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PREFACE.

The movement for the improvement of roimtry highways
throughout Canada has been growing in public favour within
the last few years, until now gwxJ roads are thought of as neces-
sities. The construction and maintenance of roads absorb
a great deal of public money and in order to obtain .service
from them in proportion to their cost, the greatest care has to
be observed both in their construction and in the selection of the
materials with which they are surfaced.

Country roads are made mainly of gravel or broken stone
and, since the cost of transporting material of such weight
for long distances is great, they are usually made from deposits
of stone and gravel which are to be found within a few miles
of where the roads are located.

Stone and gravel vary widely in their road-making qualities;
and the quality of stone which can be economically u.scd
on a road surface is dependent on the amount of traffic which
passes over it. A stone of poor (]uality which would stand
up well and give good service in a road-bed over which the
traffic did not exceed 100 vehicles per day. might wear out
in a short time if subjected to the heavier traffic of 500 vehicles
per day. If the poorer stone occurred close to a road over which
the traffic were light enough, it would be more economical
to use it as a surfacing material, than a better stone which had
to be hauled from a distance. On the other hand if the traffic
were heavy the money spent in quarrying and placing it on the
road might be utterly wasted. It is, therefore, of importance
to the highway engineer to know the e.\tent ."id quality of the
deposits of stone and gravel which lie within practical hauling
distance of the road he is to construct. Such knowledge often
cannn, be obtained without detailed surveys on both sides
of the road in question and the careful mapping and examination
of the deposits found in the area worked over.

Men on the staff of the Geological Survey have been mapping
and studying deposits of stone and gravel in all parts of Canada



for more than seventy years. The Survey has, therefore,

considerabU; information at hand and is in a position to advan-

tageously do work of the Icind retiuiretl. In order to assist

engineers and roail bui'.ders throughout Canada, special surveys

for road materials were l)egun last summer and the results of the

first season's work, which was confinwl to the province of Ontario,

are incorporated in this report. In the summer of 1915, surveys

will be made in Quebec and New Brunswick as well as in Ontario.

The Geological Survey hopes to co-operate with the Road De-

partments of the various provinces, as far as possible. The

results of the work will be published by the Survey. Under

certain restrictions, reports upon the materials available for

certain roads will be furnished those who are building roads as

soon as possible after the field work upon the materials available

for the roads in question is done. This will be done only if it

is necessary for road-building to commence before the reports

are printed and distributed to the public.

This report is published in four parts. Part I is a descrip-

tion of the various kinds of country roads, of the materials used

in their construction, of the different varieties of stone out-

cropping at the surface of the earth, and of their comparative

value as road-making materials. Part II is a description of

certain large deposits of diabase upon the north shore of Lake

Huron. Part III is a report on road materials in Essex and

Kent counties, Ontario, and Part IV a report on road materials

along a portion of the north shore of Lake Ontario.



PART I.

ROADS AND THE MATERIALS USED IN THEIR
CONSTRUCTION.





Part I.

Roads and the Materials Used in Their
Constru'^tion.

CHAPTER I.

INTRODUCTION.

The following section contains descriptions of the various

kinds of country roads, the varieties of stone and gravel used

in their construction, the tests made upon stone for determining

its road-making qualities, and finally a comparison of the rock

families in regard to their relative value as toad-makers. Some
knowled'^e of the subjects treated of in this section is necessary

to an understanding of the remaining parts of the report and

the information is, therefore, placed at the beginning. Th«^

topics enumerated have been treated very briefly, too brieH>

to be of value to the highway engineer, but it is hoped that

they will be of interest to the general public and to road-builders

who may wish to get a more general knowledge of road stone

and gravel than can be had from a study of the materials in their

immediate neighbourhoods.

The sections dealing with the tests made upon broken

stone are based upon work done by the men on the staff of the

Office of Public Roads in Washington, and the writer i.s indebted

to them for many courtesies and a great deal of assistance.



rnAPTf:R II.

"nPES OF COUNTRY ROADS.

Roads may Ih- conveniently clasMht-d aacrdinK to the mate-
rials uml ,n their obstruction. Thus, a roa<l covered with
broken St. ne ,s known as a broken-stone „r maca.lan. n.ad
an<l one „ wh.ch the .surface i. „f concrete, as a concrete road'

In ih.s chapter the .lifferent typos „f country roacU are
discussed an.! an outline of the melhcHi, and some data rcLrardinK
the cost of their conMructinn are Kiven. Data upon the cost of
construction arc inserted only with the object of comparing the
d.«T .ent classes of roa.ls. Costs are so largely .lepen.lent upon
bcal con<l.t,ons that one cannot use such h«ures in estimating
the probable expen.liture for the construction of similar roadsm other places without a careful study of all the con.litions
involved m both places.

Country roa.ls may be classified as follows: .arth. sand-clay
gravel, water-bound macadam, bituminous macadam, and con-'
Crete r.xuls. Roads paved with brick, stone, or wooden block.
are not generally used outside of towns because of the ercat
exp.'nse of constructing them.

t:.\RTH R().\US.

A nu.l in the ronstrurti..n ..f which native soil alone is
u,e.l, without the aid .,f a for..ign p^ote,•ti^•e coxering. is known
as an earth n-ad. More than m per cent of the roads in the
I nited States are of this type and the proportion is probably
lar-ger for Canada. '

The material used in the lonstruction of an earth road
vanes according to the make-up oi the soil over which it passes
from place t., place. Of the various types of soil over which aroad may pass, o...- containing a Large proportion of gravel is
probably the l^st. and that which is nearly all sand, the worst.



Heavy clay is K«'n»'rally fairly RfKxl in dry woallu-r and vtrv Ii.kI

in wet. F.arth ri)id-> art-, hi)Wt'\«r, Mr\ -"Idtnt liKaiid with
ri'Rird tr> thf (juality of the undtrlvirin soil as a road-niakir.

Thi-y arr of iin(»ortamr in the «lis»ii>'«ii.ii of road mft.il only,

bccaiiso whun |)ro|Hrly construrttd, they dtiplicalc in Inrin .md
m.tki--tip the foutidatioti or iMHtuni of .dl mad*. Il.irth ruail--,

even when projKTly oinstriictt<l and mainfained, an- Miitiil

only to the viry liKhtest frathc. Thiir ((wt v.iries n">'ly-
In prairie country, mads M> iVit widi- with a 6inch i ru\ui

have Iwen graded at! compa( ti<l wi(h ina( hinery at a cost of

.ihoiit S4(l (HT niile. This i> proltahU a niininiiini. I'.-tini.itc*

on the costs of niikinK earth roads in the Vellowstoiif Nation,

d

I'.irk vary from S2,52'> to S4,.<S.' per mil.-. The to.hN were
18 feet wide, clearing .'() feet. iiichi- higher in the middle tli.in

on the side, and covered with ') inches of earth and (l.i\

SAND-CI.AV KOADS.

A sand-clay ro.id is ,)ne in which .111 earth ro,id made up of

either s.md or cl,iy h.is heen surf.iced liy llie addition of cl,iy to

the v,ind, or sand to the clay, as the case may he. Such roads
are of value in districts where either one or the other of tluse

types of soil preilominate. They give good service w Inn cire-

fully maintained. In the sfiuthern sictions of the Initeil

States s.md-clay roads have been huilt .it .1 cn-t of from .S200 to

.SI, 200 per mile, the co.-t v.irying with the dist.ince whi' Ii .iiiur

the sand or the clay h.is to lie hauleil '

(.KAVIl. R')AI>s.

Ciravel roads are those which Iia\e a protective covering of

gr.ivcl laid upon i foundation of e.irth. The gravel ma\- he
I. lid in one course, or it may consist of two courses, the up(>er

l.iyer heing compi>sed of finer m.iteri.il th.m tht lower. The
usu.il thickness of gr.ivel, after it has hecome compact, is from
4 inches to 1 foot. The road gr.ivel generally contains a cen.iin

I)ercintage of -.and and sometimes a little cla\

.

p. 124

' PiiKC. L. W. -RDaJi. patl.j. a:i I bridai-s." Slurijij an.a Walt >ii Cj.. N'-w Vurk. 1'>12.

I



Cost of Gravel Roads.

In the state of Indiana, which is comparatively level, the
cost of building gravel roads has varied from S800 to $3,500 per
mile. Kxcept in a few counties, the cost varied from $1,000
to $2,500 per mile. When the gravel had to be hauled one mile
only, the cost for hauling was from 15 cents to 30 cents per
cubic yard of gravel, and the total cost 40 cents to 50 cents per
cubic yard in place. The average total cost of construction
varied from $1,000 per mile, when the gravel had to be hauled
1 mile, to 82,000 per mile when it had to be hauled 5 miles.

These costs were compared Ivy Baker with those of roads con-
structed in Ohio and Illinois and found to be fairly represent-
ative.' In contrast to these, we give, in the table below, a
number of data regarding the costs of gravel roads in New
York state. The difference in cost is marked, both between
individual roads in the state, and between the average of these
roads and those of Indiana. A part of this variation is due to

the varying amounts of grading done on the New York roads.

Table Shmving the Cost nf 16 Gravel Romh in New York Suie.'

Ref.

No.

Width of

macadam
in feet.

Width of

roadway
in feet.

Cub. yards
excavated
[XT mile.

1

2

3
4
>

6
7

8
9
10
U
12

1.?

14

15

16

16

16

12

IX

12

Aver-
age.

16

16

\bU

21

16-22
22

16

12
16
20

22-26
20
22
22

21
22

18

24
22-24

1.?.000

.V455
4,.S02

2,811

2..S.S4

6.870
6,54.S

4.<»17

10.0';7

4.741
5.7.M
>.bW
.S..U4

7.501
2,195

Thickness of

macadam
in inches.

Cost
[ler mile

s

20-81 5.4.S0-,H

6
1

8.124
6

1 2. (MO
6

1
2,296

6
i

1.4K9
6 5 , 2.?0

6 2 , 646
6 11,877
6 6.240
6 4,51!
6 8 , 256
6 5,815
6

1
4 , 569

6
1

0,072
6

i

4,719
8 1 6 , 455
8 .? , 846

6-25 i $5,260 94

' Baker. I, O.. "A Ireatiw on roads and pavements." John Wiley and Sons, New York,
191,1, p. 172.

' State Commisiiion of Highways c.f New VotL. -Keiort of the Slate Commission of Uikh-
ways ol New York for IVIl": pp. 449480.



The cost of gravel roads in certain parts of Canada where the

toi)<)gra[)h\ is rehiti\cly flat will probably compare with th.it

in Indiana. Where the toi)ography i> rougher, these roads

would probably approach some of the New \'ork State road> in

cost.

The cost of hauling the material is one of the largest items

of expense in making roads. It takes 3,1 2') cubic \ards of

gravel to make a mile of tinishe<l comjiart road surface 16 feet

wide anti X inches deep. Byrne' calculates that one teani can

haul 7 cubic yards of gravel |ier day, if the haul i-^ not over

Ij miles. The amount, of course, decreases with the distatice

to haul. One cubic yard of gravel weighs from 1-3 to 1" tons.

The nnioiint that one te.uii can haul, and tlu' cost of teams, \ary

greatly, however, .md tlH'>e items will have to be dettrmined

separately for every locality where a road is to lie built or a

gravel deposit opened.

\v.\ti;r-H()im) mac.\I).\m ok hkoki-n-stom-: ROAns.

Hroken-stone roads are built on the same principle as

gnivel roads. I i both, a covering which is essentially resistant

to wear and is, after comjiacting, very nearly, if not entirely,

impervious to w.iter, is [)laced over a well-drained foundation.

The covering distributes the weight of traffic o\it a larger area

of the fomulation and prevents w.iter from [HTColatiiig tlown

and softening it. This ty[)e of highway was first successfully

built by Tresauget in France in 177.S. John Macadam, a Scotch

engineer, introduced the !)roken-stono road into I'ngland in

181() and built many good roads of that type. The name
"macadam" has been ap|)lied to roads of that kind ever since.

Roads of this type are made by placing one, two, or three

courses of broken stone upon a foundation (jf earth. The earth

foundation is generally rolled and thoroughly drained, either

by side drains and ditches, or by drain- in the middle of the

road. In certain instances the foimdation is pa\ed with stone

blocks which are genirally set on edge with their longer dimen-

sions across the length of the road. The crevices betwei'ii the

• Hyrnc. A. T. A trflitisc on lligliway

1910, p. .(51.

nstructiun, Jotin Wiley and S-jn?. New York,



larger stones are filler! witli smaller stones and projections are

hammered off. This is known as a Telford foundation and its

upper surface is in most cases parallel to that of the finished

road. The crushed stone is put on in two or more courses. One
of the latest sets of specifications' calls for one course of stone

of sizes passing over a 21-inch ring and through a 3j-inch ring.

This is rolled to a finished depth of 3g inches. Over this are

placed two courses of stone of sizes passing over a 1
J -inch ring

and through a 2j-inch ring. Each course is rolled separately

to a finished thickness of 21 inches. Stone screenings between

J and s-inch in size are rolled into the top of each course. At
the same time water is sprinkled on to wash the smaller stone

into the voids in the road surface. The ordinary macadam varies

in thickness from about 4 inches to 1 foot. The top course is

known as the "wearing course' ind the screenings are referred

to as the "binder." In a great many cases only two courses

are placed on the road and the stone used in the wearing course

may be much smaller than specified above. The larger size is

probably best when the stone is rather soft as is the case with

many of the limestones.

The action of the roller and of traffic compacts the rock

fragments together and decreases the number of voids. This

is hastened by the fine screenings or "binder" material that is

thought to act as a sort of lubricant, which helps the rock surfaces

to slide over each other and the smaller fragments to get into the

spaces between the larger.

Since fine mate^' ' dissolves more rapidly than coarse, the

fine screenings in the lop dressing are also supposed tf) furnish

the cementing solutions, or rather the plastic colloidal bodies,

which finally bind the road surface into a solid mass.

Comparison of the Effects of Traffic upon Gravel and Macadam
Roads.

As a general rule it may be said that macadam, or broken-

stone roads are superior to gravel roads, and this is, without

doubt, due to the fact that in the a\-eraiie macadam road the

' Specifications for l)rok"Ti stone .iml gravel romls ^idoiite.i October, 1014; Amor. Soc. of

Municiiiiil Improvements. 7()i WiiUon UiiildinK. Indianapolis. Ind. pp. 4-6.
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angular particles have become more firmly bound together than
is possible in the ordinary gravel road. The fine stone frag-

ments are generally sufficient to keep up this bond under ordinary
wagon traffic, and as they are blown or washed out of the top
surface, horses' hoofs and steel wagon tires wear off more frag-

ments to take their place. The action of automobile traffic,

however, is not so much a pounding or grinding, as a shearing
one, and it draws the fine binder out of the surface without
grinding off more to take its place. Increase of automobile
traffic, therefore, has brought about the use of binders other than
rock screenings. These binders are usually some form of bitu-

men, and roads so constructed are known as bituminous macadam
roads. The ordinary macadam is known as water-bound
macadam. The following table was compiled by Col. VVm. I.

Si ler, of the Massachusetts Highway Commission, and gives
some idea as to the comparative wearing qualities of gravel
and macadam roads. The table also shows how ^-'-atly gravel
and macadam roads may be improved by the addition of bitumen
to their surface. Bituminous macadam roads proper will stand
even heavier traffic than resurfaced water-bound macadam roads
like Nos. 7 and 9 in the table.
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Effects of Trawl on Different Road Surfaces.^

Character of road surface.

Character and amount of travel.

Ref.

No.
Light
teams

pi-r d.iy.

Hea\-y
loads,

1 horse.

Per day.

Heavy
loads,

2 horses

or more.
Per day.

Auto-
mobiles
per day.

1 Gravel road: a good one will wear
rcasonal>ly well and be econom-
ical, witti

50
to

75

25
to

30

10

to

12

100
to

150
2 It will need to be treate<l with

oil, with over 150
3 If fairly good, should be treated

with one-half gallon of hot or
colfl heavy oil annually, with

Wiiler-boiind macadam: will

stand with

75

to
100
100
to

ISO

30
to
50

175
to
200

30

60
to
80

500
to
700

2

5 A dust preventive will be ser-

viceable with
50
to

6 Will stand, but stones wear som
with

100
300

7

8

9

A hot-oil blanket coat will be
economical with

Will crumble and perhaps fail

with (if narrow-tired)

With a good coat of tar will

stand with

250
to
300

100

30
to

50

75

to

100

50

25
to

30

25
to

30

10
to

15

500

3

1,800

Cost of Water-Bound Macadam Roads.

The cost of construction of certain water-bound macadam
roads in the states of Illinois, Massachusetts, New York, and
Maryland is given below.

In Illinois, where the country is comparatively flat, the

cost is lower than in the other states where grading often is an
important item in the construction. An estimate of the cost of

' Baker, op. dt. pp. 681-682.

' Kot over 75 at high spee<l.

' 1,400 and more il the teams are fewer. Will stand at least 50 more trucks.
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construction of one mile of macadam road 16 feet wide by 9

inciies thick is given in the report of the Highway C'ommission

of Illinois for 1910 to 1912.' This estimate is based upon the

actual cost of roads built by the Commission between 1906 and

1912. It varies from S5,6.S9 per mile, where stone had to be

hauled by wagon for one-half mile, to S7,115 where the hauls

averaged 3 miles. The cost of crushed stone is presumed to be

$1.25 per cubic yard f.o.b. cars at destination.^ The average

cost of 220 miles of broken-stone roads built in Massachusetts,

between 1894 and 1899, was S9,9,?1.23 per mile. The cost of

grading was about 18 per cent of the total.''

The average cost of twenty roads of this type in Maryland
was SI 1.1-11 per mile. The expense of grading ran from 10 to

25 per cent of the total, with a maximum of 50 per cent.*

The costs of several thousand water-bound macadam roads

are given in the report f)f the New York Highways Commission

for 1911. The macadam on these roads is from 10 to 16 feet

wide and 6 inches thick. Their cost ranges from S6,000 to 815,000

per mile and by far tiie greater number cost from 87,000 to

810,000 per mile. In \i'w York grading was often an important

item in the cost of construction.

lilTlMINOlS M.\CAUAM RO.\»S.'

Bituminous materials are used to prolong the life of macadam
roads already built, or as binders in roads when they are first

constructed.

In resurfacing a water-bound macadam road, it may be

sprinkled with petroleum or treated with either a "paint coat"

or "bitumen carpet." In treating with a "paint coat" the road

is swept clean of dust, holes filled with m w stone, and the sur-

face covered witn a thin coating of tar or petroleum, anti later

with coarse sand. The bitumen carpet is laid in the same way.

1 Tht' Illinois Hii!hw:»y Coinmtssinn. "l-'oiirtli report of the lUiiiois Hi^iiiway roinmission

for tho years I'dO. I'lll. I')12": ,f45 pp., with photographs and tables, Sprini;n.i'', 111, 1«13:

p. 81.

= Ibid, p. SI.

' Baker, op, eit, pp. 240, 241.

* The averase \v.is obtained b\- taking coats Riven for twenty of the roads mentioned
in the report of the .Maryland State Roads Commis-iion for l<)ns.|>)tl. pp. ,in-,il.

' This description is summarized from i. O. Baker's "Roarlsand Pavements," pp. 658-681.
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but may consist of more than one layer of tar or asphalt separated
by scroeninns or coarse sand.

Bituminous macadam roads, properlv so-called, are con-
structed with a wearing course of broken stone and a binder of
tar or asphalt. This tar or asphalt is put on either by the
penetration" or the "mixing" method. In construction by

the "penetration" method the wearing course is first Icid down
and rolled and the bitumen then poured or sprayed over it in
sufficient quantities to bind the surface together. In the "mix-
ing" metl! .(1 the wearing cours. of stone with or without the ad-
dition of sand, shell, or slag, is first mixed with the bitumen
and the mixture is then placed over the foundation course and
rolled down.

In a report issued recently by a special committee of the
American Society of Civil Engineers, roads made by the pene-
tration method have been designated "bituminous macadam"
and those made by the mixing method "bituminous concrete."'

In addition, sandstones impregnated with asphalt have been
crushed and used directly on roads as a rock-asphalt binder.

Cost of Bituminous Macadam Roads.

The average cost of applying a bituminous carpet to about
11 miles of road in the state of New York was 5-62 cents per
square yard or $527.53 per mile of road 16 feet wide. The
average cost of treating several hundred miles of road in Massa-
chu.setts in this manner in the four years 1908-1911 was 7-66
cents per square yard or S719.02 per mile of road 16 feet wide.

The cost of two roads of bituminous macadam constructedm Massachusetts by the penetration method averaged 74-66
cents per square yard or 87,007.15 per mile of 16-foot
road. The average cost of 70 miles of road in New York was
28-53 cents per square yard or §2,678.02 per mile of 16-foot
road. The latter cost, no doubt, does not include the cost of
grading, preparing the foundation, etc., but only that of adding
the bitumen. This supposition is based on the fact that the costs
o^ituminous macadam roads, as given by the reports of the

.,n '"^°°^J^'^'" Vol. XLVII. .No. 6. Feb. 6. 1915, pp. 51-52. Tw E. L. Powers Co150 .Nassau St., New York City.
^ ^ " rowers 1,0.,
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New York Highway Commission, generally average higher than

that nf wator-hound macadam in that state. The cost of con-

struction by the "mixing" methoti is higher than that Ijy the

"penetration" method.

CONCRETE RO.\I)S.'

In a concrete road the foundation is prepared as in n maca-

dam road and the protective covering is made of concrete laid

in one or two courses. The materials used consist of coarse

aggregate, fine aggregate, and Portland cement. The aggre-

gate may consist of broken stone or of gravel and sand. Nearly

100 miles of cf)ncrete n.-ads have been con.structed in Wayne
county, Michigan, where they have given gotnl satisfaction.

The roads there are built in 9, 12, and 16-foot widths and the

concrete is generally 6 inches thick on the sides and 8 inches in

the middle. They are finished otT with S-foot shoulders on

either side, the inner 4 feet of which is gravel and the outer

earth. Practically no excavation and grading is necessary on

the roads in Wayne county as the country is very flat. The
concrete is made of Portland cement, sand, and gra\el in the

proportion of 1:2:4 or thereabouts, the proportion varying with

the fineness of the gravel. In other localities the methods of

construction and the proportions of aggregate used have varied

slightly from that outlined for Wayne county.

Cost of Concrete Roads.

The following data upon the cost of roads in Wayne county,

Michigan, were obtained from the road commissioner, Mr.
Edward M. Hincs. The cost per mile varies from 811,000 to

$16,000. Gravel costs about SI |Jer ton and sand 85 cents

delivered at the railway siding nearest the road under con-

struction. The freight rate averaged about 60 cents per ton

so that the cost of gravel at the pit was ab/oiit 40 cents and sand

about 25 "Its per ton. The cost of teams ranged from S5 to

$7.50 per day; common labour $2.25 p)er day; skilled labour

from S2.50 to §5 per day.

A well written paper by H. J. Kuelling upon the methods of conatructing concrete roads,

as practised in Milwaukee county, Wisconsin, is to be found in "Good Roads" Vol. XLVII.
No. 6. Feb. 6. 1915. pp. 6X-70. The E. L. Powers Co.. 50 Nassau 3t.. New Vort city.

J



12

CHAPTER HI.

MATERIALS USED IN THE CONSTRUCTION OF ROADS.
The foundation and wearinj; courses of all country roads

are made of soil and varinu> i>-,ns of rock, and under rocks are
included sand, c'ay, and gravel, .ince they are rocks in an uncon-
solidated form.

Broken stone and jjravcl form the hulk of the prote'-tive
covermn in all country highways. The •'l.inder" of a country
road -s either fine rock chips, j-ravel, bitumen, or Portland
cement.

BROKf:\ STOXR.

The following is a summary of: (1) the chief rock types,
(2) the tests which have been made upon them to determine
their relative merits in the making of broken-stone roads, and
(3) the deductions which can be drawn from these tests and from
the actual tests of traflic.

PRINCIPAL ROCK TVPl-S.

Rocks are the materials which make up the outer crust of
the earth. They consist of minerals, thai is, substances of defin-
ite chemical composition and crystalline form, or of amorphous
substances with no such definite form and composition, or a
combination of both. Rocks are classifi..-d according to their
modes of origin, as igneous, sedimentary, and metamo-phic.

Igneous rocks are those which from the way thev occur in
the earth's crust and from their mineralogical makeup are coi-
sidered to have been formed by the cooling of molten masses.
Sedimentary rocks are those made up of fragments of other
rocks or precipitates from solution, which have been deposited
in layers or beds, either under water or on land. Metamorphic
rocks are those which ha%e been altered from their original
state by later accessions of heat and pressure. The main types
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of rock arc given in the tabic below. No attcmi)t has been
made to include the r.irer classes, since they form an insiKnilirant

portion of the crust and do not concern us in a study of road
materials.

Plutonic, intrusive
(far Ijclow surface)

Intrusive (near the Volcanic, extrusive
surface)

Acid

Texture, >;r,initoiil

If'iranite

Syenite
Monzonite

Intermediate jfJiorite

Basic
CaMir-)
IVriilcjlite

I'vroxenite

Texture, [Hirphyritic Texture, t;l,i«v or
.llllVj;cl.ili)i.|.il

Quartz iMirphyry Klnolite
Trach\ te poriiliyry Tr.ii In te

riionolite porphyry I'honolite

Hacite |H)rphyry 'Dariie
;.\ndesite porphyry ,.\iiilcsile

'Ant;ite [lorphyrite Aiiuite anilesitc

Dialxise Basalt

jK.ire t\pfs of d.irk, heavy rocks
I sualK' sonieuhat porphxritic.

SrJimevliirv Rorks

Inconsoliclitcd.
. .San<l and silt

(".ravel

Clay

Marl

Consolidated. Sandstone

Conglomerate

Shale

limestone

Rare types formed from organic remains or as

precipitates from solution: coal, gypsum,

chert, some types of ores,



Foli.itiil

riifuii.iii'ii

u

Mititni'tpliif Kmks

<'iiU'i«»

Slii,l

Malu

'Jn.irtzite

M,itl)l,.

1 'iriywMckf

('(•rt.ii:i .iliind ii<m (lus rotk^j.

Igneous Rocks.

Igneous rocks are i-ithcr partly or whr.Ily mstallinc. that
is, they are either niadi- up entirely oi crystalline (articles ..r

arc partly of crystalline particles these heing hound together
by an amorphous or glassy mass of material, which has some-
thing o! the nature of a frozen slag. Again the whole mass
may l,e amorphous, with practically no crystalline particles
present.

Igneous rocks which are wholly crystalline are thought to
have C(X)led and consolidated deep inside the crust of the earth,
thosf which are partly crystalline close t.. the surface, and those
which are amorphous or glassy on the surface.

Those which are entirely crystalline are called plutonic
or deep seated intrusives, and their texture is known as granitoid.
They generally occur in large bodies. To this class belong the
granites, syenites, monzonites, diorites, and gabbros. The
granitoid texture is generally well shown in the polished slabs
or pillars f)f granite used for the decoration of buildings and in
monuments. The component mineral crystals do not vary
greatly in size and they interlock to foim a sort of irregular
mosaic.

Those in which very few or no distinct crystals can be seen
with the naked eye are called volcanics or extrusives Their
texture is called glassy, or amygdaloidal, the last term being
used when the rock mass contains small cavities. They generally
occur in large irregular sheets or beds. To this class belong
the rhyolites, trachytes, dacites, andesites, and basalts. Furnace
slags generally have glassy and amygdaloidal textures. A
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»ufx)r(iinati' Kroiip of tin- vulranic nxk^ are the volc.inic fincci.is

and tuffs. They constist nf annular fra^inunts of ro( k fml«il(li(|

in a Rroumlm.iss or matrix of volcanic matter. Tlie fraKiiieiU:^

are often quite <li^tinctly different ;n mak'.up and ionip,)siti(in

from the rock m.itrix.

Igneous rocks, which are partly rrystalline, f rm a connect-

ing link between the plutonic and vulcanic type.-. The> have
porphyritic structure, that is, one in whi( h a nunilier of well

formed crystals lie embedded in a ni.itrix of j;lassy matter.

They occur in comparatively small l««lies. In n.miiiip a rock
of this tytH- the word [mrphyrv is generally added to the n.mu'
of the volcanic rock corresponding to it in (oniiwisition. 'I'hus

a pr)rphyritic rock having the same comi)ositi(m as the andesi',e

family is known as an and- ite-porphyry. The |)or|)hyry

corresponflinn to rhyolite however, i^ known as t|uartz-porphyry.

The term diabase is us<'(l for a rock whiili corresponds to b.isdt

in composition, but has ix-culi.ir texture, in that the feldspar

minerals in it are lath-shaped and that the felcNpar cryst.ds

penetrate other crystals in the rock, sjenerally the au.i;ites.

According to their mineralogic.d and chemical com(M>>iti()n,

igneous rocks are di\ided into acid and basic. Httween the
two is a group which we shall call intermediate.

The acid rocks contain more silica, either as siiica in the

form of quart/ or combined in other minerals, especially feldspar,

than the basic. Thev are lighter in colour, varying fn m white
to grey, while the basic range from grey to black. The basic

rocks are generally heavier than the acid. The intermediate
rocks combine some of the characteristics of both and form a
gradation between the two main type;-.

With some knowledge of the more common rock forming
minerals and with the aid of .i h.md lens, one can gencr.dly

easily distinguish the main classes of the coarser grained igneous
rock in the field. The porphyritic and volcanic rocks are not
always so easy to separate, however, and o,,^- can only draw
broad distinctions, based on differences in colour and weight,
or upon the ability to recognize one or two crystals. The study
of thin sections of rocks under the "icroscope has made their

accurate classification possible.

J
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Till- iiiuru oltvious distinctions whirh exist have Kivcn rise
to turms in the stone tnulf such as Kranitc, Krctnstonf, [xirphyry,
filsitf. and trap, each one of which includes a numiRT of nntk
tyfHs which vary greatly in their mineral com|«tsition. A |K)pu-
lar < las>ilicatinn of this kind is nevertheless useful, since the ditler-
ences in colour and fineness of gr.dn u|M>n which it is h.ised .ire

accoinp.inied to sotne extent l)y hroad difTerences in physical
ch.ir.K t.ristics, sucli as weight and toUKhness. In an attempt
to (I.issify HK-k tyix's according to their ro.id-makinK f|ualities,

the writer h.is found it convenient to divide the igneous rock*
into four types, «r.initic rocks, K.il)l)roic rocks, felsites, and tra|)s.

The wranitic rocks include the lighter coloured, coarse-grained
or granitoid inneous rocks such as Kr.inites, syenites, monzonites,
and (|uart/-diorites which, in the (pi.irryinK trade, are all < lasscd
together as Kranites. The nal.hroic rocks include the darker,
coarse-Krained igneous rocks, thediorites j)roper, aunite-diorites,
gal.hros, pyroxenites, and peridotites. They are often called
Hreenstones hec.iuse of their tendency to turn green ufM>n altera-
tion, (jrcenstone is not .i good word to use since il is as often
applied to h.mded met.miurphic rocks which differ widely in

the'' physic.il projMM'ies from massive igneous rocks. I'nder
the term felsites are included the fini-gr.iined, light-coloured
volcanic and i)orphyritic rocks, rhyolites, trachytes, phonolitcs,
an<l dacites, the (|uartz-porphyrie.-. tr.ichyte-()or|)hyries, etc.
The ir.ijjs include fine-gr.iined, dark volcanic rocks, the andesites,
augiie-andesitfs, basalts, .md other more liasic, ;,I..ck > 'kanic
ro. ks, and the i)orphyritic e«|uiv,ilents of these rocks, including
diabase.

