ calc. concretions; grey,
Dunvegan Formation 150-235 silty, carbonaceous shale
(deltaic) .
grey, silty shale; thin,
upper member 90-170 laminated siltstone
Shaftesbury (marine)
Formathn black, fissile shale;
. lower member 180-320 numerous flish scales

(marine)

* There also

some interesting Titanium values.

e

Nl S 0.
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 GEOLOGY

4.0 Geology of the Peace River Arch

The TUL Peace River Arch play was initially founded on the simpie principle;
"Stake close to someone who knows what they are doing."

Since Monopros has spent an estimated 6.5 million. dollars exploring their

" sixty-nine townships, or $4.50 per acre on 1,407,000 acres, we assume that

they put a high value on the Peace River properties. Since Diamet has
substantial acreage in the N.W.T. and have discovered a world class diamond
pipe, we assume that they -also feel that the play has good potential.

'NONDPRDS/DeBEERS has 16 Townéhigg close to the east boundary of the TUL

acreage. They also have fifty-three Townships on trend to the southeast of
the TUL lands. DIAMET has twenty-nine towunships on the same sub-craton, but
sixty miles south of the TUL lands. : s

(Note Permits Map # 26 and # 17 respectively)

The Peace River Arch is a significant anticlinal structure. This structure

is granitic. The granites have large crystals due to slow cooling. These

granites cooled below the surface of the earth or the sea floor. The granites
are resistive and brittle. The Peace River Arch is made up of an assembleage

of cratonic Precambrain granites, - which rose above sea level at the

beginning of the Devonian Period,. four hundred million years agqo.

Arching of the anticline has resulted in fracturing. The material that

protected these basement rocks from quick cooling has been eroded away and

the remaining Precambrian Granites remain as an ancient erosional surface.

(See Cross-Section of the Peace River Arch Anticliné)

The present surface of the Precambrian Peace River Arch now lies,on average,
about seven thousand feet below the surface in the Peace River area.
The Precamrian erosional surface rises in elevation, gently in most areas,

_toward the north and east, at a rate of about SO feet per mile, but in the

Peace River Area, two regions associated with the arch, have a "busy" uneven
surface. This could be do to erosional” features, fracturing and
displacement, vertical movements such as collapses and/or intrusions.

The material covering the arch is made up of a succession of sediments known
as the Phanerzoic (visible life). These are comprised of limestones and
dolomites, mudstones and shales. These sediments have been layed down as a
result of deposition, rising sea levels; and in response to the
collapse of the anticline and further down-warping.of the arch under the
weight of the phanerzoic. Some of the Phanerzoic sediments are reefal,
shallow sea deposition, lagoonal, deltaic, etc.

(See - Stratigraphy - Peace River Arch Region)
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Stratigraphy : | History (Cani, 1908)
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Fig. 2. Table of formations of the Peace River region, with
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About 2,500 oil and gas explorétion holég‘égd some core holes and research
holes have been drilled in the Peace River Arch area.

(See Drill Core Dataxmap) -

About one hundred of these holes were drilled to ‘the Precambrian. The
Structure contour map of the Precambrian is an isopach map showing the
present topography of the Precambrian surface. Whether the topography of
this surface is the result of erosion or warping or both is unknown.

(See Structure - Contour Map - Precambrian Surface)

This map area includes 169 townships. A cross-section of this area from
north-east to south-west, through a number of exploration holes, shows the
present Precambrian surface to be topographically; a hill, a terrace and a

gentle slope.

The difference in elevation between the summit of the topographical high on
the Precambrian surface and the relatively level terrace area to the west is
in the order of 1000 feet. .

The differenée in elevation between the terrace and the bottom of the south
west slope is in the order of 3000 feet.
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BASEMENT FEATURES

Further exploration and more accurate deliniation of the surface reveals a
number of anomalous localized topographic structures. Often these
structures seem to protrude from the Precambrian surface up to three hundred
feet, about the height of the Calgary Tower. They might look like fence
posts protruding from the basement.

FAULTING
Exploration has established a number of deep basement faults in the region.

One main central fault runs from southwest to- north east, discontinues or
transforms, continues and the curves to the north. Seven thousand feet
above, on the surface, the Peace River turns abruptly to the south at the
point of transformation. There is a degree of surficial expression of the
basement.

The central main fault is significant. The difference in elevation between
topographic high side slope, perhaps the footwall, and the topogrphically
lower side, perhaps the hanging wall, ‘is 300 to 700 feet.

GRABENS

There are complexes of grabens, possible intrusions and areas of subsidence
curving around the north part of the anticline.

The Hines Creek Graben bottoms at about -1600 meters, 1500 feet below the
summit, about the same elevation as the main fault hanging wall. The Graben
is flanked by NE/SW trending faults believed to propagate from deep basement
to at least the Taylor Flats Formation and possibly above the Belloy
Formation; Dolomites, Sandstones and Cherts; and these flanking faults are,
according to Barklay et al, arcuate in their propagation from the basement.

The -1600 meter plateau southwest of the Hines Creek Graben sits around 700
feet above the base of the graben and seems to have resisted collapse, which
seems unusual, since it sits between the massive Fort St. John Graben and
the feeder or minor Hines Greek Graben.
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REGIONAL COLLAPSE

Studies show that parts of the arch and a region to the south west began to
collapse near the end of the Devonian.

A series of parallel faults indicate that this collapse, presently called
the Ft.St. John Graben and the Dawson Creek Graben, center in an area one
hundred miles to the southwest. Depths of collapse reach nearly a kilometer,

Collapse continued for a hundred million years and is evidenced into the
Belloy Formation and to the base of the Triassic. This collapse extends in a
minor way into the Peace River area in the form of the Hines Creek, Whitelaw
and Cindy satelite or minor grabens. These faults originate in the basement
and propagate in an arcurate or curvalinear way to near surface.

Other systems of faults and other successions of faults extend to various
depths through the Phanerzoic as well.  The region is highly fractured.

