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NAME and ADDRESS of CLAIM HOLDER:

THE WARREN PAYING 3 MATERIALS -3ROUF
•Central Canada Division ;

72 Asr.warrsn Road 
Dcwnsview, Ontario 
Canada

M3J - - Z6

T-rlepltone 415; 522-357C 
Facsimile ''415) 522-4959

Coiroar.y President 
J.G. Mclarty 
3j. -^.is^.T.srs jvcac 
Richmcnc Kill. Ontario 

L4B - 138

CLAIM NUMBER:

CLAIM LOCATION:
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:rts^i.ts ar.d 3cr.5usr~ar. Highway turr. east rr.tc Schsuerrr-an Hir.-v.-^y. 
rche^er.T.an Higltv/ay biseczs cia^.T: ~ JS!\ ~S23c2 d iagonally fr^.r. t .t e 
scutlteast corner to tlte ncrtltwest ccrr.er



Visual Analysis of Samples:

The sar.pled rock was dense, dark blue/grey with a ir.ediur. to 
fine grain pattern, consistent to trie properties of diabase 
material.

General Description of the Minerology: (local)

The property has a massive outcropping of disk-as e with sorr.e 
quartzite and basaltic material. The overburden is lew CaCC-. sand 
with some loam from the decomposition of the hardwood forest. The 
overburden is shallow to nonexistent.

Typical Geology of the Region:

The geology of the region is transitional from the loa.-.y low 
 ands Oj. tne oreat i^ajces Basin to larce glacial sane ric.ges anc 
.massive out rroppings cf Nipising Diabase that are kncv/r. tc have

2^19 ELii tssti.ic .iy Clifton ^nc.

Author of the Report:

SKIITZF. 3AY AGG?Z3ATZ~

years .T.ir.ing ana prcsc-r-:

c c.^r s .Tt5.zr /i "3 T, .r*. ̂  o   s z. on s*

RAYMOND T. HICKERSON DATS



Supervisor of Work:

Reg Gardiner
DISTRICT MANAGER
SMELTER BAY AGGREGATES INCORPORATED

P.O. 3ox 542 Thessalon, ON PCR 1LC

Ph.(705)842-2597 wk. 
Ph.(705)842-5438 am.

Workers/Contractors :

Drilling and Blasting,

Consbec Inc.

Contact: Richard Walker Owner X Pres

P.C. Box 52C
2725 Belisle Dr.
Val Csrcr., ON PGM 2AO

Ph.(705)397-4971

Crushing and S5.ir.pl mg , 

Gi-~-er~3cn Znterp-rises 

Co--act:Zc- 3ilber-3or. Manager

R.R.si
Richard's lancing, ON ?OR u:

Ph. '705 :246-2C75

Stripping of Overburden, 

-iS;\oy  Cns traction

3CO leaccck St. Blind River, ON PC? 1BC



Equipment List:(DIRECT COSTS)

Stripping:
EXCAVATOR
LC-220 Xcrr.atsu w/1.5 cu. yd buc'ce

Drilling and Blasting: 
DRILL
Hydraulic 5V Gardner-Denver 
4"x 30' holes 3 10 'x li 1 grid

POWDER
Austin-Austinite 15 (anfo)
Hydrcmite 523 (3"xl6 lf )

PRIMERS
Green cap (1/3 Ib. )
Black cap (3/4 Ib. )

Detonators 
Nonelectric ZZ-DETS 
Primer nonelectric delays

Crushing
LOADER
988 Caterpillar

PRIMARY C3'JS:-:Z3 
3C"x42" Jaw

C T* .** *^ '"T*- i*^V —^T-j----" —
ii^W-^l/rL.V i wjl W O.~ t^.

66" Cons

TI3TARY CRUSHER 
42"x42" Triple Rcll

SSIVES (fine) SZIVES (coarse) 
9 . 5mT. 16mni 
4.75mm 13.2nur. 
I.18mm 9.5mm 
6COum 4.75mm 
30Cua 
1 5 OUT.

Mechanical shaker (make n/a". 
electronic scale (nake n/a)



Contractor and Equipment List:INDIRECT COSTS
SHIPLOADING FACILITY
Smelter Bay Aggregates Incorporated
P.O. Box 400,THESSALON ON POR 1LO

Contact: 
Reg Gardiner

Ph.(705)842-2597

LOADERS

Komatsu WA-500 (3)

SHIPLCADER
Stationary system;2 hopper bins

l ground conveyor
l shiploading conveyor
l hydraulic deflector hood

SELF-UNLOADING FREIGHTER 
Southwestern Sales Corporation Ltd. 
ICO Lesperance Re. TECUMSEH ON N8N 1V71

Contact:
Jack Frye President

Ph. (513-735-3822 

Vessel, Algorail(ACR)

RECEIVING DCCK
Reid Aggregates Inc.
1777 3t. Clair Parkway R.R.*4
Sarnia, ON N7T 7H5

Contact:
David Sheldon President

Ph.(519)337-6087

Bulk Handling, Storage, Reloading ar.d Weighing

TRUCKING
Laidlaw Carriers Inc.

Contact: 
Scott Talbc-

?h.(519)539-0471

P.O.Box 776 WOODSTOCK ON N4S 3 1



PROPOSED USES of DIABASE:

The ex~reir.e hardness of diabase (36 on the Moh's scale) makes 
it an excellent product for industrial applications where high wear 
resistance and/or high strength are reauirements. Examples of such 
applications that SMELTER BAY AGGREGATES INCORPORATED have 
investigated are:

* rail road ballast
* rock wool insulation
* wear course (asphalt)
* dense friction course (asphalt)
* microsurfacing (asphalt)
* HL-1 (asphalt)
* high strength concrete

The chemical stability of this material makes it a better 
product than some of those in current use. The increasing awareness 
of environmental concerns and new environmental legislation has 
increased the interest in our quarried products.

Many of the proposed markets are a great distance fror. the raw 
material source. SMELTER BAY AGGREGATES INCORPORATED lias and will 
continue to ship diabase from our Seaway depth dock by self- 
unloading lake freighters to U.S. as well as Canadian r.arkets 
throughout the Great Lakes Basin. The large quantities 
shipped,(boat loads vary depending on the vessel size. 2C,CCC tc 
30,000 tons), and the recognized quality of the material, have 
provided us with a growing market share. We depend en product 
development and large reserves to offset the very high costs z f 
extraction, marketing, and closure,(in accordance with the Mining 
Act). SMELTER BAY AGGREGATES INCORPORATED has undertaker, the 
acquisition and development of the necessary reserves by sta:-:i.vr 
and working claim #S5M 782S63 as an integral part cf cur long rar.ge 
quarry operational plan.

DIMENSIONS and RESERVES in the DEPOSIT :(on claim # S3M 762863)

* approximately 360 m x 35C m x.20 ~
* approximate reserves, 5.3 xlO : nr

SPECIFICATIONS and CRITERIA:

Please see the attached reports and specification listings, 
included you will find:

* results of extensive testing of the SMELTER BAY 
AGGREGATES NESTORVILLE QUARRY,(petrographic,chemical,and 
physical),both general and specific to rail road bailas- 
requiremenzs.(CLIFTON ASSOCIATES LTD.; Please note that the Clifton 
Report is for your data base information only and will not be 
included as an expense toward our assessment work on claim #SSM 
782963.



* the criteria and results of the Ministry of 
Transportation Ontario fMTC) DENSE FRICTION COURSE (D?C) test strip.

* results of Ashwarren Engineering Services physical 
testing cf samples taken from the indicated site on claim #SSM 
762863 for suitability in hot mix asphalt production.