The grouping has been made upon the basis both of texture

—

that is, coarseness ar fineness of grain, granitoid rocks being
considered coarse-grained and porphyritic and volcanic rocks
fuie-grained—and upon acidity and basicity, that is, practically
upon the proportion of light and dark coloured mineraLs in the
rocks.

Sedimentary Rncks.

The sedimentary rocks include both unconsolidated mate-
rials such as sand, gravel, cla\-, and marl, and hard rocks such as
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sandHtont'^. conKlomt'rati>, !»halr', and limi>toni*>*. Sanrlntonoi*

•irt- •olid rii( k- whiili wt-rc Drinin.illv l.iiil <lnwn .in lw<|>* nf «aii(l,

either in w.iti-r nr mi laiul, ai I lia\r l.it»T lucnnic lianlriud

and Ixiund t()K»'thiT l>v i)rf<tsiir ind ccnu'ntinK sohitioii-. In

a niniil.ir w.iy connloini'r.itfs and >liali'!» ari' hard rock> derivi'd

from bed-' of nr.ufl and <lay, n>iH'ctiM.'ly. I.itnt^tniii - ha\o

tKTri fnriiu'd liy tin- artioii of Ii\iiii; ortMni-^m^, Miih a-i coi.ii.,

by thf ivnu'Mtation of lied-, of slitH-, .iiid tiy dircii |irt'('i|)it.ition

from sea W.iter and from the water of >.M lake-. Ju-I a^ there

.ire sandy clay- whiili carry \ar\inK pro|tortion^ ol sand, so

one finds rocks which uradc all tlic wa\ troni >,in<l-loiic^ to -hales.

Limestones .ilso ifichide varying anii>unls of -and .iiui cla% .md

may ^jrade from siliceons liniestoiie- In cah-areons sand-icjni- or

from ari;illaceons hnit-toiies to cahareoii- -hales. Chcri i- a

very den-e, tiiu'-i;raini'<l form of -ilica wfiiih is often as-ociated

with liniestotie either as mas.-es in tlie hme-tone or as separate

layers interi)e(!ded with it.

Mctamorphic Rocks.

The metamori»hie rocks, may, for our inirpose, he ^rouiied

as foliated and nnfoiiated. The foliated t\i)es ha\e a liaiided

appearance ami generally i)art with more or le— ea-e in dirictions

parallel to the hands. Such are the gneisses, schists, and sl.ites.

Unfoliated varieties l.ick this handed appearance, hut are ^;encr-

ally completely cryst.illine. (Juartzite-, marhles, and };rey-

wackes are examples of unfoliated metamorphic rocks which

were originally sedinutitary f i k-. i iifoli.iivd rocks of igneous

origin are often found with foliated rocks of the same composition.

(Ju.irtzite- are derived from -aiid-tones, marhk- from

limestones, greywackes from shaly sandstones.

METHODS OF TESTINC. ROCK M.VTICRI.M.S FOR ROAD-MAKING.'

In discussing the types of rock best suited for the m.iking

of roads we shall in general refer to those making up the top

' Goldbeilc. .MtxTt T. ami Jackson. Knink H., jiiir. The i.hysical ti'«tini! iif rmk (or road

buihlinK'"; r. S DriKirtmpnt XsiricuUurt'. Office cf P'lhlic Roa-ls. Bull'-'tin No. 44. "Jft pp.
illustrated with drawings and tables. For fuller details of lat)oratory practice see L^.S. Dept.

Agric. Bull .No. HI. by Frank H. Jackjon, 19Ift.
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«.! ^e of a water-I,ouncI macadam r„a<l. The stone in the found-
..

of a n.ad need only he strong enouK'h so that it uill notcrush when the roller passes over it. Almc.st any rock of axeraeecrushing strength will, therefore, do for the fo.mdation. Theweartng cour.e, however, ha. to be hard enough to withstan.i
the gr,ndmg of steei-t.red wheels. a„c1 tough enough to with-
stand the ,n,pact of horses' hoofs, passing trafhc, and the abrasion
wh.rh takes place between fragments in the ,„ass as it givesshghtly tmder the weight of passing x-ehicles. Ft has to con'pa -teasily. an.I have the power to .ement ,,t,ickly into a solid mass

In the buumen-bound n.arada.n roa.l i, is in.portant thatthe PKk iKue the first threequalities, but not the last. Hardnessand toughness are really the only essentials in rock which isto l)e used with a bitimiinous binder.
Uboratory tests of various kinds have been .levised tofurm.h some rapid means of ju.Iging of the value of a rock as aroad metal. In the.se tests an attempt is made to approxin.ate

the conditions which will obtain in a road-bed under trafficSince these conditions are xariable and rock tvpes also varvmuch the tests are not an absolute measure of th'e ,,ualitv of therock for road purposes. .A number of the tests are describedbelow and the value of the ditferent rock fanulies as road metals
l^ discussed farther on.

Koad materials are teste.l for their hardness, toughness
resistance to abrasion, cementing value, ab.sorption. and specific
Rravity. .At the Of.ice of Public Roa.ls in Washington, D Ca number of machines have been devised for comparing the'ce-
nient.ng power and toughness of various rocks. The hardnessand the mutual abrasion of pebbles, one against the ..thcrare tested by machines which were designe.l an<l u.scd in Francem.iuy years ago.

Hardness.

A cylinder of the rock to be tested. 25 centimetres i„ dia-
meter. IS ground on a revolving disk under constant load of
1,2.M) grammes, with the aid of 30- to 40-mesh quartz - ndIhe hardness i., expressed by an arbitrar% number derived
Iron, the equation. HardNcss = 20 - « ir ^vhere W is e,,ual to
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the weight in ,i;rainnus Ut^l through 1, ()()() ri'v<ikitions of the <ii>k.

This operation is an atteniiit to clui)Hcate the grinding action

of the steel tires of vehicles passing o\er a road.

. rm /.''ess.

In the toughnt •< tc -;, ;> clin ! , of the rock to l;e tested,

with its lower end l.Miimg -'P a i'-ni foundation, is struck on

the other (.'nd by ;. 'I i' !i.r, ;'.i h.miiner, f.dling 1 centimetre.

The process is repeated, the heig.it of tiie fall increasing hy 1

centimetre each time, until the rock breaks. Tlie number oi

blows struck is used as the measure of the toughness.

The impact of the haninier iti this test represents the blows

of horses' hoofs and of wagons passing over irregularities on

the road.

.\n investig.ition carried on by Mr. Frank II. Jackson'

of the Testing Division in ihr Oltlce of Public Roads in Washing-
ton, has shown th.it the resells obi, line ! from the lest> for hard-

ness and loitghni'ss of several thous,nid rock samples bear the

following relation to one another: the hardness of a rock i> no
criterion of the ti aghne^s, th.it is, a rock ni.iy be \ery hard and
yet be brittle enough to break easily under impact. On th'^

other hand, rocks which have a fair toughness wiliie, sa\-

12 or over in the scale of toughniss, will also be quite hartl.

The test for toughness should, therefore, be a fairly reliable

measure of the resistance of the rock to the wear of trattic.

In present-day practice, however, the cores tested for

totighness ,irt' taken from only one block of stoiu' in an\- giwn
sample. And because ne.irly all rock i)odies vary cKh idedly in

character throughout their mass, the toughness of <'iny one
block very seldom represents an ;i\erage of the whole rock

body. The toughness test is nf)t, therefore, as good a criterion

of the \alue of the rock body sanipKd as it would l)e if it were
pos.--ible to get an a\erage of th;: toughness of a nunibcr of

fragments representing the main \ariations in the mass of the

deposit.

'"Rolat.on between the iirniirrtic* of liardness and toiiEtiness on roadliuildini; riKk" t)y

Prcvo<t liiibbard and Frank II. Jackson, jun. Journ. .Agric. Ri-search. pp. ')(»-9l>7,

Washiniiton. D.C.. Feb. 7. I'lM,.
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Abrasion.

in the aI)rasion test 50 particles of the rock, of nearly
uniform size and weighing about 5 kilograms, are thrown back
and forth in cylinders, set at an angle to a revolving axis. This
axis revolvo at the rate of 30 to 3,? times per minute and 10,000
revolutions constitute the test.

The amount of substance which is worn off durinj- le
operation and passes through a one-sixteenth-inch mesh sieve
IS weighid and the percentage which this forms of 5 kilograms
the original weight of the material, : jsed to express the amount
of wear or abrasion. An arbitrary factor the "IVench coefrtcient
of wear" is also used. This is equivalent to 40 divided by the
per cent of wear.

During the revolving of the cylinders the particles are
thrown against each other and the ends of the cylinder, and are
subject to both grinding and impact. This is, therefore, a
test of both tin ir hardness and toughness.

CcmentiuQ, Value.

In the cenu'nting value test, the rock is ground to a fine
powder in a ball mill in the presence of water; it is then formed
into cylindrical bri(|uettes, under a pressure of 132 kilograms
per .s(|uare centimetre. The - briquettes are dried in air for 20
hours and then in a hot-air hath at 200 degrees F. for 4 hours.
They are then cooled for 20 minutes in a desiccator. After
cooling, they are placed in a machine, where thev are subject
to the rhythmic fall of a 1 kilogram hammer through a distance
of 1 centimetre. The number of blows struck before the cvlinder
breaks is used as a measure of the cementing \a\uc.

Investigation' has shown that a certain portion of the
"dough" which comes out of the ball mill, has passed into
colloidal solution. The colloidal bmlies coagulate and form
gelatinous membranes upon the undissolved rock particles,
Upon being subject to the pressure incidental to briquettingi
and^to drying, the superfluous water is removed and the some-

nf Ch
"1^1 '"V m' ""V"

"" '""^ """J"'" hv Allerton S. Ca,l„„a„. V. S. Dcpt. Agric. Bureau
of Chemistry. Bulletin No. 92.



21

what plastii rolloklal hodios are prosiumahly squeezed into the
voids and set there as a renient.

The process i^. thought to lie ihipheated in a road surface,
where wet rolling and later on the wetlini; of the surface by rains,

accompanied by the pressure and grin(hnt; acti<in of trai'lic,

cause the tine particles on the upper surface to dissolve partially
and the solutions or colloidal bodies formed, to -ink :lown into the
binder, and to cement it into a solid mass. It has bei n foun<l,

however, that this test is not always a criterion of how the
material wilt act under traflic. This may be due to the fact
that traflic atul weather conditions v.iiy widelv from i)lace to
place, while the conditions of tiie test are always uniforir. Thus
rb.e (|uantit> of dust and line particles jiroduced would be i;reatr'r

under heavy tiian lii;ht hor>e-drawn tralfic. and iience tiie m.iterial
available for the makin;^ of cement would be greater. .Mteri! ite

spells of wet anil hot dry weather, if they succeed each other
rapidly, should aid cementation, wliile Ion- periods of either the
one or the other would cau.~e the binder either to wash out of the
road or to be blown out as a tine dust. Aiidther variable (|uriuity
is the mechanical ease with which broken stone cotnpacts, a
factor not taken account of in the lal)orat<ii-y test. Thus trap
rocks break into wedge shaped particles and presumably compact
better th.in the coarser grained igneous rocks which break into
rectangular pa--' '

Absorption.

The amount of water that a rock can ab>orb is found by
weighing a sample of it in air, imni(>rsing it in water and re-
weighing, and finally weighing it after 4 hours" immer-ion.
Let Wa= weight of the specimen in air, ir'c.'= its weight in

water just after immersion, and W4= its weight after 4 hours'
immersion.

Then the weigh* water ab>orbed by the rock after 4
hours is \V4 — Il'w.

' "Rdntion of mineral compositii.n and rock structure to the tihvsical propmics u" road
t7.ater,al3" by E. C. E. Lord. U. S. Dopt. Agric, liutl. .MS, p. H, Washington. D.C. 1916.
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The weight of water dispUiced by the sample is Ha - l\'u>

\Va - W'iV
"^' ^'i'^""'"^'^"'''^' i^'Q"'*' to the volume of the rock

which iri occupied by water after absorption is complete, divided
by the lotal volume, that is, it is a measure of the absorption
per unit volume. If this be p-.ultiplii>d by 62 -.37, which is eriual
to the weight of a cubic foov of water in pounds, it will give the
abs(jrption in pounds f)er cubic foot of rock.

Absorption determines, to some extent, the efTect which
frost will have upon a rock mass. Most rocks which are good
for road metal have a very low absorption.

Specific Gravity.

The specific gravity of rock ;s the proportion that its weight
licar,- to that of an equal volume of water. Since the veight
of a cubic foot of water is a known quantity, one has only to
multiply the weight of a cubic foot of water, e2M pounds, by
the specific gra\ity to find the weight of a cubic foot of r ck.
Sj)e(iiic gravity is determined by weighing a sample in air and
immediately after in water.

If U'a is the weight in air and U'w is the weight in vater,
then ]Va-\V-U'= weight of a volume of water equal to the
volume of sample. The specific gravitv is, therefore

]V,i

U'a - Uu~

CO.Ml>.\RlSON OF TIIIC V.M.IIC OF DIFFF Rli.NT KOCKS I.N ROAD
lit II.DINO.

Satisfactory data as to the wearing qualities of the different
classes of rock in roads, under actual traffic conditions, arc not
easy to oi)tain. Such data would have to be definite enough so
that one would know the e.\acl type of rock used, and would
also have to include examples from many localities before
general conclusions could be drawn from them. Data of this
type would be further complicated by the factors of engineering,
construction, and maintenance, which enter >-' the question
fully as much as lioes the (luality of material used.
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Laboratory tests such as we have outlined above arc, of
course, not affected by these variable factors and, when properly
performed, give comparative data as to the behaviour of different

types of rock under the same conditions. In the Office of
Public Roads, in Washington, such tests have been carefully
carried on by trained men for a period covering many years.
Materials from practically every state in the I'nited States and
from localities in Europe and Canada have been tested and
compared there. In Bulletin 44, published by the Office of
Pu!)lic Roads, the results of tests upon 2,453 samples of road
material from localities in the I'nited States are given in tabular
form. The tables are accompanied by a discussion of the valu"
of the tests as applied to different rock types, and as compared
to their qualities under actual traffic conditions. The conclusions
drawn there are i)ased upon the experience of a number of high-
way engineers, who have built roads in every section of the
United States.

From a study of this bulletin and a discussion of the various
problems, both with the engineers and men in charge of the
tests in the laboratory, the writer has attempted to draw some
general conclusions as to the varieties of stone for w'lich it would
be most profitable to e.vplore in a survey of the road materials
of Canada.

It was hoped that data could be compiled from the tables
given which would make a direct comparison between the
different rocks possible. It was found, however, that there
were so many varieties present that it would be necessary to
group related species together to save time and to avoid con-
fusion. They were, therefore, grouped as traps, felsites, granitic
rocks, gai)broic rocks, .sandstones, shales, limestones, foliated
and unfoliated metamorphic rocks.

Kxperience has shown that certain of these types practically
never give satisfactory results in the roads, although they may
occasionally show up well in the laboratory tests. Such are the
sandstones, shales, the foliated metamorphic rocks (schists,

gnei-sses, etc.), and the two main types of unfoliated metamorphic
rocks of sedimentary origin, that is, quartzites and marbles.
Instances are known in which certain varieties of these types,



24

such as ralran-ous sandstones, have made Rood roads, Init stone
of the kinds mentioned are Kenerally worthless, exei'i)t for the
making of foundations or where Mtunun or i'ortland cement is

usedasal)inder, for which purpose some of the harder v^irietios
are often useful.

There remain then the traps, felsites, gahbrnir rocks,
granitic rocks, limestones, and unfohated mctamorphic rocks
(otiier tiian c |uartzites and marbles) . The latter class are gener-
ally altered igneous rocks, and the larger bodies of them in many
cases derivati%es from the traps. \Vc shall, therefore, class them
for convenience wilii the traps.

The unconsolidated sediments are in a class l)y themselves
m that they do not enter into the construction of macad.im roads
properly so-called. Gravel is the important member of this
group as It is used largely in the construction of gravel and
concrete roads. It can, however, be best discussed apart from
broken stone.

Laboratory tests are intended to determine the way a roek
will stand up on the road, how it will cement or bind, how frost will
affect it, and its compar.itive weigiit. The tests for wearing
qu-dity .ire hardness, toughness, and abrasion. Binding jwwer
IS nu.isured by the cementing tests, and comparati\e weight is

determined by the test for specific gravity. As was indicated
in the discussion of the tests themselves, the abrasion test is a
measure of the comliinid hardness and toughness of a rock, and
those rocks which are fairly high in the scale of toughness arc
also quite hard. In selecting .my one test to judge the wearing
(|uality of a rock by, it would seem advisable to go eitlier by
abrasion or by toughness.

The following table is taken from Bulletin 44 of the United
States Ortice of Public Roads. It repre>ents the relations of the
laboratory measures of abrasion, toughness, and hardness to
the results obtained under heavy, medium, and light wagon
trallic on water-bound macadam roads. The lower line in the
table is not given in the original table.



Results of tests.

Siiilalilr for

l.iAn

rVricnl of wear. Ilardntss. ' Toii^'lincss,

IS or nvir i

Mi'diuni "
.

. 14 t.) IS j

5 to S til to U
L'nsiiitahle for road-niakint;. 8 and owr | 1 to ll)

\') or over

14 lo I')

S to n

1 to 8

The toughness rwiuired 1)\- this tabic i?; perhaps a little

higher than the cnrresptnidiiv^ pircentaKe of wear. It is ii>iial

for instanre for a stone of a toii;;hness between 8 and 14 to have
a wear of from 2-5 to 5. for f)ne ha\ ini; a wear of 5 to S to iia\e

a toughness lower than 8 and so forth.

The followinji specilieations for the stone used in water-
bound and bitumen-bound macadam roads are of interest

because they represent the re.^ult of more recent comparisons
by engineers between laboratory tests and tlie wear of the -tone

in practice. Thiy were ..dopted by the .\nierican Society
of Municipal Improvements in October, 1914.

I'or a broken stone road without a bitumen binder the

stone shall have a French coetlicient of wear of not less than 7

(per cent wear of abi>:-t 3-7) and its toughness shall not be less

than 6.

For a broker, stone road with bitumen binder the lower
courses shall conforin to the above specifications, but the stone
in the top course shall have a FVench coelVicient of wear of not
less than 11 (per cent of wear of about i-6) and a toughness
of not less than 13-0.

In an attempt to compare the toughness of the five groups
of rocks from the results gi\en in the tables, the writer has plotted

a series of five curves as shown in Figure 1. Ordinates are plotted

upon four equally spaced lines rei)resenting the four divisions in

the scale of toughness, as given in the table. .Abscissae repre-

sent percentages of the total number of samples tested.



26

luii(;hn^%< in

ip/fn ttiitad

figure 1. Curves showing the! relative toughness of various (jroui.s ' -ks
an.l their consequent l>el.aviour under trartie rbased u|)on tests
made in the lalw.atory of the Office of Public Roads, U.S. Depart-
ment of Agriculnire, Washington, D. C).
Kock grouping used in the diagrams.
Traps, including the finer-grained dark coloured igneous rocks'
andesite, augite andesitc, basalt, diabase, basaltic and andesitic
tufi, breccia, etc.

Fehih-s, including the finer-grained, light coloured igneous rocks:
rhyohte, quartz porphjry, trachyte, etc.
Gubhroic rocks, including the coarser-grained, dark coloured igneous
rocks: diorite, augite-diorite, anorthosite, gabbro, rx-ridotite
pyroxenite, etc.

'

4. Cranilk rocks, including the coarser-grained, light coloured igneous
rocks, granite, syenite, monzonite, granodiorite, quartz-diorite, etc

5. Limestones, including all varieties of limestone and dolomite.
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It will be seen that in thfir !<tiitaliility tf> withstani the

wear of heavy trattic, traps, felsitts, jjaliliroic rocks, nr.mitic

rocks, and limestones range in the order named. Traps are the

best; nearly 50 jxt rent of the samples of faj) tested r-how

extreme toujjhness, while only ,^ per ct'nt of the linu>tones

tested are tough enough to withstand heavy trartic. In the

1
J

Tou|(hnrs>.

Touj(hn*

!•• S « . » i >

11 /

»4 !• 1 \ ' /

'"

H 14 \

Vv4\/-.

IB ^t'^.„

Fitjurc 2. Curves ^.tiowiiii; thu relative toiis;hiiess aiul consernicnt lu-li^ivioiir

iindiT trafli of such rocks as have a ccTiantinj; vaUiu hii;h enough

to permit of their use on macadam roads (l)ased u[«)n tests made
in the laboratory of Oftice of I'ubhc Koads, U.S. Department of

ARriculture, W.ishington, U.C.)

class unsuited to traffic, the order is reversed. limestone having

the greatest percentage, 44, while the four classes of igneous

rocks are bunched together between 5 and 13 per cent. A
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furtluT Mu.ly n, ,lK. o.rv.s will sh„w .h.u ,1,. fuu-Rrainc-,!
.Kn....u, HK-ks h,.u. ruMrly .lu- s..n,e tou«hn.>,. ami ,h .t „v r'0 IHT a-nt .,1 ,lK-,„ ranK.. ,.vct 14. ,l,at is, ,1,. iowo. limitor nu.luun horsc-clrawn n.Mr. The ,al,l.roir an.l .-rani .-

n.u vanc.K..s sIu.u,„k Krcat U,u,h,n:.. Tlu- .HT.c.n.aR. of
• > nu«h h„H.Mu,u. ,. .small. I,.u ov.., 4.) p.r .vnt of ,1... samples

\aluf w.is IK. I taken int.. o.nsjdcratic.n
In l-JKurf 2 this has bcr„ done, as far ..s all siniplcs havine

.;onu.nt.n« value ..f less than 25 .ere considered insui.aMe'
lu I.M das-es of rocks .,re Kioup..l in al.out the s,.n.o relativ-

s nr represen.anon of their relative values i„ ,1,.. n.a.Is,with such .luahlicalM.ns as are ^iven helow.

Tr(i/>s and Fclsitrs.

Traps, even when their cen.eniinK value is l.elow 25, jjener-alM.,nd well ,n , e road. This is prol.al.lv also true of the

E t ^ "'V7
^^' p-^ ^'"' '''^"''^^- ^^'^ '^•- '-' --ials

'n<l fi
,|. partly due to the we,lKe-sha[,ed p.irticl..s intowinch these rocks l.reak; these particles assist nu -h.mk^d c^pa.-.u,. ,n tin. road surface.^ The cur-.e of toughness n.^

..>e. w. h .safety m jud.inK of the value of tra,, and felsi e !

than the fresh rock, but highly altered trap is not as dura .1

'

Gabbroic and Granitic Rocks.

The dark c.loured 'igneous rocks of coarse texture ire

on::": „r ^^r'-^^^^^r r^'*^
^'-^ "^^^ ^"'--" -^^on are not This is probably due to the case with which thegabbroic rocks alter and their slightly higher toughness Altered
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rfK-ks of Iwith typ«M haw a hinhcr oniontinK value- ihan tlu' fresh
tyiH's. l-'iKUro 2 indicatf', ih.ii as a (la>^ tlir uratiilic rmks are
not as suitable for the ii;.:!.;..j; of wattr-lx.und macailam ri>a(ls

as llu" lillU-r>tol)l'S,

Limcstone.1.

Limestones vary Rreatly in iluir coinix.siiion and plusieal
(lUaiities. Wliile iiiiiistiine^ as a class make puur mad malerials,
certain types rival the traps in excellence. 1 lie ^reat majority
of limestones liave jjood cenienlini; <|ualilies, Imt are -nfl and
do not wear well. .\ ifMi^h hard limestone can, lluielcre,
almost always he dcpendul on to v;ive .ho<h1 servii e. This is

especially true of cherty lime-tones. Tlu' follow in^,' tahle i.s

inserted to give some ide.i a> to how the diHirenl varieties,
m the main divisions we ha\e <iuilined, mnip.ire. It is

I iken from a table com[)ile(l l.y Lord' which Kive> the avcraue
results of .?,()()() tests.

I Loril. Kl«in, ( .
r:

, Kiiiuiir.ntion ;inc| , Uj^.li.MtiiMi iif ri>.k« f.ir riM'l hnil Hiik ", f.s.
Di'lMrlMieiit of Arfhciilturi', OHi..; .jl I'uMit l<,,.i,!,, liulluliii So. ,17. in ii|,.

M
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Grouping
uacil in

thin

report.

Rock
v.irietiei.

I'li\>ii .il profwrt i('4.

IVr
i c»-nt

: Wfiir.

Antlenite. 4-7

Krcsh biiKilt 33

Trap Alt»ri(J lusiilt

.

i-3

t'nth clialiaiH'. 20

Allurt'd (li.ibust-

Aver.igc

Fel«ite Khyolite

Gabhroic
rocka

Avcrum-

Granitic
rotks .

2.5

Toijtjii.

nt^M.

Hard- Cfmenl-
nt>». inn

i Value'

11 i.}-; IHO

23 171 III

15-6 2i<)

Sjicrific

Kravity.

2 SO

2 W
2-75

JO

24

3 6 21

3 7

r)iorite 2 «»

AiiKite-dicritf

Gabbro

I'criilotili

Granite

Average.

Liniestonc-

Biotite-jtranite

Hornblende
({ranite .

2-8

2-8

20

21

1<>

18 2

17. 5

4'>

150

16-4

17-8

18 1

17-7

16 17<)

4

31

12 15-2

41

5.S

29

28

17-2

J-5 15 181

4 4

AiiKite-syenitp,

jl-inustone.

Dolomite

2-6

2b

10 16-8

21 18-.?

10

33 14

5-6 10

18-4

17 '»

T2 7~

38

20

3m)

2<>S

2 <J0

2-98

3-00

3 40

30

24

23

60

5.7
! 10 14-8 42

3 07

2-65

2-64

2 76

2-80

2 71

2-70

2-70

Average. 5-6 10 13-8 51 270

(".RAVKL.

C.ravcl is used in the tonstrui tion of gravel roacb proper
and of concrete roads.
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The ri'fiui^iti's Uir a ^ikxI road nr.url arc primarily ili.tt tin-

(K'liblfs .shall Ik- hard and tminh, and the whole capaMr ol

binditiK into a solid mass undir th .uiion of tralln Hanlnos
and toughni'i^s i-nal)U' the nr.ivfl svirf.4i»" to withstand the ^;rindin^;

and pounding ctUrt of irattic. Tlii' bindinn of the material

into a solid mass reduces the i^riiidinK of the ix'lihles, one .i^aiiist

the otiier, to a minimtini, .itid -tops rain water from percolating;

through the mass ami softening' the earth foimdation below,

WrarirtK Quality of the Pebbles.

Both hardness and tou^;hness vary largely a cording t the

type of rcM-k of which the |Rl)l)les are com|>osed. The hardness

and toughness of the various types of rock have Ihm n referte<l

to in the discussion of broken-stone roads. In judgini; the <|iial-

ity of a gravel, from the siewiMiint of its [yrohable resistance to

traffic, it is j-nough to know th.it f)ebliles composed of the igneous

rocks—rhyolites, trai)s, granites, diabases, g.ilibros, etc.

—

and of f|uartzite, ai in geiier.il much harder and tougher than

those comixised of limestones, s.indstones, shales or finely

banded gneisser. .md s<hists. In many cases, however, a gr.ncl

r«)ntaining SO jht cent uid more of a fairK' durable t\pe of

limestone will make an excellent ro.id if the trattic is lia:ht.

.X gr,i\el in which more than M) iht Kiit of the pebbles are of

sandstones, sh.dcs. or very soft linu'stones will, in most cases,

soon wear to dust under m(Hleratilv he i\v trattic.

The cementing values of gravel and of broken stone seem to

be determined by two factors: the mech.inicil ease with which
the mass compacts under the at tion of the roller or of trattic, and
the intensity of the physical .ind chemical re.iciions which c.uisc

recemeiitatiim to take pi.ice in'tween its constituent p.irticles.

The action of compacting carries with it a reduction in

volume of the whole mass and an accompanving diminution of

voids in the mass. Large pebbles are pressed together until
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they are in contact and small pehbles arc squeezed into the voids
between the larKer. As the voids diminish there is an increased
number of pomts of contact between particles within the m iss

A gravel in which the pebbles %ary KreatK- in si/e will
compact better than one in which ihev are about the same size
smce the smaller pebbles occupy voids among the larger

A gravel composed of angular i.ebbles will compact more
readily than one in which the pebbles are rounde.l. For the
firnuiess or ngulity of a mad bed varies accor.ling to the relative
ease with which in.lividual particles within the mass change
their poMtion with respect to each other, under the strains
imposed by moving vehicles when the particles or p,.bbles are
angular such movement is restrained by mutual interference to i

greater degree than when they are roun.led. .Moreover bee lu-'e
a sphere has a smaller surface than any other shapcl solid of
equal volume, gravel in which the p.bbles are at.proxim.uelv
si>her.cal will furnish less points of conta. t, and so will no't
centent as well as gravel in which the pebbles are angular. When
the pebbles ot a gravel break un.ler the impact of tialtic thebroken splinters often work do- - into voi.ls below the surface
and so helj) m binding the road.

The reactions which accom|)any cementation increase in
intensity with the number of points of contact and also with
the increase of pressure between particles. It has been proved
by e.xpcnment that if a number of solid bo,l,\s are in contact
under pressure, an.! moisture is present, there will be a ti-ndencv
for solution to take place at the ,,oint of contact, where the
particles are u, a state of strain. an,l the resulting solutions will
end t.. precipitate at tlu^ point where such strain is not present
.. a moi.t^ mass of gravrl, great pressure is exerte.l on the pebbles
by the roller at their point of contact, anrl this is later duplicated
to .some extent under the traltic. Cement.ition bv colloids is
probably affected by pressure in the same way as cementation
by solutions that is colloidal bodies are apt to form at the points
where r.arti.les touch, and these plastic bo<lies are apt to move
into the yoKis where the pressure is low and remain there to bind
the pebbles together. This action accompanies mechanical
compacting an.l it increases in intensity as com,,actinr pro-
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grosses because of the incA'asid niiml)er of ixiiiit-; of roma( t.

In an idi'al case of roarl construction compacting anil chemical

cementing ^o on together until all voids are filled and the gra\ei

has lieen knit into a solid and impervious mass.

Many authorities believe that cementing power >houUl ha\e

first consideration in judging of the tlesirability of gravel as a

road-mal'.er; this is liecause gravel as a ride has a low cementing

po "er. Smooth round [lebbles slide around more easily inside

the mass than angular fragments of broken stone, they are less

suscei)tible to solution, and hence to cement. ition.

Gravels in which .i large i)ro|)ortion of the pebldes are made
up of limestone, also rock cont,lining iron xide, or c.irrxing clay,

generally cement well. Too much cla\' is not de-irable sinci' it

cr.icks ill drying and becomes soft in wet weatlur. .\ ro.id-

m.iking gra\el should not contain more than 20 per cent of cla\-.

A large amount of 'juart/ s.ind increases the proportion of

material in the gra\el which is insohibk', that is, furni-hes no

cementing solution, and sand wears todiist more readily than the

coarser pebbles in the gra\i'l; too much s.md is, therefore, undi'sir-

able. It is cousideretl adxantageous to sireen gravel a.nd get

rid of some of the sand v.lien tlie m.iierial runs over 25 pi r cent

fine sand. Pebbles over 2' inches in diameter should be elimin-

ated, as th('\' work up and form hard knobs in the ro.nl.

