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ABSTRACT

This project was begun in the fall of 1982, and continued through to the spring 

of 1985. As originally proposed, the project was to have three continuously cored 

holes completed to bedrock on each of three traverses radiating out from the 

central Greenbrook wellfield. Three other holes, rotary drilled to bedrock and 

geophysically logged, were also to be completed on each of these three traverses. 

The objectives were to compile detailed stratigraphic cross-sections across the 

region of Waterloo from the core and geophysical log data, and in the process to 

improve our ability to interpret the geophysical logs for this purpose.

Over the three year period, 60 percent of the requested funding was received 

and roughly 60 percent of the objectives have been met. One of the three 

traverses has been completed as planned, and a second one has been partially 

completed. Stratigraphic sections for the two have been drawn, incorporating the 

new data as well as previous data from borings, etc., obtained over the past 25 

years. These sections are a considerable improvement over those previously 

available.

The core data have been correlated with good quality gamma, natural gamma, 

and neutron logs in immediately adjacent boreholes and our ability to interpret 

these logs has improved on two levels. From a purely visual examination of the 

logs we can quite reliably recognize the boundary between two of the major till 

sequences in the area. The Maryhill Till-Catfish Creek Till interface can now be 

identified on most of the borehole logs recorded over the last decade, as well as in 

the holes drilled for this project. On a more quantitative level, an "expert system" 

log interpretation scheme is proposed that can operate on the digitized geophysical 

logs to identify various lithological and stratigraphic events. The system has been

XV l f





tested only on those holes that were used to provide the calibration in the first 

place, so further development is required. To our knowledge this is the first 

attempt to apply to Quaternary deposits the log interpretation methodology that is 

already well established in the petroleum, coal, and oil shale industries.

The cased boreholes and the calibration pits created for this project are 

available for testing and calibrating borehole instruments, and for teaching. They 

have seen considerable use, and will remain a valuable resource for years to come.
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PREFACE

The major findings of this project have been incorporated into two M.Se. and 

one B.Sc. theses written under the supervision of Drs. Greenhouse and Karrow. The 

core analysis and stratigraphic cross-sections have been described by Ross (1985). 

The geophysical logs were recorded and analysed by Pehme (1984), and the 'expert 

system1 based on Pehme's interpretation was written and described by Leask (1985). 

In this report we describe the major findings of these theses without all the 

details. Copies of all three theses are available at cost from the Department of 

Earth Sciences, University of Waterloo.
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INTRODUCTION

1.1 Objectives

The Kitchener-Waterloo (KW) area is located within the Regional Municipality 

of Waterloo in southwestern Ontario. It is a community of approximately 200,000 

people that depends to a considerable degree on the ground water and industrial 

mineral resources of the largely glacial overburden on which it is sited. The study 

area is shown in Figure 1.

The area was the recipient, during the Wisconsinan Glacial Stage, of at least 

three loads of glacial debris carried by separate lobes of the Laurentide ice sheet. 

The resulting till sheets were deposited in a complex, interfingered pattern 

inter layered with the Waterloo Moraine, a sandy deposit trending north-south along 

the western edge of the area (Figure 2). From within this extremely heterogeneous 

geological environment the Regional authorities must find groundwater to supply the 

community's homes and industries, and gravel and sand for building. This 

overburden also serves to filter and store surface water extracted from the area's 

major rivers, for later use as water supply. The sands and gravels are not, the only 

important component of this overburden. Clays and clay tills are relied upon to 

protect the deep aquifers from surface contamination, the scourge of modern urban 

areas. When this protection is punctured, or naturally absent, potentially dangerous 

possibilities loom.
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The project described here was conceived from the need to understand better 

these overburden resources, and to develop better techniques for studying them. In 

this sense the project is part of an ongoing commitment by faculty members of the 

Department of Earth Sciences to this task, typified by the mapping work of Dr. 

Karrow and his students (e.g. Karrow, 1963, 1968, 1971, 1974, 1977, 1983; Karrow 

and Sprague, 1976; Isherwood, 1976) and the studies of regional groundwater

resources by Dr. Farvolden and his students (Farvolden and Weitzman, 1980).
i

The objectives of the present work were twofold. We sought to obtain basic 

data on the stratigraphy of the region along three traverses radiating outward from 

the central Greenbrook well field, using one continuously cored borehole to bedrock 

in conjunction with three rotary-drilled and geophysically logged holes on each 

traverse. One of the rotary holes was to be immediately adjacent to the cored 

borehole, and the core-log pattern correlations observed there used to interpret the 

logs in the remaining rotary holes. This is standard procedure in a wide variety of 

geological environments, from oil field to groundwater exploration, for using the

less expensive geophysical logs to carry geological correlations across an area.
i

Our second objective was to develop more quantitative log interpretation tools 

from this base of data. In petroleum and oil shale exploration, the simple pattern 

recognition described above is now extended by determining, from well calibrated 

logging tools, the "response spaces" occupied by the various materials encountered. 

Sand formations, for example when plotted in the three-dimensional space described 

by gamma, neutron, and density logs responses may occupy a volume that is 

statistically distinct from that of silts. Tills, similarly, may occupy a response 

space that distinguishes them from non-tills. By calibrating our logs, and by 

logging in a standardized borehole environment, we proposed to identify certain of 

the basic materials (sand, gravel, silt, clay) and strata (major till units) by their
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responses. This 'rule base', to be established from the first two years of drilling, 

was to be tested on the third year's results.

To attempt this quantitative interpretation, a number of developments were 

necessary. The Gearhart Owen well-logger operated by the Department of Earth 

Sciences was matched to a Commodore C BM 8032 computer and the three recorded 

channels of the logger digitized and stored on floppy disks. These data could then 

be passed to the University of Waterloo's main frame computers for further 

processing and plotting. The computer logging system has been described by Ing 

(1982). In order to calibrate the gamma, neutron, and density tools a calibration 

facility was built on the North Campus of the University of Waterloo. This facility 

has been described by Insinna (1984) and by Pehme (1984).

1.2 History ef the pgojeet

Progress on this work has been described in our annual reports to the OGRF 

(Greenhouse et al., 1983; Farvolden et al., 1983, 1984, 1985). The first holes were

drilled in the fall of 1982, and in 1982-83 three rotary holes were drilled and
i 

logged to bedrock which was encountered typically at 65 metres. The three holes

were named GB82-1 to 3 (or, in some reports, GB1-82 etc.). Each was electric 

logged and caliper logged immediately following drilling, lined with a 7.5 cm ID 

PVC casing, and the casing filled with fresh water to provide a standard 

environment for the ensuing gamma, neutron, and density logging. A continuous 

core was obtained immediately adjacent to GB82-3. Figure l shows the location of 

these three holes along the southernmost of three planned traverses that radiate 

from the Greenbrook wellfield.

In 1983-84, through cooperation with other projects the hole GB83-1 was 

completed to bedrock at 73 metres, and logged. A continuous core was obtained to
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35 metres at GB83-1, but could not be completed to bedrock within the budget. 

We did, however, manage to core two other short (9 metre) holes. One was 

immediately adjacent to GB82-2 and was used to show that one of the major tills 

of the area, the Maryhill, was not present. The other was drilled well to the north 

of the study area near the hamlet of Conestogo, where the Maryhill and Catfish 

Creek tills are near the surface. This latter hole was flanked by two equally short 

rotary-drilled holes which were geophysically logged.

The drilling is summarized in Table 1.

TABLE l

Specifications of Drilling

HOLE

GB82-1

GB82-2

GB82-3

GB83-1

Coni

C on 2

Drilling 
to 
(m)

57

66

66

74

9

9

Casing 
to 
(m)

55

48

64

74

9

9

Adjacent 
Sampling 
to (m)

-

9.1

51.8

34.7

9.1

9.1

Northing 
(m)

4806125

4806225

4809650

4810250

Easting 
(m)

545550

543600

542250

538525

Elev 
(m)

, 326

326

342

338
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STRATIGRAPHY

The stratigraphic compilation was undertaken by Ross (1985) under the 

supervision of Dr. Karrow. The purpose of this part of the project was to compile 

all reliable borehole data for the construction of a stratigraphic cross-section across 

Kitchener-Waterloo. The line of section is from north of the University of 

Waterloo, through the Greenbrook well field to the Grand River (traverses 1983 and 

1982 of Figure 1). Kitchener-Water loo stratigraphy has been studied for the past 

twenty-five years so there already exists considerable information from government, 

academic, and engineering reports. In particular, the Greenbrook well field has 

been examined by researchers from the University of Waterloo since 1973.

2.1 Approach

All available borehole information relevant to the cross-section was used. In 

addition to the four deep holes drilled along the cross-section as part of this study, 

data were obtained from engineering reports and from two holes previously drilled 

and geophysicaUy logged by the Department of Earth Sciences. One of these holes 

is located on the University of Waterloo campus (Isherwood, 1976) and the other, 

the Waterloo Interstadial site, is immediately northeast of the campus (Karrow and 

Warner, 1984).

The records of the cities of Waterloo and Kitchener were examined for relevant 

boreholes. Geotechnical reports from the WAGAIS (Waterloo Geotechnical 

Automated Information System) subfile of the SPIRES (Stanford Public Information 

Retrieval System) data-base from the University of Waterloo were also searched 

for information, as were a number of unpublished and published government reports. 

Geophysical logs from the earlier Greenbrook study were used where appropriate.
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Of the many earlier reports studied, the following were the most useful. The 

engineering properties of the Maryhill Till have been examined by Christensen 

(1963). Cooper (1975) studied the pre-Catfish Creek tills of the Waterloo area. 

The soil conditions and the glacial geology of the University of Waterloo campus 

have been examined by Isherwood (1976). Baker (1978) performed a microfabric 

study of the Maryhill, Mornington, and Stirton Tills near Waterloo. The most 

recent study of the Quaternary geology of the Kitchener area was by Karrow 

(1983).

2.2 Bedreek Geology

The Quaternary deposits of southwestern Ontario are underlain by Paleozoic 

rocks which dip gently westward into the Michigan Basin or southward into the 

Allegheny trough. These two basins are separated by the Algonquin Arch which 

forms the backbone of the southwestern Ontario Peninsula (Karrow, 1968). The 

relatively undisturbed Paleozoic deposits unconformably overlie Precambrian bedrock.