Granite is understood to be hard and brittle. This basement rock has
fractured as a result of uplift and collapse. Some of the faults can be
dated by plotting their extension into various horizontal Phanerzoic
sediments of known dates.

It is possible. to associate the anomalous features evident on the basement
with faults which propagate from the basement and through the Phanerzoic.
They may be intrusions. ‘
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Fig. 9. Sketch of Carboniferous-Permian Dawson Creek Grabe
Complex. Golata, Kiskatinaw, Taylor Flat, and Belloy formations sucy
cessively filled the graben complex as it developed. The reconstruction
shows arcuate shape, wedge-like westward deepening, and interné'_
and satellite grabens and horsts. Sketch is based on cross-sections;-

and on isopach and structure maps. 1
Lithology and Internal Stratification | |

Three mappable, lithological subdivisions of the Golat
Formation can be made and are identified as G1, G2, and G

(Figs. 8; 12). ) i
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4.1 Plate Tectonics
The origin of the Basement rocks and the behavior of the Peace River Arch is
associated with continental drift and plate tectonics.

Reconstructing the history of the continments with plate tectonics is complex,
but we know that the continents are made up of stable blocks or cratons. The
ancient stable cratons are the Archeons.

Continental stable cratons move in responsé to subcrusf.al currents. They

also move from areas of crustal creation or sea floor speading toward areas -

of crustal subduction and remelt.

North America is made up partly of the North American Craton. This craton

~ has possibly travelled from the present location of Tasmania to its' present

position over the last billion years or so.

Kromer's schematic on the next page gives an illustration of some of the
dynamics involved in crustal formation, magmatic currents, uplift and
collapse. In effect, this schematic exemplifies some of the dynamics of the
Peace River Arch. :

Uplift of the Peace River area Precambrian basement, over a long period of
time, is associated with it's movement accross the globe, as a part of the
North American Craton and it's assembleage of sub-cratons.

(See simplified illustration of continental driff.)

Intrusions which may host diamonds are connected with stable platforms like
the North American Craton. They seem to be associated with the type of
mantle that preserves subcrustal diamond formation. These are the eclogites
and the pqridotites. The area of preservation is the diamond stability field.

Once formed and preserved, crustal anticlines such as the Peace River Arch
provide the driving force; crustal movement, subduction, crustal heating;
and the opportunity; faults, rifts and collapse systems like grabens, for
explosive emplacement of diamondiferous minerals such as kimberlites and

lamproites.

L3
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4.2 Craton Assembleage

The North American Craton is a stable platform which is made up of a number
of sub-cratons. : ’

(see North American Craton)

The Theriault and Ross schematic shows the sub-cratons as being underlain by
archeon domains. The black verticle lines represent suture zones where sub-

cratons have collided er joined.
(see schematic tectonic model from Theriault and Ross, 1990.)

The sub-cratons in the Peace River Arch are (east to west) the Buffalo Head,
the Chinchaga and the Ksituan. These have been dated as to formation at
around 2.0, 1.9, 1.8 billion years (Ga.) respectively.

(see Domains, Arcs, Terranes from the Alberta Lithoprobe Study.)
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4.3 TERRANES

The point of this paper is to ascertain whether there are diamonds in the
Peace River Region, and if so, then where are the best places to look. Does
TUL have properties with good prospects and where on those prospective lands
are the best targets?

The GSC Terrane Map of the Canadian Cordillera shows the history of the
accretion of land masses from the west colliding with North American Craton.

(see G.S5.C. Terrane Map of the Canadian Cordillera)

Myhere Terranes Collide" tells the story of the dynamics and the timing for
Western Canadian accretion of terranes and substantiates the proposition
that the Peace River Region cratonic blocks have been pressured by a series
of west southwesterly collisions.

- According to Yorath, the Cassiar Terrane collided with the North American

Craton, the North American Interior 160 million years ago, near the end of
. the Jurassic. A crustal failure may have occurred in the Peace River Arch at
that time. In terms of Arch history, this would be at the end of the post
Devonian Collapse. Regardless, there is reason to believe that a rift or
failed rift occured on or near part of the Peace River Arch. This indicates
that the North American Craton is a stable craton, but that collisional
and thermal forces have fractured the Peace River Arch. If a diamond
stability field exists, under the Baffalo Head Sub-craton, then there have
been opportunities for diamond emplacement in the way of fractures and
instabilities.

If there are diamonds in the Peace River Region and there have been
opportunities for diamond emplacement, then in order to estimate the depth
to target exploration, we need to date the events responsible for diamond
emplacement. Dating events directs our search to- particular lithologic
horizons and or sedimentary layers of known dates.

Our estimation for the dates of diamond emplacement in the Peace River Region

are given later in this report.
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4.4 LITHOPROBE STUDIES

The Alberta Basement Transects Study Group conducts ongoing crustal research
and continues to published their findings, based partly on deep penetrating
siesmic and magnetic surveys.

The Lithoprobe has identified and dated the subcratons of Northwest Alberta
and describes the relative motion of subcratons that underlay Peace River.

(See Domains,Magmatic Arcs, Magmatic Lous, Accreted Terranes map of Alberta)

There was a point in time at which the early earth's crust reached a
critical bouyancy state. Continental building blocks became fairly mobile.
This is thought to have occurred about one billion years ago.

According to plate tectonics and continental drift, the North American
Craton moved thousands of miles in a northwesterly direction from the
central latitudes during the Devonian (400 million B.P.) to the northern
latitudes by the end of the Cretaceous. (65 million B.P.)

The three sub-cratons underlaying the area west of Peace River moved in an
easterly direction and were accreted to the North American Craton, colliding
with the Buffalo Head Sub-craton. .

The Buffalo Head is an accreted sub-craton which is comparitively magnetic.
The Chinchaga is an accreted sub-craton which is not very magnetic. The

Ksituan is a magmatic arc, which is the next accretion to the North American -

Craton, and is relatively magnetic.