T\\ > inslriicti\e tables apfii.ir in I. ( ). H.ikir's book on

"Ro.uls and I'avemenls" pages 15()-157. One of these compares

sieve and ilie other mineralogical analyses of twelve kinds of

graxel from different parts of the I'niled States. All of them
have nude satisfactor\' ro.ul material. In the sie\e .inalysis

the materials were sorted into eight sizes, from oxer 2 inches

to k'ss than one-fortieth of an inch, .ind the percentage of clay

was measured b\' the amount of material left in suspension in

water. If material not in sus|)ension and smaller lluin one-

quarter inch be considered as sand, the s.imples given in the

tables range from 23 per cent to 73 per cint of s.md, and nine

out of the twelve are o\er 57 per cent. In all cases, however,

where the percentage of sand was high, there was plenty of bind-

ing material present, either in the form of limestone or cla\-.
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Several of the samples shown in the tables have high per-
centages of limestone, as much as 74 per cent in one case, and
have, nevertheless, made good road materials.

To sum up: a good road gravel should contain a fairly
large proportion of hard pebbles or of durable limestone pebbles
to withstand the abrasion of the traffic; it should compact easily
under the roller, and contain some fo-m of binder to hold themass together. The ma.ximum amount of soft pebbles that
IS sandstones, shales, and schists, can be put down at 50 per cent
for very light traffic. Variation in the size of pebbles and angu-
larity of form are desirable, since such material compacts easily.The amount of sand should not run over 60 per cent and of clay
not over 20 per cent of the mass.

CONCRETE. GRAVEL. AND SAND.'

The building of concrete roads is undergoing rapid develop-
ment and opinions differ as to the best types of gravel and sand
which should be used in the making of concrete roads. There
IS a good deal of doubt also as to the relative merits of broken
stone and gravel in concrete roads. Certain types of broken
stone screenings make a concrete with higher resistance to
compression than good sand and this is doubtlessly due to the
angularity of the stone particles which interlock and tend to
prevent movement among the particles to a greater extent than
IS the case when rounded sand grains are used. In actual
practice stone screenings do not in all cases make stronger
mortars than sand, however, and the factors which affect its
strength are only partly understood and cannot be discussed
here. In concrete roads the factor of abrasion must be con-
sidered as well as the strength of the concrete bond and a soft
stone IS, therefore, in all cases undesir-.hle for road work.

llInn.'T'R" t''" ;">' '^ '"':.'.' """"^ ''""' ""^ f"""""'" publication.
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^^- '^"'- '" "••"I'll KH-es tli>.- results of 2,S.0(K) tests
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The strength of the concrete mass and its resistance to the

abrasion of trafific are the two factors to consider in comparing

the merits of various types of sand and gravel aggregates which

are to be used in road building. The strength of concrete varies

as the percentage of voids in the aggregate before it is mixed with

the cement, the smaller the percentage of voids the greater the

strength. The percentage of voidb depends upon the pro-

portions of different sizes of aggregates present. If the aggre-

gate is all of one size, the percentage of voids is large inde-

pendently t. '•'ze of the grains. The smallest volume of voids

is obtaim '" ^^^ aggregate is uniformly graded, that is,

where the pro^ of the different sizes are about the same.

On the other hand, if other conditions are equal a coarser sand

gives a stronger mortar.

In actual practice the aggregates are divided into two

classes, coarse and fine; and the coarse and fine aggregate and

cement are mixed in such proportions as to give the most desir-

able results.

In the specifications adopted by the American Concrete

Institute' for concrete highways, it is recommended that the coarse

aggregate shouUl ho. such as would pass a li-inch round opening

and be retained in a screen having one-(|uarter-inch openings;

and the fine, that which would pass when dry through a screen

with one-quarter-inch openings. Not more than 20 per cent of

the fine shall pass a screen having 50 meshes per linear inch and

not more than 5 per cent a screen having 100 meshes to the linear

inch. It is recommended that not over -10 per cent of the total

aggregate used he fine and that not more than 5 parts of total

aggregate be used to 1 of cement. Vegetable matter, loam, and

clay are a source of weakness in concrete and the Institute

recommends that not more than 3 per cent of the aggregate

should consist of these impurities.

In order to resist abrasion the aggregate should be composed

largely of hard and tough pebbles. Certain authorities specify that

the coarse aggregate used, show a French coefficient of wear of

' "Rucommended practice and standard apecificationg for the construction ol concrete roads

and pavements": Reprinted by the Univeisal Portland Cement Company. Cliicaso. III.. 1914.

p. bit.
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10 or over upon testing in the abrasion machine. If the pro-
portion of hard igneous and metamorphic pebbles be high and
that of sliales, sandstone, and schists in the gravel be low, the
gravel will resist abrasion. Shale and schist pebbles in' the
coarse aggregate not only lower the resistance of the gravel to
abrasion, but they also affect the strength of the bond in the
concrete.

BITUMEN.

The bitumens used for road purposes arc mainlv natural
asphalt and tar. xXatural asphalt is a dark brown, viscous to
hard substance, consisting of carbon, hydrogen, varving per-
centages of oxygen, usually some nitrogen, as well as various
mipurities. It is found in various places, either mi.\ed with
earthy matter or impregnating limestone or sandstone. The
most important locality is a lake on the island of Trinidad which
supplied over 90 per cent of the world's production for many
years.

Natural asphalt is usually fluxed with petroleum residuum
to make it soft enough for lise on the roa(is. Paraffin residuum,
the end product obtained by distilling what is known as the
paraffin petroleums, is useful as a flux for asphalt although it

cannot be used by itself for road purposes, except as a dust
prc\entive. .Asphalt is considered the mo=t serviceable road
binder in use to-day.

Tar is a by-product formed in the manufacture of illuminat-
mg gas and of coke. Illuminating gas may be made from bitu-
minous coal or from petroleum. The various tars are known as
coal-gas tar, coke-oven tar, and water-gas tar. Of these coke-
oven tar is the most suitable for the making of roads.
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Part II.

Deposits of Diabase Along the North
Shore of Lake Huron.

CHAPTER I.

INTRODUCTION.

OnjECT OF THE REPORT.

Within the last few years there has been a marked increase

in the number of macadam roads built in the southern and more

thickly settled portion of Ontario. This section is underlain

by sedimentary rocks and very few deposits of good road-making

stone are to be found within it. North of a line extending from

Kingston to Georgian bay, however, the rocks are of igneous and

metamorphic origin, and good road-stone can be obtained in

certain localities. A number of railway lines connect the two

areas, but railway freight rates are comparatively high, and the

distribution of stone by rail from north to south is, therefore,

limited.

The cost of transportion by water is lower than by rail,

however, and stone occurring on navigable waters along the

northern shore of Lake Huron can be transported to various

ports on the Great Lakes in southern Ontario at a comparatively

cheap rate. It is precisely on and near the shores of Lakes

Erie and Ontario, and the St. Lawrence river that the population

is thickest, and the largest number of roads are to be built.

The existence of good road-making . ine along the shore of l.ake

Huron is, therefore, of exceptional interest to road-builders in

the province.

Work done by members of the Geological Survey many years

ago showed that large areas of diabase rock existed along the

:i
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north shore of Lake Huron, and on the nearby islands. Diabase
is in general as gootl a type of stone as can be obtained for road-
making purposes.

In order to discover what the e.xtent and character of the
deposits were, whether they coukl be quarried economically,
and lay near navigable waters, the writer spent a few weeks in
the summer of 1914 in examining certain diabase occurrences
which were marked on the Geological Survey maps. The results
were satisfactory in that several large deposits of diabase were
found which could be developed economically and which lay so
near to deep water that the loading of crushed stone into vessels
of deep draught could take place within a few hundred feet of
the qua V.

A quarry was visited, moreover, in active operation in a
diabase deposit at Bruce Mines, which is capable of producing
1,200 tons of crushed rock per day, and from this quarry crushed
stone is sold for road-making in Detroit and Clevela, '

This report and the map accompanying it do not include
an account of all the trap localities in this region, but the report
describes the more impfirtant deposits and the greater number
of those which can be economically exploited for the southern
Ontario market.

LOCATION.

The localities treated of lie on, or near, the north shore of
Lake Huron between Sault Ste. Marie and a point opposite
Little Current, near the east end of Manitoulin island.

Bruce Mines, .some M) (xld miles east and south of
Sault Ste Marie, was the most westerly point visited during
the field work. High island, which lies directly north of Little
Current and about 90 miles from Bruce Mines, was the farthest
point to " hich the field work extended toward the east.
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Marie, for information regarding their quarries at Bruce Mines

and St. Joseph islands, respectively. He is indebted to Mr.

J. \V. Norcross, Vice-I'resident and Managing Director of tiie

Canada Steamship Lines, IJniited, for information regarding

freight rates on the Great Lakes. The deposits of dial)ase

shown on the acconi|)anying maj) as occurring near IJruce Mines

and Blind river, along the north shore, were mapped by Mr.

\V. H. Collins of the Geological Survey.

-1

REFERENCKS.

Further details regarding trap depf)sits within the area

reported on, may be obtained from the ^L^nitoulin sheet, Geolog-

ical Survey of Canada, No. 605; a rei)ort upon the Bruce Mines
Desbarats district, by E. D. Ingall, and Theo. Denis, Geol.

Surv., Canada, Vol. XVI, (Kiges 179-190.\; and from niai)s and

a report upon certain areas along the north shore which are

being prepared by W. H. Collins of the Geological Survey.

Information regarding the geology of the region is to be had from

Museum Bulletin No. 8, Geol. Surv., Can., "The Huronian

formations of Timiskaming region, Canada," by \V. H. Collins.

Details regarding the depths of water in the north channel

of Lake Huron and of other parts of Lakes Huron, Eric, and

Ontario, are found on the Admiralty charts. These are sold by

various firms thtoughout the country, a list of whom can be

obtained from the Department of Marine and Fisheries, Ottawa.

TOPOGR.XPHV.

From Great Cloche to St. Joseph islands the shore of Lake
Huron trends slightly north of west. South of it a large body
of water, the North channel, is alm()>i entirely separated from

the rest of the lake by Manitoulin, Cockburn. and Drummond
islands. The North channel is about 90 miles long and 16

miles at its widest point. It ends at St. Joseph island to the

west and is connected by several narrower channels and St.

Mary river to Lake Superior. To the ease it terminates at Great

Cloche island. The northern shore is fairly even at its western

end and only a few islands lie off-shore. From the mouth of
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Si'rpont river eafitwarU it iKHomcs miuh niiirt- irn-gular an<l thai

end of the North rhannel contains an archipelago of small

islands.

The islanils in this region vary in size from numerous

rocks of less than an acre in extent (o Manitoulin which is KO

miles lonn from east to west. Along the north shore they consist

of low rounded rock h ils or ridges rising to elevations of 80 or

100 feet from the water, antl seltlom over that. The>' may
consist of one mass of rock or of several rociv ridges and knobs

connected by lower land underlain by gravel anil sand. It

is probable that many of them havi. grown by the forming of

gravel bars between rocky i' ets (Plate I A). All stages of thi>

growth were seen on the islands visited, from those in whidi

the top of the gravel is just untler the surface of the water to

others which are made up of numerous rocky hills connecteii

by gravel ridges and flats. On the latter, small bays, swamp:-,

and lagoons are found which evidently represent portions of the

lake partly or wholly enclosed during the growth of the island.

Clara island is an example of such a composite of gravel bar^

and rocky hills. The hills themselves are invariably gently

rounded and in places nearly flat on top and in very many cases

steep side<i. In some of the islands the steep hill-sides rise

directly from the water and in such places there is often deep

water close to shore (Plates IB, II). None of the small island-^

examined in the course of the field work contained jxirmanent

streams.

The topography along the main shore is of ewhat the same

character as on the larger islands. Low i es and irregular

hills with roundeil tops are separated by fl; ' areas which are in

places occupied t)\' swamps or lakes. The hills rise from aboiii

20 to 100 feet above the flat areas and over the waters of Lake

Huron. Toward the east, opposite t!ic ''nd of Manitoulin

island, they are comparatively rugged and ascend to higlur

elevations. The mean elevation of the surface of Lake Hun; i

is 581 feet abor-^ the sea.

Depth of the North Channel. The depths of the water,

w' "e it exceeds 10 fathoms (60 fett), are shown on the acconi-

pi ing map. Just north of Mississagi strait the lake is over 40
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fathoms in diplh, but the greattT part of the North thaniul is

under 20 fathoms. Shallow naches on ur olf-^liori' toward

the western end, notahly at >iuh places as the mouth of the Mis-

sissani river. In ttic ari-hi|Hlauo toward the eastern end die

water is, in many instances, (luite deep close into the isl.mds ami

the main shore, and this is almost .dways so in pl.icis where

steep cliffs rise abruptly from the water. Rocks are numerous,

however, and some of them lie just below the surface.

INDfSTRIlCS.

The whole area is forestetl and a large proiK)rlion of tlie

inhabitants are engaged in lumbering;. Sawmills are in operation

at ^estor^'ille, Blind River, on St. John island, at Spanish

Mills, and in other places. A number of fisheries have l)een

established in this region. The fish are trapiK-d in pond nets

packed in ice, and shipixtl to eastern iM)iiits. Farming is ex-

tensively carried on at certain points on the north shore, but

the small islands off-shore are rocky and not in general fit for

agricultun-. Outside of the trap quarry at Bruce Mines there

are no mines nor (juarries in operation in the ana visited during

the course of this work. One or two t>ther trap quarries are

said to have bc-en opened west of Bruce Mines. The whole

region is at present sparsely inhabitetl.

(iF.Ol-OGY.

The north shore and immediately adjacent islands .irc

underlain by rocks of Pre-Cambrian age. The large i>kinds

to the south, including Manitoulin, are formed of sedimentary

rocks of Palaeozoic age.

The Pre-Cambrian rocks consist of sediments, of igneous

and of metamorphic rocks. The sediments are bedded, that

is they lie in flat tabular masses, one bed overlying or over-

lapping the other. The igneous and metamorphic rocks are

in more or less irregular masses, and form a basement upon which

the sediments lie, but some of the igneous rocks are intruded

or thrust into the sediments and lie inside the bedded rocks.
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Fartl n vcments havf faultwl, that is broken across the
rfK'k lorn i.. , ami along these breaks movements hav< taken

relative ()«)Mti<iii> of the formation alon>> these
i leii changed.

Is consist of congloiiurafes, quart/itr^, grey-

1 tones, the ((U.irtzites and Kreywackes making
ti ir m.iss, while the liin''^tones occur in very

Its.' The inetamorphic rocks ^-re cither

and are simply sediments or iijri^ous Ivnlii .:

i «ir origin. il texture through cert. .in anencies,

.Hid UMt, and have linome handed (•

" I'
' n\tt with in our work were

.
.
.iiured diabase-'.

pi. ice St) t' I' I

fault lines i ,i\.

The Ki'ii'

wacVes, , 1 i

up tl t

suUin, <

whists

which l> e ;

pnncip.i

laminat

either i

I'

Diabase.

Sinn ih' ri pull i cliielly concerned with the deposits
of (liaba e, 'heir orturnnce and the appearance of the rock
will be (iMiHM-d here in iiii>i-e detail. The diabases are in all

caso iniriided into the .ulur rocks found within the region.

Thiv lie ill thick tabular InHlios aloni; the oriKinal (lirertion of the
bedding planes of the siilimeiiis or K'ss often at an angle to these
pl.iiies.

Wli. n the diabase body lies aloiii; the beflding planes of the

siirrouiKliuK rocks it i^^ called a sill. When the sedimentary
beds dip at high angles the sills do also, ami the diaba-e masses
then stand up as narrow ridges over the surrounding rocks.

Many of the island:, visited were made up entireK- of these

diabase sills with small patches of the surrouii.ling sediments
clinging to their sides. .Alfred, De Celles. and the end of Dewd-
ney islands are i)artsof a sill standing marly on end, with thin

patches of (|uart/ii(
, which had escaped erosion, clinging to its

southern side Smaller ilykes of nearly the same character

are found cutting the larger sills. They also contain veins
of ([uartz and epidote. The veins tend to prevent the rock from
breaking in quarr\ing operations. The sills aie al! inore or

' Collina, W. H The Huronian formations o( Timiskaming rcsion, Canada, Geol. Suit.,
Mu*™!!! Mulli'tin \o. S
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less shcarfd and aloiiK some of th« larntr -.hvarinn pl.iiws tlu\

arc much alfi-rt-d, hut in any ^;ivfii >ill thf >hf.ir pl.iix^ arc

tairly widi'ly spact'<l thrnUKh thf largir part of the nia>^ and thi-

l)lf)cks iH'twten shear plants a'-c not clusely fi>suri-<l. This

tends to yield a toucher avcraye ro« k prodiut in '|uarryin^,

for the intensely altered rock found in (iri.iin of the shear zniie*

is IcsH tounh and duralde than the more -olid part of the rock

ma>-. The diabase is ^;ener.llly on higher ;;round than the ad-

jacent rock formations anil that i^, of cniir>e. of .id\aiiMKe in

t)uarr>'inK ojxTalions.

The rock is ^rey to jjreyiHh-l.lack. and ceneralK "f rather

fine texture, in the largest part of tin •-ill-. ho\ve\er. it is coarse

enough so thai its cr\sta!lini> character can be easiK detected,

and one can, on a freshly broken surface, di^tinui-h white

fiMspars and black aunites or hornblende-. In -nnu (il.ices

.1 coar-e-nr.iined black v.iriety is found .uid .i^:ain the nxk nia.-s

will tirade insensibly into rather coarse reddi-h ni.itcial, or

reddi>h patches sharply divideil from the ri-t of the ro<k are

seen inside the <liab.ise. I'rom work done on the dialn-e it the

mainland by \V. II. Collins', it is believed th.it the-. \]^\n

coloured patihes formed front the meltiiii^ .ind as:-iniilation of

blo( ks of (luartzite li\ the diab.ise when in a molten condition.

The miner.d composition of a specimen of the reddish varietv,

taken from Frechette i-Umd, is j^iveii in the t.d)le on page 4 7

ami its |)hy>ical character i- descnbed on p.i^e OS.

Mirroscopit Chamctcr.s. Thin section- of (li.d)ase Irom

seven localities were examined uniler the mii !
>-cope. 'I he

rock consists essentially of i)la^ioclase l< Id-p.ir and aui;ite.

Manv of the specimen- contain (pi.irt/. The -icondary

minerals, hornblende ami chlorite, are inv.iriably pre-ent,

epi<lote is also a (onuu.m .ilter.ition product. caKiie and siririie

arc not common but were seen in one or two ol the secli .ns-

cxamined. Titanite and magnetite are foun<l in -mall amounts

and biotite is present in one of the thin secti.m-. The .lugifes

are i)artly or wholly altered to small fibrous individu .!.- .f

secondary hornblendf and the latter not only take up the space

> Oti\ communication
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once occupied by the .lugite, but project into the surrounding

feldspar crystals aiul in places lie in veinlets cutting through

them. Part of the feldspar is in places intergrown with fjuartz.

The greater number of feldspars were too badly altered to deter-

mine their original character but are believed to belong to the

varieties andesine and labradorite.

The texture of the rocks is diabasic, that is the feldspars

and augite crystals, which make up the greater part of it, arc

intergrown, a lath-shaped feldspar for instance projecting into

a stout augite crystal. The alteration into secondary horn-

blende, moreover, has produced a felt-like mass of hornblende

crystals which lie in all directions through the rock and tie the

adjacent original minerals still more firmly together. This

texture has undoubtedly much to do with the toughness of dia-

base and its resistance to impact.

The following table gives the approximate proportions by

weight of the minerals found in six of the sections examined.

The specimen from Frechette island was taken from a reddish

patch in the diabase mass. It contains high percentages of

quartz and biotite but augite is absent. The texture is a granular

mosaic, the crystals interlocking but not penetrating. One
would expect less toughness in this variety.
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CHAPTER II.

CONDITIONS AFFECTING DEVELOPMENT.

QUAkXYIXG.

The conditions which affect quarrying operations naturally
differ in the various localities where diabase occurs in quantity.
They are mentioned again in the separate description of each
locality which is gi\en in the next chapter.

The factors which make for economical quarrying are:

(1) The large quantities of diabase available.

(2) The small amount of waste material which will have
to be handled.

(3) The general elevation of the diabase masses above
the surrounding flat land and the level of the lake.

(4) The nearness of the diabase to deep water.
Single masses of diabase ranging from 800,000 to over

5,000,000 cubic yards were found in eight of the localities

examined. In places like Shoepack bay (Plate III) there is

more than 5,000,000 cubic yards. The quantities available
allow of production on a large scale and the consequent lowering
of the cost per ton crushed.

The amount of unsaleable material which will have to be
handled will be comparatively small. This is due to the small
amount of overburden present, the general uniformity in the
quality of stone in any given mass, and the fact that in a crushed
rock protluct practically none of the fine stone produced in
blasting operations is lost.

In nearly all of the localities visited the amount of over-
burden on the diabase hills is present in insignificant amounts.
Over a large proportion of the hills the rock outcrops at the
surface and there is no overburden. The debris present is

thin and pockety and can lie easily removed. The diabase
masses as a whole do not vary sufficiently in texture or com-
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position to justify the belief that their physical properties will

fluctuate very widely. That is, average durability of the stone

in one section of, say, 50,000 cubic yards of a diabase sill is apt

to be very nearly the same as that in another section of the same

size taken at some distance away. Material of less toughness

and durability is found in zones of intensely sheared rock and

where the rock is much more acid than the average. But such

occurrences form small percentages of any one given mass and

can generally be avoided in fjuarrying or can be mixed in with

the general product without seriously impairing its value. The
loss which is incurred in quarrying for building stone through

the unsaleable character of small fragments is practically elim-

inated in a quarry producing crushed rock, for even the fine

dust can, in certain instances, be utilized. The absence of waste

products means a great saving in the cost of excavating,

separating, and transporting waste, which is, in many quarries,

the principal item of expenditure.

The elevation of the diabase above the surrounding flat

land and the lake level is generally sufficient to ensure a high

quarry face and adequate drainage on the quarry floor. In

a number of the localities visited the diabase lies in rather steep

sided hills standing 40 to 100 feet above the nearby flats or the

level of the lake (Plate IB). At Bruce Mines the quarry

face is about 30 feet high and the floor 20 feet over the level

o.' the lake; the diabase hill at Xestorville is steep sided and about

100 feet over the flat ground of the lake shore (Plate IV A).

The nearness of the material to deep water permits of the

building of a crushing plant on the water's edge (Plates III, IV B)

from where loading can be done directly into lake vessels, and

ensures short hauls from the quarry faces to the plant and

loading point. The elimination of long hauls and of reloading

is, of course, of first rate importance.

The economical handling of the stone between the quarry

face and loading point has been admirably carried out at Bruce

Mines where crushing plant and quarry are both near the water's

edge. At Shoepack bay and Green island crushing plants

can be erected near deep water with good shelter for the boats

loading and the quarry can be opened up within a few hundred
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feel of the crusher (Plate III). In places, like High and Scott

islands, conditions are similar, but the shelter for vessels loading

is not as good. Details of the harbourage at other localities

are given in the next chapter.

The factors which will tend to increase the costs of quarrying

in this region are:

(1) The toughness and hardness of the rock.

(2) The presence of veins of quartz and epidote.

(3) The absence of breaks or joint planes at regular

intervals through the rock.

(4) The severity of the winter weather.

(5) Difficulties in erecting crushing plants.

In rock of the toughness of diabase the speed of drilling

is low and the wear on drill bits, crushers, and other machine

parts is great, so that they must be frequently renewed.

Veins ot quartz and epidote increase the difficulties of

breaking, for where such veins are abundant, drilling becomes

difficult and large fragments of the rock mass tend to remain

unshattered, and have to be broken separately by small shots.

This has been the experience at I'ruce Mines and at the Ontario

Rock Company's quarry near Havelock.

The joint planes in the diabase masses are rather irregular

in their occurrence, and are not evenly developed through any

one mass. The absence of well-defined planes of weakness

increases the difficulties of placing the bore-holes in blasting

so as to get the greatest efficiency out of the charges. It also

tends to develop a very rough quarry fioor.

The severe winter weat'lier must prove a great handicap,

tyinj; up (luarrying operations and transportation from the islands

and practically closing the market.

On certain of the islands the erection of a lar.i;e crushing

plant may invoUe some difficulty. On Scott, Dewdney, and

Green islands, for instance, the diabase rises steeply from the

w^ater's edge (Plates I B, II) and the few low spots available

are very rough, so that the erection of a plant may involve the

expense of preliminary blasting of the rock and levelling of the

ground upon the site chosen.

J
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There is no water-power available on the islands visited

and power will have to be generated by steam. Almost all

of them can be reached by vessels of deep draught, and coal,

machinery, and supplies should be obtainable at reasonable

figures.

TRANSPORTATION.

The crushed stone can be transported conveniently by rail

from Bruce Mines, Nestorvillc, Blind River, and perhaps Thes-

salon. It can be transported by water onlv, from all the island

localities and from Shoepack bay. It is best transported by

water also from Bruce Mines, Nestorville, and Thessalon.

Rail connexions are by the Canadian Pacific railway via the

Sault Ste. Marie, Sudbury line. By boat the material can be

transported to over seventy ports in Ontario alons the shores

of Lakes Huron, Erie, and Ontario.

The main steamer routes are marked on the accompanying

map. From a study of the Admiralty chart' it seems that

the localities near the ;,hore from High to Scott ishmds can be

reached from the main channels by boats drawing up to 19

feet of water. The strait of Mississaga and False Detour

channel are deep and should present no difficulties in alTordin^,

short cuts to the main channels for vessels carrying rock from

the islands. Information as to the mileage along the regular

steamer routes is obtainable from the map. A general schedule

of freight rate^ is given under the heading of '"t'osts".

Ports of Disdiiirv. The i)<)rts of di>charge, and rail con-

nexions from them, an- given on the map and iletails regarding

wharfage, rail connexions, etc., are incorporated in the table

whiih follows. The tal)le has been conipilod from data given

in t!ie "Port directory of the princ<p. J Canadian ports and

harbours," issued by the l)ei)artment of ?.Iaiine and Fisheries,

Ottawa, in 1913.

Boats drawing 20 feet of water can navigate through the

Detroit river, but the present Welland canal has only 14 teet

i"I,ik.' Huron— .V'orth Channel, Clapintton island to MvUlrum iwint."

Mii
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of water on the sills of the locks, and that places a limitation

upon the size of vesstils crossing from Lake P>ie to Lake Ontario.

The new Welland canal, which is now under construction,

however, will, when completetl, be 25 feet deep in the cuts and
30 feet on the sills of the locks. When the canal is completed,

the cost of transportation of North Shore trap to points on

Lake Ontario will, no doubt, be lowered.

The costs of transjjortation depend largely upon the rates

at which boats can be loaded and discharged. With mechanical

loading machines of the capacity used at Bruce Mines, the cost

of loading is comparatively low. Certain ports in Ontario

have mechanical unloading devices installed on some of their

wharves. Self-loading and unloading boats, a few of which are

in commission on the lakes, will be found very convenient

and economical for the transport of rock between points where

no machinery for loading or discharge is obtainable.
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COSTS AND PRICKS.

Quarrying. The cost of quarrying and crushing stone

varies so greatly with the different factors involved that general

statements as to cost are not of great value. A number of the

conditions which will affect the cost of operations along the north

short are referred to at the beginning of this chapter.

The cost of labour, fuel, and jK)wder in quarrying and crush-

ing trap at Bruce Mines was 23 cents per ton according to Mr.

S. B. Martin, manager of the company operating there. That

did not include interest ujion the capital invested nor deprecia-

tion of the plant, which must be high i i the case of a quarry

with an equipment as extensive as that at Bruce Mines. The

cost of power, which will probably have to be steam generated

by coal, -hould be uniform for nearly all the larger deposits,

aiid so should the cost of lalwur, machinery-, and supplies, for

practically all of them can be reacherl by the larger lake vessels.

TrosiKCtivc quarrymen would do well, however, to figure on a

higher cost than that (juottd for Bruce Mines.

Freiiiht. The Managing Director of the Canada Steamship

Lines, Limited, has kindly furnishefl the following statement

regarding freight rates on crushed stone from Bruce Mines to

various ports in Ontario. The writer asked for a general state-

ment regarding rates between the points mentioned. Certain

ports at increasing distances from Bruce Mines were si^ecified

in order to make the statement more concrete, anil to give

definite standards for comparison. The rates from other IcKal-

ities on the north shore would compare with those from Bruce

Mines.

The rates given are figured on the assumption of the ship

requiring 24 hours to load and 24 hours to discharge. The

costs of loading and dixharge vary largely according to the

time taken. The statement follows:

"From liruce Mines to Owun Soiiml.

" " " WitK'sor,

" " " Kondiaii H.irlKJii

« • "
I'ort Colliornf,

" " "• Tiiroiiti),

*• " " Kingston.

35 cents per gross ton.

35

. 45

45

$1

$1.15 to S1.20|HTi5ro»'*ton.
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These rates would all be free to the ship, the unloadinj? and
loading tost to Ix paid by shipper or consijtnee. With a modern
loading plant, which could be built on the water front, havinj;
a bin capacity of from 2,000 to 3,000 tons, a vessel could no
doubt be loadetl in 3 hours. In other words, if you have the
modern loading apparatus available, crushetl rock can be handled
at practically 5 cents per ton; on the other hand if the ship is

compelled to load herself and use her own winches, it would
probably run from 25 cents to 35 cents. The same rates would
cpply to unloading. If sufficient business coul.l l)e secured
the simi)lest plan and probably the cheapest methtxl of handling
this rock would be to carry in a self-unloading vessel, of which
in?re arc several on fresh water now. These vessels could land
anywhere and discharge the cargo on the dock or into cars as
the case might 1k>, and would simplify the whole transportation
proposition :c far as rock is concer d."

The price charged for railway transportation from the lake
ports is about 60 cents per ton for the f^rst 100 miles; it is seldom
under 40 cents per ton even for very short hauls. Freight
by rail from Bruce Mines via Sudbury to Toronto costs SI. 75
per ion.

Prices of the Stone. At Bruce Mines and St. Joseph island
prices of from 80 cents to $1 per ton were obtained f.o.b. the
fiuarry dock. Crushed diabase sells in Toronto at from Si.80
to S2.25 p<r ton.

QUALITY OF THE ROCK.

The diaba.se occurrences examine<i consisted in general of
large masses in which the greater part of the rock is of nearly
the .same mineralogical make up. The masses vary in texture
from dense material, in which few minenil crystals .;re visible,
to a rock in which the crystalline character can W- setn without
the aid of a lens and the individual cry.stals average piout one-
twentieth of an inch in diameter. Ihe samples fiom High
islanil, Shoepack bay, Scott islands, and Blind River are rep-
resentative of the type. Near shear zones the rock is occasionally
very highly altered to *.he green minerals c.iidote and chlorite;
in other places it varies locally to a redtiish rock of les^- specific
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gravity or to dark coarser-grained types. The altered portions
and the extreme varieties, whether of lighter colour or more
coarse-grained and darker colour, form, except in places like
Clara island, a small percentage of the whole diabasic mass.

The tests upon samples representing the main portion of the
rock masses show a uniformly high toughness and low percentage
of wear with fair to good cementing value.

