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Visual Ana’ysis of Samples:

The sarmpled roci was dense, Sarx blue/3rey with a mecium TO
ine zraln pattern, ccnsistent 1o the properties c¢i diabase

GCeneral Descr:ption of the Minerology: {(local)

The proper<y has a massive outcropping oI dizkbase witi
Zite and basaltic material. The overburden 1s ¥ Cacll:
with some loam from the decomposition of the hariwcod forest.
overburden Is shallow 0 ncrnexisten

1>
eliv.

Typical Geology of the Region:
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Supervisor of Work:

Reg Zardiner

DISTRICT MANAGER

SMELTER BAY AGGREGATES INCORPCRATE
P.O. 2cx 542 Thessalon, ON 20x 1L
Ph.(705:842-25397 wk.
Ph.{705)842-5488 nm.
Workers/Contractors:

Drilling anc¢ 3lasting,

Conszec Inc.

Contacz:Rchars Walier Owner/Zresidznz

30x 523
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Equipment List:(DIRECT COSTS;

Siripping:
EXCAVATOR
ZC-220 Xcomatsu w/l.

Drilling ang Blasting:
DRILL
Hycérauliic EV Gardn

E~ - ~ mav e
S CuU. YCQ Zuclsex

er-Jenver

4"x 30' holes @ 10'x 1i2' grid

?CWD"“

Austin-Austinite 15
dydrcmite 622 {3"xZ
P.LL\QHL\S )

Green cap (/3 1lb.)
B_ack car {3/4 ib.)

Detonators
Ncnelectric zZZ-DE
Primer nons_ectri

Crusaing

PRAIMARY CRUSZEER

AvollX

ANl rA -
3 .‘.":L - aw

MIRITADY ORNYIZTER
P AV o Padi-§ warvd o Timan

ﬁll. " - - T A .=
42"x£2" Triple Rcll

3ampling
SZIVES {fine;
9.3mm
4.75mm
1.28mm
6C0um
30Cum

ical shaker

4
[()]
q]
2Ly
c0m
'tﬁ

SZIVYES
Z5am
12.2mm
9.3mn
4.7Sam

—

cecarss)

‘{maxe n/a.

onic scale (make a/a)
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Contractor and Equipment List:INDIRECT COSTS
SHIPLOADING FACILIT

Sme-ter 3Bay Aggregates Incorporated

P.0. 3Box 40C,THZSSALON ON POR 1L

Contact:
Reg Gardiner

Ph.(7C05)842-2597
LOADZRS
Koma:isu WA-300 (3)
SHI2LCADER
Stationary system;2 hopper bins
1 ground convevc:r

1 shipioadinc ccnveyor
1 hydrauiic dei’ector hooé

SELF-UNLOADING TREIZETER
Scutawestern Sales Corporatiorn L=é.
200 Lesperarnce RC. TECUMSEE ON N8N w2

contact:
Jack Trye 2residernt

" 7 P, ]
L. \5;:-1

O

5-¢822

Vesse>., Alcorail(ACR)

RECEIVIXG DCCTX
Xeid Agcr ga es I=xc.
a7 S - .- D=

1777 3t. Clair arkway R.R. #<Z
Sarnia, ON N7T 7S

Contac
David ahe éon President
Pxa.{529y337-¢6C87

Bulx Handling, Storage, Xelcading zxZ Yeighing
TRUCXING
Laidlaw Carriers Inc.

Contacz:
Scott Talbc:

Pr.(5191839-92471

2.0.Box 776 WCCDSTCCKX ON Nig &

n




PROPOSED USES of DIABASE:

The extreme hardness of diabase {#6 on the Mch's scale) makes
it an excellent product for industrial applications where hi gh wea
res*s;ance and/or high strength are reguirements. Exampiss of -uc“
apriications that SMELTER BAY AGGREGATES INCORPORATED have
invest:igatad are:

* rail roaé bailast
rocX wool insulation
wear course (asphalt)
dense friction course {asphalt}
microsurfacing (asphalt)
HL-1 (asphalt
igh strenath concrete

* & % X % %

The chemical stability of this material makes i+ a Zet+ter
product than some of those in current use. he increasing awarsness
of environmental concerns and new environmental lecislazion has
increased the interest in our quarried products.

Marny of the orcoposed markets are a great distance from “he raw
material source. SMELTER BAY AGGREGATES INCORPORATED 12as a=s w-o->
continue .o ship diabase from our Seaway depth dock kv self-
unloading lake freighters to U.S. as well as Caneilian Tarist:
thrcughout the Great Lakes Basin. The ilarge guantities
shipped,{kcat loads vary depending on the vessel size, 2C,00C %2
30,000 toms), anc the recognized quality of the mazeria., aave

provided us with a growing market share. We desgpeni 2o prziucs
developmerni anc large reserves to ofiset the very hizh costs =
extraction, marketing, andé c.osure,!(in accordancs with <he Mininz
Act,. SMELTER BAY AGGREGATES INCORPORATED has und ' :
accguisition and devel_cpment of the necessary reserv

&nd WOrXxing claim #SSM 782E8¢3 as an integral part cf
quarry operational plarn.

DIMENSIONS and RESERVES in the DEPOSIT :(on claim # 3S5M 762863)

* apsroxXximately 360 m X 23C o x:ZQ b
* approxXimate reserves, 3.8 xi0'w

SPECIFICATIONS and CRITERIA:

?lease see the attached reports and speciiicaticn listings,

included vou will £firng:
* resuits of exteansive testing of the SMELTER BAY

AGGREGATES NESTORVILLE QUARRY, (petrographic,chenical,and
physical) ,both general and specific o rail =read aa;l‘s:
reguirements. {CLIFTON ASSCCIATES LTD.! Flease note that the Cliftc
Report 1is for your data base infornation only and will nct be
included as ar expense tcward our assessmert work on claim #SSM
762963.

wY




* the criteria ané results of the Ministry of
Transportation Ontaric(MTC) DENSE FRICTION CCUREE (DFC) test strip.

* results of Ashwarren Zngineering Services physicai
f samples %taien from the indicated site on claim #8S¥
r suitability in hcot mix asphalt production.

MARKET DEVELOPMENT and RESULTS:

Caradian National Raiiways Geotecianical Engineering Departiment
has been wcrking with the SMELTER BAY AGGREGATES markxeting
Cepartment to estabiish product suitabiliity ancé the transpor:tatliox
iogistics for supply ané delivervy <c construction,updadracde ané
repair sites in =he southern Ortarioc regicn. CNR geological
engineers have determined that the procduct currently in use &s
railroad ballast has a life expectancy of 700,000,000 gross =Zcns 2%
trafiic. They determined the diabase found in our quarry, incluéing
cialm #SSM 782253 tc have a life expectancy of 9€0,6C0,3230 gross
tons, a factor of 22% -onger life for the diabase. Another recent
ceve_opment tihat will effec: the market in our £faveur is the
envircnmental concerns regarding leachates in the current product.
Znv.ronmental leg:slation is expected that will set criteria and
simit the use c¢f that product.

gur vigerous pursuii of the asphalt mariets through
qualification £for the provincial gcvernment's (MTO)} Designated
Sources .ist and the growing awareress of rcad builcders and

csntractors of our products and vunicue delivery capabilities has
given us =2ar’ly success in tThis markeit. ProducIs ixncludeé in =Iis
category are: DFC, {fine and coarse; HL-1; ané other aggrecgats
accord:irng tc individual ergireered <Zssign mixes. (93% cf =zz=s
-ngreéients oi most aspha.:t design mixXes are aggregate productis:
see, Search for Sxid esistant Aggregates in Ontar-o; Caris cgers,

Ingineering Materials Office, MTC Ontaric,.983; published
”" -

in "9~ Porum on the Geology of Incus:trial Minerals 2roceedings”
Ontario Geological Survey Miscellanecus Paper 114, 2i6 p., 198:.;

HOT MIX ASPHALT AGGREGATE TESTING: Traprock

Stripping, trenching, blasting and samp_e extraction were
carried out at the site identified within the report,{(see Samp.e
Location A}. A sample was shipped to ASEWARKREN ENGINEERING SERVICE
for a battery of aggregate testing to determine its suizability for
Zot Mix highway surfacing. The ASEWARREN ENGINEERING SERVICEZS3
REPORT s attached.




DFC TEST STRIP {(MTO):
* 1 Zm long
* starts 1.5 Km west 0f Interchange 186 on highway 4202

* 2 west bound lanes onliy

interim approval has beer granted from WTO officials based on
tests and inspections to date. Attached you will find copies of MTO
criteria, test methods, comments and approvals. I have included for
your convenience a paper published by MTO prior to the opening cI
the Nestorvillie quarry.I have taken the liberty of highlighting
scme passages of interest.

note:since the original draft of this r port SMELTER BAY AGGREGATES
INCORPORATED has received final aprreov as a Designated Source for
the Nestorville gquarr (including c a1m #sSsSM 782863 £for <the
production ancé supply of DFC, coarse and fine. Docunentatlon of OFC
approval as well as the Designated Scurces apgroval granted i 199:
for HL-2 Trcm ithe Nestorville quarry are included in the attitachel
informaticn.

STOCKPILES:

oIy~
-

g W =

=z ZGATES IIGCORZCRATIED =as bHull=z stccikpiles
diakbase prociucts 1 xcess 0 23,030 tons of varicus
specificatiocns in =znticipation 9of Zfurther testing 1
neecs. The Iosts inc ur*ed preducing “hese stockpiles have 6t Leex
submitced for consicderaticn in the assessment wcrk on claim #S3M

7628€3 1n whclie or in part.

-
- -

'

w
:“.

rel

. o

1}

(b G
Y

I8 ()

i
.J

SAMPLE LOCATION A:

The starting point toc establisii the sample locatica is <the
junction of Trunk Road, Nestorville Road, Scheuerman Hichway and
the CPR crossing.{See claim access)

Approximately 700 yvards were paced o0if in a westerly déGirection
alcng the CPR tracks :to the #3 post 0of claim #5SM 782553, a 183
degree turn was made and 200 yards were paced off. A compass
bearlug was shot to magretic north, 70 yards were paced 2ff on th
establ:ished bearing to the sample location. A compess bearing was
shot -o magnetic west and 200 yards were paced off tc the #3 post
of claim #782863. The prospector returned to the sampie source and
paced £20 yards on an easterly course along Scheuerman Highway to
the starting above mentoned starting point. (SEE THE ATTACHED MAP
#2)

8




DISCRIPTION of WORK and DATES: (DIRECT COSTS SAMPLE A)
STRIPPING: 936.25

JULY 21 & 22, 1992

LeRoy Construction

P.O. Box 1444
300 Leacock St. Blind River, Ontario

POR 1BO
DRILL and BLAST: 2037.50
JUNE 22, 1993 : ~

Consbec Inc.

P.O. Box 520

2725 Belisle Dr. Val Caron, Ontario
POM 3A0

EXTRACTION of SAMPLE: 355.77

MAY 11, 1994

Gilbertson Enterprises
RR#1

Richard's Landing, Ontario
POR 1JO

SAMPLE TESTING: 1856.00

JUNE 6, 1994

Ashwarren Engineering Services
2283 Argentia Rd. Unit 15
Mississauga, Ontario

L5N 5Z2




PROSPECTING: 150.00
MAY 12, 1994
SMELTER BAY ACGCGREGATES INCORPORATED
P.0O. Box 4C0

Thessalon, Ontario
POR 1LO

SUPERVISION: 750.00
JULY 2962 -JUNE 1994 '
SMELTER BAY AGGREGATES INCORPORATED
P.0O. Box 400
Thessalon, Ontario

POR 1LO

TOTAL 6085.52




SAMPLE LOCATION B: (DEEDED PROPERTY ADJOINING CLAIM #SSM 782863; for
Dense Priction Course, DFC, test strip)

The total bulk sample extracted and prepared for this test
exceeded 6000 tons. The sample was extracted from a portion of the
deposit located on land deeded to WARREN PAVING and MATERIALS GROUP
LTD. The deeded property abuts claim #SSM 782763 from the number 3
post to the number 4 post. Claim #SSM 782863 is held by WARREXN
PAVING and MATERIALS LTD. The sample was extracted at a location
285 yards SSW of the #4 post of claim #SSM 782863 and 75 yards due
west of the west boundary of the claim.