MARKET DEVELOPMENT and RESULTS:

Canadian National Railways Geotechnical Engineering Department 
has been working with the SMELTER BAY AGGREGATES marketing 
department to establish product suitability and the transportation 
logistics for supply and delivery to construction,upgrade and 
repair sites in the southern Ontario region. CNR geological 
engineers have determined that the product currently in use as 
railroad ballast has a life expectancy of 700,000,000 gross tons of 
traffic. They determined the diabase found in our quarry, including 
claim #SSM 782352 to have a life expectancy of 900,000,030 gross 
tons, a factor of 22% longer life for the diabase. Another recent 
development that will effect the market in our favour is the 
environmental concerns regarding leachates in the current product. 
Environmental legislation is expected that will set criteria and 
limit the use cf that product.

Our vigorous pursuit of the asphalt markets through 
qualification for the provincial government's (MTO) Designated 
Sources list and the growing awareness of road builders and 
contractors of our products and unique delivery capabilities has 
given us early success in this market. Products included in this 
category are: DFC. fine and coarse; HL-1; and other aggregate 
according to individual engineered design mixes. (951 cf the 
ingredients of most asphalt design mixes are aggregate products: 
see, Search for Skid Resistant Aggregates in Ontario; Chris Rogers, 
Engineering Materials Office, MTC Ontario,1983; published 
in "19-" Forum on the Geology of Industrial Minerals Proceedings" 
Ontario Geological Survey Miscellaneous Paper 114, 216 p., 1983.)

HOT MIX ASPHALT AGGREGATE TESTING: Traprock

Stripping, trenching, blasting ana sample extraction were 
carried out at the site identified within the report,(see Sample 
Location A}. A sample was shipped to ASHWARREN ENGINEERING SERVICES 
for a battery of aggregate testing to determine its suitability for 
Hot Mi:-: highway surfacing. The ASHWARREN ENGINEERING SERVICES 
REPORT is attached.



DFC TEST STRIP (MTO):

* l elm long

* starts 1.5 Km west of interchange 186 or. highway 401

* 2 west bound lanes only

Interim approval has been granted from MTO 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 of 
the Nestorville quarry.I have taken the liberty of highlighting 
some passages of interest.

note:since the original draft of this report SMELTER BAY AGGREGATES 
INCORPORATED has received final approval as a Designated Source for 
the Nestorville quarry (including claim &SSM 782863) for the 
production and supply of DFC, coarse and fine. Documentation of DFC 
approval as well as the Designated Sources approval granted ir. 1992 
for KI-1 From the Nestorville quarry are included in the attached 
information.

STOCKPILES:

SMELTS?. BAY AGGREGATES INCORPORATED has built stockpiles of 
diabase products in excess of 13,000 zor.s of various gradations and 
specifications in anticipation of further testing and marketing 
needs. The costs incurred producing these stockpiles have not been 
submitted for consideration in the assessment work on c lair. "SSM 
762863 in whole or in part.

SAMPLE LOCATION A:

The starting point to establish the sample location is the 
junction of Trunk Road, Nestorville Road, Scheuerman Highway and 
the C?R crossing.(See claim access)
Approximately 700 yards were paced off in a westerly direction 
along the CP3 tracks to the #3 post o f claim #SSM 7S2S63, a 180 
degree turn was made and 200 yards were paced off. A compass 
bearing was shot to magnetic north, 70 yards were paced off on the 
established bearing to the sample location. A compass bearing was 
shot to magnetic west and 200 yards were paced off to ~he #3 post 
of claim #782863. The prospector returned to the sample source and 
paced 520 yards on an easterly course along Scheuerman Highway to 
the starting above mentioned starting ooint. (SEE THE ATTACHED MAP 
#2)

8



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

STRIPPING: 936.25 

JULY 21 S 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 Ine.
P.O. Box 520
2725 Belisle Dr. Val Caron, Ontario
POM 3AO

EXTRACTION of SAMPLE: 3 55.77 

MAY 11, 1994

Gilbertson Enterprises
RRffl
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: 1 50.00 

MAY 12, 1994

SMELTER BAY AGGREGATES INCORPORATED 
P.O. Box 400 
Thessalon, Ontario 
POR 1LO

SUPER VISION: 7 50.00 

JULY 19S2 -JUNE 1994

SMELTER BAY AGGREGATES INCORPORATED 
P.O. Box 400 
Thessalon, Ontario 
POR 1LO

TOTAL 6085.52

10



SAMPLE LOCATION B:(DEEDED PROPERTY ADJOINING CLAIM #SSM 782863; for 
Dense Friction 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 i s held by WARREN 
PAVING and MATERIALS LTD. The sample was extracted at a location 
285 yards SSW of the #4 post of claim ffSSM 782863 and 75 yards due 
west of the west boundary of the claim.

DISCRIPTION of WORK and DATES: Direct costs. Sample B

Stripping: 2 656.50 

MAY 22,25,26, 1992

LeRoy Construction
P.O. Box 1444
300 Leacock St. Blind River, Ontario
POR 1BO

Drilling and Blasting: 3 7544.95 

SEPT. 23, 1992 arid JUNE 23, 1993

Consbec Ine. 
P.O. Box 520 
2725 Belisle Dr. 
Val Caron, Ontario 
POM 3AO

Crushing: 20,379.34 

OCT.26, 1992 and AUGUST 15, 1993

Gilbertson Enterprises 
R.R. fi
Richard's Landing, Ontario 
POR 1JO



Supervision: l , 284.00
l .

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

SMELTER BAY AGGREGATES INCORPORATED 
P.O. BOX 400 
Thessalon, Ontario 
FOR 1LO

TOTAL 61,865.29

Boat Loading: 5 ,883.66 

SEPT.4, 1993

SMELTER BAY AGGREGATES INCORPORATED 
P.O. BOX 400 
Thessalon, Ontario 
POR 1LO

Boat (self-unloading freighter): 6 ,549.74 

SEPT.4, 1993

Southwestern Sales Corp. Ltd. 
100 Lesprerance Rd. 
Tecumseh, Ontario 
N8N 1W1

Receiving, Handling, and Weighing: 2 ,997.35 

SEPT.15, 1993

Reid Aggregates Ltd.
1777 St. Clair Parkway RR *4
Sarnia, Ontario
N7T 7H5

12



Trucking: 10,079.94 

SEPT.15 - OCT.3, 1993

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

SU3 TOTAL 25,510.69
^tm *r **Q________________g ^ Q o * * \tf .A. -^•^^^^^^a^^^'^^^^^^^^^^^^^^^^^^T^^^^^BT^^^^^

DIRECT 61,865.29 
TOTAL EXPENC2S SAI-1PLE 3 :C,027. 13



File Rl.212.2

TABLE l 
Whole Rode and face Element Analysis

Parameter

Major Oxides
SiO2
Al2fe
Fe203
CaO
MgD
K2Q

Na20
P2fe
MnO
TiQ2
LOI

Fb
MD
Zn
Cd
Co
Cr
V
Be
Oi
Zr
Y
La
Th
ST
Ba
Ni

PBD2

Units 
%

1,
%
%
1
V,
%
%
%
%
%
ft

ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm

Sample No. 
L4889

53.48
14.16
11.67
9.42
6.42
0.60
235
OJ06
0.17
0.76
0.90

2
5
77
3
46
52

243
1.7
150
55
14
14
3

195
116
78
2

Quebec Contaminated 
Site Guidelines* 

(Level O

600
40

1500
20

300
800

-
'

500
-
-
-
-
-

2000
500

* Quebec remediation guidelines were used, as Ontario guidelines have not yet been legislated.

CHRON ASSOCIATES LID.



FueRl.212^

TABLE2 

Acid Base Accounts

Sample Paste Ph NP* AP* NETNP*

L4889 923 OJO) OJO* 

* NP,APA1MD NET NP are expressed in kg CaCOg/tonne

6.0 156 4.4

TABLES 

Leachate Extract Analysis

Element Units

CLIFTON ASSOCIATES LTD.

