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FOREWORD 
This gravity study is partly the result of two summers of f ield work carried out by 
staff of the Ontario Geological Survey during the summers of 1975 and 1976. The 
survey was designed to cover an area of 21 100 km 2 , and investigate mineral-r ich, 
near surface metavolcanics as well as large crustal geologic features. Major 
residual gravity anomalies have been explained in terms of their geological and 
tectonic signi f icance. Two-dimensional gravity models have been computed to 
arrive at subsurface conf igurat ions of the greenstone belts and the surrounding 
granitic areas. 

It is hoped that the results of this study wil l provide an important third 
dimensional constraint to the geoscientists that wil l assist them in generating 
realistic tectonic models for the evolut ion of the Archean greenstone belts. 

V.G. Milne 
Director 
Ontario Geological Survey 
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Abstract 
The results of a detai led gravity study of an area of about 21 100 k m 2 in North­
western Ontario, District of Kenora (Patricia Portion) are reported. The area includes 
parts of the English River, the Uchi, and the Berens River geological Subprovinces, 
and covers the Red Lake and Birch-Uchi Precambrian Greenstone Belts. 

Data from 5180 gravity stations establ ished dur ing the summers of 1975 and 
1976 were compi led to produce a map of Bouguer gravity anomalies. A discussion 
of the density measurements made dur ing the survey on over 2800 f resh rock 
samples is given for each major rock unit that enables a computat ion to be made 
of the gravity models. 

The Bouguer gravity anomalies were d iv ided into relatively short (due to 
shallow, local sources) and long (due to large crustal features) wavelength compo­
nents by means of spectrum analysis, upward cont inuat ion, and graphical smooth­
ing techniques. A comparison of the f i l tered maps wi th the local geology showed 
that the spectrum and 16.09 km upward cont inuat ion based maps were unable to 
satisfactori ly isolate the two components of the Bouguer gravity f ield. 

Thus, graphical ly smoothed regional and residual maps with a bias towards the 
geology were prepared for two-dimensional gravity model ing purposes. A vertical 
second derivat ive map of the gravity f ield is found to be useful in l i thological 
identi f ication and with resolution of stratigraphic problems. 

The residual Bouguer anomaly map shows numerous posit ive and negative 
anomalies wh ich are usually associated wi th high densi ty metavolcanics and low 
density granitic rocks, respectively. Two-dimensional gravity model ing carr ied out 
along 26 gravity profi les suggests that the modeled greenstone belts general ly 
indicate broad synformal basin-l ike shape with vary ing thicknesses. The depth 
extent of greenstones averages 4 km in the Red Lake Belt, between 3.5 to 4 km in 
the Birch-Uchi Belt, 2.3 km in the Dixie Lake Belt, and about 1 km in the Coli Lake 
Belt. The felsic to intermediate metavolcanics and metasediments (Uchi Sub-
province) are less than 1.5 km thick. The bottom topography of the models 
sometimes reflects typical syncl inal, anticl inal, or homocl inal structures whose 
vertical projection onto the surface in many instances coinc ide wi th mapped 
structures. The gravity model ing suggests that most granit ic bathol i ths are rela­
tively thin, sheet-l ike, or flat sil l- l ike, usual ly between 4 to 7 km depth-extent, wi th 
relatively inhomogeneous phases near the greenstone/grani te boundary. Excep­
tions are the Gull Lake (about 13 to 16 km deep), the Rosen Lake (about 10 to 
12 km deep), and the Trout River (about 9 km deep) Batholiths. 

The 12 to 15mga l ampli tude residual posit ive anomaly associated with the 
boundary between the Uchi and English River Subprovinces indicates the existence 
of an east-west trending Archean metasedimentary trough wh ich dips steeply to 
the south reaching depths varying between 8.5 to 10 km. 

The regional gravity model, wh ich compares wi th the seismic depths, has been 
explained by undulat ions on the Riel and Mohorovic ic discontinuit ies. 

Gravity Study of the Birch, Uchi, and Red Lakes Area, District of Kenora (Patricia 
Portion), by V.K. Gupta and D.R. Wadge, Ontario Geological Survey Report 252, 98p. 
Accompanied by Maps 2492, 2493, 2494 and 2495, scale 1:250 000. Publ ished 
1986. ISBN 0-7729-1761-2. 
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RESUME V.K. GUPTA AND D.R. WADGE 

On trouvera decrits ici les resultats d 'une etude detai l lee sur la gravite d 'une 
region couvrant pres de 21 000 km2 dans le Nord-Ouest de I'Ontario, district de 
Kenora (Section de Patricia). Cette region englobe certaines parties de la riviere 
English, I 'Uchi, les sept sous-provinces geologiques de la riviere Berens et s 'etend 
sur les ceintures de roches vertes precambriennes de Red Lake et de Birch-Uchi. 

Les donnees recueil l ies par 5180 stations de gravite creees au cours des etes 
1975 et 1976 ont ete rassemblees pour produire une carte des anomalies de 
gravite de Bouguer. Chaque grande unite de roches fait I'objet d 'expl icat ions sur 
les mesures de densite prises au cours de I'enquete ef fectuee sur plus de 2800 
nouveaux echant i l lons de roches, qui permet de calculer les modeles de gravite. 

Les anomalies de gravite de Bouguer ont ete separees en composantes de 
longueurs d 'ondes relativement courtes (en raison de sources locales peu profon-
des) et longues (en raison des caracterist iques de I 'ecorceterrestre) par le recours 
a des techniques d 'ana lyse spectrale, de cont inuat ion vert icale et d 'aplanissement 
graphique. La comparaison des cartes fi l trees avec la geologie de la region a 
revele que les cartes s 'appuyant sur I 'analyse spectrale et la cont inuat ion vert icale 
sur 16,09 km ne permettaient pas d' isoler de maniere sat isfaisante les deux 
composantes du champ de gravite de Bouguer. 

On a done prepare des cartes regionales et residuelles graphiquement aplan-
ies, avec une orientation geologique pour fagonner des modeles de gravite bi-
dimensionnel le. On a trouve utile de disposer de la carte vert icale a une deuxieme 
deuxieme derivee du champ de gravite pour I ' identif ication l i thologique et la 
solut ion des problemes strat igraphiques. 

La carte des anomalies residuel les de Bouguer revele de nombreuses anoma­
lies posit ives et negatives que Ton associe generalement a la presence respective 
de roches metavolcaniques de haute densi te et de roches granit iques de basse 
densite. Le faconnement des modeles de gavite bi-dimensionnel le ef fectue a partir 
de 26 profi ls de gravite indique que les ceintures de roches vertes prennant 
habituel lement la forme d 'un vaste bassin synformal de plusieurs epaisseurs. La 
profondeur des roches vertes varie entre 4 et 1 km dans la ceinture du lac Red et 
entre 3,5 et 4 km dans la ceinture de Birch-Uchi, el le avoisine 2,3 km dans la 
ceinture du lac Dixie et 1 km dans la ceinture du lac Coli. Les roches metav­
olcaniques et metasedimentaires fels iques a intermediaires (sous-province d 'Uchi) 
ont moins d ' 1,5 km d'epaisseur. La topographie du fond des modeles reflete 
parfois des structures syncl inales, anticl inales ou homocl inales typiques dont la 
project ion vert icale sur la surface coinc ide souvent avec des structures indiquees 
sur les cartes. Le faconnement des modeles de gravite revele que la plupart des 
batholites granit iques sont relativement f ins, comme des feui l les, ou plats, comme 
des f i lons-couches, et ont habituel lement entre 4 et 7 km de profondeur, avec des 
phases relat ivement inhomogenes pres de la limite entre les roches vertes et le 
granit. Les bathol i tes du lac Gull (qui a pres de 13 a 16 km de profondeur), du lac 
Rosen (pres de 10 a 12 km de profondeur) et de la riviere Trout (pres de 9 km de 
profondeur) font except ion a la regie. 