DISCRIPTION of WORK and DATES: Direct costs, Sample B

Stripping: 2656.50
MAY 22,25,26, 19¢2

LeRoy Construction

P.O. Box 1444

300 Leacock St. Blind River, Ontario
POR 1BO

Drilling and Blasting: 37544.95

SZPT.28, 1992 and JUNE 23, 1993

Consbec Inc.

P.O. Box 520

2725 Belisle Dr.
Val Caron, Ontario
POM 3A0

Crushing: 20,379.34
OCT.26, 1992 and AUGUST 15, 1993

Gilbertson Enterprises
R.R. #1

Richard's Landing, Ontario
POR 1J0

- 4




Supervision:

MAY,1992; SEPT.,1992; OCT.,1992;
JUNE,1993; AUGUST,1993

SMELTER BAY AGGREGATES INCORPORATED
P.O. Box 400

Thessalon, Ontario

POR 1LO

Boat Loading:

SEPT.4, 1993

SMELTER BAY AGGREGATES INCORPORATED
P.0. Box 400

Thessalon, Ontario

POR 1LO

Boat (self-unloading freighter):

SEPT.4, 19923

Southwestern Sales Corp. Ltd.
100 Lesprerance Rd.

Tecumseh, Ontario

N8N 1wl

Receiving, Handling, and Weighing:

SEPT.15, 1993

Reid Aggregates Ltd.

1777 sSt. Clair Parkway RR #4
Sarnia, Ontario

N7T T7H5

12

1.284.00
/-

TOTAL 61,865.29

5,883.66

6,549.74

2,997.35




Truckina:
19632

Laidlaw Carriers Inc.
P.O. Box 776
Woodstock, Ontario
N4S 8A2

20% fDrect _ 17,373
Co~% =
SU3 TOTAL 25,510.65
INDIRICT 728 562t
DIRTCT -,865.29 "
TOTAL EXPENCES SAMPLE 3 ce522 23

T4z239




File R1.212.2

—_—

TABLE 1
Whole Rock and Trace Element Analysis

\

Parameter Units Sample No. Quebec Contaminated
% 14889 Site Guidelines*
(Level O)
Major Oxides

$iO2 % 5348

Al03 % 14.16

Fe203 % 11.67

Ca0 % 9.42

Mghd % 6.42

K20 % 0.60

Na20 % 235

Py0s % 0.06

Mn0 % 0.17

Ti0 % 0.76

LOI % 0.90

Trace Elements

P Ppm 2 600
Mo Ppm S 40
Zn Ppm 77 1500
cd ppm 3 20
Co ppm 46 300
Cr PPm 52 800
v ppm 243 -
Be pPPm 1.7 -
Gu ppmn 150 500
Zr Ppm 55 -
Y PP 14 -
La ppm 4 -
Th ppm 3 -
Sr ppm 195 -
Ba Ppm 116 2000
Ni Ppm 78 500

PBD; PP 2

' Qubumuedhﬁmglﬁdeﬁmmused,asOnhﬁoguiddhuhwmtyabemlegiﬂamd.

CLIFTON ASSOCIATES LTD.




File R1.212.2

TABLE 2
Acid Base Accounts
.‘
Sample  Paste Ph %S¢ %SsO4 NP* AP NETNP
L4889 923 0.09 0.04 6.0 156 44

* NP, AP AND NET NP are expressed in kg CaCO3/tonne

TABLE 3
Leachate Extract Analysis

Leachate Quality
Element Units 14889 Criteria
(Ontario Reg. 309)
B mg/L <0.05 5.0
P mg/L <0.02 -
Ag mg/L <0.005 0.08
Al mg/L <0.073 -
As mg/L <0.0005 0.05
Ba mg/L 0.006 10
Be mg/L <0.005 -
Ca mg/L 63 -
Cd mg/L <0.005 0.005
Co mg/L 0.005 -
Cr mg/L 0.005 0.05
G mg/L <0.051 -
Fe mg/L 0.26 -
Hg mg/L <0.00005 0.001
K mg/L 15 -
Mg mg/L 11 -
Mn mg/L 0.048 -
Mo mg/L <0.02 -
Na mg/L 1.0 -
Ni mg/L 0.008 -
b mg/L <0.02 0.05
Si(soluble) mg/L 0.9 -
Ti mg/L <0.005 -
\4 mg/L <0.05 -
w mg/L <0.02 -
Zn mg/L 0.070 -

CLUFTON ASSOCIATES LTD.
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NESTORVILLE QUARRY

LOCATION OF SURFACE
WATER SAMPLES IN

MACBETH CREEK

SCALE: 1:10,000
~ August, 1992
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TULLOCH & TRIVERS LIMITED
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182 MAIN STREET, THESSALON, ONTARIO, POR N0
cLIENTY fILE N°* -
WARREN. PAVING 9208’3
R




NESTORVILLE QUARRY

LOCATION OF SURFACE
WATER SAMPLES IN

MACBETH CREEK

SCALE: 1:10,000
- August, 1992
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Soils and Aggregates Section

S . - '_EngmeenngMaterIaISOI'ﬂce
®@Ontario = e

Downsview, Ontario M3M 1J8

 Ministry of ' Ministtredes - < Tele: (416) 235-3734

- Transportation Transports. R ~Fax: (416) 235-4101
 May 19, 1994

Filé No.: 3162-2-0-1

- Reginald C. Gardiner, Manager
‘Smelter Bay Aggregates Incorporated
Road

Dear Mr. Gardiner'

Re: warmmhmmmmmmm)
- Coarse and Fine Aggregates, MTO MAIDB No. B22-076

We are pleased to advise you that the above- mentioned quarry is now approved as a seurce
of DFC coarse and fine aggregates on a contract-by-contract basis for ministry contracts.

- Bidders on our contracts are being advised by Addenda and special provisions on appli-
cable contracts in our Southwestern and Central Regions.

The approval is based on the performance of the trial section placed with your aggregates

- on the westbound lanes of Hwy. 401 between Wellington Road and Hwy. 402, Contract No.
93-35. The trial section was inspected on April 27, 1994 by Geoff Leach, of Southwestern
Region, Zoltan Katona, and myself. It was found to perform well compared to other estab-
lished trap rock sources having been in place for one winter.

~ If you réquire further information, please contact our office.

. Chris A. Rogers, Manager, |
Soils and Aggregates Secﬂon
p(: M.D. Billings RG. Gorman
W.J. Peck- .D.
C.M. Bond B.L. Pelter -

P.R. Bryar ©~ J.K. Robinson
. PJ.Bound - KK Tam

CAR/SIS/jlp

Made from recovered matedials  Fait de matériaux récupérés
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. Soils-and Aggregates Section

'- . . | . _' Engineering Materials Office
Ontario - =~ @iV

Downsview, Ontario M3M 1J8 -

Ministry of ' Ministere des - ) Tele: (416) 235.3735')
Tr_aqsporlation Transports - - Fax: (416) 235-4101
June 7. 1994

File No.:" 3162-2-0-1 -
3162-2-4-6_.2

Reginald C. Gardiner, Manager
- Smelter Bay Aggregates Incorporated
" P.O. Bax 400, Boundary Road
Industrial Park
Thessalon, Ontario POR 1LO

Dear Mr. Gardiner:

SW 1/4. Sec. 29 and NW v/4, Sec. 32, Twp. of Thessalon East, MAIDB No. 108-004) and
mPtockﬁomYmQuany(SWuc.mza.LeﬁoyM.. MAIDB No. B22-76) .

As per your request, we are forwarding the test results of five samples taken on November 09,
1993 by Z. Katona and D. Williams. Results from laboratory sample numbers 93-B-9124 and
9130 meet the OPSS quality requirements for HL1/DFC coarse aggregate. Please note that
loss by washing for sample number 93-B-9130 is outside OPSS requirements for HL1 and
DFC, but meets the requirements for HL3, HL4, and HL8 (max. 2.0%6).

Results for laboratory sample number 93-B-9129 also meet the OPSS requirements for
concrete sand. Natural fine aggregate produced from your sand and gravel operation (MAIDB
No. 108-004 ) has been listed on our Central, Southwestern, and Northwestern Regional
Structural Concrete Aggregate Sources Lists as Approved since the early 1990's. It should be
noted that no more than 5% material larger than the 4.75 mm sieve is permitted in the con-
crete sand. For some time now, we have been subjecting your concrete sand from the sand and

. gravel operation (MAIDB No. 108-004) to alkali-aggregate reactivity testing to identify
whether your sand is potentially deleteriously reactive. We have. been utilizing the
Accelerated Mortar Bar Test according to a draft CSA test method (CSA A 23.2-25A). This test

- method is similar to a recently-approved ASTM test method (ASTM C 1260). Over the years,
- the expansion results for your concrete sand have-consistently been below 0.20% and 0.33%
expansion at 14 and 28 days, respectively. At present, there are no standards for this test, but

I consider aggregates giving less than 0.33% expansion at 28 days unlikely to be deleteriously
reactive. We will continue to test your concrete sand for alkali-aggregate reactivity in the

future.
Best Wishes, .
pc: N.J. Bell
K.C. Carter - -
- R.G. Gorman
Chris A. Rogers Manager,
Soils and Aggregates Section.
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Ministry Ministeére
@ of des
Ontarlo Transportation - Transporis

ADDENDUM NO. 1
CONTRACT NO. 94-07

GRADING, DRAINAGE, GRANULAR BASE AND HOT MIX PAVING AT HWY. 401 - From 2.2 km west
of Interchange 194, casterly to Interchange 208.

16.6 km LONDON DISTRICT

The followmg will now form pan ofphe Special Provisions of the contract and amends the applicable information
conrained in the original contract tendering documents.