Kitchener-Waterloo is underlain by the upper Silurian Salina Formation. Caley 

(1941) describes this formation as greyish-green, irregularly bedded, calcareous, 

argillaceous shale interbedded with thin layers of brown dolostone. Small amounts 

of anhydrite and gypsum are present in much of the formation.

The bedrock surface along the cross-section dips to the southeast toward the 

Grand Valley (Miller et al., 1979). There is a small trough in the southeastern 

corner of the study area beneath the Homer Watson type section adjacent to the 

Grand River. To the east of the University of Waterloo there is a bedrock dome 

(Karrow and Sprague, 1976). No major buried valleys pass through the cross-section 

area; however, the Dundas buried valley passes to the south and west of Kitchener- 

Waterloo.
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2.3 Physiography

The study area is part of the physiographic region known as the Waterloo Sand 

Hills or Waterloo Moraine (Chapman and Putnam, 1984) formed by the interaction 

of several glacial lobes. This interlobate feature is palimpsest; the original deposit 

has been modified by later glaciations (Karrow, 1974). Much of the surface of 

Kitchener-Water loo is part of the Waterloo Moraine. The oblong moraine lies near 

the interlobate line between the Guelph and Woodstock drumlin fields. In total, the 

Waterloo Hills region comprises 300 square miles (775 sq kms) (Chapman and 

Putnam, 1984). The elevation ranges from 1,000 - 1,400 feet a.s.l. (305-425 meters 

a .s.l.).

The high ground of the moraine consists of coalescing kames and fine-grained 

till. Low lying areas are sandy outwash. Maryhill, Tavistock, and Port Stanley Till 

are the surficial tills on parts of the moraine. Two unusual features of the 

moraine are the abundance of fine sand and the subdued topography (Chapman and

Putnam, 1984).
*

2.4 Till

Tills provide the basis for stratigraphic study of the Quaternary deposits in the 

area because of their generally uniform and distinctive nature. Stratigraphic 

relationships can be determined by tracing and correlating till units which are 

delineated by their unique combination of texture and composition. However, it is 

sometimes difficult to distinguish between tills in this area because of the 

uniformity over large areas of the Paleozoic source rock. Often it is necessary to 

use Precambrian source material as a guide (Karrow, 1974). All tills in the area 

were probably deposited by the Ontario-Erie lobe except the Tavistock Till, which 

was deposited exclusively by the Georgian Bay lobe (Cowan et a|., 1975). The
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following subsections will describe the tills which are found along the cross-section. 

A more specific description of the till units as encountered in this study will be 

presented in the section 2.7.

2.4.1 Pre^Gatffeh Greek Tills and Associated Sediments. The pre-Catfish Creek tills 

in the study area are not well defined. Cooper (1975) and Karrow (1983) describe 

two pre-Catfish Creek units, which may occur along the cross-section. The "Lower 

Beds" refers to the undifferentiated sediments below the Canning Till along the 

Nith River. The same unit may occur near Kitchener. This presumed early 

Wisconsinan deposit consists of a silt till, stratified silt, sand, and minor gravel 

beds.

2.4.2 Canning Tfll. The Canning is a nearly pebble-free, silty clay till exposed 

southwest of the area along the Nith River valley. When fresh, the till exhibits a 

maroon to purple colour; however, once oxidized, the till is a distinctive red colour. 

The coloration is due to incorporated sediments from the Queenston Formation 

(Ordovician) which occurs some 50 km to the east along the base of the Niagara

Escarpment. Canning Till is sometimes difficult to distinguish from the youngeri
and fine grained Port Stanley Till. Lacustrine sediments are often associated with 

the Canning Till. The till may have originated from Late Wisconsinan ice 

advancing from the east end of the Erie basin over lake clay.

2.4.3 Catfish Greek Till is a yellowish brown silty, sandy, stony till. It is often 

referred to as "hardpan" by drillers because of its dense nature. This till has 

limited surface exposure in the study area and is most readily observed along the 

Grand River or in borehole cuttings. Catfish Creek Till is the oldest readily 

traceable rock stratigraphic unit in the surficial deposits and therefore is very 

important in regional stratigraphic correlations. This till she'et is extensive, has 

uniform characteristics (Cowan, 1978), and may correlate with tills south of Lake



PAGE /Z.

Erie (Dreimanis and Goldthwait, 1973). Catfish Creek Till is of Tazewell or 

Nissouri age, because in places it overlies or includes wood dating from the Plum 

Point Interstadial (Karrow, 1983). The till was deposited between 24,000 and 16,000 

years B.P. (Cowan et al., 1975) as part of an early glacial advance from the 

northeast during the Late Wisconsinan. The northeasterly source is suggested by 

northeast fabric of the clasts and by the heavy mineral content.

A lower and finer-textured till unit, referred to as Catfish Creek Till finer 

facies has been encountered in a few exposures near Kitchener. It probably 

represents an older till sheet not yet correlated with other tills.

2.4.4 The MaryhiM Tfll is a dark brown clayey silt to silty clay till which is low in 

pebbles. In the matrix and pebbles calcite exceeds dolomite (Baker, 1978). 

Previously it has been known as the "Port Stanley Till" (Karrow, 1963), "Middle till" 

(Karrow, 1968) and tills H and P (Karrow, 1971). West of the cities of Kitchener- 

Waterloo, Maryhill Till is the surficial till. Maryhill Till is exposed along the banks 

of the Grand River and tributary streams, such as Laurel Creek, and in building

excavations in the study area (Karrow, 1983). The type section is at Homer
t

Watson Park, Kitchener.

The Maryhill Till was deposited during the Port Bruce Stadial Advance (Cowan 

et al., 1975). The lobal origin of the Maryhill Till is not certain. Erratics of 

Grenville marble from eastern Ontario are found in the till (Karrow, 1983). Trace 

element studies suggest a southeastern source (Broster, 1974). Karrow (1983) 

prefers this interpretation, although microfabric studies suggest a northwestern 

source (Baker, 1978). Maryhill Till is often associated with interbedded 

glaciolacustrine silt and clay deposited in a glacial lake dammed up in the Grand 

River valley (Karrow, 1983). This would be consistent with the idea of ice 

blockage from the southeast.
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2.4.5 Tavistock Till. The Tavistock Till is characterized by a light brown clayey 

silt texture. Dolostone clasts dominate the pebble lithology. Tavistock Till in the 

study area is till C of Karrow (1971). The till is named after the town of 

Tavistock, Ontario, where it is the surface till. The type section is in Harmony 

(Karrow, 1974).

The Tavistock Till is of early Port Bruce Stadial age (Karrow, 1983). It has 

been found in northwest Waterloo but not in Kitchener. Tavistock Till was 

deposited from the northwest by the Georgian Bay lobe (Karrow, 1974).

2.4.6 Port Stanley Till. Buff, sandy, silty, Port Stanley Till was deposited 

contemporaneously with the Tavistock Till. Dolostone is dominant in the matrix 

and clasts. The type area is found near Lake Erie. Port Stanley Till may have 

similar origin to Canning Till because of the textural similarity near Lake Erie. 

The till was deposited by a Port Bruce Stadial advance of the Erie-Ontario lobe 

(Cowan et al., 1975).

i 
2.5 Glacial History of the Area

Till deposits in the Kitchener-Waterloo area were laid down by two glacial 

lobes. The Lake Huron - Georgian Bay lobe advanced from the north and 

northwestward direction, while the Ontario - Erie lobe came from the southeastern 

and eastern direction. The lobate nature of the Laurentide Ice Sheet was due to 

the bedrock topography of the Great Lakes area (Karrow, 1974).

There is no evidence in the Kitchener-Waterloo area of any pre-Wisconsinan 

deposits. There is, however, the possibility of early Wisconsinan sediments being 

present. Karrow (1983) states that the "lower beds'1 and the Canning Till might be 

early Wisconsinan. Cooper (1975), however, suggested that a m id-Wisconsinan age
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for the Canning Till may be appropriate.

The middle Wisconsinan in the Great Lakes-St. Lawrence region is thought to 

have persisted from 70,000 - 23,000 B.P. (Karrow, et al., 1978). This was a 

relatively warmer time period than the early Wisconsinan, and a time of glacial 

retreat. Sediments deposited were lacustrine silts and sands with minor organic 

units.

'Four till units were deposited in the area during the late Wisconsinan. The 

silty, stony, Catfish Creek Till was produced by a very strong glacial advance 

during the Nissouri Stadial. During this glaciation, regional ice flow was mostly 

from a northeasterly direction (Karrow, 1983). Cowan et al., (1975) suggest that 

the Waterloo Moraine was formed during the breakup of the Catfish Creek ice, 

from the interaction of several sublobes. The ice retreated beyond the study area 

by 16,000 B.P. (Erie Interstadial; Karrow, 1977).

During the Port Bruce Stadial the fine-grained Maryhill and Port Stanley Tills

were deposited by the advancing Erie-Ontario lobe and the Tavistock Till was laid
i 

down by the Huron-Georgian Bay lobe. An interval of warming took place between

the deposition of the clayey Maryhill Till and the Port Stanley Till. Tavistock and 

Port Stanley advances were approximately contemporaneous. The retreat of the 

Port Stanley ice was oscillating as evidenced by the number of moraines formed 

(Karrow, 1983). Minor moraine ridges found between Tavistock and M liver ton are 

from the Tavistock ice retreat (Baker, 1978). Morgan (1972) identified, in the 

Waterloo area, periglacial features such as patterned ground. These features, 

formed on the Port Stanley Till before 13,000 B.P., indicate tundra conditions.

The final deglaciation of the area commenced during the Mackinaw Interstadial. 

Port Huron Stadial advances at 13,000 B.P. did not affect the Waterloo area, nor
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did the proglacial lakes which formed in the surrounding basins. After deglaciation, 

development of the modern drainage system began.

2.6 Methods and Results

This section will discuss the methods used to gather the information necessary 

to produce the stratigraphic correlation of the Quaternary sediments along the 

cross-section. The first subsection presents the laboratory analyses of the geologic 

samples. Next there will be a discussion of the cross-section construction. Finally 

the geophysics and resulting geologic correlations will be examined.