L4889
Leachate Quality

Criteria 
(Ontario Reg. 309)

B
P

Ag
Al
As
Ba
Be
Ca
Cd
Co
Or
Qi
Fe
Hg
K
Ml
Mi
MD
Na
Ni
Fb

Si(soluble)
Ti
V
W
Zn

ng/L
ng/L
ng/L
ng/L
rag/L
ng/L
nrg/L
nrg/L
ng/L
mg/L
nC/L
mg/L
mg/L
mg/L
mg/L
mg/L
ng/L
mg/L
ng/L
mg/L
ng/L
nng/L
ng/L
ng/L
ng/L
ng/L

•cO.05
•cO.02
•c0.005
•c0.073
fojooas

OJ006
^.005

63
•cO.005
0.005
0X105
^.051
026

•cO.00005
15
1.1

00)48
^.02

1.0
0*008
-cO.02

0.9
^X)05
^.05
•cO.02
0.070

5.0
-

0.08
-

0.05
1.0
-
-

OJ005
-

0.05
-
-

0.001
-
-
-

.
-
-

0.05
-
-
-
-
~



NESTORVILLE QUARRY
LOCATION OF SURFACE 
WATER SAMPLES IN 
MACBETH CREEK
SCALE: i: 10,000
August, 1992

NESTORVILLE

Macbeth Bay

TULLOCH blRJVERS LIMITED

CLIEBT

WARREN. PAVING



NESTORVILLE QUARRY
LOCATION OF SURFACE 
WATER SAMPLES IN 
MACBETH CREEK
SCALE: i: 10,000
August. 1992

Beater tom

NESTORVILLE

Macbeth Bay

TULUKH bTOVERS LIMITED

KX MAIN S-nieCT.TIKSMUM.OMUIIO.Pe* KA

CLIENT

WARREN PAVING
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Soils and Aggregates Section 
Engineering Materials Office 
1201 Wilson Avenue 
Central Building. Room 311 
Downsvtew. Ontario M3M 1J8

Ministry of 
Transportation

Ministers des 
Transports

Tele.: (416)235-3734 
Fax: (416) 235-4 1O l

May 19. 1994

FlleNo.: 3162-2-O-1

Reginald C. Gardiner. Manager
Smelter Bay Aggregates Incorporated
P.O. Box 400. Boundary Road
Industrial Park
Thessalon. Ontario. ' ", " :
POR1LO

Dear Mr. Gardiner.

Re: Approval of Your Qnanr tat Lefroy Township far Pense Friction Coorae (DFC) 
CouseaiidFtneAggcegate*,lffIOlfAIDBlfo.B22-O78

We are pleased to advise you that the above-mentioned quarry is now approved as a source 
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 bf 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 require further information, please contact our office.

Chris A. Rogers. Manager. 
Soils and Aggregates Section.

pc M.D. Billings 
W J. Peck 
C.M. Bond 
P.FL Bryar 

. Bound

RG: Gorman 
M.D. MacLean 
B.L. Pettier 
J.rL Robinson 
K.K.Tam

CAR/SIS/Jlp

Made horn recovered materials Faftdemattriauxrecuperas



Soils and Aggregates Section 
Engineering Materials Office 
1201 Wilson Avenue 
Central Building. Room 31 1 
Downsview. Ontario M3M 1J8

Ministry of 
Transportation

Ministers des 
Transports

Tele: (416)235-3739 
Fax: (416)235-4101

June 7. 1994

File No,: 3162-2-O-1 
3162-2-4-6.2

Reginald C. Gardiner. Manager 
Smelter Bay Aggregates Incorporated 
P.O. Box 400. Boundary Road 
Industrial Park 
Thessalon. Ontario FOR 1LO

Dear Mr. Gardiner: .

Re Laboratory Test Results of Samples from Tpor Sand and Gravel Operation. (Maple Ridge, SWi74.Sec.29amlNWv4.Sec.32,Twp.ofl1iessaloaBast.MAIDBNo.IO8-OO4)and 
Traprock from Tour Qnaiiy (SW 1/4, Sec. 23. Lefroy Twp.. MAIDB No. B22-76)

As per your request, we are forwarding the test results of five samples taken on November O9. 
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.O96).

iResults 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 Centred, Southwestern, and Northwestern Regional Structural Concrete Aggregate Sources Lists as Approved since the early 1990's. It should be 
noted that no more than 596 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 Q.20% and Q.33% 
expansion at 14 and 28 days, respectively. At present, there are no standards for this test, but I consider aggregates giving less than Q.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 
RG. Gorman

Chris A. Rogers Manager. 
Soils and Aggregates Section.

CAR/RGG/Jlp/ Attachments

Made from recovered materials Fart de materiaux rdcuperes



06/08/94 11:57 O416 633 4959 WARREN BIT. -*-*-* SMELTER BAY 121001/001

© Ministry Miniature
of des
Transportation Transports

ADDENDUM NO. l 

CONTRACT NO. 94-07

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

16.6 km LONDON DISTRICT

The following will now form pan of jthe Special Provisions of the contract and amends the applicable information 
contained in the original contract tendering documents.

SPECIAL PROVISIONS (NEW 

NOTICE TO CONTRACTORS

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

J
l

J.E. Charpentier 
01 Head

Contract Preparation and 
Control Section



Table l
Laboratory Test Data

Sam
ples of H

Ll and DFC A
ggregates

Sm
elter Bay A

ggregates Incorporated
M

TO
 M

AIDB N
o. B

22-076

Lab. Sam
ple No. 

Field Sam
ple No. 

D
ate Sam

pled

Type of M
aterial 

G
ranular P.N. 

H.L. fc Cone. P.N. 
M

gSO4 Soundness, *Mt 
Los Angeles Abrasion, 9* 
A

bsorption, IM* 
Bulk Relative Density 
Loss by W

ashing, *M) 
Crushed, "to 
Flat Si Elongated, *M) 
M

lcro-Deval A
brasion, "ft 

Polished Stone Value 
Aggregate Abrasion Value 
G

radation, 'fa Passing 
16.0 m

m
 

13.2m
m

9.5m
m

4.75 m
m

2.36 m
m

1.18m
m

600 urn
300 nm
150 urn 
75 \un

93-B-9123
93-V

M
-1063

931100

DFC FA

1.521
2.833

11.9

100.0
98.6
74.6
50.2
33.4
22.3
15.0
10.5

93-B-9124
93-V

M
-1064

931109

H
Ll /D

FC CA
100.0
100.5

2.0
15.0
0.587
2.912
0.60

100.0
6.0
6.5

pending
pending

100.0
58.5
3.2

93-B-9130
93-V

M
-1023

931109

D
FCCA

104.4
106.3

2.0
17.0
0.469
2.919
1.79

100.0
13.0
7.8

pending
pending

100.0
99.4
61.6

8.6
3.7
3.1
2.7
2.21.71.2

93-B-9131
93-V

M
-1024

931109

DFC FA

8.0

11.0

100.0
95.4
75.7
51.9
34.8
23.4
15.1
10.0

Specification Lim
its

Coarse 
Fine

Aggregate 
Aggregate

N.A.
120 (max.) 
5.0 (m

ax.)
N.A. 

1.0 (m
ax.)

N.A. 
1.0 (max.)

N.A. 
20 (max.)

N.A.

100
96-100 
50-73 
0-10

N.A.

20 (m
ax.)

100
85-100 
50-80 
25-60 
15-40 
10-25 
50-20 
2-15

C
A

R
/R

G
G

/Jlp/Junc 7. 1994/3162-2-0-1/3162-2-4-6.:'



Table l 

Laboratory Test Data

92-9062
Limits 
HX.1

Petrographic Number (H.L.) 

Petrographic Number (Gran.) 