SPECIAL PROVISIONS (NEW)
NOTI s

- The Contractor is advised that the S;ncltcr Bay Aggregates Inc. quarry, Inv. No. B22-076 shown on the Designated
Sources List for Materials, Asphaltic Pavement, Coarse Aggregate for HL 1 and DFC as acceptable for HL 1, is
also acceptable for DFC coarse and fine aggregates for this contract.

e

Head
- Contract Preparation and
Control Section




Table 1

Laboratory Test Data
Samples of HL1 and DFC Aggregates
Smelter Bay Aggregates Incorporated
MTO MAIDB No. B22-076

Specification Limits
Lab. Sample No. 93-B-9123 93-B-9124 83-B-9130 93-B-9131 Coarse Fine
Field Sample No. 93-VM-1063 93-VM-1064 93-VM-1023 93-VM-1024 Aggregate Aggregate
Date Sampled 831109 831109 831100 831108
Type of Material DFC FA HL1/DFC CA DFC CA DFC FA
Granular P.N. 100.0 104.4 N.A.
H.L. & Conc. P.N. 100.5 106.3 .120 (max.)
MgSO, Soundness, % 20 20 8.0 5.0 (max.) N.A.
Los Angeles Abrasion, % 15.0 17.0 N.A,
Absorption, % 1.521 0.587 0.469 1.0 (max.)
Bulk Relative Density 2.833 2,912 2919 N.A.
Loss by Washing, % 0.60 179 1.0 (max.)
Crushed, % 100.0 100.0 N.A.
Flat & Elongated, % 6.0 13.0 20 (max.)
Micro-Deval Abrasion, % 11.9 6.5 7.8 11.0 N.A. 20 (max.)
Polished Stone Value pending pending
Aggregate Abrasion Value pending pending
Gradation, % Passing
16.0 mm 100.0 100
13.2 mm 100.0 99.4 96-100
9.5 mm 100.0 58.5 61.6 100.0 50-73 100
4.75 mm 98.6 3.2 8.6 95.4 0-10 85-100
2.36 mm 74.6 3.7 75.7 50-80
1.18 mm 50.2 3.1 51.9 25-60
600 um 33.4 2.7 34.8 15-40
300 pm 22.3 2.2 23.4 10-25
150 um 15.0 1.7 15.1 50-20
75 um 10.5 1.2 10.0 2-15
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Laboratory Test Data

Specification
Limits
92-9062 HL.1

Petrographic Number (H.L.) 100 120 (max.)
Petrographic Number (Gran.) 100 -
Magnesium Sulphate Soundness, % 2 5 (max.)
Los Angeles Abrasion, % 15 -
Absorption, % 0.57 1.0 (max.)
Relative Density 2.905 -
Polished Stone Value 50 -
Aggregate Abrasion Value 3.2 -
Petrographic Rock Type Description diabase/trap
Flat and Elongated Particles, % 11 20 (max.)
Wash Pass 75 pm, % 1.8 1.0 (max.)
Gradation (% passing)

16.0 mm 100 100

13.2 mm 99.7 96-100

9.5 mm 74.7 50-73
4.75 mm 9.9 0-10

CAR/jlp
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Soils and Aggregates Section

) - e o . Engineering Materials Office
Ontarl O 1201 Wilson Avenue
: N Central Building, Room 311

Downsview, Ontario M3M 1J8

Ministry of Ministere des =~ Tele: (416) 235-3739
Transportation - - Transports ) : Fax: .(416) 235-4101
July 7, 1994

File No.: 3162-2-0-1 ~
S ‘3162-2-4-6.2

. Reginald C. Gardiner, Manager -
Smelter Bay Aggregates Incorporated
P.O. Bax 400, Boundary Road
Industrial Park o
Thessalon, Ontario
POR 1LO

Dear Mr. Gardiner:

Re Approval of Your Quarry in Lefroy Township for Dense Friction Course (DFC)
Coarse and Fine Aggregates, MTO MAIDB No. B22-076 _

We are pleased to advise you that the above-mentioned quarry is now approved as a source of
DFC coarse and fine aggregates. Accordingly, your quarry will be added to the ministry's
Designated Sources for Materials List (D.S.M.) 3.05.25. While approval is effective on the date
‘of this letter, it will take several weeks to place your quarry on the D.S.M. list. Meanwhile,
bidders on our contracts are being advised by Addenda and special provisions on applicable
contracts in Southwestern and Central Regions. : : .

The approval is based on the performance of the trial section placéd with your aggregates on
westbound lanes of Hwy, 401 between Wellington Road and Hwy. 402, Contract No. 93-35. The
trial section was inspected on April 27, 1994 by Geoff Leach, of Southwestern Region, Zoltan
Katona, and myself. It was found to perform well compared to other established trap rock
sources after having been in place for one winter.

It would normally take two winters of DFC test section evaluation before a decision is made
on whether your source should be placed on the D.S.M. Since the results of the test section
inspection were favourable after having your trap rock in place for one winter, we have
decided to place your material on the D.S.M. list ori a provisional basis. After the second
winter, we will again inspect the DFC trial section to ensure that it is still performing as well.
If performance is unsatisfactory, then your quarry will be removed from the D.S.M. list.

If you require further information, please contact our office.

Best Wishes . E ' _ pc: M.D. Billings

: ' ) ) . C.M. Bond
P.R. Bryar
R.G. Gorman
M.D. MacLean
W.J. Peck
J.K. Robinson
K.K. Tam

Chrl.s A. Rogers, Manager, : : - _
Soils and Aggregates Section. - . . : - _ - CAR/RGG/jlp

Made from recovered materials Fait de matériaux récupérés
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C. ROGERS

Search for Skid Resistant Aggregates in Ontario

Chris Rogers?

YEngineering Materials Office
Ontario Ministry of Transportation and Communications
Downsview, Ontario

ABSTRACT

Aggregates make up about 95% of the surface of asphaltic
concrete pavements. As a result, the physical properties of
the aggregates have a great influence on the skid resist-
ance or frictional properties of the pavement. Aggregates
with excellent frictional properties are required on high-
ways with high volumes of traffic. .

The frictional properties of wet pavements depend on
a correct asphaltic concrete mix design and the use of
satisfactory aggregates. A stable, high stone content mix
design is required to give initial macrotexture. Macrotex-
ture is the projection of coarse aggregate particles above
the matrix, and is important at high vehicle speeds. The
particles break the water film, and provide bulk drainage,
reducing the chance of hydroplaning. The property that
determines the ability of the pavement to retain this
macrotexture is the aggregates’ resistance to abrasion. A
laboratory test to measure resistance to abrasion is the
Aggregate Abrasion Value test. A good microtexture or a
rough sandpaper-like feel to the aggregate particle sur-
face is needed at all vehicle speeds to penetrate the thin
water film and come in contact with the tire. A laboratory
test to measure the ability of an aggregate 10 retain or
develop microtexture is the Polished Stone Value test.
Good resistance to freezing and thawing is aiso required.
This property is measured by routine durabillity tests such
as the Magnesium Sulphate Soundness test and Absorp-
tion test Petrographic examination, often including the use
of thin sections, is also performed.

Recent work in Ontario has involved the search for
new sources of skid resistant aggregate. The techniques
and procedures have included field exploration and dia-
mond drilling of likely prospects. This is followed by
laboratory testing. If results are encouraging, test sections
of the aggregate are placed on the highway. Long term
durability is evaluated, and actual frictional values are then
measured using a skid trailer prior to approval of new
sources.

The following types of rock are currently used or being
evaluated for use as skid resistant aggregate: hard, angu-
lar rocks such as trap (metavolcanic), quartzite, granite
and igneous gravel; hard, vesicular materials such as steel
and blast furnace slags; hard, gritty rocks such as sandy
carbonates and sandstones.

INTRODUCTION

Until the early 1970s, major highways in southern Ontario
were normally paved with asphalt, using trap rock aggre-
gate, or with Portland cement concrete, using locally
avallable carbonate aggregates. With increased traffic,
there has been a greater awareness of the influence of the
frictional properties of pavement on safety. Since the late
1960s, major efforts have been made in Ontario to mea-
sure and improve the frictional properties of these pave-
ments. This has included the selection and use of new
types of asphalt mix, and the search for, and the selection
of, new aggregate sources with improved frictional
characteristics.

#t has been demonstrated, in a number of studies, that
an improvement in frictional properties or skid-resistance
will reduce accidents caused by skidding in emergency
braking, sliding in curves, or during emergency manoeu-
wres (in Ontario, Kamel and Gartshore 1982; in the USA,
Harwood et al. 1976; Burchett and Rizenbergs 1982; and,
in the United Kingdom, Giles et al. 1964), It should be noted
that accident rate is also related to such factors as the
geometry of the highway, the amount of traffic, sight
distance, and visibility (water spray, lighting).

Direct methods of measuring frictional properties of
pavement surfaces include: distance skidded by an auto-
mobile with locked wheels (ASTM E 445-76), side force
friction using a mu-meter (ASTM E 670-79), or the brake
force skid trailer (ASTM E 274-79). The actual friction
measured varies, depending upon the technique used
(Hegmon 1982), the time of year (Giles et a. 1964; Dahir
and Henry 1979), and the weather conditions (Hill and
Henry 1981). In Ontario, the brake force trailer (ASTM E
274-79) technique has been chosen.

There are also indirect measures of frictional proper-
ties. These involve measurements of the kind and amount
of surface texture. Developments up until 1972 were
summarized by Rose et al. (1972). Volumetric methods can
be used for measuring the projection of coarse aggregate
above the surface, or the macrotexture. The sand patch,
silicone putty, or grease specimen techniques have been
reviewed by Yager and Buhimann (1982). Direct contact
measurements, using stylus techniques (Orchard et al
1970) have also been investigated. A remote sensing
technique using stereophotography was employed in the
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SK*>= RESISTANT AGGREGATES

United Kingdom by Sabey and Lupton (1967). in general,
satisfactory correlations with skid-resistance have not
been obtained with these indirect techniques. Using these
techniques, only one or two textural components are
measured, whereas frictional properties are determined
by all the textural features of the surface.

In Ontario, a remote sensing technique has been
developed, using stereo-photography, which has an excei-
lent correlation with skid-resistance at high speeds (r =
0.93. n = 195) by Schonfeld (1970). This technique has
been adopted by ASTM (ASTM E 770-80). A number of
surface properties, such as angularity and amount of
coarse aggregate, projection of coarse aggregaie above
the surface, microtexture of the coarse aggregate, and
matrix are recognized and measured (Schonfeld 1974;
Holt and Musgrove 1977). Subsequent work on this
technique has been directed toward automation of the
collection of data (Howerter and Rudd 1976; Holt and
Musgrove 1982).

The use of indirect measurement techniques allows
the recognition of those properties that improve friction,
and, subsequently, enable design modifications of the
asphaltic concrete, or a change in aggregate type, to
improve friction. As a result of work using indirect measure-
ments, it has been recognized that there are two basic
properties, macrotexture and microtexture, required to
give a pavement satisfactory friction. Macrotexture, or
projection of coarse aggregate above the surface, pro-
vides bulk water drainage and reduces the tendency of
tires to hydroplane on wet surfaces at high speeds. Good
microtexture, or the *sandpaper-like feel” of the surface, is
important at all speeds in penetrating the remaining thin
water film and coming in contact with the tire. Aggregates
make up about 95% of asphaltic concrete, thus the nature
and properties of the aggregate determine the subsequent
frictional performance of asphalit pavements.

ONTARIO ASPHALT PAVEMENT TYPES

On secondary highways, with generally less than 2,500
AADT/lane (Annual Average Daily Traffic), the types of
asphaltic concrete used for the surface course are desig-
nated as HL3 (hot-laid) or HL4 (Table 1). The coarse
aggregate physical test requirements are shown in Table 2.
HL3 aggregates have a maximum size of 13.2 mm, allowing
a minimum mat thickness of about 25 mm, but normally 38
mm. HL4 aggregales have a maximum size of 16.0 mm,
allowing 8 minimum mat thickness of about 30 mm, but
normally 44 mm. There Is, except in parts of northem
Ontario, no requirement as to the frictional properties of
the aggregates.

in northern Ontario, most locally available aggregates
are of igneous or metamorphic origin, with hard wear-
resistant minerals. These aggregates generally give good
frictional properties in contrast to pavements made with
carbonates of low wear-resistance. Drivers become used
to the good friction supplied by the local aggregates. When
carbonate aggregates of relatively poor frictional proper-
ties are used for paving, the frictional properties, com-
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TABLE 1. PRINCIPAL TYPES OF SURFACE COURSE ASPHALT MIX

USED IN ONTARIO
NORMAL
MAXIMUM STONE
MIX STONE  CONTENT

TYPE _SIZE PERCENT __FINE AGGREGATE TYPE AADT"
H4 16.0mm 40 - 50 natural sand <2500
H3 132mm 40-50 natural sand <2500
HL1  13.2mm 40 - 55 natural sand >2500

<5000
DFC. 132mm 45-55 angular screenings - 5000
OFC. 95mm 65-70 angular screenings > 5000

Urban
* Annual Average Daily Tralic
TABLE 2

PHYSICAL REQUIREMENTS FOR COARSE AGGREGATE FOR
PRINCIPAL ASPHALT SURFACE COURSE MIXES

PHYSICAL TEST ASPHALT MIX TYPE
HL1 HL3 HL4

Los Angeles Abrasion & impact

Test. % Max. Loss 15 35 35

Magnesium Sulphate Soundness

Test. % Max. Loss 5 12 12

Absorption by Weight,

% Max. 10 1.75 20

Petrographic Number,

Max. 100 135 160

Loss by Washing Pass

75 um Sieve, % Max. 1 1.3 1.3°

Flat and Elongated Particles,

% Max. 20 20 20

Crushed Particles,

% Min. 100 60 60

* When Quarmed Hock is Used. 3 Maxmum of 2% is permitied
pared to granitic pavements, have been poorer, yet driver
behaviour, used to the better friction, has not been
modified. The resuit has been an increase in complaints
about the friction of the road surface in these locations.
The level of friction required in any area depends, to alarge
extent, on driver behaviour and expectations, as much as
on road geometry and traffic volumes. As a result, in many
parts of northern Ontario, where granitic aggregates are
commonly used, the use of aggregate containing carbon-
ate rocks is prohibited.