The four holes drilled as part of OGS Grant 128 form the central data of this 

study. Details of the drilling, casing, and sampling methods for these four holes 

can be found in Pehme (1984). Generally, to avoid problems with the extreme 

variability of the glacial sediments, the continuously cored and the geophysically 

logged holes were drilled within 3 m (10 feet) of each other. The only exception 

was at hole GB82-1. At this site the river bank section and a hole drilled to 

bedrock across the river provided the geologic information. The geophysical 

borehole was situated 100 m (325 feet) from the river bank, and about 206 m from 

the cored hole. This separation is large; the geophysical logs can be used to 

identify the major marker horizons, but detailed core-log correlations is not 

possible.

2.6.1 Laboratory Analysis. During the original geological logging of the OGS cores, 

28 representative till samples were collected. The geologic record of the cores is 

found in the Appendix. The cores were later resampled by P. Pehme for additional 

analytical information, providing a total of 55 samples. No carbonate analyses 

were performed on the later 27 samples. Textural analyses were performed 

according to ASTM D 422-63 (Reapproved 1972), which is the standard method for
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particle-size analysis of soils. Carbonate content expressed as total matrix 

carbonate and calcite/dolorr ite ratio were obtained by the gasometric method 

recommended by Dreimanis (1962). The results of these analyses are found on 

Table 2. The grainsize curves for holes GB-11-83 and GB82-2 are given in 

Appendix B of Ross (1985).

TABLE 2

Mean Values for Analyses of Till Units in the Area

from the Four OGS Grant 128 Holes

for original 28 till samples

Till

T

M

CCT

PCI

PC2

Number of 
Samples

2

6

9

5

6

*ti clay

18

65

10

18

33

96 silt

62

32

43

33

47

96 sand

20

3

47

49

20

total 
carbonate

42

32

50

53

40

cal/dol

1.2

3.8

0.5

0.7

1.2

T = Tavistock Till

M s Maryhill Till

CCT = Catfish Creek Till

PCI = Pre-Catfish Creek Till l

PC2 = Pre-Catfish Creek Till 2

2.6.2 Cross-Section ConstpuctioR

The following additional sources of information were checked for borehole data 

relevant to the cross-section.
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(i) University of Waterloo Geotechnical Database*.

(ii) Unpublished theses.*

(iii) Published papers.*

(iv) Waterloo Geotechnical Automated Information System (WAGAIS).

(v) City of Kitchener.

(vi) City of Waterloo.

The asterisks indicate sources which provided information actually used to construct 

the cross-section. Details of these sources, and the use made of them, are 

provided by Ross (1985).

Three criteria were used to determine the suitability of information to be used 

in the cross-section of Figure 3. It was necessary that the borehole be less than 

610 m (2000 feet) from the cross-section line. Secondly, the hole must be drilled 

to at least 8 m (25 feet). Thirdly, the information contained in the report must be 

deemed reliable. Water well records were not used as a source of stratigraphic 

data because the geologic log is derived from cuttings which can be difficult to 

describe and interpret.

i 
Some information from WAGAIS matched the first two criteria, but the data

were not sufficiently reliable to be useful (an indicator of reliability ranging from 

poor to excellent is included with the output). City records from Kitchener and 

Waterloo were from holes too shallow to be useful.
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2.6.3 Geophysical Lo^s. Figures 4, 5, 6 and 7 compare the geophysical information 

with the geologic logs.

The spacing between the OGS cored holes (GB82-1, GB82-2, GB82-3, and 

GB83-1) and geophysical holes has already been discussed. The geophysical holes of 

UWBH 79-80 and UWBH 5-76 were adjacent to the cored holes. UWBH 5-65 was 

selected as the representative hole for the Greenbrook well field area; however, no 

geophysical logs were available for this hole so logs for a hole 685 m (2250 feet) 

away, GB-5-78, were used. The neutron log from G B-5-78 was matched to the 

geology at UWBH5-65 and then the other geophysical logs were aligned to the 

neutron log.

2.7 Analysis of the Sections

Port Stanley Till was not encountered in any of the boreholes used in the 

cross-section. Therefore no till analyses were performed on this till. It does 

appear on the cross-section in the riverbank section described by Karrow (1963, 

1983). Average published till values for Port Stanley Till as well as other tills 

from the area are found in Table 3. Generally, Port Stanley Till found in'the cliff 

face cannot be easily recognized from the geophysical logs in Figures 4, 5, 6 and 

7. This may, however, be due to the displacement of the geophysical logging site 

with respect to the cliff face.

Tavistock Till is found near the surface in two widely separated patches: in 

GB82-2 and in UBWH5-76. Both occurrences have similar textural analyses (see 

Figure 3). The average analytical values are 18 percent clay, 62 percent silt, and 

20 percent sand. Total carbonate average is 42 percent and the calcite-dolomite 

ratio is 1.2. Tavistock Till is not usually found near the Grand River so there is 

the possibility that the till in GB82-2 might be modified Maryhill Till
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TABLE 3

Published Mean Values for analyses of Till Units in the Area

Till

PS

PS

T

T

T

M

M

M

CCT

CCT

CCT

96 clay 96 silt

46

24

31

25

25

54

56

55

19

16

22

CCTFF 36

CT

CT

LB

46

35

23

PS

T

M

CCT

CCTFF

CT

LB

39

52

42

51

53

39

36

37

35

44

47

36

46

46

40

96 sand

15

24

27

24

22

7

8

8

46

40

31

28

8

19

37

total 
carbonate cal/dol Reference

 

38

 

36

 

40

31

33

44

45

40

35

31

40

37

1.0

1.2

0.7

0.9

1.0

2.0

2.0

2.3

0.6

0.8

0.7

1.2

1.0

0.7

0.7

Karrow et al. 1978

Karrow, 1983

Karrow et al. 1978

Isherwood, 1976

Karrow, 1974

Karrow, 1983

Isherwood, 1976

Karrow, 1974

Karrow, 1968

Karrow, 1983

Isherwood, 1976

Karrow, 1968

Karrow, 1983

Isherwood, 1976

Karrow, 1983

= Port Stanley Till

- Tavistock Till

= MaryhiU Till

= Catfish Creek Till

- Catfish Creek Till finer

^ Canning Till

= "lower beds"

facies
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(P.P. Karrow, pers. comm., 1985). The Tavistock Till unit is 3 m (10 feet) thick at 

each locality. Only the gamma log responds to the Tavistock Till in the section.

The clayey Maryhill Till overlies the Catfish Creek Till in most of the cross- 

section. Due to the large contrast in textures between the two units, the Maryhill- 

Catfish Creek Till boundary can be easily recognized from any of the geophysical 

logs. The top of the Maryhill Till is not always obvious, however, as it is usually 

overlain by and interbedded with laminated clays and silts which have a similar 

geophysical response.

The Maryhill Till itself responds very well to all the geophysical logs (Figures 

4, 5, 6 and 7). It is characterized by very low electric and neutron readings, and 

high gamma and density responses. The absence of this marked pattern in the logs 

at hole GB82-2 prompted the shallow core to a depth believed to coincide with the 

top of the Catfish Creek unit. No Maryhill was encountered, and we therefore 

believe that this unit is missing at the GB82-2 location.

Size analysis as well as carbonate analysis (Figure 3) shows the Maryhill Till to 

be quite uniform in holes UWBH 5-76, GB83-1, and the Grand River section. In 

GB82-3, however, the Maryhill Till has an extremely high clay content and a high 

calcite to dolomite ratio, which increases the average Maryhill Till values from this 

study with respect to published values (Table 2). This segment of GB82-3, 

nevertheless, is still considered to be Maryhill on the basis of its stratigraphic 

position and its till-like appearance. Laminated clays are incorporated within this 

deposit and may contribute to the high clay content. Maryhill Till has also been 

seen in excavations near the Westmount and Erb Street intersection at a depth of 8 

m (25 feet).

Average textural values for the Maryhill Till are 65 percent clay, 32 percent
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silt, and 3 percent sand. The calcite-dolomite ratio is a high 3.8 and the total 

carbonate is 32 percent. The Maryhill Drift, which embraces the till proper and 

associated glaciolacustrine sediments, has an average thickness of 5 m (15 feet) 

except at UWBH 79-80 where it is notably thicker due to clayey interbeds. From 

GB83-1 to the Grand River the entire Maryhill top surface dips southeast towards 

the Grand River. East of the Grand River the Maryhill Till slopes to the 

northwest. This suggests that the dip of the Maryhill Till follows an ancestral 

Grand River valley.

The Catfish Creek and the Maryhill Till are the two continuous marker beds in 

the area. The Catfish Creek Till has a fairly uniform average thickness of 6 m 

(20 feet). This unit has the same southeasterly dip toward the Grand River as the 

Maryhill Till. Average till analyses for the Catfish Creek Till show it to be 10 

percent clay, 43 percent silt, and 47 percent sand. Total carbonate is 50 percent 

and the calcite-dolomite ratio is 0.5. This shows fairly close agreement with 

published values (Table 3). On geophysical logs the Catfish Creek Till is best

distinguished by the high neutron tool response (Figure 4), but is also marked by
t 

high density and high resistivity.

Generally the sequence below the Catfish Creek Till comprises a glaciofluvial 

sequence underlain by two lower tills. One sediment sample from the glaciofluvial 

sequence at GB82-3 is 15 percent clay, 28 percent silt, and 57 percent sand. The 

till stratigraphy below the Catfish Creek Till is not well known. Two holes on the 

cross-section (UWBH 5-76 and GB82-3) give detailed stratigraphic information below 

the Catfish Creek Till. UWBH 79-80 has only one three-foot till unit below the 

Catfish Creek Till, which does not give much stratigraphic information, and UWBH 

5-65 does not have a detailed description of units below the Catfish Creek Till. 

GB82-1 has one till unit below the Catfish but its stratigraphic position is uncertain
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because it is not part of a complete sequence.