Magnesium Sulphate Soundness. 96 

Los Angeles Abrasion. 96 

Absorption. 96 

Relative Density 

Polished Stone Value 

Aggregate Abrasion Value 

Petrographic Rock lype Description 

Flat and Elongated Particles. 96 

Wash Pass 75 urn. 96

Gradation (96 passing) 
16.0mm 
13.2mm
9.5mm
4.75mm

100 

100 

2 

15 

0.57 

2.905 

50

3.2

diabase/trap 

11 

1.8

100
99.7
74.7
9.9

120 (max.)

5 (max.)

1.0 (max.)

20 (max.) 

1.0 (max.)

100 
96-100 
50-73 
O-10

CAR/jlp
921224
3162-2-0-1



Soils and Aggregates Section 
Engineering Materials Office 
1201 Wilson Avenue 
Central Building. Room 31 1 
Downsview. Ontario M3M 1J8

Ministry of 
Transportation

Ministere des 
Transports

Tele: (416) 235-3739 
Fax: .(416)235-4101

July?. 1994

File No.: 3162-2-O-1 
3162-2-4-6.2

Reginald C. Gardiner. Manager 
Smelter Bay Aggregates Incorporated 
P.O. Box 4OO. Boundary Road 
Industrial Park 
Thessalon. Ontario 
FOR 1LO

Dear Mr. Gardiner

Re Approval of Your Quarry in Lefroy Township for Dense Friction Course (DFC) 
Coarse and Fine Aggregates. BffTO 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 placed with your aggregates on 
westbound lanes of Hwy. 401 between Wellington Road and Hwy. 4O2. 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 on 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 pc: M.D. Billings 

C.M. Bond 
P.R. Bryar 
RG. Gorman 
M. D. MacLean 
W J. Peck 
J.K. Robinson 
K.K.Tam

Chris A. Rogers. Manager. 
Soils and Aggregates Section. CAR/RGG/jlp

Made from recovered materials Fail de matariaux recuperes
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C ROGERS

Search for Skid Resistant Aggregates in Ontario

Chris Rogers1

'Engineering Materials Office 
Ojitano MfnKtffy of Transportation and 
Downsvicw. Ontario

ABSTRACT INTRODUCTION
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 buHc drainage, 
reducing the chance of hydroplaning. The property that 
determines the ability of the pavement to retain this 
macrotexture is the aggregates' resistance lo 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 to retain or 
develop microtexture is the Polished Stone Value test 
Good resistance to freezing and thawing is also required. 
This property is measured by routine durability 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 lor 
new sources of skid resistant aggregate. The techniques 
and procedures have included field exploration and dte- 
mond drilling of likely prospects. This is followed by 
laboratory testing. K 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.

Trie 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.

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 
available 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 (or. and the selection 
of. new aggregate sources with improved frictional 
characteristics.

tt 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 
vres fm Ontario. Kamel and Gartshore 1982: in the USA. 
Harwood et a/. 1976: Burchett and Rizenbergs 1982: and. 
in the United Kingdom. Giles etal. 1 964). tt 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 el at 1 964; 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. 
siNcone putty, or grease specimen techniques have been 
renewed by Yager and Buhlmann (I982). Direct contact 
measurements, using stylus techniques (Orchard et aL 
1970) have also been investigated. A remote sensing 
technique using stereophotography was employed in the

Originally publlriied in "19th Forum on The Geology of Industrial Miner*!*. Proceeding*", edited by 
S.E. Yundt. Ontario Geological Survey. Mltcellaneou* Paper 114, 216 p. ISBN 0-77434186-8. 
Published 1983.
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RESISTANT AGGREGATES

United Kingdom by Sabey and Lupton (1967). \n 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 excel 
lent correlation with skid-resistance at high speeds (r - 
0.93. n s 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 aggregate 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, tt 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 lo 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 954b of asphaltic concrete, thus the nature 
and properties of the aggregate determine the subsequent 
frictional performance of asphalt pavements.

ONTARIO ASPHALT PAVEMENT TYPES

On secondary highways, with generally less than 2.500 
AAOT/lane (Annual Average Daily Traffic), the types of 
asphaltic concrete used tor the surface course are desig 
nated as HL3 (hot-laid) or HL4 (Table 1). The coarse 
aggregate physical test requirements are shown in Table Z 
HL3 aggregates have a maximum size of 13.2 mm. allowing 
a minimum mat thickness of about 25 mm. but normally 38 
mm. HL4 aggregates have a maximum size of 16.0 mm. 
allowing a minimum mat thickness of about 30 mm. but 
normally 44 mm. There is, except In parts of northern 
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 AAPT
HL4 
HL3 
HL1

D.F.C. 
O.F.C.

16.0mm 
13-2 mm 
13.2mm

13.2mm 
9.5mm

40-50 
40-50 
40-55

45-55 
65-70

natural sand 
natural sand 
natural sand

angular screenings 
angular screenings

*2500 
'2500

-5000 
'5000 

Urbar
* Annual Average Daily TralBc

TABLE 2.
PHYSICAL REQUIREMENTS FOR COARSE AGGREGATE FOR 

PRINCIPAL ASPHALT SURFACE COURSE MIXES
PHYSICAL TEST ASPHALT MIX TYPE

HL1 HL3 HL4
Los Angtfes Abrasion * Impact 
lest * Max Loss 
Magnesium Sulphate Soundness 
Test* Max Loss 
Absorption by Weight 
*Max

Max
Loos by Washing Pass 
75 /im Sieve,* Max. 
Flat and Elongated Particles. 
IbMax. 
Crashed Particles. 
*Min.

15 

5 

1.0 

100 

1 

20 

100

35 

12 

1.75 

135 

1.3- 

20 

60

35 

12 

2.0 

160 

1.31 

20 

60
* When Ouamed Bock is Used, a Maiumum ol 2H ia penraneO

pared to granitic pavements, have been poorer, yet driver 
behaviour, used to the better friction, has not been 
modified. The result 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 a large 
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 internal 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 following aggre 
gate types are used: trap rock (metavolcanic). 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
hi 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 usualy 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 resutt. 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 selecting 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 era/. 1979; dark 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 Us rather 
smooth or polished surfaces.

The ability of rock to resist abrasion is determined by 
the hardness of the constituent mineral grains 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.

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 
quartz and other hard materials. These minerals are a 
potent abrasive, especially 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 
SchonfekJ 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 modern development of the 
old Derry 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 revolutkms/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 toss of each specimen in the test is 
recorded. The resutt reported is expressed as the percent 
age toss (in mass) of an assumed 33 rrd volume of the 
aggregate. The tower 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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figure 2. Aggregate abrasion value machine.

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 z 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 of 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 toss of this texture or 
behave in such a manner as to regenerate this texture. 
These are generally termed "polish-resistant aggregates".

Figum 3. Aggregate abrasion }olue machine shOH/ing the steel lap. abrasive sand feeders and 
aggregate test sample.
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TABLE X AGGREGATE ABRASION VALUES USING LEICHTON BUZZARD AND
____________OTTAWA SILICA SAND ABRASIVES____________

___________LABORATORYTEST___________
AGGREGATE AH

AGGREGATE TYPE

Blast furnace slag
Trap Hi^k
Trap Rock
Dolomitic sandstone
Sandstone
Blast furnace slag
Sandy limestone
Quartzite
Dolostone
Gabbro
Gravel, granite
Granite
Granie gneiss
Sandstone
Gabbro
Steel slag (B.OJ-)
Btest furnace slag
Steel Slag (B.O.K)
Limestone
Synopat

WU.

LEMSHTON 
BUZZARD

19.1
22
25
42
94

16.1
47.6
2,0
mi
3.0
2,1
45
74

14.4
34
23

1&2
3.6

24.7
3.1

UE
OTTMNA 
C 109
18.0
25
2.7
4.0
9.8

15.2
38.5
Z1

10.4
2.7
2.0
4.4
6.1

ISA
34
Z2

14.5
5.1

22.9
33

POLISHED 
STONE 
VALUE

54
44
45
62
68
52
72
40
36
46
45
52
58
67
45
58
51
59
51
48

RELATIVE 
DENSITY

2.24
3.03
Z95
2.64
2.50
2.19
2.43
2.64
2.81
2.88
2.73
2.62
2.81
2.38
3.01
3.33
2.09
2.97
2.50
2.02

JO I

l!