The Suture Zones, where it is believed that the three Peace River
sub-cratons meet, are shown on the Precambrian Structure Contour Map and on
the Craton Assembleage Map.

We look at the suture zones as areas of crustal weakness, especially where
they are cross-cut by knoun deep basement faults. The suture zones are the
regions we examine to determine whether there is reason to believe that one
sub-craton is subducted by another.

Craton subductions may be likely places for intrusions, but they may not be
the opportunity for intrusions,which provide the thermal protection required
to allow diamonds to reach the surface without being destroyed.

r
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4.5 SUB-CRATON DYNAMICS

The Buffalo Head Sub-craton is a logical place to look for ‘diamonds. There
are a number of sub-regions on the Buffalo Head that meet our criteria for
being places where faulting, cross-faulting and magnetics indicate there may
be intrusions; intursions that host diamonds.

The Buffalo Head Sub-craton has characterisics in common with the Slave Sub-
craton in the Northwest Territories. The Slave is a stable craton probably
has undergone a turning moment imparted to it by collision with other sub-
cratons. The Slave is fractured by deep basement faults. The Slave Craton
holds one of the world's richest diamond kimberlite pipes, near La Des Gras.

The Bauffalo Head Sub-craton seems to have been halted in it's northwest
drift, partly by collision with northeasterly travelling sub-cratons, which
were accreted. .

Our contour map showing the Precambrian erosional surface shows a series of
faults and horsts and grabens. The faults are thought to be fractures and
fracture systems which occurred at various times when the arch was active.

Horsts occur when a rock unit rises above the surrounding rock, as between a
pair of faults. Grabens can occur when a unit or units of rock fall or
collapse relative to surrounding rock, as a unit vertically falls, sided by
two parallel faults.

The main deep basement fault that runs northeast, transforms, and continues
to run northeast accross our Structure Contour Map has be named by ourselves,
the "The Montagenuse Fault." This fault exhibits a posative curve in Town-
ship 88, Range 3, WEM.

There seems to historic-dynamic evidence that the Buffalo Head-Chinchaga
-Ksituan assemblege has undergone a turning moment. As a pattern, there is
evidence from the Precambrian Structure Map that the assemblege has under-
gone a turning moment. )

There are known kimberlite intrusives along a northeast-southwest linament
south of the Town of Peace River. Monopros has drilled their lands on and
parallelling this linament. Our problem is to determine whether there are
similar targets for kimberlite intrusives on trend but further north, along
the Buffalo Head-Chinchaga-Ksituan assemblege. Is it like the Slave?

From a deep basement faulting and a cross-cut faulting point of view and
from a dynamic point of view, TUL has targets where kimberlite (or
lamproite) pipes may have intruded.

Gl N EE e
- EaE S e - s .

G - A AR &N GE &N =R e

i

il G



- . - ; ceree . . ' Coa
- Ceen [P " oo
— - -_ - -..-_.... - ...--,‘.... ---....4- . --'- . "-' ‘ - - - - -
- -

=V i
il :

® 4 / /
x’!lg o I . :!!gti ;5!2? [{ ./
159 ’\/ .!i“ aifi® [~

4 o T

00 '%gii? % ‘ 3. iiir ] / /
ot L ) H

CHINCHAGA [ " Qi |
i ey

‘KSITUAN

SHOTHVYNAQ NOILVYD-49nS

T I\

Taltson Arc (2.0 - 1.9 Ga) RImbey High (1.85 - 1.78 Ga)

Early Proterozolc (>2.0 Ga) Lacombe Domaln (<2.2 Ga)
d/ﬁ,\ - ) : :
| ) Archean (2.6 - 3.4 Ga) Thorsby Low (2.3 - 1.9 Ga)

ég/



SUB-CRATON DYNAMICS

—_—
5
:
s

"
L —— T s

1 r—

\ | RN

CHINCHAGA \ $

(3
[~
Y v Y T v v




i

- . . Lo IRTRN
.. g - . - AN - - -...". -
.

¥

-n

.

. crae R v - - s -
.- - "- - ‘.- - - ‘- .—.-’ -

4.6 CHINCHAGA SUBDUCTION

The shape of the eastern edge of the Chinchaga sub-craton, as it fits into
the cratonic assemblage, leads us to conclusions about the dynamics of the
Peace River Arch and possible subduction of the Chinchaga.

The Chinchaga is magnetically low. It appears to be pinched out to the

south. There is coincidence between suture zones and the faulting systems.
It is reasonable to conclude that craton movement in a north-uwesterly
direction meeting and accreting sub-cratons moving in an easterly direction
resulted in major fracturing, some subduction of one or more of the
sub-cratons and probably a hinge/turning moment being induced for a period
of time into the structure, as (see residual pressure map) evidenced by the
transform fault through the deep basement and the curvalinear aspect to the
north-east part of this same fault. All of this acitivity; accretion,
turning, arching and fracturing has resulted in identifiable minor grabens
and graben complexes, horsts and suites of faults which set conditions for
intursions of magma into the area. (See structure and Contour Map)

There is also some correlation between the orientation of basement features;
the topographic highs and lows; which appear as a linament in Townships
87,88 and 839, Ranges 7,8,8, WM and are parallel to the major fault accross
the map area.

Horsts,grabens,faulting and alteration; and perhaps subduction; as evidenced
in the isopach map; as well as the arching history of the Peace River
anticline,suggest a lot of movement and many opportunities for kimberlite or
lamproite intrusions. MFaulting is the opportunity and dyanamics are the
driving force for emplacement."

The Suture Zones, where it is believed the three Peace River area
sub-cratons meet, are shown on Precambrian Structure Contour map and on the

. craton assembleage maps.

The Ksituan sub-craton is a.magmatic arc. It covers a large region in the
south. The Ksituan is probably less dense than the Buffalo Head. Granitic
Gneiss is found in well cores in the west. The large south region seems to -
have collapsed from the end of the Devonian to the beginning of the Triassic.