L 'anomalie posit ive residuel le d 'une ampl i tude de 12 a 15 mgal associee a la 
limite entre les sous-provinces d 'Uch i et de la riviere English revele I 'existence 
d 'un pli syncl inal , forme de roches metasedimentaires archeennes, oriente vers 
I'est-ouest et qui p longe abruptement vers le sud pour atteindre des profondeurs 
variant entre 8,5 et 10 km. 

On a expl ique le modele de gravite de la region, comparable aux profondeurs 
sismiques, par des accidents de terrain sur les discontinuites de Riel et de 
Mohorovicic. 
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Introduction 
The results presented in this report form part of the Ontario Geological Survey's 
systematic detai led gravity survey of the Precambrian metavolcanic-
metasedimentary belts of Ontario. Geological studies in many of these belts have 
shown that they are l ithologically and structurally complex with signif icant density 
contrasts. Gravity survey is, therefore, one of the few feasible methods for 
determining the deeper geological and structural characterist ics of the relatively 
flat and often inaccessible Precambrian terrain of Ontario. The present study 
considers the implications of the gravity f ield for the structure and geometry of the 
Birch-Uchi and Red Lake Greenstone Belts in the Uchi Subprovince of North­
western Ontario. 

The area of investigation (Figure 1). situated within the Superior Province of 
the Precambrian Shield, includes parts of three geological subprovinces. These 
are: the Uchi Subprovince in the middle which is bounded on the north by the 
Berens River Subprovince, and on the south by the English River Subprovince 
(Figure 1). Numerous metavolcanic-metasedimentary belts and distinct felsic intru­
sive rocks are located throughout the survey area. In the Uchi Subprovince, the 
study area of this report includes two economical ly important and structurally 
complex metavolcanic-metasedimentary belts, namely the Birch-Uchi and Red Lake 
Belts. These two belts are important for gold, silver, and base metals and have 
several past and producing mines. 

The gravity survey was undertaken during the summer months of 1975 and 
1976. The survey was designed to cover a vast area (21 100 km 2 ) s ince both the 
short wavelength (shal low supracrustal rocks) as well as long wavelength (deep 
crustal) geological features were of interest. Emphasis in the f ield was placed on a 
closer spacing of gravity stations over the known metavolcanic metasedimentary 
areas. A total of 5180 gravity stations were establ ished using four LaCoste-
Romberg model G gravimeters. During the course of the survey, over 2800 fresh 
rock samples were col lected from outcrops of various l ithologic units. As a result of 
this work, two preliminary Bouguer gravity maps have already been publ ished 
(Gupta and Wadge 1978; Barlow ef a/. 1976). For f inal publ icat ion, these two maps 
were combined to produce a Bouguer gravity map at 1:250 000 scale (Map 2492, 
back pocket). Geological maps for the survey area are avai lable from the Ontario 
Geological Survey at scales varying from 1:12 000 to 1:253 440. 

The interpretation of the local (near surface) geological features, usually 
represented by small wavelength "residual anomal ies", is best carr ied out by 
removing the long wavelength "regional anomal ies" from the observed gravity 
f ield. As this study is primarily concerned with residual gravity features, a variety 
of regional-residual separation methods were applied to the Bouguer gravity map. 
These are upward continuation filters, opt imum filters designed from an analysis of 
the energy spectrum, and visual graphical smoothing. The fi l tered maps obtained 
were compared with the mapped geology. To enhance anomalies originating from 
shallow sources, an optimum second derivat ive map was also computed. 

Quantitative two-dimensional model analysis of the graphical ly smoothed re­
sidual gravity f ield has been carried out along 26 profi les cover ing most of the 
prominent anomalies. Computed gravity models have been compared with the 
mapped geology. For certain strike limited anomalies, a strike correct ion has been 
applied to the two dimensional models. A crustal gravity model was also computed 
across the broad long wavelength regional gravity low of the survey area to 
investigate the configurat ion of the deep crustal boundaries, that is, of the Riel and 
Mohorovicic discontinuit ies. The regional gravity interpretation is compared with the 
seismic results of Hall and Hajnal (1969). 

The object of this study has been: 
1. To study the relationship of the gravity f ield with the geology 
2. To obtain the geometry and depth of infolding of the various greenstone belts 

and to investigate their contact relationship wi th the surrounding granitic terrain 
3. To determine the nature and configurat ion of those metasedimentary and 

igneous rocks that have a gravity expression 
4. To study the large scale deep crustal structures of the area. 
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Location and Accessibility 
The map area is bounded by Latitudes 50°30'N to 51 C 45 'N , and by Longitudes 
91°45'W to 94°30'W. The main access to the area is provided by Highway 105 
(Vermil ion Bay to Ear Falls to Red Lake) wh ich originates from Trans-Canada 
Highway 17. An all season gravel road extends f rom Ear Falls to the South Bay 
Mine on Confederat ion Lake. The Nungesser northern resources gravel road, wh ich 
joins with Highway 125 just northeast of Red Lake, cuts across the northwestern 
sect ion of the map area and runs northward about 120 km to the Berens River 
bridge. A network of lumber, mining, and resource access roads provides access 
to various interconnecting lake systems. Remote areas are normally reached by 
f loat-equipped f ixed wing aircraft and helicopters. 

Previous Gravity Studies 
Until recently, little gravity work had been done in this area. The first regional 
gravity interpretation was by Innes (1960) who suggested, based on meagre gravity 
data, that the depth-extent of the basic rocks in the Red Lake area is between 1.9 
and 4.1 km. Later, Grant et at. (1965) establ ished 108 gravity stations along two 
traverses in the Red Lake area and suggested a depth extent of 7.6 km for the 
metavolcanic rocks. The first systematic regional gravity survey of the Red Lake 

Figure 1. Location of the study area 5 
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and Birch-Uchi Lakes areas was undertaken by the Earth Physics Branch, Ottawa. 
They establ ished 160 gravity stations in a gr id- l ike pattern, approximately 13 km 
apart. The results were released as a series of Bouguer anomaly maps, contoured 
at 5 mgal intervals, at a scale of 1:500 000 (Observatories Branch, 1967, 1973). 
Recently, a quantitat ive interpretation study, involv ing two and three dimensional 
gravity models, was carried out in the Red Lake region by Runnalls (1978). 
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General Geology 
INTRODUCTION 
The study area lies within the Superior Province of the Canadian Shield, and 
contains Archean supracrustal and plutonic rocks covered for the most part by 
Pleistocene and Recent unconsol idated sediments. The map area (Figure 2) in­
c ludes parts of three subprovinces (Ayres et al. 1971). The Berens River Sub-
province occurs along the northern edge of the map area, the English River 
Subprovince occurs along the southern edge and between them is the Uchi 
Subprovince. 