On highways carrying more than 2,500 AADT/lane,
the types of asphalt used are designated as HL1, DFC
{dense friction course), or OFC (open friction course) (see
Table 1). HL1 asphalt has the same gradation as HL3, only
the nature of the stone is different. DFC has angular fine
aggregates to increase stability, and to prevent the embed-
ment of the stone into the mat. OFC is an open graded mix,
allowing intemal drainage through the matrix rather than
over the pavement surface. This prevents a buildup of
water on the pavement surface, which reduces the likeli-
hood of hydroplaning at high speeds, reduces water spray,
and also reduces tire noise. It is used on very high volume,
urban highways.

The selection of the coarse aggregate for HL1, DFC,
and OFC pavements is based on actual performance of the
aggregate in test sections. At present, the foliowing aggre-
gate types are used: frap rock (metavoicanic), steel slag,
blast furnace slag, dolomitic sandstone, and some igne-
ous gravels from the north shore of Lake Huron.
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SEARCH FOR NEW AGGREGATE
SOURCES

in the years 1979, 1980, and 1981, an annual average of
250,000 tonnes of HL1, DFC, and OFC aggregates were
used in Ontario. The Ministry of Transportation and Com-
munications (MTC) uses about 15 million tonnes of aggre-
gates every year for highway construction. Thus, the
supply of skid resistant aggregates is a small specialized
market. Producers have not found it worthwhile to open a
deposit devoted exclusively to the supply of these special-
ized aggregates. These aggregates are usually the waste
by-products of mining and smelting operations; Trap rock
from iron mining or roofing granule operations, and slags
from iron or steel production. As a result, supply is
controlled by economic considerations unrelated to the
needs of highway construction. Thus, cutbacks in the steel
industry or closing of an iron mine have had an adverse
effect on the supply of these aggregates. In recognition of
these problems of supply, alternative sources were
investigated.

Three criteria were established for selecling new
sources: (1) the source should be an open deposit,
preferably with production facilities; (2) the sources should
be closer to the area of use than those currently available
to reduce haulage, an ever-increasing component of the
cost of aggregate, and (3) the sources should have
frictional properties as good as, or better than, those
currently available.

A literature review was conducted (Truax-Harrison
1979). The purpose was to recognize the properties and
nature of potential aggregate sources, and to find those
test methods most suitable for measuring frictional proper-
ties of aggregates.

WEAR-RESISTANCE (MACROTEXTURE)

Macrotexture is determined by the wear-resistance of the
aggregate, and also by the mix design of the asphaltic
concrete. On heavily used pavements, a high stone
content, in a mix of high stability, is required to resist the
embedment of the coarse aggregate into the mat by the
repeated impact of tires (Ryell et al. 1979; Clark 1980). The
high stability is achieved by using an angular fine aggre-
gate, such as crusher screenings or manufactured sand.
Rounded sand from gravel deposits does not normally give
high stability, due to its lack of angularity and its rather
smooth or polished surfaces.

The ability of rock to resist abrasion is determined by
the hardness of the constituent mineral graing and the
strength of the bond between them. A quartz sandstone of
Moh hardness 7 has excellent resistance to natural
abrasives found on the pavement, but only if the individual
grains are well-bonded together (usually with calcite or
dolomite cement). Poorly cemented, friable sandstones
have low resistance to abrasion, and are unsuitable,
despite the hardness of the individual grains.

C. ROGERS

Figure 1 shows the typical Moh hardness of various
minerals, rock types, and abrasive agents found in Ontario.
MTC uses about 1 million tonnes of ice control sand
annually. This sand usually contains significant amounts of
quariz and other hard materials. These minerals are a
potent abrasive, especiaily on the carbonate rocks com-
monly used for HL3 and HL4 paving in Southern Ontario.
Tire studs with a Moh hardness of 9 also have consider-
able abrasive power, even on igneous rocks. It was this
factor which led to their prohibition in Ontario (Smith and
Schonfeld 1972).

The test selected as the most suitable for measuring
wear-resistance was the Aggregate Abrasion Value (AAV)
test (BS 812, 1975). This is a modem development of the
old Dorry abrasion test (Knight and Knight 1948). Two test
specimens are made. Each specimen consists of at least
24 cubical particles, passing the 13.2 mm, and retained on
the 9.5 mm sieve, held in an epoxy binder. These speci-
mens are laid aggregate face down on a 600 mm diameter
steel lap (Figures 2, 3). Each specimen is held down with a
2 kg weight. The lap is rotated for 500 revolutions at a
speed of 30 revolutions/min. A coarse sand is fed onto the
lap at a rate of 800 g/min in front of each specimen. The
abrasive used in Ontario is Ottawa silica sand (ASTM C
109). The mass loss of each specimen in the test is
recorded. The result reported is expressed as the percent-
age loss (in mass) of an assumed 33 mi volume of the
aggregate. The lower the value obtained in the test, the
more resistant the aggregate is to abrasion. )
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Figure 1. Mohs scale of hardness.
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In the United Kingdom, the standard abrasive used in
this test is Leighton Buzzard sand. A short study was done
on the correlation between results obtained using the
Leighton Buzzard sand and Ottawa sand. Twenty different
aggregates were selected and tested using both sands.
The rate of flow of the sand was regulated to 800 = 10
g/min. The results are shown in Table 3 and Figure 4. it can
be seen that there is an excellent correlation between the
results obtained using the two different abrasives.

The Aggregate Abrasion Value (AAV) test is a more
realistic measure of the resistance of aggregate to surface
abrasion than other so-called abrasion tests, such as the
Los Angeles Abrasion and impact Test. The mechanism
employed in the test and the abrasive used reflect, to some
degree, the actual conditions found on pavement surfaces:
abrasion caused by tires, ice control sand and other
debris. In the United Kingdom, Hosking (1973) found that
one unit of AAV was equivalent to a difference o 0.05 mm in
texture depth after nine years of heavy traffic.

"POLISH RESISTANCE (MICROTEXTURE)

Polish resistance is much harder to measure and predict
than wear-resistance. Microtexture is the fine scale {less
than 0.5 mm) texture possessed or developed by the
individual aggregate particles. it may be thought of as the
“sandpaper-like feel” of the particle. Most materials, when
freshly crushed, have a good microtexture. Desirable
aggregates are those that either resist loss of this texture or
behave in such a manner as to regenerate this texture.
These are generally termed “polish-resistant aggregates”.

Figure 3. Aggregate abrasion value machine si
aggregate test sample.

ving the steel lap, abrasive sand feeders and
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TABLE 3. AGGREGATE ABRASION VALUES USING LEIGHTON BUZZARD AND
OTTAWA SILICA SAND ABRASIVES

— —— UABORATORY TEST
AGGREGATE ABRASION
AGGREGATE TYPE VALUE POLISHED
LEIGHTON OTTAWA STONE RELATIVE
_BUZZARD ___ C 109 VALUE DENSITY

Blast fumace slag 19.1 © 180 54 224
Trap rock 22 25 44 3.03
Trap Rock 25 27 45 295
Dolomitic sandstone 42 40 62 264
Sandstone 93 9.8 68 250
Biast fumace slag 16.1 15.2 52 2.19
Sandy imestone 476 385 72 243
Quartzite 20 21 40 2.64
Dolostone 10.1 104 36 281
Gabbro 30 27 46 2.88
Gravel, granite 21 20 45 273
Granite 45 44 52 262
Granile gneiss 73 6.1 58 281
Sandstone 144 150 67 238
Gabbro 3.0 33 45 3.01
Steel slag (B.OF) 29 32 58 3.33
Blast fumace siag 162 145 51 209
Steel Slag (B.O.F) 36 s 59 297
Limestone 247 229 51 250
Synopal 3.1 39 48 202

S0 —

ROt L B

RATE OF SAND FEED 300~ Wg/min
20 SAmMnES

| I

OITAWA SILICA SAND ( ASIM Cl0?)
AGGRIGATE ABRASION VALUE
e
|
(]

H
—

2 MORE POINTS

0 ] | 1 I N
o 10 20 0 40 30
AGGREGATE ASRASION VALUE

WEIGHTION BUIZARD SAND

4

Figure 4. Aggregate abrasion value with Ottawa silica sand
plotted against Leighton Buzzard sand. Figure 5. Polished stone value machine.
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The microtexture developed by an aggregate is not
only a function of the physical nature of the material, but is
also a function of the environment in which it is used. The
amount of traffic, the nature and availability of abrasives
and climatic conditions ail determine the degree to which
an aggregate will polish, and the micsotexiure that will be
developed. Response of the aggregate to these environ-
mental conditions is determined by such attributes as
mineralogy, grain size and grain size distribution, and the
porosity and pore size distribution of the individual particles.

The test selected as being the most suitable for
evaluating microtexture was the Polished Stone Value
(PSV) test (BS 812, 1975). This accelerated polishing
technique was developed in the United Kingdom (Maclean
and Shergold 1959), using a sliding pendulum o measure
the frictional properties of the aggregate after three hours
of abrasion with coarse emery, and three hours of polish-
ing with a fine emery powder (Figures 5, 6, 7). This test has
been extensively investigated, both in the United Kingdom
(Hosking 1968), and in the USA (Underwood et al. 1971).
The higher the PSV obtained in the test, the better the
frictional properties of the aggregate.

Amajor drawback of the PSV test is that the final polish
with the fine abrasive does not always create the polish

experienced in the field. The emery powder used for the final
three hours of the test may continue to abrade softer
aggregate particles, rather than polishing them to the
same degree as is experienced under field conditions.
This sometimes results in a PSV higher than warranted by
the field performance. The softer, porous carbonate rocks
are susceptible to this problem. Quartzites and blast
fumace slag may also give misleading results. Hosking
(1973) showed that frictional properties of pavements
made with these two aggregate types were equivalent to
those made with aggregates which were 3 PSV units
higher. In other words, the PSV test underestimates the
frictional properties of quartzites and blast furnace slag by
3 units. The field performance and AAV of aggregates must
be considered together with PSV before selection for use
in asphaltic concrete.