An area which resists disblacement; erosion or subduction; underlies
Townships 84, 85 and 86, Range 6, WBM. There are embayments to the Ksituan
to the north and south,

This areal protrusion in the Ksituan, coincident with three magnetic highs,
is anomalous and nothing like it appears on any of the other suture zones in
Alberta. The only outlier similar, but opposite, is that on the Buffalo
Head, fifteen miles to the east. Together, the Ksituan and the Buffalo Head
appear to squeeze the Chinchaga; the Chinchaga likely being subducted, and
Montagenuse Fault, a major beep basement fault, transects both. The magnetic
anomalies probably represent intrusives. On the Buffalo Head side, core data
reveals Felsic Volcanic basement rock which indicates that volcanism occured
there at some time. :



Table 2. Sumy/depth gradients calculated for 7 areas in the Peace River Arch region

in each area. The locations of areas 1 to 7 are indicated on Figure 4.

. Also

shown are estimated Symn magnitudes at 2 km c}epth'

Gradient assuming Possible gradient in kPa/m SHmin In Mpa
SHmin = 0 at surface i Spmin > 0 at surface + at2km -
Area in kPa/m (no. of measurements) (SHmin 8t surface in MPa) (Standard devlati
1) T.77-84, R.10-18W6 190 (4) 13.8 (7.0) 34.8-38.0 (4.8)
2) T.68-71, R.09-13W6 167  (16) —_ 334 (34) =
3) T.58-67, R.04-08W6 17.0-25.0 (14) 17.0 (8.0) | 42.0-44.0 (7.1) ;
4) T.62-63, R.19-26W5 149  (4) - 298 (1.5 W
5) 1.91-97, R.06-10W5 ?15.9 or less (4) - 300 (7.0
6) T.78-81, R.03-08W5 _ 17.0 4) - 340 (26) .
7y T.71-72, R.03-08W5S 15.4 (10) -— 308 (2.0 l
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4.7 THE PEACE RIVER ARCH ANTICLINE

~The map on the next page shows the western Canadian Craton and Archean Sub-
Cratons.

The Peace River Arch straddles the Ksituan Magmatic Arc, the subducted
Chinchaga sub-craton and the archean Buffalo Head Sub-craton.

The dividing lines between the sub-cratons are the suture zones; zones of
crustal weakness. ,

Diamonds have been discovered at Yamba Lake and at Lac Des Arch; three

hundred and two hundred miles north of Yellowknife, N.W.T., respectively. .

These are some of the world's richest diamond pipes. They lie within the
Slave archean sub-craton, along the faulting system shown on the map. The
Slave Sub-Craton appears to have undergone a turning motion - like the
Buffalo Head Sub-Craton and the Peace River Arch region.

The Buffalo Head has a number of north/south fractures or sub-sutures not
displayed on the map. The TUL lands strattle the Peace River Arch and the
three underlaying sub-cratons and are situated on and around the most
significant northeast/southuest trending fault in the region.

Monopros'. diamond play is similar in that they have a regionally weak -

section - of the Precambrian basement. They have additional
northuwest/southeast intersecting faults, as do the TUL lands.

There is a comparison to. be made between the Slave Sub-craton pipes and
Peace River geology. :

Lithoprobe, Alberta Basement Transects has done recent work and is presently
planning a program to study the Peace River Area basement. To date, their
studies have been helpfull in allowing us to speculate about the subduction
of the Chinchaga and model it.

The Ksituan/Chinchaga suture zone and the subduction of the Chinchaga are
important pieces to a puzzle that explains the existence of three magnetic
anomalies on the TUL lands near the Ksituan Embayment.
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been a pomt of detachment and underthrusting of mantle lithosphere. Alternatively, the
ramp may only represent the transition from weaker to stronger lower crust (as discussed
in the next sectxon), or it may have been inherited from the rifted margin of western North

American. We need to know the provenance of the lower crust beneath the Intermontane

Terrane to distinguish among these possibilities.

Model 5: Lateral Change in C_rustal Properties

' Model 5 (Figure 11) shows how a lateral increase in the shear strength of the retroward
mid-crustal detachment pins the toe of the model 2 (Figure 4) low angle critical wedge.
Deformation is transferred to a new step-up shear zone which roots on the detachment .
at the point where the strength increases. Pinning reduces the velocities in the external
retrowedge and increases the rate of shear thickening as the wedge builds between the pin
point and the basal singularity. |

Similar step-up shears zones will form wherever detachments are pinned and.they
result in the same transfer of deformation &oni one crustal level to another as the

singularity driven step-up shear zones. It is not easy to distinguish which process is

_responsible for a given shear zone. In simple cases the mechanics of stress transfer requires

the topography to be asymmetric above a velocity singularity because the sense of shear
reverses at the singularity. For crust pushed against a pinned rame' or barrier the a.v-erage
topogxl'a.ph.i-c slope must be up throughout the distance from the pinning point td the
source of the push because the sense of shear remains the same. Topography is not always
diagnostic, however. For example, the thrust deformation on the Alpine fault in New
Zealand may be pinned by Indo-Australian plate crust that is stronger than Pacific plate

crust (Beaumont et al., 1992). The Grenville Front and Monashee ramp may also have

been pinned.
Model 6: Compression of a Multilayer Crust
and the Response to Erosion

Model 6 (Flgure 12) shows four stages of the growth when the model crust has three
layers. The upper 20km a.nd underlying 15km have labora.tory based wet quartz and wet

14
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Figure 5: Model 3. Logio (De\natonc strain rate) (grey tones, see scale bar) an'

instantaneous velocity distribution with respect to the velocity smgula.nty (hnel-
Model materials, temperature and growth are the same as model 2 (Figure 4) but

properties.