2- S 5 jo
s 2

10

•ATI or SAND
20 SAMTUS

(POINTS

lg jo 30
AGGKGAIC AMASION VUIUC 
UICNTON MIZZAID SAND

90

Rgun 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 tt is used The 
amount of traffic, the nature and availability of abrasives 
and climatic conditions all determine the degree to which 
an aggregate will polish, and the microtexture 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 ShergoU 1959). using a sliding pendulum to 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 ef at 1971). 
The higher the PSV obtained in the test, the better the 
frictional properties of the aggregate.

Arnajor 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 ferthe 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 
furnace 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. H 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. 1 978; Kame! ef aL 
1982).

^.t-*??:;; i. --I it*::- — :T ^f-'-^i -. - -- _ -w._^ - -—-. -r JJ, -5-

.1
. f

2j:-"-'-- :

Figure S. Polished stone value machine showing road wheel with aggregate samples.
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FIELD WORK

Figun 7. Portable sMd resistance tester used tor evaluating 
fictional properties of aggregate following the polishing 
test Rubber pad on basa of swinging am strikes aggregate 
sample. The frictional value Is recorded by pointer on the 
scale.

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

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 Anoetes Abrasion and Imnact Test 
was not used,. Many excellent materials, such as blast 
furnace slag, granites, andjgranite gneiss, gave values thai 
exceeded the 353b maximum loss normally allowed in 

Jpntario.

IMPLEMENTATION

LABORATORY TESTING
Samples were subjected to normal aggregate durability 

i as: Magnesium Sulphate Soundness (MTC-LS- 
Los Angetes Abrasion and impact (MTC-LS-603). 

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 exanunatJon involv 
ing the study of thin sections was also carried out The 
results of testing are shown in Table 4.

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 sections being placed on the first 
contract Alternatively, a decision was made to construct a 
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 also used to evaluate the 
effectiveness of various types of asphalt mix design (Ryell 
ef at 1979: Kame! et al. 1 982).
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? RESISTANT AGGREGATES

TABLE 5. LOOTING TEST VALUES USED TO SELECT SOI 
_______TOR SUBSEQUENT INVESTIGATION

uturma
TEST METHOD "___________ WIDE
Magnesium Sulphate Soundness. Max. * 
Absorption (natural aggregates). Max. * 
Polished Stone Value (PSV) Min. 
Aggregate Abrasion Value (AAV). Max 
Petrographic Number. Max 
Insokibte Residue Retained on 75 jim sieve 
(sandy carbonates only). Min. *______

12
2

SO
6

145

45

RESULTS 
Available Sources
In 1970. two sources of trap rock (metavolcanic) were 
authorized for use on HL1 pavements. In 1983. one blast 
.furnace slag, three steel slags, 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.

The frictional properties of these test sections are 
normally measured using a brake force skid trailer (ASTM 
E 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 revelling and 
aggregate surface toss due to freezing and thawing or 
asphalt stripping, and by Benkteman Beam to evaluate 
wear leading to wheel track rutting. Samples of the 
pavement were also taken to check for compaction, voids, 
correct mix proportions, and Marshall stability.

Cost

Hgure 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 tor use in the Ottawa area, gave 
the lowest cost per tonne. It is 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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C ROGERS

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 al 
play an important part in determining the friction obtained. 

In me following examples. aH 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 thai, 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 win also play an essential rote as can be 
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, hi North 
America and Australia, the Los Angeles Abrasion and 
Impact lest has been used without much success. Figure 
16 shows a plot of Aggregate Abrasion Value against Los 
Angeles Abrasion and Impact lest Value, tt can be seen 
that an aggregate with a low (less than 15* toss) Los 
Angeles Abrasion and Impact loss will always have good 
resistance lo abrasion as measured by AAV. The converse
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figure 75. Stotf number plotted against polished stone 
value (PSV) Highway 401. Skid number data at 3 years from 
Aye// ef a/. (7979;. PSV data horn 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 toss. 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 
•qua! 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 PSVs between 55 and 60. 
low AAVs 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 Knill 
(1961). Subsequent work has been summarized by Dahir 
(1979). who found that optimum microtexture is developed 
when 50 to 704b 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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Figun 17. Scanning electron microscope stereopair of the 
surface of a dolomitic sandstone alter exposure to abrasion 
arid polishing. The softer 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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Figurm 18. Photomicrograph under plane light of the 
dolomitic sandstone shown In Figure 17. Rounded quartz 
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 carbonate 
rocks of between 3 and 3ft. 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 PSVs 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 smaB amounts of 
mica (SSb) have an improved texture, due to wearing away 
of the biotite, leaving notes in the surface. Orthoquartzitic 
sandstone with a micaceous matrix also develops this 
texture (Figures 19.20).

2, Angular, extremely hard rocks or minerals that resist 
abrasion, preieiving their sharp angular edges. Quartzite 
is a typical example. Unlike sandstones, quartzMes fracture 
through, rather than around, the grains, giving a relatively 
smooth flat surface. This results in low PSVs (Figure 21). 
Hosking (1973) found that the PSVsofqu
Unrated their true frictional performance by 3 PSV units. 
Despite their tow PSV. these rocks retain their sharp 
angular edges. Unfortunately, the a^Uon of compacting 
asphaltic concrete tends to embed the sharp i
edges downward with the flat surfaces exposed to the 
traffic

3. Vesicular, porous, synthetic materials, such as air- 
cooled blast furnace 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 furnace 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 PSVs between 53 and 60. the highest values being 
given by BOF (Basic Oxygen Furnace) steel slags. Blast 
furnace slag is more porous and generally has thinner 
pore walls compared to steel slag, which promotes the 
stow 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 blast 
furnace 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 ef aL 1 979). It can be seen that the blast 
furnace slag generally gave the highest skid number, 
despite Hs intermediate PSV. Observation of cores of the 
blast furnace slag pavement under the microscope showed 
significant amounts of freshly broken, unpolished crystals 
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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^9im fa Scanning afectron nvcroscope stereopair of the 
surface of a micaceous sandstone after exposure to 
abrasion and polishing. Quartz sand grains protrude above 
the micaceous matrix, gMng rough microtecture. Length of 
scale bar ̂  0,5 mm.

Rgun 20. Photomicrograph under plane light of the 
micaceous sandstone shown in Figure 19. Angular quartz 
grains surrounded by muscovite mica. Length o/scateba^ 
0.2mm.
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SANDY CARBONATES A 
SANDSTONE

SLAG

IGNEOUS ft 
METAMORMC GRAVEL

GRANITE. DIORITE

TRAP. DIABASE. GABBRO

QUARTZITE

POLISHED STONE VALUE

Figure 21. Frequency plot of polished stone values tor 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 at (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 k) decreased abrasion 
resistance as measured by AAV.

4. Hard igneous or metamorphic rocks, such 
gabbro, gneiss and granite. Initial microtexturo is deter 
mined by the fracture characteristics of the rock when 
crushed. Equigranular, medium-grained (0.5 to 1 mm) 
rocks appear to perform best giving a rough Initial 
microtexture. The fine-grained basalts and coarse-grained ~'~
ture. Subsequent microtexture development and retention 
is determined by the relative hardness of the individual 
minerals; quartz-rich rocks retain their initial texture the

202

longest With sufficient time, however, nearly all rocks in 
this group ffive relatively smooth polished surfaces the 
only exceptions being rocks with significant amounts of 
relatively son biotite mica that develop the texture de- 
acnlxrt ui

S. Soft rocks with tow 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 dotostones polish 
less quickly than their finer grained equivalents or lime 
stones. This is probably due to their better initial microtex 
ture taking longer to wear away, macroporous. reefal 
dolostones giving the best microtexture. Porosity, hard



C. ROGERS

30

20

li

10

1 
7
6
J

3

2

0

. EiMNt
— * SYNC*

o HAST 
o STKl

l 0.