Despite these anomalies, it has been shown by
Maclean and Shergold (1959), and Szatkowski and Hosk-
ing (1972) that the PSV is the most important aggregate
characteristic affecting skidding resistance of asphalt
pavements. Studies in Ontario have confirmed the signifi-
cance of PSV of aggregates in determining frictional
properties of pavements (Heaton et al. 1978; Kamel et al.
1982).
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Figure 7. Portable skid resistance tester used for evaluating
frictional properties of aggregate following the polishing
test. Rubber pad on base of swinging arm strikes aggregate
sample. The frictional value is recorded by pointer on the

C. ROGERS

scale.
FIELD WORK p

Following the literature review, and a review of the perform-
ance of some existing pavements, a number of rock types
were identified as targets for exploration and evaluation.
These were: basaltic rocks such as diabase and gabbro,
granites, calcareous sandstones and slags. Study of
existing geological maps and reports led to the identifica-
uonoiikelydeposnsThesedeposltsmvisted.and
samples taken. In unexposed or undeveloped deposits,

diamond drilling was conducted {(Rogers 1980). Generally
only those deposits were studied where subsequent
commercial production was viable. In addition, a general
survey of the frictional properties of Ontario aggregates
was also conducted. The location of the deposits tested
are shown in Figure 8.

LABORATORY TESTING
Sampies were subjected to

as: Magnesium Sulphate Soundness (MTC-LS-
% (MTC-LS-603),

» .Los Angeles Abrasion and impaci

Absorption and Bulk Relative Density (MTC-LS-604), Pet-
rographic Examination (MTC-LS-609), and Polished Stone
and Aggregate Abrasion Value tests (BS-812, 1975). In the
case of calcareous sandstones, sandy carbonates, and
carbonate gravels, an insoluble residue test (MTC-LS-613)
was conducted. Detailed petrographic examination involv-
ing the study of thin sections was also carried out. The
results of testing are shown in Table 4.

CRITERIA FOR SELECTION

For further investigation, the criteria in Table 5 had to be
met or exceeded. The owner or operator of the deposit also
had to be interested in subsequent commercial produc-
tion. Note that the values given in this table are limiting
values, and not necessarily the most desirable values. For
instance, in the case of PSV, the higher the value, the
better. Note that the Los Angeles Abrasion and Impact Test

was not used, Many excellent materials, such as blast_

furnace Slaj.smé._andjfaﬂﬂesﬂemm va_ugsm
exceeded the 35% maximum loss normally allowed i
Ontano

IMPLEMENTATION

Following the identification of likely sources, the econo-
mics were considered. If the use of a new source would
lead to immediate savings in cost compared to currently
available sources, a decision was made to authorize
immediate use, with test secticns being placed on the first
confract Altermnatively, a decision was made to constructa
trial test section to evaluate long-term durability and
frictional performance before further use was considered.
Not all test sections have been constructed to evaluate the
aggregates alone; they are aiso used to evaluate the
eflectiveness of various types of asphalt mix design (Ryell
et al. 1979; Kamel et al. 1982).
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TABLE 4, LABORATORY TEST DATA FOR AGGREGATE SAMPLES FROM ONTARIO, SAMPLE LOCATIONS ARE GIVEN IN FIGURE 8.

LABORATORY TEST DATA

LOC SOURCE NAME Q G NTS MAP NAME GRID REF. AGGREGATE TYPE PSV AAV Mg80, LA.ABR ABS" RELATIVE PETRO. INSOL
NO. %ioss %ices % DENSITY NO. RES
: %
1 MTC. X Penstanguishene 962790 Granlte gneles 47 -~ 0 - 30 035 277 104 -
2 Bourassa X Sturgeon Falis 953385 Granite gnelss 47 - 1 33 053 264 119 -
3  Perault X Verner 635206 Granite gnelss 47 - 0 39 050 265 104 -
4  indusmin X Uttle Current §45800 Quartzite 42 21 0 22 030 264 100 -
4  Indusmin X Little Current 545900 Diabase 46 40 2 14 062 297 118 -
6§ MTC X ron Bridge 127274 Granite, volcanic,
greywacke 46 15 1 13 040 276 100 -
6  Ploneer X Capreol 150815 Greywacke & granite 4 - 0 14 047 27 102 -
7  Fowler X Bracebridge 345935 Granite gneiss . 48 - 4 43 060 268 141 -
8 Ciglen X South River 276924 Gnelss & granite 49 54 4 47 073 287 115 -
9  Cedarhurst X Elmvale 868527 Carbonate & gnelss 45 - 4 27 092 267 120 7
10  Mitler X Newmarket §23808 Carbonate 4 - 3 23 070 266 121 <20
11 Whitechurch X Wingham 6408619 Carbonate 41 - @8 23 216 258 131 13
12  Henderson X Brockville 370295 Sandy dolostione (March) 69 42 § 15 086 265 110 ]
13 Uhthoft X Oritlia 196495 Limestone (Gull River) 42 - 7 20 091 268 101 1
14  Nelson X Hamillon 905080 Dolosions (Amabel) 48 - 2 28 - 154 269 102 0.1
15 3IM . X Campbetliord 768248 Trap (Metavoicanic) 46 36 0 14 037 2900 12 -
16  Armbro X Campbetiford 890270 Trap (Metavoicanic) 46 20 2 13 040 . 302 105 -
17  National Slag = = Hamilton 953903 Blast Fumnace slag 62 16 2 44 432 209 - P -
18  Dolasco - -
Red-D-Mix Grimsby 021876 Steel slag (BOF) 68 32 1 17 205 3 - -
19  Warmen X Lucan 873689 Carbonate 49 - 2 24 127 264 128 <20
20 Royel X Lindsay 751278 Carbonale 43 - 3 27 097 265 ° 117 <20
21  Dully X Carleton Place 105016 Dolosione (Oxford) 47 671 1 . - 076 274 "7z 12
21  Dufly X Carleton Place 105015 Oo_o.._.{.u..o h.!&..o:o 67 60 1 18 088 261 11 79
)
22  Ammbro X Ottawa 545165 Oolomitic sandstone 68 651 § 27 087 264 127 60
(March)
22 Ambro X Ottawa 545165 Dolostone (Oxford) 47 82 2 19 070 278 108
23 Orummond X Oliava 566160 Dolomitic sandstone 60 651 6 45 057 263 136 67
(March)
24  Frlar X Wilberforce 030907 Granite & gnelss 60 64 3 43 057 267 158 -
26 MTC. X Ingall Lake 917818 Granile & greywacke 45 30 1 14 060 274 104 -
26  Fetterly X Morrisburg 733635 Weathered dolostone 68 204 41 24 355 267 198 -
(Oxford)
27 Oneida X Dunnvilie 860560 Calcilic sandstone 64 6.1 2 29 126 255 107 53
(Oriskany)
28  MNR. X Merrickville 673590 Quartzite 47 32 1 33 040 263 100 -
29  Pormanent X Brockville 475395 Dolomitic sandsione 60 60 17 38 090 262 149 59
{March)
30 Hughes X Gananoque 900116 Sandstone (Potsdam) 68 98 32 81 158 250 337 06
31 Kennedy ~ = Alexandria 233303 Sandstone (Rockcliffe) 63 - 12 - 192 255 122 85
32 IMS8. ~ = Hawkesbury 295510 Stee! slag (Electric arc) 53 36 2 21 207 3.18 - -
33 IMS. - = Oshawa 879875 Stleel slag (Eleclric arc) 53 3t O 23 225 315 - -
34 Stelco X Woodstock 124690 Sandy limestone (Columbus) 72 39 24 59 .72 242 224 24
35 Rama 3 Oritiia 317532 Granile/Meta-arkose _ 53 44 7. 42 050 264 15 -
{87367 Rankin X" ""8dult Se. Marie 054609  Sandstone (Rool River, 8 - 5§ 29 220 244 13 -

Jacobaville)
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bt TABLE 4. CONTINUED _
% SOURCE DATA ’ LABORATORY TEST DATA
LOC SOURCE NAME Q G NTS MAP NAME GRID REF.  AGGREGATE TYPE . PSV AAV MgS50, LA.ABR ABS* RELATIVE PETRO. INSOL
NO. %iloss %ices % DENSITY NO. RES
- . %
37 Rolston b ¢ Litte Current 205835  Quartzite 2 - 1 .28 030 263 100 -
38 Maple Ridge X iron Bridge 129283 Granlte, volcanic, 48 20 1 12 050 273 102 -
greywacke '
39 MNR X Parry Sound 699238 Granile/meta-arkose 6 - 3 60 043 260 117 -
40  Macklalm X Sequin Falls 800225 Gneiss & diorite 48 40 3 35. 060 285 135 -
41  Lawson X Whitefish Falls 435075 Quartzite 4 24 1 - 038 264 100 -
42 Beamish X Algoma 505189 Arkosic ssl. & granile 50 22 1 - 043 269 110 -
43  J.Heidgen X Bruce Mines 868305 Diabase/gabbro 46 27 1 13 043 273 100 -
44  BarRiver X Lake George 302472 Quartzite 41 19 1 - 023 263 100 -
45  Mclean X Sault Ste. Marle 978606 Granite, gnelss & volcanic 47 20 2 13 083 277 100 -
48  Hilton Mines X Amprior 955387 Granite & gneiss 47 33 4 22 0.73 266 135 -
47  Rock Cut - = Cobden 600430  Gabbro 47 34 2 16 040 3.05 100 -
48 Rock Cut = « Renirew 810330 Gnelss 68 61 § 40 064 2081 105 -
49 Rock Cut - = Amprior 8332 Calcareous gneiss 49 233 2 24 050 266 113 92
60 Wiesener X Gansnoque 080268 Sandsione (Potsdam) 67 150 16 65 267 238 1 96
61  Jamieson X Renfrew 720360  Granite, marbie, gneiss 46 31 3 22 .. 074 270 108 -
62 RockCut - - = Hawkesbury 052535  Gnelss 63 82 3 22 097 273 170 -
63  Rock Cut - « Gananoque 047227 Granlte 48 41 1 30 083 262 104 -
64 Brown X Westport -295045  Coarse grained granite 4 29 1 20 047 268 100 b -
88  Mountain Grove X Tichbome 5455 Gabbro 46 233 1 - 033 3.0t 100 -
66 Hofiman X Pembroke 203837 Gneiss & granite 61 60 6 29 080 263 111 -
67 McGrogan = = Belleville 193968 LUimesione (Bobcaygeon) $1 23 = - 32 237 2850 100 03
68 Rock Cut X Beflevitle 075844 Granite 47 19 - 23 050 264 100 -
50  Mont Rigaud X Vaudreull 6430 Granlte 49 28 2 26 064 260 - 113 -
60  Manltoulin Dol X Meidrum Bay 277863 Dolostone (Amabel) 36 104 3 25 040 261 100 0
61 Caledon X Bolton 816556 Carbonate, sandy, granile 46 62 10 26 137 262 135 <40
62 Durham X Durham 167907 Carbonate 4 - 3 26 144 268 116 <10
63 wm..ooo.m.% = = Hamilion 935820 Steel slag (BOF) 59 61 4 22 184 297 - -
{ )
64  Bethlshem « = tLackawana, N.Y. Steel slag (BOF) 60 35 2 22 224 319 - -
656 Hannawa X Potadam, N.Y. Sandstone (Potsdam) 67 99 59 61 290 244 172 -
66  Whissell X La Chute 645625 Gnelss 47 28 3 21 047 272 100 -
67 EC.Lewy - = Detrolt - Steel slag (BOF) 57 33 2 20 147 344 - -
67 EC.Lewy - = Detrolt - Blast furnace slag 54 131 4 42 391 234 - -
(alr cooled)
€8 Beamish X Elmvale 010360 Limestone & granite 0 65 6 26 066 2.67 124 39
69 Qlen Lawrence X Gananoque 804045 Limesione (Gull River) 42 95 7 24 044 270 135 <5
70  Presquile X Michigan - Carbonate (Devonian) 48 114 1 26 1.38 257 108 1
71 Calcile X Michigan - Carbonale (Devonian) 49 187 3 - 184 249 127 0.5
(U.S. Steel)
72 Huron X Chatham 150973 Carbonate & granite 42 52 2 21 0084 268 134 30
73  Slandard X Norih Bay 160433 Gneiss & granite 51 38 1 28 043 268 109 -
74  Macleod X Cornwall 200915 Limestone (Gull River) 4 93 § 1 037 270 109 5
76  Walker Bros X Niagara 485770 Oolosione (Lockport & 62 112 17 24 1.54 267 13 -
Decew)
76 WL Wise X Mazinaw Lake 277624 Gneilsgs & granile 5t 52 4 37 080 261 144 -
77 LanatkS&G X Carlelon Place 945887 Marble, gneiss & granile 49 69 8 7 097 269 123
78  Trent Valley X Trenton 745785 Limeslone 40 67 2 21 060 268 115
79  Sydenham X Owen Sound 110350 Dolosione (Amabel) 48 135 2 31 147 264 101
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TABLE 5. LIMITING TEST VALUES USED TO SELECT SOURCES

___ FORSUBSEQUENTINVESTIGATION
LIMITING
TEST METHOD VALUE
Magnesium Suiphate Soundness, Max. % 12
Absorption (natural aggregates), Max. % 2
Polished Stone Value (PSV) Min. 50
Aggregate Abrasion Value (AAV), Max. 6
ic Number, Max. 145

insoluble Residue Retained on 75 um sieve
{sandy carbonates only), Min. %

&

The frictional properties of these test sectlions are
normally measured using a brake force skid trailer (ASTM
€ 274-79). Remote sensing (Holt and Musgrove 1977) and
the mu-meter (ASTM E 670-79) techniques have also been
used.