The Berens River Subprovince is composed of low to high grade massive and 
gneissic plutonic rocks and scattered small, general ly highly metamorphosed 
metavolcanic metasedimentary remnants. The boundary with the Uchi Subprovince 
is irregular and poorly def ined, and may be chosen, somewhat arbitrarily, as the 
northern contact of recognizable Uchi metavolcanic rocks (Schwerdtner and Good­
win 1977). It has been proposed that the Berens River Subprovince in Ontario 
represents a zone of deeper and more intense plutonic activity than the adjacent 
Uchi Subprovince (Ayres et al. 1973). 

The Uchi Subprovince comprises isoclinally fo lded, metavolcanic-
metasedimentary sequences (greenstone belts) that are intruded by composite 
granitoid batholiths ranging in composit ion from diorite to granite; the average 
composi t ion being granodiorite (Ayres 1978). 

In the study area, the Uchi Subprovince is dominated by the Red Lake and 
Birch-Uchi supracrustal belts. Numerous small supracrustal belts are quasi-
cont inuous with the Birch-Uchi Belt. The grade of metamorphism is lower than in 
the Berens River Subprovince, with characterist ic low pressure, very low to low 
grade, and occasional ly medium grade mineral assemblages in the metavolcanic 
and metasedimentary rocks. In the two larger belts, the grade of metamorphism 
increases toward the contact with the surrounding plutonic rocks. The boundary 
wi th the English River Subprovince is better def ined, in part by structure, and in 
part by l i thology. The boundary is del ineated from the western edge of the map to 
Pakwash Lake by the Sydney Lake cataclastic zone wh ich separates, along much 
of its length, metatexitic metasedimentary migmatite on the southern side from 
metasediments and metavolcanics on the northern s ide (Stone 1977). East of 
Pakwash Lake, the boundary is less well def ined, marking the transit ion from 
distal ly deposi ted metavolcanics of the Uchi Subprovince to wacke mudstone 
sedimentary assemblages of the English River Subprovince (Breaks et al. 1978). 

The English River Subprovince has been d iv ided by Breaks and Bond (1977) 
into two domains: a northern supracrustal domain, and a southern plutonic domain. 
The northern domain, which includes all of the English River rocks within the map 
area, consists of migmatized metasediments and a relatively low proportion of 
plutonic rocks. The metamorphic grade is higher than in the Uchi Subprovince, with 
sl ightly higher pressure, medium to high grade mineral assemblages (Thurston and 
Breaks 1978). 

SUPRACRUSTAL ROCKS 
Metavolcanics 
Metavolcanics within the Birch-Uchi and Red Lake Belts comprise mafic to felsic 
f lows, pyroclast ic rocks, and subvolcanic intrusive rocks. Flows are frequently 
composed of pi l lowed, brecciated, porphyrit ic amygdular, and spherulit ic, or 
variolit ic rocks. Pyroclastic rocks include tuff, lapill i tuff, lapil l istone, tuff-breccia, 
and volcanic breccia. Wherever possible, mafic, intermediate, and felsic metavol­
canic rocks, corresponding roughly to basaltic to andesit ic, andesit ic to rhyodacit ic, 
and rhyodacit ic to rhyolit ic rocks (Ayres 1974), respectively, have been di f feren­
tiated on the map. (See Maps 2492, 2493, 2494, and 2495, back pocket). 

In the southern part of the Birch-Uchi Belt, the metavolcanics have been 
d iv ided by Thurston (1976, 1985) into three volcanic cyc les (Ayres 1974; Anhaeus-
ser 1971). These cycles each began with the extrusion of massive and pi l lowed 
maf ic f lows fo l lowed by dominant ly explosive intermediate to felsic volcanism. 
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Metasediments are common within, and between the volcanic cycles. The stratig­
raphy del ineated in this area by Thurston has not been successfu l ly traced into the 
northern part of the Birch-Uchi Belt (Thurston 1977, 1985). 

The nature of volcanic cycl ic i ty e lsewhere in the Red Lake-Uchi Lake region is 
not well def ined. Work by Ferguson (1972) in the Red Lake Belt implies one or 
possibly two cycles, whi le more recent mapping by Riley (1975, 1976, 1978a, 
1978b), Pirie and Sawitzky (1977), and Pirie and Grant (1978a. 1978b) suggests 
two or possibly three cycles. Other metavolcanic belts, including those at Longleg-
ged, Dixie, Slate, and Papaonga Lakes (Breaks et al. 1978) may represent parts of 
one or more cycles. 

Metasediments 
The bulk of the metasediments in the Red Lake and Birch-Uchi region are clastic, 
though signif icant proportions of chemical metasediments have been mapped. The 
clast ic rocks comprise mainly wackes, lesser amounts of arenites and mudstones, 
and metamorphosed equivalents of all these rocks. Conglomerate occurs in rela­
tively minor amounts. These metasediments are dominant ly volcanic in origin 
al though other sources, especial ly granitoid terrains, may be locally important. 

Chert is the predominant chemical rock. Iron oxides, sulphides, and si l icates 
are common, occasional ly forming oxide or su lphide facies iron formation. Car­
bonate facies iron formation is rarely found. Other metamorphosed precipitates 
occurr ing in a few locations include calc-si l icates and marble. 

Sediments within the northern supracrustal domain of the English River Sub-
province have been metamorphosed to form metatexit ic and diatexit ic 
metasedimentary migmatite (Breaks et al. 1978). Metatexite, representing the com­
monest migmatite in the map area, consists of rock produced by a process of 
segregation, general ly of quartz and feldspar, to form alternating layers of wacke 
and 10 percent to 60 percent granitoid to pegmatit ic mobil izate. Diatexite lacks 
continuous migmatit ic banding and is composed of 60 percent to 90 percent 
mobil izate. 

INTRUSIVE ROCKS 
Intermediate to Ultramafic intrusive Rocks 

Intermediate to ultramafic intrusive rocks range in composi t ion from quartz diorite, 
diorite, anorthosite, gabbro, and diabase to pyroxenite, peridotite, and dunite and 
their altered equivalents, notably serpentinite. Most of the ultramafic intrusive rocks 
are partly or whol ly carbonit ized or serpentinized (Riley 1975, 1978a). In general iz­
ing rock units for the map, (see maps 2492, 2493, 2494, and 2495, in back pocket) 
many small intermediate to ultramafic intrusions have been omitted. Where gab­
broic bodies have intruded mafic metavolcanics, rocks of equivalent composit ion 
and density, even large gabbroic plutons have been left of f the map. 

Subvolcanic Intrusive Rocks 
Subvolcanic intrusive rocks occur throughout the map area and form an integral 
part of the supracrustal succession. Rocks of probable subvolcanic origin include 
abundant small dikes and sills of various composit ions, gabbroic dikes and sills 
wh ich are often indist inguishable from coarse-grained massive maf ic f lows, and 
quartz-feldspar porphyry which is occasional ly di f f icul t to dist inguish f rom rhyolit ic 
f lows and pyroclast ic rocks. Large bodies of felsic subvolcanic intrusive rocks are 
shown on the map (Map 2492, back pocket) and are grouped, using a separate 
code, with the felsic to intermediate intrusive rocks. 

Felsic to Intermediate Intrusive Rocks 
There exists, within the map area, a great diversi ty of felsic to intermediate 
intrusive rocks. Numerous variants of granite sensu stricto through granodiorite, 
trondhjemite, quartz monzonite, and syenodior i te (monzonite) occur as aplitic to 
pegmatit ic plutons. The mult i farious granitoid phases and the lack of detai led 
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mapping in many parts of the region preclude the drawing of contacts between 
phases on the map. 