The correlation lines for the two sub-Catfish Creek Tills in Figure 3 are based 

on size analyses and core description. Figure 8 shows different possible 

correlations for these units based on the neutron log response. The differences 

between the two diagrams are to be found primarily in those holes which do not 

have information for the deeper till units. The geological correlations will be 

discussed first and then the geophysical correlations.

The uppermost till is designated PCI or pre-Catfish Creek Till 1. It is a sand 

till with 18 percent clay, 33 percent silt and 49 percent sand. Total carbonate 

content for the sample is 53 percent and the calcite-dolomite ratio is 0.7. These 

values are taken solely from a sample in GB82-3. The lower sand till in UWBH 

5-76 has average values 18 percent clay, 41 percent silt, and 41 percent sand. The 

total carbonate content is 44 and the calcite-dolomite ratio is 0.6. This is a 

sandier till than some of the Catfish Creek Till (Karrow, 1968), but the silt and 

total carbonate percentage are similar. Isherwood (1976) states that the lower sand

till in UWBH 5-76 may be the lower Catfish Creek Till as described by Fenton and
t

Dreimanis (1976). This interpretation of PCI seems reasonable because of the 

textural similarity and the evidence that there was more than one pulse of 

glaciation during the Catfish Creek Till advance in other areas. The unit has an 

average thickness of 5 m (17 feet).
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Underlying this sand till is PC2 (pre-Catfish Creek Till 2), a silt till. PC2 was 

differentiated from the PCI by a colour change from grey to reddish brown as well 

as by the change in texture. The overall average textural parameters for the unit 

(from G B-3-8 2) is 33 percent clay, 47 percent silt, and 20 percent sand. Total 

carbonate content is 40 percent and the calcite/dolomite ratio is 1.2. These 

values, as well as the reddish brown colour, suggest that PC2 may be Canning Till. 

Isherwood (1976) (UWBH 5-76, Figure 3) described an 18 m (58-foot) pre-Catfish 

Creek silt till as Canning Till. In the cross-section (Figure 3) PC2 varies from O 

to 18 m (0-58 feet) in thickness. It is interesting to note that the first four till 

samples in GB-3-82 clearly have a similar physical appearance to the rest of PC2 

but the textural parameters are closer to PCI. These first four samples may be 

part of another Catfish Creek advance, into which was incorporated Queenston 

Shale.

The neutron log response shows some interesting patterns below the Catfish 

Creek Till, which repeat from borehole to borehole. The logs here generally show 

a decrease below the Catfish Creek to a lower cps value, followed by a higher 

reading and finally by a strong low. This final low is almost equal to the'response 

of the Maryhill Till in some of the boreholes. Based on these patterns an 

alternative set of correlation lines has been offered for the pre-Catfish Creek tills 

(Figure 8).

2.8 Conclusions and ReoommendatieHS from the Stratigraphic Sections

One of the purposes of this project was to relate the glacial stratigraphy of 

the area to the hydrogeology. Locally, the hydrogeology has been divided into a 

series of three aquifers in the overburden, one bedrock aquifer, and three aquitards 

(Farvolden and W e it zm an, 1980). Using the insight gained -from this study in 

recognizing stratigraphic units from geophysics logs, and the new core data, an



PAGE 30 

attempt has been made to correlate the glacial and hydrogeologic units (Table 4).

Catfish Creek Till is considered to be part of Aquifer 2 because of the 

recognition of the distinctive Catfish Creek Till response from the geophysical logs 

in the cross-section of Woeller (1982). PCI and PC2 fit the generalized description 

of Aquitard 1.

TABLE 4

Correlation of the Glacial Stratigraphic Units 

to the Hydrogeological units

Unit Generalized Hydrogeology

Aquifer l locally confined and
unconfined, discontinuous, 
sand and gravels

Aquitard A silty clays. This deposit is
the most important control of 
water quality in the region.

Aquifer 2 Continous major aquifer unit. 
Transmissivity varies from 
25,000 to 100,000 gpd/ft 2 .

Aquitard B Grades from a gravelly clay 
to a sandy silty clay. 
Hydraulic integrity of the 
aquitard appears suspect. 
Windows are present allowing 
interconnection.

Aquifer 3 Interbeds of gravels. The
majority of water supply wells 
are developed in this aquifer.

Aquitard C Discontinuous, thin clayey 
silt lodgment till

Bedrock Significant fracture permeability 
and porosity.

Stratigraphic Units

kame deposits and
glaciolacustrine
deposits

Maryhill Drift and 
associated laminated 
beds.

Catfish Creek Tills 
and underlying 
glaciofluvial
sequence.

t
PCI ac PC2

not encountered in 
this project

Salina Fm.

from (Woeller, 1982) and (Farvolden and W e it zm an, 1980).
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2.8.1 Conclusions

1. Six till units, which indicate at least six glacial advances, are found in the 

study area. Two, the Tavistock and Port Stanley Tills are discontinuous, near- 

surface tills. Other till units in order of increasing age are the Maryhill Till, 

Catfish Creek Till, PCI, and PC2.

2. Maryhill Till, Catfish Creek Till, and the Maryhill Till-Catfish Creek Till 

boundary can be picked out from the geophysical response, especially from the 

neutron and gamma logs.

3. Maryhill and the Catfish Creek Till are excellent marker beds in the area 

because they are mostly continuous and well studied.

4. The Maryhill and Catfish Creek Till units dip to the southeast toward the 

Grand River. Therefore an ancestral Grand River occupied its present position 

prior to the deposition of the till sequence. Miller et al. (1979) show a 

shallow bedrock valley adjacent to that portion of the Grand River, which 

intersects the cross-section.

5. Catfish Creek Till has a relatively consistent thickness of 6 m (20 feet).

6. PCI may represent another layer of Catfish Creek Till. PC2 may -represent 

the Canning Till.

7. The major aquifer (Aquifer 2) which lies between the Maryhill Till and PCI is

composed of Catfish Creek Till and the underlying sand and gravel deposits. 

2.8.2 Recommendations

1. All future research boreholes should be drilled to bedrock to unravel the pre- 

Catfish Creek Till stratigraphy. The upper units are fairly well known; it 

would be more advantageous to drill fewer deep holes rather than more 

shallow holes which intersect deposits that have been studied.

2. The cored hole at GB83-1 should be completed to bedrock to provide insight 

into the lower tills.
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3. The University of Waterloo Geotechnical Information Database should be 

updated. This information system is useful, and is superior to WAGAIS 

because it includes grainsize curves, location maps, and the complete borehole 

record.
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GEOPHYSICS 

3.1 Introduction

The previous section has described (through Figures 3, 4, 5, 6 and 7) the 

usefulness of geophysical logs as a qualitative aid to interpreting stratigraphy. 

Similar studies have been described by Dyck et al. (1972) and by Stalker and 

Wyder (1983). This approach, which amounts to simple visual pattern recognition, 

does not take full advantage of the amplitude levels of the logs which, in a 

properly calibrated tool and logging environment, contain considerable information 

on the materials comprising the borehole walls.

Wilson (1982) made the first attempts to use geophysical logs from the 

Waterloo region to identify tills in a quantitative way. She digitized the core data 

from two 70 metre holes in categories of clay content, grain size, colour, layering, 

and generic and lithologic type, and cross-correlated these incremental levels with 

average geophysical log amplitudes from gamma, neutron, gamma-gamma, normal 

electric, caliper, and spontaneous potential logs. Unfortunately, the geophysical 

tools were not carefully calibrated, and the boreholes were uncased, with .different 

muds, and therefore presented quite different logging environments. The results 

were not useful, but we were encouraged to try the present approach.

In this project the core/geophysics data base has been used by Pehme (1984) to 

identify, in a probabilistic sense, the neutron-gamma and neutron-density response 

spaces occupied by the following categories: sand, gravel, silt, clay, till, Maryhill 

Till, Upper Catfish Creek Till, and Lower Catfish Creek Till. For this comparison, 

the logs have been averaged over 15 cm intervals, and two or more runs of each 

log have been used in the average. The contours describing the probability levels 

for each of these categories have been digitized by Leask (1985) to allow an 

automated interpretation of digitized logs. To date, there have been no new
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boreholes on which to experiment with the automated procedure, and the only 

results shown are for the boreholes used in the calibration. While this does not 

constitute a proper test, the path is not so circular as it might seem. The data 

base is taken from a relatively small number of samples from each log (e.g. 50), 

while the interpretation procedure analyzes some 400 15 cm segments in each log. 

The interpretation for those 15 cm segments immediately adjacent to the cored 

segments (and therefore presumably in similar materials) can therefore be examined 

for consistency and constitute an independent check. The interpretation can also 

be compared to the descriptive log of the core.

In short, the automated interpretation attempted here requires further testing, 

but the preliminary evaluation given below is relevant to assessing its ultimate 

usefulness.

3.2 Geophysical Logging and Data Processing

The responses of most geophysical sondes are influenced by the borehole

environment, as well as by the formation materials under investigation. To
t 

minimize the effects of irregularities in borehole diameter and of varying fluid

properties on the geophysical logs, each rotary hole was lined with a 7.6 cm, 

schedule 40 PVC casing with bottom end cap. It is assumed that the borehole 

collapses around the casing, creating a standardized "window" on the formation 

beyond. This standardized environment is completed by filling the casing with fresh 

water, producing a hole which remains available indefinitely for future logging.

The specifications of the holes drilled in this project have been given in Table 

1. Before each rotary hole was cased it was logged with the caliper and normal 

electric tools. The caliper log was used to look for constructions that could 

hamper casing emplacement. The normal log measures the spontaneous potential
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and apparent resistivity of the formation using the 16- and 64-inch electrode 

configurations (see Appendix A of Pehme (1984) for a discussion of geophysical 

logging equipment).

Following the emplacement of the PVC casing, the holes were logged with 

natural gamma, neutron, and gamma-gamma (or density) tools. The natural gamma 

(or simply gamma) tool measures the gamma radiation emitted by the formation, 

primarily by isotopes of potassium found in clays. Hydrogen nuclei, in this case 

primarily in the borehole and formation water, are the main determinants of the 

neutron tool response. Since the borehole water content is fixed, a formation's 

water content controls its neutron tool signature. The gamma-gamma tool response 

is inversely proportional to the local electron density, and hence varies with the 

bulk density of the formation. To avoid confusion, the gamma-gamma tool will be 

referred to as the density tool in this report and the material property as bulk 

density. More details of these logging tools are given in Appendix A of Pehme 

(1984).