basal boundary condition has been modified proward of the singularity to force p
of the lower layer to detach and underthrust as though attached to the underlyic i

substrate. This process corresponds to subduction of the lower crust. Note t

the velocity singularity is in the interior of the model and that the shear planes a 5

similar to those of the prototype. The weak mid-crustal detachment again resu.lts'

the exterior low taper angle wedges but no lower crust is uplifted to upper crust

levels. : .x '

Figure 6: Model 4. Logio (Deviatoric strain rate) (grey tones, see scale bar)
instantaneous velocity distribution with respect to the velocity singularity (hn
Model boundary conditions, growth and materials are the same as model 3 (Fi
5) but the temperature at the mid crust has been lowered to increase the si'
strength of the mid-crustal detachment so that it is not significantly weaker than
basal detachment. Step-up shear zones above the mid-crustal singularity are now-

smaller scale version of those of model 1 (Figure 3). ’ l

Figure T: Velocity distributions for models 2 and 3 with low strength mid-crus )
detachments. Note the significant difference between step-up’ and ‘step-dow:l:

the lower crust. I
Figure 8: Velocity distributions for models 1 and 4 with no significant mid-crustal Wi

sone. Note how the width of the plug wedge can be used to estimate the approxil"

depth to the singulanity when the model growth is small.

Figure 9: Crustal scale seismic reﬁectxon line drawings and mterpretatxou fror!
Grenville Province. a) and d) are GLIMPCE data (from Green et al., 1988).
panel shows the Grenville Front Tectonic Zone (GFTZ) and bottom panel shows we

is mterpreted by us to be the seismic character of the Superior Province crust ll

22
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4.8 THE PHANEROZOIC

The Early Phanerozoic is the succession of marine limestones, mudstones and
shales that lay over the Precambrian granitic basement. Discontinuities can
be seen in a cross-section of the Phanerozoic at the sub-craton suture zones.

0il and gas drilling has delineated many faults and faulting systems that
exist in the Phanerozoic in the Peace River Arch area. The business of the:
basement is not just erosinal topography,it is a result of massive movements

and, in some cases, probably intrusions.

For the TUL PEACE DIAMOND PROJECT, the location, shape, direction and
distance of propagation is important to our interpretation. These faults are
the conduits for kimberlite and lamproite emplacement.

Early Phanerozoic sediments responded to known movements of the Peace River
Arch. As the Precambrian land mass rose, granitic sediments eroded from the
land mass and were deposited as the Granite Wash. Reefs grew up around “the
continental Devonian Peace River Arch. Early Phanerozoic deposition
responded to the collapse of the arch in the southwest by filling developing
grabens with sediments. Therefore, the Phanerozic masks some of the
dynamics of the arch. Dated sedimentary layers make dating of faults
possible, as they propagate from basement through Phanerozoic layers.

We are also extrapolating information about known faults in the basement to
predict where we should look for faulting in the Phanerozoic and especially
the Cretaceous, where we expect to discover Late Cretaceous to early

Tertiary pipes.

OQur maps of faults and faulting systems has been found to be acci.xrate, ,
according to our observations, sitting oil and gas drill rigs, and according
to airphoto interpretation and field work.
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4.3 QUARTERNARY/PLEISTOCENE GEOLOGY

Most of Alberta is a glacial landscape. The northern third of the Province
has not been mapped in any detail, either by the provincial govermment or by
the federal government. : ' ‘

The surficial landscape of Alberta is made up of a series of till sheets and
glacial landforms overlaying eroded bedrock. E ’

Continental glaciers a thousand feet thick advanced from the Baffin Island
region and scoured the bedrocks mainly in a southeasterly direction. The
western margin of ice advance is thought to be a line from Pincher Creek to
Grande Prairie. : ‘ : .

Alpine glaciers advanced‘from the west and the Rocky Mountains as valley ice
trains. Between these two opposing ice advances there is thought to be an

. area called the ice free corridor. That is, there may have been a region

just east of the Rockies which was not greatly glaciated and may have been
clear of ice during much of the Pleistocene; at least a million years.

Glaciers moved méssive amounts of materials., They are driven by gravity. At
their base is a plastic zone that is impregnated with debris,which acts like
sandpaper to scour and gather more material. The shear weight of glacial ice

was responsible for much of the effect that glaciation had on the landscape.

 Northeastern Alberta has been eroded all the way' dowun to the lower

Phanerozoic at Fort McMurray and even to the Precambrian at Lake Athabasca.
Lake Athabasca now has an elevation of under a thousand feet.

2(

‘South western Alberta -has been eroded much less than the rest of the Province.

Late Cretaceous sandstones such as the Paskapoo remain. This. formation lays
at an elevation of over three thousand feet around Calgary.

Some upland areas of the province have hardly been glaciated at all. The
Porcupine Hills in the southwest, the Hand Hills near Hanna, the Cypress
Hills in the south and probably the ‘Clear Hills have been spared much
glacial erosion. They remain at a height of up to 3500 feet. The Wapiti
bedrock is late Cretaceous. : :

The western landscapes of Alberta, due to the modifying effect of
glaciation, are said to be much the same as they were preglacially, except
that the general topography is smoother, after levelling of higher landforms
and the filling of the louwer valley terrains.
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Many of the river valleys that now exist’ have been filled with glacial
materials and re-eroded in the same place. The Peace River District contains
several thalwegs, preglacial channels which were filled with material, but
were not re-eroded out and remain as hidden subsurface channels.

The glaciated regions of the Province, about ninety percent of the Province, -

exhibit numerous glacial landforms, characterized as third order relief
features: 1. kettle and moraine covered plateaus and peneplains; moraines,
kettles, eskers; hummocky moraine regionsj prairie mounds and crevasse
fillings; 2. string fens, fen and bog- plateaus; 3. ice thrust ridges;
4.drumlinesque, ice flow ridge and striated topographys 5. glaciofluvialj;
spillway coulees, outwash plains, kame terraces, glacial deltas and
lacustrine basins. And the river valleys which were filled with glacial
debris and which have not been re-eroded to form river and stream channels,

the thalwegs.