Samples in which the toughness is lower than the average
and the wear poor are highly altered rock or belong to the
acidic variety. Even these give fairly good tests, as good and
better than some of the limestrnes. Although the samples were
collected from a very ;mall part of any one mass, the general
uniformity of the greater part of the mass and the small pro-
portion of the less durable rock in it, justifies the bt:ief that the
average product of any one of the larger diabase sills will be both
tough and highly resistant to wear. An exception must be made
of an occurrence like that in Clara island, where a large pro-
portion of the outcropping rock is of coarse texture. The results
of the tests made are shown in the tabic on page 68. The table
indicates that the percentage of wear varies partlv according
to the percentage of the secondary mmerals chlorite, epidote,
calcite, etc. That is, when the rock is highly altered to those
minerals its resistance to abrasion is less than when fresh. On
the other hand it is thought that alteration to secondary horn-
blende increases the toughness of the diabase up to a certain
point.'

The sample from P'rechctte island in which the texture is a
granular mosaic and not the penetrating diabasic texture of the
other specimens is of lower toughness than the average. The
basalt at Thessalon is also of lower toughness than the diabases.
With these two exceptions .,e samples from all the localities,
which were visited during the field work, show a high toughness
and except where highly altered, a low percentage of wear. The
quarries at St. Joseph and Poole island were not visited.

' W. C. E. Lord, Office of Public Roads, Washington, oral comniiinication.
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CHAPTER III.

DESCRIPTION OF OCCURRENCES OF DIABASE.

In this chapter a brief description is given of some
of the localities visited in the course of the field work. A number
of trap deposits along the north shore and on the islands were
not visited, and some of the deposits which were examined are

not described here, but it is thought that the places mentioned
include the larger deposits which are so situated that they can

be quarried economically and their product transported in lake

vessels of deep draught.

All of the deposits mentioned, except those at Bruce Mines
and St. Joseph island, are, at present, undeveloped. Of the

undeveloped deposits those at Shoepack bay, on Green, Dewd-
ncy, Scott, and High islands, appear to the writer to present

the most favourable opportunities for the starting of a crushed

trap industry. The deposits are mentioned in the order of their

comparative value, Shoepack bay being the best. They are

described according to their geographic position from east to

west beginning with High island and ending with the quarry

on Poole island. A constant reference to the accompanying
maps is advisable in reading this chapter.

The results of tests made upon samples of diabase collected

at some of these localities and the microscopic description of the

rocks so tested are given in the preceding chapter. They cannot

be used to compare the quality of the various deposits, for no

attempt was made to collect samples to represent an average

of any given mass. It is probable that tiiere is no very great

difference in the quality of the rock in any two of the large

diabase masses.

HK.H isi..\\n.

This is a somewhat round island rising about 175 feet out

of the water. It lies .some 24 miles east of Spanish Mills and
6 miles north of Little Current on Manitoulin island. The
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diabase, of which, except for one or two outcrops on the southern
side this island .s wholly composed, rises steeply from the water
on all sides but the southern. On the southeastern side there is
a flat area about 30 feet above the water upon which a crushin-
plant and other buildings can be erected. The water off the
east shore appears to be fairly deep and toward its southeastern
end .s protected from east and west winds It is also partially
protected from north winds by the proximity of the main shore.The island offers a good prospective quarr>- site, although
difficulties are apt to arise because of excessively high faces
which may necessitae the working of the diabase in successive
terraces. The petrographic and physical character of" thesample of diabase collected from this island is described on
pages 47 and 68.

FRECHETTE ISLAND.

Frechette islandjies some 8 miles east of Spanish Mills and
less than one mile from the mainland. It is roughly triangular

rn'r\h '"'if,
^'^^^^'^^ ^^^t^'-" end. and a little over one milem length. The northern and part of the northeastern side of the

island have an abrupt rocky shore which rises to a flat topped
plateau 20 to 40 eet over the water. The southern and ea.stern
ends are decidedly flat and rarely rise ^0 feet above the level
of the lake. In the middle there is a lake lying east and westthrough nearly the whole length of the island, which is rock-rimmed on at least three sides.

n.
2"^''^ '}^ exception of narrow strips of quartzite on theno thern side, the island is composed of diabase. The specimen

collectea was from an acid variation of the diabase covering asmall area on the southeastern point. The mass of diabase
on the island is of the same character as the average rock onHigh island, and the specimen described on page 47 is notan average of the diabase on the island.

A 30-foot quarry face can be developed aboxe water level
along part of the northern half of the island, but the southern
hal IS too flat and low for the development of more than 10 to
15-foot faces. T' pply of diabase is large, and enough to
justify the erect... of a small crushing plant. While other
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and larger deposits such as that at Green island and Shoepack
bay are available, however, it is not likely that this deposit will

be worked.

oHOEPACK BAY.

South of the mouth of Spanish river a long projection runs
into the lake from the mainland in the form of an L with the
lower end pointing south. Inside the L is an almost land-
locked liarbour known as Shoepack bay (Plate III). The
south end of the L is separated from Aird island at Spanish
Mills by a deep water passage which is not over 300 feet wide.
The north-south prong of this L and part of the east-west portion
are composed of diabase rising steeply out of the water to a
height of 60 to 80 feet. On the north side of Shoepack bay is a
flat area which passes across the peninsula from the north to its

south side, the land bi. ig only about 400 feet wide at this place.
This would form an excellent site for a quarry and crushing
plant. The flat is large enough to accommodate a fair-sized plant,
and a face at least 50 feet high can easily be devclopied
in the nearby hills. The peninsula surrounding Shoepack
bay contains almost unlimited quantities of trap and is one of
the best looking prospects examined along the north shore. The
character and physical properties of a sample of diabase col-
lected from this island are described on pages 47 and 68.

There is a deep wide passage up the bay from Spanish
Mills to a small wharf at the south end of the flat mentioned
above. Just west of it is a perfectly shelt.-rcd hirbour with
anchorage in 24 to 50 feet of water.

GREEN ISLAND.

Green island lies between Spanish Mills and Brennan
harbour at the mouth of Spanish river. The island is about
IJ miles long and its greatest width is one-quarter mile to more
than one-half mile. The sides rise sharply out of the water
to an irregular plateau which is from 40 to 70 feet above the
lake (Plates I B, II). There are only one or two places along
the shores where the hills are not so steep, and in searching for
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a position for a crushing plant only one place was found where
an area of alxiut an acre was flat enough for the erection of the
necessary i)uiUlings. The steep-sided island is surrounded by
fairly deep water on ail sirles ex-ept o.f part of the northwest
shore.

The island is a mass of from fine por[)hvrilic to medium-
gramed holocrystalline diahase. A thin tabular IxhIv of quartz-
ite IS found on the northern side of the souihwest point of the
island, but it forms a very small portion of the m.iss. The rock
is massive throughout, that is at none of the points examined
were there large areas of closely fractured or foliated rock.

This island contains an enormous tonnage of trap and the
topography ensures the development of a face of 40 feet or n ore
at practically any part of the island with a c|uarry floor above
water level and, therefore, well drained. The best available
site for a crushing plant and other f|uarr% buildings is on the
southeast side of the island. On that side there is a small cove
not far from its northeastern end, and north of a larger bay.
Southwest of this cove is a small triangular flat about 200 feet
along shore and 200 feet deep, which might serve as location for
a plant. About 20 feet above it is a terrace on which other
necessary quarry buildings may b«> erected. The water off
this place appears to be fairly deep ..d it is well sheltered from
heavy seas. It would pay to sound the water off-shore, how-
ever, before building a crusher. On the northwest side there is
al arge flat sandspit which affords more room for buildings.
The water is very shallow, for several hundred feet out from the
spit, and the lack of deep water nearby offsets anv other advan-
tages the place may possess as a site for a quarry and crushine
plant.

*

This island contains one of the most promising of the trap
deposits which were examined. The petrographic and phvsical
characters of a sample of diabase collected on its north shore
are described on pages 47 and 68.

ISLANDS NORTH AND WEST OF AIRD ISLAND.

^
The long string of islands lying between Klotz and Green

islands on the north side of Aird are apparently all formed of

"I



74

diabase, quite possibly part of one sill. They are narrow and

steep sided and rise from 20 to 80 feet over the water. A tra-

verse was made across Jackson (Otter) and partly across Shanly.

the two largest of the group, and only diabase was seen on them.

Between them and Aird island is a well sheltered channel several

miles long with an anchorage of 18 to 35 feet of water.

Hills of diabase 30 to 50 feet high are found on the extreme

northwesterly point of Aird and on the northwest portion of

Klotz islands. On Klotz there are several hills containing from

50,000 to 100,000 cubic yards each. The rest of the island is

underlain by drift and red cross-bedded quartzites. Aiken

island, west of Klotz, contains several areas of diabase, but

quartzite occurs in larger amounts. The northeastern half of

this island is all diabase.

DEWDNEY ISLAND.

Dewdney island lies immediately southwest of John island,

one of the larger islands along the north coast. The two are

separated by a channel 600 to 1,500 feet wide. Dewdney

consists of a long ridge of rock with the usual broadly rounded

top. The rocks rise steeply from the water's edge over practi-

cally all of th*" island. The top of the ridge is 40 to 60 feet high

over the western half of the island : the eastern half rises to per-

haps 80 or 100 feet above the lake.

For one mile the western half appears to be composed

entirely of diabase with the exception of a few small patches

of quartzite on the south side. At the eastern end where the

island widens out it appears from a traverse made across it

that it is wholly underlain by quartzite. There are several

million cubic yards of trap in the western end of the island.

There is no favourable site for a crushing plant except near a

small bay on the north shore south of the west end of John

island. Between Dewdney and Gowan islands, is a well sheltered

harbour with over 25 feet of water. The entrance is from th<

west and is 20 feet deep just south of Gowan island.
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DE CKIXES AND AI.FRKD ISLANDS.

A long narrow ridnc of diabase forms tlic barkb«>nc of

De Cfllcs island and practically all of Alfred island, llu' narrow

channel between the islands forms a break in this ridge and

at the west end of l)e ("elles another channel a few hundrcfl feet

wide separates the trap ridge from a sm.dl hill of diabase on

David island.

On De Celles island the sill of diabase is about 200 feet

thick. It has intruded along the bedding planes of the <|uartz-

ite but in places cuts across the beds, generally at a low angle

• ut occasionally nearly at right angles. In places, smaller

dykes from the igneous mass, a few feet wide, penetr.ite the

quartzite. The ridge of diabase on De telles stands 30 to 60

feet over the water and a strip of quartzite 1(K) feet wide lies

to the south of it. To the north in the middle of the island

there is a Hat drift-covered land several hundred feet wide which

is protected by diabase outcrops on the north shore. There is

from 250,000 to 400,000 cubic yards of solid trap available on

De Celles island above water level. This can be quarried to

advantage from the north side. On Alfred there is less rock

and the island ir narrow with steep sides.

SCOTT ISLAND.

Scott island lies about 2 miles southeast of Turnbull. It is

roughly circular or oval in shape, and about 400 yards across

from north to south and 500 yards east to west, and is one huge

mass of diabase jutting out of the lake. Along its middle there

is a ridge .
' ^0 feet above the water. Outside of a strip

of quartz lately 100 by 30 feet, which was seen at its

southeasi >

.

and a few dykes of aplite the island is made

up of so!

There ,^ „..rp water f)n the south side of the island and a

site for a crushing plant, but no protection for boats loading.

On the north side the shore is partially protected from north and

east winds by a reef of rocks about 400 feet oflf-shore to the north,

and partially sunken reefs to the east. The channel so formed

is about 21 feet deep, 200 feet out from shore, and from 10 to
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18 (Iftp at ()0 l»it from shon-. On this M.lt- then- is, however.

„nlv nti.- placf on which a crushinu; platit .an W cmt. <1 ..nd this

i, about ISO l.y KM) (vvf. all the rest .)f the north side alopK the

protected t "nannel is very roii^h and steep.

AccordiuK to an approximate c dciilation there is over

2 (HM),(IOO cui.ic yard, of trap above water I. vel on the island.

Tlu petro^raphic and physicaUhaiu ter^ o; a sample collected

from I he north -ide of tlii. island are dcMribed on pages 47 and 6«.

t I.AK.V ISI \NI).

( lara island is 2 miles >oiith of Algoma on the north shore

of Lake Huron. This island is of more interest Ki"<>l"g'ra|ly

than a- .t (luarrving undertakinn- it is one of the comp'-ite

islands formed by the linking <>' several rocky islets by wave-

formed deposits so that the shou- has an irregular outline. Its

northern half is apparently underlain by a diabase mass or by

isolated p.itchcs of diabase vith intervening gravel and sand

deposits: on the south-.-rn half outcrops of quartzite predominate.

The quartzite strikes from northeast to east and dips from 45

to 70 degrees in a southerly direction; on the northwesterly

point there is a patch of viuartzite striking roughly east and wes-

and dipping .?-i degrees to the no. th. An outcrop of diabase

occurs on the southeasterly point.

The diabase becomes very coarse in several places on tins

island. The coarse variety is made up of feldspar and horn-

blende, probablv secondary after augite. The hornblendes

are in places 1-^ inches in length and arranged in star-shaped

clusters. Two-thirds of the coarsi rock is in places made up

of feldspar. The rock varies in character over short distances.

The (luartzites are thin-bedded to massive, of a sugary texture,

and in places micaceous. On the north shore a strong set of

joints strike 65 degrees (magnetic) and dip 75 degrees to north;

they are accompanied by cross joints at right angles and by

irregular breaks cutting at all angles. Aplite dykes are mtruded

along the joints.

Gravel beaches are found along the shores and as ridges

inland, near the shore, the highest seen lying in the middle
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of the island at an elevation ol about 31) feet over the water.

These beachesi make up .i lar({e part of thi island. The gravel

i.s made up of hard ix"l>l)le> of the Huroniaii ^cdinientH, of diab.ise,

jjranite, etc.; they are sub-annular tf> roundeti. Sand bars are

alsfi present. The middle of the island is strewn with lar^e

Ijoulders 3 to 6 feet in dianu'tt r, evidjntly of ulacial origin.

The deposits of diabase art -mall, never over a few hundred

feet long and usually not over !^ feet a' >\>' water. The best

hill is on the northwe-^t end of the i-land ovei.ookinK a little bay.

This is 30 feet high within KM) feet of the w;iter, about 200 feet

lonn, and perhaps 100 feet wide. A large part of the stoni- ex-

posed is t<x) coarse for first-class ri>arl work. The shore is shallow

near the northwest rnd and hire there is not oxer 10 f-et of

water for 200 feet and more out. Big boats cannot, therefore,

Ket near it. This island is not a favourable locality for quarrying

and shipping diabase.

ISLANDS NKAR ( I.ARA ISLAM).

Certain small islands near Clara contain diabase, all of

them in small quantity. The ones visited were Struthers,

Turnbull, and Bassett. Loughlin and Ramsey were also ex-

amined but no diabase was seen on them.

Struthers Island.

This island is a small Ixxly of rock and gravel situated

about one-quarter of a mile west f)f Clara island. It stands

about 30 feet above the water at the highest pf)iiits which are

small hillocks of rock, or in the middle of the island ridges of

gravel and boulders. The rock outcrops consist entirely of

fine to medium-grained holor talline diabase containing red

feldspars and varying in ar /. On the south side joint

planes strike 145 degrees and -ip 75 degrees east; others strike

195 degrees and dip 65 degrees west.

The diabase is in small hills containing about 25,000 cubic

yards. The whole amount visible on the island is not over

100,000 cubic yards. Deposits of gravel lie among the hills.
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Soundings <>ff its tM)uth short- Rave from 15 to 24 feet within

150 fcft of shore ami 6 to IJ feet within 80 feet.

Turnhull an,! Htissett Islands.

These two islands are separated by a passage M feet wide.

Turnbull is mostly (juartzite with occasional intrusions of diabase

;-i the south side. On its north side is a hill of diabase which

hola.< diout 25,tH)0 cubic yards. Beds of quarlzite under the

diabase strike 85 degrees and dip 55 degrees south. Bassett

island, nearbv, is composetl of diabase on its northern side.

The stone extendi from the water's edge to an elevation of about

70 feet, but the diabasi is not more than about (> yards wide,

the southern half of the island lieing quatl/ite of the same dip

and strike as on Turnbull. Numerous small iijlands west of

Turnbull contain diabase, but are verv low and small. The

diabase on Bassett and Turnbul! might be worked on a small

scale.

tJUN'I) RIVER.

A number of low hills of trap are found at the town of Blind

River and a band of trap extends for several miles to the cast

of it. The ti.-ip occurrences in this neighbourhood are not favour-

ably situated for transportation by water and no time was spent

in their examination. The sample described on pages 47 and 68

was collected on a hill just north of the Roman Catholic

cemetery, less than one-quarter mile north of town and east of

the Blinil river.

THBSSALOT.

A dense black basalt underlies a part of the town of Thes-

salon. It occurs in Hat-topped hills from 10 to 15 feet above the

water. The basalt is not as gcKxl road mate I as the diabast

and in the neighbourhoo<l of the harbour the basalt hills are

too low for effective quarrying operations. The depth of water

at the two wharves in tuc harbour is from 18 to 25 feet. The

rock belongs to an older formation than the numerous diabase

occurrences described in th; t ort. Its physical characters

are described on page 68
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NKSTORVILLE.

At Nestorville. almut 4 miles wewt «if th«- town of Th«'»salon,

there are exit nsive oulrrops oi ili.iharic A hill jii>t r.i^t of ihi'

nawniill is KK) foet hi^h, .uid contains ahout HIM),(KM) luhic

y.irds of solid trap (Plate IV A). This hill forms oiw end of a

ri(f^;e which apparently extends eastwanl alony the short- with

interruptions for on»'-half mile or more. North of this ami of (he

( anadian Pacific Railway track art other hills of trap <' the

same character and appearance, and m.iriy million ciiliii tret

of diabase is available in this locality. The base of the diabase

hill east of the sawmill is within .MK) feet of the water'> ed^;e,

and alK)Ut one-half inilc from the end of the lumber com[)anies

private pier, where from U) to 18 feet of water is maintained

The diabase is tine-grained holocryst dline and in [)laces

inclined to be rather aciil. It does not differ essentially frrtm

the material found in other places al "g the shore and on ihe

islands.

Qt .\RRY AT BRl ( I. MINI S.

Location. A lar^e quarry in diabase is in operation at

the old Bruce copper mines about one-half mile east i i tht;

town of Bruce, Ontario, on the north shore of Lake Huron,

and M) miles or more east of Sault Ste. Marie. The crushing

plant lies at the water's edge ami the quarry is directly behind it

(Plate IV' B). The quarry and crushing plant are owned and

o[)erated by the Martin International Trap Rock Company,

whose ofhce is at Bruce Mines. The (piarry hiis been in operaticm

for a number of years and was taker over by the present company
in the beginning of UM.?.

The company owns 1,057 acres at th" quarry and to the

iiortluast of it. The (piarry lies upon the eastern end of .- rid^t

running north of west from the shore for al least 400 yai L

This is the only part of the property which ha-. :"
--n develoi. I

so far.

Topography and Geology. The diabase lies in tidges with

lower land between. The top of the ridge on which the qtarry

is situated is about 50 feet above water level and 30 feet over

the irregular floor of the quarry. The ridge is approximately
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150 feet wide on its Hat top and about 350 feet at the base.

The other ridges at some distance from it were not examined.

On the ridge itself there is little overburden and the diabase

appears everywhere at the surface with some small pockets

of soil lyin^ in hollows on it. In thi- low-lyinj; ground im-

mediately to the northeast the overburden of soil anil drift is

said to be deep.

The (luantitalive mineral composition of a sample of dialiasc

from Hruce Mines which was tested in the Oftice of Public

Roads. Washington, sample 4. page 68. is given by Mr. Lord

of th;'.t office as follows:

riagioclase (labradoritc) 45-5. kaolin augite and secondary

hornblende together 41'), hornblende 4-2. magnetite 4-0,

biotite 1 -4, and epidote ,? per cent.

The diabase is of the same average character as that at

Shoepack bay and in ot' er places.

Amount Available. The ridge in which the quarry has

been opened is at least 400 yards long. If it is taken to be

50 yards wide on the top for that distance, and 120 yarils at the

base and if it is assumed that it can be economically extracted

down to 14 feet above water level, the quantity available for

extraction in the first 400 yards of this ridge is over 400.000

cubic yards or about 1,000,000 tons of solid rock. The total

quantity available in this and the other neighbouring ridges is

very great.

The Quarry. The exact date of opening of the quarry was

not ascertained ; it is said to have been in operation for many

years. The quarrying has proceeded from the present site

of the crushing plant in a northwesterly direction and the quarry

floor is a rough surface, about 20 feet above lake level. It

is .SOO to 400 feet wide with only one face developed, the others

being entirely removed. The water level lies below the floor.

The drilling is done with churn drills, using 5-inch bits;

down iioles are sunk to a depth of from 55 to 65 feet. They are

placed 25 feet from the face and 35 feet apart. Four hundred

to 700 pounds of dynamite, running 60 per cent nitro-glycerine,

is used in one charge and this is tamped down with clay.
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The shattered rock is handled with a Bucyrus steam shovel

carrying a 5-cubic yard dipper. When the rock contains scams

of quartz, pieces of stone too large to handle with the dipper arc

often left after blasting, and these have to be broken by small

shots. The shovel can handle 1,200 tons per day. The material

is conveyed to the crusher over a standard-gauge track in 15-ton

steel cars, by two 45-ton industrial locomotives. The crushing

plant contains one 5- by 7-foot jaw crusher, two No. 9 gyratory

crushers, and two 24 by 54 rolls. The screening is done by

two 7 by 20-foot revolving screens and two sets of jigs. The

capacity of the crushing plant is 500 tons jx;r hour. The

material is screened to six sizes which are numbered as follows:

No. 1, I inch and under; No. 2, J to J inch; No. 3, ^ to 1 inch;

No. 4, 1 inch to IJ inches; No. 5, l^ inches to 2 inches; No. 6,

2 inches and over. The percentage produced is about as follows:

15 per cent of No. 1 ; 12J per rent of No. 2; 12^ per cent of No.

3; 25 per cent of No. 4; 25 per cent of No. 5; and 10 per cent

of No. 6.

The material is stored outsiile in separate piles, the total

storage ca]>acily being estimated at 75,000 tons. F"rom under

each pile the cru.shed rock is moved through a concrete tunnel

by an endless belt conveyer to the loading platforms at the dock.

The stone is loaded over an automatic weighing machine directly

into the boats at the rate of !8 tons a minute. There is V)

feet of water at the loading dock.

The material is shipped by boat to lake ports, especially

to the larger cities on the United States side, Detroit, Cle\eland,

and Buffalo. Ft is also shipped by rail over the Canadian

Pacific railway, to which the quarry is connected by a spjr.

Some trap has gone p.irtly by boat and partly by rail to Toronto.

Utilization. Ti;'p from Bruce Mines was used in construc-

tion of the ship locks at Sault Ste. Marie, Michigan. It has

been largely used in the construction of roads and boulevards

in the city of Cleveliiid. The results of a number of laboratory

tests to determine tin road-making qualities of this trap are given

on page 68.

Costs. The cost of labour, fuel, and powder, in quarrying

and crushing, is about 23 cents per ton. The cost of freight
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by boat is 35 cents to Detroit and 40 cents to Cleveland, without

the cost of unloading. The freight on trap shipped to Toronto

via Midland by water and rail cost $1.20 per ton, by an all-rail

route via Sudbury $1.75 per ton. The prices quoted at the

quarry in July, 1914, were $1 per ton for sizes Nos. 1 to 4, and

80 cents per ton for sizes 5 and 6. A cubic yard of the crushed

rock weighs about 2,650 pounds.

ST. JOSEPH ISLAND.

The quairy of the Huron Trap Rock Company of Sault

Ste. Marie, Ontario, is situated on the north end of the island

near Richard Landing, lot 22, concession D. The company

owns 25 acres underlain by diabase. This quarry was not

visited by the writer and the information given here was fur-

nished by Mr. T. J. Foster, of Sault Ste. Marie, who is treasurer

of the company.

The material is diabase and lies in hills rising to 35 feet

in height. The result of a test made upon a sample from this

place is given on page 68. According to Mr. Lord of the Office

of Public Roads, Washington, D.C., the sample tested is a coarse-

grained, dark greenish-grey diabase composed essentially of

epidote, chlorite, and hornblende, replacing augite and plagio-

clasc.

The company supplied rock for the building of locks at

Sault Ste. Marie, Michigan, in 1913. They own a crushing

plant with one No. 7? and two Xo. 5 crushers made by T. L.

Smith Company, of Milwaukee. Their screens separate the

crushed product into four sizes, 3-inrh, 2-inch, 1-inch, and finer

material. The rock is loaded at the company's dock where there

is 18 feet of water and sells at about SI per ton f.o.b. at the dock.

The quarry has local and long distance telephone connexion.

No (juarrying is being done at present, May, 1915.

POOLF, ISL.\ND.

A quarry is said to have been operated on Poole island

by the Soo Trap Rock Company, Limited, whose office address

is given as 12 Harris Block, Sault Ste. Marie, Michigan. Poole
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island is a small island lying just off the southwest shore of Daw-
son island in St. Josephs channel. Its location is indicated

on the accompanying maps.

The result of a test upon diabase from this locality is given

on page 68.





PART III.
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Part III.

Road Materials in Essex County.

INTRODUCTION.

The following is a report upon the materials suitable for

the surfacing of country roads in Essex county.

The writer is indebted to Mr. M. K. Brian, engineer of the

city of Windsor, Mr. John Millen, of Sandwich, treasurer of

Essex county, and the Rev. Thomas Xattrcss of Amherstburg
for their courtesy and assistance. The report contains a short

description of the topography and geology of the county, a

summary of the materials available for roads in the county,

and a detailed description of the materials in the various town-
ships. It is accompanied by a map. Three samples of gravel

and two of stone from this county have been tested in Toronto
by Mr. G. C, Parker, assistant engineer to the Commissioner
of Highways of Ontario.

topogrjIphy and geology.

Essex county is situated at the southwesterly end of southern

Ontario. It is a peninsula with Lake St. Clair on the north.

Lake Erie on the south, and the Detroit river on the west. The
topography is that of a Hat featureless plain. The highest

ground cuts through the county in a southwesterly direction

from the neighbourhood of Windsor to Leamington and forms
the watershed between Lakes St. Clair and Erie.

The watershed is marked by a low, narrow ridge from
Essex village v, Oldcastle and slightly more irregular topography
between Ruthven and Leamington. The highest area lies east of

Leamington, and where the Pere Marquette railway crosses it the

elevation on the hill top is 734 feet above sea-level or 162 feet



Krir. Tlu' oltl Tallwt military road follows the

dividt" marly all thi- way from Windsor to Lea-
above Lake

crest of the

minKton. Several slunnish Mreams empty mt.) the lakes and

the river The larjjest are the 'anard river and Cetlar creek

on the south and Pike creek. Helle and Ruscom rivers on the

north si.le of the divide. The shores of Lake St. Cla.r and a

part of the Detroit rivcr are low and swampy and so is.i se( tion

of the Krie shore west of Kinssvillc. East of Kinsisville the

shore is a high wave-cut hank as far as LeaminRton. Point

Pc'ee farther east is a lon^ low saml spit projerting into the lake.

The bedrock in the county is covered by a thick deposit

of boulder clay with a lew ridges and flat areas of sand and gravel

on top. This deposit probably averages nearly 100 feet in

thickness over the county. The only outcrops of rock are at

AmherstburR and on Pelee island. Inf..rmation obtained

from well borings indicates that the larger part of the county

is und'-rlain bv the lower formations of Devonian age, while a

small section in the southwest corner may be of upper Silurian

age. The rocks in these formations are largely limestones with '

some shales.

The boulder clay is a blue clay carrying fragments of ftonc

and weathering yellow at the surface. West and south of

Leamington it is overlain by fine sand and silt which is often

bedded. West and northwest of Leamington is a large deposit

of sand and gravel in which the beds are irregular in shape and

dip. This deposit apparently overlies the tine-bedded sand

just referred to. In other places deposits of gravel and sand

rest directlv on the boulder clay. The bank sands and gravels

in the county have probably been deposited largely by glacial

streams. The boulder clay is a depoeit left by the ice

sheets which covered this part of the continent during the

Glacial period. Deposits of sand and gravel on the beaches

have been formed by the action of waves and are in formation

to-day.
ROAD MATERIALS.

SUMMARY.
There is very little road material in Essex county. The

northern tier of townships along Lake St. Clair is practically
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devoid of road metal. In the western townships the materials

are of (K)or ciuality and in small amount. Gravels and sands

are found in lar^e fpiantity between the villages of Kssex and
Leamington lying in the southwestern p.irt of Ksst-x county

and in smaller scattered dejxisits elsewhere. I'ield stone occurs

in abundance in a small area just north of the village of Col-

chester and in small amount in other p.irts of Colchester Sf)uth,

and Gosfiold South town>..hips. Bedrock is to be had at

.Amhcrstburg and I'elee islanil.

<;r.\vi;i-.

The gravels of Ksse.v county are as a rule rathiT sandy

and weathered to a depth of several feet from the surface. They
differ in their pro()erties of durability an. I roistaiice to tlu- wear

of tratfic. .Almost any of the>e gr.ivels would improve the many
miles of clay roads in the county over which the tratVic is com-
paratively light. Practically none of them would stand up for

more than a very short time under, say MK) vehicles f)er day,

without an artificial binder. 'I'he gr.ivels would give much
better wear if as little weathered material as possible were used.

The weathered material binds fpiicker because of the clay it

contains, but is softer than the clean unweiUhered gravel. If

the unweathered gravel be placed or a clay bottom there is

every reason to believe that enough cl.iy will eventually mix
into the road surface to bind it together. The screening out

of the fine s.itxl in deposits which cont.iin large (|u.intities of

sand will be found advantageous, since coarser gravel will not

grind to dust as rapidly as (inc.

-Ml the sam[)les tested are fine, th.it is they contain more
sand than gravel and this is characteristic of nearly all the

depo>its in Essex county. The percentage of wear of the coarse

aggregate in the sample from Talbot street 4j miles southeast

of Kssex is 6-6, the cementing value of the coarse aggregate

was not determined, that of the fine was 1!.S. The cementing

value of the pit near Oldcastle was 86 for coarse and 40 for fine.

The sample tested by Mr. Parker from Sandwich had a cementing

value of 6 for coarse and 15 for fine. The wear of the last two
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wmpk" an.l the .i-mentinK value of coarnr aRRri-Ratc in the

firM ...ulil not »H- (k-tcrmini-d iH-caUM- of the small amount of

coarv aKKrt-Kati' in the »»ampU-. Tlu- hiKh ,H-r.i-ntaKe of wear

in the sample fr..in Tallx.t s.r.et southeast of l.s.ex is due in a

great meaMire to the fart that the weathered jM.rtion of the

dejjosit was included in the sample.

The (haraiter of the dilTereiit d.|«.sits is discussed in the

dctaile.1 description of them. The unweathered jx.rtions of tl.c

gravels in Sandwich South, and Col.hester North, and those

on the r.dlH)t road M)Uthea>.t of Ks>ex are fairly durable material.

The e.ithercl |)ortion. which i> -Mfter. however, forms over

one-half of the de|)osit^. Ihc l.i« deiHK.it northwest of I.eamm«-

toa Naries in char... ter, the more dur.d.le jjr.ivel lyn.g toward

its southeast end. The cementing value of the gravels is apt to

be good, exct|)t where thi m.iterial is \ery -andy.

