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The Brent Crater 

PART 1 

General Considerations 
BY 

P ETER M. MILL MAN 

ABSTRACT.- The feat~re known as Brent Crater, located in Algonquin park, Ontario, was first observed on 
aerial photographs as a c1rcular depression approximately 2 miles in diameter. Geological investigations indicated 
that the circular area was underlain by Palaeozoic sediments while the surrounding country rock was mainly granite 
gneiss. Magnetic investigations led to the conclusion that the crater was filled with material of lower magnetic 
susceptibility than the surrounding rock. Seismic observations indicated that the crater contained up to 1,000 feet 
of fairly soft rocks, and perhaps 3,000 feet of other material in which seismic waves travelled more slowly than in 
the surrounding gneiss. Gravity observations showed that the crater was filled with material of relatively Jow density 
to a depth of from 1,500 to 4,000 feet depending upon assumptions concerning the average density contrast. A 
diamond drill hole near the centre penetrated to a depth of 570 feet of P alaeozoic sediments while a second hole 
near the edge revealed the presence of large quantities of rock breccia. It was concluded that the crater was formed 
by the impact of a meteorite, possibly in late Precambrian time and that its present state was a consequence of 
subsequent erosion and the deposition "·ithin it of P alaeozoic sediments. 

RÉSUMÉ.- L'accident géographique connu sous le nom de cratère Brent et situé dans le parc Algonquin (Ontario) 
a été observé pour la première fois sur des photos aériennes révélan t l'existence d 'une dépression circulaire d'un 
diamètre d'environ deux milles. Il découle d'études géologiques faites sur place que cette cuvette repose sur une 
assise de roches sédimentaires paléozoïques, a lors que le gneiss granitique prédomine dans la région environnante. 
Des observations magnétiques ont démontré que ce cratère est rempli de matière rocheuse dont la sensibilité magné­
tique est plus faible que celle de la roche environnante. A l'aide d 'appareils sismiques, on a établi que ce cratère 
contient une couche de quelque mille pieds d 'épai seur de roches plutôt tendres, et peut-être 3,000 pieds d'autres 
matériaux au travers desquels les ondes sismiques se propagent plus lentement qu'à travers le gneiss encaissant. 
Des observations gravimétriques ont démontré que la densité des matériaux rassemblés dans ce cratère est relative­
ment faible jusqu'à une profondeur de 1,500 à 4,000 pieds, et varie suivant les hypothèses relatives au contraste de 
densité moyenne. Un trou percé à J'aide d'une foreuse à diamant près du centre a traversé 570 pieds des sédiments 
paléozoïques, mais un second trou percé près du bord du cratère a révélé la présence de fortes quantités de roche 
bréchoïde. On en a conclu qu'il s'agit d'un cratère météorique, causé par la chute et l'explosion d'une météorite, à la fin 
du précambrien peut-être, et que son état actuel est l'effet de l'érosion subséquente des sédiments qui s'y sont déposés 
au cours du pa léozoïque. 

In 1951 John A. Roberts, President of Spartan 
Air Services Ltd., Ottawa, was looking over some 
of the high altitude vertical air photographs of 
Ontario taken by his company for the Government 
of Canada. In an area on the north border of Algon­
quin provincial park near Brent, Ontario, he 
noticed the outline of a nearly perfect circle super­
imposed on a terrain of thick woods and numerous 
small lakes, (see Figure 1). The 1950 expedition 
from the Royal Ontario Museum, led by Dr. V. B. 
Meen to study a large crater in the north of Ungava 
Peninsula (Meen, 1950), had highlighted the possible 
connection between circular markings on the Cana­
dian Shield and ancient meteorite falls. Spartan 
Air Services got in touch with the Dominion Astron­
omer, Dr. C. S. Beals, and showed him the Brent 
photograph. Af ter discussions with the Geological 
Survey of Canada it was decided that during the 
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summer of 1951 the Dept. of Mines and Technical 
Surveys would send a small exploratory expedition 
to study the area from the ground and to decide 
whether a more extensive geophysical investigation 
was warranted. 

The centre of the circle apparent on the air 
photographs is at lat. 46° 04' 3111 N, long. 78° 29' 
OO" W. In the discussions which follow, this feature 
will be termed the "Brent Crater" for convenience 
in reference. 

The personnel of the exploratory expedition were 
Dr. H. M. A. Rice, Geological Survey of Canada, 
A. A. Onhauser and W. E. T. Smith, Geomagnetic 
Division of the Dominion Observatory, and the 
writer, at that time with the Stellar Physics Division 
of the Dominion Observatory. The investigation 
was carried out between J uly 4 and J uly 9, 1951. 
There was no access by road to the area but access 
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Figure 1. Vertical air photogroph of the Brent feoture. (Spartan Air Services photo) 
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by rail wa relatively ea y . The village of Brent, 
with a population under 100, i a divisional point 
on the tran continental line of the Canadian a­
tional Railway (see Figure 2). From here old Jogging 
trail lead orne 3 mile to the hore of Gilmour Lake, 
the large t lake in ide the crater. 

On this fir t expedition (Sky and T elescope, 1951 ; 
Science News L etter, 1951) the general nature of the 
topography and geology of the crater and its sur-

roundings were noted. A Paulin altimeter wa used 
to determine approximate elevation in relation to 
Cedar Lake at Brent, which was adopted as a 
tandard. , oundings were taken on Gilmour Lake 

and a number of standard magnetic tation were 
established, using a saturated core type electronic 
magnetometer. Brent lie within the boundaries of 
Algonquin provincial park. The personnel of the 
expedition were hospitably accommodated by 

Figure ] a. Low-level verticol o ir photogroph of the Brent feoture, supplied by Ontorio Deportment of Londs end Forests, showing the 

densely wooded terroin. 
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Deputy Ranger William Christie and hi s staff at the 
Brent headquarters of the Ontario Department of 
Lands and Forests. 

The circle which called attention to this region, 
and which circumscribe the outer shores of both 
Gilmour Lake and Tecumseh Lake, has a diameter 

Figure 1 b. View of the beach al the south end of Gilmour Lake. The centre of the crater is Io the right. Dr. 

44 

Millman, (left) and Mr. Barringer are wading toward the aircraft. 
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of 9,500 ft. (see Figure 3) . It is formed by the slopes 
on the lake shores and by discontinuities of general 
level in the woods, often marked by small stream 
beds. The topography rises gradually in a direction 
outward from the circumference of this circle, 
except on the east where Gilmour Lake drains into 
Brant Lake. However, there is no marked crater­
like depression and to an observer on the ground 
there is no indication that the feature exists. In all 
probability it would never have been discovered 
without the assistance of high altitude air photo­
graphy. The writer has flown over the area at 
10,000 feet and from this elevation the outline of the 
circle is very distinct to anyone on the lookout for it. 

Soundings were made at 28 positions on Gilmour 
Lake. These have been indicated as W-1 to W-28 
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in Figure 3. The values of the depth of water found 
on July 7, 1951, are listed m Table I. Weather 
conditions made it difficult to carry out a more 
complete sounding program at this time but it 
seems unlikely that the lake reaches a depth greater 
than 5 to 90 feet. From it size and the appearance 

of its shores it is almost certain that Tecumseh 
Lake is shallower. 

78.J.51- 2- 2 

During the 1951 expedition there was only time to 
make a preliminary and incomplete urvey of the land 
elevations in and around Brent crater. Later, in 1953, 
Dr. M. J. S. Innes of the Gravity Di,,ision of the 
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TABLE I 

Water depths, Gilmour Lake, Jul_v 7, l!J51 

Position Depth Position Depth 

(feet) (feet) 

W-1 18 W- 15 40 
W- 2 40 W- 16 30 
W-3 60 W- 17 14. 
W-4 82 W- 18 8 
W-5 51 W- 19 8 
W-6 4 W- 20 6 
W- 7 4 W- 21 41 

W- 8 8 W- 2'1. 40 
W--9 17 W- 23 36 
W-10 32 W-2-1 28 
W- 11 40 W-25 31 
W-12 40 W-26 31 
W- 13 43 W-27 30 
W-14 44 W- 28 24 

Dominion Observatory determined the ground con­
trol points lettered from A to Pin Figure 3. Using 
these and the air photographs, the Topographical 
Survey constructed a contour map of the area. This 
is reproduced in Figure 4. The position of the circle 
referred to above stands out quite clearly on this map. 

To give the reader a better idea of this feature, 
two profiles through the center of the crater have 
been plotted in Figure 5. The vertical scale used is 
five times the horizontal. The lines chosen are at 
right angles to each other and avoid the west side 
of the circle through which the area drains into 
Brant Lake. The extreme range in ground elevation 
is 400 feet for one profile and almost 600 feet for 
the other. To record the average effective profile, 
elevations were measured along eight equally spaced 
radii (N, NE, E , SE, S, SW, W, NW) and mean 
values calculated. These mean values are also 
plotted in Figure 5, and exhibit a range in elevation 
of approximately 275 feet. Baldwin (1949) has 
given two formulae which apply to the normal 
explosion crater. These are:-

D 0 . 1083 d2 + 0.6917 d + 0 .75 (1) 

E -0 .097 D 2 + 1.542 D - 1.841 (2) 

where D is log rim diameter in feet; 

d is log depth in feet; 
E is log rim height in feet. 

If, for purposes of discussion, it is assumed that 
the 9,500-foot circle seen on the air photographs 

represents the sectioning of an ancient explosion 
crater at the original ground level, then the original 
rim diameter would have been close to 11,500 feet . 
Inserting this value in equations (1) and (2), a total 
depth of 1,555 feet results, and a rim height of 662 
feet, hence a depth below original ground level of 
about 900 feet . It is evident that, from the stand­
point of size, this crater is almost an exact twin of 
the New Quebec crater (Millman, 1956) . It is also 
evident that, if the Brent crater is a true explosion 
crater, its original form has been greatly modified 
and in fact almost obliterated by subsequent changes 
on the earth's swface. A simplified standard crater 
profile, with parameters which satisfy Baldwin's 
equations, has been plotted in Figure 5 for compari­
son with the existing Brent profiles. The levelling 
influence of glacial action and other forces are clearly 
present at Brent. 

The Brent crater lies in an area of granite and 
granitic gneisses of the Grenville subprovince of the 
Canadian Shield. On the first expedition, outcrops 
of bedrock in situ were found at numerous points 
outside the crater circle. None were located inside 
this circle, however. At some points near the circum­
ference of the circle a few outcrops of fragmentai 
rock were noted. These had somewhat the 
appearance of consolidated explosion breccia. 

Circular features on the earth's surface may be 
produced in various ways. Apart from explosion 
impact craters, referred to above, there are volcanic 
craters and cones, volcanic necks and caldera, and 
modified forms of these. Other circular markings 
include cryptovolcanic structures, basic plugs or 
stocks, laccoliths, ring dykes, erosion basins, coral 
island atolls, salt domes and features produced by 
frost action. 

The evidence obtained on the first exploratory 
expedition seemed to indicate a greater probability 
for the explosion origin of the Brent crater than for 
any of the other possible hypotheses. Hence, it was 
desirable to carry out a more complete study of the 
feature. 

On July 13, 1951, the area was covered with the 
airborne total force magnetometer of the Geological 
Survey of Canada and a map of the ~agnetic con­
tours was produced, (see Figme 7) . In the summer 
of 1953, additional field work in and around the crater 
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was carried out on the ground. A graYity and mag­
netic study was made during the perio<l June 7 to 
June 26, 1953 by the Dominion Ob. errntory, and 

Legend: 

~- -- -- - Path 

5cale 

- "!" 