XO SMA
Al
Futtua
SIAC 
Al AGO

V

1 0

tt
E SUC 

MGAT

* 
i

o

•, 
* i

*

'

3 0.

E5-

9

(

4

• 1

*

4 a

4

*".*: \
t

**

i o.
At!

m 1

w

^
0

* 
1t

7 1 
KMPTK

^
l 
*

c 1

m

t

0 l .
IN. KK

9

v.

^
*

i

i 2
:ENT

*

;

F*
e

0 3.

1

0 4

*

0 S 0 7 0 K

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 PSVs (see figure 21). 
These are the rocks with low resistance to abrasion. Figure 
23 shows that for the carbonate rocks, as resistance to 
abrasion decreased (higher AAV). PSV increased. Dahir 
(1978) reported a similar relationship between friction and 
percent wear in a jar-miH. for a group of eight aggregates of 
various rock types. In the polishing test, there is a continual 
toss 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 PSVs between 62 and 
68.
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figure 23. Aggregate abrasion value (AAV) plotted against 
polished stone value (PSV) lor sedimentary rocks.

These rocks are. unfortunately, extr BpGota
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.

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.

ACKNOWLEDGEMENTS
The author wishes to acknowledge the work and assis 
tance of a number of individuals in obtaining and compil 
ing the date for this study. The assistance of D. Boothe. D. 
D'Archivio. J. Emery. K. Ganesh. A. Hanks. O. Hanna. B. 
Heaton. Z. Koniuszy. G. Musgrove. O. Newman. S. Osel- 
lame. J. Smith. C. Truax-Harrison. O. Valkirs. and J. O*Brien 
is gratefully acknowledged

The laboratory testing was carried out in the Soils and 
Aggregates Laboratories of the Ministry of Transportation 
and Communications and in the Civil Engineering Labora 
tories at McMaster University.

The assistance of aggregate suppliers throughout 
Ontario who provided samples and access to their proper 
ties is also gratefully acknowledged.

REFERENCES
ASTM E 445-76: Standard lest method lor stopping distance on 

paved surfaces using a passenger automobile equipped 
with fuB-scale tires: American Society for 'testing and 
Materials. Philadelphia. Annual Standards. Part 15.

ASTM E 274-79: Standard test method tor skid resistance of 
paved surfaces using a full-scale tire; American Society tor 
Testing and Materials. Phtodstohia. Annual Standards, Part 15.

ASTM E 670-79: Standard test method tor side force friction on 
paved surfaces using the Mu Motor American Society for 
Testing and Materials. Phiadetohia. Annual Standards. Part 15.

ASTM O 3042-79: Standard test method tor insoluble residue ki 
carbonate aggregates: American Society tor lasting and 
Materials. Phladelphia, Annual Standards. Part IS.

ASTM C 109-80: Standard test method for ( SM mgth
of hydraulic cement mortars: American Society tor leafing 
and Materials. Philadelphia. Annual Standards, part 13.

ASTM E 770-80: Standard test method tor classifying pavement 
surface textures: American Society tor Testing and Mater 
ials. Philadelphia. Annual Standards. Part 15.

BS 812. 1975: Methods tor sampling and testing of mineral 
aggregates, sands and fillers: Part 3. Mechanical Proper- 
lies: British Standards Institution. London.

Burchett. J. L. and BJzenbergs. R. L
1982: Frictional performance of pavements and estimates of 

accident probability: American Society tor Testing and 
Materials. Philadelphia: ASTM STP 763. p.73-97.

Clarke, a H.
1980: Surface texture on hot rolled asphalt: Journal Institution of 

Highway Engineers. July. p. 15-22.
Dahir, a H.
1978: Petrographic insights into susceptibility of aggregates to 

wear and polishing: Transportation Research Board. Re 
cord No. 695. p.20-27.

1979: A review of aggregate selection criteria tor improved wear 
resistance and skid resistance of bituminous surfaces: 
Journal of Testing and Evaluation, vol.7, p.245-253

Dahir. S. H. and Henry. J J.
1979: Seasonal and short-term variations in skid resistance; 

Transportation Research Board Record No.715. p.69-76.
Cites. C.G, Sabey. a E and Cardew. K. H. F.
1964: Development and performance of the portable skid-resistance 

tester Transport and Road Research Laboratory. U.K.. 
•technical Paper No. 66.28p.

Harwood. D. W.. Blackburn. R. R. St John. A. D. and Sharp. M. C.
1976: Evaluation of accident rate-skid number relationships tor a 

nationwide sample of highway sections: Transportation 
Research Board. Record No. 624. p. 142-150.

Heaton. B. S.. Richards. S. R, Lanigan. P G. and Hart. A. T.
1976: Skid resistance of steelworks slags as road surfacing stone: 

Australian Road Research Board Proceedings vol. 8. ses 
sion 16. P-25-30.

Heaton. as.. KameL N, Emery. J. J. and Lee. M. A.
1978: Asphalt pavement skid resistance prediction models: Pro 

ceedings Canadian Technical Asphalt Association, vol. 23. 
p.470-489.

Hegmon. R. R.
1982: Reliability of locked-wheel skid resistance tester confirmed: 

Public Roads. December, p.92-101
HOI. B. J. and Henry. J. J.
1981: Short-term, weather-related skid resistance variations: Trans 

portation Research Board Record No. 836. p.76-81.
HoR. F. B. and Musgrove a R
1977: Skid resistance: Photo-interpreters' Manual: a guide to 

determining wet pavement skid resistance using the Schon- 
fekf Photo-Interpretation Technique: Ontario Ministry of 
Transportation and Communications. Research and Devel 
opment Division.

1982: Surface texture classifications: a guide to pavement skid 
resistance: American Society tor Testing and Materials. 
Philadelphia. ASTM STP 763. p.31-44.

Hosking. J. R
1968: Factors affecting the results of polished stone value tests: 

Transport and Road Research Laboratory. U.K.. Laboratory 
Report 216.

1973: The effect of aggregate on the skidding resistance of bitum 
inous surfacings: Factors other than resistance to polishing; 
Transport and Road Research Laboratory. U.K.. Report 
LR553.

1976:Aggregates tor skid-resistant roads: Transport and Road 
Research Laboratory. UJC Report LR 693.

Howerter. E D. and Rudd. T. J.
1976. Automation of the Schonfekt method for highway surface 

texture classification: Transportation Research Board. Re 
cord No. 602, p.57-61.

Kamet. N. and Corkill. J. T.
1979: Construction and performance of bituminous friction course 

sections at Lindsay. Ontario: Ontario. Ministry of Transporta-

204



C. ROGERS
ten and Communications. Research and Dovotopmont
Division Report 

KameL N. and Gartshore. T.
1982: Ontario's wet pavement accident reduction program: Ameri 

can Society tor Test^ arid Material*. PhUadeJphta. ASTM
STP763.P46-117.

KameLN.. Musgrove, a a and Rutka. A. 
1962: Design and performance of bituminous triction-course

mixes: Transportation Research Board. Record Ma 843.
p.40-50

Knight. R H. and Knight. R G. 
1948:Road Aggregates: Their uses and testing; Edward Arnold

and Co. London. Second Edition. 259p. 
KnilLD.C. 
1961: Petrographical aspects of pofishing of natural roadstones:

Crushed Stone Journal. June. p. 13-20. 
Maclean. D. J. and ShergokJ. F. A. 
1959: The polishing pt roadstones in relation to their selection tor

use in road surfaces: Proceedings first International Skid
Prevention Conference. Chartottesville. Virginia, p.497-508. 