C-onsider..l.le sand and gr.nel from the loc.d dejiosits have

been successfully used in nearby concrete construction, e>perially

in huiUlinn barn foumlation^. .\ gotnl many miles ol concrete

streets h.tve also been l.iid <lown in the town of Windsor, but

the gravel and sand used in their construction have come practi-

cally entirely from out-side the county.

CRfSIIKl) STONK.

The field stone i.i folclusier South and Gosfield South

townships is very la-nely m.i.le up of hard durable boulders

and if crushed it would make an excellent foundation and wearing

surface for .my of the i-.ui.ty ro.ids in Essex. It woul.l require

, nr.ivcl or other binder. The mate, ial in (iosfiekl South, is not

present in kir^e amount ami is scattered over such a wide area

that it would prob.ibly not be economical to haul it to any

particular road an.l install .1 . rush.r to prepare it f..r the road

surface. A mile or tw.. north of the villag.' of Colchester there

is much more stone to be had an.l pn.bably enough to pay for

the installation of a small portable crusher.

The stone at the quarry near Amherstburg and that on

the side f the Livingstone cut in the Detroit river is very soft_

Several miles of road near Amherstburg have been surfaced with
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Sand .ind uravtl, (IriiJiii-tl from tlu' St. (lair rivir ni'ar

Point Iviwanl in l.ainlitoii tmintN, i> >o',<l lis tilt- ( .kIwcII >.mc|

and < ir.ivi'l t onipany at Sainl.virli. Windsor, ami \\ alkir\ ilU- lor

con' •eti' and other iisi's. At Sand«iih thi- ^riMl is iinloadt-d

with 1 McMillan crane and a Ij-ciihic >ard Imikct. The

material is scriviicd in drednin^; and part of it .(^.tin on the dock.

l"()ur or five sizes are pri«liiced .ind the >;ra\il is sold ai Sl,.?7

per ciihic \ard. 'I'lie coarser yravi 1 piieil im the dock consists

of about 75 |K-r lent of h.ird rock peMiles and only of 2(1 to 2S

per ci'iil of limestoiu and soft pelihles. It should inak'' viry

diiralile roail material, of better (pMlitv th.m any of the ban'-

gravel seen in tlii' cmmty.

Crushed Hanersville limestone is said to sell at I.eaminnton

at SI.37 IKT cubic y.ird. This is one of the better c'as-i-s of

broken stone produced in Ontario for road metal. The r.iiUvay

freight rates from Ha^;ersville are from ()0 to ()5 cents \n.r ion.

Crushed d-ilomite of practicall>' the s.inie quality is to be had

from the Canaila ("rushed Stone Corporation at Dundas.

Bruce Mines tr.ip rock can be delivered at Detroit opposite

the town of Windsor al about Sl.35 per ton f.o.b. boats al the

dock. To ihc-e charges would be ailded the cost of unloading,
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which would varv from 5 cents to 30 cents per ton depending

ujwn the speed at which the boats can be discharged. There is

no doui)t that Bruce Mines trap rock is of much better quahty

for road-making than any hmcstone or gravel that can be

obtained in southern Ontario, and it is to be hoped that some

of the trap r<.ck from the north shore of Lake Huron will be

useil in the neighbourhood of Windsor and other ports.

DETAILEI) DESCRIPTION OF DEPOSITS.

TOWNSHIPS OF SANDWICH llAST, M.MDSTONl- ,
ROCHliSTKR, TILBURY

NORTH, AND TILBURY WKST.

For about 30 miles along the shore of Lake St. Clair is a

more or less continuous strip of beach sand from 10 to 100 feet

wide and 1 to 5 feet deep. It is underlain by clay and contams

coarse material up to 1 inch in a few places, but in very small

amounts and of verv poor quality. The coarsest material was

seen in lots 15 and 16 along the lake front in Tilbury North.

A good deal of sand is obtained from this place in winter.

Field-stone is said to have been obtained from the lake at

low water near the village of Stony Point in Tilbury North.

There is verv little to be had now.

Outside of small |xitches of coarse gravel in Pike creek, less

than one wagon load to the 100 yards of creek bed, we saw no

other road material in the first four townships mentioned. No

road material of any sort was found in Tilbury West.

SANDWICH WliST.

Underlying more than one-half of the area of the village of

Sandwich and extending south to Ojibwa post-office arc more or

less discontinuous patches of sand and sandy gravel. The

boundaries of the gravel so far as they could be determined are

sketched on the map. In and just south of Sandwich the gravel

lies in ridges about 10 feet high trending north and south. The

ridges are underlain bv boulder clay which outcrops in the low

spots between them. To the south the gravel lies in a terrace
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extending to the shore of the Detroit river and on this terrace

there are a few ridKt's of the same kind as those found in Sand-

wich.

All through this area the material is mostly sand with the

gravel (material over one-(iuarter inch) occurring in streaks. The

pits that have been worked in Sandwich are saiil to have pro-

duced two parts of sand to one of gravel, and the old pits north

of Ojibwa post-oftice may have yielded nearly thi' same pro-

portions. A sample taken from an excavation on Bedford

street. Sandwich, carried over HO per cent sand (page <)0).

Southwest of Sandwich from the golf links south, the ridges

are practically all sand. The gravel is fine and the pebbles

seldom over 1 inch. The dcposi' is weathered to a depth of

several feet and the weathered part contains a large proportion

of clay. Hard |)ebbles vary in amount from M) to 70 per cent

of the whole, sandstones and shales up to 40 per cent. They are

subangular in shape. Stratification is absent or poorly de-

veloped .

A gooil deal of gravel and sand has been dug in the town of

Sandwich. According to local authorities the supply that was

available in the town nas been exhausted, and wli.it remai")

cannot be developed. North of Ojibwa several hundred cubi:

yards have been taken from a number of pits, which have

apparently been abandoned for a long time. There is more

gravel to be had in that neighbourhood, however, an<l it compares

favourably in quality with that seen at Sandwich.

The deposit as a whole varies from 3 to 10 feet, and is in

one or two places 18 feet deep. The extent of the gravelly

portions is not known. There is as a rule so much >and with

the gravel that the amount which is available for economical

extraction must be a small pro])ortion of the whole deposit.

The material is on the whole of poor tiualily; it contains a

large proportion of soft pebbles, and is in general too sandy for

good road metal. A granular metric test of a sample from the

main street in Sandwich is given on page 90.

A small deposit of the same kind lies in a low ridge near the

Wellington hotel on the Detroit River shore \\ mile south of
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Ojibwa. No other deposits of rord metal were seen in Sand-

wich West township.

ANDKRDOX.

A deposit of coarse sand was seen in a creek flowing into

the Canard, lot 12, concession IV, antl streaks of gravel can be

seen on the banks of the Detroit. No other gravel deposits

were found in this township. The deposit in lot 12, concession

IV, has to be dredged out of the creek bed. It is a coarse sand

with 10 to l.S per cent over one-cjuarter inch in size. The sand

Is s.iid to extend for one-half mile downstream. It is -S to 4

feet deep in places and the bed of the stream was 30 feet wide

at the point examined, but sand is not to be found all over it.

Outside of IVlee island, .\nderdon contains the only quarry

in i:>sex county, and probabK- the only outcrop of bedrock.

The (jiiarry is I2 miles north id east of .\mherstburg. It lies

west of the road between conce^^sions I and 11. just south of the

Michigan Central tracks, to which it is connected by a spur.

The surface of the quarry is about M) feet over the level of the

Detroit river and the following geological section is ex[)osed

from the top down.
Tot.il

Tliit'kiios tliickiu'ss

in fctt. in fri-t.

1 I irifi il.iv with a fe\vt)oiil;!;r^on the surface t< to 11

2. ( )ncinil.!n.i foriii.itidn.

(a> Crinoiiial linH->lonf 1

(ill 'riiiii-liiildfcl liiiH^lont' (>

((') Doloi' • lillU'StDIU" f*

((I) noloihii-.i- liim-stone with ninrc

m.iniK'.-ia than in c ami il IS

3,?

3 Anliriliin formation.

i.i> llii;h };r.i(k' hniustonocarryinjfroni

<)7 t(i ')') per rent. (',i<.()j

(hi Low ^racie hnn-stoni' carrNiii^ a+h 30

about W) pir lunt of C.iCOj

Tol.il 71 to 74

The details of this section were obtained from Rev. Thos.

Nattress of .Amherstburg. According to Mr. Nattress a small
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centroclinal basin underlies the site of the quarry. The drift

is 29 feet thick one-quarter mile to the southwest, fiO feet thick

one-quarter mile to the norlliwest, and 4.S feet deep 2\ miles

north hv west.

The quarry has heei )I)eration for over one hundred

years. The old workings lie to the southwest of the present

site. The new (luarry has not been worked for two or three

years, and the hole is filled with w.iter. It is irregular in shape,

and about 800 by 400 by 10 to M) feet. A small rrushint; plant

and loading crane stand partly immersed in water on the south-

eastern side of the hole. Loading binr. over the railway spur,

an engine house, and other (|uarry buiklings are on the north-

eastern side. The quarry was operated by the company: the

pure limestones found in it were use<l as reagents in their chemical

works, and only an occasional load of waste was sold. The

writer exa ned every layer of limestone exposed in the c|uarry

and found .u\ of them very soft. The stone has been used on the

nearby roads and is said to cement well, but to wear to a tine

and extremc-ly troublesome dust in a short time. The . one

is not recommended for use on roads.

Along the Livingstone shi]) channel which has been exca-

vated in the middle of the Detroit river great piles of stone have

been dumped. A sample was collected nearly opposite Gordon

station, north of Amhersd)urg. In the summer of 1914 it was

being dug by the Dunbar and Sullivan v. .)mpany of River

Rouge, Michigan, with a steam shovel dredge having a 2:5-cubic

yard dipper, loaded on barges, taken to the Michig.ui side for

crushing, and sold for macadam and concrete work. The dump

on the Canadian side is large. 200 feet wide at the base, 50 feet

high in places, and more than .5,000 feet long.

The rock is light buff, somewhat porous and banded. It

is a magnesian limestone carrying about 10 per cent of magnesia

and a very little silica. Under the microscope the grains of

calcite appear angular and close fitting. The results of a test

made by G. C. Parker of the staff of the Commissioner of High-

ways of Ontario, upon the sample collected is given on page 93.

These results indicate that this stone is unsuitable for road

work.
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SANDWICH SOUTH. AND COIXHKSTER NORTH.

Narrow discontinuous ridges of Rravcl extend from near

Pclton, lot 12, concession \'I, of Sandwich South, in a direction

south hv cast to the Canard river near Gesto in Colchester

North. The location of the ridges sketched from such infor-

mation as could be obtained in the field is shown on the map.

The so-called "ridges" are seldom over 4 or 5 feet high,

and about •!()() feet in width. They are not easily recognized as

ridges by the inexperienced observer, but are generally so referred

to by the inhabitants. The upper few feet of the deposit is

weathered anrl contains clay and other impurities; the lower

2 or .^ feet is fairly free from clay. The gravel and sand

rest directly on the boukler clay which lies at the surface all over

the rest of the township. Stratification is absent from the de-

posits. The gravel is fini', |)el)bles rarely being over one-half

inch in diameter. They are angular to rounded and irom 20

to .SO per cent of them are hard and durable. Sand is present

in large (luanlities, but it is often coarse and rather sharp. A

number of small pits 3-9 feet deep ha\e been dug in the deposits

and a total of some 30,000 cubic yards removed. Water is apt

to stand in the bottom of any of these pits. The upper 2 or

3 feet of the material is as a rule put on the roads, the lower

foot or two which is unweaJiereo is used in local concrete work.

From a pit about one-half mile north of Oldcastle on the east

half of lot 30.? the weathered portion has been sold at 20 cents

per >ard and the unweathcred at SI per \ard. The result

of a test made upon a sample of the unweathered gravel from

this i)it is given on page 90.

The gravel from these deposits has been used to surface

certain of the neighbouring roads, and where the roads are

proijcrly maintained and the trattic is not very heavy, it has

given fairly good satisfaction. One or two mil'!S of road leading

northwest from the village of Oldcastle was first surfaced with

gravel, presumably from a neighbouring pit, fifteen years ago.

Since then it has been kept in repair and is now scraped after

every rain. A traffic census taken in August 1914 showed

that one hundred and fifteen vehicles a day passed over this
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road, of which perhaps 80 per cent were automobiles. The

traffic at other times oi the year is said to he greater. This

road, when seen, was in very good shape, and is an example

of what can be done with gravel of this type, when the road

surfaces are properly maintained and the tr.ivel over them is

light. The weathered portion which is usually used exclusively

on the road i?. nr)t as dur.ible a:^ the lower and cleaner gravel

and better results would be obtained if the whole bed or the

clean gravel only were used.

Test> made upon the gravel from the pit near Oldcastle,

referred to above, showed tha' it had a high cementing value

and was composed largely of sand under one-tiuarter inch. The

sample included the unweathereil pari of the gr.ivel only. The

amount of gravel available for road making in these de()osits

is not very great.

A considerable amount of field-stone i> ti> be found on lots

1, 2, and .^, concesMon VI, of Colchester North, but no field-

stone was seen in any other part nf the two t(nvn^hips.

MAI-11I;N AM) tC)I.( lll.sll'.R sot III.

Several small deposits of gravel and sand, lying in a string,

trend southeast from near North Maiden, in Maiden township,

to a point about 4 miles west of Harrow, in ("olchester South;

one or two deposits of gravel are found north and east of Harrow;

and a considerable amount of field-stone occurs between the \ il-

lages of Colchester and Harrow and in other places.

The gravel deposits which extend from North Maiden

to the southwest are \ery small, their usual deiith is from 3

to 4 feet, and they are rarely more than ,?()() feet acros>. ;se\eral

of the more northerly ones are entirely worked out; the two

southerly are the large>t. The deposit- are undcrl.iin by boulder

cl.iy and are in r. nuinbe of places weathered right <lown to the

clav. The materi.il is fine, the pebbles as a rule under 1 inch,

from 50 to 80 per cent is sainl, and clay i> always present. The

pebbles are subangular to rounded and about 2,S percent are

of durable rock types. The gravels are not of a durable type, b'U

should improve the neighbouring clay roads if properly spread

and carefully maintained.
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Threi- small riilges of Rravel are found in concessions II

and II! just north ^-nd citsl of Harrow. Their locations arc

jrivcn on the map. In the westerly pit, lot »>, concession III, .SO

per cent of the fleposil is sand, the «ravel pehbU's averaj;e

from one-half to 1 inch in diameter, are suhaniiular, and 80 per

cent of ihein arc of ^llale or >oft limestone. Ihe deposit is un-

str.itified, about 7 feet deep, and the upper .? feet is w.-athered.

It lies u|)on yellow boulder clay. It i- located on the farms i)f

C. f. McLean, Andrew (\ither, and Willi.im .Xftleck. The

materi - in the ridi;e in lot 1 '. concesMon 11, is of the same char-

acter a'- that just described. It is 12 feet dtrp in places. There

is a Rood deal of >;ravel to ne had in the three ridjies, but it is

not dur.ible m.iterial and would not last loni; on a road.

The beach of Lake I'.rie is very sandy in Colchester South,

and the stre.iks of gravel alont; it are >carcely more than coarse

sand.

There is a fairly large .amount of field stone in ("olclu-tcr

South, but practically no boulders are found in Maiden. The

location of the deposits which were seen is given on the m,ip.

There are probably others which were not seen. In the upper

half of lot 71 just north of C olche.-ter is a morainal ridge about

800 feet long by 100 wide and from 10 to l.S feet high. If the

boulders are as numerous throughout the ridge as on the surface

there nuist be over 30,000 cubic yards in this place and a good

many thous.md more in the neighbourhood. There are scat-

tered (Kiurrences of stone up the road running northwest from

this place. In concession I, lot 15, there are two fairly large

ridges of boulders, one of them 300 feet long by 70 feet wide

Other deposits contain le-s th.ui 100 yards. The tield-stone

is generally composed of durable rock and it varies up to .^ leet

in diameter. It is the best material obtainable in this neigh-

bourhood.

COSI-ll-I.I) NORTH, (.OSFIICLU SOITH, AM) MhKSf.A.

Several deposits of sand and gravel occur in these three

townships. The two main deposits are a narrow ridge running

southwest from the villa-c of Essex to a point 2 miles west of

Olinda post-ot1fice in G{)s{ield South, and a broader irregular
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sheet whose southern end lies between the villages of Leamington

and Ruthvcn and which extends north to ronression V. A
small deposit lies in concessions VIII and IX north of Wheatley

in Mersea, and gravels occur in places along the Lake ICric

shore. Field-stone is found in Go: field South, but was not seen

in quantity in Gosfield North, or Mersea.

The Ridge Southeast of Essex.

A narrow ridge of sand and gravel extends from lot 282

in the village of Essex, Gosfield North, in a southeasterly direc-

tion as far as lot 260, Gosfield South, and two smaller detached

deposits lie between this jjoint and Olind.i post-oftice. The
ridge is 8§ miles long and the Talbot road follows along its

crest for nearly the whole way. The crest of the ridge is from

5 to 12 feet above the general level of the flat country on both

sides. It is from 300 to nearly 1,000 feet wide, averaging {)erhai)s

500 feet, and the elevation is so slight that its ridge-like character

is not always apparent. In a number of places on the northeast-

ern side there is often a rather abrupt slope down to the flat,

but the southeastern slope is very gentle.

The sand and gravel lie on a bottom of boulder clay which

appears to be at about the level of the surrounding plain. The
gravel is unstratified and weathered to a depth of from 2 to 5

feet. At the bottom just over the boulder clay there is in many
places a rather fine sandy bed. From 30 to 60 per cent of the

deposit appears to be sand.

About 30 per cent of the pebbles over one-quarter inch

in diametc- are composeil of some hard rock such as granite,

trap, or quartzite, the remainder being largely limestone with

Mime shale and sandstone. In the weathered portitjii the shales

and other pebbles are in many cases entirely decomposed.

As a result this part of the deposit contains a large percentage

of clay and is stained with iron oxide. The unwoathered part

contains no iroi, . icle and little or no clay.

More than a dozen small pits have been opened on this

ridge and some of them are no longer worked. Judging from

their respective areas and depths the amount of material re-
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•om them is over 175,000 cubic yards. T> .; *reathercd

».... .... probably nearly all gone on the neighbouring roads.

the unwcatherod bottom part is used for local concrete work

and (or cement blocks.

If the length of the ridge is taken as 8 mdes. its average

width 400 feet, and depth all over 3 feet, the amount of sand

and gravel present is about 1,700.000 cubic yards. Of that

quantity about 50 per cent is weathered material which contains

a good deal of cl.iy. Thirty to seventy per cent of the remainder

is sand under one-(iuarter inih in diameter. The ridge has a

great many buildings on it and gravel land is very expensive,

some of it being held at SI.000 in-r acre. It is probable that

only a small portion of the sand and gravel present will ever be

excavated. .

The gravel contains 30 pc-r cent of hard pebbles and the

unwcathered portion should be fairly durable material. The

weathered part is much softer, but contains considerable clay

which helps in binding the road surface.

On a road with clay bottom the clean gravel will bind and

it will make a better road if the weathered material on top -s

left out. Traffic on the Talbot road is too heavy for this gravel

without an artificial binder.

Details of the pits are given in the following table. 1 he

results of tests upon pit 12 are given on page 90.
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The Sand and Gravel Deposit West of Leamington.

A large deposit stretches from near the lake shore southwest

of Leamington northward for -t miles. Its outlines arc quite

irrrgular and it lies partly in Mersea and partly in Gosfu-ld

Smith.

The dejM)sit lies in a flat-topjx-d ridge ahoiit one-' ilf mile

wide on top and rts<nibling an irregular horseshoe, rt low bar
C'linects the two prongs. The main ridge drops abruptly

iiiiout 20 to 30 feet to the south, west, and north. Its slojx; to

the east is more gentle.

The deposit is fairly well stratified and from the Michigan
Central to the Pere Marquette pit the beds, where seen, dip

east and north, or in general tow.ird the insi<le of the horseshcx-.

In Smith's pit on the south edge the.c is a northerly dip. All

the beds in any one cut do not all dip at the same angli-, and in

many instances a flat betl will lie over or under one male of a

number of steeply dipping layers. Many of them are lens

shaped and in places they overlap like shingles on a roof. They
consist of alternate layers of sand and gravel which occur in no
defuiite order. The following is a section in the pit of the

Windsor Sand and Gravel Company

:

Thickness

in fict.

(a) Sandy rusty gravel loam j

(b) Fine gravel dipping east 2 J

(c) Finely cross-bedded sanu having a feather>- appearance \]-.i

(d) Alternate layers of fii .iand and fine gravel well bedded .V4

(e; Sand, cross-lieddcd in places 5

(f

)

One-half inch sandy gravel 1

1

(g) Gravel with cl.iy, inbliks J to 1 inch 4

(h) Sand 1

(i) Gravel i to } inch 1

(j) Sand 2

(k) Gravel .•?}

C) Sand IJ

29 to i2

The upper part of the section from a to d is shown in Plate

V. The beds are not of great lateral e.clont, and at points

100 feet apart the succession will be entirelv different. From
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th.- Michigan Central pit to the TaU,ot road the Rravel i. .ai-l

to lie largely t..war.l the eastern front of the nu.m ndge. tl>.

we«*tern iH)rti()n ^>einK mainly sand.
. . , . .

The aUerna.i..n of the sand an.l uravel bed. .s *hown m

the section. The pn>,H.rtion of >and varies a. md.cated an.l U .s

,i«h ;n the two lar«e.t pits. Layers of hne sdt are found u.

many place, and a thin l.e<l of clayey sand is foun. m a few p.u.

Cla" Mcurs in the 1 t.. 5 feet of weathered ma.er.al on the sur-

face but the unweathered material is practiatly free from <
l.u

.

Thedurability of the gravel varies as indicated in the accomp,..ns

ing table. Ih. hardest material is apparently found .n

.outhea>(erly ,.ils. The jK-rcentaKe of soft ma er.al m tln^

gravel indicate: that it is not suited for heavy tralt.c. The -- ,.,i

goinK s*.uth from Leamington between the corner of Oak

"treet and the north end of concession 1 .s sa.d to have Ik..

surfaced with gravel from Fraser's pit m the summer of m.

VVhen seen in the late summer of 1914 it was n. fa.r condu.-n.

hut furrows 6 inches wide were worn all alon^ the length u „

Thi^ ruad is subje.te.1 to m.Klerately heavy tralhc and d kei^t n.

r.,,air the surface will doubtlessly last for a few ycv.rs lon^.r.

Two very large pits have been excavated m these rul,. -

and a nu.nber of smaller ones, the sizes

"V'^",^r,r;'ul ,i

'

the accompanying table. A total of more than 2^)00,000 .
ul

yards of sand and gravel has been excavated from them and ab. u

80 per cent of the total amount canu^ from the two larger pu-.

Nos. 17 ami 22. mentioned in the table. The a.ao. •> ava. .u

must be enormous. Opposite the Michigan Central p.t V,.

17) gravel has been found from 16 to 2. feet down, near 1>

TallL road it is from 40 to 50 feet deep with the last 10 feet n

places in t^ne sand. The total of sand as well as gravel may run t,

.

100 000,000 cubic yanls. What proportion of that is sai a

cannot be estimated with the data at hand, but it .s probabh

present in greater amount than the gravel.

The gravel seen in the various pits is fairly free from ...
-

purities, but contains much sand and fine silt; '» b «lso, ev c,.t

in a few pits, composed of rather soft material ."^-^"''^ \^ ^
ing pits within this large deposit are contained in the folUm.n,

table.
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Two small (l(|K)>it-i, one in a lot wc-it of KinK-.villt' and

another in rotui-ssioii!* VIII and IX north of WhtatU'y, lompltto

the list of li.iiik uravii (U(K)^it* fount! in the threi- townsliips.

The ik'posit north of WhialKy co' Uts of s.inii and \irv litu-

gravel, it i;* about 5 fiit deep an aot for -air. rh<re are

small tiuantiiies of )in\\i\ in plaee> alonjj the Lake l.rie lnai h

ami K^avel h.i-* Ueii dndu"'"! oti Point I'elee. A Ihmi ii ili pu-it

on the Ivrie shore ju^t ea>t of the ((iinit\' line i-- dexrihed with

the de(x>sits in Kent ronntv. Southwest of Kinnvsjlir iJu-

hearh is praetically all sand, with a littK' line uravel in ^| >i-.;

east of KiiiK'-ville there is verv little gravel and the steep hi«h

Imnks place it out of praetital rea( h.

Fii!d-Slonc.

From thi' foot of the ritl^e of sand mu\ ^r.ivel c|e|Hwit whit h

lies l)t'twcen Ruthveii and l.eaininnlon westward to lot I. ami

south to the lake, there are nunihers of tar^e houlilers scattered

through the fulds and Katliered up in heaps or strung alon^ the

fences. They are not prestnt in larne fjuantity at any oni' place,

and an estimate of the culiic yanl.iKe is ditticult to make

without a detailed examination, which the amount availalile

does not justify. The writer estimated the total amount seen

at liss than 1,(M)() cubic yards in an area of some ID to 12 sipian-

miles. Kven if only half of the stone had been seen

the (piantity is too small ami .scattered for its utilization

as road metal. On the wtst line of Ciosrield Soiith, between

concessions I and II, then arc about KM) cubic y.irds of stone.

No lield-stone was found in Meisea township. The field-stone

consists of a high pircenta^e of hard and durable boulders

and wouhl make ^ood fouiulations and Wfarin^ surfaces for

country roads. It may reiiuire a binder of some sort.
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I'KI.KK ISLAND

Stone outer ps along the northern shore and across about

one-third of the southern part of Pelee island. On the northern

shore is a quarry owned by faptain John McC'ormitk, Scudder,

P.O., Pelee island. The excavation lies within a few hundred

feet of a small pier. It is about 400 X 200 X 20 feet. From

the top down it consists of:

(a) Thin-hedtled arcv fairly toiit;h linu-stone boils each 4

inches thick •
''f*-*'

(b) Crcy sandy or shaly limestone, beds each y inches thick 4

(c) Buff limestone weathering grey, bcls irregidar from 1 to

3 feet thick
'^

1') feet

The stone is sold as rubble at Wheatlcy at from S8 to 510

per coril. The quarry was opened about 18 years ago.

On the west side of the island not far from the west wharf

is a quarry owned by Mr. William McCormirk. The quarry

lies in a ridge standing about 30 feet over Hat land to both the

south and north of it. From the top down the beds in the

quarry are

:

(a) Thin-bedded linicstone
-J

f<=<^t

(b) Heavy massive bedded limestone 'S

(c) Massive bed of limestone -'

22 "

Water stands - "2 feet from the top of the rock, but can

be let down anot t or so to near lake level. The beds

lie flat and are r. ft under the hammer; large blocks

can be obtaineil froi . inis (juarry.

An old pier about 400 feet away had at one time 16 feet of

water alongside. Tiie harbour is open to the west. The (juarry

was workeil 25 years ago and the -tone sold for construction

in the Welland canal at 25 cents per yard in the quarry.

On the south end of the island stone outcrops over a large

area. It is of somewhat the same character as that at Wm.
McCormick's quarry. The Kelly Island Stone Company of

Kelly island have boug! acres of stone at this place.

The result of a test made upon stone from Captain John

McCormick's quarry is given on page 93.
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ROAD MATERIALS IN KENT COUNTY.
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Part IV.

Road Materials in Kent County.

IXTRODUCriOX.

The following is a description of deposits of stone and gravel

in the county of Kent, suitable for the surfacing of roads. A
few of the better classes of deposits occurring outside the county,

hut within economical hauling distance, are also mention.'d.

The writer is indebted to Mr. W. C}. McCeorge, Kngineer of

Chatham township, and to Mr. Joseph Hadley, of the town of

Chatham, for information regarding gravel deposits in the bed

of the Thames river in Chatham township.

The physical tests upon gravel samples from this county

and granular-metric analyses of them have been made by

Mr. G. C. Parker of the staff of the Commissioner of Highways

of Ontario.

Kent county lies in southwestern Ontario with Essex to

the southwest and Lambton, Middlesex, and Klgin to the north

and east of it. On the west are the St. Clair river and lake,

and on the south the shon ; of I.ake Krie. Kent has at least

two good harbours, Wallaceburg and Rondeau, where vessels

drawing up to 19 feet of water can unload. Boats drawing up

to 12 feet can go up the Thames river as far as Chatham.

TOPOGRAPHY A XD GEOLOG Y.

From the Perc Marquette railway northw ird Kent county

is a Hat plain with a few sand hills in the noriheastern portion.

South of the Pere Marquette from the neighbourhood of Cedar

Springs a well-defined narrow ridge trends northeast toward

Blenheim. To the east of that place the ridge widens and merges

into an area of low irregular hills and here it is from 5 to 6 miles
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wide. The western part of the county, and nearly threc-foi-rilis

of its total area, is not over 50 feet over the level of Lake Krif.

A few places northeast of Ridgetown rise to over 750 feet above

sea-level, that is about 180 feet over Lake Erie. The shores ol

Lake St. Clair are flat and so are those o' Lake Erie near Rondeau

bay, but the greater part of the Erie shore-line is a steep clay

cliff which is in places 100 feet high. The greater part of thr

county is drained by the Thames river, which crosses nearly

through Us centre in a southwesterly direction, and the Syden-

ham which flows along its northern boundary.

The bedrock in this county is overlain by boulder clay and

other unct)nsolidatcd materials to a depth, almost everywhere

of over 50 feet and in some places of 200 feet. No outcrops of

bedrock were seen in the county. Borings for oil and gas have

shown that the highest betls of rock under the clay are of middle

Devonian age.

The boulder clay is a stony blue clay which weathers to a

yellowish colour. Over it and in places within it are deposits

of sand and gravel. The clay was probably deposited by ice-

sheets which covered southwestern Ontario during the Gla' i.il

period and the greater part of the gravels lying between Cedar

Springs and the Elgin County line were probably laid down by

streams connected with these continental ice-sheets. East and

north of Ridgetown there are many areas of fine sand which

seem to lie on top of the other deposits. The gravels which arc

found along the Thames and Sydenham rivers were laid down

by the rivers themselves.

SUMMARY DESCRIPTION OF ROAD MATEIu^.LS.

CRAVKLS.

The road materials found within the county consist of gravel,

sand, and some scattered deposits of field-stone. Gravels occur

along the Lake Erie beach, but none were seen on the shore of

Lake St. Clair. The Erie gravels are of fairly good quality and

becausi! of the absence of weathered pebbles the beach gravels

are more durable than pit gravels of the same composition.

On a clay formation they should cement readily and make a

good road.
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Pit Rravcis orcur alnns; thf Sydenham and Tli.inu- rivers

and a number of deposits lie in the southern part of the cnunty

south of the I'ere Marquette railway. The nr.ivel !)elt crosses

the railway near the village of Minhgate and extends from there

northward to Clachan.

The gravels found in the Sydenham river are too tine and

soft to make Komi road materials Thi tlle case, also, with

most of the material in the immediate neiv;hl»ourliood of the

Thames river. CkhmI gravel was seen, however, on the f.irm of

Mr. Dublis on the northwest hank of the Th.imes near Moravian-

town, pit number 24, and in a number of places in the beil of

the Thames river.