,,. 
___J_ 

Ceô..u:r 

-J___ 

a combined seismic and graYity inYe tigation, al o 
by the Dominion Observatory, was carried out from 
September 10 to October 1, of the same ycar. In 

Lu.\\,e 

TOPOGRAPHIC MAP 
GILMOUR LAKE AREA 

ONTARIO 

figure 4. Topographie map, Gilmour Lake orea. 
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1954, the Geological urYey carried out a study of 
the geology of the area from August 24 to September 
1. In 1955, from February 21 to March 30, drilling 

operations were carried out by the Dominion 
Observatory. The re ults of the e variou expedi­
tions are reported in thi combined report. 
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PART II 

The Age of the Brent Feature from Geological Observations* 

BY 

B.A. LIBERTY 

The Brent topographie feature lie within the 
Grenville subprovince of the Canadian Shield. 
K otwithstanding the glacial cover, it is clear that 
the Brent feature consists of a nearly circular 
depre ion in granite gneiss now partly fi.lied with 
lime tone of Ordovician age. Diamond drilling has 
revealed the existence of 546 f eet of undisturbed 
strata near the centre of the feature. Their age is 
considered to be Middle or Lower Ordovician on 
the ba is of fossil evidence in the upper part and the 
apparently continuous sedimentation throughout. 
Rock types are predominantly: grey, fine-grained 
and lithographie limestone with minor red and green 
argillaceous lime tone and shale; grey, fine-grained 
sandstone with minor shale; and alternating grey, 
calcareous shale with siltstone and sandstone. 

The time of formation of the Brent feature is 
considered to be of some importance. That it existed 
prior to Middle Ordovician time is illustrated by 
the presence in it of strata of this age. However, in 
view of the fact that the drill holes did not completely 
penetrate the Palaeozoic sedimentary rocks, the 
possibility of older strata being present is realized. 
The lowest rock is tentatively dated as Lower 

*Published with permission of the Director, Geological Survey 
of Canada 
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Ordovician, but some of it might be Cambrian with 
possibly more Cambrian lying below. Thus the 
depression is younger than the Grenville and older 
than Middle Ordovician and may possibly be dated 
Cambrian. Although the feature might have origin­
ated at any time between formation of the Grenville 
and deposition of the first Palaeozoic sediments in 
eastern Ontario, it most probably formed during 
the latter part of this interval. As it is such a small 
feature, geologically, the period of erosion before 
it was covered by the protective Palaeozoic strata 
could not have been very long or the feature would 
have been obliterated. The youngest Grenville is 
tentatively dated at about 800 million years and 
the base of the Cambrian about 500 million years. 

At the time of writing there is insufficient geo­
logical evidence known to prove or disprove the 
meteorite crater origin of the Brent depression. 
Positive evidence, such as meteorite fragments and 
radial scars, was not observed but this would in all 
probability have disappeared in the immense time 
that has elapsed since the feature was formed. 
Geological evidence does, however, indicate within 
the limits stated above the time of formation of the 
depression. 





PART III 

A Magnetic Study of the Brent Crater 

RY 

J.F. CLARK 

In 1951 a preliminary SUJTey was carried out hy 
the Magnetic Division of the Dominion Obse1Tatory 
in the Brent area. The purpoiie was to determine 
whether there w re large anomalies near Gilmour 
Lake. ix magnetic stations were established he­
tween Brent and Gilmour Lake by A. A. Onhau er 
and \V. E . T. mith of the Dominion Observatory 
and absolute values of vertical force computed. In 
June 1953, the e stations served as reference points 
for a much more exten ive vertical force magne­
tometer survey, which was conducted over the whole 
area of the feature. The 1953 survey provided 
additional information concerning the magnetic 
properties of the feature and di tribution of magnetic 
matter in the area, to aid in structural interpretation. 

The location of magnetic stations is indicated in 
the chart of Figure 6. Severa! lines of observation 
points were laid out and they are indicated by letters 
uch as H, L, C, D, P, M, r, etc. The value of 

vertical force i indicated for each station and for 
the contour line constructed from them. 

The datum used for identifying contour lines is 
56,500 gammas, i.e. the Yalues placed on each 
contour line on the chart (Figure 6) are to be added 
to thi datum to give the total vertical intensity in 
gammas. The magnetic vertical intensity at the 
base camp (B-1) was measured at 57,086 gammas. 
Further observations were taken in June 1953 at 
the 123 station shown in the diagram. Two magnetic 
instruments were used; a Sharpe vertical force 
variometer and an A kania, variation type, field 
magnetometer. Magnetograms recorded by Agin­
court Magnetic Observatory and the Dominion 
Observatory magnetic laboratory in Ottawa served 
to control the e field station measurements. Indi­
vidual readings at each station were corrected for 
disturbances and diurnal variation. 

The contours of the anomalies indicate a , ·ery 
low gradient in vertical force o\·er the circular por-
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tion of the feature inside the rim. Large anomalies 
occur outside the rim of the crater particularly in a 
small region along the M-line. The total range of 
vertical force over the wholc region was found to be 
720 gammas, most of which occurs along the eastern 
rim of the crater. The greater variation in the vertical 
intensity might be expected here as all station are 
underlain by granite gneiss which characteristically 
produces variable anomaly fields. 

In addition to the Dominion Observatory ob er­
vations the Geological Survey as part of their pro­
gram in 1951 obtained airborne magnetometer 
profiles over the crater and surrounding districts. 
The ground survey data were used in conjunction 
with the contour lines derived from these airborne 
magnetometer results. everal flights were carried 
out at an elevation of about 500 feet above ground 
level. The flightlines and total force anomalies are 
shown in Figure 7. 

Agreement of the airborne result with the ground 
survey is qui te good over the central portion. Outside 
the rim the range in vertical force on the ground is 
greater by about 300 gammas than that indicated by 
the airborne instrument. Therefore, the pattern 
obtained over the centre must result from magnetic 
attraction at depth; outside the rim, the pattern 
corresponds to that which would result from local 
and near-surface attraction. 

If the depth of the crater is 1,500 feet, the mag­
netic force detected by an instrument on the ground 
i.e., 1,500 feet from the basement rock, compared to 
the magnetic force detected by an airborne magne­
tometer in an aircraft traversing the area at 500 feet, 
i.e., 2,000 feet from consolidated rock, will be in the 
ratio of 

1 1 or 2 .37 to 1 .00. 
(2000)3 (1500)3 

the response being approximately one-half as great 
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Figure 6 . Anomalies of vertical magnet ic intensity. 

in the air as on the ground, since the magnetic field 
falls off as the cube of the distance. 

Acro the central portion of the feature the 
variation ob. erYed were: 

Air borne 
Ground 

70 gamma 
125 gammas 

This i a ratio of 1: 1. , close to the predicted value. 
It hou ld be pointed out that a greater number of 
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obserYations, both airbornc and ground, might 
change the relationship. 

Outside the rim the variations are greatcr: 

Airborne 
Ground 

150 gammas 
450 gammas. 

This ratio of 1: 3 indicates the pre::;ence of mag­
netic material of higher Husceptibility than that 
inside the crater. The material of higher suscepti­
bility would have to extend to the surface or near­
surface to affect the ground survey instruments 
three times a much as the airborne magnetometer. 
Outcrops of magnetic mineral-bearing rock do 
appear, as required by this hypothesis. 

To summarize, the vertical force contour pattern 
outside the rim is more anomalous than inside. No 
large anomalies are indicated inside the depression. 
The pattern shows a sudden tran ition near the rim 
of the crater where the vertical intensity becomes 
quite variable with steep gradients. 

The magnetic evidence is consistent with the 
picture derived from gravimetric and seismological 
studie : namely, that of a crater of considerablc 
depth filled in with . edimentary rock and glacial 
debri~ . The absence of any large anomaly over the 
centre of the crater would seem to deny a volcanic 
origin. 

The results of this survey suggest that airborne 
magnetometer surveys may provide useful diagnos-

tic evidence in fossil crater studie . The re:ult 
further ::;uggest that an additional modified form of 
magnetic urvey would be useful in thi type of 
üwestigation ; that is, geological rock sample 
could be taken in ide the depre ion by drilling 
through the sedimentary layer which were pre­
sumably laid clown after the formation of the crater, 
while others could be taken at intervals outward. 
beyond the rim, and tested for magnetic properties. 
The Baldwin formula could give some indication of 
the outer limit of disturbed material and debri, 
which \vould ha,·e its remanent magnetism affected 
by the heat and impact. Although mcteoritic and 
erosion basin are topographically similar, a ignifi­
cant difference in magnetic moment between rock 
in situ on the surrounding plain, and similar rock 
associated with the depression, would point to 
meteoritic origin of the crater. However, if no 
change in magnetic properties were found, it would 
be strong evidence for the erosion theory of origin. 
A detailed traverse and determination of the values 
of the magnetic elements, would be a preliminary 
requiremcnt to help plan the selection of rock 
. pccimens. The astatic magnetometer operated by 
the Dominion Observatory could be utilized in an 
investigation of this type. 

The writer is indebted to R. G. Madill, Chief of 
the Geomagnetic Division for helpful comments and 
suggestions. 



PART IV 

Seismic Observations 

BY 

P.L. WILLMORE 

The ci mie methods of iiwestigating buried 
tructures fall into two hroad classes, which are 

known as the rcfraction and reflection methods 
respectively. In the refraction method charges are 
et off in the ground, and the times of arrival of 

seismic waves are observed at various distances from 
the shots. If the structure consists of a succession of 
plane layers, and if the velocity of propagation in 
each layer exceeds that of the layer above, the 
"travel-time curve" will consist of a series of straight 
lines, each of which will represent waves propagated 
through one of the layers of the structure. With 
suitable arrays of shots and seismometers, it is 
possible to determine the propagation velocity, 
thickness and dip for each layer, but the geometry 
of the ray paths usually requires the observations 
to be conducted over horizontal distances about six 
tiincs as great a the thickness of the structure being 
in vestigated. 

In the reflection method, the seismometers are 
set up quite close to the shot, and the method 
depends on the observation of the successive "echoes" 
produced when seismic waYes, tra,·elling essentially 
vertically through the structure, strike reflccting 
boundaries at various depths. This method avoids 
the requirement for large horizontal spreads, but it 
suffers from the disadvantages that the appearance 
of a reflection on the record yields little information 
which can sen'e to identify the reflecting horizon, 
and that the determination of the vertical scale of 
the structure requires an independent measure of 
the velocity in each layer. For thcse reasons, exten­
sive reflection surYeys are usually tied in to horehole 

data. 

A crater-like structure presents special diffi­
culties for either method, for if its depth is compar­
a hie toits horizontal extent it may be impossible to 

78451-2- 3i 
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set out a refraction spread long enough to determine 
the velocitics in the various formations, and the 
Jack of velocity data will limit the interpretation of 
reflection records. 

The method which was finally adopted at the 
Brent crater was to set up a 600-foot spread of 
geophones- subsequently referred to as short-range 
stations- at a number of points in or just outside 
the circular feature, and to fire shots up to 4,000 feet 
from each spread. Without expecting to penetrate 
to the undisturbed basement materials, velocities 
and thicknesses for several bodies of material within 
the crater were determined by observing refracted 
waves from these shots. At the same time, seismom­
eters attached to v.h.f. radio transmitters were 
set up on the rim of the crater. These transmltted 
the seismic signals to a radio receiver which was 
set up beside the short-range recorder. In this way, 
the recordings of both long-range and short-range 
data could proceed simultaneously, under the con­
trol of a single opera tor. The conclusions of the 
seismic experiments were derived by combining data 
from the two types of equipment. The locations of 
the shots and recording stations, together with the 
survey points mentioned in this section of the text 
are shown on Figure 8. 

The seismic work was carried out by the writer 
with the assistance of J. F. J. Allen and W. E. T. 
Smith. In addition, Sgt. Van Wert and Cpl. Norton 
were assigned to the party hy the Royal Canadian 
Engineers, to assist in drilling shot holcs and in 
handling explosÎ\'es. Also, the Department of Nation­
a l Def en ce (Army) kindly loaned camouflet ho ring 
cquipment and Rupplied a number of ::;haped charges. 

The method of drilling shot-holes rnried " ·ith 
the nature of the ground. In sand or gm,,eJ, the 
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holes were drilled 'vith a 4-inch hand auger to 
depths of as much as 15 feet. This tool could not be 
used efficiently in the rocky overburden which 
covers most of the crater fioor , and fir t efforts to 
operate in this area were made with the Army cam­
ouflet equipment. Even this would not penetrate 
the ,~rnrst ground, and further progress would have 

GILMOUR LAKE AREA 
ONTARIO 

SEISMIC SHOTS AND STATIONS 

; 
/, 

, 
/. 

"" 
SHOT7 

been extremely laboriou if Sgt. Van Wert had not 
uggested that small "beehive " might be u ed. 