STRUCTURE 

Folds 
The regional structure within the map area has not been completely determined, 
but considerable detail has been descr ibed in the southern part of the Birch-Uchi 
Belt (Thurston 1976. 1978, 1985; Thurston and Jackson 1978). A cross-sect ion 
drawn through the centres of Corless, Dent, Agnew, and Costello Townships would 
show a central syncl ine cored by Cycle III metavolcanics and, to the east, an 
ant icl ine-syncl ine-anticl ine triplet fo ld ing metavolcanics of Cycle I. Al though these 
folds may be traced to the north and south through adjoining townships, probably 
ref lect ing the dominant fo ld pattern, the complete picture must be more complex as 
is indicated by bedding top reversals in Honeywel l (Johns and Thurston 1975) and 
Earngey (Thurston et al. 1974) Townships. Other folds, those through Goodal l and 
Skinner Townships, at Shabumeni Lake, and at Birch Lake, are based on avai lable 
stratigraphic and bedding top data. 

A syncl ine-ant ic l ine pair has been traced through the Red Lake Belt by Riley 
(1978a, 1978b), Pine and Sawitzky (1977). and Pirie and Grant (1978a, 1978b). 
Other major folds, anticl ines similar to those shown on the map (see back pocket), 
must pass through Baird and Heyson Townships, and Dome, Balmer. and Bateman 
Townships to account for bedding top reversals shown by Ferguson (1965a, 
1965b), and Pirie and Grant (1978b). 

Faults 

Minor faults, displaying little or no offset in stratigraphy, are abundant throughout 
the Birch-Uchi and Red Lake region. For simplicity, only a few larger faults have 
been drawn on the map. Faults shown in the south-central part of the Birch-Uchi 
Belt are from a compilat ion by Thurston and Jackson (1978). 

By far the largest fault is represented by the Sydney Lake cataclast ic zone, 
wh ich has been shown to be cont inuous from the Ontario-Manitoba border west of 
the map area to Pakwash Lake (Breaks et al. 1978). East of Pakwash Lake, the 
zone is discont inuous, probably def lect ing northward into the metavolcanics of the 
Birch-Uchi Belt (Breaks et al. 1978). The cataclast ic zone is a region of extreme 
strain general ly marked by a 1 to 2 km wide band of protomylonit ic to mylonit ic 
rocks (Stone 1977). Offset on the fault is r ight-handed with a possible strike 
separation in the order of 10s of kms and a dip separat ion; the south side was 
upl i f ted about 2 km relative to the north side (Stone 1981). 

GRAVITY SURVEY 
SURVEY METHODS 
The fo l lowing primary data are recorded at each station in a land gravity survey: 
the t ime of observat ion in Greenwich Mean Time (GMT), the observed gravimeter 
scale value, the elevation of the station with reference to mean sea level, and the 
grid coordinates. During the summers of 1975 and 1976, a total of 5180 gravity 
stations were establ ished, uti l izing f ixed wing De Havi l land Beaver aircraft, a Bell 
G-4 helicopter, and four-wheel dr ive vehicles. Transportation on lakes was by 
means of outboard motor-equipped canoes and boats. 

Four LaCoste-Romberg model G gravimeters, numbers G-28. G-294, G-329. and 
G-417 were used during the survey. The gravity station sites were preselected on 
topographic maps at convenient locations to enable a uni form density of coverage. 
The gravity station distr ibution var ied from 1 station per 2 k m 2 in areas of known 
metavolcanics to 1 station per 6 km 2 i n areas of granitic rocks and metasediments. 
The average station distr ibution over the entire area was one gravity station per 
4.1 km ? . 
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The gravity observations were tied to control stations establ ished by the Earth 
Physics Branch, Ottawa, at Red Lake, Ear Falls, and Vermil ion Bay. These stations 
form part of the national gravity network wh ich is t ied to the International Gravity 
Standardization Net 1971. 

During the present survey. 14 gravity base stations were establ ished to an 
order of precision somewhat comparable with that of the Earth Physics Branch, 
Ottawa. The location of most of these base stations in the f ield is permanently 
marked by placing an aluminum disc on the ground. Both the survey stations and 
the base stations are marked on the gravity maps (Gupta and Wadge 1978; Barlow 
et al. 1976). The LaCoste-Romberg gravimeters wh ich are relatively dri f t- free were 
read at control stations every day at the beginning and end of each traverse to 
check for instrument drift which averaged about 0.03 mgal per day (1 mgal = 1 0 5 

Nkg" 1 = 10 Gravity Units). 

ELEVATION CONTROL 
Survey elevation control was provided by bench marks of the Geodetic Survey of 
Canada, Ontario Ministry of Transportation and Communicat ions, and Ontario 
Hydro. 

For gravity stations near the lakeshores, the elevations were recorded relative 
to water surface elevations of lakes, which in turn were determined either by 
precise levell ing from nearby bench marks, or by using Wal lace and Tiernan 
altimeters in pair. Highway and railroad elevations were also used in some 
instances. Altimeters were read at a known elevat ion approximately every one to 
two hours in order to correct elevations of the intermediate stations for variations in 
barometric pressure. Wet and dry bulb temperatures were recorded using a psych-
rometer for temperature and humidity corrections. 

HORIZONTAL CONTROL 
The gravity stations were establ ished at identi f iable sites and were located on 
1:57 420 scale air photographs. The station posit ions were then transferred onto 
base maps (scale 1:63 360) wh ich were compi led in Transverse Mercator Projec­
tion with a three degree grid superimposed. The gravity stations were digi t ized with 
a precision of ± 4 0 m. 

ERRORS IN THE GRAVITY ANOMALIES 
The accuracy of the final Bouguer anomaly values, wh ich were reduced to the 
datum of the mean sea level using a uniform crustal density of 2.67 g / c m 3 , is 
l imited by the fol lowing sources of error. 

Elevation Errors 

The principal source of error in a gravity survey comes from the uncertainty in 
elevation measurements using altimeters. In this area, the elevations are accurate 
to within ±0.3 m for 993 gravity stations, whi le 1508 gravity station elevations are 
accurate to within ± 1 m. The remaining 2679 gravity station elevations are ac­
curate to within ± 3 m. The average deviat ion of the altimeter elevations calculated 
from 200 independently repeated altimeter measurements of 62 sites was ±2 .1 m. 
This is equivalent to an error of ±0 .4 mgal in the Bouguer anomalies. 

Location Errors 
Gravity station positions were located correctly to within ± 4 0 m. This imprecision is 
equivalent to errors of about ±0 .03 mgal in the latitude correction. 

Terrain Correction Errors 
The average elevat ion for all the gravity stations is 386 m (from mean sea level) 
with a standard deviat ion of ± 2 3 m. The gravity stations were located on flat 
ground to minimize the gravity effect of local terrain. Terrain corrections are not 
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calculated since the relief of the area is relatively flat; the maximum relief is 65 m 
over a distance of 24 km. It is estimated that the maximum error from irregular 
topography would not exceed 0.1 mgal. 

Instrument Errors 
An error may arise due to the assumption of a linear gravimeter drift between the 
control readings. This average error due to the instrument drift is approximately 
±0.035 mgal. 

Observational errors arising from factors such as poor level l ing of the gravi­
meter would not exceed ±0.02 mgal. 

Error Summary 

The resulting maximum expected error, def ined as the square root of the sum of 
the squares of the individual errors, in the Bouguer anomaly due to the above 
listed sources wil l be about ±0 .42 mgal for any gravity station. 