The best gravels i bserved in the belt south of the IVrc

Marquette railway are those at the western end of a rid^;e in

Romney township, nr-ivels found in a rid^e at ih" villige of

C'ed.ir Springs, pits 1 and 2 (i'l.ites VI .A and M), and a large

deposit of gravel on the Talbot road east of Morpeth, pit 11

(Plate VII). The other gravels in this belt va.-y in quality,

1. Their C(.mparativebut are not as gooi(1 as thoso mentionet

durability varies largely according to the percentagis of soft

pebbles which they contain. My comiiaring the field estimates

of the composition of the dilTercnt gr.ivels with those of the

gravels which have been tested aboralorv (table following)

(lea ma\- be obtained of their comparative value in road work.

The comjK )sition of the various gravels is to be found in the

detailed description of the deposits, pages 120 to \M

Kesulls of Tests made on Cravtis in Kent Counly.

Map No,

1

11

23
24

Ci'iiicntini; \aliic'. !

1

Coarso l''ino niati'rial

m.itiTi.il imilcr \ inch.

OMT ; iiuli.

IVrccnt wi-.ir. I-'rrncli cnetfi-

I'iiTU ol wi'.ir.

37 .W 4-,SO

70 70
I

.'-07

.S2 not fkterminedj 8-40

75 SS 3-.S4

H-3
l.VO
4-H
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All of thp four gravfls have fairly Wt^h ittntntinn \aliies.

The bfst of thr fmir, tht- ^r-ivi'l from pit It. o)iit.iin> 40 por

((.nt hard ami 10 (xr < int soft pthblus. The next Ih-sI, No. 21,

fontaiiis oiiK l.S per edit h '.r:I .-.nd 20 |H.r cent soft p«'bl)tis.

Till' jHTccnt.ine of wear is iiroli.ilily rilatcd to the pcr'fnt.ii;'- of

soft [Ml)l)leH present. The gravel from pits 11 and 21 ^hmild he

capable of withstanding inedimu country tral'tic anci should

bind well in the road beds. Actual experience has shown that

they do. Tit No. 1 is less dur.ible and the niateri.il from pit

2.? is p<H)r. The material from pit 11 sh<iuld be suil.ible for

concrete road work. The gravel from No. 1 is rather soft for

that tyjK' of con-lriiction and pits Nos. 2.^ and 24 coiil.iin too

many impurities.

HKi.D-sroM;.

Some field-stone is found near Ulenheim and more of it

in the southeastern extremity of the county. .Abiiut (lOO cuiiic

yards were seen in an area of al)f)Ut M)0 acres, east of Clearville:

the other occurrences are sm.iUer and more scattered. The

nuantity present in any locality is too small to allow the use of

the stone in practical road construction.

OLTSIDK SOL Rl 1 S OF StrpPLY.

Gravel i.^ beinij drcd>;ed from the Sr. ("lair river near Sarnia

and can be obt.lined from the C.idwell S.nul and (irasel Company

of Windsor. Boats drawing 12 feet of water could unload this

material directly at Chatham. Larger boats cm unload at

Wallaceburg and Ronde.ui.

Fairly ^{ood crushed limestcjne cm be had from the Hasjers-

ville Contracting Comp.iiiy'-(|u.irry at H.igers\illeand the Canada

Crushed Stone Corporation at Dundas. The stone from these

two quarries is of about the saine i|uality anil sells at from 60

to 7.i cents per ton at the (luanics. Railway freight rates to

Kent should r.mge from 70 to 80 cents per ton. Trap rock of

much better (puility than the limes(one can be had from the

Martin International Trap Rock Company at Bruce Mines at

80 cents to $1 per ton f.o.b. quarry. The freight by boat to
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Wall.itfhurR wmihl U- 35 «nts and to Roiidtaii harlmur 4.S

cent-, |xr tun: l>iil that <1<h-s not inilndf llir ro^.! of unloading

wlii< h varies from 5 to ,?5 rent- \mt ton aimrdinK to wlii'thtT or

not rut* liani.al unloadinK dfvici> have luen instalU-d at tlio

ports of discharge.

mrAILED DESCRIPTIO.W OF THE DEPOSITS.

The townships north of the Thames river are Dover, Chat-

ham. Core of Chatham, Camden, (
".ore of Camden, and Zone.

No ro.id ni.iierials were found in Dover. Chatham, nor thi

Core of Ch.ith.ini. A deiK)sit of san.l hes for on.--h.df niile

alonn the St. I'lair lieacli ju>t north of the month of the Thame-

river and another sandy patth w.is foun.l a few miles west of

Kentl>ri<lne on the river ro.id in Chatham. Thi' top soil over

these townships is practically all clay.

t AMDliN, liORK OF C.XMDllN, -VNO ZONK TOWNSHIl'S.

Gravels occur alony the Svdenh.im river east of Dresden

and along the Thames northeast of Thamesville.

Sydenham River.

The deposits seen on the Sydenham river are really coarse

sands and are of value only becau-e of the Reneral lack of Kra\.l

in this region. The Ixiundaries of the di'posits ex.imirud .ire

sketched on the map, except in the case of one on the l.irm of Mr.

H. Webster, north of the river near Dresilen; of t' 's only llie

pit is shown. The deposit on Webster's farm is said to cover

about 10 acres. The sand an<l gravels Hi' iu terraces wiiicli are

the remains of an old flood-plain or a s»-l of old channels of the

Sydenham river. From the terraces banks 5 to 15 feet hii:h

rise to the level of the surrounding plain. The terraces lie mi

both si<les of the river which Hows in a n.irrow trench 20 feet

below.

The material is very fine, only from 10 to 30 per cent beinR

over one-quarter inch in diameter, and the coarser part is rarely

over three-eighths inch. Fully 80 {x-r cent of the gravel is made up
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of jwhlilt'!' <if si)(t shaU's atiil handsloni-'. Ihi |H'li|il»'-i arc

angular to roiirKUil. 'Vlw di'iHisiu arc >.traiitn'i|, v^fatlurtd to

a dt'plh of alxnit 5 fi-t't troin the ^iirl.icr, ami overlain hv liv;lit

yellow 'and Irmn 2 to 8 I'lrl d«i|>. I lir\- lonlaiii rla>' iti tlic

wcatluTi'd part and in nm- pl.ui' a Icii-. i f claN' in llic unwcathiri'd

part, riu' ()it- ari' sniail in fxtt-nt .ind ii.ivi' iMrn cxcawilcd lis-

han<l. The Kraxcl and sand m'II-» at from 60 to 75 (tin- per

yard, in place in the pit. .iiid i» n»e<l ,dino»t entirely for cenunt

Work. The ixtent of the de|>o>il- i- hard to determine They

vary in fliiekn>-ss from 4 to <> feet .md the fonr depo^it^ ex.iniineil

vary in area fntn .S to ,il>oiit MO .uTes,

'{"tie inateri il i> entirely too -oft an<l tine for lirr<t-( l,i>-. roarf

work. Il woiilil peril. ip> imjiroNT local clay road", l>iit for .iiu

ro.id except tlio-e on which the tr.iffic is very lii;lit, stone or

i;r.ivel should be ituporteil from the oiii>.i<ie.

'I'Imwcs River.

The jjra\els on tin- h.mks of the Thames ri\ir oci iipv

the >,iine position rel.lti to llie ri\iT .is those (in llie Sydenh.ini,

that is thev lie on an old llo id-pl.iiii of the Thames ,ind in pl.ici's

the river still lloods p.irt of iliis land durinK hi^h water, l-'rom

Thamcsville up the river eastward to near Mora\ iaiitown i

rather extensive area is uiukrlain by gravels and s.mds. Thi'

gravel is mvirly ever\where overlain !)\ ?> to 10 ft el of t l.iy .md

the limits of the deposit ,i~ ski'tclu-d on the map are, therefore,

only ap()roximate. One or two pits ii i\e litn ilu^ .it Th.imes-

ville .md one pit. No. 21. on Mr. Dulih-" t.irm in confe-sitMi

VII. The Thamess ilte i;i,i\fls .ire very tine. In the i\ pi inures

ex.imined the coarser material over oiie-tiiiarter inch in si/e,

occupied from to 20 per tent of the whole mass. Mor-t of the

pebbles are of limestone, sume of sh.ile and s.uidstone. The
gr.ivel and sand bed is feet thick in places, but pro!).ibly varies

greatly in that respect.

On the f.inii of Mr. Dubbs, lot 2, concession \'II. a lens of

KMVet is exposetl on the river bank. This gravel .s rpiite co.irse

•md the [wbbles range up to .? inches in fliametcr. The gravel

deposit is from I to 6 feet thick in the bank and several hundred
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feet long. It is overlain by 4 feet of clay and soil and underlain

by boulder clay. The Rravel is composed of 15 per cent hard

pebbles, 65 per cent limestone, and 20 per cent of shale and

sandstone. It has been used on the neighbouring roads and for

cement work. A stretch of the river road northeast of Uubl.^'

farm was surfaced with gravel from this pit in 1900. '1 his i~

the main road between 'rhamcsville and Bothwell and the trallu-

over it is fairly heavy. The road ha^ some bad holes m it, l.iit

the road bed as a whole is still holding up and is in places in good

shape. The material is sold at 25 cents per yard m the pit.

The results of granular-metric analyses and of physical tests

upon a sample of this gravel are given in the tables on pages 11,

and 11^.
. , . 1 .1 ,

A deposit of gravel is found on the flat land north ot

the river about 1 mile west of the county line. The flat i.^

bounded by a 20-foot terrace to the north an<l by the iiver to

the south. One pit was examined in the deposit. The bound-

aries of the gravel area are said to extend along the flat for ont-

half mile, both east and west from the pit marked on the mai).

The material in the pit is over ^wo-thirds sand and about ,,>

per cent of the pebbles are of s.. Istone and shale. The pit,

which is 100 X 70 X 6 feet, is owned by Mr. J. McRoberts.

Deposits of gravel and saml lie in the bed of the Tliaiiu>

river at various points east of Chatham. Their location is

shown on the map. According to surveys made by Mr. W. ..

McGeorge, C.E.,of Chatham, in 1912. the deposits between th.

town of Chatham and Kent Bridge village lie under from 3 to 1 1

feet of water, and are from 6 inches to 8 feet thick. I he tnr. r

patches marked on the map together covered in 1912 an area <.t

145 acres of river bottom. The material shifts with every n%. r

flood The writer examined one pile of coarse sand which canir

from this part of the river. About one-f^fth of the deposit con-

sisted of pebbles between one-quarter and one-half inch, the nvi

was sand. The coarser portion consisted of about 70 per cent m .1 i

shale pebbles, about 10 per cent hard pebbles, and the n,-t

of limestone pebbles and shell fragments. The .sand and grav.l

are dredged from the river bottom by the hrms of ( .
and

1

Hadley and Capt. Crow of Chatham, with suction puinp>
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transported in srnws, and sold in Chatham and on the river

front below at about 05 cents per cubic yard. The material is

very soft and tine for road work, but like the gravels on the

Sydenham river it is of value because of its position in a district

practically devoid of road-making materials.

From Kent lirid^e up as far as Moraviantown ^'ravel has

been taken from the river bottom at a number of places. The

greater nimiber of thesi' gravel deposits lie near some bend in

the channel, a fact that is not brought out on the accompanying

map, on which the details of the cour-i of the channel are in

places wrongly shown. The deposits are small, seldom over

a few hinidred feet long and from a few inches to about 3 feet

deep. The material is generally fairly coarse and parts of it

may be practi'-ally free from sand. \earl\ two-thirds of the

pebbles ar<.' of limestone, shale and sandstone make up from 1.5

to 20 per cent, and the remainder is of hard pebbles. The

deposits are renewed from year to year by material washed

down by the ri\er.

A stretch of the river road south of the river from lots

2 to 6, Howard township, was surfaced .ind is maintained by

Mr. G. C. Williams from a gravel deposit in the river. This

road is scraped once or twice a year and the holes filled in as they

form. This stretch of road is in very good shape.

TII.IURV i;.\ST, KOMNl.V, .\M) K.M.I-KiU TOWNSHIPS.

The road metal deposits in these townships are contineil to

gravel deposits on or near the Lake Krie beach. A few scattered

occurrences of fiel<l-stone are shown on the map, but they arc

present in entirely too sm.ill (juantities to make them of practical

value in road building.

The gravel deposits .ire foimd upon the present Lake Krio

beach and in a long narrow gravel ri<lge lying j)arallel and \ery

close to the shore in Romney township. \ large ridge of gravel

lies in the southeast corner of Kaleigh, but as it forms jiart of

a long ridge which extends northeastward through Harwich

and Howard townships, it can more conveniently be described

under HarW'irh an<l Howard.
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Beach Gravel.

The beach gravel was seen at the point where the boundary

between Essex and Kent counties intersects the Erie shore.

From this place gravel is hauled for *'ie roads on both sides of

the line. It consists of 70 per cent of coarse sand and only

about 30 per cent gravel. The gravel is made up of about 60

per cent limestone, 15 ptM- cent hard pebbles, and 25 per cent

soft shale. The deposit is about M) feet wide, from a few inches

to 3 feet deep, and may be continuous for nearly a mile. Farther

east patches of gravel lie on the beach ; but the banks are from

40 to 80 feet high and the material has to be hoisted up with an

engine. Retween the county line and the east line of Raleigh

the beacli gravels were examined in two places. Near Port

Alma they proved to be of the same character as that of the

deposit just described. Close to the east end of Raleigh they

were of better quality, fully 50 per cent being composed of hard

pebbles and only about 15 per cent of soft shale.

Parts of the Talbot road for several miles on both sides of

the village of VVheatley have been surfaced with gravel from the

beach and the road on the whole was in good shape in the summer

of 1914, in spite of fairly hea\-y traffic. The beach gravel is

hauled for 10 miles and more into the townships to the north

and used in concrete work. It contains no weathered pebbles

and, therefore, tends to be durable and wear well.

Gravel Ridge in Romncy.

The ridge in Romney township is from 8 to 15 feet h'i;li

and from 100 to 300 feet wide for about 4 miles at its western

end. Flastward it gradually becomes lower and is partially

cut into by the shore cliffs until finally no pronounced ridge is

visible. The Talbot road follows the ridge all the way. On its

western end the road runs south of it but crosses to the north

about the middle of the ridge. Toward the western end of the

ridge the gravel is quite coarse and is composed of about 25 per

cent hard pebbles, 25 per cent soft, and 50 per cent limestone.

Toward the east it becomes finer, especially that part of it which

lies south of the Talbot road, and the pit on lot 187, some 2 miles
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from the east end of the deposit, is nearly all sand. In this pit

soft shales and sandstones make up 80 per cent of the deposit.

The gravel is weathered from 2 tf) 4 feet from the surface. The
portion of the Talbot road adjacent to this ridge has been sur-

faced with gravel taken from it and was in very good condition

in September 1914. The western end of the ridge is composed

of much better road gravel than the eastern end. It stands up
well on the Talbot road and would do even better on the lighter

travelled roads to the north of it. Renwick and Coatsworth

stations on the I'ere Martiuettc railway are within 2 miles of

the gravel.

Because h • <iht rise in the ground and the superior

drainage atiforu. . 's ridge has become the site of a great

many farm houses and tnere are buildings of some kind on it at

intervals of about 200 yards. This will tend to prevent the

excavation of much of this gravel.

HARWICH AND HOWARD TOWNSHIPS.

Numerous gravel deposits occur in the souther- portion

of these two townships.

Cedar Springs, Blenheim, Ridley, Morpeth Ridge.

A ridge of sand and gravel begins on the lake shore about

Ij miles southwest of Cedar Springs and continues with a few

interruptions through Blenheim, Ridley, and Morpeth to a point

near the Orford town line. Its length is nearly 18 miles with

a few interruptions where it is crossed by creeks. Near Blen-

heim it branches into two, but the .southern arm is only a few

miles long. The southwestern end of the ridge is a prominent

topographic feature rising some 30 feet over the plain, and is

from 200 to 700 yards in width. .Xt Blenheim it is still sharply

defined especially on its northwestern side, but east of Blenheim

the ridge widens out and passes into a broad area of irregular

clay ridges whose northern and southern ends are defined by

short steep slopes which fall to the plain on both sides of it.

The gravel itself lies in a narrow ridge along the southern edge

of this hilly area. A few miles to the east of Morpeth it runs
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into the southern edge of a series of clay hills and the best gravel

ends there, although two narrow ridges of sand, with gravel in

them, which pass through and south of Palmyra, are continu-

ations of the same deposit.

The character of the material in a ridge of this size can

only be imperfectly estimated from an examination of the ex-

cavations in it. The southwesterly exti ''mity appears to become

very sandy. Near Cedar Springs the gravel is coarse, there

are great quantities of it, and it appears to be of good ciuality.

At Blenheim it seems to be sandy and of poor quality especially

in the southerly branch of the ridge. At the cemetery east of

Blenheim the gravel is sandy and not of very good quality.

From this point to the large pits east of Morpeth there are few

openings in the ridge.

The deposit near the main pit at Morpeth, No. U, is irregu-

lar in shape and forms the southern face of extensive clay hills.

The gravel from this pit is considered the best road material

in the neighbourhood.

The road between Cedar Springs and a point one mile

east of Blenheim, which is surfaced in part with gravel from this

ridge, was in poor shape during the summer of 1914. This is

due in part to poor maintenance; but the composition of the

gravel near Blenheim indicates that it is not durable enough

for the heavy traffic which passes over the road; the material

at Cedar Springs should do much better.

From the cemetery east of Blenheim to Ridley the tratiie

is lighter, although a great many automobiles pass over it, and

this stretch of road is on the whole in good condition. In this

stretch the road lies for the most part on the gravel ridge, it

is surfaced from pits along the ridge and kept scraped witli

split-log drags. The condition of various parts of this stretch

varies apparently according to the care with which it is main-

tained. The Talbot road from a mile or so west of Morpeth

to near Palmyra is surfaced with gravel from pit 11. Practically

all of it is in good shape; parts of it are in very good shape

The traffic over this part of the road is light. The gravel from

pit 11 has been used on one small stretch of the main street in

Ridgetown with satisfactory results. The results of physical
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tests upon two gravel samples from this ridge a^e given f)n

page 117.

All the pits appear to have been dug by hand. Those

at Cedar Springs (I'latc VI A) and Blenheim are either iliret tly

connected with or are not far from railway lines. The nearest

railway station to the pits near Morpeth is at Rid^elown 6

miles away.

The amount of gravel available is, of course, \ery large,

but it varies greatly in quality and in fineness. At ("edar Springs

the gravel is from 20 to .^.S feet deep (Plates \T .\ and U) for a

width of about 200 yards on the main ridge, but it continues

to the nearby plain although it is much thinner there. In and

near Blenheim the maximum depth of the gravel is from 1.S to

17 feet, at Ridley about 14, and just west of Morpeth about 12.

At the big pit east of Morpeth, Xo. 11 (Plate VII) the gravel

is in places 60 feet deep. On the farm of Mr. James Mcl.arty

acre-;:- 'he Talbot road from the pit, about 6 to 8 acres of the hill

is underlain by from 50 to 60 feet of gravel; and to a point

600 yards south of tlie road, there is from 5 to 10 feet of gravel

under the plain, at the foot of the hill.

A conservative estimat*' ' he amount of gravel on this

farm places it at 950,000 cubi 's. The total amount under-

lying the higher part of the depr :n this neighbourhood must

be several million cubic yards. 1 2 miles from the eastern

end the deposit is only a few feet thick and is sandy.

The following tal)le gives details of excavations and gra\els

in the ridge:
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Ridgetown Deposit.

An irregular ridge-like deposit of sand and gravel lies on

the northen edge of the clay hills. It begins just south of VVilkie

station in Har\vi<h township and extends northeastward through

the village of Kidgetown, to a point about 1} miles from Highgatt-

in Orford township. It may conveniently be referred to as the

Ridgetown deposit. The details of the excavations examiiuil

are given in the following table. The area as mapped broadens

out to the east of Ridgetown. Near the Orford line, it contains

gravel in the hills only and clay is likely to crop out in the low

places. The gravel in this ridge is sandy, weathered down

2 to 6 feet and carries a large percentage of hale pebbles. The

depth . the deposit ranges from about 10 to 18 feet and the

amount available is large. Except in a few places the gravel

is of poor quality. It should cement well in a gravel road,

but will wear out quickly.

Minor Areas South of Ridgetoivn Deposit.

More than a dozen small patches of sand and gravel arc

mapped between the two large deposits in Harwich and Howard

townships. Three of them are in Harwich, concessions VI

and VII near the Howard line. The one in concession VII is

li miles long and 5 to 9 feet deep. All three are very sandy.

Several patches of gravelly soil are mapped in concession

XII of Howard. The easterly three areas lying three-quarters

of a mile north of Ridley appear to be shallow. The two in

lots 4 and 5 arc said to be U feet deep in places and appear to

contain a large proportion of hard pebbles. The boundaries

of the large patch in lots 6, 7, and 8 are sketched partly accordiii,'

to information supplied by J. R. Serson, the former owiur

of one section (^f the deposit. A gas well driven near the nuddle

of this lar-e deposit is said to have encounti'red 44 feet of gravel.

Three pits within this patch were examined, and the gravels

in them differ in (juality. The one shown on the map, iK.ir

the middle of the deposit, appeared to be made up of nearly

one-third durable pebbl.s, while the other two pits carry a lart;cr

quantity of shale and soft pebbles. The amount of sand al-)
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varii'satnl I lie tiravi'l pa-st^ Literally intoila\' mar I lie iM.imdaritH

of thf (li'p()>ils. The r<M(l pa>sink; ovrr this (lt|xi^it -.iiiitii nf

roruvssion Xll is Mirf.ui'd vvilli this material and is in m><id

eonditioii.

Three sm.ill patilies of ^rasel ai)|H'ar nn the map north of

the are.i jiist desirihed .ind hetween it and the Ui<lKetu\vn gravel

lid^e. 'I'hiy raPKe in masimum ilcpth from (> to 10 feet. The

^jravel is very ^.illdy in all three i ,isc^ .md weathered tu a dipth

of 6 feet in one placi'. The yraNil in the pit mi h it 1 2. < i>nee>-.i(]ii

XI, cont.lins 15 per eeiil hard pelihtes, 50 pir rent liiiiestoii.',

and .^0 per cent soft pehhK:- iiu hiding shales.

MiGrc'^or Cnrk Ih-jiosit.

A small de|)osit lies north of Mi(",re^or <Teek in ciini is>ions

XII an<l XIII, lots 15 and If), llarwii li. A [.it 500 X -KHIX S In

12 feet is excavati'd in it. The matiTial v.iriirs from <i>,irse vand

to houldiTs. The pelihtes are i iri;ely limisictn- with some >iiale

and h.ird material. An o\erluinli>n of fioiu 1 to 1 Ictt lie- omt
it at the pit. Messrs. R. Adam>, J. F. Jordan, .ind D. Johnxin

own land on thi- depo^it. The i;ia\el N.iries ^;riatl\- in dei)th,

Imt ha- lieeii provm l<> 14 and 16 feet on the north and east

>i les of the pit.

Rovilraii Park.

A sandy ^;ra\el may l>e olnaiiud trom tlu' l.,n;e laie Iie.ich

.It Rondeaii par!;. riie deposit w.is from 5 to 10 lei t wide

in September l')14. and from 2 imhes to as m.in\- feel thick.

It is renewed periodir.illy liy the w,i\t's and < urniil- ol the lake.

The ifelibles ,ire .ippr"\im,ilel\ .>5 per cent hard igneous rock,

!5 per cent limestone, and 20 per cent soft shale and sandstone.

The liest j^ravel road seen in Kent .ind llssex c<iiiiilii> is ili.it

running north for one mile from the park luiildini;.-. It is s.iid

to consist of a clay course on the orii;inal sand lotiiidation with

.1 lop dressing of gravel anil to have been resurf.u ed in 1911.

The trathc over it is light and it was in splendid condition in l'>14.

The e.xact locality from which this gravel was derived was not

ascertained.
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Fuld-Stnnr.

(Venn, ill- of ruKI-iciif .in 4i.mii on the map n' ' ili'

viUaKc "f lU.il-ini and (.11 ttu' l.ikr Inmt . ,ist of MnriHili.

llR. urn -. nortlnvi^t of the nilluay at Mlcnhcim do 11 -!

i„ I. ,an a few luiiiilnil ml>i>' >.ir(ls all icM. Ill'/

,,, 11 Hcurri'iin'- -iiiitlirast of tlu- town.

^, M'tli and ilic town liiii' si'vcral huiidnd

anio lit

sani<'

i uiiii" \.

di'posit

fuld-^li

.i

I- win- seen lyiiis; i \>»v to llif ura\ i ai

Uvr lot^. It i- po^*illU ill. it •f-'fi' i'' "I'

,,t ilv Cid.ir Splines Morp ih ridKC.

Ai.

and cro>

railway

..,, 11)\VN>1I1I'.

Diiurt Kidi^c.

narr ' and ^;ra\fl ^i(i^;- passi-s throiiK'i I'uar;

s liii- ...untv 'nf just south t.i the Mk-hi«an Cintr..!

iai.«c.v Thf rid^.- is > irn.w and UMially wdl ditined at"! the

n'ravtlin it from 10 t.. 'n f»vt dtrp. Tiie mati-rial i. vry

sandv ihrouyhout and in ihr pit west of Duart it is woatlurul

to a deptii of about .S firt. It is nut a very dur.il.U- sravit.

A ...upU' of pits have hfcn opened on the county line iti

two ridses which be«in just north of the one descrilu-d .in.)

iontinue to the northeast into Illk-in county. This m.itcri.i!

is weathered to 3 feet, carries about 20 p<r cent of hard pebM.-,

and is thoroughly coated with lime carbonate. The pits ,,rc

Ions; and narrow, one belongs to Al(lbor..us;h township and ih.

other probably to the Pere Martjuette railway.

Iliiihi^ate Deposit.

A depo.it of s,.nd and jjravel some 1] miles Ions and tn ii.l!:v4

in a norlhwesl.rlv directi.m lio just K. the south ol tlu^ vill„.r

of Hi^;hs;ate. The boundaries of this deposit are only apinoM-

mately lo.ated on the m.ip. Two pit> ha%i' been open, d and liuy

indicate that the Rravel passes into sand toward the bound.irM-

of the <leposit. Sand hills lie to the m.rth of the ana. 1
i.

northwesn.lv pit on the farm of Mr. I. W. Ward api>ear. u>

lie on the southeasterly side of a gravel core which p.isse. into
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sand <>n its mitiT idm-. Tin- [Hhldts in tlii- pit aro ,i\»n\t 5l)

pt-r rent sliali', 20 p»T criit hard inninti-. piliMi-,, ,iiid M) per

an I limi>ii)iif, ll^ >i/v i-> MH) X 150 X •> iVct. In tlu' soiith-

wi'sttTly pit llu- Kravfl i> oM'rlaiii ' \ J fitt (if >and in plan-i

md its iH)|HT I'fW fi'it cnniaifi a i;r( at dial nl day 'I"hr rnaliri.il

;- of iMMir (|iiality.

I'lirvf (lr|Hi>iis art- mapped jiNl wc-t nf Mnirlcirk. I'iiiir

liiiuiidarics art' liased on the limits nf i;ra\i'llv soil cxpd-iil, lor

iiiily oni' i'X( .i\atii>n wa'- «(i-n. In thi> tiic ura\rl carrio alu.ut

50 |« r ifnt of >ii.ili' pfl)li|i> .ind i> wcaliurrd lo from 2 to 4 l< it.

1 lu- >i/v of tills (.it i, 2')(l X 150 X 5 lo 12 f.'ct. A gravel rid^e

is mapp«'d orif-h.df niiU' nortiioast of Muir kirk. It is >andy,

and farltuT in that direction there are plenty of s.md ridms,

C.r.ivel is found in the higher ridiijes within two niap[)t'd

areas whioh lie alxint onedialf mile nortli of Hi;.;lii;atc, Imt

the depth or rharacter of the material wa» not discovered.

Clachan Gravels.

A liroad flat area of Rravel extends nearly south of C'Ia< ban
post-oftice for about .? miles and apparently passes to the north

ami east into Klgin county. As in other of the deposits in this

neif;hl)ourh(KKl the boundaries could be drawn in an approxi-

mate manner only. This area is sometimes spoken of as the

gravel plaitis. A fairly larije pit, N(j. 2?>, has been (([K'ned on

the road between concessions IX and X a litlU' over one mile

south of Clachan. Its size is 400 X 2(K) X 10 feet. 'l\\ gravel

is well sorted, and the pebbles vary from a cuarse and to 2

inchi -. It is weathered to a depth of 8 feet and is thickly

coaled with lime carl«)n.i!e so that the character of the jn-bbles

could not be determined. In a pit in the same deposit. I)ut

lying in Klgin c-ounty within one mile of Clachan, the proportion

(if hard pebbles is about one-filth of the whole. The gravel

from pit Xo. 23 has been used on the county line ro-id

which passes to Clachan, and appears to wear away rapidh ,

The results of laboratory tests m.ade upon the gra\oi

Irom pit 23 are given in the table on page 117. The
physical tests indicate that the wearing quality of the ^;ravel
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is very ix.or. Tin- gravel deposit appears to vary from 10 to 1

H

feet in depth over this area and averages about 12 to 14 feet.

There is a large quantity available.

Minor Deposits in Orford.

A narrow ridge of san.ly gravel 21 miles long passes thro,„l,

the village of Palmyra. The gravel is only 2 to 3 feet thick an,!

is practically valueless.
, - , i

A small deposit of san.ly gravel lies m lots 4 an.l ... 2 n,„.

.

northeast of I'almyra. It is very sandy and does not look

promising for road purposes.
. • ,• •

A deposit is found just east of the township hnc •"'<'""-

sion IV. Forty acres of this is on th. farm of Mr. A. ( ..Hand, r,

Hiuheite P.O. There is about 12 feet of gravel and, wlu a-

ex,M,:ed at th<. surface, the upper 6 fe.-t is badly weatlur.-i.

In places just north of the boun,lary marked on the n.ap ...

gravel is overlain by 1« feet of sand. The pebblesarelaru.lv

limestone an<l are thickly coated with lime carbonat.-.

A deposit of gravel 4 to 6 feet thi.k lies under an oN,r.

burden of dav and sand on the south bank of the 1
luim-

river a few miles east of Thamesville. From the t..wn Inu'

rist to lot 3 an.l for one-ludf mile south of the nver, gravel ,.

found within 10 feet of the surface.
^V-'Tr/f'"! '/",,!

v

south. Only one excavation was seen and m that 4 ec. o >. n,K

eravel was overlain by an overbur.len of sand 6 feet tln.k.

A pit li miles northeast of Moraviantown contams sat.lv

gravel with linustone and shale pebbles. This gravel .elN

at \?' cents per cubic yard.

licarh Gravel.

The Erie shore in Orfonl township consists of peri" .i<li, ulir

Clay banks, s,. that the gravel is available in a (c-w ..l^a's .mlv^

One of these is south of Clearville where the .lepos.t .s al.o,

500 X 1 =; X 3 feet in size, but is renewed periodically by the « .i>ii

Of the waves. Thi^ material contains 2,S per cent hard i^'neou--

pebbles atid the rest is cc,ually divide.l between imestone and

soft pebbles. The beach gravel is, as usual, clean and w.ll

rounded.
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Field-Stone.

Aliout 600 cubic yards of ficlci-stonc was seen in an area

of about 300 acres, 1 mile west ami north of Clearville. There

is more stone in the ininietliate neighbourhood, but none was

recorded from other parts of the township.





PART V.

ROAD MATERIALS ALONGTHE NORTH SHORE
OF LAKE ONTARIO BETWEEN PORT HOPE

AND HAMILTON.
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Part V.