These are shaped charge about 5 inche. in diameter, 
used by the Army to perforate concrete structure . 
A number of the e were obtained, and proved very 
effective in dri lling clean holes 3 or 4 inche. m 
diameter down to a depth of about 4 feet. 

• A.8 SE!SMIC SlAT()N 
WITH RADIO TRANSMlnER 

0 

SCALE 

Thousond s of Feel 

+ SHOT9,Kl,14 

t SHOT8,ll,13 -- - ~:;; ______ _ 
+SHOT 2,12 ', 

' ' ' 

• SHOT 6 

+SHOT 18,19 

' ' ' ' ' \ \ 
\ 

SHOT 25 +SHOT 17,20 

\ 
\ 

N 

\ 
\ 

' ' ' ' ',, 
' ' ', 

+SHOT 24 

+SHOT 15,21 

SHOT 16,22 
• c-s 

•\~-RANGE STATION 2 

• c-e 

+ SHOT23 

+ SHOT 26 

+SHOT 30 

+SHOT 29 

SHOT23 --

+SHOT 27 

+SHOT 32 

+5~1 ~•D-10 
9-œî-RANGE +sHOT34 
STATION 3 • 0--tO SEISM1C STATION 

WITH RADIO TRANSMITTER 

Figure 8. l ocotion of seismic stations. 
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HORT-RA GE REk ULTS 

The short-range equiprnent was set up first near 
T-2 (see Figure ), econdly between C-6 and C-8, 
then near D-10 on the southern rim of the crater, 
and lastly on the north shore of Gilmour Lake near 
B-3. All the results ob erved at a given station are 
plotted on a single figure, the ahscissa for each point 
being the distance in feet between one of the shots 
and a eisrnorneter which recorded it, and the 
ordinate being the travel-tirne in seconds for the 
eisrnic wa,'e . VVhen hots are füed at both end of 

the geophone pread, the results for waves travelling 
in the two directions are presented separately. The 
srnall nurnbers alongside individual points define the 
individual channels of the spread. In order to reduce 
the congestion of the diagrams, these numbers are 
entered only if they are needed in the discussion. 

Short-range Station A o. 1 (near T-2) 

The results for this station are plotted on Figure 9. 
On referring to the section covering shots north of 
the geophones, it will be seen that the onsets at 

SHÔRT-RANGE STATION • 1 

Shots /llo<th of Geophones Shots South of Geophones 

'2ol----i--+---+--9,),"------+---+------j 
;j 
(/) 

Figure 9. Travel-lime curves, short-ronge station, No. 1. 

channels 1-5 for shot 1 define a line with an intercept 
of about 0.025 seconds, and a velocity of 4,500 ft/ sec. 
The intercept is presurnably due to a lower velocity 
in the upper part of the overburden, which could be 
due to a lower degree of consolidation or to the 
presence of weathered material and organic matter. 
If the travel-tirne curve for this material is repre­
sented by joining the onset at geophone 1 to the 
origin, a velocity of 1,700 ft / sec. and a thickness of 
25 feet are found. A lower velocity extending a 

shorter distance down frorn the surface would be 
equally consistent with the re. ult .. 

The on ets of the waves from shot 1 at the 
rernaining channels fit with those of shot 2 on to a 
single line, and define a velocity of 10,300 ± 170 
f t / sec. The fact that the onsets for the two shots 
fit alrnost exactly on the same line indicates that 
the apparent velocity measured between the shot­
points is the same as that under the geophones, and 
hence that there is no significant dip in the refracting 
layer. Figure 9 also shows that the onsets from shot 
12 are about .007 second earlier than those of shot 2. 
The two shot-holes are within 15 feet of each other, 
but the hole for shot 12 was about 6 feet deeper 
than the other. The fact that the waves from shot 
12 had to penetrate less of the overburden accounts 
for about half the observed difference in travel-time, 
while the fact that shot 12 was much larger and more 
heavily tamped, thereby producing sharper on ets, 
may account for the remainder. 

The velocity of 10,300 ft/ sec. is in the range of 
,-alues to be expected from soft sedimentary rocks, 
which in the present case appear to correspond with 
the limestone found near the surface elsewhere in 
the crater. The depth of this layer under the geo­
phones can be derived from the intercept of the 
travel-time curve. This intercept is 0.058 second, 
which, on being combined with the velocity and 
intercept in the overburden yields a value of 77 feet 
for the thickness of the more consolidated part of 
the overburden. Allowing for the less consolidated 
part, the top of the limestone is found to be about 
100 feet below the surface. 

The onsets from shot 10 form a clearly defined 
group, arriving early in relation to the lines defined 
by shots 1, 2, and 12, and giving an apparent veloc­
ity of a little over 14,000 ft / sec. It is shown later 
that a velocity of 14,150 ft / sec. is indicated for 
propagation at long distances across the crater, and 
it is assumed at this point that the onsets from shot 
10 are propagated through the same material. On 
fitting a line with a velocity of 14,150 ft / ser. to the 
onsets of t:lhot 10, an intercept of 0.083 second is 
found. It is necessary to defer the interpretation of 
this intercept until the short-range and long-range 
data are combined. 
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The records obtained from the shots south of 
the geophones were much inferior to those already 
discussed, and the tra\'el-times were not accurate 
enough to fix the propagation velocities. The veloc­
ities in the various layers are therefore taken to be 
the same as those determined from shots 1 and 2, 
and the observed travel-times use<l only to fix the 
intercepts of the lines. When this is clone, the wave 
through the overburden is found to have an intercept 
of 0.030 second, while the wave from shot 3 through 
the limestone has an intercept of .055 second. These 
results are taken to indicate the presence of about 30 
feet of unconsolidated material and 40 feet of harder 
overburden below shot 3. 

In the case of shot 4, the distance from the geo­
phones is uch that the observed waves are the ones 
through the limestone. A velocity of 10,300 ft / sec. 
fitted to the onset times yields an intercept of .025 
second, which is about half that found for the shots 
north of the geophones. Since the intercept of a 
travel-time curve represents the time taken for 
seismic waves to pass through the overburden into 
the refracting layer and up again under the geo­
phones, the disappearance of half this delay when the 
shot is transferred from the north of the geophone 
spread to the south represents the complete absence 
of overburden under the more southerly shot point. 
This is confirmed by the fact that hard grey clay was 
found in the bottom of the shot-hole, this clay being 
known to form a thin layer on top of the limestone 
in other parts of the crater . Only three clear readings 
were obtained from shot 6 , but these also fit on the 
10,300 ft / sec. line, with almost the same intercept 
as given by shot 4. Once again, the grey clay was 
found in the bottom of the shot-hole. 

The onsets for shot 7 forma scattered group, and 
it is too early to fit this group on to an extension of 
the limestone line. Accordingly, the shot 7 onsets, 
like those from shot 10, are assumed to be waves 
propagated at depth with a velocity of 14,150 ft / sec. 
The intercept time found in this case is 0.057 second, 
and again the discussion of this value is deferred 
until the data is combined . 

Short-range Station A' o. 2 (near C 7) 

The results obtained with the geophone spread 
between C-6 and C-8 are plotted on Figure 10. Shots 

16 and 22 were fired in the ame hole, and yield a 
traYel-time curve with the following equation: 

t = - . 0012 ± . 004 + 
10 , 620 ± 530 sec. 

The velocity is in close agreement with that 
found for the limestone under line 1. The intercept 
is too small for it negative value to be significant, 
and indicates merely that the limestone i. very thin 
under the shot-point and under the geophones. In 
the case of shot 16 the first onsets on channels 10, 
11, and 12 were very weak, and this enables clear 
second onsets to be seen on the records. Three later 
onsets are combined with those from other shot 
observed at this station, and are believed to repre­
sent the waves travelling at 14,150 ft/ ec. 

SHORT-RANGE STATION "2 
Sho1s North of Geophones Shots South of Geophones 

0 500 1.000 l:;:xl 2/XX) 2;<XJ 3.000 

Figure 1 O. Travel-lime curves, short-ronge station, No. 2. 

Shots 15 and 21 show limestone onsets only on 
channels 1 and 2, while the second onsets are clear 
on all channels. Shots 17 and 20 showed the later 
onsets only. Shot 25 was a fairly large explosion 
in a deep hole, and gave clear first onsets lying close 
to the limestone line. 

On turning to the second part of the figure , 
representing the travel-times for shots south of the 
geophones, it is seen that shots 23, 24, and 30 how 
waves transmitted through the limestone, while 
shots 28, 29, and 30 yield onsets associated with the 
lower layer. In the case of shot 23 the waves are .02 
second later than expected if the shot had been 
resting directly on the limestone. This may be con­
nected with the fact that the shot-hole encountered 
gra,·el instead of the hard grey clay which usually 
indicates the top of the limestone. If the velocity 
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111 the gravel were the same a:-; that in the o\·er­
burden el mvhere in the crater a thickness of about 
90 feet would be required to explain the anomaly. 

Short-range Station No. 3 (near D 10) 

At tation o. 3, the . pread was laid out along 
the edge of the crater near D-10. The results are 
plotted in Figure 11. For each of the four . bots the 
tra,·el-times were consistent with a Yelocity of 15,500 
ft/ . ec., which i the value obtained by applying the 
method of least square to the combined data. The 
data from shot 35, however, were much more con-
i tent than the rest and yielded a velocity of 14,640 
±480 ft; sec. when reduced by themselves. If this 
greater consistency is takcn to justify the assign­
ment of increa ed weight to these onsets, a combined 
velocity of less than 15,500 f t / sec. would be ob­
tained. 
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Shots West of Geophones Shots Eost of Geophones 
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Figure 11. Travel-lime curves, short-range station, No. 3 . 

The travel-time line for shot 33 passes almost 
through the origin, indicating that the overburden 
beneath thi. shot and under the geophones is very 
thin. Shots 32 and 34 yield intercepts of .019 and 
.012 second, which correspond to about 90 feet and 
about 55 feet of overburden respectively. Sorne or 
all of the overburden could be weathcred material, 
and this would reduce the thickncss required to 

explain the tilne delay. 

Short-range Station Ko. 4 (near B-3) 

At station No. 4 the geophone spread was laid 
along the shore of Gilmour Lake and recorded shots 
36 and 37, near .A-C and T-A respectively. In spite 
of the fact that large charges were used, the onsets 
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Figure 12. Travel-lime curves, short-range station, No. 4. 

are weak and only six of them are plotted (Figure 
12). The travel-times indicate a velocity of about 
10,000 ft/ sec., with an intercept of .045 second. 
This result is very similar to that obtained under 
station No. 1, and indicates that the limestone ex­
tends almost horizontally from the vicinity of 
station No. 1 to the north shore of Gilmour Lake. 

LONG-RANGE RESULTS 

The travel-times for the first onsets at the radio 
stations near A-8 and D-10 are plotted in Figure 13. 

LONG-RANGE TRAVEL - TIMES 
0 

0 

9 ' , 

~ !>---, V 
8 

~') ~~ /~ V 
7 

~ 

~ 
V "' 

6 
'',,0 

,,,,,,,. ~ 
~ .. ~ ~ / / '-.._'o.,'1 ,/~/ 

-~ 
.,,..,_ 

- i(J 
)-;1-,,_ 

' 4 N ' 

-~ ~ 
~ 

1 
/' ',..._ 1 

3 

j ~~I - -11~ 2· 

Q g) 
il 0 

"' ,. 
"' -.-..-

~ Q [ 1 1 1 6 
1 

. 
0 k::'. i 

0 

0 

~ 0 

O· 

0 

0 

0 

South ,,....____ Distance (K1loft} - North 

figure 13. Long-range travel-time curves. 

! 



20 PGBLIC\TIOX ' OF THE DO:\IIXIOX OB ERYATORY 

The distance scale is calibrated in thow:;ands of feet, 
mea. ured from the centre of the crater along the 
north-south diameter. Mo. t of the shots were very 
near this diameter, and hence a single point on the 
absci . a can represent the distance of the shot-point 
from each of the two radio seismometers at the ends 
of the line. Shots 7 and 25 were some distance away 
from the perpendiculars drawn from the shot points 
to the north-south line. The travel-time have been 
corrected to allow for the fact that the distances from 
the seismometer to the shot-points differ slightly 
from the distances which were measured along the 
diameter. 