PRESENTATION OF BOUGUER ANOMALY MAP 

The Bouguer anomaly map (Figure 3, and Map 2492 in back pocket) was compi led 
using a gridding and contouring program developed speci f ical ly for random data 
location. The randomly spaced observed gravity data were interpolated to a 
1.609 km grid cell size. A nine point smoothing on the f inal Bouguer contours was 
also applied. The gravity data superimposed on general ized geology are presented 
on the Bouguer anomaly map (Map 2492, back pocket ) at a scale of 1:250 000; 
the contour interval is 20 gravity units which is equivalent to 2 mgal. 

The principal facts of all gravity stations, descript ions of control stat ion loca­
tions, and detai led density data are avai lable at cost f rom the 
Geophysics/Geochemistry Section, Ontario Geological Survey, Ontario Ministry of 
Northern Development and Mines, 77 Grenvil le Street, Toronto, Ontario, M7A 1W4. 

R O C K D E N S I T I E S 

INTRODUCTION 

During the course of the gravity survey, 2813 fresh rock samples were col lected at 
or near gravity station sites. Hand samples were chosen in a manner as to be 
representative of the whole outcrop, so that mean density values might be as­
signed to the major rock types in the survey area. Density values were obtained in 
the f ield by weighing dry and saturated specimen of rocks in air and water, 
respectively. These results, considered to be accurate to 0.01 g / c m 3 , were averag­
ed to assign mean representative values for each of the major rock types. The 
mean, standard deviat ion, and the range of densit ies are listed in Table 1. Density 
histograms for major rock types are shown in Figure 4. 

METAVOLCANICS 
The metavolcanics were c lassi f ied into two general groups, maf ic to intermediate, 
and felsic to intermediate types. The mafic to intermediate metavolcanics exhibit a 
broad range in density (2.71 to 3.28 g /cm 3 ) . This suggests that a number of rock 
samples belonging to the lighter felsic to intermediate classi f icat ion have been 
included into the mafic to intermediate group. This is due to the l imitations imposed 
in classi fy ing dark coloured hand specimens of l imited size without the benefi t of 
chemical analysis, study of the whole outcrop, or microscopic work. 

The histogram obtained from 376 samples of the mafic to intermediate 
metavolcanics is negatively skewed about a mean density of 2.93 g / c m 3 . This 
density is close to the value 2.94 g / c m 3 wh ich was obtained from 14 basalt 
samples. Among all the rocks, the density contrast with respect to the background 
is the largest for the mafic to intermediate metavolcanics and thus they contr ibute 
substantially to the Bouguer gravity f ield of the area. 
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TABLE 1 . SUMMARY OF DENSITY MEASUREMENTS (g/cm3). 
Rock Type N R P ±s 

Uchi Subprovince 
Felsic to Intermediate Intrusive Rocks 

2.68±0.05 All Samples (not weighted) 914 2.58-2.89 2.68±0.05 
Granite 77 2.60-2.73 2.64±0.02 
Quartz Monzonite 105 2.61-2.72 2.66±0.02 
Granitic Gneiss 75 2.63-2.78 2.68±0.03 
Granodiorite 182 2.63-2.82 2.70±0.03 
Trondhjemite 99 2.64-2.81 2.70±0.03 
Quartz Diorite 28 2.67-2.84 2.75±0.04 

Mafic to Intermediate Intrusive Rocks 
All Samples (not weighted) 181 2.67-3.21 2.90±0.09 
Diorite 88 2.67-2.96 2.83±0.06 
Gabbro 82 2.86-3.21 2.98±0.07 

Ultramafic Intrusive Rocks 
2.80±0.11 All Samples (not weighted) 25 2.60-3.01 2.80±0.11 

Metasediments 
2.75±0.07 All Samples (not weighted) 154 2.58-3.02 2.75±0.07 

Wacke 50 2.68-2.84 2.75±004 

Metavolcanics 
Felsic Metavolcanics 38 2.62-2.76 2.68±0.03 
Felsic to Intermediate Metavolcanics 270 2.62-2.90 2.73±0.05 
Intermediate Metavolcanics 85 2.67-2.90 2.77±0.05 
Mafic to Intermediate Metavolcanics 376 2.71-3.28 2.93±0.10 
Basalt 14 2.81-3.06 2.94±0.08 

Berens River Subprovince 
Felsic to Intermediate Intrusive Rocks 

2.69±0.04 All samples (not weighted) 181 2.60-2.83 2.69±0.04 
Granite 33 2.60-2.71 2.63±0.03 
Quartz Monzonite 34 2.63-2.70 2.67±0.02 
Granodiorite 70 2.63-2.83 2.71 ±0.04 

Mafic to Intermediate Intrusive Rocks 
Diorite 14 2.71-2.94 2.81 ±0.05 

English River Subprovince 
Felsic to Intermediate Intrusive Rocks 

2.67±0.04 All samples (not weighted) 207 2.58-2.84 2.67±0.04 
Granite 15 2.58-2.66 2.62±0.02 
Quartz Monzonite 63 2.59-2.70 2.64±0.02 
Granitic Gneiss 25 2.62-2.83 2.68±0.05 
Granodiorite 34 2.65-2.78 2.69±0.03 
Trondhjemite 70 2.63-2.84 2.69±0.04 

Mafic to Intermediate Intrusive Rocks 
Diorite 6 2.76-2.96 2.87±0.07 

Metasediments 
2.72±0.10 All samples (not weighted) 348 2.60-2.91 2.72±0.10 

Diatexite 31 2.61-2.64 2.63±0.01 
Metatexite 266 2.61-2.91 2.74±0.04 

Total of all Samples (not weighted) 2813 2.58-3.28 2.75±0.07 

N = number of samples; R = density range in g/cm 3 p = mean density in g/cm 3; 
s = standard deviation in g/cm 3 
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A unimodel distribution is obtained for 270 samples of the felsic to intermedi­
ate metavolcanics, the calculated mean density being 2.73 g / c m 3 . The mean 
density of 85 samples recognized as intermediate metavolcanics is 2.77 g / c m 3 . 

METASEDIMENTS 

The density evaluat ion of the metasediments is based on their location whether 
they are in the Uchi Subprovince or whether they are in the English River 
Subprovince. In general, the metasediments of the two subprovinces have almost 
similar average densit ies. 

The mean density of all the Uchi Subprovince metasediments is 2.75 g / c m 3 

which is calculated from 154 samples (see Table 1). The dominant metasediments 
are the wackes with a mean density of 2.75 g / c m 3 , based on 50 samples. 

In the English River Subprovince, the metatexites and the wackes have been 
combined in one group for density purposes and the diatexite densit ies are listed 
separately. The histogram (Figure 4) for 266 metatexite and wacke samples shows 
a unimodel distr ibution with a calculated mean density of 2.74 g / c m 3 . The ca l ­
culated mean density of diatexites is 2.63 g / c m 3 . 

GRANITOID AND INTRUSIVE ROCKS 
A mean density of 2.64 g / c m 3 has been obtained for 77 granite samples from the 
Uchi Subprovince. Their histogram (Figure 4) is unimodel with a slight posit ive 
skew. Densities of 33 granite samples belonging to the Berens River Subprovince 
(?) average 2.63 g / c m 3 . Thus, the granites, having the largest negative density 
contrast with the background, wil l produce negative Bouguer anomalies. 

The maf ic to intermediate intrusive rocks of the Uchi Subprovince have a mean 
density of 2.90 g / cm 3 wh ich is based on 181 samples. The histogram of these 
rocks show a wide density variat ion and have a bel l-shaped curve. 