Long term durability has been evaluated by field
inspection and remote sensing, to observe ravelling and
aggregate surface loss due to freezing and thawing or
asphalt stripping, and by Benkleman Beam 10 evaluate
wear leading o wheel track rutting. Samples of the
pavement were also taken to check for compaction, voids,
correct mix proportions, and Marshall stability.

RESULTS
Available Sources

in 1970, two sources of trap rock {metavoicanic} were
authorized for use on HL1 pavements. In 1983, one blast
furmace slag, three steel siags, three dolomitic sandstones,
and one igneous gravel source, in addition to the original
two trap rock sources, were being or had been used for
HL1 paving. In addition, other sources of aggregates, such
as granite, diabase, quartzite, and other sources of steel
slag, and blast furnace slag, were being evaluated in test
sections.

Cost

Figure 9 shows the per-tonne cost for HL1, DFC, and OFC
mixes placed in the years 1979, 1980, and 1981. Cost
includes cost of aggregates, haulage, placing and compac-
tion, but excludes the cost of liquid asphalt cement. It can
be seen that dolomitic sandstone, a locally available and
recently developed source for use in the Ottawa area, gave
the lowest cost per tonne. Itis also worth noting that, as the
quantity of asphaltic concrete required on a contract
increases, the unit cost is generally reduced.
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Figure 9. Cost per ton of mix plotted against quantily for 1979-1981 contracts.
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Frictional Performance

The frictional properties of pavement are notoriously
difficult to measure and compare. Properties of the aggre-
gate are but one factor in determining the friction. Age,
amount and type of traffic, mix design and time of year all
play an important part in determining the friction obtained.

in the following examples, all variations in environ-
ment and pavement properties, other than the coarse
aggregate properties, have been eliminated. This has been
achieved by using two different coarse aggregates on the
same highway, paved at the same time, using similar or
identical fine aggregates in similar asphalt mix designs.
Figures 10, 11, 12, 13, 14, and 15 all show that, with
increasing PSV, the SN (skid number) also increases. This
does not necessarily mean that the use of an aggregate
with high PSV will ensure a high SN. Choice of the correct
asphalt mix design will also play an essential role as canbe
seen in Figure 15.

DISCUSSION

Studies to predict skid resistance of asphalt surfaces have
often been hampered by the failure to use an adequate
measure of resistance of aggregate to abrasion. in North
America and Australia, the Los Angeles Abrasion and
impact Test has been used without much success. Figure
16 shows a plot of Aggregate Abrasion Value against Los
Angeles Abrasion and Impact Test Value. it can be seen
that an aggregate with a low (less than 15% loss) Los
Angeles Abrasion and Impact loss will always have good
resistance to abrasion as measured by AAV. The converse
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Figure 10. Skid number plotted against polished stone
value (PSV) for HL4 after 4 and 5 years, 1000 Island
Parkway.
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Figure 11. Skid number plotted against polished stone
value (PSV) for HL1 after 4 years, Highway 11 near Orillia,
3125 AADT/lane.

3050 AADT/LANE
2250 AADT/LANE

45 —

/ SANDSTONE

//
|7w—7l/

//4— 17€
? TRAP ROCK

Is—

SKID NUMBER AT 90 km/h

30 ] J
40 $0 60
POLISHED STONE VALUE {P.5.V.)

Figure 12. Skid number plotted against polished stone
value (PSV) for HL 1 after 2 years, Highway 17 near Amprior.
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Figure 13. Skid number plotted against polished stone
value (PSV) for open friction course on Highway 400 north of
Highway 401 after 1 year.
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Figure 14. Skid number plotied against polished stone
value (PSV) after 4 years for open friction and dense friction
courses on Highway 7 near Lindsay, see Kame] et al. (1982).
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Figure 15. Skid number plotted against polished stone
value (PSV) Highway 401. Skid number data at 3 years from
Ryell et al. (1979). PSV data from Heaton et al. (1978).

is not always true; aggregates with high Los Angeles
Abrasion and Impact losses may also have good resist-
ance to abrasion. The carbonate rocks show some linear
correlation between AAV and Los Angeles Abrasion and
impact loss. The other rock types do not The Los Angeles
Abrasion and impact Test is not a reliable predictor of the
resistance of aggregates to abrasion measured by the
Aggregate Abrasion Value Test.

Aggregates commonly found in Ontario can be di-
vided into a number of broad types based on their
microtexture development.

1. Moderately hard rocks consisting of approximately
equal amounts of relatively hard and soft minerals. The
difference in hardness between the minerals should
ideally be 2 Moh divisions or greater. A typical example is
dolomitic sandstone (Figures 17, 18). The relatively soft
dolomite wears away, leaving rounded quartz sand grains
protruding above the dolomitic matrix. This gives a natural
sandpaper-like texture. Dolomitic sandstones found in
eastern Ontario typically give PSV's between 55 and 60,
low AAV's and have excellent durability. They are the best,
naturally occurring skid-resistant aggregates used in
Ontario as determined by the PSV test.

The occurrence of this type of texture was first
recognized by Maclean and Shergold (1959) and Kanill
(1961). Subsequent work has been summarized by Dahir
{1979), who found that optimum microtexture is developed
when 50 to 70% hard particles are embedded in a soft
matrix. Hosking (1976) reported that the optimum size for
the hard mineral was about 0.2 mm. it was in recognition of
this phenomenon that the insoluble residue test was
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Figure 16. Aggregate abrasion value plotied against Los Angeles abrasion and impact loss.
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Figure 17. Scanning electron microscope stereopair of the
surface of a dolomitic sandstone after exposure to abrasion
and polishing. The solter dolostone has worn away leaving
the quartz sand grains protruding above the matrix, giving a
rough microtexture. Length of scale bar = 0.5 mm.
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Figure 18. Photomicrograph under plane light of the
dolomitic sandstone shown in Figure 17. Rounded quarz
grains surrounded by a dolomite cement. Length of scale

bar=0.2 mm.

developed (ASTM D 3042). A carbonate rock is dissolved
in acid, and the proportion of insoluble material retained
on the 0.075 mm sieve is determined. Insoluble minerals in
carbonate rocks are principally quartz, which has a Moh
hardness of 7 compared to the Moh hardness of carbonale
rocks of between 3 and 3%:. This is, however, a special case
of the general principal of hard particles in a soft matrix.
The same phenomenon can be observed in biotite-rich
gneisses (20% biotite) which gave PSV's of 58 and 63. The
biotite preferentially wears away, leaving quartz grains
protruding above the matrix. Quartzite and granite (see
Table 4, No. 28 and 53) containing even small amounts of
mica {5%) have an improved texture, due to wearing away
of the biotite, leaving holes in the surface. Orthoquartzitic

3. Vesicular, porous, synthetic materials, such as ai~
cooled blast fumace slag and steel slag. The constituent
minerals are relatively hard (Moh 6-7), and resist wear. The
large pores with relatively thin walls provide excellent
microtexture. Hosking (1976) found that the optimum pore
size for blast fumace slags was about 0.15 to 0.3 mm. As
porosity increased, so did PSV with optimum results being
obtained with materials with a porosity of between 25 and
35%.

The steel and blast furnace slags tested in this study
gave PSV's between 53 and 60, the highest values being
given by BOF (Basic Oxygen Fumace) steel slags. Blast
furnace slag is more porous and generally has thinner
pore walls compared to steel slag, which promotes the
slow attrition by breakage of the friable pore walls. This has
the advantage of continual exposure of fresh, angular
mineral grains throughout the life of the pavement. This
may account for the better frictional performance of biast
fumace slag pavements than predicted by their PSV alone,
as reported by Hosking (1973). Evidence to support this
was also found in this investigation. Figure 15 shows PSV
against skid number for three aggregates used on High-
way 401 (Ryell et al. 1979). It can be seen that the blast
fumace slag generally gave the highest skid number,
despite its intermediate PSV. Observation of cores of the
blast furnace slag pavement under the microscope showed
significant amounts of freshly broken, unpolished crystais
after 6 years of exposure to very heavy traffic.

Unfortunately, the slow attrition of the blast furnace
slag results in a loss of macrotexture and a reduction in the
ability to prevent hydroplaning. Generally, as porosity or
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Figure 19. Scanning electron microscope stereopair of the
surface of a micaceous sandstone after exposure (o
abrasion and polighing. Quartz sand grains protrude above
the micaceous matrix, giving rough micsotecture. Length of
scale bar= 0.5 mm.

Figure 20. Photomicrograph under plane light of the
micaceous sandsione shown in Figure 19. Angular quartz
grains surrounded by muscovite mica. Length of scale bar=
0.2 mm.
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Figure 21. Frequency piot of polished stone values for different aggregate types.

absorption of synthetic materials increases, resistance to
abrasion is reduced (Figure 22), which, in turn, reduces
macrotexture. A similar relationship was found by Heaton
et al (1976), who showed that, as porosity increased,
resistance to abrasion and impact measured by the Los
Angeles test was reduced. Hosking (1976) also reported
that increased porosity resulted in decreased abrasion
resistance as measured by AAV. .

~

Hard ignecus or metamorphic rocks, such as basalt,
gabbro, gneiss and granite. Initial microtexture is deter-
mined by the fracture characteristics of the rock when
crushed. Equigranular, medium-grained (0.5 to 1 mm)

minerals; quartz-rich rocks retain their initial texture the
202

longest. With sullicoem time, however, nearly all rocks in
this up give lish

exceptions rocks with significant amgunts of

I!! soft_bjo mlcaTi_a—develop the texture de-
in Type ].

§. Soft rocks with low resistance to abrasion which polish
rapidly. The sedimentary carbonate rocks are typical of
this group. The initial microtexture is determined by the
porosity and grain size of the rock. Lithographic limestone
gives a smooth, flat surface, while equigranular, medium
crystalline dolostone gives a rough initial microtexture. In
the pavement surface, the angular edges and microtexture
are quickly lost, giving a smooth, polished surface with
little macrotexture. Medium crystalline dolostones polish
less quickly than their finer grained equivalents or lime-
stones. This is probably due to their better initial microtex-
ture taking longer o wear away, macroporous, reetal
dolostones giving the best microtexture. Porosity, hard
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Figure 22. Aggregate abrasion value (AAV) plotted against percent absorption.

mineral content (insoluble residue), grain size and mineral-
ogy are important factors controlling the final microtexture
and rate at which it is developed.