The form of the travel-time curve differs mark­
edly from the systems of straight lines which are 
characteristic of plane-stratified structure. . The 
pattern is best rnvealed by drav1ing a pair of traight 
line through the travel-time points for the shots 
nearest the northern and southern extremities of the 
shot-line. The travel-times for all hots fall above 
the two reference lines. In spite of some local di cre­
pancies, the patterns of offsets produced by the two 
sei mometers are strikingly imilar, and both show 
a high degree of symmetry about the centre of the 
feature. The pattern strongly uggest that t he 
wave from each shot spend a certain time in pene­
trating the sediment close to the hot-point, and 
are then propagated through a uniform "marker 
layer" toward the two seismometers. Remembering 
that the reference line for the two seismometers 
must have the same slope and must pass below or 
very near to all the travel-time points, we find that 
the velocity in the marker layer mu. t be within 
about 1 per cent of 14,150 ft / sec. If the marker 
lines are extrapolated acros the full width of the 
diagram, their intersection with the ordinates drawn 
through the seismometers give the time taken for 
seismic waves to be propagated along the whole 
diameter of the marker layer. This time must be 
the same for each direction of propagation and to 
satisfy this condition it is necessary to introduce a 
mal! delay at A- , \\·hich could indicate a few feet 

of overburden at that point. No such delay is required 
at D-10, which agrees with the conclusion drawn 
from station Ko. 3. 

The data from station Ko. 3 indicate that the 
velocity near D-10 is a little higher than that which 

has been assigned to the marker layer. Thi mean 
that the reference line for the onset recorded at 
that station should perhapR be moved clown a little, 
but the difference in velocity i o mall that the 
error in the diagram a printed can hardly exceed 
.01 second. 

CORRELATIO OF LONG-RA TGE A~D 
HORT-RANGE DATA 

It has already been pointed out that waves 
through the marker layer appear on some of the 
hort-range records . It should therefore be possible 

to combine both long-range and short-range data 
into a unified picture of the whole structure. 

To do this, the ordinary equation for the travel­
time t of a seismic wave is written in the form 

where x is the distance measured along the urface, 
v i · the velocity of the wave in the deepest layer 
reached, and D1 and D2 represent the time lost in 
penetrating any materials with velocities less than 
v, which occur under the shot-point and seismometer 
respectively. \Vhen it i necessary to refer to the 
time taken to penetrate the lo\\' velocity materials 
at one end of a seismic propagation path the symbol 
D will be used without a uffix, regardless of whether 
the region concerned is under a shot-point or a 
seismometer. Each value of D is related to the 
dimensions of the structure by the equation. 

D = Lr hr yl - v,2/ v2 

Vr 

where each value of Vr is the propagation velocity 
in a layer of thicknes hr. These equations only apply 
strictly when the tructure are horizontally strati­
fied, but they can be used as a fair approximation 
provided that the difference in the depths of the 
refracting layer under the shot-point and under the 
seismometer correspond to a mean clip of les than 
about 10°; and provided also that the upper surface 
of the refracting layer i not sufficiently contorted 
to interrupt the refraction path. 

The group of short-range observations made at 
any one station contains an arbitrary component, 
for each observation yields a value of D1 + D2, 
whereas a complete ·olution would yield D1 and D2 
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separately . The Yalue of D for each station i , there­
fore chosen o as to make the complete tructural 
picture as simple a possible. 

At tation o. 1 it is found that setting D = 
0.04 econd leave discrepancies of Jess than 0.01 
second with the long-range data for shots 6, 7, and 
37, but that there i an error of .04 second for shot 
10. The structural picture which is emerging from the 
data i that of a basin with steeply dipping sides, 
and it seem po sible that the discrepancy at shot 
10 i due to the difficulty of propagating eismic 
energy from the hot-point, into the dipping wall, 
and thence up to the geophone line which is on 
deep sediments nearer the centre (see Figure 14). 
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figure 14. Section deduced from seismic data. 

In the case of station No. 2, overlapping long­
range observations are only available for shots 28 
to 30, as the overburden at the other shot-points was 
too thin to tamp the relatively large charges re­
quired. It is immediately seen that the results for 
shots 28 and 29 cannot be accepted at their face 
value, for if the long-range D is subtracted from D1 
+ D2 for the short-range spread, there remain esti­
mates of D2 which exceed D1 + D2 for shot 16. 

The discrepancy which has appeared is similar 
to that at shot 10, and may perhaps be explained in 
the same way (i.e. by assuming a propagation diffi­
culty for waves travelling from shots near the edge 
of the feature to detectors nearer the centre). If 
this explanation is accepted, it throws doubt on 
the validity of the result from shot 30, and the 

estimate for D2 must be based cntirely on the evi­
dence of hot 16 through 17 and 20 which are north 
of the geophone line. The values of D1 + D2 from 
the. e . hot show a declining trend a the geophone 
line is approached. It is clear that they increase again 
south of the line, whether or not the exact numerical 
values of shots 30 to 28 are accepted. This mu t be 
interpreted as an anticline with its crest south of 
shot 16. The minimum height for the crest is ob­
tained by dividing D1 + D2 equally between shot 
16 and station No. 2, and thereby the crest corne 
about halfway between the two. If the division is 
made unequally, lower values of D will be obtained 
either for the shots or for the station, and the peak 
will therefore seem to corne nearer the surface. 

The combined seismic data are listed in Table II, 
and can be converted into estimates of thickness of 
limestone and overburden by using t he velocity data 
from the short-range experiments. The structural 
picture deduced in this way is shown in Figure 14. 

In interpreting the travel-times from the long­
range data, two sources of error must be borne in 
mind. The first of these is that the seismic refraction 
equation may break down if the ray path from the 
shot-point to the seismometer is interrupted by 
low-velocity material. This condition is most likely 
to arise when waves from shots near one side of the 
crater are observed by the seismometer at the 
opposite end of the diameter, and may delay the 
seismic onsets. The other possibility is that waves 
through the limestone may arrive before the ones 
through the marker layer. This may lead to early 
onsets when shots near the edge of the crater are 

recorded at the nearer of the two radio seismometers. 

Referring to Table II, either or both of these 
sources of error can affect the readings at shot 12, and 
could account for the relatively large discrepancy 
between the onsets from this shot at A-8 and D-10. 
The mean of the two readings has been adopted as a 
measure of the limestone thickness, whilst the ± 
sign indicates the departure from the adopted value 
which would arise if either of the reading::; were 
rejected and t he other one taken as correct. By the 
same argument, the onset for shot 11 at A-8 could 
be read early, and a + sign has been inserted af ter 
the limestone thickness to indicate that the adoptcd 
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TABLE II 

Summary of Combined Long-range and Rhort-range Data 

D 
Recortled at 

Shot-point A-8 D-10 Short range 
-

(sec.) (~ec.) (sec.) 

10 & 14 .009 -.Oücl . 0-!3 (rcject) 

13 .010 - -

12 .036 .072 -

1 - --
37 = stn. 1 .0-±2 .055 .040 

3 - - -

36 .038 .050 -

6 - .070 .061 
7 - .025 .017 

17 & 20 - - .0-±0 
15 & 21 - - .038 
16 = stn. 2 - - .024 
25 0.012 .037 -
23 .058 .070 -

26 .030 .OH -

30 .038 .O.fü . 052 (reject 

29 .030 .030 . 058 (reject) 

28 .000 .015 -

27 .000 .000 -

'rnlue represents a lower lirnit. Sirnilar uncertainties 
appear in the interpretation of the results frorn shots 
26 to 30, near the southern edge of the crater. Here, 
however, the discrepancies between the readings for 
the two radio seisrnographs are all within the lirnits 
of rneasurernents and in most cases the onset at 
D-10 yields an apparently greater thickness of sedi­
ment than that from A-8. As this error is in the 
opposite direction from that to be expected from 
the types of misinterpretation which have been 
discussed above, it is assumed that it arises from 
inaccuracy of reading or variation in the velocity 
in the marker layer, and the rnean is adopted as the 
best estimate of sedirnentary thickness. 

The striking symmetrical form of the diametral 
section strongly suggests the upper surface of the 
debris left in an explosion crater, and when the 
seisrnic results were first worked out it seemed 
highly probable that the "marker layer" consisted 
of this rnaterial. This hypothesis appeared to be 

Adoptcd Overburden Overburdcn Limestone 
D contribution below shot thickness 

(sec.) (sec.) ft. f t. 

0.002 say 0.002 say 6 0 
.010 say .006 say 20 60+ 
.054o .031 100 360 ± 2ï0 
- .031 100 -

.046 .031 100 230 
- .028 70 -

.Ocl4 .006 20 580 

.065 0.000 0 1000 

.021 0.000 0 310 

.O.fü 0.000 0 620 

.038 0.000 0 600 

.02"1 0.000 0 380 

.025 0.000 0 390 

.064 .023 60 6W 

.037 .008 20 480 

.039 .005 15 510 

.030 .005 15 370 

.007 0.000 0 110 

.000 0.000 0 0 

confirmed by the fact that results from short-range 
station No. 4 showed that material with almost t he 
same velocity as the marker layer occurred near the 
surface towards the edge of the crater. T he drill­
hole near P -11 disproved this hypothesis, for the 
material which was found about 400 feet below the 
surface was lirnestone and sandstone rather than an 
explosion breccia. On the other hand, a second clrill­
hole near P-22 (which is about the same distance 
from the centre as C-13 on the cliametra.l section) 
clid encounter breccia at a depth of about 80 feet. 
It therefore appears that the interpretation of the 
seismic results in terms of only two materials below 
the overburden is over-sirnplified. There is little 
doubt of the existence of a deep symmetrical basin 
whose rim coïncides with the topogra.phical fcature. 
However it does not appear that the central boss 
suggested by the seismic data is composecl of the 
same material as that who ·e surface dips inwards 
from the edges of the crater. Instead, it is sugge ted 
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that the small ,·alucs of D which ocem ncar the 
centre indicate a ma. s of high-Yclocity sccliments in 
thi region. This mass does not necessarily haYe a 
definite boundary, as a gracled increase in Yelocity 
or a nnmber of small bodie.' of high-\'eiocity rnaterial 
could produce identical effects on hoth the long­
range and short-range seismograms. 

PROPAGATION OUTSIDE THE CR\.TER 

The seismic results which ha,·e been descrihecl 
o far have all been explained in terms of materials 

which propagate seismic waves with a Yelocity of 
15,500 ft/sec. or less. This velocity is much lesR 
than the average value of 20,240 ft/ sec. which is 
typical of the Canadian Shield (Hodgson 1953), and 
it would therefore be of great interest to obtain even 
a rough estimate of the total extent of the low­
velocity materials around the crater. Such an esti­
mate is obtained by consiclering the record of one 
shot (shot 5) which was recorded by a seismograph 
near Brent, for which the waves took 1.28 seconds 
to cover a horizontal distance of 20,200 feet. 

The travel-time can be interpretecl in two ways. 
Assuming that the first onset was produced by waves 
which penetrated the sediments and breccia at a 
teep angle, entering the Precambrian rocks some­

where near the centre of the crater, the travel-time 
equation 

1.28 secs. = D + 20,200/ 20,240 

is formed, from which it is found D = 0.282 second. 
The contribution of the upper sediments is found 
from the diametral section to be 0.045 second, 

letwing about 0.2:3ï second to be accounted for by 
the cliffercncc hetm~en hreccia and the unclistmbed 
lmscment. If the propagation ,·elocity in the hreccia 
is takcn to be about 1.'5,000 ft 'sec. the thickncss 
rcquirecl i:-; about 3,600 fcet. 

An alternati,·e treatment of the results is to 
assume that the fir::;t onset at Brent was procluced by 
waves which followecl the usual path from the interior 
of the crater to D-10, and were then propagated near 
the surface for the re t of the way. In this ca e, the 
diametral section is used to e 'timate the propagation 
time from shot 5 to D-10 as 0.69 second, leaving 
0.59 second for the waves to travel the remaining 
11,260 feet to Brent. A.gain taking velocities of 
15,000 ft/ sec. for breccia and 20,240 ft/ sec. for the 
Precambrian, it is found that 2,400 feet of breccia 
would be needed south of D-10 to make up the 
obse1Ted travel-time. Since the limestone appears 
to end about 1,500 feet north of D-10, the total 
distance from the edge of the limestone to the 
undisturbed Precambrian is about 3,900 feet. 