Road Materials Along the North Shore
of Lake Ontario between Port Hope and

Hamilton.

INTRODUCTION.

The followiriR section deals principally with thv road-

n>aking (|iialities of a scries of deposits of gra\cl and sand which

lie in a belt from 1 to 7 miles wide ..lnnj; the north -hore of Lake

Ontario. To the description of these gravels ha^- been added

an account of the bedrock occurring near the gravel depu-its,

and of such outside occurrences of stone as might be considered

practically available for ruad-making in the immediate neigh-

bourhood of the lake.

The field work on the gravel and sand deposits was done

in the summer of 1914 by Mr. J. K. Knox under the direction

of the writer. Mr. Knox's work was done in a most pains-

taking and thorough manner. Laboratory tests uixjn grasel

and stone sainptcd by the writer and Mr. Knox were made by

Mr. Cj. C. Parker, Assistant Engineer, in the Office of the Com-

missioner of Highways of Ontario.

The field work covered a belt about 1,^0 miks long and from

1 to 7 miles wide, extending from Trenton to Hamilton and from

the lake shore north to an old lake beach-line. The information

upon about .?6 miles of this, the section lying bitween

Trenton and Port Hope, is not pui)lishi'd in this report, but is

available at the office of the (ieologicil Siit\e\ .

TOPOGRAPHY AND GEOLOGY.

The main belt of the sand and gravel deposits torms part

of tlie beach-line of an ancient lake which has been named
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Lake Iroquois. The beach-line approaches the present shore

of Lake Ontario in places and in others lies 7 miles from it.

At Hamilton the top of the gravel on the old beach is 116 fitt

above the Lake Ontario level.' It increases in elevation to the

east and at Port Hope, where it is 7 miles from the lake, thi- top

of certain gravel bars on it lies more than .?0() feet above tin-

water of Lake Ontario. The beach-line is marked by a seri.-^

of bluffs cut in the clay hills (Plate VIII A). It is ver>' windinp,

with numerous small embayments where streams cross it, A

bar of sand and gravel lies across, or partly across the nioutl,

of every one of the embayments. The bars are up to ^ mile- in

length and usually from 50 to 100 yards wide, although a fiw

are more than 500 yards across. Their tops are from 10 to

30 feet over the country to the south of them (Plate VIIl Hi.

Their southern slopes are usually gentle and the northern,

although they may not descend so far, are usually more abni!)t

(Plate IX A). Occasionally the ridges branch into two witli

a low depression between them and at times they give off brandies

or hooks to the north and south.

Lakeward from the old shore-line is a more or less Hit

terrace which slopes gently toward Lake Ontario. The shore

of the present lake is in many places a wave-cut cliff of boulder

clay and in others it is flat and swampy.

As a rule, gravel bars on the old beach-line are distinctly

stratified (Plates IX A, X B). The different strata or bo.ls ,i.e

made of pebbles of different sizes (Plate IX B). These beds

are elongate in the direction of the bar and narrow laterally.

They often dip toward the old shore, but not invariably, .in<l

their direction of dip is so irregular that one can h.irdly stat. ,i

set rule with regard to it. The irregular way in which bcN

of varying sizes lie over one another has given rise to great

variation in the proportions of sand and gravel, found in different

parts of the deposits.

Brooks cut across many of the bars and wash the gravel

downstream. The load of gravel and sand acquired from the

bars is in time laid down by the streams at bends in their cliaii-

• IroQUoia beach in Ontario": Bull. Geol. Soc. Am.. Tol. rr. June.
> Coleman, A. P.,

1904, pp. 347-368.
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iicls, and other pl.uc-* wlun' ihc curnnt slows down, to form

deposits of valli'V Kri^vcl. The valley gravels have Ween ex()loiieii

for road purposes in many places, but are ^enirally of small extent.

The Hat terrace in front of th»' old shf)re-line, il one may

judge from a similar terrace in the present lake, has been formed

by the cuttinR action of waves. Many lar^e boulders or field-

stones, too heavy to be carried away by the \v.i\e action, are

strewn over the terrace. They re|>resent the remains of the hills

of (glacial boulder clay which slofnl on the site of the present

terrace. In low places on this terrace, small deposits of gravel

are found, probably swept in there by the waves ol the old lake.

Other deposits, associated with hills of clay on the terrace,

probably owe their oriijin to ice as well as water action.

The underlying bedrock over the greater part of thi> belt

is covered !>> defK)sits of boulder clay, sand, and nr.ivel, but

outcrops are found in certain places, sometimes in the beds of

streams and occasionally \n cliffs along the lake shore. I'or

12 or \3 miles west of Port Hope, and many miles e.ist of it,

the underlying rock is the Trenton formation. From the neigh-

bourhood of Newcastle to Pickering township the underlying

formation is the I'tica shale. The Lorraine formation underlies

the belt from I'ickering township west to the Credit river.

From the Credit river westward to the Niag.ira escarpment,

north of Hamilton, the unconsolidated clay, sand, and gr.ivel

is underlain for many miles northward from the lake shore by

the (Jueenston or upper part of th(' Richmond formation and by

the Cataract, a member of the Medina. The Niagar.i e.sc.irp-

ment near Hamilton consists of formafions ranging from Queens-

ton at the bottom through Cataract, Medina, Clinton, Rochester,

and l.ockport. All of the>e formations are of Paheozoic age.

Their lithology is described more fully imder "1 )ei>o--its of Stone"

pages 200 to 216. The bedrock is all of sedimentary origin

and the different beds lie tiat or dip at low angles.

DEPOSITS OF GRAVEL AND SAM).

cii.vR.xcTKR or riii: i.R.wi i.s.

The results of the examinations of exposures of sand and

gravel in the various deposits between Port Hope and Hamilton



144

arc- sunimari/A-.l in tin- lal.U- -n pa^.s 150 to U,7, In n.arly ,,11

111.- bars alonu thi- nUi l.i-a.h-lint-, <.n.- <.r x-vj-ral j
ts an.l r..,„|

luttinv;-^ w.ro availal.li- for examination, hut th.- ixposod porlLm

„|- tin- ^;ra\vls Inrnis in t-vrry ra^.- a very ^niall part of llu- .Ui.n~,t

in whirh tluv an- f(.un(l. In tin- rut- rxan.ine.l t-timatrs w.iv

ma.it- of tin- i-roport ions of -ami. Kr.ut-l, .iml hould.r- pr.-.ni

ami of tin- i.m.i'o-ition of tin- pi-l.l.ifs in tin- nr.iv.-liy portion

No .uvount w.is taken of tht- composition of the v.iailicn ,|

portion of tlu- .li-ix.sits. Tlu- %v.-atlu-n-.i portion cont.iin-

numiroiis impnritii-s m.t foun.l in tin- rest of the .Icposit
;

it

is never more ti.an a few feet titiek. neneraiiy less titan 2 li. i,

and should ahv.iys l)e removed l)efore qiiarryinj; the Rrawl,

a, it is of inferior (|iialitv for road purposes.

The proportion of sand and gravel varies greatly Irom poiin

to iK,i..t i.t pr.utieally all the .iei^.sits and the estimat.on m

^i„.s i. nut of verv ure.it v.iiiK-. The comiiosition of th.- pel>lil.-

is mon- constant ..mi it is thought that where the proportion-

hu.- iK-en det.-rmin.-.i in two or three pits in one bar an .iv.-r.ur

of the romi>ositi"n of th.- pits will .-orresiM.nd to that ot tlu- 1 ,n

,s a whole. Fii-l.i .-stimates are ne.essanly approx.m.tr,

but it is thought that the composition of the gravel has l.eeii

calculated within the limhs of a possible error of 10 per .;ent.

In the table on page 148 the results of laboratory tests made

upon three samples of gravel within this area are pla.-e.l s.,1.-

l,v sid with the field observations and the results nf tlie teMs

upon gravel from the lr.K,uois beach-line in Northuml)erl,,n.i

countv a few miles east of Port Hope have also been add.-.!.

A comparison ..f the two tables pages 1.^0 to 167 an.i p.iur

148 ilfords a basis for the following general estimate of tin

variation in character an.l <iuality of the gravels along iIk- M
beach-line:

(jravel can be used in road-making either as a surface lor

gravel maca<lam roads or in the construction of concrete road-.

Their Value "^ Macadam Gravels.

A good gravel for gravel macadam n.ad shoul.l compirf

roa.lily into a solid impervious mass under the action ol tlie n.ll.r

and of traffic and should wear well in the road bed.
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Cementing Value. The probalik- al)ility of a urivtl to

cement together in a road hod is indicated by the diRne to which

the mass is cemented together in the deposit itMll", .ind a roiiuh

measure of that is obtained l>y the lenKth of time in wiiiih a

newly cut vertical or overh.mninK wall of gravel in a pit will

stand up without colla|»inn. The uravel is cemente.l together

in the deposit by clay and by >olntions which filter through it

and deposit carbonate of lime and other substances on the pebbles

and in the voids between them.

In the table on pajje US the results of laboratory tests upon

five Kf-'^cls are shown. Their (cmentinn values are. except in

the case of the first one. all fairly hijjh. and in all. except the tir>t

one, clay or lime carlnmate coatins was detected in the deposit

(luring the field examination. The t.ible shows that where lime

carbonate is abund.mt the cementing; values are hinh even when

clay is absent.

In gravels which lie at the surface, as these considered here

do, die amount of lime in the solutions which filter down and

compact them tojiether will (Upend p.irtly on tin anunini !)l

limestone present, and also on the solubility of the type of

limestone of which they are composed.

The |)ercc^t,l^;e of limestone in the nravel> between Port

Hope and H.imilton is uniformly hinh. averaKin^ about 70 [xr

cent, ;>nd eastward from fort IIoi)e to Trenton the |«Ti-ent.iL;c

i- higher. Thi' amount of time carbonate co.itin^;, which indi-

cates the solubility of ihi' rock, and thecla\ content, v,ir\
.

I'.oth

of tluin r.re rare in the jjravels east of Toronto; .md cl.iy i- l.uuid

only in a few places and in small amount in the beach i;r.ivels.

except f)etween the towns of ( Kikville and IJurliuKton, ne.ir

Ifamilton, where the snivels contain con-ider.dile cl.iy. I.inie

carbonate is difficult to detect in the field when present in small

amount. Because of the hii;h [)ercent.i«e of linie>tone iiresent,

the wvid-r believes th.it the gravels, aloni; the belt of deposits

e\.iinine.l, wilt generally be found to h.ive higher cenuiitinR

v.ilues ih.m the field estimates in the table panes 1.^0 to 1(>7

would indicate.

Durability. The t;ibie on page US indicates that the

percentage of wear, as found in the laboratory, is not dependent
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on tho aniDimt of liim-stoni- pn-st-nt Imt varies arrordinn to tlu

proiM)rtifm of soft ih-'.-oU's in the Kr-'vls- Thf limcstoms v.uv

in tou«liiK>s .uul h.ininos from pl.ui' to piaii'.hiit it is diftu ult

to makf satisfactory tu-ld otiniatfs of siiih variations. Siarc

at It-ast oiu'-tliir«l of thf various (ie|H)sits con-isi- of -and, wliiili

wears to dii-t mori- t-asily tlian roarsir niatirial of ih< -,inu

c-omi)osition. and the laiw.ratory tots for wear Wfri- niadi- .n

tin- coar^M-r materials only, the gravels will in nener.d be -om,-

what less durable than indieated by the laboratory tests. Hi'

gravels between Port Hope and Toronto are unite uniform in

conipo-iti'.n with an average content of; limestone 70 to Sn,

hard pebbles 20 t<i M), and soft pebbles to 10 per <<nl

Their wearing (pialities should resembU- that of the first thro-

samples in the table on page 148, that is they should \w fairly

diirable. From Toronto as f.ir as Krindale the pr()|x.rtion of ^..ft

jHbbles is still low and the hard |)ebbles in some of the pits

range over 30 per cent. They should approach sample 117,

which is from a pit near Summerville west of Toronto, in dura-

bility. From O.ikville to Burlington the amount of soft material

is high and the gravels are of poor wearing quality. The bar

lying in the city of Hamilton carries a low percentage of soft

pebbles, but that directly north and across the bay from the

city is of less durable material.

Observations on gravel macadam roads constructe<i of these

gravels showed that they nearly always gave satisfactory results

when subiecte<l to light country traffic except in certain ca^es

where the proiwrtion of soft pebbles ranged over 30 iier cent.

A few roads subjccte<l to medium traffic have stood up for 2 or

3 years; such a one is the road from Frindale to C(K)ksville.

Where the gravels are subjected to fairly heavy traffic, as in

parts of the Toronto-Kingston road, they do not give sati>-

factory results when simply waterbound.

Concrete Road Gravel.

The gravel and sand used in concrete roads should be

durable, free from impurities, and properly sized. The durability

of the gravels is discussetl in the paragraph preceding this.
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The im|>iiriti» -. whiih must In- t.ikin .uiuiiiit of an- clay,

coatings of lime r.irlHin.ito, ir«>n oxiilo, ami organic matter.

The nra\fl^ are rem.irkahh fret- from impiiriiies a^ is iiuliraied

ill the talile on |)an<> 151) to Id,". Certain (!eiM»its do cont.iin

linth clay and lime (-arl)oiiate in almiidarice and thev are not

Titled for first-. I.iss concrete con-triictinii

The aflvantas;e of iisin,; k'-'vi-I and »an<l in wh';li the pro-

portions of the N.irious sizes of particU-s present shall Ih- such

;i- to n'wi' the lust result in comrete work h.is l>een discusx-d in

Part I, paj;es ,U, .^5. The tield ex.iniination of thesi> de|><)sits

shows that they vary ureatly from [)lace to plaie in tin- pro-

IKjrtions of the various, sizes of particles present. In the con-

struction of a concrete road from this material, therefore, it will

always be found ath isable to si reen the pit-pnKlui t to the

required sizes. The ' leanness and k(mk1 we.iriiiK <|uality of a

great number of these deposits indicate that they are kimkI

m.iterials for concrete road work. Fit No. 50 near (Jshawa has

furnisheil the agnrfKi't^^' f'"" ^ concrete road in that town. This

road is subjected to fairly heavy traffic and was in good condition

in Xoveniber, 1914, three years after iti construction.
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COMMERCIAL DEVELOPMENT OF THE GRAVELS.

Information obtained in the field upon the commercial

development of the deposits is summarized in the table on

pages 170 to 199. The numbers generally refer to pits, occasion-

ally when no pits are present, to deposits. The information

upon each deposit has been grouped together between horizontal

lines, except in certain cases, where the manner of grouping has

been indicated in the last column of the table.

Location. With the location and names of the owners of

pits, are placed the location and names of owners of other parts

of the deposits, wherever such information could be obtained.

The pits have been numbered on the maps to correspond to the

numbers in the tables.
. t u

Development. A rough estimate has been made of the

amount of material removed from the different pits and of the

probable extent of the deposits in which the pits occur. In each

case the linear dimensions upon which the calculations are based

arp stated as well as the total volume removed. The hori-

zontal dimensions of pits and deposits have been obtained by-

pacing and the depths of the pits by estimation. The depths of

the deposits have been estimated from all available data obtain-

able from pits, well records, etc. The data so obtained are in

most cases extremely ^„oanty and unsatisfactory. The sizes of

the pits as given are only approximate because of the methods

used in their determination.

The scant data obtainable regarding the depths of the

deposits makes the calculations oi their volume of ever, less

value, but in spite of the approximate nature of the data given,

it is believed that the information will be of value in affording

a rough means of comparing the relative sizes of the deposits.

The larger pits have been dug by the railway companies

and used for ballast on their lines while the smaller pits have been

opened by private companies and individuals, who have used

the gravels for concrete construction and for the surfacing ot

gravel roads. Cement-brick and cement tiles are made from the

sand in one or two places, and some of the fine sand near Toronto

is used for building purposes. One or two screening plants are
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in operation and one or two companies other than the railway*
use mechanical devices for excavation, but the larger numl)er
of pits are excavated by hand and the material used unscreened.

Future Development. The amount of material available
runs into many millions of cubic yards. The gravels generally
lie at slight elevations over the immediately surrounding country
and good working faces can be obtained without going below
the ground-water level. There is generally also a railway
within 1 or 2 miles of the deposit and spurs can in almost all
cases be run to the rhposit without great expense. Before
extensive dev iopment of these gravel and sand bars is attempted
it is necessrry that they be thoroughly prospected with augers
or test pits. The importance of such preliminary prospecting
work cannot be too strongly urged, not only in order to obtain
an estimate of the volume available, but much more for the sake
of determining the relative volumes of sand and gravel in the
deposits. The proportions vary from one deposit to the next
and since the demand for. and prices of. coarse and fine aggregate
may vary widely, a knowledge of the relative amounts present
is of great importance.

Transportation. The distance of the deposits from nearby
railway lines can be ascertained in part from the map. The
Canadian Pacific Railway line between Port Hope and Toronto
IS not. however, on the map and this line in its course approaches
one or two large deposits and may be utilized for shipping pur-
poses. The Canadian Northern follows the beach-line closely
all the way from near Port Hope to the Rouge river and it is the
logical avenue of transp^ • *' « gravels in that section of the
belt. The Grand TrunI lows the Lake Ontario beach
closely betweei these V V ; md it is usually several miles
away from the gravels. \

;

.n end of the city of Toronto
the Grand Trunk railwa across a large bar of sand and
gravel and large quantities of sand have been shipped over that
railway from pits in the bar. From Toronto west to Erindale
a branch of the Canadian Pacific lies within a few miles of the
larger deposits. From Oakville west to Hamilton the Grand
Trunk railway is close to the deposits and cuts through some
of them.
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DEPOSITS OF STOSE.

STONE UNUERLYING THE AREA.

The fcrmatioHH un.UrlyinK th- district aU.nK tho n..rth

«hon. .K-t..n Tn..U..n and Hamilton an-, .n -•'-';:;;'

to west, the TnnU.n. Itica. l.orra.nc. Uucon.t, n. and < -"^"^ '^^^

Thlir approximate. U.un.larie. are the Trenton from cast of I or.

ineir apiH" 'AM
it»;,„, f-„m Piker nu township

Ho,h; to IMckerinK township. I tua from ^''^''"\

,.,'„,. Rou.e river. Lorraine ..etw.^n "- '^''"^V.;'" .;/;^
rivers, and (Jueenston and Cataract from the ( redit r.Ncr wet

to Hamilton.
,

Nc, section of the Trenton was obtained. I h.. upixr 1h

of tlil formation are exposed near Oshawa -d H..wma.vd^

and are thouKht to be rather soft limestones. The '^ »'
-^^

'

«r;!rltt .,' U.»een P.,n Ho^ and Ton.n.o. in

the course of this work.

From Toronto west to the Credit river the uncUrlyinK

rocks of the Lorraine formation are exposed tn a numlH..r o

pi cs The formation consists of «rey shales with .nU-H>ecU^d

layers of sandy limestone or calcareous sandstone. The san.l

stones are sc-ldom over a foot thick and form a small propc^rtion

of the formation. The result of a test made u,K,n stone c,uarried

a ?he shale pit of the Ontario National Brick Company n

Toronto township. Feel county, pit 128. is ,.ven on pa e m>

and it shows that the stone is of excellent

;--«J '^^.

The quantity available in any one placre is not. howexcr. large

enough to make it of importance for road-making stone.

The outcrops of the Queenston and Cataract formations

which le between the Credit river and Hamiltc,n. cons,to

red and green shales with a few thin shaly -n^^^one. The.e

outcrops cannot be looked upon as sources of road- tone.

The chances of obtaining an adequate supply of stone from

the rock underlying the area examined are. therefore, small.
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FIEIJJSTONE.

Lar^i- roundtfl iMJiilders of Klacial origin are found on the

wavi-cut ttrraic whidi lif«t l)t'tw»en the old Lake lro(]uois

beaih-line and the prtsi-nt shore of l,ake Ontari

S)me of the l(H-aiities, where nurh stone is pres«»nt in fairly

large (|uantities, have In-en indi< atrd on the map. No attempt
was made to >ee and map all the field-stone present ami there isi

undoubtedly more stone to Ih; had than was examined in the

rourse of this work. The stone is matle up very larntly of

boulders derived from hard rmk and if such stone is rrushi-d

and if proper binding material is added to it, it often makes an
excellent mad. Infortunately, there are very few localities in

the area exaniine<l where stone is present in sufficient amount
within a few miles of any particular road to make the use of it

in roadwork [)ractical)le. That is to say the buildinn of a road

say to miles long, in any one locality, of crushed tield-stone,

would require that the bulk of the stone be hauled for very long

distances.

In Durham county field-stone was si-rn in concessions IV
and V of Hope, in concessions III and IV' of Clarke, and in

concession II of Darlington townships. The amount of stone

lying within one-f|uarter mile on either side of the lines of stone

marked on the map at these various points, is probably less than

1,0()0 cubic yards in all cases.

In Ontario county there is al)out .S(K) cubic yards of stone

within one-half tnile of the \illage of Kinsale in Pickering town-

ship. In the other localities in this county which are shown on
the map there is less stone. From Ontario county west to the

city of Hamilton there are scattered occurrences of bouklers

within the map-area, but they have been uswl for local building

I)urp<)ses and were nowhere seen in rjuantities sufficient to justify

their exploitation for roadwork.

OUTSIDE SOURCES OF SUPPLY.

Among the sources of supply of crushed stone, which are

available for the area exanunetl, are the limestone quarries at

Hagersvillc, certain quarries and deposits along the Niagara
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..scirnmei -'f "oi^ Anne quarries at Belleville, and trap

quarries at.
' -^^ nd on the north shore of Lake Huron.

CHARACTER AND QUALITY OF THE STONE.

In order to compare the rock derived from the various

quarries the results of tests made upon them are placed together

in the table following, pages 204 to 206.
,•„.,.

The quarry of the Canada Crushed Stone Corporation at

Dundas was sampled by the writer and the results of the tests

made upon the five samples from this quarry are mstruct.ve,

Z that they may serve to interpret the results of tests made

upon stone from other localities. The quarry is about 50 feet

deep and 1 ,400 long by 300 to 500 feet wide. Five samples u
t

e

Sen as nearly equi-distant along the face as the sheer wal^

would permit. The main part of each sample was taken from

The quarry floor to the top of the wall by breakmg off small

chips at nearly equal intervals up the face. Smce the beds he

flat this gave a sample representative of all the bed., at that pomt.

The blocks which were selected for the toughness and hard-

ness tests, were taken from a different bed m each of the five

samples, the beds being several feet apart m a vert.ca d.rect.on

The percentages of wear made on the mam portion of the

samples are nearly identical for the five, whereas the toughness

varies considerably. This proves that each bed does not vary

greatly in character within itself, but the beds <lo vary much one

From another, that is the character of the face varies m a vertical

direction. This is true in nearly all limestones and other sedi-

mentary rocks. Toughness and hardness tests may. therefore

vary greatly for stone from the same quarry. If samples be

properlv taken, however, at frequent intervals across the strike

of the beds, and toughness tests be made on more than one bed

the average result should represent the quality of he mater al

in the quarry as it undoubtedly does in the case of the resu ts

given for the quarry at Dundas. On the other hand the result

of one test, especially if no data are at hand as to he method

of sampling, cannot be looked upon as representing the average

physical character of the whole output of the quarry.
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The results given in the table must he read with this in

mind. Gootl stone suitable for light to medium country
trartic is obtainable at Hagersville, near V'inemount, and at

Dundas. The writer visited quarries at each of those localities

and a description of them is given below. The stone from the

quarry of the Ontario National Br-'-'.. ', •" ';;.. y is limited in

quantity and its abnormally high ' n.gliness (k)l^ m t, in all

probability, represent the run of the ird. ; rork prod .ted there.

The trap rock at Havelock is, of cou -, j;reat'\ sup rior to the

limestones or any other sedimentary ukk^ av\.;., blc, and so are

the traps from tlie north shore of Lake Huron, which are (juarried

at Bruce Mines and described in Part 11 of this report. The
traps are suitable for roads which carry heavy traffic. In order

to arrive at an estimate of the tratfic which any one of the stones

sampled will bear, see table comparing the results of traffic and
laboratory tests on stone, Part I, page 25.

DETAILED DESCRIPTION OF DEPOSIT- I IF STONE.

Only a few of the larger quarries from which stone of fairly

good quality can be economically hauled to the area in question

were visited by the writer, and they are described below. The
occurrences are described in the following order: (1) the fiuarries

at Hagersville, (2) those along the Niagara escarpment at

Hamilton, and (3) the trap rock at Havelock. Trap rock

deposits on the north shore of Lake Huron are described in Part

H of this report.

The Point Anne quarries near Belleville were not visited,

but the result of a test made on the rock from them is given on

page 205. It is reported that the operators of this quarr>- can

ship stone very cheaply by boats to points on Lake Ontario.

Limestone Quarries at Hagersville

The stone at Hagersville is worked in a number of quarries,

of which those operated by the Hagersville Contracting Company
and the Michigan Central railway at Hagersville are the largest.

Other quarries in stone wholly or partly of the same kind are

those of the Hagersville Crushed Stone Company, Oneida town-
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ship, west half of lot 38; of the H.ildimand I'ounty Good Roads

Association, Dunn township, Karl tract 6; and the (|uarry

owned by Jackson and Kyd, Dunnville, all of which are in

Haldimand county.

Only the quarry of the HagersviUe Contracting Company
is described in detail here. That of the Michigan Central

railway is of nearly identical stone, but is used largely for ballast

by the railway. The others were not visited. The results of

tests upon the HagersviUe Crushed Stone Company's prfxluct

is given on page 204 and indicates that it will bear ligiif to

medium traffic on a water-bound macadam road.

Quarry of the HagersviUe Contracting, Company. The quarry

is owned by J. C. Inglis of HagersviUe and operated b> the

HagersviUe Contracting Company. It is situated on the north

side of the Michigan Central Railway's double track, is about

one-half mile from the Michigan Central and Grand Trunk
stations at HagersviUe, and has direct connexion with both lines.

The following section was exposed in the quarry and is

described from the top down.
1 liii'kiH'Ss

i.i ftft.

4

Hard, dark grey to black limestont: in li'jds up to S indies

thick, containing a good many corals and other

fossils, and from U) to 2,S per cent of chert in lenti-

cular layers and nodules. Wavy biiuminous

partings between l)eds

Lighter grey limestones of the same type as No. 1, hut

with less chert and we.illuring to whitish rock

Kveii bedded d.irk grey limestone, beds up to IS inches

and thicker than .\os. 1 and 2. This stratum con-

tains little or no chert and is softer than the others

exfmsed here

Dirty grey limestone full of chert; resembles Nos. 1

and 2

The beds are thin and irregular except for the middle

stratum of grey limestone. The latter does not carry chert

and the layers are more uniform and slightly thicker. The
strata are practically flat-lying. The dip is west or southwest.

No attempt was made to study the regional geology, but the
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contact with the underlying Silurian is not far to the north and

the beds must lie in the lower part of the Onondaga formation^

A well put down in the quarry is said to have penetrated 170

feet of hard limestone. If this is the case, it does not prove that

the Onondaga is 170 feet thick at this place, for the mater.al

brought up in a well has been pounded to pieces and its litho-

logical character is hard to distinguish. The lower part o the

well must have penetrated into the L.,wer Helderberg ot the

Silurian. Fracturing is very irregular, there are no sharply

defined joint planes; one irregular nearly vertical parting lay

in a direction between northwest and north.

There are plenty of outcrops on the surface of the Hat

surrounding plain and the overburden is never much over 1

foot thick. The company owns 64 acres and if it is assumed

that there are 18 feet of the cherty beds, described in the pre-

ce'-ing section as Nos. 1. 2. and 4. present ON-er all 64 acres, the

amount available before quarrying began was 4.088,832 tons.

The (lU'irry was first opened in 1874. The present owner

obtained it in 1891. The rock has been quarried to a depth ot

14 feet over an area <,f about 100 by 200 yards. About 1 acre

in the middle of it has been quarried to a depth of 28 feet

The water in this pit stands at 10 feet below the floor of the

main quarrv. but is being continually pumped out. Water a

few inches deep stands in puddles on the main floor of the (quarrv;

the permanent water level is probably near the surface, but

according to the foreman of the <iuarry water has not seriously

inconvenienced the work of excavation.

The drilling, hauling, and crushing equipment is as follows,

one steam hammer, two Rand, and one Mac drills using from

U to IJ inch bits; r,ne No. Ih C'.ates gyratory crusher; one .,o^

5 Au.tin and one No. 3 Gates crushers; two screens, one 60

in-h and one 72 inch. The crushed stone is screened to 4
mch,

i inch \ inch, 1 inch, and 2 inch si.es. There are fourteen

;torage bins with a capacity of 40 tons each. Mucking is done

by hand and hauling to the crusher by horse-drawn dump cars.

The product is loaded from the bins directly <"to cars^

The quarry is connected by a spur to both the Grand Trunk

and Michigan Central Railway systems. A small quantity
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is hauled from the <]uarry by waRon for use in the nei-<hl)(>urli(««l.

The crushed stone is used either in concrete or on macadam
roads.

The results of tests made on this stone indicite that it can

bear ii^ht tratifie in a water-!)()und maradain road.

The cost for (|iiarryin^ and crusiiinj; rock is .ihout M) cents

per ton and the price, f.o.b. (|uarry, is from 60 to 7.S cents per

ton. The freight rate to Toronto is 60 cents per ton. The

weight of one cubic yard of crushed stone is about 2,.U)0 pi)un<ls,

but the Weight varies with the method of loa<ling.

'F'hree hundred carloads of stone were used for roarl metal

in St. Thomas in 1886. Between 190.? and 1908 aJJoiit .SO.OOO

tons per year were produced. In 1912 the (juarry produced

83,822 tons of crushed rock.

Limestone Quarries near Ilamillon.

Four localities on the escarpment in the neighbourhood

of Hamilton are considered here as possible sources of road

metal for the region reported on. They are tlu' ([uarries at

Vinemount, Salttieet township; .Ancaster, in Ancaster township;

near Dundas in Flamborough West, and W'aterdown in Flam-

borough Flast, townships. lietween these quarries the upper

part of the escarpment consists of rocks, which although they

vary in a lateral direction, nevertheless do in a general way
resemble the types found in the (narries and described here.

The best kncjwn and largest of these quarries is that of the

Canada Crushed Stone Company at Dundas, the residts of tests

upon which are given ui)on page 20.S. The (juarries at Vine-

mount and .Ancaster are much smaller. The writer did not see

the quarries at W'aterdown, but they were visited by one of the

staff of the (ieological Survey and the description gi\en here

was obtained from him.

The (]uarries are tlescribed in the following order: Vine-

mount, Ancaster, Dundas, and Waterdown.

Wentworlh Quarry Company at Vinemount. The quarry

is situated upon lot 4, concession V, Saltfleet township, Went-

worth county. It is connectc-d by a spur to the Toronto,
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Hamilton, anil Buffalo railway and is owned by the Wentworth

Quarrv (•()ni[)anv. The quarry was visited in the autumn

of 1^14. The rock in this (luarry consists of limestone underlain

by and interbedded with shale. In the southwestern end of

the quarry the face is made up of about 8 feet of hmestv.ne

overlying 4 feet of shale. The formations dip slightly to the

northeast and a section taken on the south wall about 800 feet

from the west and 200 feet from the east end consists of:

1 Overl.iirdi'n of soil • '"<"

2 C.rev to biiflf, siliieous, romp.ict to coarse, thin-t)e(ldu<l,

limestone; l)e<ls 2 to 4 inrhus with wcasional shale .6 feet
riartings

3 Dove coloured, fine, even-Krained, thin-beddid, linu-

stone Ketting shaly toward the lx)ttom '

14 feet

The floor of the quarry is rather shaly. No. 2 is the most

suitable material for roadwork and the upper part of No. 3,

although softer, should be useful. Four hundred feet north

of this, on the north faee, 14 feet of limestone, such as is described

in numbers 2 and 3 of the above section, overlies 1 foot of shale

and this is in turn underlain by another bed of limestone.