 The Quarternary geology of the Peace River District is important to the TUL

Joint. Venture fieldwork. Soil, stream and down-hole sample locations are
picked with history and landscape modification in mind. When a discovery of
a diamond or diamond indicators is made, we need to be able to relate that
sample to a proximal source. Following a glacial dispersal train is a big
job, but it paid off in the Lac De Gras, N.W.T. ‘diamondiferous kimberlite

discoveries.

For the Clear Hills, there is little published information available and no
high quality maps. A

For Peace River, there is work being carried out by the Alberta Research
Council. '

For the west Peace River Lowlands there is limited information available.

‘A lot more Quarternary work has to be done for the region and more
particularily for the TUL lands. Unfortunately, Quarternary work is time
consuming and expensive. We will limit our Quarternary mapping and
interpretation to LanSat and air photo work until more detailed mapping is
required. Our Quarternary work will probably begin with the investigation
of the numerous gravel pits scattered around the Peace River District.



4.10 SURFICIAL EXPRESSION OF UNDERLAYING STRUCTURE

Our geological mapping comes from a number of sources; £E.R.C.B. maps, G.S.C.
published reports and from work done by our consulting geologist.

Our maps show known faults delineated by oil and gas-arilling and suspected
faults taken from LandSat and air photo mosaics.

In diamond exploration, the geologist looks for faults, linear weaknesses in
the crust that can be conduits for diamond emplacement and for evidence of
intrusives themselves. ’

The cheapest and easiest way to identify targets for exploration is by doing
air photo interpretation. The second way to identify targets is to observe
faults and pipe features on the ground. If all goes well, diamond indicators
will be found at these locations and magnetic surveys will direct drilling
to diamond bearing host pipes.

We have been successful in confirming that the fault mapping at Highland
Park is accurate from experience sitting an oil drilling rig on that
property. ' - '

We have confirmed the "Montagenuse Fault" location and the transform region
to our own satisfaction,by surface observation in the field. We have studied
the massive Montagenuse Collapse at the transform location.

We have observed from LandSat, a number of pipe features on the Monopros and
Larken properties at Peace River.

We have plotted the Block 5 magnetic anomalies and we have observed by air-
plane and ground search that there are circular surficial features at
one location, Mag Target #2 and near a second location, Mag Target .

The Lone Star magnetic anomaly drew us to conduct three field trips to that
property. There are a mumber of surficial features that could be related to
intrusives.

There are also so many siesmic cut lines accross the prospect together with
two dry and abandoned oil drilling locations, that 0il companies have
obviously seen sturcture in that one square mile area. The knouwn faults
associated with the Lone Star Graben Complex can be seen as subtle valleys
and drainage linaments crossing the property. It is common knowledge among
sedimentary geologists that faults can be observed in the surficial patterns
of central northuwest Alberta.

Even deep basements faults can sometimes be seen in surficial patterns. The
evidence is stacking up to say that intrusive pipes exist, that they intrude
the sedimentary layers that are now bedrock at Peace River and that these
structures may be observable as surficial features veilled by glacial tills.
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= AIRBORNE MAGNETOMETER
o SURVEY (DETAIL B)

m——2 km <N)

FIGURE 2, HIGH RESOLUTION TOTAL FIELD MAGNETOMETER SURVEY
SENSOR HEIGHT - 60 METRES, LINE SPACING - 250 METRES

FROM REED AND SINCLAIR, THE SEARCH FOR KIMBERLITE 1IN THE JAMES i
LOWLANDS OF ONTARIO. THERE IS A MAJOR INCREASE IN THE RESOLUTION .
THRE MAGNETIC FIELD FROM FIGURE 1 (THE REGIONAL SURVEY), AND TH)

DETAIL SURVEY. THIS IS ACCOMPLISRED BOTH BY FLYING CLOSER TO
GROUND AND ESPECIALLY BY FLYING A SMALLER LINE SPACING. 1

AT LEAST 25 MAGNETIC BODIES RESIDING ABOVE BI\S.EH"E’NT, CAN BE SEEN It
TRI8 AREA OF ABOUT 150 SQUARE KILOMETRES.

295
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EXPLORATION

GEOPHYSICAL
8.1 AERD MAGNETIC SURVEYS

Aero magnetic surveys have met with success as an exploratlon tool for flnd-
ing kimberlite pipes. There are nUMerous reports and papers on the subject.

The Government of Canada Energy, Mines and Resources Aero Magnetic Maps are
usefull., . They have been flown at about 1,500 .feet AGL and are on a one
mile fllght line spacing. We have successfully used these aero mag maps 1n
plcklng areas for soil testing.

1

: At Highland Park, we‘recoyered'Clinopyrbxenes from rat-hole samples near.a
magnetic anomaly. : S .

At Lone Star, we recovered good garnet populatlons near our aero magnetic
target. ‘

At Nontagenuse - Block #5, we identified a surf1c1a1 feature which
corresponds to the locatlon of magnetlc target m-2. ' .

It is well known that aero magnetlc surveys can help to close in on targets
espec1ally if they are flow at low level and‘close spacing. - :

‘The cost .of a1rplane aero magnetlc surveys is between $ 9. 00 and $ 15.00 per
kllometer.

8.2 VERY LOW FREQUENCY

~VERY LOW FREQUENCY receiving equ1pment records data when VLF wave generators
“in the United States, used for submarlne navxgatlon, energlze an ore body in
the earth's crust.

The ULF receivers are of some use in identifying klmberlltes, but we have
' not tried this method at Peace River yet. »

8.3 GRAVITY SURVEYS

Grav1ty measuring devices gather data on the relative gavitational field of
a prospect. Gravity surveys are useful in searching for kimberlites, but we
have not tried it yet.
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8.4 GROUND MAGNETIC SURVEYS , S

Ground magnetic surveys are similar to aero magnetic surveys. Ground mag

equipment is more versitile and cheaper, than aero mag equipment and flying.
a survey. , .