Some carbonates give high PSV's (see Figure 21).
These are the rocks with low resistance to abrasion. Figure
23 shows that, for the carbonate rocks, as resistance o
abrasion decreased (higher AAV), PSV increased. Dahir
(1978) reported a similar relationship between friction and
percent wear in a jar-mill, for a group of eight aggregates of
various rock types. In the polishing test, there is a continual
loss of material by abrasion, due to the extreme hardness
of the emery abrasive used (Moh 9). As a result, the polish
attained under field conditions, where the maximum
hardness of the abrasive is Moh 7, is never reached.

6. Porous, weakly cemented rocks composed of hard
minerals. Porous, weakly cemented sandstone is a typical
example. These rocks, when crushed, break around,
rather than through, the individual sand grains, giving
excellent initial microtexture. The hardness of the individ-
ual grains makes them resistant to wear. Microtexture is
renewed over the life of the pavement by plucking of
individual grains, exposing fresh, unpolished surfaces.
Samples of these sandstones gave PSV's between 62 and
68.

These rocks are, unfortunately, extremely susceptible
to frost action. Freezing and thawing in the presence of
water results in deterioration and loss of macrotexture.
This action, combined with attrition of the individual grains
results in depressions rather than projections in the
pavement surface.

AGGREIGATE AMASION VALUE (AAV.)

® IANDSTONE
® CALCASEOUS SANDSTONE
© CARSONATE <40 WISOLUSLE
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POLISHED STONE VALUE (PS V)

Figure 23. Aggregate abrasion value (AAV) plotted against
polished stone value (PSV) for sedimentary rocks.

203




" "D RESISTANT AGGREGATES
CONCLUSIONS

1. The frictional performance of aggregate is determined
by its mineralogy. grain size, and porosity. This can be
predicted by laboratory tests, such as polished stone
value, and aggregate abrasion value tempered by exper-
ience derived from field performance.

2. Locally available aggregate sources of previously unsus-
pected quality and utility may sometimes be found, using
geological and petrographic criteria, confirmed by labora-
tory testing. The use of these aggregates may lead to cost
savings and improvements in the frictional properties of
the pavements in which they are used.
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LABORATORY
2283 ARGENTIA ROAD, UNIT 15

MISSISSAUGA, ONT. CANADA

LSN 522
ASH WARRE" TELEPHONE (410) 542-2265
ENGINEERING SERVICES FAX (410) 542-7320

June 6, 1994

Smelter Bay Aggregates Incorporated
P.O. Box 400

Thessalon, Ontario

POR 1LO

Dear Sirs:

Aggregate Testing. Travrock Stone

As requested, Ashwarren Engineering Services has completed
aggregate testing on the sample of traprock delivered to our
laboratory.

The aggregate was crushed through a small laboratory jaw crusher to
maximum size of 3/4". After crushing the aggregate was testad for
washed sieve analysis (LS-602). The traprock aggragate was then
split with the stone retained on the 4.75 mm sieve tested for the
following analysis: Los Angeles abrasion loss (LS-603), percent
crushed (LS-617), magnesium sulphate soundness loss (LS=-606),
specific gravity (1S-604), absorption (LS-604), flats and elongated
(LS-608) , crushed particles (L5-607), and petrographic analysis
(LS-609) .

The test results are shown in Table 1 and the crushed aggregate
meets the current Ontario Provincial Standards Specification 1003
for HL 1 Stone.

Recommendation is for further testing for the Micro-Deval Abrasion

Test, insoluble residue, and Immersion Marshall testing for
resistance to stripping in hot mix.

Should you have any questions please call our office.

Yours very truly,
ASBSHWARREN ENGINEERING SERVICES

e

Paul Lum, P.Eng.
Manager




June 6, 1994
Test Tost Result Specifications
Los Angeles Abrasion Loss (%) 87 N.A.
Magnesium Sulphate Soundness Loss (%) 0.25 5 max.
Specific Gravity 2083
Absorption (%) 0.562 1.0 max.
Flat and Elongated Particles (%) 125 20 max.
Crushed Particles (%) 100 N.A.
Petrograhic Number (H.L.) 100 120 max.
Sleve Andysis
Sieve Size Jest Result®
26.5 mm 100.0
19.0 mm 98.5
16.0 mm 84.2
13.2mm 766
9.5mm 64.0
6.7 mm 51.7
4,75 mm 48.1
2.36 mm 41.0
1.18 mm 323
600 um 222
300 um 15.0
150 um 11.0
75 um 7.5

SUMMARY OF AGGREGATE TEST RESULTS

Traprock Aggregata, Smelter Bay Aggregates

* Traprock stone was crushed through a laboratory 39/4° jaw crusher.




TEL: (306) 721-7611

T FAX: (306) 721-8128
Clifton Associates Lid. o 218128
CONSULTING GEOTECHNICAL ENGINEERS REGINA.SK  SANSYS
10 February 1992
File R1212.2
Smelter Bay Aggregates Incorporated
P.O. Box 400

SUBJECT: Ballast Testing
Petrographic, Chemical and Physical Characterization

Qemckmmpkmsmﬂwdadmbjededbp&ogmphhphyﬁalaﬁdmﬁmlmﬁngmdhgm
CP Rail Specifications for Ballast. 'l'heresultsareattad\edandmmmizedbrieﬂybe_low.

The sample is comprised entirely of diabase. Plagioclase and pyroxene are both relatively unaltered.
No deleterious minerals are present in the rock. .

Therockhasahighhardneasandahightoughnss. It meets all the CP Rail physical test
specifications. See attached Summary of Ballast Test Results.

Chemical testing indicates that the rock chemistry meets Ontario guidelines for metals in soils, (see
Table 1). Add-baseammﬁnghtdimteshsdun&l%snlphideaﬂphwkpmsemmthemkamw

acid generating potential is low, (see Table 2). Leachate extract analysis meets the guidelines in all
elements tested, (see Table 3). _

Slwuldymlnveanquﬁauormmmts,pleasedomtheﬁhtetomﬂ.
Yours truly,
CLIFTON ASSOCIATES LTD.

WILLIAM A. JEALOUS, SENIOR GEOLOGIST
WAJ/ic

REGINA SASKATOON CALGARY BATILEFORDS MOOSE JAW




VISUAL PETROGRAPHIC ANALYSIS
: 'NORTHERN ONTARIO

+IENT: Smelter Bay Aggregates Incorporated
Sample No, 14889

'l'hissamplewassubmittedmCﬁfmAsodamw.bySn\dw'BayAggregamforphysicalb&sting
and visual petrographic analysis according to CP Rail ballast specifications.

ROCK TYPE

Diabase

This rock is dark grey green in color and massive. It is composed of 50% fine to predominantly medium
gnined(l-an),mbhedralamplu’bolaandpyroxme;SO%ﬁmtopredominantlymediumgrained
(1-2 mm) subhedral plagioclase lathes; trace amounts (<1 %) of anhedral disseminated sulphides;
mamm&ofdﬂoﬁm,pedouﬁmﬂysemmﬂewaﬂuedm;udmhnrdmﬁmpmdum
of plagioclase (saussurite, composed of epidote, carbonate and feldspar).

STRUCTURE AND TEXTURE

This rock is massive, fine to medium grained (consistently in the 1 - 2 mm range) and has a diabasic
texture.

HARDNESS

This rock is very hard, this the result of the high hardness of the constituent minerals (plagioclase -
Moh’s hardness scale value of 6, pyroxene - Moh's hardness scale value of 6 and amphiboles - Moh's
hardness scale value of 6). : '

TOUGHNESS

This rock is anticipated to have a high toughness due to the massive, diabasic texture, the fine to
medium grain size, the hard constituent minerals and the absence of deleterious amounts of soft
secondary alteration minerals

FINES. FRACTURE FACES, AND SHAPE

This rock is expected to generate a negligible amount of fines. The rock fractures into more
equidimensional fragments in the coarser fractions, with a tendency towards more flattened and
elongated fragments in the finer fractions. The fracture faces are moderately rough and the fragment
edges are uniformly angular.

FREEZE/THAW AND WETTING/DRYING

The susceptibility of this rock to effects of freeze/thaw is expected to be low due to the massive texture.
This rock should have a low susceptibility to wet/dry processes. '




File R1212.2

Page 2

LdEMICAL WEATHERING
ﬂt’srocksllouldhavealowsuscepﬁbilitybd\emicalweatheringbemusethecarbonatemakesupa
very small percentage of the rock.

FHYSICAL TESTING
Afullsuiteofphys‘mlBﬁnghasbemda\eandﬂlemullsareplua\tedatﬂ\ee\dofﬂﬁsmpon
COMMENTS

This rock has very good hardness and toughness characteristics. The tendency towards flattened and

elongated pieces in the finer fractions can be corrected during crushing and sieving. This rock meets all
C P Rail specifications for a Grade 4 ballast.

PHIL R. SCALIA, GEOLOGIST
07 FEBRUARY, 1992

CLIFTON ASSOCIATES LTD.




SUMMARY OF BALLAST TEST RESULTS

\ .ENT: Smelter Bay Agg. SAMPLE RECEIVED: 92/01/30
PROJECT NO: R1.212.2 LOCATION: Ontario
CAL SAMPLE NO:: 14889 TRACK CLASSIFICATION: Main Line CWR
CLIENT SAMPLE NO: BALLAST GRADING: 45
IEST IEST RESULTS SPECIFICATIONS
Los Angeles Abrasion Loss (%) 83 45 max.
Mill Abrasion Loss (%) 23 9 max.
Abrasion No. 198 65 max.
Specific Gravity 2.97 2.60 min.
Absorbtion (%) 0.17 0.5 max.
Magnesium Sulphate Soundness Loss (%) 0.10 1.0 max.
Fractured Faces (%)  Minus 2" plus 112" 9%
Minus 112" plus 1* 9.6 %
Minus 1° plus 34" 95.1 %
Minus ¥/4" plus 1/2" 95.1 90
Minus 1/2" plus 3/8" 90
Minus 3/8" plus #4 %
Shape Factor Minus 2° plus 1 112"
Minus 11/2" plus 1* 201
Minus 1° plus 34" 2.26
ISieve Analysis, Finer Than Sieve(%)2 V2" 100.0 100
2" 1000 90-100
112" 99.1 60-80
1" 59.6 : 15-35
3/4" 269 0-5
1CIROMSTANES PROHIBITED CRUSHER SWPLE; 4o 117
PRIMARY BLAST SAPLE WAS LABORATORY CRUSHED
FOR ALL TESTING PURPOSES, ACOOUNTING AR THE 3/~ 7.4
DISPARITY IN SIEVE SPECIFICATIONS.
" 42 0-3
#200 0.6 0-2

CLIFTON ASSOCIATES LTD.




File R1.212.2

THIN SECTION ANALYSIS
SMELTER BAY AGGREGATES
ONTARIO

Client: = Smelter Bay Aggregates, Ltd.