BACKGROUND DENSITY 

An overal l mean of 2.75 g / c m 3 , using all the densit ies measured in the survey 
region, has been obtained for the Precambrian rocks as a whole. Due to a higher 
than usual proportion of metavolcanic units in the sample, however, it is felt that 
this value is on the high side, and is not representative of the true mean density of 
the upper crustal rocks in the region. Thurston (1978) and Breaks and Bond (1977) 
proposed that the average upper crustal composit ion in the region ranges from 
tonalite-granodiorite to trondhjemite. 

An examinat ion of Table 1 reveals that granodiorites sampled by subprovinces 
show that their mean densit ies are 2.71 g / c m 3 (70 samples), 2.70 g / c m 3 (182 
samples), and 2.69 g / c m 3 (34 samples) f rom Berens River, Uchi. and English River 
Subprovinces, respectively. Similarly, the trondhjemites have mean densit ies of 
2.70 g / c m 3 (99 samples) and 2.69 g / c m 3 (70 samples) f rom the Uchi and English 
River Subprovinces, respectively. The granit ic gneisses belonging to both the Uchi 
and English River Subprovinces have a mean density of 2.68 g / c m 3 (100 samples). 

Based on the above density data, a value of 2.69 g / c m 3 has been chosen to 
represent the mean density for the upper crustal rocks of the survey region, 
approximating that of granite-gneiss, granodiori te, and trondhjemite. The value 2.69 
g / c m 3 has thus been considered to be the "background densi ty" having zero 
density contrast for the purpose of gravity model ing and interpretation. 

DENSITIES USED IN GRAVITY MODELING 
The average densit ies used in gravity model ing were chosen either directly from 
the summary of density measurements shown in Table 1 for relatively homo­
geneous areas, or were calculated direct ly f rom a plot of density values. The 
density values f rom this density plot were then averaged over a 8 x 8 km grid for 
relatively inhomogeneous areas. In many instances, to faci l i tate gravity model ing, 
narrow and small geological units were grouped together to form a single unit. 
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Such units were assigned weighted average densit ies wh ich were calculated from 
an areal proport ion of all the units used in the formation of the single unit. 

A weighted mean density was also computed for the mafic, intermediate, and 
felsic metavolcanics as a whole. The areal proportions used in the est imation of a 
single weighted density are those given by Thurston (1978) and Goodwin (1972, 
1977) for the "greenstone" rocks of the Uchi Subprovince. A weighted mean 
density of 2.87 g / c m 3 was calculated for the metavolcanics of the Uchi Sub-
province based on these proposed ratios and by adopt ing the densit ies shown in 
Table 1. 

The appropriate density values used in the construct ion and interpretation of 
two-dimensional gravity models are given along the modeled gravity profi les. 

PATTERN RECOGNITION AND DATA TREATMENT 
INTRODUCTION 

The separation of a Bouguer gravity f ield into its regional and residual components 
is often an ambiguous and relatively t roublesome task. In recent years, the 
appl icat ion of digital filters has become increasingly popular with the geophysic ist 
to achieve this regional residual separation. The ef fect iveness of these mathemat­
ically der ived maps from the viewpoint of quanti tat ive gravity model ing is, however, 
stil l debatable. An attempt is made in this study to evaluate the use of digital 
f i l tering together with various other separation techniques by using them on the 
actual f ield data of the study area. A brief descript ion of the f i l tering techniques 
appl ied to the present data is also presented. The f i l tered maps have been 
compared with the mapped geology and crit ical ly examined from the view point of 
gravity model ing and interpretation. 

The di f ferent steps in the analysis of the potential f ie ld data using f requency 
domain techniques are as fol lows: 
1. calculat ion of the Fourier transform 
2. est imation of the power spectrum 
3. separation of the power spectrum into dif ferent components: regional, residual, 

and noise 
4. design of suitable filters to separate the f ield into signals due to these 

components 
5. obtaining the f i l tered map by mult iplying the Fourier transform by the filter 

transfer funct ion and calculat ing the inverse Fourier transform. 
In this study, the computer software system MAGMAP of Patterson, Grant and 

Watson Limited, was used for most of the computations. 

OPTIMUM FILTERS 

The term 'regional-residual analysis ' is used to descr ibe the process of isolating 
anomaly patterns of the kinds in wh ich one is interested (residual), f rom the 
remainder of the f ield (regional). The most common example is where the geolo­
gist, interested in the surface features, wishes to remove the ef fect of deeper 
sources. Until recently, regional-residual separation was done using co-eff ic ient 
sets approximating the desired operator, or by using trend surface analysis, the 
techniques being mathematical ly somewhat arbitrary. With the advent of the fast 
Fourier transform (Cooley and Tukey 1965), it is convenient at present to use 
mathematical ly def ined operators in the frequency domain for the f i l tering oper­
ations (Clarke 1969; Spector and Grant 1970; Ku et al. 1971; Meyer 1974). Here, 
one first computes the power spectrum of the map and looks for a separat ion of 
power that can be ascribed to signal and noise. Optimum matched filters are then 
designed to separate the components or to enhance or suppress ef fects of speci f ic 
wave lengths wh ich correspond to certain geological features (Gupta and Ramani 
1978, 1980). 

Wiener 's filter theory (1949) provided the method for designing the required 
filters. The mapped data t is assumed to be the sum of a signal s and a noise 
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component n. One wishes to design a linear filter whose output d approximates s in 
some statistical sense. Under certain assumptions, the opt imum filter wh ich mini­
mizes the mean square error between d and s is g iven by (in the f requency 
domain): 

H 0 P ,(f) = P s( f) /P.(f) ( D 
where P s(f) is the signal power and P,(f) is the total power. Thus the procedure 
involves: 
1. obtaining the two-dimensional Fourier transform of the input data 
2. comput ing the power spectrum 
3. estimating the regional, residual, and noise parts of the data f rom the power 

spectrum. 

The Fourier Transform 
Consider a f ield F (x,y) known only on a regular grid of f inite size. In order to use 
Fourier techniques, one assumes that this measured data is repeated outside the 
recorded range. Thus, if M x N values are known with x and y, the grid spacings in 
the x and y directions, respectively, the two dimensional discrete Fourier transform 
can be def ined as: 

1 M - l N - l -2ni ( u m A x + v n A y ) 
F ( u , v ) = M N £ 2 f ( m A x , n A y ) e 

m = o n=o 

(2) u = k ; v = g 
M A x N A y , 

k = 0 M - l 8 = 0 N - l 

The use of this transform for f i l tering applications results in distort ions be­
cause of the windowing effect due to the finite map size. In an attempt to minimize 
these distortions, the above transform is sometimes ref ined using two-dimensional 
window functions. The MAGMAP computer package uses a predict ion operator to 
extrapolate the data outside the map area and thus the edge ef fect is minimized. 

Estimation of the Power Spectrum 
In general, power spectra of gravity data can be roughly d iv ided into three segment 
signals. The part at the low-frequency (long wavelength) end of the spectrum with 
a steep slope in power is termed regional, that is. due to sources that are deep 
and/or broad. At high frequencies (short wavelengths), the residual part has a 
flatter slope and is due to relat ively shal low sources. Spector and Grant (1970) 
showed that a single straight l ine f i t ted to a part of the spectrum corresponds to a 
single average depth. At very high frequencies, the spectrum is dominated by the 
ef fects due to measurement errors, digit izing errors, etc. 