Each nuclear sonde was run at least three times in each hole. Tfye analog 

signals from the logging system were digitized and stored on 5.25 inch floppy 

diskettes using the micro-computer system described in Appendix A.2 of Pehme 

(1984). The data were later transferred to the main computer installation at the 

University of Waterloo. A suite of programs, also described in that appendix were 

written to decode, smooth, and plot the data.

3.3 Calibration and Standardization of Tool Responses

To relate the geophysical log responses to the physical properties of the 

materials controlling them, a series of calibrations is necessary. A calibration 

facility was built on the North Campus of the University of Waterloo with bins
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containing four materials of varying bulk density, water content, and clay 

percentages. These bins were logged with the geophysical tools and relationships 

derived to allow conversion of the tool responses to physical properties. These 

relationships, which are included in Appendix B.I.3 of Pehme (1984), are linear for 

our tools over the response ranges encountered in this study. Consequently the 

conversion of log values to physical properties is not required for a quantitative 

comparison of tool responses to material properties.

3.3 Analysis Procedures

Before the geophysical and stratigraphic logs are compared the continuous 

geophysical logs are broken into discrete 15-centimetre depth intervals termed "base 

units". Three runs of each log were then averaged over these intervals to obtain 

the log response for each base unit. The development of the base units' response 

is shown schematically in Figure 9. As the length of the interval is increased, 

detail is lost due to smoothing of the data. As the interval is shortened the 

response value calculated is more prone to error due to limitations of depth 

determination and the decreasing number of readings used to calculate tfie mean. 

The 15-centimetre interval length provides a compromise between these two 

opposing tendencies.

The log responses that are measured over base units spanning the transition 

between two geological units are probably unrepresentative of either material and 

must be removed prior to any analysis. These responses are characterized by a 

higher standard deviation than those representing the center of geologic units where 

the geophysical response of three sets of log values combined is smoother. The 

coefficient of variation, the normalized standard deviation, is the criterion used 

here to pick and exclude from further analysis these transitional base units. This 

criterion appears to work well in practice, but improvements should be investigated.
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3.5 Grossplo* Analysis

The analysis of each individual log, and the subsequent compilation of the 

results of these analyses, becomes a difficult task as the complexity of the 

materials and the number of logs used increases. Subtle changes in a log response 

may, when complimented by similarly subtle changes on another log type, denote 

significant material changes in the borehole wall. Plotting the response of the one 

log against the other on a crossplot is an effective means of looking at the two 

logs simultaneously.

Crossplots are a familiar tool to the petroleum log analyst, and numerous 

examples are found in company instruction manuals (e.g. Schlumberger (1972) and 

Dresser Atlas (1975)). The production of crossplots is again accomplished here by 

dividing the logs into the 15-centimetre base units. Three programs, CRSPLOT, 

TRIPLOT, and CRSSTAT, were written by Pehme (1984) to do the crossplotting.

Two types of crossplots are used here; Gamma versus Neutron, and Neutron 

versus Density. Crossplots for all our holes have been shown by Pehme (1984; 

Figures 8 and 9). These show that the area of the Gamma-Neutron crossplots 

occupied by all the unconsolidated materials encountered consistently has a roughly 

triangular shape. The pattern for GB82-2 does not form the complete triangle 

because the hole did not traverse materials of high clay content. A summary of 

the Neutron-Gamma crossplots for all materials is shown in Figure 10. The 

patterns formed by the saturated materials on the cross-plots will be referred to 

hereafter as "response space".

To describe the area occupied by a particular geologic formation or lithologic

material on the crossplot, a system for contouring the density of sample points has

been developed. The more familiar methods of contouring confidence limits are not
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entirely applicable here because, by assuming the patterns to be normally 

distributed, they usually use ellipses to encompass the data. Since the populations 

being represented here are not necessarily normally distributed, an ellipse may not 

be an appropriate pattern. Instead, a different technique was used.

The number of data points lying within elements of a rectangular grid are 

counted and the sum converted into a percentage of the total number of points in 

the distribution. This value is allocated to the centre of each rectangle and the 

grid of percentages is contoured. To simplify the plot a geometric contour interval 

(each contour is twice the next one i.e. 2, 4, 8 etc.) is used. The plotting 

procedure was shown schematically by Pehme (1984; Figure 11) and described in 

more detail there. The process allows one to describe, in semiquantitative manner, 

the area (hereafter termed "the distribution1') of the crossplot space, occupied by 

the tool responses for a particular formation or material. This facilitates 

comparing data from a new hole with the existing data on that formation. A base 

interval response that plots on the 8 percent contour for example, lies within one 

half standard deviation in either direction of 8 percent of all the available data for 

that distribution. The contours can also be thought of as enclosing a percentage of 

the available data for a geologic unit. The contours, the percentages of the data 

enclosed, and the standard deviations are shown in Table 5.

TABLE 5

Percentage of Distribution Enclosed in 

Contours on Crossplots

Contour Percent Standard
Enclosed Deviation

Z 95.4 3.7 '
4 89.7 3.3
8 65.9 12.4
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3.6 Stratigraphic Analysis

Only two tills, the Maryhill and the Catfish Creek, were identified by name in 

the holes. Other materials identified as tills were noted in the cores. However, 

either they could not be identified by name, or the formation was not encountered 

in more than one hole. The responses of the Maryhill and the Catfish Creek Tills 

were analysed; the variability of each tool's response to the formations is described 

statistically and the tills1 distributions on the Gamma-Neutron and Neutron-Density 

crossplots identified.

Of these two marker horizons, the most easily recognized from core samples is 

the Maryhill Till. Its high clay content makes it an excellent aquitard, assuming it 

is unfractured. The Maryhill TilTs geophysical signature of low neutron, high 

gamma, and density (cps) response are the extremes encountered in each of these 

logs. The unit's geophysical signature has a sharp contrast with units above and 

below. However, the unit is not easily distinguished from other clays during rotary 

drilling, and is hence not always identified as being present unless cores are

available.
t

On the other hand, the Catfish Creek Till is usually distinguished by the driller 

owing to the difficulty in penetrating this dense, bouldery formation. This t ill's 

geophysical response, however, falls in the range occupied by many other materials 

and therefore it is not easily identified on the individual logs. Though not always 

obvious from the core description, the physical properties of the Catfish Creek Till 

(as measured by the geophysical responses) appear to change consistently and 

significantly with depth.

Pehme has analyzed the statistics of the geophysical responses of these two 

tills. The 15-centimetre base unit responses for those depth ranges identified as
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Maryhill and Catfish Creek Tills during core logging form the data set. Data from 

GB2-82 are not included in this analysis since neither till was encountered in the 

adjacent core.

Of the base units that cover the zones identified as the tills, those at either 

end of the zones tended to have responses affected by the boundary (distinguished 

by coefficient of variations greater then 5 or 10 percent, depending on the 

detector). The affected base units were discarded and the central portion used in 

the analysis. The various tools respond to a boundary differently and, as a 

consequence, the intervals for core-geophysical comparisons are not all the same 

length, nor are they always the same total length as the available core.

The lower section of the Catfish Creek Till in the area of the Greenbrook well 

field appears to have a high water yield and to form part of the regional aquifer, 

while the upper part is very compact and presumably of low water content. 

Accordingly, the Catfish Creek Till sequence was subdivided into two parts, about a 

short central zone of base units having either a high coefficient of variance or an

anomalous rate of change of the means on each of the geophysical logs.
t

The tool responses for the Maryhill and Upper and Lower Catfish Creek Tills 

are summarized in Tables 6, 7 and 8. Examples of the probability density 

contouring, for the Neutron Density cross-plot of the three till units, are shown in 

Figure 11. A summary of the neutron-density and gamma-neutron stratigraphic 

distributions is given in Figures 12 and 13.
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TABLE 6

Statistics

Hole Log

GB1-82 neut. 
gam. 
den.

GB3-82 neut. 
gam. 
den.

GB1-83 neut. 
gam. 
den.

Coni neut. 
gam. 
den.

Con2 neut. 
gam. 
den.

Num.

44 
44 
44

16 
14 
16

20 
20 
23

10 
8 

10

8 
12 

5

of Tool Response to Man/hill Till

Mean

458.7 
92.3 

122.2

416.0 
98.6 

139.5

468.0 
98.8 

108.3

431.6 
92.0 

138.0

634.5 
105.3 
115.4

Standard 
Deviation

33.314 
10.733 
18.661

33.158 
3.995 

34.302

35.052 
4.507 
9.196

12.065 
7.566 

18.498

185.510 
7,212 
7.487

Range

414-538 
76-139 
92-162

379-484 
89-104 

106-200

418-518 
89-104 
91-121

418-456 
81-101 

110-127

469-1005 
92-113 

110-127

Mean's 
STD Error

5.022 
1.618 
2.813

8.290 
1.067 
8.576

7.838 
1.008 
1.917

3.815 
2.675 
5.850

65.234 
2.082 
3.348



Hole

GB1-82

GB3-82

GB1-83

Coni

Con2

Log

neut. 
gam. 
den.

neut. 
gam. 
den.

neut. 
gam. 
den.

neut. 
gam. 
den.

neut. 
gam. 
den.

Tool

TABLE 7

Response to Upper Catfish

Num. Mean

10 
14 
16

18 
18 
22

16 
16 
20

12 
18 
12

10 
17 
12

934.5 
54.9 
96.3

871.1 
43.2 
82.5

844.2 
41.9 
85.1

811.1 
47.4 
86.1

811.5 
50.4 
76.9

Standard 
Deviation

12.938 
5.520 
9.639

38.080 
3.519 
5.227

28.428 
2.259 
4.401

12.906 
1.209 
4.537

8.539 
1.766 
5.038

Creek Till

Range

912-952 
47-63 
84-119

768-923 
38-50 
74-92

793-882 
39-48 
77-94

792-834 
45-50 
80-84

797-822 
47-53 
69-84

Mean's 
STD Error

4091 
1.475 
2.410

8.975 
0.829 
1.114

7.107 
0.564 
0.984

3.726 
0.285 
1.310

2700 
0.428 . 
1.454
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TABLE 6

Tool Response to Lower Catfish Creek Till

Hole

GB1-82

GB3-82

GB1-83

Coni

Con2

Log

neut. 
gam. 
den.

neut. 
gam. 
den.

neut. 
gam. 
den.

neut. 
gam. 
den.

neut. 
gam. 
den.