Whichever propagation path is assumed to have 
produced the first onset at Brent, the thickness of 
breccia along it is seen to be of the order of 4,000 
feet. The statement does not necessarily mean that 
a sharp boundary should be observed at this dis­
tance. Experience in drilling other craters has indi­
cated a graduai transition from the most heavily 
brecciated material to undisturbed bedrock, and 
the figure of 4,000 feet should be taken as a rather 
crude estimate of "penetration distance" for cracks 
entering a transitional zone. 





PART V 

Geolo~ical and Gravity Evidence 

BY 

:.\I.J.. . IN ES 

The results of the preliminary field iiwestigation 
of the Brent crater in 1951 (see Part I ) strongly 
sugge ted that the fcature was formed by an explo­
sion, probably due to a falling meteorite, sometime 
prior to the la t period of glaciation. It was therefore 
considercd that a geophy ical investigation, coupled 
with the geological evidence, might provide impor­
tant information a to the sub-surface structure of 
the feature and thus give indirect evidence of its 
ongm. 

Accordingly, detailed gravity measurements were 
carried out in 1953 on two separate surveys; the 
fir t during June in conjunction with the ground 
magnetic measurements, and the second in Septem­
ber during the course of the seismic observations. 
The presentation of the grayity results and their 
interpretation, which is the main purpose of this 
ection, is preceded by an outline of the main geolo­

gical feature of the area. The possibility of an 
explo ive origin for the Brent feature i examined 
in the light of the geological evidence. 

The writer wishes to thank J. A. Robinson for 
his assistance with the gravity observations and 
reductions, and J. G. Tanner who superYised the 
drilling operations and logged the drill cores. Grate­
ful acknowledgment is made to W. P. Eames and F. 
Plett who undertook the ground survey to locate 
the gravity stations and determine their elevation, 
and to the Topographical Survey of Canada for 
cooperation in the preparation of the topographie 
map. Indebtednes · i gratefully acknowledged to 
officiais of the Ontario Department of Land.· and 
Forests for courtesies and for supplying air tram;­
portation for the field party on completion of the 
survey, and to J. McGaughy and T. Dixon for their 
hospitality white in Brent and their assistance in 
planning transportation. Dr. H. M. A. Rice, Geolo­
gical urvey of Canada kindly revie\Yed the manu-
cript, and provided results of his inspection of the 
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Brent feature in 1951. Finally, the writer wi:;;hes to 
expresR hi. appreciation to Dr. C. , . Beals, Dominion 
Astronomer, for helpful advice and encouragement 
during the course of this investigation. 

GEOLOGICAL CONSIDERATIONS 

Geology of the area 

To the writer's knowledge, detailed geological 
mapping of thi region has not been carried out. 
This outline is based upon observations during the 
geophysical operations, supplemented by a tudy of 
aerial photographs and the results of diamond 
drilling. The intention is to present only the general 
geological setting and structural relationships that 
are to be dealt with in the interpretation of the 
gravity anomalies. 

Geologically, the Brent depression is in an area 
in which all the consolidated rocks, with the excep­
tion of a number of scattered outlier of Palaeozoic 
limestones, are of Precambrian age. It lies within 
the Grenville sub-province of the Canadian Shield, 
about 30 miles south of the boundary separating 
this province from the Superior province to the 
north (Harrison, 1957). 

Accordingly, the region surrounding the feature 
is underlain by gneissic granites and biotite and or 
hornblende gneisses believed for the most part to be 
of sedimcntary origin. Although variable, some of 
the latter are coarsely crystalline and rich in gamet 
in grains up to ! inch in diameter, which arc gencrally 
fractured and broken. In some places, the gneisses 
are indistinguishable from intrusive rocks and along 
traverses to the north and west appear to become 
more massive with smaller amounts of ferromagne­
sian minerais . . \.mass of pink biotite granite occurs 
near :::;tation A-15 (see Figme 3) but its extent wa::i 
not obsetTed. Expo:::;ures of gnei:::;s on ridge ' to the 
south and west of the crater trend approximately 
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east-\Yest. To the east and north, ho,,-e,·er, the 
trend is northwesterly and the dip of the roC'k 
i: yertical or nearly so. The only basiC' intrusi,·es 
within the area of which the writer is aware, lie to 
the southeast of the crater near i\Iuskwa Lake. In 
thi. region Satterly (1942) has reported gabbros and 
amphibolites, \Yhich grade into hornblende gneiss or 
gamet hornblende gnei::;s and \Yhich are eut by 
several pegmatite dykes up to 1.5 feet wide, ron­
taining mica of possible commercial interest. 

The distribution of Palaeozoic outliers is con­
clusi,-e evidence that considerable portions of this 
Precambrian area were covered by the sea during 
Palaeozoic time. Small areafl of these rocks have 
been pre. en·ed in a series of down-faulted blocks, 
the nearest being some 20 milef:l north of the Brent 
feature near Mattawa (Caley and Liberty, 19.57), 
along the Ottawa river. There are also reports from 
local inhabitant of lime::itones along the north shore 
of Cedar Lake to the west of Brent, but it is not 
clear if these rocb are in situ . 

It is not too surprising, therefore, that Palaeozoic 
roc-b ha,·e heen preserYed in the Brent depre ion. 
During the geophysical work, blocks of lime tone 
and considerahle amounts of shale were encountered 
along the eastern margin of Gilmour Lake and along 
the north-south ridges in the centre of the basin. 
Blasting operations in connection \Vith the sei. mie 
measurements shO\Yed that it is highly probable 
that the en tire hasin is underlain hy . edimentary 
rocks (Figure 15). This was confirmed by diamond 
drilling carried out in March 195.5 after completion 
of the geophysical work. 

That heavy continental glaciation affected this 
area is evident from the widespread drift cover and 
the semi-parallel arrangement of drift ridge. · and 
valleys. This evidence is very pronounced on aerial 
photographs and the direction of ice movement was 
apparently (Prest, 1957) from north to south. 
Strong local deviations from this direction ha \'e 
been caused by the bedrock topography. Thus it 
would appear that the main ice flow was deflected 

Figure 15. Yellow dolomitic sandstone in place, near station C-14, uncovered by blasting for seismic observations. 
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hy the granitir wall;; of the dcprcssion which rcsultC'd 
in the scouring out of scdimcnts from (;ilmour and 
Tecumseh lakes and in the formation of the areuatc 
ridges lying hetwccn thcsc two lakcs. The C'lerntion 
profile for the E-line whirh crosses thc:-:c ridge:-: is 
shown in the lower part of Figure lü. It i:-: lielic\'cd 
that the Yariation in height is for the mo:-:t part 
hedrock controlled and that the ridgcs arc composcd 
of, and o"·e their existence to, a more highly re:-:istant 
lithographie lirncstone. If this is t>o, the rnriation in 
relief of the Palaeozoic surface due to glacial ero:-:ion 
is considerahle, nearly 200 feet frorn the hottom of 
Gilmour Lake to the top of the ridgc . . 

During the final retreat of the icc, irregular thick­
ncsses of glacial dcbris, consisting of sand, gra,-el, 
houldcr and clay, werc deposited. It will be secn, 
later, both from the drilling results and from the 
geophysical obserrntions that this unconsolidated 
material reaches a thickness of at least 100 feet in 
part of the basin. 

Resulls of Drilling 

Two Yertical holes were put down, D.D.H. To. 1 
near the centre of the ha in at station P-11, and 
D.D.H. No. 2 ncar the cdge midway between sta­
tion P-21 and P-22, (Figure 3) about 250 feet from 
the contact between the granitic and sedimentary 
rock . Unfortunately considerable difficulty was 
experienced with the drilling which made it neces­
sary to abandon both holes before reaching the 
Precambrian fioor. HoweYer, 554 feet of undisturbcd 
Palaeozoic strata were pcnetrated hy D.D.H. Ko. 1 
and 58 feet by D.D.H. 1'\ o. 2. The latter entcred 
gneiss breccia at a dcpth of nearly 150 feet and 
continued in it, for 52 feet, to the hottom of the 
ho le. 

The lithology and thicknesses of the formations 
re,·ealed by the drilling are summarizcd in Figmc:-: 
17 and 18. In D.D.H. 1'\ o. 1 the formations compri:-:c 
in desccnding order, grey weathering, fine-grnincd 
lithographie limestone; fine-graincd argi llaceous limc­
stone interbedded with shalc and :-:and,;tone; grcy, 
fine-grained sandstone compo,;ed largcly of quartz 
feldspar and gamet; alternating bed:-: of silty limc­
stone, shale and sand,;tonc. The corcs ha,·e hccn 
cxamined hy Dr. Liberty of the C:eological Sun·cy 
of Canada (Part II) and arc eon:-:idercd to rcprc:-:cnt 

a normal scqucnc·C' of st>clinwutation during the' 
cari.\· Ordo\·ician period. Nonw of the' lo\\'er strata 
may possihly rcprC'sent C'amhrinn time. 

It ma.Y hc rcrnarkccl, ho\\'C\'C'I', that loC'al <'n\·irnn­
mcnt ,;cem,; to ha w C'XC'rtcd con,;idera hic con t rnl 
o\·er the dcpo,;ition of the seclimcnt,;, for not only do 
the ,;andstonc,; c·ontain an alrnnclance of gamet 
similar to that of the ,;urrnunding gnci,;:-:es, but thcy 
arc abo eompo,;cd in part of angu lar and :-:uh-angular 
grains of quartz and feldspar which i-iuggcst that 
thcsc minerais ha,·c not been transported grcat dis­
tances and are also of local origin. 

Significance of the Breccia 

The presencc of the hreccia may be of consider­
able importance in a discussion of the explosion 
hypothesis of origin for the Brent deprcssion. 
While hreccias may occur as the result of many 
different processes (Norton, 1917; Reynolds, 1928) 
they are the natural consequence of rock explo. ion 
regardless of how this may happen. The great 
meteor crater in Arizona, believed to have been 
formed in geologically recent times, is well preserved 
and is probahly the most thoroughly studied explo­
sion crater in the world. It has been estimated 
(Barringer, 1900) that millions of tons of uncemented, 
sharply angular rock fragments, of all sizes, from 
minute particles of mylonite or rock fiour to huge 
blocks weighing as much as 4,000 tons were cjected 
by the explosion; many times these amount. were 
redepositcd within the crater walls. Drilling opera­
tions in an effort to locate meteoritic material ha,·c 
demonstrated that the country rocb, Triassie and 
Permian sand:-:tonc,; and lime,;tones, have hcen 
fragmentcd to a depth of at lea:-:t 1,376 feet, or 830 
feet bclow the crater's floor; but no ac cura te esti­
ma te of the depth to the undi,;turbed formations 
ha:-: bccn possible. 

Reccnt inve,;tigations of th rec craters lying in 
widcly :-:eparated rcgions of the Canadian Nhicld, 
and diffcring grcatly in age, ,;how sirni lar cYidcncc 
that intcn:-:e rock ,;hattcring and hrcceiation nc·com­
panicd thcir formation. Thcsc arc the Xe\\' Quchcc 
crater, a \\'atcr-fillcd dcprcs:-:ion ncarly 2 miles in 
diarnetcr in the l'nganl region or northern Quehcc 
(I\Iccn 19..:iO, 10.5 ï; l\l i liman, 10.)(j) ; Dccp Bay, a 
hugc crntrr ncarly b miles in diamctC'r, forming the 
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Figure 16. Gravity a nd eleva tian profiles. 

P- LIN E 

Gl - (4·53 + 0·6173 X.\- O·o1eox.'t) mgals. 

K = 0·06007 mgols/ft. 

Q - '2·66 gms/cm3. 

O' - ± Q.17 mgals. 

A-LINE 

G\- (2·38• 1·013X.i -0·1141x.'c) mgols. 

K - 0·06051 mgals/ ft. 

Q - '2·63 gms/ cm3
. 

cr - ± 0·11 mgals. 