Sample 14889

ROCK TYPE

Diabase

MINERALOGY

Plagioclase Feldspar 60%
Pyroxene 30%
Amphibole 10%
Biotite Trace
Chilorite Trace
Opaques Trace
TEXTURE

This rock exhibits a well developed diabasic texture. Euhedral, fine to medium grained lathes of
plagiodlase feldspar enclose anhedral to subhedral, fine to medium grained pyroxene crystals, forming
an interlocking texture. The rock is massive, with no closely spaced microfractures or shears evident in

ALTERATION

The plagioclase feldspars are very “fresh”, minimal saussuritization noted. The pyroxenes are
occasionally altered on their crystal margins to amphibole which comprises up 10% of the rock.. These
pﬁnurypyrmaysubmdmedabngdangeplams,dm\gﬂ\dredgsandmdvdy.

COMMENTS

This rock is anticipated to have good hardness and toughness characteristics. The extensive
uralitization of the pyroxenes has not proven to have a deleterious effect on rock toughness on tests done
on other uralitized gabbro and diorite samples. The plagioclase feldspars are relatively unaltered.
The diabasic texture will likely result in good toughness characteristics.

WILLIAM A. JEALOUS, SENIOR GEOLOGIST
10 FEBRUARY, 1992

CLIFTON ASSOCIATES LTD.
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P o _L&e&g C’:L‘ 136
ot do I'expert- . % L ¥
coneed G\\\aﬂ:sm“ 256 [
Type RIS EET.
i
Aﬂwglw_f"’ 1856
. Food end
Seby- .
: hlmn
Mobliization and
Equipment Type Mobillestion et
Rentad démobilisstion
Location de Sub Total of indirect Costs
matéeiol Total partiel des codts indirects
A Amount Alowsble (not grester than 20% ef Direct Coste)
m*p’*nasnmm
Total Direct Costs Total Value of Asssssment Credit Valowr totale du cridh
Tota! des colts directs ".:::.."'"‘“ (‘,'m“
o Indivects adminaliies

mmmmﬂumbwmmh
uumammaoapu.mum.n
muum.mmmmumm
ol or part of the assessment work submitied.

m:ummmwamummm
bmuummunmmmMAw
mshwlednnn'umm.bmmmm
Ou une partis des travaux d’évaluation présentés.

Filing Discounts

1. Wakﬂodmtuomdoompbﬁmbddnnduiu)%d
the above Total Value of Assessment Credit.

2. Wmmm.Mfuﬁnmmmﬂdbnhmu
50% of the above Total Value of Assessment Credit. See
calculations below:

Remises pour dépdt

1. mmmmnm-namwm.m
munuuoouahmubmmmtw.

2.L~hmmm.mouchqmapmbuvm
sont remboursés & 50 % de la valeur totale du crédit d"évaluation
susmentionné. Voir les caiculs ci-dessous.

Total Value of Assessment Credt Total Assessment Claimed

x 0.50 =

Valeur totale du crédit d évalustion

~ Evaluation tolale demandée
x 050 = .

Certification Verifying Statement of Costs

I hereby certify:
that the amounts shown are as accurate as possible and these costs
were incurred while conducting assessment work on the lands shown
on the nyi Work form.

that as

to make this ceRification

Attestation de I'état des colts

J'atteste par la présente :

quolumonumsimmbplusexactposwouqueces
dépenses ont été engagées pour effectuer les travaux d"évaluation
sur les terrains indiqués dans la formule de rapport de travail ci-joint.

Et qu'a titre do __
(tkulsire envegisird, représentant, posta occupé dans la

je suis a,utorisé

& faire cette attestation.

2212 (0am1)

U~ Tty

Nota : Dans cette formule, lon%;'il désigne des personnes. le mascuiin est ulikse au sens neutre




Ministry of Report of Work Conducted v -
@ e T After Recording Claim [m
Ontario Mining Act *

Personal k. .ubnwuanmmmnmmumnammmmmmnuwummm
MMM“MhmmW.MMMdWW“MMM.IQMM.

Instructions: - Please type or print and submit in duplicate. 20 L 55 3 8
-RetonomoMlnlngAcundMmahmndmmm«mmmm

-Asepuu.oeopyotmbformmuuboeomplmdbruehw«km.
- Technical reports and maps must accompany this form in duplicate.
= A sketch, showing the claims the work is assigned 10, must accompany this form.

[Recordad Holderis)

%"m_p“".ﬂ“ < M‘I&u:&k$ Qtei L-\-&. : ‘ 2 J 7/ .
12 Asuweaceer RE. Dawai vles’, OOT, W1 ey LC3S- ¢ 30
Sadt Ste. Mok | Zaloy G 9214

' NI TV I | — : -
Pertimed MW T o o el ¥ N

Work Performed (Check One Work Group Only)

Work Group “Type
Geotechnical Survey
| Physical Work,
including Driling
Rehabilkation

woa ' | SECTION 18 ONLY-+ T»

f
Tﬁimwakmmum stomeit of Costs | $ 1
Note: The Minister may rejeci for asespement work redl ll of part & the s

Persons and Survey Company Who Performed. the Work (Qive Name and . P
Neme R i 4 Adboss? - LS &3 T
Ravwowo T- Huckgesw| OO B 23 [ THES S Acon BN
Cgﬁ&%er Twc u&" L i°c‘ni¢oj°4§0?t? Poa‘( X 80 3' =
IS I S N P B
. e . L D e == . .. . - o ....L.....;_
Certification of Beneficiel inlerest * See Note No. 1 on reverse side

R
| certily that af the Sme the work was performed, the claims covered in Siis work _
feport were recorded in the current holder’s name or held under a beneficial interest 29 /’W
by the owusrent recorded holder. '

[ 4 )

Certification of Work Report

|wu|m-mwumuumhummmmuwtuwmmmm
s compistion and annexsd report is true. :

and Address of Person Certllying 0. Rox 22 CSSAcod | oW -
avmoud 7 Hrccewsnu - v-0. w222 THC jioﬁ 'u_o{
Telepone No.

Date
842 - 2S9% Joly 2a( 1y E %?E%« _
For Office Use Only )

- Al ) o) 7 Rcenved S
y / SAULY STE. MARIE MINING DVISION
4 7% A3 2 JSuly 29/7Y et RECEIVED
Ler22es e L2919
7,8,9.11121,2,3,4,5,.6

0 o |
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Crodits are claiming in this report uwmmmumummammmmm
which clai mmumm%ammmmmaum

1. Dcrm“»uunmmmmunwu.mm
2. Dcndiummboanmmmudﬁmmmhﬁ.mdm
3. Dc:wumnuuuu‘umwmumm.

hmmmmmmmmdmamy.mmnuw

Note 2: NMMMMMmMUMW.MWMM

| certify that the recorded holder had a beneficial interest in the patented
or leased land at the time the work was performed.

Signature




Statement of Costs
for Assessment Credit

Etat des codts aux fins
du crédit d’évaluation

Mining Act/Lol sur les mines

Pmmmmmmmhmmmmny
dﬂnmmmisinhmdionwlbomodlomnmw
ongoing status of the mining claim(s). Questions about this collection should

mmwwammnm

M::anou 159 Codar s...a-;..y’ dom.m o
- » Ontari du Nord et des 159, , 49 §tage,
P3E 6AS, telephone (705) 670-7264. m ao?):"nm'."c““ #age, Sudbury
1. Direct Costs/Colts directs 2. indirect Costs/Codts indirects
*® Note: When Rehabiltation work indirect
Type Description WM n;,‘:m m asessement work, costs are not
mnmuwamm
Wages Labour colts indirects ne sont pas admissibles en tant que travaux
Salaires Main-d’osuvre d"évaluation.
F s : i-
&.::vhionuhm (L8 | (2% Type Description Amount TOL““"
Type _ T Montant Globel
Contractor's o T
am. Le®oy Cenws. 26S? rm"m""’“ A‘E&Q‘f\;‘_g 25 <0
:pnu. envbec 235¢S
ot de "expert- Whadso~
consell tme.eons.: 20380f605%
Type
Supplies Used
Foumitures
uiilisbes
Food and .
Nourie ot
E;-‘,-.i"-‘ : m“
Equipment Tyoe - Oemobiitzation
Hpworn démobilioation _
matdeiel * Sub Total of indirect Costs
Total pertiel des colts indirects
i Amount Aliowable (a0t grester than 20% of Direct Caste)
w“w-uunuucnm e}
Total Direct Coets - Total Value of Assssament CrodR  Valowr tolsle du codelt
Total des coOte directs "l .-l of Direct and ARowable mh

mmwmnumbwmmh
this statement of costs within 30 days of a request for verification. if
verification is not made, the Minister may reject for assessment work
all or part of the assessment work submitied.

coste)
ot indivosts admisalbies

m:ummmwamummm
hmuummunm“mmau
dlu.shvﬂ“mn'uunmnummmm
Ou une partie des traveux d"évalustion présenifs.

Filing Discounts

1. Work filed within two years of completion is claimed at 1009 of
the above Total Value of Assesament Credit.

2. Work filed three, four or five years after completion is claimed at
50% of the above Total Value of Assessment Credit. See

caiculations below:

Remises pour dépit

1. mmmmuaunamum.m
remboursée & 100 % de ks valsur totale susmentionnée du crédR &"évalustion.

2. mmmmmwmnmwm

Total Value of Assessment Credit Total Assessment Claimed

Certification Verifying Statement of Costs

| hereby certity:
that the amounts shown are as accurate as possible and these costs
were incurred while conducting assessment work on the lands shown

mh(W\dWoﬂ(m.
Mu4 ( R
Hoider, Agent,

| am authorized

Postion 5 C |
to make this certification

Attestation de I'état des colts

J'atteste par la présente :

quobsmumindiquumbphsonctpudblootquooes
dépenses ont ét6 engagées pour effectuer les travaux d'évaluation
sur les terrains indiqués dans la formule de rapport de travail ci-joint.

Et qu’a titre de suis autorisé
o mm.mmwm-c’:hwﬁ)

4 faire cette attestation.

0212 (0aRY)

'

?‘cdz‘/fu(

{/\cl [ ;)7’\

L)
Non:Dumoomformulo.bnqu'ildwgmdam.bmuwlinwwﬂmmmum.
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wntario
Ministry of Ministére du Geoscience Approvals Office
Northern Development Développement du Nord 933 Ramsey Lake Road
and Mines et des Mines 6th Floor .
Sudbury, Ontario
P3E 6BS
Telephone: (705) 670-5853
Fax: (705) 670-5863
November 7, 1994 our File: 2.15538
Transaction #: W9450.00062
.00063

Mining Recorder

Ministry of Northern Development
and Mines

60 Church Street

Sault Ste. Marie, Ontario

P6A 3H3

Dear Sir/Madam:

Subject: APPROVAL OF ASSESSMENT WORK CREDITS ON MINING CLAIMS
88M.782863 & 73000 IN LEFROY TOWNSHIP

The deficiencies in the original submission have been rectified.

Assessment work credits have been approved as outlined on the attached
Assessment Work Credit Form for the submission. The credits have been
approved under Section 18, (INDUS), Mining Act Regulations.

The approval date is November 7, 1994.

If you have any questions regarding this correspondence, please contact
Lucille Jerome at (705) 670-5861.

ORIGINAL SIGNED BY:

,7»4 6‘6,9/.:/

Ron C. Gashinski

Senior Manager, Mining Lands Section
Mining and Land Management Branch
Mines and Minerals Division

4, LJ/31
Enclosures:

cc: Resident Geologist /Assessment Files Library
Sault Ste Marie, Ontario udbury, Ontario




FILE NO:
TRANSACTION NO:
RECORDED HOLDER:

W9450.00062
CLAINM NO.

782863

W9450.00063

73000

ASSESSMENT WORK CREDIT FORM

2.15538
W.9450.00062 & W.9450.00063
Warren Paving and Materials Group Ltd.

NOVEMBER 7, 1994

VALUE OF WORK VALUE APPLIED
DONE ON CLAINM TO CLAIM

5432 4800

72315 0

632

72318
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