Num.

16 
12 
10

24
24 
24

22 
22 
20

8 
9 
8

12 
9 
8

Mean

972.7 
57.7 

124.4

734.4 
46.0 
92.9

772.9 
46.1 
83.4

857.7 
46.2 
79.7

869.5 
46.8 
62.0

Standard 
Deviation

21.734 
8.322 

11.198

43.281 
1.180 
7.297

46.528 
2.248 
6.406

7.629 
1.552 
3.937

16.089 
2.361 
4.063

Range

931-1000 
45-68 

100-139

630-790 
44-48 
78-104

684-829 
44-48 
74-97

847-868 
43-48 
74-86

855-908 
43-50 
56-70

Mean's 
STD Error .

5433 
2.402 
3.541

8.835 
0241 
1.489

9.920 
0.241 
1.432

2697 
0.517 
1.392

4644 
' 0.787 

1437
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3.7 Textupai Analysis

This section relates geophysical responses to materials as described by their 

grainsize distribution. Four grainsize subdivisions are employed: gravel, sand, silt, 

and clay. The difficulties in describing materials in this manner arise because the 

four subdivisions are parts of a grainsize continuum. Rarely is a lithologic unit 

comprised entirely of one grainsize and the proper description is a combination of 

these subdivisions.

The ideal method of comparing the geophysical logs to lithologic materials 

would involve a complete grainsize analysis of all available samples. It quickly 

became apparent that the potential errors involved in locating and analysing some 

of the samples, and the lack of a sufficiently large population of responses for 

some of the grainsizes, made this approach impractical. Therefore only a 

representative group of samples was analysed for grainsize. The analysis was used 

to subdivide Dr. Karrow's core descriptions into four categories and put limits on 

what the groups represent in terms of grainsizes. Samples described as "sand" form 

the first group and were found to contain more than 60 percent sand. The second 

group consists of samples described as silt, with a descriptive adjective (e.g. sandy 

silt or clayey silt). These were found to contain anywhere from 30 to 65 percent 

silt-sized grains (0.05 to 0.002 mm). The third group, comprised of samples 

labelled as clay with a descriptive adjective, contains mainly the Maryhill Till plus 

a few samples of varved clay. This group was found to contain between 20 and 75 

percent clay-sized material (diameter [ .002 mm), but with only three having less 

then 40 percent clay. The fourth group consists of those samples described as 

"sand and gravel" or by terms such as silty gravel, clayey gravel, etc. The gravel 

percentage for this group ranged from 15 to 64 percent, while 24 to 83 percent of 

the material was sand sized.
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To complete the lithologic description of materials, tills are distinguished from 

other unconsolidated sediments. The responses of all base units that represent 

materials identified as tills on the geologic log were plotted on a Gamma-Neutron 

crossplot to look for zonation that may result from the effects of the depositional 

environment.

A summary of the crossplots distributions for these four categories is given in 

Figures 14 and 15, based on the 496 probability contours. The means and standard 

deviations of responses are given in Table 9. The crossplots show that the Gamma- 

Neutron crossplot separates the grainsize groups quite well. The silt distribution 

overlaps the others to some degree, but much of this overlap is attributable to the 

fact the designations of the grainsizes are not mutually exclusive.

TABLE 9

Lithologic Crossplotting Parameters

Lith.

Sand

Silt

Clay

Gravel

Log

neut
gam
den
neut
gam
den
neut
gam
den
neut
gam
den

Num. of
Points

60
60
41

111
111
70
53
53
46

118
118
75

Mean

572.27
45.71

127.21
608.44

60.79
108.62
466.86

92.33
134.15
766.64

41.18
99.17

Standard
Deviation

76.284
9.243

23.612
89.768
12.552
20.615
61.269
11.735
32.799
95.862

5.317
18.047
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"Gravel" (actually sand and gravel) has quite a distinctive signature, whereas 

materials defined as "sand" occupy an area of low clay and high water content. 

This suggests that the "gravels" may include a fair amount of compact till. On the 

Neutron-Density summary plot the density ranges of the distributions are seen to 

overlap considerably. This plot, by itself, is therefore of little use in distinguishing 

materials, but can be used to confirm a Gamma-Neutron interpretation. However, 

the "gravels" are once again quite distinctive.

While the means of responses for the individual tools in the four categories 

differ significantly, the large range of these responses makes some single log 

interpretations of lithology dubious. However, if one is forced to identify materials 

using only one tool, the best results in distinguishing all grainsize groups, except 

sand from gravels, can be expected from the gamma log. To distinguish a sand 

from a gravel a neutron log is required.

Pehme found that all those materials designated as "tills" by Dr. Karrow tended 

to lie along the upper edge of the crossplot distribution (Pehme, 1984, Figure 21).

On this basis we also attempt to separate tills from non-tills in the automatedt

interpretation described below. 

3.8 Aa Automated Interpretation

The term "expert system" is popular these days for describing the use of a 

computer to mimic a human. Leask (1985) has used the crossplot contours 

describing the lithologic and stratigraphic materials to create a "rule base" for an 

expert system that can sort the base unit (15 cm) responses from a suite of 

geophysical logs into their probable geologic origins. Despite its impressive name, 

the expert system developed by Leask is simply a fast way of matching field data 

to the crossplots, and there is no other inherent advantage over the (human)
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geologist. The computer interpretation, therefore, is only as good as the data sets 

it matches. Davis et al. (1981) refer to this sort of rule base as 'shallow 

knowledge1 because the simple pattern matching provides only a summary of a very 

complex process. No knowledge of geology, or ability to reason about processes 

(for example, of glacial motion), is built into the software. The system can 

reasonably be asked, however, to provide a quick look at a vast amount of data 

and flag areas of possible interest. More knowledgeable computer programs can 

certainly be written as we gain experience.

Other references to expert systems in well-log interpretation are to be found in 

Bonnet and Dahan (1983), and Kassennar (1986).

Leask (1985) describes the digitization of the contours and the programming 

necessary to locate a given base unit response within the highest possible contour 

level. The program EXPERT FORTRAN, written for a VAX computer, examines 

each base unit to see if it falls within the '4' contour of a lithologic crossplot. If 

it does the program then looks to see if it lies within an '81 contour. This 

procedure is repeated for both crossplot spaces, for the four lithologic categories, 

the three stratigraphic categories, and for till/non-till. The base unit I is assigned 

indices P (I, J, NG) and P (I, J, ND) for the Jth category (sand, gravel, Maryhill, 

etc.) which are equal to 2, 4, or 8 depending on whether its Neutron-Gamma (NG) 

or Neutron Density (ND) coordinates lie outside the '41 contour, inside the !4T but 

outside the '8', or inside the '8' respectively. The two indices are combined by 

weighting the Neutron-Gamma crossplot three times the Neutron-Density, to get a 

rating factor R (I, J) such that:

R ft, J) s 3 * P (I, J, NG) * P (I, J, ND)
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The minimum R (I, J) value considered significant was 16.

3.8 Results

As made clear in the introduction to the last section, running the computer 

interpretation on the data sets that were used to provide the rule base in the first 

place is not a fair test. At the moment, however, that is all that is available. 

(All the geophysical logs penetrate well below the depth reached by the adjacent 

coring so that there are geophysical interpretations to be tested, notably below 35 

metres at GB83-1).

Nevertheless, it is interesting to compare the geophysical and core descriptions 

at these holes. Leask (1985) has compared the results at GB83-1; here we shall 

examine the comparison at GB82-3. Fig. 16 shows a simplified core log for this 

hole. Figure 17 shows examples of the three well logs for this hole; the coloured 

column down the centre of this Figure shows the sand/silt/clay/gravel percentages 

for each of the cores that were analyzed, and whether or not the materials were

classified as till in the core description.
t

Figure 18 shows, using a similar colour scheme, the computer-generated 

interpretation for the hole. The lithological interpretations are represented as a 

stacked bar graph so as to resemble the core analysis. A base unit is given an 

interpretation only if the base unit has been judged not to be on a boundary and if 

its indices (R, I, J)) exceed the value 15. Gaps in the record are accounted for in 

this way. Gaps in the record reflect these conditions. The bar code Bl is turned 

on (and coloured blue) when the unit response is within the till space on the 

crossplots; otherwise the bar code is off and coloured yellow. The bar code B2 is 

turned on if the Maryhill index exceeds 15, B3 is activated for the lower Catfish 

Creek, and B4 for the Upper Catfish Creek.
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A comparison of Figures 16 and 18 shows, in general, good agreement. From the 

surface to 50 ft. silt and sandy materials predominate, and the geophysical logs 

pick up the clay layers near 35 ft. The corelog defines the interval from 60 to 70 

ft. as gravel, and the geophysical interpretation agrees.

The clay-rich Maryhill Till between 68 and 78 feet is clearly identified as such. 

The B2 bar code does not turn on elsewhere. The materials of the upper Catfish 

Creek till, described as stony clayey sand till, are identified by the computer as 

gravel till. The B4 bar code picks up this section, and B3 the lower Catfish 

section immediately beneath. These two bar codes also turn on further down in 

the section and their upper/lower sequence could be misinterpreted at 120 to 135 

ft., or possibly at 195 to 215 ft. The geophysical data in this case do some 

sorting; they identify zones that should be examined for Catfish Creek Till. If one 

were also to require that the Catfish Creek Till be in close proximity to the 

Maryhill Till then the computer could make the correct choice. These sorts of 

constraints, added to the rule base, may be the basis of a second generation expert

system.
*

A comparison of the computer interpretation with the core analysis of Figure 

17 shows that, in general, the computer overestimates the amount of silt in the 

formation.