N-LINE 

Gl • ( 6·85 - 0·3842x.\ + 0·0466Bx.tj mgals. 

K • 0·05945 mgals/ ft. 

Q - 2·71 gms/ cmJ. 

O' - ± 0·05 mgals. 

E-LINE 

Gl - 0·28 + 0·1342 X.\ 

K - 0·06240 mgals/ft. 

Q - 2·48 gms/cm3. 

cr - ± 0·11 mgals. 
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Figure 18. Geological section and correspond ing de nsities for cores 
from D.D.H. No. 2 . 

southeastern part of Reindeer Lake in northern 
Sa katchewan (Innes, 1957) ; and the Holleford 
crater, about lt miles in diameter, iocated in a \Yell-
ettled farming community seYeral miles north of 

Kingston, Ontario (Beal., 1957). The Holleford 
crater, like the Brent depression, is an extremely old 
feature, and it too is fi lled with Palaeozoic sediments. 
It was therefore of great scientific interest that 
drilling operations, carried out to determine the 
profile of the crater floor, revealed the existence of 
several hundred feet of fragmenta! material at depths 
con i tent with those predicted on the ha. is of known 
characteristics of meteorite explosion craters. 

The disclo ure of fragmented gneiss in the lo\Yer 
level of D.D.H. No. 2 at Brent may therefore be of 

conRiderable signifieance and it is unfortunate that 
the hole had to be abandoned before more complete 
information concerning the nature and extent of the 
depoi,;it eould be obtained. The breccia is made up 
of angular to sub-angular fragments of granite gneiss 
which contain garnets and which are probably pctro­
graphically indistinguishable from the paragneisses 
surrounding the crater. The core samples haYe 
fragments which vary in size from minute particles 
to blocks several inches acro s (see Figure 19) . In 
the preliminary examination of the area float breccia 
containing much larger fragments was discovered 
(see Figure 20) and Dr. Rice reports locating an 
outcrop of the breccia, in a waterfall of the creek 
along the southeast margin of the feature (Figure 21) 
containing blocks measuring several feet. 

o evidence of bedding or sorting of the material 
could be found. At one extreme the matrix consists 
of fragments so minute and so poorly cemented that 
in places the rock is friable and can be crumbled 
with the fingers . This may account, in part, for the 
poor drill core recovery in the breccia. At the other 
extreme the matrix of the breccia is a well indurated, 
coherent vitreous mass, the greenish grey colour 
probably due to disseminated chlorite and quartz. 

While the association of fragmental material 
with the Brent crater lends considerable credence to 
the meteoric explosion hypothesis, it may be argued, 
however, that this rock is simply a granite wash 
deposit or basal conglomerate with arkosic material, 
such as commonly present at the base of sediments 
overlying a granite terrain. Beds of varying thick­
nesses of uch material are reported (Roliff, 1954) 
between the middle Ordovician and Precambrian 
floor in southwestern Ontario. While acceptance of 
the latter argument would still leave the origin of 
the crater to be explained, a clear and definite answer 
cannot be given without more information concern­
ing the amount of fragmental material underlying 
the Palaeozoic sediments. Considering the size of the 
crater, and to be consistent with what has already 
been learned from a study of explosion craters, a far 
greater thickness than the 52 feet penetrated in 
D.D.H. No. 2 would ha\'e to be present. The geo­
physical results may help to re. oh'c this problem. 
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figure 19. Specimens of breccio from D.D.H. No. 2. 

figure 20. Breccio floot on shore of Gilmour Lake. 
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figure 21. Breccia in place in creek bed along southeast margin of crater. 

Structitral and other Evidence 

Although careful field investigation is required 
to unravel the structural details of this area, a study 
of the aerial photographs is most revealing and 
provides an over-all picture of the major structural 
features. Regional trends believed to refiect the 
bedding and foliation of the sedimentary gneisses in 
the vicinity of the crater, are indicated in Figure 22. 
A well developed fold structure lies to the northeast, 
which if examined stereoscopically shows up as a 
synclinal fold plunging to the southeast with steeply 
dipping limbs. 

Whether due to a somewhat thicker, widespread 
mantle of glacial drift, or to the rocks being more 
highly metamorphosed and extensively granitized, 
the bedding and foliation of the gneisses is less pro­
nounced to the southwest. Although the oYer-all 
pattern of the structural trends suggests a fold 
structure of orne magnitude, its relation to the 
folding in the northeast is obscure. There is suffi­
cient eYidence, howe\'er, to say with some confidence 

that the general strike of the rocks to the northwest 
and south of the crater, is slightly south of a north­
west-southeast direction. 

The strike of the foliation and gneissosity mea­
sured at four sites on each side of the crater during 
the course of the geophysical work, are consistent 
with the structural trends shown in Figure 22. The 
results are as follows: 

Station A - 14, north of crater N41°W. 
Station M - 4, east of crater r51°W. 
Station P - 29, south of crater N86°W. 
Station H - 14, northwest of crater N91°W. 

In addition, the strike of the gneisses near N - 15, 
southeast of the crater is N70°W according to 
Satterly (1942). 

The most important result of this analysis is 
that thcre is no vitüble structural relation hip bc­
tween the Brent depression and the surrounding 
rocks. The trends of the latter are, for the most part , 
northwesterly and in no way do they appear to 
conform to the circularity of the crater. Their abrupt 
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termination at the outer walls and their absence 
within, is strong evidence that the crater post-dates 
the deformation of the Grenville rocks. 

The rim of a meteorite crater is formed not only 
by the fragmentary material ejected by the explosion 
but by the up-arching of the surrounding rocks, 
whether these be sedimentary strata or massive 
igneous rocks such as are found in the Canadian 
Shield. It is the consequence of forcible uplift and 
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The Brent depression, if a true explosion feature, 
has suffered great change through erosional pro­
cesses since its formation. Its pr~sent rim, marked 
by the height of land, is approximately 3 miles in 
diameter and lies some 3,000 feet out from the well­
defined 9,.500-foot circle that delimits the crater 
floor. It is nearly half a mile beyond its original 
location* which indicates that approximately this 
amount of rock has been eroded. 

Figure 22. Regional trends, Gilmaur Lake area. 

is essentially a tensional phenomenon. The formation 
of multiple tension fissures and fractures lead to the 
expansion of the crust in the region surrounding the 
crater. It is this increase in volume or decrease in 
density that produces the negative gravity fields 
found associated with these features. It would be 
expected that intensive jointing and fracturing 
accompanying the uplift of the rim would permit 
infiltration and circulation of the surface waters to 
the lower levels, which would promote and accelerate 
eros10n. 

*An original cliameter of 11,500 feet has bcen suggcsted hy 
l\1illman. 

In spite of its great age, and the work of erosion, 
one might expect the surface rocks to record some 
evidence of the fracturing and fragmentation that 
accompanied the formation of the crater. However, 
the dense undergrowth and heavy mantle of uncon­
solidated material on the inner slopes precludes this 
possibility. With the exception of the north-south 
set of vertical joints (Figure 22) observed to the 
west of the crater, which may prove significant, 
little can be learned concerning bedrock structure 
within this area from the aerial photographs. 

There is evidence that this whole area has been 
affected by large-scale faulting in post-Mesozoic 
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time (Kay, 1942; Satterly, 1944). A series of north­
west- outhea t trending normal faults having con­
siderable vertical displacement have been mappcd 
in the Pembroke and Renfrew districts to the south­
east ( see Figure 2). Linear de pression and scarps 
striking northwest, which appear to eut across the 
synclinal struture to the northeast of the crater, 
may prove to be the northwestern extension of this 
same et of faults. However, the near perfect circu­
larity of the crater floor indicates no differential 
movement and suggests that the crater has suffered 
little di turbance since its formation, other than 
possible movements as part of a large crustal block. 
The same argument, of course, rules out the possi­
bility of faulting and subsidence as a mode of origin. 

Possible tension fis ures produced at the time 
of the crater's formation are illustrated in Figure 22. 
These now form radial drainage channels for inter­
mittent streams emptying into the crater. 

Cry talline limestones in large amounts are 
normally associated with the Grenville gneisses 
although none were noted in the area. These rocks 
are much less soluble than ordinary and younger 
limestones, but weather more rapidly than the 
granitic rock . As collapse structures or sink-holes, 
due to the removal by solution of less resistant beds, 
are common in all limestone-covered areas and in 
those underlain by salt-bearing beds (De Sitter, 
1956), it may be argued that the Brent depression 
owes its formation to similar processes. If this is so, 
whether formed by differential erosion or abstrac­
tions from below, one would expect that the crater 
would retain some expression of the regional struc­
ture. Such, however, is not the case, for as previously 
shown the foliation and bedding of the gneisses 
maintain a general northwest-southeast strike which, 
near the crater, does not conform to the crater's 
circularity. 

Finally, it should be remarked that a volcanic 
hypothesis suggesting the crater to be a deeply 
eroded vent or caldera, finds no support from the 
geology. Apart from the possibility that here as 
el ewhere in the Grenville province some of the 
gneisses may be of volcanic origin, no volcanic rocks 
are known to exist in the area. 

GRAVITY IXYE;)TICL\TIOX 

Field Operations and Reductions 

The distribution of the gravimeter, tations, 'vhich 
total 194, is gi,·en in Figure 23. The ruggcd tenain 
surrounding the basin and the heavily wooded floor 
within, made the gravimeter operations very difficult 
and the usual practice of establishing a rectangular 
array of stations could not be follmved. The cutting 
of undergrowth and small trees was required for all 
traverses except those along the trail leading to 
Brent and around the shores of the three lakes. 
Although fewer than originally planned, the gravity 
stations seem plentiful enough to provide a clear pic­
ture of the main variations of the gravitational field. 

The gravity observations were taken with 
Worden gravimeter No. 44, having a scale constant 
of 0.1114 milligals per division. Repeat observations 
at selected stations indicated that the error of a 
single determination is no greater than ± 0.04 milli­
gals. A Cooke compass theodolite and Zeiss level 
with compass attachment were used to determine 
station positions and elevations. Closures were made 
whenever possible and show that the error in position 
is slightly less than one per cent, and that in station 
elevation less than 0.2 feet. 

Bouguer anomaly values of the stations were 
calculated in the usual way using a surface density 
of 2.67 gms/ cc. arbitrarily adopted at the begin­
ning of operations before density data were available. 
It will be seen later that this value is in favourable 
agreement with the density values adopted for the 
rocks which form the rim of t he crater, but differs 
considerably from the figure obtained from the 
material within. Fortunately the correctness of the 
latter is not critical because elevation changes 
within the basin are small and do not exceed 200 feet. 

The gravity anomalies are al! relative to an arbi­
trarily selected base station B-1, located on the 
beach at the northern end of Gilmour Lake (Figure 
3). The absolute value of gravity for this station 
relative to the National Base Station in Ottawa is 
estimated to be 980.5947±0.0005 cm/ scc. 2 The 
height of base B-1 abo,·e the mean sea level is 1056.6 
feet, determined by spirit levelling to the C.N.R. 
station in Brent. From this it may be deducecl 
that a gravity anomaly of zero adopted for B-1 
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corresponds to an absolute Bouguer anomaly of 
-64.4 milligals. 

information has been included on this figure and 
shows that the circular structure produces a clear 
and unmistakeable gravity anomaly with a relief of 
about 5 or 6 milligals. Generally, the contours, apart 
from minor variations, are circular and form a 
gravit y minimum concentric with the f eatme. It is 

The Bouguer Anomaly Map 

The location of the gravity stations and their 
Bouguer anomalies contoured at intervals of 0.5 
milligal are shown in Figure 23 . Sorne topographical 
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intere ting to notice that while the Yariation oYer 
the central area i quite small, the gradient is grcatest 
in the Yicinity of the 9,500-foot circle, suggesting a 
near- urface cour e. 

Outward. from this cirele, in all direction., there 
i a tendency for the gravity Yalue, to become nor­
mal. Although too few stations haYe been obseffed 
to the ea t and west to Yerify this, peak Yalues are 
obtained to the north and outh about 4,000 feet 
from the 9,500-foot circle, near the present height 
of land urrounding the crater. The peak value to the 
outh appear to be about 2 milligals higher than 

that to the north. 