We have lease/purchased a SCINTREX ENVI;MAG Magnetometer and Gradiometer.

Ground tests of this equipment at Lone Star confirm that it is versitile,
light and easy to operate, and is good for doing quick checks and tests of"

new ground to be explored.

With the Scintrex, we have field test provéh the Energy, Mines and Resources
Canada, Geophysical Series (Aeromagnetic)_maps for. Montagenuse and Lone Star.
They are reliable, but not very detailed.

Use of magnetic surVeyéﬂhéﬁeAprovenlto be.succeséfull in locating kimberlite
pipes. About half of kimberlite mineral emplacements are magnetic enough to
be located with this methodology. S :

Kimberlites are often iron rich. \UWeathering of the iron minerals are
probably responsible for the colour of the "Yellouw Ground" associated with
‘diamonds in South Africa. This strata is probably less magnetic. than the
unweathered strata below, the "Blue Ground," found deeper in the kimberlitic
diatreme. ' T

Lamproites are a different mineral, but are emplaced in a similar way to
kimberlites. Since their iron content is usually less than kimberlites and
their geometry is usually different, more dispered, aeromagentic work is
less usefull for finding lamproites. This: seems to be proving the case at
the Lower Montagenuse Prospect. =

The magnetic signature of a magnetometer reacting to a kimberlitic intrusion
should be like the "Bulls-eye" we see at Lone Star on a magnetic contour map.

(Note the Lone Star magnetic contour map)

The FORT A LA CORNE kimberlites are proving to be diamondiferous and do have
the "bulls-eye" signiture. ‘ ' :

(See FORT A LA CORNE magnetic contour map)

X
L



MAGNETIC SURVEY IN FORT A LA CORNE AREA
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8.5 SIESMIC SURVEYS

Saskatchewan Energy and Mines and the Saskatchewan Geological Survey Open
File Report 92-2 "Diamonds and Precious Gems of the Phanerzoic Basin,
.Saskatchewan: Preliminary Investigations by M.R. Gent describes an example
where siesmic, shot by oil companies exploring for oil and gas in Southern -
Saskatchewan, found the diatreme now known as the "Maple Creek Intrisive."

Note the cross-section of the sedimentary layers'frdm the Shaunavon to the .
Bearpaw on the next page. Also note the geometry of Belly River, Lea Park
and Milk River after uplift and collapse.

Siesmic surveys over this diatreme,show that it is. possible to see
intrusives with siesmic. :

‘Notice the evident uplifting of the reflectors in the left center of the
following page and the disturbed areas above on either side.

On the Lone Star Prospect, o0il companies have shot about twenty-five miles of
siesmic over eight square miles of land.  Two dry holes attest to ‘the fact
that they saw some kind of structure there, but they didn't find oil or gas.

Their objective was probably the Mississippian Debolt gas bearing formation,
which is mapped by the Alberta E.R.C.B. on the Structure Contour of the top
of the Paleozoic - Map Number Eleven.. : : :

Note on the next page, the Prospex plot of most of the siesmic lines
available over the TUL Joint Venture lands.

Some of theseisiesmic lines should be purchased by the TUL_Joint Venture and
reprocessed. If the surface features on the prospect do indicate diatremes,
then they may show on siesmic. '
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EXPLORATION

DATA STACKING

9.0 DOATA STACKING.

No one or two exploration methods consistently lead to the discovery of
diamond pipes. ' '

Finding diamond bearing pipes is a matter of mixing and matching data and

refining techniques.

Using overlays and light tables, TUL has stacked up the data succeszully;
TUL prospects have been "built up" as conceptual models, using data stacking
and from those, targets have been picked. .

Computer mapping has the potential to make the mixing and matching of data
easier statistically more analytical. :

9,1 OIL AND GAS DRILLING

0il and gas companies have drilled over twenty-five hundred holes on the
Peace River Arch. A hundred or so holes have gone to the Precambrian.

" The first layer of data is the kind of rock that makes up the Precambrian.

The second layer of data is the elevation of the surface of the Precambrian
erosional surface. :

Each and every formation shown of the formations téble can is mapped as to
the top of the formation and the thickness of the formation. There are
around forty designated formations from the Precambrian to the surface.

'"The Fish Scales Shale is one of the easily identified "Marker" formations
used to identify the beginning of an expected sequence on a drill rig.

Stratigraphy, lithology and elevations provide the information required to
correlate with other holes and creat a description about the history of that
time period when a particular formation was laid down.

27
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We have maps of the surface of the Precambrian,it's lithology,cratons,suture
zones, faulting, displacement and topography.

After drafting the Precambrian information at a 1:250,000 scale, we learned
what we could from this and began to map other formations and data at 1:230.

9.2 PHANEROZOIC OVER PRECAMBRIAN

Corelation of logs and published articles provided the data required to see
how far faults propagated- from one depth to surface. Air photos and Landsat
imagery confirmed that some faults propagated all the .way to surface.
Faults, verticle and horizontal displacements were studied until we could
see patterns of events. There are dated systems of faults and displacements.

9.3 AEROQ MAGNETIC MAPS

The aero magnetic maps show individuéls, groups and linaments of magnetic
highs on the Buffalo Head. The Chinchaga contains a series of subtle lous.
The Ksituan Magmatic Arc appears to boil with highs in contrast to deep lous.

From the aero magnetic maps, it is impossible for us to differentiate
between regional low responses and anomalous low responses Or regional highs
and target highs. We can't distinquish between basement anomalies or
intrusive pipe anomalies.

9.4 MAGNETICS OVER PRECAMBRIAN

When we laid the aero magnetics map over Precambrian geology, faulting and
suture zones, the coincidence was startling. Magnetic anomalies are related
to the edges of sub-cratons and to sutures. Some magnetic anomalies are
related to faults and graben complexes. Magnetic anomalies are not related
to topographic highs, that.look like intrusives on the basement.