To sum up: The rock in this quarry consists of fairly

tough limestone underlain by a bed of shale which varies from

4 feet at its southwest end to 1 foot toward the northeast.

The limestone increases from 8 to 14 feet from southwest to

northeast. The limestone may be useful -n road metal work,

the shale will not be.

It may be of interest to know that these recks form part

of the Barton member of the Lockport or Niagara formation.

The Barton member contains more shale than the rest of the

formation, -hich is largely made up of tough limestone or

dolomite.

The quarry operated by the Wentworth Quarry Company

is a roughly rectangular opening in the level plateau about

1,000 X 300 to 500 X 14 feet in size, that is something over

200,000 cubic yards has been removed from it. The water

level at the time of our visit, November 6, 1914, was at about
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16 feet from the surface of the urouiid or I feet helow tlic main
floor of the (|iiarry.

The (IriMinK i> done l)y one Kravity well drill. The lila>ted

rock is handled by a No. 61 Marion steam shovel with a dipper
c paiity of \\ ciihic yards, whiih lo.ids the rock on to small cars.

'iiiese are drawn by horses to the loot of an incline and fr.mi

there hauled by cable to the i rusher. There are two crushers,
one No. 7 and one No. .S McCuddy. One rotary Mxeen with .i

device for blowinj; out the dust separates the crushed material
into various sizes including "stone sand" and one-ipiarter
inch chips. The storage capai ity .'f 'he bins in 1914 was 500
tons, which is not enou^;h to take care of one full d.iy's output.
The company is said to be planning the erection of l.iryer Iiins.

The capacity of the plant is 600 tons per day and the output
for 191.^, 81,.?00 tons. The cost of production, including main-
tenance and depreciation, was .^.? cents per ton in 1<)1.?. Common
labour is paid 17^ and engineers M\ cents i)er hour. The
material is sold at 55 cents per ton f.o.b. (|uarry, if i)urcha>efl

in large quantities. It is delivered at Hamilton for SI. 05,

and in Toronto for SI. 25 per ton.

The company owns 49 acres, of which more than 9 acres
have been excavated to a depth of 14 feet, yielding over 200,000
cubic yards of solid stone. There is, therefore, allowing for

the ground on which the quarry buildings st.md, about ,<0

acres left for development. The o\erburden is apparently
thin and the depth of limestone that is fairly free from shale

appears to increase toward the north and east, where, according
to the manager, future development is to take place. Trouble
with water will be encountered at about 16 feet from the surface.

The flat surface topography and the lay of the lieds present
no serious difficulties in further d. .tlopment.

As far as could be determined by field examination the upper
7 to 12 feet of limestone exposed in the quarry was fairly tough
and should be useful in water-bound macadam under light

traffic conditions, or in concrete work where the stone was not
directly exposed to wear. The shale which occurs under the
limestone cannot be regarded as anything but jxwr road metal,
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ancJ in purchasing sK.nr from thi. .juarry th. material should

hi- spciifnd fret- from shalf.

Thi- results oi l.ilM.rat.)ry tests on this stone are niven on

page 204.
f t- i

Ouarrv at Anrastrr. This <iuarry, ihi- property of h. h

C.uest. is iocalcl on Im 47. ronre>>i..n 11. Ancaster township.

It lies imme.l.atelv south of the Hamilton An.aster stone road

an.l close to the village of Ancaster. It was v.s.te.l m the

autunm of l'M4.

The .luarrN ha> inen opene.l in the fare nf the escarpnient

a.,d a vertical section of about 4.S feet of rock is exposed. The

succession from top to bottom is as follows:
Thirkm-.*

in (wt.

t { )\ crliiirilin iif soil and clay

; (nr.illini' Imlf coloured linii-»tonf

Mas,iv.' IM.IT coloiii.-d linit-tonL or d.,loniil.', Ir.Ix from

1 to 4 (ci! tliiik
"

4 •niin-U'ddfd s,inilv tml1 loloiirtd limislon.^

5 Irr.Kul.irlv l«ddrd s.>nifv.hat ..loilU'd linuMonr or

doloniiu- with many r^vitifs •

(, rhin-!Kddi-.l Krtv to IhiIT limcstoni- or .l..lonnie «.lli

ni.inv l.itnniinous |...
' •-, l'>ds iindir (> .nclns 7

7 (,riy limestone with ' itii is lurting-. bcU Iron,

^
to inches in tlncknet'

I'ol.d rock cNiiosed

The material in this .(uarry r.-sembk-s that foimd in the

qn-,'y at Dundas. nearly 3 miles across the valley to the north

of it and if one take the relative positions of the two localities

i,U.. consideration and the gentle southwest .lip of the formations

in this region, it seems ,,uite possible that the upper 21 ee

in this ,,uarrv come from the same bed is thi^ upper 18 feet

in the DuiKhis and that the lower 23 feet represent the lower

member of the Dundas quarry section. This lower m^'m''.'-'':-

Nos S to 7 of the sectior . is made up of fairly tou^h rock which

ought to make goo<l road metal; the upper 21 feet Nos. 2 to 4 is

a softer stone but still nearly as tough. Both the Dundas

and Ancaster stone are ascribed to the Guelph and the Locl.port
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nr Niagara formation. It seems fair to assume that tluv will
have nearly t'(|uivalent road-makinic qualities.

I'anada Crushed Sion- Corporations (J.,^rry at DiiiuLis.
This <)uarry is situated on top of the e'.rar[)ment of tlie town
ol nundas. The <l<.ulile trick of the (Irand Trunk r.iilway
runs aloUK the face of tile hill below it and separate in. lined .purs
connect the quarrv and the crusher with the ni.iin lin.'. The
(luarrv is owned by the Canada Cnidie.l Stone Corponition
ol Dundas. formerly Doolittle and Wilcox. It was visited in
1913 an<l 1914.

Two types of rock are expoM'.l an.! w.)rke.i in the .pi.trry:
a dark ^rey to black, den.e dolomite which is quite lonuli un.ler
the hammer an.l has wavy bituminous partings, an.l a ..)arser
bult t.i yell.)w K'rey dolomite which is not so touKli. Th.' dark
Krey tough rock is i2 feet thick and is overlain bv 18 feet of
the buff rock.

The beds are fr.)m 1 tf) 4 feet thick and lie practi.ally
flat. If there is any dip it would be dilTicult to determine in
an area the size of thi:< quarry.

The upi)er 18 feet probably belong to the Gueli)h <lol.)mite,
while the lower 32 feet are the tf>p of the L.K-kport .ir Niagara
doL.mite. Overlying the upper limestone is about fr.mi 1-1 to
20 feet of unconsolidated glaci.il tMl.

The overburden is abt.-ut 14 feet thick on the n.)rth side
of the fiuarr>- and increases to 20 feet as one pron'.-.l. f.,rther
to the noriii. The surface of the bedrock under the over-
burden pitches to the north and east.

Th.' company owns 160 acres. If the lower be.l in the
quar.y fict thick ill over that area, the amount of rock
avadable Ir.jm that bed should be 7,744,000 cubic yards or
18,275,.S40 tons. Up to the autumn of 1913 about 1,2.S0,0()0
tons had l)een taken out of the quarry.

The quarry was first opened in 1905. A long pit runs
along the top of the escarpment for about 1,200 to 1,400 feet;
it is from 300 to 500 feet wide and 50 to 60 feet deep in places!
The water level is bel.)w the lowest workings of the (|uarry.

In blasting, the holes are put down to a depth of 35 feet.
Five Cyclone well drills with 5-inch bits are used. The charge
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conM»ts of 150 p..un.l. ami k>s of Park^ N... 252 f. 25? ,v.w.kT

Two Mr.iin ^l.nv.ls luiiullo tlu- HK-k afUT hlantrnK. One of

these tail load 2,000 ton> a flay aiul lUv otiur n.arly th.' same

.uiantitv. The material i, tran.,)ort»-<l from il.e .luarry to the

cn.^h.r t.v .lump cars, with a capacity of 4 .ulm- yards over

a .?<.-i.uh tra(k. The haulin« is .lone l.y three m.lustnal loco-

'^"
'Vhe cnishinK plant contains seven crushers as follows^

on.. McCu.ldv No. 21. ..ne No. «. one No. 7J, an.l ..ne No. -

Austin, two 72 Power an.l Mining Company r..lls an.l one ^^)^

'"'

'The'r.>ck is screene.1 to \ inch, 1 inch, ami 2 inch M/es f..r

road an.l co.icrete purp..ses and to ,^. 4. 5. and 6 inch s.zes for

blast furnace work. The company's storage bms can h..ld

1 5(K) '..ns ami additional material is stored m stock piles.

The quarries are connectetl by two spurs with the (.rand

Trunk r.iilway. ami the material is shipped by rail; l..ronlo

is the principal market. About .«) jx-r cent of the total produc-

tion ami the entire upper bed are soUl as flux for blast furnaces.

The rest is sold for r.wd metal and concrete work. Lately,

some of the rock screenings have been used in making cemeiit

bricks. Alfred Roger's Ltd., of Toronto, acts as the company s

luent in Toronto and hamllcs all their products.

Unskilled labour is paid at the rate of 20 cents an h.,ur.

The company sells crushed stone at 65 cents per ton f.o.b^

quarry. The freight rale for small shipments over the t.rand

Trunk is 55 cents per ton to Toronto.

About 2,000 tons of rock are quarried per day. li.e

crusher capacity is said to be 6,000 tons p.-r day Two hundred

nnd forty thousand tons of rock were quarried in 1912. I tie

total producti.)n to date is about 1 ,250,000 tons.

The results of tests (page 205) made in the office ..f I ubhc

Roads, Washington, D. C. from samples taken by the wr.t.T,

show that the rock is capable of withstanding from l.uht to

medium wagon traffic in a water-bound macadam road.

Stone at Waterdmvn. Two localities near Waterdown

were examined by Mr. M. Y. Williams of the Geological Survey.

Al the quarry of Mr. Galivan. 1 mile southwest of Waterdown
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S

and on the fare of the escarpment, tht; strtioti is as

from the top down:

I .
Kiillur lorous l.oiklKirt or \ianar.i doloniiti^ in ','rvgu-

l.ir UmU
2 Ironstaint'd nhaly liirestonp with soft k""**" 'Ii tl>' it

liii«- iif Riiclieticr (iirm.itiiin

,V Toii^ih lin\i'*eone ("niKRcr-lic.nl"), of J'linlon fortii.i-

tion

4 Sh.ilc nf ihf Clinton formal inn

5. I.iniiMone with sha'e p.irtiiiK .it Imhc of tlio Clinton

format inn

6. I. iii'.cstone of the Clii ion format Ion

foll.AVS,

riiii kni-'t*

in feet.

M

Total. 18

One-half mile southeast of Waterdrjwn, east of the Water-

down Alilershot road, in and near liic quarry of Mr. Hu^h
Carson, the section expensed from the top down is as foUcjws:

t F,iirly tough, I.orkpf>rt or Nian.nra dolomite

2. Rochester shale

3. Clinton limestone (including 5i feet of the tough or

niKger-head Iwd at top)

4. Sand.stone and sh.de, 10 feet alKjve the t)ase, there is a

soft lied of limestone (Cataract and .Medina forma-

tions) ...

5 . Qucenston shale

Thicknesa

in feet.

26

,1

U

KM)

?

The openings at Galivan's (juarries are small. Some of

the upper or Lockport stone from them has been u>ed on the

nearby roads, but with what result is not known. The niijKer-

head bed was not quarried at the time of Mr. Williams' visit

in 1913, because of its toughness and the consequent ditticulty

experienced in working it. The rock in this bed is probably

good road metal.

Mr. Williams has the following note upon the mat^iial

exposed at Carson's quarry southeast of Waterdown. "There

is an opportunity here of quarrying 20 feet of the Lockport
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dolomite for road metal; cleaning away the Rochester shale

below, which may be dumped over the bank and then quarr>'mg

the 5i feet of tough 'nigger-head' limestone below .t for road

metal The lower 7 feet of the Clinton below the n.gger-head

can then be quarried for dimension stone."

This material is only 2^ miles by wagon road from the

"Plains" road at Aldershot. The road is meta led and there .s

a down grade all the way from the quarry to Aldershot.

Trap Quarries.

Two companies in Ontario produce crushed trap rock in

large quantities; they are the Ontario Rock Company whose

quarry is at Havelock, and the Martm International Trap

Rock Company, who operate It Bruce Mmes.

The Ontario Rock Company's Quarry. This quarry is

operated by the Ontario Rock Company, whose main office

is'in the Crown Office building. Toronto. The quarry is s.tua ed

3 miles east of Havelock and 1 mile north of the Canadian

Pacific railway from Toronto to Montreal. A spur connects

the quarry to the main railway line. It was visited in the

^"'Tn"the Tarry the material appears as a dense black igneous

rock with occasional vugs or cavities in it. In places >t.s foliated

but the foliated material forms a very small part of the whole

"'^Trttp outcrops in ridges from 40 to 60 feet above the

surrounding drift-covered country. The excavation lies at the

southwestern end of one of these ridges and a face of rock abou

40 feet high is exposed over the floor of the quarry. There is

ven' little overburden on top of the ridge.

The following information regarding quarrying, equipment

and operations, tonnage of rock available, and ^i^^s and prices

of crushed rock produced were obtained from Mr. G. W. Rayne.,

managing director of the company, in April, 1916.

Drilling is done with three 3^inch steam piston drills. A

Cyclone well drill with 5i-inch bit has also been tried, but was

not found very satisfactory. The rock breaks into large p^ces

so that a good deal of it has to be rebroken with small shots.
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The material is conveyed from the quarry face to the crusher

by means of Austin 2-cubic-yard, end-dumping cari;, of which
twelve are in use. The crushing mill is equipped with a 24 by
36-inch Farrel-Bacon jaw crusher, a No. 5 Austin gyratory
specially reinforced crusher, a 36-inch Symons disk crusher, and
a 24-inch Symons disk crusher.

The material is screened into 2-inch, 1-inch, J-inch, |-inch,

and J-inch sizes. The storage capacity of the plant is between
4,000 and 5,000 tons; and its production can be increased to

12,000 tons per month with the present equipment. The amount
shipped up to April 1916 from this quarry, has been 67,000 tons

of crushed stone; and the annual production is about 20,000

tons. About 50 acres of the company's pnjperty is underlain

by trap, which lies in fvo hills. Mr. Rayner estini ites that

there is nearly 3,000,000 tons of trap lying above the ground-
water level, on the company's land at the present quarry site.

The prices for crushed stone in carload lots are (juoted as

follows, f.o.b. quarry: 2-inch stone, SI. 15; 1-inch, $1.65; f-inch,

SI. 75; J-inch, SI. 65. The freight rate to Toronto is 60 cents

per ton. The prices for larger shipments would be materially

less than those quoted above.

Trap Deposits on Lake Huron. The deposits of trap rock
on the north shore of Lake Huron are described in Part II.

Granite Quarries.

A granite quarry is operated for crushed macadam rock

by Robert Keys IJ miles from the town of Gananexiue, Leeds
county. This place is on the Grand Trunk. The quarry is

probably of small dimensions. D. J. Gordon and Son, and
Street and O'Brien are large operators in the same place, but
whether they produce crushed stone is not known.

The "List of Stone Quarry Operators in Canada," published

by the Mines Branch at Ottawa, contains the names of the On-
tario Granite Crushed Stone company, with quarries at Graven-
hurst and office address care of A. C. Coulson, accountant,

Toronto; and of the Granite Crushed and Dimension Company,
Ltd., with quarries at Washago, Rama island, Ontario county,
and offices at 152 Bay st., Toronto.





21<)

ri.ATi: II.

^Mht 'iJtil^" "^h ' jMt

'("
.

,

i

*
tI?! • ' c^-'-'N ^'"

^F^^^K-i^x^^^i^i

fej*"
f!^>s V

A sltup ulilT uf dialiase uii lilt- mjutliuist shore of Ciretn island

with deep water alongside.





221

K -5

5 fi

^ 3

Hv2

1^

il
C iJ

ll

_ c

5.^

<





A A hill of diabase at Xestorville. The top of this hill is alxjiit 100 feet

over the level of the lake.

B. Crushing plant and part of the quarry floor, Martin International Trap
Rock Company, Bruce Mines.
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A portion of the south wall of the Windsor Sand and

Gravel Company's pit near Leamington. The wall

was about li feet high in 1914.





A. West wall of the electric railway's gravel pit No. I, at l'e<lar Springs, 1914.

The trees in the view form part of a [tcarh orchard. The intensive cultivation

of the surface of this ridge adds much to the cost of the gravel land.

B Southwest wall of the township gnvel pit, No. 2, at Cedar Springs, 1914.
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A. Shore clIlT of Lake Iroquois IJ miles north of ("olborni-, NiirthuiiiUrl.iiiil

county. The hill is of ImuliUr clay.

B. The ridge is a Lake lro<jUois gru\cl bar near McCrackeii pit i miles

northeast of tollKjrne, Northumberland county.





2.V!

I'LATE IX.

^ A. An excavation across a gravel bar on the old shore-line northeast of ColKJurg,

Northumberland county, showing a typical profile of the surface and

the Iwdded character of the gravels.

B. South wall of Sleeman's pit. No. 11, northwest of Port IIofK, Durham county.





2.<5

A. W.ill (if nil No. S, iiDitliwi'^i of I'ori IIo|h', Diiil|H', I )(irh.iin coiituv .

H. S.iiiil pit on till- |iro|Hrtv of tlu- ^ork Niml ('oin|i.in\ nc.ir No. 105,

.ist of 'I'.
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PUBLICATIONS OF THE GEOLOGICAL SURVEY.

The Gc(/Iogical Survey was established in 1842 and "Reports

of Progress" were issued, generally in annual volumes, from that

date to 1885, the first report being that for the year 1843 pub-

lished in 1845. Beginning with the year 1885, "Annual Reports"

(new series) were published in volumes until 1905, the last being

Vol. XV'I, 1904. Many of the individual reports and maps pub-

lished before 1905 were issued separ.itely and from 1905 to the

present, all have been published as separates and no annual

volume has been issued. Smce 1910, the reports have l)een issued

as Memoirs and Museum Bulletins, each sulxlivideil into series,

thus:

—

Memoir 41 , Geological Series 3S.

Memoir 54, Biological Series 2.

Museum Bulletin 5, Geologicul Series 21.

Museum Bulletin 6, Anthropological Series 3.

In addition to the publications siwcified above, a Summary
Report is issued annually; and miscellaneous publications of

various kinds including Rejwrls of K.xplorations, Guide Books,

etc., have been issued from time to time.
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Biologicnl Series 2 Anritated list of flowering ?•«>»•,•««

ferns of Point J-^tee, Ont , .ind neighbouimg di8tncti.l914—

by C. K. l>t»»l|te. ,,. J
Geototical Series 10. Crtology of Fielil map-area. Alberta and

British I olumbia, 1914—by John \. Allan.

Geological Series 56. Geology "f franklin mining camp, b.C,

1915—by Chas. VV. Drysdalc. .• » -i, .:«_
Geologuil Series SO. Corundum, its occurrence, distribution,

exploitation, and uses, l')l.S-by A E- Bai'ow. w,r„„
Geological Series 48. Tcx.ida island, 191S-by R. G. McCon-

Geological Series 55. Coal fields and coal resources of Canada,

1915—by D. H. Dowling.
. , . ....... ,a,. k„

Geological Series 47 Arisaig-Antigonish district, 1915—by

M.Y. Willi ims. .... .u _
Geototical Series 45. Moose Mountain district, southern

Alberta (second edition) 1914-by D. D Cairnes.

A nlhropohitail Series 5. Abnormal types of speech in Nootlca,

1915—by E. Sapir. „
Anthropological Series f). Noun reduplication in Cpmox. a

Salish language of \ancouver island, 1915-by E. Sapir

Geological Series 52. Preliminary report on the clay and ahale

deposits of the Prounce of Quebec, 1915~by J. Keele.

Geological Series 53. Clay and shale deposits of the western

provinces. Part I\', 1915—by II. Ries. ...
Geological Series 54. Clay and shale deposits of the western

provinces. Part V, 1915-by J. Keele,
k.»«-„

Geological Series 49. The Yukon-Alaska Boundary between

Porcupine an.l Yukon rivers, 1915-by D. U. Cairnes.

Geological Series 59. A geological reconnaissance between

Golden and Kamloops, B.C , along the line of the Canadian

Pacific railway. 191.S-l.y K. .\ Daly.

(UHogical Series 57. Coal fields of British C olumbia, 1915—

D. B. Dowling , •
1

Anlhropotogu i/ .•Series S. I amily hunting territories and social

life of the various Algoiikian bands o( the (Ktawa valley.

. AnthropoZgu.U 's'erits 9. Myths a.i.i '""''"'•e of the TimU-

kaming Algonquin and limaganu Ujibwa, 1915—by f
.
O.

Speck.



Memoir 72.

Memoi* 73.

Mbhois 74.

Memoir 75.

Memoir 76.

Memoir 77.

Memoir 78.

Memoir 79.

Memoir 80.

Memoir 81.

Memoir 82.

Gioloffcal Series 60. The artesian welti of Montreal. 1915—
by C. L. Cumminij.

GeoloticiU Series SK. The Pleistocene and Recent depoiiti of
the Island of Montreal. 1915--by J. Stansfield.

Ceotogicai Series 61. A list of Canadian mineral occurrencM.
1915—by R. A. A. Johnston.

Anthropological Series 10. Decorative art of Indian tribet of
Connecticut, 1915—by Fr.ink G. Speck.

Ceologicai Series 62. (ieolo|{\' of the Cranbrook map-arem.
1915-by S. J. Schofield.

GeolojicaJ Series 64. Cicology and ore <le[x>sits of Rossland.
W. Drysdale.
Wabana iron ore of Newfoundland, 1915

—

Ore deposits of the Beaverdell map-area,

Huron and Wyandot mythology,

B.C., 1915—by C,
Ceoloiical Series 66.

by A. O. Hayes.
Ceoloiical Scrtes 65.

1915—by L. Rcinecke.
Anthropological Series II.

1915—by C. M. Barbeau.
Ceologicai Series 67. Oil and gat fields of Ontario and Quebec.
1915—by Wyatt Malcolm.

Ceologicai Series 68. Rainy River district, Ontario. Surficia!
geology and soils, 1915—by W. A. Johnston.

MUSEUM BULLETINS.

The Museum Bulletins, published by the r.eoloKical Survey, are num-
bered consecutively and are given a series number in addition, thus: Geological
Senet No. 1, 2, 3, etc.; Biological Scries No. 1, 2, J, etc., Anthropological
Seriea No. 1, 2, 3, etc.

In the case of Bulletins 1 and 2, which contain articles on various subjects,
each article has been assigned a separate scries number.

The first Bulletin was entitled Victoria Memoruii Museum Bulletin;
•ubtequent inues have been called Museum Bulletins.

Mui. Bull. 1. Ceologicai Series I. The Trenton crinoid, Ottawacrinut.
{ltsu*d 1913). W. R. Billings—by V. A. Bather.

Ceologicai Series Z. Note on Merocrinus, Walcott—by F. A.
Bather.

Geological Series 3. The occurrence of Helodont teeth at
Roche Miette and vicinity, Alberta-by L. M. Lambe.

Ceolopcai Series 4. Notes on Cyclocystoides—by P. E.
Raymond.

Geological Series S. Notes on some new and old Trilobite* in
the \ictoria Memorial Museum—by P. E. Raymond.

Ceologicai Series 6. Description of some new Asaphidae—by
P. E. Raymond.

Ctcioncai Series 7. Two new species of Tetradium—by P. E.
Raymond.

Geological Series 8. Revision of the species which have been
referred to the genus Bathyurus (preliminary report)

—

by P. E. Raymond.
Geological Series 9. A new Brachiopod from the base of the

Utica—by A. E. Wilson.
Geological Series 10. A new genus of dicotyledonous plant

from the Tertiary of Kettle river, British Columbia

—

by W. J. Wilson.
Ceologicai Series II. A new species of Lepidottrobut—by

W. J. WUion.



Mus. Bill. 2,

(Issued 1914).

Mus. Bull. 3.

Mus. Bull. 4.

Mus. Bull. S.

Mus. Bull. 6.

Mus. Bull. 7.

Mus. Bull. 8.

Mus. Bull. 9.

Mut. Bull. 10.

Mus. Bull. 11.

Mus. Bull. 12.

Mus. Bull. 13

Mos. Bull. 14

Geological Series 12. Frehnite from Admiw round. Admiralty

inlet, Baffin island, Franklin—by R. A. A. Johnston.

BiohgiriU Series. I. The marine algse of Vancouver island-

by F. S. Collins. , ....
Biological Series 2. New species of mollusks from the Atlantic

and Pacific coasts of Canada—by W. H. Dall and P.

Biological Series 3. Ilydroids from Vancouver island and

NovaScotia—by C. Mclean Fraser.

Anthropological Series I. The archaeology of Blandford town-

ship, Oxford county, Ontario—by W. J. Wintemberg.

Geological Series 13. The origin oi granite (micropegmatite)

in the I'urcell sills—by S. J. Schofield.

Geological Series 14. Columnar structure m limestone—by

E. M. Kindle.
, . .

.

, v
Geological Series 15. Supposed evidences of subsidence o( the

coast of New Brunswick within modern time—by J. W.
Goldthwait.

. ,„ . . > , ,

Geological Series 16. The Pre-Cambrian (Beltian) rocks of

southeastern British Columbia and their correlation by

S. I. Schofield.
. . ,_ ^

Geological Series 17. Early Cambrian stratigraphy m the

North American Cordillera, with discussion of Albertella

and related faunas—by L. D. Hurling.

Geological SerUs IS. A prelimin.iry study of the variations

of the plications of Parastrophia hemiplicata. Hall

—

by A. E. Wilson.

AnlhtopolorMi'l Series 2. Some aspects of puberty fasting

among the Ojibwa—by Paul Radin.

Geological Series 19. The Anticosti Island faunas, 1914—by
VV. H. Twenhofel.

^ , r,

GeologUal Series 20. The Crowsnest volcanics, 1914—by J .
U.

MacKenzie. .... . , .u
Geological Series 21. A Beatricea-like organism from the

middle Ordovician, 1914—by P. E. Raymond.
Anthropological Series 3. Prehistoric and present commerce

among the Arctic Coast Eskimo, 1915—by V. Stefansson.

Biological Series 4. A new si)ecies of Dendragipus (Dendra-

gapus Obscurus Flemingi) from southern Yukon Terri-

tory, 1914—by P. A. Taverner. ,.,...,
Geological Series 22. The Huronian formations of Timiskaming

region. Canada, 1914—by W. H. Collins.
, „ ,

Anthropological Series 4. The Glenoid Fossa m the skull ol

the Eskimo, 1915—by F. H. S. Knowles.

Anthropological SerUs 5. The social organijation of the

Winnebago Indians, an interpretation, 1915—by f.

GcJogtcd' Series 23. Physiography of the Beaverdell map-

area and the southern part of the Interior plateaus ol

British Columbia, 1915—by 1.. Reineikc.
,

Geological Series 24. On Eoceratops Canadensis, gen nov.,

with remarks on other genera of Cretaceous horned dino-

saurs, 1915—by I.. M. Lambe.
Biological Series 5. The double-crested Cormorant (Phala-

crocorax .Auritus) and its relation to the salmon industnet

on the (iulf of St. Lawrence, 191.S—by PA Taverner.

Geological Series 25. The occurrence of glacial drift on tnt

Magdalen islands, 1915—by J. W. Goldthwait.



»4

Mus. ButL. IS.

Mus. Bull. 16.

Mut. Bull. 17.

Muf. Buu . 18.

Mus. Bull. 19.

Mus. Bull. 20.

Mus. Bull. 21.

Geolotical Series 26. Oay Oulch and Skookum meteorite*

.

19IS—by R. A. A. Johnston.
Anthropological Serits 6. Literary aspects of North American

mythology, 1915—by P. Raclin.
Geological Series 27. The Ordovician rorks of Lake Timis-

kaming, 1915—by M Y. Williams.
Geoligical Series 28. Stnicttiral relations of the Pre-Cam-

brian and Palxoroic rocks north of the Ottawa and St.
Lawrence valleys, 1915—by E. M. Kindle and L. O.
Burling.

Anthropological Series 7. A sketch of the social organization
of the Nass River Imlians, 1915—by K. S.ipir.

Geological Series 29. An Eurypterid horizon in the Niagara
formation of Ontario, 1915—by M. Y. Williams.

Geologiciil Series 30. Notes on the geology and palaeon-
toloev of the lower Saskatchewan River valley, 1915

—

by E. M. Kindle.

UNCLASSIFIED.
Report on a geological reconnaissance of the region traversed by the

National Transcontinental railway between Laki- Nipicoii and Clav lake.
Ont., 191fr-by W. H. Collins.

Report on the geological oosition and characteristics of the oil-shale
deposits of Canada, 1910—by R. W. Ells.

A reconnaissance across the Mackenzie mountains on the Pelly, Ross,
•nd Gravel rivers, Yukon and North West Territories, 1910—by Joseph Keele.

Summary Report for the calendar yet.r 1909, issued 1910.
Report on a traverse through the southern part of the North West Terri-

tories, from Lac Seul to Cat Take, in 1902, issued 1911—by Alfred W. (..

Wilson.
Report on a part of the North West Territories drained by the Winisk

and Upper Attawapiskat rivers, 1911—by W. Mclnnes.
Report on the geology of an area adjoining the east side of Lake Timis-

kaming, 1911—by Morley E. Wilson.
Summary Report for the calendar year 1910, issued 1911.
Summary Report for the calendar year 1911, issued 1912.
Guide Book No. 1. Excursions in eastern yuebec and the .Maritime

Provinces, ^rts 1 and 2, 1913.
Guide Book No. 2. Excursions in the Eastern Townships of Quebec and

the eastern part of Ontario, 1913.
Guide Book No. 3. Excursions in the neighbourhood of Montreal and

Ottawa, 1913
Guide Book No. 4.

Guide Book No. 5.

Manitoulin island, 1913
Guide Book No. 8.

Excursions in southwestern Ontario, 1913.
Excursions in the western peninsula of Ontario and

Toronto to V'ictoria and return via Canadian Pacific
•nd Canadian Northern railways; parts 1, 2, and 3, 1913.

Guide Book No. 9. Toronto to Victoria and return via Canadian Pacific,
Grand Trunk Pacific, and National Transcontinental railways, 1913.

Guide Book No. 10. Excursions in northern British Columbia and
Yukon Territory and along the north F'acific co;»st, 1913.

Summary Report for the calendar year 1912, issued 1914.
Prospector's Handbook No. I. .Notes on radium-liearing minerals,

1914—by Wyatt Malcolm.
The archoKilogical collection from the southern interior of Hritish Colum-

bia. 1914—by Harlan I. Smith.
Summary Report for the calendar year 1913, issued W15.
Summary Report for the calendar year 1914, issued 1915.
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