The gravity field does not have its smallest value 
at the centre of the feature, but reaches a minimum 
of -0.90 milligal at tation P-2, about 3,000 feet 
to the north of the centre. ince this location is in 
the vicinity of the creek which drains Tecumseh 
Lake, it is not unlikely that the a ymmetry is due 
to a greater thickness of overburden in this area. 
A uming the additional gravity depression to be 
O. 7 milligal and the density contrast to be 0.5 gm/ 
cm.3, the thickness of overburden may be estimated 
at roughly 108 feet. 

It was hoped that the gravity results together 
with the geological information would provide evi­
dence concerning the sub-surface structure of the 
feature and thus give indirect evidence as to its 
origin. The most interesting qualitative fact about 
the gravitational picture is the way in which the con­
tours follow the rim of the basin, and only at con­
siderable distance tend to follow the trend of the 
granite gnei es. Any explanation of the graYity 
field would therefore require a circular body of low 
den ity material extending from near the surface to 
a considerable depth. 

Such an interpretation is consistant with the 
hypothesis that the feature is of meteoric origin. If 
it were merely a depression of no great depth one 
would expect the granite and granite gneisses to 
exert the greatest control, . o that the anomaly trends 
oYer the e rocks " ·ould persist across the basin. If 
it were of meteoric origin the undisturbed fioor of 
the crater would lie at great depth below the present 
urface and the unconsolidated glacial drif t- Palaeo­

zoic sedimentary rocks- and a considerable thickness 

of explosi \·e de bris and sha ttercd mate rial fi Ili ng the 
crater would produee a negatiYe anomaly field. Mill­
man has estimatecl the depth of the original crater 
floor lielow the ground le,·el to be about 900 f eet. 
The undisturbed floor would therefore lie at a much 
greater depth. 

Finally, it may be remarked that small positiYe 
graYity anomalies (also positive magnetic anomalies, 
see Figure 6) occur at stations D-20, D-21, L15 and 
correlate with the basic intrusive previously men­
tioned. However, the absence of a positive gravity 
anomaly over this feature as a whole, is very strong 
evidence against the possibility that the crater may 
be the surface expre. sion of a deeply eroded volcanic 
vent or an igneous intrusive phenomenon such as a 
ba ic plug. 

Dens1·ty Determinations of Surf ace Rocks 

Before any quantitative interpretation can be 
made i t is necessary to know something concerning 
the densities of the material within the ba in and 
those of the surrounding rocks. Table III gives the 
location and density of all rock specimens obtained 
by surface sampling. The densities of the granitic 
rock are fairly consistent and have a mean value 
of nearly 2.66 gms/ cc. There is a wide difference, 
0.55 gm/ cc., between the mean densities of the 
two sedimentary rock types obtained within the 
basin. 

Since there wa no way of knowing their relative 
proportions, it was considered that a more reliable 
estimate might be obtained by using a least-squares 
method (Legge, 1944). In this method the elevation 
factor and the mean density of the topography is 
obtained from a consideration of the variation in 
gravity along a traverse where there is considerable 
change in elevation. 

The results of the analysis carried out for various 
graYity and elerntion profiles, both within and with­
out the basin, are shown in Figure 16. In each case 
the eleYation, smoothed gravity profile Gi, and the 
Bouguer anomaly ha,·e been plotted. The elevation 
factor K, mean density p, and the root mean square 
of the deviation cp, between the Bouguer anomaly 
profile and the smoothed profile are also given for 
each solution. The latter, cp, pro\·ides an estimate 
of the closeness of fit and henee a measure of the 
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reliability of the rnlue obtained for the ele,·ation 
factor and mean density of the topography. 

The granitic rocks along the P-line, A-line, and 
T-line were found to have a mean Yalue of 2.67 

which is in favourable agreement with the results 
from the surface density sampling. For the E-line, 
the only traverse within the basin which has an 
appreciable change in elevation , the analysis yields 
a value of 2.48 gms 'cc. For reasons previously 
given, this value is considered more representative 
than that obtained by surface sampling and is the 
value assumed in the interpretation which follows. 

TABLE III 

A. Samples oblained wilhin the Basin 

Specimcn Location Density Mean 

gm/cc. gm/cc. 

Grey lithographie limestone ........ C-5 2.66! 
Grey li thographic limestone . ...... . C-2 2 .64 2.65 
Grey lithographie limestone ..... . .. E-8 2.65 

Yellow weathering fine-grained 
sandstone ... . .. . ..... . . . . . . C-14 2.07Î 

C-14 2 . 12J 2.10 
C-14 2 . 10 

B . Samples obtained outsidc the Basin 

Specimen Location D ensity J\Iean 

gm /cc. gm /cc. 

Granite gneiss .... . . . . . . . . ... A-15 l 2.60 
Granite gneiss ........... A-14.5 2.61 
Granite gneiss ...... . .. .. . . .. A-1 3 North 2.67 
Granite gneiss .......... A-10 of 1 2 .66 
Granite gneiss .............. A-8 nm 2 .68 
Granite gneiss (garnetiferoue) A-5 2 .70 1 

Granite gneiss .. . .... P-24 South 1 . . . . . . . 2 .6-l 
Granite gnC'iss .. ............ P-2 of ~ 2 .63 2 . GG 
Granite gneiss ( weathC'reJ ) ... P-2 rim J 2. 57 

G ranite gneiss .... . .. . .... . . '.\f-4 E ast } 2 . 64 
Grani te gneiss ... . ... . ... i\f-4 of rim 

: :J Granite gneiss . . ... . . . . . .... X -1 \\'es t } 
Grani te gneiss .......... .\:-1 of rim 2 . 60 

Ba~al conglomerate a nd brcceia, C-16 South 1 2 . 2ï~ 
( float samples only) C-16 of \1 2 .35 

1 

2.34 1 

C-lü ri m 
JI 

2 .39j 

Correction for Terrain and Regional Ejfecls 

The Bouguer anomalies for a north- outh dia­
meter, the A-C line, croRRing the feature were re­
computed using eleYation factor ' determined in the 
preceding paragraphs. Correction ' were also carricd 
out at this stage for terrain effects. For a few statiorn; 
along the line in the Yicinity of the rim the correction 
for terrain amount to nearly half a milligal, 'vhile 
the average for the whole linc is les than one-tenth 
of a milligal. The corrected anomalie and elevation 
profile are illustrated in Figure 24. 

It will be noticed that the anomaly profile is not 
entirely symmetrical and that it does not conform 
exactly with the configuration of the ba in. Al­
though the anomaly curve reaches a maximum value 
in both directions about the same distance from 
centre, the peak value of the south is about 1.5 
milligals higher than to the north. This difference 
in peak values is interpreted a part of a large-scale 
regional trend and is consistent with the anomaly 
pattern indicated on the regional gravity map 
(Thompson-Miller, 1958) for this area. Thi · map 
shows that the Brent feature lies in an area of 
predominantly negative Bouguer anomalies, which 
reach minimum values near Mattawa on the Ottawa 
River. The regional trend also appears con istent 
with the surface geology. The granite gneisse along 
the A-line become progressiYely massive to the 
north, with decrea ing amount of ferromagne ium 
minerals and corresponding maller densities (see 
Table III). 

Assuming a linear relation, a regional correction 
has been applied to obtain the re idual anomaly 
profile shown in Figure 25. With the exception of a 
slight variation, a depression of about 0.7 milligal 
centering about 3,000 feet north of centre, the cor­
rected profile is symmetrical with a relief of about 
5.2 milligals. 

Quantitative C onsiderations 

The thickness of the disturbing mass, or depth 
to the undisturbed Precambrian rock , may be c ti­
mated from the gra\'ity data, pro\'ided certain 
simplif ying assumption. are made. Considering the 
anomaly pattern, the body could rea onably be 
assumed to take the form of an upright cylinder 
whose curved wall corresponds to the contact 
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hetween the surrounding granitic rock and sedi­
mentary material " ·ithin. The diameter of the hody is 
9,500 feet. It is marked by the pronounced drainage 
rhannel to the south, the western margin of Gilmour 
Lake, a minor depression to the north and the eastern 
margin of Tecumseh Lake, ail of which empha ize 
the circular pattern of the feature. 

In deducing the height of the cylinder or depth 
to the undisturbed floor of the basin it is as. umed 
that the granitic rocks outside the basin are homo­
geneous with a density of 2.65 gms/ cc. This value 
is the mean value of densities obtained for the 
granites along the P- and A-lines by surface sampling 
(see Table IV) and by the gravity profile method 
(see Figure 16). If it can be assumed that the density 
of 2.48 gms ' cc., the value obtained for the material 
within the basin, persists with depth, a depth of 
3,640 feet of low-density material is required to 
account for the gravity anomaly. For comparison, 
the computed rurve is shown with the residual 
gravity profile in Figure 25. 

An equally good fit can be obtained by assuming 
a much Iarger density contrast, 0.31 gm/ cc. which 
leads to a correspondingly lesser depth of 1,560 feet. 
This solution, which is also illustrated, has been 
included to show the depths of ·ediments required 
to account for the anomaly if the greater proportion 
of the rocks filling the basin con isted of basal con­
glomerate and breccia of quite low density. Float 
samples of these rocks werc found to have densities 
of 2.34 gms ' cc . 

The greatest difficulty in attempting to fix a 
depth to the undisturbed Precambrian floor from 
the gravity data a ri ses from the uncertainty in 
c timating the density of the sediments within the 
basin. It seems reasonable, howeYer, that the true 
mean density of the low-density material is not 
likely to exceed 2.48 gmslcc . nor be Rmaller than 
2.34 gms 'cc. The assumption of these densitie. · and 
a cylindrical :-;hape, therefore, lead to two estimates 
for the depth to the undisturbed floor, namely 
3,640 feet and 1,560, which may be regarded as 
limiting va lue.' . 

A more refined estimate for the thickness of the 
low-density material disturbing the gravity field 
may be obtained by taking into account the result 
of diamond drilling. The graphical representation 

of density data based upon drilling core i given in 
Figure 17 and 1 . Because of difficultie in recovering 
the core , the density determination average about 
one for every 10 feet of drilling. The den itie are 
quite variable and range from 2.22 to 2.6 gm / cm3 . 

Fine-grained lithographie lime tone which were en­
countered in larger proportions in the upper part 
of D.D.H. No. 1 have higher and more uniform den­
sities than the shale and andstones whirh predom­
inate at the lower levels. A a result the profile 
shows a general decrease in density with depth. 
This is also evident from the mean densities which 
have been computed for the six beds comprising the 
vertical section. 

The densitie obtained for the uppermost beds 
of the section are in agreement with the result ob­
tained using the gravity profile method. The latter 
gives a value of 2.48 gms cm.3 for the E-line which 
cro ses the central part of the basin and along which 
there was an elevation change of about 130 feet 
(see Figure 16) . About the same density was obtained 
for core samples from the upper part of D.D.H. Ko. 1. 
The weighted mean density for the upper three beds, 
which have an overall thickness of 150 feet, is 2.46 
gms/ cm3

. 

The contribution of each bed and the total at­
traction of the mas deficiency of each ection ha 
been estimated. The deficiency in graYity due to the 
560 feet of sediments (haYing a mean den. ity of 2.35 
gms/ cm;;) in D.D.H. o. 1 is approximately 2.0 
milligals. If this density is maintained with depth, 
an additional thickness of 1,060 feet i required to 
account for the remaining anomaly of 3.2 milligals. 
This would indicate that the total thickness of low­
density material near the centre of the ba in is 
1,620 feet, which is a minimum, ince the densities 
a re more likely to increase with depth. 

Similarly it is e timated that the 190 feet of low­
density material penetrated in D .D.H. No. 2 con­
tribute a maximum of_ ~0.6 milligal to the total 
anomaly of 2.8 milligals at the collar of the drill 
hole. The remaining 2.2 milligal i con istent with 
the re ult obtained above for the minimum thick­
ness at the centre of the ba in. The gnei sic breccia 
encountered in the lower 50 f eet of this drill hole 
may with further investigation prove to underlie 
the Palaeozoic rocks occupying the central part of 
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the basin, and provide the greater control over the 
gravity field. The density of the breccia is quite vari­
able and range. from 2.0 to 2.6 gros cm3 . Its mcan 
den ity, ba ed upon 11 samples is 2.43 gm. lcma. 