3.9 Conclusions and Recommendations from the Geophysical Interpretation 

3.9.1 Condusione

Unfortunately the data base does not at present allow us to draw conclusions 

that can be termed 'scientific'. It is clear that the rule base for these 

core/geophysics comparisons needs to be improved, that the expert system is still in 

a primitive stage, and that independent data are needed for an evaluation.
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Nevertheless, we can express a guarded optimism that this approach can work to 

get more information from the geophysical logs than has heretofore been obtained. 

Even for stratigraphic units such as the upper and lower Catfish Creek Till, which 

are rather poorly resolved by their geophysical properties, the results at GB82-3 

shown here and at GB83-1 shown by Leask (1985) are encouraging. The log 

responses for the Catfish unit at these holes are not definitive, but they indicate a 

limited number of possible locations for the units. This, when coupled with the 

straightforward visual pattern recognition described in the previous section, seems 

to be of practical use. The definition of sands and gravels suitable for water 

extraction seems quite promising.

The computer approach does not need to be superior to a visual interpretation 

to be of value. Most logs now, and all logs in the future, will be recorded in 

digital form. The addition of small, powerful micro computers to the field systems 

that can analyze the logs almost in real time can be taken for granted. Therefore 

this sort of an interpretation will be available at very little extra cost over the 

basic recording budget. The computer can perhaps be programmed to do the 

pattern recognition so easily done by the eye, but the visual and automatic 

interpretations should be considered complementary, not in competition.

3.9.2 Recommendfttieas

1. The interpretation scheme proposed here needs to be independently tested. 

More geophysically logged and continously cored test holes are needed in the 

area.

2. The calibration of the tools, particularly the density probe, has been 

troublesome. It appears that the electronics of these old probes are not as 

stable as we require, and new equipment must eventually be purchased if 

quantitative interpretations are to reach their potential.
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3. The cross-plot based interpretation described here should be compared with 

and or supplemented by, other log interpretation approaches. The curve 

segmentation approach of Kassenaar (1986), and the linguistic compression, 

Walsh transform, spectral change, pattern recognition, wave form analysis and 

fuzzy sets approaches summarized by Hoyle (1986) all need to be investigated. 

With the boreholes cased and locked, the core information complete, we are in 

a good position to experiment, re-log if necessary, and generally try new 

approaches to this study.

4. The Geonics EM-38 borehole induction probe has been run in two of our holes 

and produces good conductivity logs through the plastic casting. The 

information correlates well with our (pre-casing) Normal logs. The induction 

log can therefore be integrated into the interpretational scheme, providing a 

fourth geophysical parameter. The induction log has superior penetration 

compared to the E-log, and can be run in the stable environment inside the 

casing.
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APPENDIX

Geologic logs for holes drilled as part of OGS Grant 128.

Ross 1185 )



GB-l-82
UWBH177-82 (East of Grand River)

East of Grand River, across from Homer Watson Park section on the 
flood plain.

2.0-2.4' - sandy top soil
4.0-6.0' - wet medium buff brown sand with shells
6.0-8.0' - same
8.0-10.0* - same sand becoming medium gravel downward, still

shells in sand
10.0-12.O f - crushed medium buff gravel 
12.0-14.0' - same (sandy gravel) 
14.0-16.0* - same, with red'streak
16.0-18.0' - cleaner medium gravel, red streak at base 
18.0-19.0' - mottled orange gravel 
19.0-20.0' - buff over grey buff banded silt, prominent orange

banding just below 19.0'.
20.0-21.5' - buff stratified fine sand silt, calcareous 
21.5-22.0' - greyish stony fine sand, calcareous 
22.0-23.0' - faintly banded grey buff silt, calcareous 
23.0-24.0' - very stony grey silty sand till, calcareous

SAMPLE A at 23.5'
24.5-26.5' - similar till gravelly zones, calcareous 
26.5-28.5' - grey buff very stony silty sand till, calcareous

SAMPLE B at 28.0
28.5-30*0' - grey buff very stony silty sand till, calcareous 
30.0-32.5* - same

SAMPLE C at 31.0'

32.5-33.5' - gravel and cored rock
34.0-36.0' - grey buff, dirty sandy gravel
36.0-37.0* - variable wet gravelly sandy material, possibly till
37.0-39.0* - grey buff dirty crushed sandy shale, calcareous *
39.0-39.5* - mixed crushed rock and soft tilly stony sand
40.0-40.5' - grey dirty crushed shale
40.5-45.5' - broken thin bedded laminated dolostone
45.5-50.0* - thin vuggy zones (some material as 40.5-45.5*)

GB-2-82 
UWBH 82-83

East coner of Homer Watson Blvd. and B l earns Road 20m from 
Blearns Road and 60m from Homer Watson Blvd. in Steckle Park

9*-l l* - pebbly buff sand
11*-14* - med. sand with silty and clayey bands at l foot

intervals
14*-l6* - wet med. sand 
16*-17* - buff brown gritty clayey silt till, Tavistock?
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GB-1-82
UWBH177-82 (East of Grand River)

East of Grand River, across from Homer Watson Park saction on the 
flood plain.

2.0-2.4' - sandy top soil
4.0-6.0' - wet medium buff brown sand with shells
6.0-8.0' - same
8.0-10.0* ' - same sand becoming medium gravel downward, still

shells in sand
10.0-12.0' - crushed medium buff gravel 
12.0-14.0' - same (sandy gravel) 
14.0-16.0* - same, with red streak
16.0-18.0' - cleaner medium gravel, red streak at base 
18.0-19.0' - mottled orange gravel 
19.0-20.0' - buff over grey buff banded silt, prominent orange

banding just below 19.0*.
20.0-21.5' - buff stratified fine sand silt, calcareous 
21.5-22.0* - greyish stony fine sand, calcareous 
22.0-23.0' - faintly banded grey buff silt, calcareous 
23.0-24.0* - very stony grey silty sand till, calcareous

SAMPLE A at 23.5*
24.5-26.5* - similar till gravelly zones, calcareous 
26.5-28.5* - grey buff very stony silty sand till, calcareous

SAMPLE B at 28.0
28.5-30.0' - grey buff very stony silty sand till, calcareous 
30.0-32.5' - same

. SAMPLE C at 31.0*

32.5-33.5* - gravel and cored rock
34.0-36.0* - grey buff, dirty sandy gravel
36.0-37.0* - variable wet gravelly sandy material, possibly ttll
37.0-39.0* - grey buff dirty crushed sandy shale, calcareous
39.0-39.5* - mixed crushed rock and soft tilly stony sand
40.0-40.5* - grey dirty crushed shale
40.5-45.5* - broken thin bedded laminated dolostone
45.5-50.0* - thin vuggy zones (some material as 40.5-45.5')

GB-2-82 
UWBH 82-83

East coner of Homer Watson Blvd. and B l earns Road 20m from 
Blearns Road and 60m from Homer Watson Blvd. in Steckle Park

9'-l l* - pebbly buff sand
11*-14' - med. sand with silty and clayey bands at l foot

intervals
14'-l6' - wet med. sand 
16*-17* - buff brown gritty clayey silt till, Tavistock?



SAMPLE A AT 18' TO 

19 f -25 f - same, greyish lower foot

SAMPLE B AT 23'

24'-27' - similar till, more grayish with silt bands on lower
foot

27'-29 f - faintly stratified gray silt 
29'-34 l - interbedded gritty sand, mass ot silt, clayey bands,

pebbles and grits at intervals 
34'-39' - stratified to varved silt and clay, varbes from .5

cm to 25 cm thick 
39 f -43 f - grey quick silt 
43 f -44' - grey wet silty sand 
44'-46 f - stratified buff med. to fine silty sand wet (44-45

heavy orange oxidation brown)
46*-46.5' - brown clayey to sandy disturbed material 
46.5 f -48 f - grey sandy silt till (?)

SAMPLE C AT 47.5 f

47 f -48 f - mixed till-like grey to buff to orange silty sand
and gravel 

48'-48.5 f - buff with orange streaks weakly layered, stony silty
sand -till like

48.5'-49 f - dirty med. to fine gravel silty blobs 
51'-51.5' - med brown tilly silty sand 
51.5'-52' - dirty coarse sand and fine gravel 
52'-53' - medium brown till-like silty sand 
53'-53.5* - dirty medium sand and gravel 
54.5'-54.5 f - coarse sand and fine gravel wet 
54.5'-55.5 f - wet coarse sand - med. gravel 
55.5'-56.5 f - same 

1/2 ft. missing
57 f -58 ? - coarse gravel and sand * 
58'-59 f - dirty med. gravel, grey 
SS.S'-SO.S 1 - dirty med. gravel, grey brown 
60.5'-62* - dirty med. gravel, yellowish grey

GB-3-82
UWBH-163-82

In Strasburg Park 150m from Strasbury Road 20ra from 
Blockline Road

0.0-4.0* - no samples - reported to be fill
4.0-5.O 1 - silt fill
5.0'-5.5' - medium dirty sand and top soil
6.0'-8.0 f - poorly sorted gravelly medium sand, calcareous
8.0 f -10.0 f - medium buff sand few pebbles
10.0 f -12.0'- buff fine silty sand with some clayey silt bands, 

 calcareous



12.0'-13.0 f - fine stratified silty sand, calcareous ~
13.0 f -14.0 f - grey silty clay, calcareous
lA.O'-lS.O 1 - buff becoming grey buff, stratified silty fine sand

with more clayey bands 
16.0'-18.0'- stratified silty fine sand grey buff few small

pebbles thin clay laminae

SAMPLE A AT 20.5'

18.0'-20.0'- grey buff to grey brown stratified fine silty sand
with clayey bands plant fragments at 19.5 f saved in
vial and took pollen sample A 