9.5 FAULTING OVER TOPOGRAPHY

Paul Hawkins and Ass. Ltd. prepared a faulting map of the Peace River Region.

or
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Patterns of sub-cratonic sutures can be loosely associated with topographic
patterns, such as drainage. Faults which propagate to the upper Carbonates

affect topography. Rivers like the Peace and Smoky sometimes deviate around
or follow faults and linaments.

There are systems of northwest trending faults and systems of northeasf
trending faults. There tend to be mag highs and/or surf1c1a1 features where
a system of faults intersect with a suture zone.

9.6 MAGNETICS OVER TOPOGRAPHY

There is some correlation between magnetic highs and the location of rivers,
but we don't understand that association.

9.7 MAGNETICS OVER FAULTING OVER BASEMENT

¢

When aero magnetics is stacked over basement geology and faulting, the data
is confusing; but, where there is a deep basement weakness, particularily

“where a suite of faults interects, or butts against a suture zone, that is a
likely place for an intrusion and often a magnetic anomaly is identifiable

near that location, as if an intrusion started at the basement and followed
a fault toward the surface.

Based on all kinds of information known about the Peace River map area,
the above description qualifies about fourteen townships, which should have
intrusions. From my information, some of those targets have already
produced encouraging results for diamond exploration.

9.8 - SURFACE MOSAICS for STACKED DATA TARGETS

Where data stacking tells us that we should see suficial expression of an
event, often we do. UWe have targeted locations and then studied the air
photos. It is possible to see through a ve11 of glacial material and
identify possible intrusives.
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9.9 SOIL TESTING AND DIAMOND INDICATORS

We have taken about three thousand pounds of soil samples and processed
around one thousand pounds of material. We have tested soils on five
magnetic targets and one collapse feature. The targets that met our criteria
for intrusions most completely, returned the highest number of garnets.

Pyrope garnets and Chrome Diopside populations seem to be numerically
assocaited with surficial features suspected to be diatremes at Lone Star.

Pryrope garnets and Clinopyroxenes, which havé been classified by mlcroprobe
ananlysis as diamond indicators, seem to have dispersal trains and origins
- which indicate an eclogitic diamond source near Montagenuse.

Other diamond indicators in the field samples, like the illmenites, have not
yet been analysed.

' 9.10 SIESMIC DATA

One of our top prlorltles for next -season should be to acqu1re siesmic data
and stack it onto our present data.

9.11 CONCLUSION

The Lone Star Prospect is near the first drilling stage, based on data stack
-ing. We suspect that Lone Star contains one or more intrusions.

The Montagenuse Prospect has produced encouraging geochemical results, but '

we have not been able to determine where a diatreme exists.
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A CONCEPTUAL VIEW - AFTER DATA STACKING - OF THE PEACE RIVER DIATREMES
AS THEY MAY INTRUDE INTO TUL LANDS.
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APPEZDIX

Coler Photography

Color photogfapha of the outcrop end the aree and coler

photomicrographs of thir sections coatribute much to the descriptioa

of thig {ron "ore". It can be readily seen that color was practically

eseential in the descriptions cné black-end-vhite ghqtogréphs would
ba of Iittle value ‘except in visualizing texturo; end structure of
the material. The thickness of the oolitic thin scctioms prohitbited
the use of the Hicol pria'nin most cacee. . | .

Considerable tiwme end money were expended in preparation of
the color plétea but i.t 18 felt that the expenditure was necessary |
end rewarding. Th§ ifolloe.*itvx:.; inforsation 1o given ac aa aid to

enyone doing this type of work in the future.

Field photogrephy: jfbis particular aspect is the simplest of

the two projecte and the essentials exe a good catera end deylight

£ilm (color) to suit the indivicdual's purposc. The field célor
plates {n this thesié were procured using a ‘Ze!.sa-. csmtafle{ wee

35 wa. canera, with a built-in mosufe'_nieter. _"I’he film used was
Kodak Ectochrome daylight < A.S.A. Fo. 32. Thic film was used
mainly beceuse of past success, ecohcﬁ:y, end the fact that 1€ cen
be developed locally. The exposures used were governcd by the
light meter resdimgzs. The resulis are elmost elways geod. All
hand specimen photographs were taken using the ebove equipment

eod eveilable 1lighe.
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Color photoxiercgraphs: Thi}rls work wgs carried cut using the Geology
Departvent's ecuivment, which 18 described belew,
. l;iicroscopel - Leiﬁz polarizing, Model m;-z;. Ko. 502442
Eyepiece lens -~ 8 magnificaticas

Objective lens - low power 3. 2 - 10 dismeter
: ~ tediua pover 10.1 - 30 diameter
Attactments - lLeitz photomicrogzraph apparatua with behous
- o ex"encion (40 cm.)

- -Camera - Leitz Leica‘ 1 £., 35 mn., No. 682345

Yi.lte:' - White or light Llue in light scurce attachment
- oa nicroscape

Light - Full ecele light - pin poirt at light source in
s combinati lon with coavergent lens

- FPlln - Ansco -~ Super Anscochrome
hEL Tungsten 35 12, A.S.A, Wo. 100"~ 20 exposures

L1 Exposure time - Several test runs were made on time exposure
and tha best exposure times using the magnification
and light coenditions described gre as follous:

for low pover 10 digmeter 1 sec.
for medium power 30 Glameter 1/2 scc.

e Printa - All photogrephs were developed &s transoareacies
S and the better omes selected for printing. These
e 0 were printed and ealarged (6 dismeters) by Pix-a-Color

Ltd. of Edmonton. The results were good. Even though

it &8 still {mposaible to get exact color duplication

the resulting colors were very close to the originals,

considering that this wes a first attempt with this
very fast filnm,

I TX "R

tealvee

PR R P

PR RIS DR R PR

PUSRY 0



	MAR_19950002.pdf