MTC-LS-603. 604. 606. 609. 613. Aggregate leat Methods:
Ontario Ministry of Transportation and Communications.
Engineering Materials Office. Laboratory Testing Manual 

Orchard. D. F, VandeU. W. O. and Lye. B. R X 
1970: A quick method of measuring the surface texture of

aggregate; Australian Road Research Board Proceedings.
voL 5. p.325-341.

Rogers. C. A.
1980: Search for skid resistant aggregates in Eastern Ontario: 

Ontario Ministry of Transportation and Communications, 
Engineering Materials Office. Report EM 36. May. 72p.

Rose. J. Q, Hutchinson. J. W. and Gateway, a M.
1972: Summary and analysis of the attributes of methods of 

surface texture measurement: American Society for Testing 
and Materials. Philadelphia. ASTM STP 530. p.60-77.

RyaO. J, Corkill. J. T. and Musgrove. G. R
1979: Skid resistance of bituminous pavement test sections:

Toronto by-pass project: Transportation Research Board.
Record No. 712. p.51-60.

Saoey. a E. and Lupton. G. N.
1967: Measurement of road surface texture using photogram 

metry: Transport and Road Research Laboratory. U.K, 
Laboratory Report 57.

ScnonfekLR
1970: Photo-interpretation of skid resistance: Highway Research 

Board. Record No. 311.0.11-25.
1974: Photo-interpretation of pavement skid resistance: Ontario 

Ministry of Transportation and Communications. Research 
Report 188.

Smith. P. and SchonfekL R.
1972: Thoughts on tolerable pavement wear; Ontario Ministry of 

Transportation and Communications. Research Report 
RR179. May. 9p.

Szatowski, W. a and Hosking. J. R
1972: The effect of traffic and aggregate on the skidding resist 

ance of bituminous surfacings: Transport and Road Re 
search Laboratory. UK, Report LR 504.

Truax-Harrison. C. M.
1979: Selected annotated bibliography of the relationship of 

pottshing and wearing characteristics ol aggregates to their 
petrography; Ontario Ministry of Transportation and Com 
munications. Engineering Materials Office. Unpunished 
Report. Sept. 55 p.

Underwood. J. R. Hankins. K. D. and Garana. E.
1971: Aggregate polishing characterislics: The British wheel lest 

and the insoluble residue test: Texas Highway Department 
Research Report 126-2.

Yager. TJ.. and Buhlmann. F.
1982: Macrotexture and Drainage Measurements on a Variety of 

Concrete and Pavement Surfaces: American Society for 
Testing and Materials. Philadelphia. ASTM STP 763. p. 16-30.

205



LABORATORY
2283 ARGCNTIA ROAD. UNIT 19
MISSISSAUOA. ONT. CANADA

ASH WAR R EN TELEPHONE ("o 942-2209 ENGINEERING SERVICES FAX (4i W 542-7*29

June 6 t 1994

Smelter Bay Aggregates Incorporated 
P.O. Box 400 
Thessalon, Ontario 
FOR 1LO

Dear Sirs:
proolc 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 tested for washed sieve analysis (LS-602) . The traprock aggregate 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 (LS-604) , absorption (LS-604) , flats and elongated (LS-608-) t crushed particles (LS-607) , and petrographic analysis (LS-609) .

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

Paul Lum, P.Eng. 
Manager



SUMMARYOF AGGREGATETEST RESULTS

Traprock Aggregate, Smelter Bay Aggregates 
June 6,1994

Teat

Los Angeles Abrasion Loss (Si)

Magnesium Sulphate Soundness Loss (*)

Specific Gravity

Absorption (K)

Flat and Elongated Particles (91)

Crusted Particles C*)

Petrogratib Number (H.L)

Test Result

8.7

025

2483

0.562

1Z5

100

100

Sieve Analysis

Specifications

N.A.

5 max

1.0 max.

20 max

N.A.

120 max.

Sieve Size
26.5mm
19.0 mm
16.0 mm
13.2 mm
9.5mm
6.7mm

4.75mm
2.36mm
1.18mm
600 um
300 um
150 um
75 um

Test Result*
100.0
98.5
842
76.5
64.0
51.7
48.1
41.0
32.3
gg.2
15.0
11.0
7.5

1 Traprock stone was crushed through a laboratory 3M" jaw crusher.



Clifton Associates Ltd.
TEL (306) 721-7611

CONSULTING GEOTECHNICAL ENGINEERS REGNA.SK S4N5Y5

10 February 1992 
Hie R1.21&2

Smelter Bay Aggregates Incorporated
P.O. Box 400
Boundary Road Industrial Park
THESSALON, Ontario
POR1LO

ATTENTION: Mr. Reginald Gardiner. Manager 

Dear Sir

SUBJECT: Ballast Testing
Petrographic; Chemical and Physical Characterization

One rock sample was crushed and subjected to petrographic; physical and chemical testing according to CP Rafl Specifications for Ballast The results are attached and summarized briefly below.
The sample is comprised entirely of diabase. Plagioclase and pyroxene are both relatively unaltered. No deleterious minerals are present in the rock.

The rock has a high hardness and a high toughness. It meets all the CP Rail physical test specifications. See attached Summary of Ballast Test Results.

Chemical testing indicates mat die rock chemistry'meets Ontario guidelines for metals in soils, (see Table 1). Acid-base accounting indicates less than Q.1% sulphide sulphur is present in die rock and die acid generating potential is low, (see Table 2). Leachate extract analysis meets die guidelines in an elements tested, (see Table 3),

Should you have any questions or comments, pkase do not hesitate to calL
Yours truly,

CLIFTON ASSOCIATES LTD.

WILLIAM A, JEALOUS, SENIOR GEOLOGIST 
WAJ/ic

REGNA SASKATOON CALGARY BATTlfPORDS MOOSE JAW



VISUAL PETROGRAPHIC ANALYSIS 
•NORTHERN ONTARIO

JENT: Smelter Bay Aggregates Incorporated

No.

This sample was submitted to Clifton Associates Ltd. by Smelter Bay Aggregates for physical testing 
and visual petrographic analysis according to CP Rafl ballast specifications.

ROCK TYPE

This rock is dark grey green in color and massive. It is composed of 50X fine to predominantly medium 
grained (1-2 mm)/ subhedral ampHboles and pyroxene; 50 % fine to predominantly medium grained 
(1-2 mm) subhedral plagioclase lathes; trace amounts (-ci %) of anhedral disseminated sulphides; 
trace amounts of chlorite, predominantly seen on the weathered surfaces; and minor alteration products 
of plagioclase (saussurite, composed of epidote, carbonate and feldspar).

STRUCTURE AND TEXTURE

This rock is massive, fine to medium grained (consistently in the l - 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 vahie 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 die 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 F^CIfi, ANP 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.

FPFE7E/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.
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CHEMICAL WEATHERING

This rock should have a low susceptibility to chemical weathering because the carbonate makes up a 
very small percentage of the rock.

PHYSICAL TESTING

A fun suite of physical testing has been done and the results are presented at the end of this report.

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. SCAUA, GEOLOGIST 
07 FEBRUARY, 1992

CLIFTON ASSOCIATES LTD.



SUMMARY OF BALLAST TEST RESULTS
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CAL SAMPLE NO j L4889

CLIENT SAMPLE NO:

USE 

Lo* Angde. Abnrion LOM Ob)

MfflAbndonLo-dt)

AbcarfanNo.