The two-dimensional power spectrum is simply the square of the absolute 
value of the Fourier Transform, that is, 

E(u,v) = F(u,v). F*(u,v) (3) 
where * denotes the complex conjugate. 

Following Spector and Grant (1970), a radial ly averaged spectrum P(f) was 
computed for further analysis, where f = ( u 2 + v 2 ) ' / 2 . The use of a radial average 
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Figure 5. Radial component of the power spectrum of the Bouguer gravity map. 
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Figure 6. Calculation of the optimum filters from the spectrum. 

20 



V.K. GUPTA AND DR. WADGE 

Radial Frequency f in Units of ifjl < N =0.311 Cycles/km) 

Figure 7. Radial frequency domain response of the optimum regional filter tieq(f). 

Figure 8. Radial frequency domain response of the optimum residual filter fi^ff). 
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Figure 9. Radial frequency domain response of the upward continued regional 
Hreg,op(0 and residual Hes,up(X> filters. 
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spectrum has a smoothing ef fect on the spectrum and also simpl i f ies the design of 
the filters. 

The spectrum was calculated for a digi t iz ing interval of 1.609 km. and was 
plotted on a logarithmic scale (Figure 5). Straight-l ine asymptotes were drawn on 
the spectral plot at the lower and higher f requency ends. The two lines were 
connected by a smooth curve to al low for the over lap of the component powers. 
The part of the spectrum below 0.034 (i.e. 0.11 f N ) c y c l e s / k m was cal led ' reg iona l ' 
and the part f rom 0.034 (i.e. 0.11 f N ) to 0.311 (i.e. 1 .Ofm) c yc l es / km was cal led 
' res idual ' , where f K is the Nyquist f requency (0.311 cyc les /km) . The high fre­
quency end of the spectrum was extrapolated smoothly until it f lattened out and 
the white noise level was taken as In (Pr,) = 11.5. Figure 5 shows the spectrum 
div ided, subject ively, into its regional, residual, and noise components. 

Design of Optimum Filters 

The Wiener (1949) filter theory provides a method for designing the required filters. 
Consider a f ield t consist ing of a signal s and noise n, then 

t = s + n (4) 
and one wishes to extract the signal s from t by a linear f i l tering process. Since 
this is in general impossible, one aims to des ign a filter whose output d approxi­
mates s in some statistical sense. Under certain assumptions, the opt imum Wiener 
filter, having a response Hopt (f) minimizes the mean-square error between the 
desired filter output s and the actual filter output d. The transfer funct ion of such a 
filter is g iven by (Weiner 1949). 

II Pc ( f ) P S ( f ) 
H o p t ( f ) = -H- = — (5) 

P 1 ' P t ( f ) P s ( 0 + Pn ( 0 

where f is the frequency, P s( f) is the power of the signal , P n( f) is the noise power, 
and P t(f) is the total power. 

The opt imum filters can be calculated quite easi ly from the spectrum as 
fol lows. In Figure 6a at a particular f requency f, let x(f) be the signal power and 
y(f) the white noise power, then from equat ion (5.5): 

_ P s ( f ) 
H 0 P t ( f ) - p ^ j 

= 1 -

= 1 -

Pt ( f ) 

e y (*) (6) 

e [ x ( f ) + y ( f ) ] 

= 1 - e " x < f > 
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Similarly, if z(f) is the logarithmic distance between the chosen residual level 
and the spectrum (Figure 6b), the opt imum regional filter is given by 

H r e g ( f ) = 1 - e z ( f ) (7) 
and the opt imum residual fi lter is g iven by 

H r e £ ( f ) = [1 -H r e g ( f ) ] . H o p t ( f ) (8) 
In the current study, H r e g (0 ) was set equal to unity (Figure 7) to include all the 

low frequency components in the regional. This requires slight adjustment in tne 
response curve in the zero-frequency region. 

The responses of the regional and residual filters designed are shown in 
Figures 7 and 8, respectively. The regional filter is a low-pass filter wh ich fal ls of f 
to 0 at 0.034 (0.11f N ) c yc l es / km and has a cut-off at 0.031 (0.1 f N ) cyc les /km. The 
cut-off being def ined as the frequency at wh ich the gain fal ls to 20 percent of the 
peak (Figure 7). The residual filter is a band-pass filter wi th a low frequency cut-off 
at 0.012 (0.04 f N ) cyc les / km and a high f requency cut-off at 0.274 (0.88 f N ) 
cyc les / km (Figure 8). 

From the radial filter, the equivalent two-dimensional filter is first calculated. 
The fi l tered map is then obtained as the inverse Fourier transform of the product of 
the filter and the Fourier transform of the original map. 

UPWARD CONTINUATION 

Analyt ical continuation of the potential f ie ld map vert ical ly upwards had been used 
often to approximate a regional map (Fuller 1967; Henderson 1960; Peters 1949). 
Once the Fourier transform of the mapped data is known, it is a s imple matter to 
obtain the cont inued maps, the upward cont inuat ion filter being g iven by (Dean 
1958) 

H r e 3 ,u P ( f ) = e - 2 ™ (9) 

where h is the cont inuat ion height. The map cont inued to a height of 16.09 km 
(that is. 10 grid units) was taken to be the regional gravity f ie ld. The residual f ield 
was obtained by applying to the Bouguer f ield an upward cont inued based residual 
filter. 

H r e s .o P ( f ) = [1 - H r e s , j p ( f ) ] . H o p t ( f ) (10) 
The radial frequency responses of both the regional and residual upward 

continuation fi lters are shown in Figure 9. 

Radial Frequency f in Units of 1N<'N = 0 . 3 1 1 Cycles/km) 

Figure 10. Radial frequency domain response of the optimum second derivative 
filter HarM) used. 
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Figure 11. Second vertical derivative of the Bouguer anomaly map. Contour interval 0.5 mgal/knf. Positive contours are shown in dark 
negative contours are shown in light, and zero contour is shown by solid black line. 



V.K. GUPTA AND D.R. WADGE 

Figure 12. Second vertical derivative of the Bouguer anomaly map for the 
central part of the Birch-Uchi Greenstone Belt. Contour interval is 0.5 
mgal/knf. Positive contours are shown in dark, negative contours are shown 
in light, and zero contour is shown by solid black line. The surface geology 
and the mapped positions of mafic volcanic cycles I, II, and III are superim­
posed. Geology after Thurston (Thurston 1985). 
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GRAPHICAL SEPARATION 

To estimate the regional gravity f ie ld, 25 north-south and 18 east-west Bouguer 
gravity profi les were drawn at 8.045 km (5 mile) intervals. On each profi le, the level 
of the regional f ield was visual ly est imated by consider ing the inf luence on the 
gravity f ield brought about by local geology. The value of the regional f ield kept 
the same at prof i le intersections. Trondhjemit ic and granodiori t ic areas were con­
sidered to represent the background gravity f ie ld. The result ing regional gravity 
f ie ld was hand digit ized at an 8.045 km (5 mile) grid interval f rom wh ich a 
1.609 km (1 mile) grid was generated for automatic contour ing of the regional f ie ld. 
The 1.609 km regional grid values were then automatical ly subtracted f rom the 
Bouguer gravity map to obtain a residual gravity map. 

Positive residual anomalies were obtained in areas where their cause was 
obvious from the surface rocks or f rom measured density values. Similarly, nega­
tive residual anomal ies were obtained where the observed f ie ld was producing a 
def in i te gravity low against the background that could be explained by surface 
rocks. 