20.0 I -22.0 I - grey buff stratified silt and sand, some clayey
bands

24.0'-26.0 t - same, with scattered pebbles and grits 
26.0 f -28.0'- stratified grey buff fine sand with bands of medium

sand 
28.0 I -30.0 I - stratified medium sand with clay bands and streaks

and chips (clay) grey buff color 
30.0 f -32.0'- medium stratified olive sand, 2" at bottom of

stratified silt
32.0 f -34.0 f - stratified grey buff clay and silt with grits 
34.0'-36.0'- stratified silty fine sand with grits, calcareous 
36.0 f -38.0 f - stratified grey buff silt with clayey sandy bands

with grits and pebbles, glacial lacustrine 
38.0 f -40.0'- grey buff stratified silt with numerous clay chips

in layers and zones with grits 
40.0'-40.5 f - same silt with clay chips
40.5 t -41.0'- stratified silt with sand and gravel interbeds 
41.0 I -42.0 I - stratified medium to coarse sand with silt bands 
42.0*-42,5'- medium to coarse sand with silt bands 
42.0 f -42.5 f - medium to coarse sand, fine gravel 
42.5'-43.5'- stratified silt and clay 
43.5'-44.0 f - stratified fine sand with grits, tilly clay band

near top

SAMPLE B AT 44.0' (oil odour)

44.0'-44.5'- medium sand, large black bleb, oily smelling
44.5 l -46.0 f - grey buff stratified fine silty sand
46.0 f -48.0 l - grey buff stratified silty fine sand, small black

discoloration at top but probably contamination from
above

48.0 f -50.0 f - medium olive sand 
50.0'-52.0 f - stratified medium olive sand, silty bands in lower

foot
52.0 f -53.0 f - coarse sand
53.0'-53.5 f - medium sand with pebbles and silt layers 
53.5 f -54.0 f - stratified silt 
54.0 f -55.0 f - stratified silt 
55.0 f -56.0'- medium to coarse sand and fine gravel



56.0'-58.0 f - coarse sand to fine gravel i''-
58.0'-60.0 f - same
60.0'-61.0 f - same
62.0'-64.0 f - grey buff medium rounded sandy gravel, somewhat

 poorly sorted 
64.0'-66.0'- same 
66.0'-68.0 f - same 
68.0 f -69.0'- same
69.0'-70.0'- mixed clay and gravel
70.0'-72.0'- dark grey brown massive clay, few grits, calcareous

SAMPLE AT 71.0'

72.0'-74.0 f - massive dark grey brown clay, few pebbles,
calcareous 

74.0'-76.0'- same

SAMPLE G AT 75.O 1

76.0'-78.0'- same, one pebble (l" diameter) in middle

SAMPLE H AT 77.0'

78.0 f -80.0 t - same, some weak lamination intermittently
80.0 f -80.5'- same, massive dark grey-brown clay and some small

pebbles 
80.5 f -81.25'- 9" of laminated to varved clay and silt varying from

5mm to 15mm in thickness, about 25 cycles, thinnest
at top and bottom, calcareous 

81.25 f -81.75 f - greyish buff weakly laminated, stony to gritty
clay, calcareous

81.75-82.0'- stony clayey sand till (ice rafted?), calcareous 
82.0'-82.25'- finely laminated dark grey brown clay with stones,

calcareous
82.25'-83.0 ? - cream to grey buff loose gravelly til?, calcareous 
83.0'-84.0' - mottled grey stony sand till 
84.0'-86.0' - light grey stony sandy till

SAMPLE C AT 85.0'

Se.O'-SS.O* - same
88.0'-89.0' - light grey to olive stony silty sand till
89.0'-90.0' - grey to olive stony sandy silt till

SAMPLE D AT 89.5'

90.0 f -91.5 f - light grey to olive variable sandy to silty till,
stony, hard to soft

91.5 f -93.0 f - grey stony silty sand till 
93.0'-93.5* - disturbed grey stony silty mud

UWBH165-82 

93.5'-95.5' - grey to olive stony sandy till



SAMPLE E AT 92.0'

95.5'-97.5'- poorly sorted silty sandy medium gravel, angular to
rounded 

97.5'-99.5' - grey buff to olive dirty sandy medium gravel,
rounded, tilly at base 

99.0'-100.0'- till-like sandy gravel
lOO.O'-lOl.O'- similar but more gravel, angular to rounded 
101.5'-103.0 f - sandy gravel, olive to buff, greyish sandy stony

till lens in middle
from 107.0* - buff medium sand with stones 
108.0'-108.5'- stony sand mud 
108.5 f -109.0'- fine to medium round gravel, one chunk of olive

stony silty til? calcareous
l10.5 f -112.0 f - grey to olive medium sand, calcareous 
114.0'-116.0'- grey to olive silty fine sand, coarser at bottom,

calcareous
118.0'-119.5'- alternating medium buff sand and grey silt strati 

fied, calcareous 
122.0'-124.0'- grey buff becoming yellow buff at base, stony hard

silty sand till, calcareous

SAMPLE I AT 123.0'

124.0'-126.0'- yellow buff, same till, calcareous 
127.5'-129.5'- yellow buff becoming grey buff, same till, 

calcareous

SAMPLE J AT 128.5'

130.0'-132.0'- grey stony silty sand till

SAMPLE K AT 131.0'

133.5'-134.5'- grey becoming pinkish downward, stony sandy till 
136.5'-138.0'- reddish brown gritty silt till, thin zones of 

stratification with gritty silt and silt

SAMPLE L AT 137.5'

139.0'-141.0'- same reddish gritty silt till, traces of stratifi 
cation, silty and sandy zones 

143.0'-144.0'- same reddish till 
144.0'-144.5'- substratified grey buff, gritty silt sand, tilly

SAMPLE M AT 143.5' 

148.0'-148.5'- reddish gritty silt till



SAMPLE N AT 148.5'

151.0 f -152.5'- reddish brown gritty silt till 
154.0'-156.0'- same red brown gritty silt till

SAMPLE O AT 155.0'

157.0'-159.0'- same till, gritty silt till, perhaps more clayey, 
but not distinctly so

SAMPLE P AT 160.0 1

159.0'-161.0'- reddish brown gritty clayey silt till 
166.0'-168.0'- similar gritty clayey silt till

SAMPLE Q AT 167.O f 

170.0'-171.5'- pinkish buff, silt and very fine sand

GB-1-83 
UWBH 81-83

Westmount S CNR bridge. The east corner of Westmount Road and 
Westwood Drive. 17m from 80-83 (Geophysical hole, casing left in 
ground) 7-1/2m from fence.

l'-3.5* - disturbed dirty buff medium sand and soil
3.5'-4.5' - stony sandy topsoil
4.5'-8.5' - dirty gravel sand
8.5'-9.0 f . - fine silty sand
9.0'-12.0 f - dark pink grey stratified silt 4 clay, some fine

sand
12.0 f -12.5 f - fine olive sand 
12.5 f -13.0 f - stratified silt and clay some fine sand, dark pink

grey
13.0'-14.5 f - fine grey buff sand 
14.5'-14.7' - 3" sand, silt and clay 
14.75-15' - 3" band sand 
IS'-IS.S 1 - dark grey brown, disturbed clay and silt, sheared,

contorted bedding 
18.5 f -23.5 f - same sheared dark grey clay, stratification only

evident intermittently. Only slightly moist,
quite crumbly

23.5'-28.5 r - stratified wet fine to medium sand, some silt 
28.5'-33.5' - (note only l 1/2 ft. sample) grey buff stratified

fine sand silt
33.5'-34' - silt and sand 
34'-36' - crumbly sheared clay and silt
36.5'-40.5' - wet med. to coarse sand, white chert grains common 
40.5'-41.5' - fine wet sand with black streaks, possibly

contamination, oily smell



41.5'-46.5' - wet med. to coarse sand, whit chert grains common 
46.5'-47.5 f - grey stratified silt with some fine sand, bedding

450 

47.5'-52.5 f - grey buff stratified med. to fine sand w/silty
bands and some clay in lower part

52.5'-55.75 f - grey buff, fine stratified sand with silty zones 
55.75'-58' - stratified silt, 2 pebbles near base 
58'-59.5 l - olive med. stratified sand, clay ball inclusions 
59.5 f -61.0 f - stratified silt and clay with sand bands 
61'-62' - olive mixed sand and gravel with till-like balls 
62'-63' - poorly sorted sand and gravel
63 f -64.5 f - olive to grey dirty med. sand, some fine gravel 
6475'-65.5 1 - breccia-like and till-like gravelly sand, partly

cemented
65.5'-66.5' - stratified dirty medium sand 
66.5 f -67.5* - dirty sand and gravel, many pebbles rounded 
67.5'-68.5 f - pebbly med. to fine sand

l ft. missing
69.5'-73 f - dirty med. sandy gravel
73'-76' - rounded to angular sandy med. to fine gravel 
76 f -77 f - dirty olive similar gravel 
77'-78' - very dirty, sandy gravel with 2 clay bands near

top and bottom 
78'-78.5' - grey silty clay till, few pebbles

SAMPLE A

78.5'-83' - variable, mostly, some stratification, often 
disturbed blocky silty clay with silty zones - 
Maryhill complex

83'-88' - massive to slightly stratified Maryhill Drift, 
silty clay, few pebbles

SAMPLE B AT 85 f

88'-90' - massive silty clay till - Maryhill

SAMPLE C AT 89 '

90 f -92.5* - decreasingly sheared varved clay
92.5'-93 f - undisturbed varved clay, brownish to dark grey

varves 2 cm thick, rapidy gradational into olive
stony silt till

93'-93.5 f - separate bag - grey sandy stony till 
93'-94.5' - olive stony sandy till - Catfish Creek Till

SAMPLE D AT 93.5 1

l ft. missing
95.5 f -96.5 f - olive stony sandy till 
96.5'-97.25' - olive stony sandy till 
97.25 f -98 f - olive stony sandy till



SAMPLE E AT 98'

98 f -99' - same till
99 f -99.5' - crumbly same till
100'-10r - olive gravely sandy till
101'-102' - same
102 f -102.5 f - same till
missing foot

103.5'-104.5 f - 
104.5'-105.25'- 
105.5'-106'

l ft. missing 
107'-107.5' 
107.5 f -108.5 f - 
108.5'-109.25 f - 
109.5'-110.25'-

SAMPLE F AT 104'

same till 
same till 
same till

stony silty sandy till, disturbed 
olive gravelly sandy till 
olive stony sandy till 
stony sandy till

SAMPLE G AT 110'

110.25'-lir - gravelly sandy till, crumbly 
lll'-111.33' - stony sandy till 
111.33'-111.75'- same 
112 f -112.5 f - olive stony sandy till

SAMPLE H AT 112.5*

113.5'-114.0' - same