While this i greater than the mean density of 
~edimentary rock in D.D.H. No. 1 and sugge ts a 
corre pondingly greater depth, there is insufficient 
evidence to alter the previou e timate of 3,640 feet 
for the maximum depth to the undi turbed floor of the 
crater, ba ed upon a mean density of 2.48 gms/ cm3 • 

In the foregoing attempt to establish upper and 
lower limits for the depth of the di turbance it ha 
been tacitly assumed that the anomaly is entirely 
due to the contrasting densities of sedimentary and 
fragmentai material within the 9,500-foot circle and 
the urrounding granite gnei es. A. pointed out in 
a pre,·ious section the crustal density near the rim 
of an explosion crater may be less than average due 
to fracturing and uplift. Such a deficiency in density 
would not be detected by the two methods of surface 
sampling. It is therefore possible that part of the 
anomaly associated with the Brent feature is due to 
an 'expanded' crust of the deeply eroded crater rim. 
The gravity anomaly map strongly supports such a 
pos ibility. It can be seen that the peak anomaly is 
coïncident with the pre ent location of the rim, 3,000 
to 4,000 feet beyond the 9,500-foot circle separating 
the gneisses and sediments. 

Total Mass Deficiency 

Beyond these considerations there seems little 
point in attempting to carry the interpretation 
further. However, an estimate of the total ma8s 
deficiency of both the sedimentary an<l underlying 
disturbed and fragmented granitic rocks may be of 
some intere ·t and prove useful in later investigations. 
A minimum estimate can be arrived at by computing 
the volume of our cylindrical model and multiplying 
by the mean density contrast of the i'iection. This 
yields a mass deficiency of 9.9 X 1011 gms. or 1 X 
109 tons. 

A more direct and possibly more precise estima te 
of the anomalous mass may be made using a method 
developed by Sigmund Hammer, (1945). This 
method is based upon Gauss' theorem, in that the 
surface integral of the Bouguer anomaly, taken over 
an infinite horizontal plane, is proportional to the 

mass alone and is independent of its form or shape. 
The method has the added ad,·antage that no a,;-
umptions need be made about the densities of the 

di,;turbing masses. The greatest error in the re. ult 
stem· from uncertainty in estimating normal back­
ground values. 

In applying this method to the Brent survey it 
was necessary to infer gravity values for part of the 
unsurveyed area, especially in the northwest part 
of the map-area. The regional gradient was then 
subtracted from the Bouguer values and the inte­
gration carried out to the 5.5 i ogal. The ma. s 
deficiency calculated by thi · method is 9.2 X 101~ 

gros., in good agreement with the direct geometric 
met.hod. 

It follows that the practical working formula, 
which relates the total volume V of low-density 
material and its density contrast cp is given by: 

V = 3.24/ cp X 1010 cuhic feet. (1) 

Thickness of the Breccia 

It now remains to see if, by combining the 
gravity, seismic and drilling result. , a more com­
plete picture of the structure of this interesting 
feature is possible. The total mass deficiency due 
to both the sedimentary rocks and to the gnei sic 
breccia which may occupy the floor of the crater 
and be derived from the original explosion debris, 
has been estimated from the gravity data. The con­
figuration of the urface separating these two 
materials has been mapped by the seismic investi­
gation. If these results are accepted and it is a. sumed 
that the densities obtained from drilling are repre­
sentative, 2.35 gms/ cm:i_ for the sedimentary rocks 
and 2.42 gms/ cm3

. for the breccia, it is possible to 
deduce a minimum value for the thickness of the 
fragmentai material. 

The final seismic interpretation (see diametral 
section, Figure 14), suggests that the sedimentary 
rocks occupy a deep symmetrical basin whose shape 
can be reasonably approximatcd by an inverted 
cone, truncated at a depth of about 1,000 feet. The 
diameter of the base of the cone is 9,500 feet , equal 
to that of the feature, while its height (or depth to 
apex) is estimated to be 1,600 feet. 

If, as now appears unlikely, the crater has a 
central boss that can be represented by an upright 
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cone 600 feet high, and diameter 4,000 feet, the 
sedimentary rocks are e timated to occupy a volume 
of 3.3 X 1010 cubic feet and to have a mass deficiency 
of 2.8 X 1014 gms. Since the gravity data indicate a 
total deficiency of 9.2 X 1014 gms. it may be inferred 
that the difference, 6.4 X 1014 gms., is due to under­
lying low-density material. 

If this is similar to the breccia encountered in 
D.D.H. o. 2, its total volume is estimated to be 
9.8 X 1010 cubic feet and indicates the breccia zone 
has a thicknes of 1,200 feet. Within its limit of 
accuracy this result is unchanged if the central boss, 
suggested by the seismic results but not verified 
by the drilling, is deleted from the argument and it 
is assumed that the sedimentary material extends to 
uniform depth of 1,000 feet . 

It should be emphasized however that 1,200 
feet is a minimum estimate of the thickness for the 
breccia and is based upon a density of 2.42 gms/cm~. 
If the Brent feature had an explosive origin one 
would expect the fragments in the breccia to increase 
in size with depth, with the result that the densities 
would gradually increase to those of the undisturbed 
basement rocks, 2.67 gms/ cc. If this is a true situa­
tion, a correspondingly greater thickness of breccia 
would be required to satisfy the gravity data. It 
may well be, therefore, that the seismic results, 
although based on admittedly inadequate obser­
vational data, might be correct in indicating a total 
thickness of breccia of the order of 4,000 feet. Under 
these circumstances the mean density of breccia 
averaged over ail depths would have a value of 
2.57 gms/ cc., part way between the values for the 
granitic rocks surrounding the crater, and the 
breccia at relatively shallow depths. 

SUMMARY AND CONCLUSIO rs 
1. The Brent crater is a circular depression m 

Precambrian granite gneisses nearly 2 miles in 
diameter and is filled with Palaeozoic sediments of 
Ordovician age. 

2. The gravity results show a circular minimum 
of about 5.2 milligals believed due, not only to the 
sedimentary rocks within the basin, but also to 
underlying gneiss breccia and disturbed bedrock 
conditions, consistent with an explosive origin. 

3. The gravity field reaches peak value near 
the height of land . urrounding the crater some 
4,000 feet out from the contact separating the granite 
gneisses and sedimentary material. These negative 
anomalies are believed to refiect forcible uplift and 
fracturing of the crust in thi area, accompanying 
the crater's formation. 

4. Sediments 560 feet thick have been disclosed 
by drilling near the centre of the basin. If these 
persist with depth, another 1,100 feet of sediment 
would be required to satisfy the gravity data. On 
the other hand, if the material is breccia, as the 
evidence suggests, a depth from the surface of at 
least 3,600 feet would be required. Combined ana­
lyses of the drilling, seismic, and gravity results 
indicate that the breccia zone has a minimum 
thickness of 1,200 feet. 

5. An explosion origin finds geological support. 
The circularity of the crater shows little evidence of 
conforming with the strike of banding in the gneisses. 
Structural trends which persist in a general way on 
opposite sides of the feature are terminated at the 
present height of land surrounding the crater. This 
seems to indicate that the crater's formation was 
completely divorced from, and post-dates, the 
folding of the Grenville rocks. 

6. The near-perfect circularity of the present 
fioor indicates that the crater has suffered little or 
no disturbance by local faulting. Radial drainage 
channels into the depression may originally have 
been tension fissures that developed during the 
crater's formation. 

7. Ali the evidence produced in this investi­
gation- the crater's circularity, negative gravity 
field, its great depth, independence of local geology 
and regional structure, evidence of jointing and 
fragmentation-seem to be atisfactorily explained 
by an explosion hypothesis. 

8. It has been shown that a volcanic origin i 
inconsistent with both gravity and geological data. 
The possibility of a collapse or sink-hole origin, or 
other circular geological structure is most improb­
able on similar ground . 

9. Considering ail possibilities an explosion by 
meteoritic impact remain the most plausible ex­
planation for the crater's origin. 



PART VI 

Summary and Conclusions 

BY 

PETER I. MILLMA~ 

In the fir t five parts of thi report, tudies of 
the Brent crater by five independent technique::; 
have been detailed. The e investigation are sum­
marized below and the ignificant point correlated. 

Fir t, the rea onably well established facts con­
cerning the Brent crater : 

(1) Aerial photography and topographical survey 

A nearly-perfect circle, 9,500 feet in dia­
meter, appears on aerial photographs. The area 
inside this circle has a more level surface topo­
graphy than the local terrain and averages 250 
feet lower than it immediate surroundings. 

(2) Surf ace geology and drilling operations 

A distinct topographical feature, roughly 
circular in outline, coïncides in position with the 
circle found by aerial photography. This fea­
ture doe not conform with the general char­
acter of the surface geology of the region. 
Within the circle, under a layer of surface soil 
and clay up to 100 feet thick, lie Ordovician 
sedimentary strata extending to a depth of at 
least 570 feet below the surface in the central 
portion. N ear the circumference of the circle 
a brecciated material extends under the surface 
layer to at lea t 200 feet below ground level. 
Outside the circle the surface rock consists in 
general of gneisses and granites typical of the 
Canadian Shield. The mean density of the 
Ordovician sediments is 2.35 and of the breccia 
is 2.42, as compared with the density of 2.65 
adopted as typical for the undisturbed bedrock 
for this area of the Canadian Shield. 

(3) M agnetic Survey 

Both ground and airborne magnetic survey::; 
indicate very little variation in the magnetic 

·Il 

field within the 9,500-foot circle in comparison 
with that out'ide the circle. The contra. t 
between these areas is greater for the ground 
survey than for the airborne urvey, uggesting 
that the heavier magnetic rock of the Canadian 
Shield, which appear in surface outcrops around 
the circle, are buried to a depth of 1,000 or 
2,000 feet in ide the circle. 

(4) S eismic Survey 

Investigations by seismic methods indicate 
that, under a urface layer which varie from 0 
to 100 feet in thickness, there is a material 
( edimentary) in which seismic waves travel 
10,500 ft/ sec. with a thickness in depth varying 
from 300 to 1,000 feet. Under this there is an­
other material (possibly of several types, sedi­
mentary and breccia) in which seismic waves 
travel 14,150 ft/ sec. There is some indication 
that this second material may extend be~ond 
the circle to a distance of 4,000 feet in a radial 
direction. Outside this is the Canadian Shield 
where the velocity of seismic waves is 20,240 

ft/ sec. 

(5) Gravity Survey 

A graYity low, total range 6 milligal::;, is 
centred on the 9,500-foot circle. The steepest 
gradient of this low coïncides in general with 
the circle. A low of this magnitude would be 
produced by a circular cylinder or plug of low 
density material, 9,500 feet in diameter and 
between 1,600 and 3,600 feet deep, surrounded 
and underlain hy breccia of a minimum thick­
nes · of 1,200 feet. 

From the aboYe it is seen that the Brent crater 
is a deep-seated symmetrical feature in the Canadian 
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Shield. A circular depression, 9,500 feet in diameter 
on the surface, is filled to a depth between 1,000 and 
2,000 feet with relatively light Ordovician sedi­
ments, the whole surrounded by a layer of breccia 
of medium density which extends to a depth be­
tween 3,000 and 4,000 feet, and has a horizontal 
diameter somewhere between 12,000 and 18,000 
feet. The time of the formation of this feature is 
estimated as approximately 600,000,000 years ago. 

As has been noted earlier it is difficult to explain 
the Brent crater on the basis of faulting or subsid­
ence, and a collapse structure or sink-hole would 
show more connection with the regional structure. 

The absence of any volcanic evidence in the region, 
and the magnetic fiat a well as the gravity low, 
preclude any explanation on the basi of a volcanic 
vent or igneous intrusive phenomenon. The simi­
larity of this feature to others in the Canadian 
Shield studied recently (Millman, 1956; Beals, 1957; 
Innes, 1957) strongly suggests a similar origin for all. 
The circular outline, general range of diameter-to­
depth ratios, nature of the associated brecciated 
material and the evidence of radial fracturing ail 
point to an explosive origin. The meteoric impact 
hypothesis seems the best explanation for such an 
ongm. 
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