Specific Guvily 

AbmttonW

Magnerium Sulphate Goundnm LOM f*)

fractured Face. W Mmo.rplu.liyr 

Mmu.liyrpla.1"

Minu.l-pln.3rt-

Mma.3yrpi.iyr
Mma.iyrph.3y8"

Mimi.3M-plus M

Shape Factor Mmu.rpla.ll/r

Mfara.il/2-plusl"

Mfam.l-plu.3rt-

1Sieve Analysia, Finer Than Sieve{%)2 1VT
2"

ii/r
i"

sy4-
DES HMVilttiitu CRUSHER SfffLE; 172- 
/6T SfffLE MS UuMtiUKf CUBED 
STUB PURPOSES, AOCONTINB FOR HE 3/3- 
DI SIEVE SPECIFICATIONS.

M

i200

SAMPLE RECEIVED:

LOCATION:

TRACK CLASSIFICATION:

BALLAST GRADING

S3

23

19.8 

Z97 
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CLIFTON ASSOCIATES LTD.
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THIN SECTION ANALYSIS
SMELTER BAY AGGREGATES

ONTARIO

Client: Smelter Bay Aggregates, Ltd.

ROCK TYPE 

Diabase

MINERALOGY

Plagioclase Feldspar 60*
Pyroxene 30*
Amphibole 10*
Biotite Trace
Chlorite Trace
Opaques Trace

TEXTURE

This rock exhibits a well developed diabasic texture. Euhedral, fine to medium grained lathes of 
plagioclase feldspar enclose anhedral to subhedral, fine to medium grained pyroxene crystals, forming 
an interlocking texture. The rock is massive, with no dosdy spaced micro-fractures or shears evident in thin section.

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 
primary pyroxene crystals are altered along cleavage planes, along their edges and pervasively.

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 otter uratitized gabbro and diorite samples. The plagioclase feldspars are relatively unaltered. 
The diabasic texture win likely result in good toughness characteristics.

WILLIAM A. JEALOUS, SENIOR GEOLOGIST 
10 FEBRUARY, 1992

CUFION ASSOCIATES LTD.
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Statement of Costs 
for Assessment Credit
Etat des coOts sux fins 
du credit devaluation
Mining Act/Lol wr Its mines

Pereonel intormelion coBected on this term is obtained under the authority oi the Mnlng Act. This Jntormation wil be used to maintain e record end ongoing status of the mining deinXs). Queelions about this ooOectton should be dfrected tt the Provincial Manager. Minings Lends. MMstry of Northern Development and Mtaes. 4lh Floor. 159 Cedar Street. Sudbury. Ontario P3E 6AS. telephone (705) 670-7264.

Les renseignemenu personneli contenus dens MJ present* formuto tom recueMs en vertu de Is Lot our lee mines et serviront s tenir e jour un legisire des concessions minieres. Adresser tome question sur le collece de ces lenseignemeiiU au chef provincial des terrains turners, minister* du Oevetoppernont du Nort el des Mmee. 150. rue Cedar. 4* toga. Sudbury (Ontario) P3E 6AS. telephone (705) 670-7264.

1. Direct Costs/Coots direct*

Type

Contrector'e 
end Ceneultenfe

et ee rexport- 
i

MakHfoeuvre
Field Supervision 
Supervision sur to terrain

Typ*

.QJ C

Typ*

Amount

l6c.'

Totals 
Total global

Total Direct Costs

2. Indirect Costs/CoOts Indirect*
Noie* nnen dejnang RehebMtabon work Indirect costs ere not

Pour le renbourswnent des treveux de rehebWation. lee cods indkacti ne sont pes admissMes en tent que travaux d'eVehjetion.

Type
TIP*

Amount

Sub Total of 
Total pamet da

TeMVahjoof

Totals 
Total global!

i

Note: The r 
Ms

irded holder wH be required to t
of costs within 30 days of a request tor verMcetton. If VeWifiCettion 10 not iiMde), the) Mbstslex maty fv^ct tor i 

el or pert of the esssiemsnt wark submitted.

Note: Le
le present elat des coots dene toe 30 jours 
oflet. SI la vsnocaftoii n eel pesoftoctuoe. to 
ou une pares des treveux fi

unodemendeacet 
pent rejeter tout

FUng Discount*

VVorktiledwirhkitwoye^so*complelionisdalrnedat1(XWbof 
the above Total Value of Assessment Credft.

l. Le* travauK deposes dans toe deux ens suivent tour achevement sont

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

!Totel VehM of Aneiimgnt CradH Total
x 0.50

2. Lee travaux deposes Irois. ojuatre ou cinq ens apresleur echevement 
sont remboursee a 50 ** de la veJeur male du credit d'evaluetion 
susmenlionn*. Voir toe calcuts CKlessous.

Vetaur total* du crt* di Evaluation Mate demands*
x 0.50

Certification Verifying Statement of Costs

l 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 acjeJSrrtbanyiftovABpprtef Work form.

that i

to make this

Attestation de I'etst des coOts

J'atteste par la presente :
que tos montants inrjques sont le plus exact posstte et que ces depenses orrt ete engsgoen pour effectuer tos travaux d'evaluation sur tos terrains indiques dans la formule de rapport de travail cHoint.

l am authorized Et qu'a litre de
0Hul*v* *ni*ovv*. i*pf***Monl. po*t* occup4 don*

a faire cette attestation.

. je suis autorise

Nota : Dans c*R* forrnul*. il Msign* d** p*rsonn*c. to mascuim *s! uiihM au sans naufre
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Credte you ara claiming m this report nw be cut baicktimeyouwlahiopriorizethedetonofcfed^Pleaseinjrtc^onaof^ ' " '
1. D Cradtts are lo be cut back starting wtth me daJm li
2. D Credits are to be cut back equaty over al claims containad in Ms report of work.
3. O Cradtts are to be cut back as priorizad on me attached appendix.
In the event that you have not specified your choice of priority, option one *M be

1:
to the mining 

Note 2: If work has bean performed on patented or

ara unrecorded transfers, option agreements. with respect

l certify that m* racordw) holder had a beneficial in 
or leased land at the time the work was performed.

t in the patented Signature
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CertmcaHon Verifying Statement of Coete

l hereby certify:
that the amounts shown are as accurate as possible and these costs 
were incurred whie conducting assessment work on the lands shown 
on thexacCoHIMnying Report of Work form.

that as
Mwl HOU*. AOM. PMMon in Company) 
il

to make this certification

Attestation de Tattat dee cotte

J'atteste par la presents:
que tos montants indiques sont to phis exact possible et que ces 
depenses ont M engagese pour effectuer tos travaux d'evaJuabon 
sur tos terrains indiques dans to formuto de rapport de travail cHoinL

l am authorized Etqu'a titrede. to suis autoris4

a faire cette attestation.

Nou : Dans c*n* formula, torsqu'a daugna das panonnaa. i* masculin ast udtaa au sans nautie



^/ntario

Ministry of Ministere du Geoscience Approvals Office 
Northern Development Developpement du Nord 933 Ramsey Lake Road
and Mines et des Mines 6tft Floor

Sudbury, Ontario 
P3E 6B5

Telephone: 
Fax:

(705) 670-5853 
(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 OH MIHIHO CLAIMS 
88M.7828C3 6 73000 IM LEFROY TOWHSHIP

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:

Ron C. Gashinski
Senior Manager, Mining Lands Section 
Mining and Land Management Branch 
Mines and Minerals Division

LJ/jl 
Enclosures:

cc: Resident Geologist
Sault Ste Marie, Ontario

Files Library 
, Ontario



WORK CREDIT FORM

7ILB MO: 2.15538

TRAM8ACTIOM MO: W.9450.00062 i W.9450.00063

RECORDED HOLDER: Warren Paving and Materials Group Ltd.

DATBt NOVEMBER 7 , 1994

W9450.00062

CLAIM MO. VALUE OF WORK VALUE APPLIED
DOME OM CLAIM TO CLAIM

782863 5432 4800 632

W9450.00063

73000 72315 O 72315
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The disposition of land, location of lot fabric and parcel boundaries on 
this index was compiled for administrative purposes only.