SECOND DERIVATIVE MAP 
A second der ivat ive gravity map has been computed to enhance the local var i­
ations of gravity f ield so that a correlat ion could be made between the second 
der ivat ive anomal ies and the surface geological features. A second der ivat ive 
gravity f ield is more sensit ive to weak anomalies ar ising f rom shal low sources and 
can be used ef fect ively to del ineate the boundaries of anomaly sources. In 
general, a second der ivat ive gravity map can be considered equivalent to a special 
k ind of residual gravity map wh ich is devoid of any regional gravity component. 

The second der ivat ive map has been computed on a 1.609 km by 1.609 km (1 
mile by 1 mile) grid by designing opt imum second der ivat ive fi lters. The radial 
f requency response of the opt imum Weiner (1949) filter is g iven by 

H d r , (f) = (27rf)2. H o p , ( f ) 11 
This filter had a sharp cut-off at high f requencies and therefore a cosine-

squared roll-off f rom 0.375 to 0.5 cyc les /g r id interval was appl ied to smooth the 
response. The filter used is shown in Figure 10. It has a peak at 0.217 (that is 
0.7f N ) c yc l es / km and low and high frequency cut-of fs at 0.074 (that is 0.237 f N ) 
and 0.276 (that is 0.889 fN) cyc les / km, respectively. The second der ivat ive map 
wh ich was obtained using the above opt imum filter was contoured at an interval of 
0.5 m g a l / k m 2 and is presented as Map 2495 (in back pocket) and Figure 11. 

In general, the correlat ion of the second der ivat ive posit ive and negat ive 
anomalies (Figure 11) is much more consistent w i th the surface geology than that 
of the residual anomalies. Many local ized shal low geological features wh ich are 
barely visible on Bouguer or residual gravity maps are intensif ied on the second 
der ivat ive map. Strong posit ive and negat ive anomal ies (Figure 11) correspond 
remarkably wel l wi th the surface exposures of the maf ic and felsic metavolcanic 
units, respectively. In certain regions, the zero trace of the second derivat ive map 
near the "greenstone"- granite contact marks their boundary. A linear zone of 
negat ive second derivat ive anomal ies near the southern edge of the map coincides 
wi th a mapped zone of cataclast ic rocks. This zone is barely ident i f iable from the 
Bouguer anomaly f ie ld. Phases of maf ic intrusive activi ty within the large plutonic 
bodies are dist inguishable from the second der ivat ive map. Overall , it is reason­
able to propose that the stratigraphy may be del ineated f rom an examinat ion of the 
second-der ivat ive map by ident i fy ing contrast ing maf ic and felsic metavolcanic 
anomaly sources. 

In the present study, the usefulness of the second der ivat ive map in terms of 
stratigraphic mapping can be assessed mainly in the central part of the Birch-Uchi 
Greenstone Belt where the geology has been mapped in detai l by Thurston (1978). 
The north-trending central part of the Birch-Uchi Greenstone Belt (Figures 2 and 
12) is isocl inal ly fo lded about a syncl inor ial axis. The metavolcanics of the belt 
consist of three basalt-to -rhyol i te volcanic cyc les — I, II and III — each wi th their 
maf ic and felsic members (Goodwin 1967; Pryslak 1971; Thurston et al. 1978). The 
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trace of the axial plane of the north-south trending syncl ine lies in the upper felsic 
metavolcanics of cyc le III. In the central part of this belt, the narrow, linear zones 
of posit ive second derivat ive anomalies show excellent correlation with the mafic 
members of the volcanic cyc les (Figure 12). Similarly, a linear 50 km long zone of 
negative second derivat ive anomalies coincides with the upper felsic metavol­
canics of cyc le III and fol lows the mapped syncl inorial axis about wh ich the 
metavolcanics of the Birch-Uchi Belt are fo lded. The second derivat ive of gravity 
thus clearly del ineates the boundaries between the three basalt-to-rhyolite volcanic 
cycles. 

The second derivat ive map is also useful in del ineat ing structures wh ich are 
obscure or poorly known. For example, some of the arcuate anomalies in the 
northern part of the Birch-Uchi Belt (near Casummit and Blondin gravity highs) and 
the western part of the Red Lake Belt (west of the Todd Fairlie gravity high) may 
correspond with local or regional fold- l ike structures. The second derivat ive map is 
a tool capable of del ineating stratigraphy wh ich in turn can be used in the 
resolution of structural problems. 

EVALUATION OF COMPUTED MAPS 

In this section, an evaluat ion of various regional and residual maps is considered 
in terms of their geological s igni f icance. 

Regional Maps 
In the spectrum-based regional map (Figure 13), broad circular gravity highs are 
obtained over both the Red Lake and Birch-Uchi greenstone belts and lows over 
the granitic plutons. Near the southern border of the map area, the east-west 
trending linear gravity contours coinc ide with the boundary between the Uchi and 
English River Subprovinces. Also, the total crust is considered to be thin along this 
boundary. The map retains anomalies >32 km in width. The upward cont inued 
regional map (Figure 14) shows a similarity to the spectrum based regional map 
except that the regional highs over the greenstone belts are less pronounced and 
are no longer del ineated by c lose contours. These regional highs centred over the 
greenstone belts are probably due to the existence of relatively high density upper 
crustal greenstone rocks of this region. The graphical ly constructed regional map 
(Figure 15) shows an east-west trending gravity low where the contours take the 
form of concentr ic el l ipses, occupy ing the entire map area. The regional f ield has 
been explained entirely by the undulations on the Riel and Mohorovicic d iscon­
tinuities. 

Residual Maps 
The spectrum-based residual map (Figure 16) shows negative residual anomalies, 
in certain locations, that co inc ide with terrain of higher than background density 
material, namely, intermediate intrusive rocks (areas 1 and 6), metasediments 
(areas 2, 4 and 5), and mafic metavolcanics (areas 2 and 3). 

These areas of poor correlat ion mentioned above show only a slight improve­
ment in the upward continuation based residual map (Figure 17). The graphical 
residual anomalies are shown in Figure 18. 

The correlat ion of the residual anomalies with surface geology is studied along 
two Bouguer gravity profi les EE' and RR' (Figure 19), onto wh ich the regional f ields 
were drawn from the appropriate maps. On profi le EE' (Figure 19a) between 
locations A to B and D to F, the negative residual anomalies produced from 
spectrum and upward cont inuat ion methods correspond with anomalously h igh-
density areas. Similarly, in the region B to C they coinc ide wi th outcrops of 
predominantly trondhjemit ic and granodiorit ic rocks wh ich are considered to repre­
sent the background density, 2.69 g / c m 3 , of the upper crust in this area. On profi le 
RR' (Figure 19b), between the location I to J and K to L, the negative residual 
anomalies of the spectrum and upward continuation based residual f ield cor­
respond on the surface to the known anomalously high density rocks. On both 
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Figure 13. Spectrum-based regional component of the Bouguer gravity map. Contour interval is 2 mgal. 







Flaure 16 Spectrum-based residual component of the Bouguer gravity map. Contour interval 2 mgal. Positive contours are shown in dark, 
negative contours are shown in light, and zero contour is shown by solid black line. Areas 1 to 6 referred to in the text are also shown. 



Figure 17. Residual component of the Bouguer gravity map obtained from an upward continuation to a height of 1609 km (10 grid unit). bScTlin'e V B c o n t o u r $ a r e s h o w n i n dark< neaative contours are shown in light, and zero contour is shown by solid 
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Figure 19. Profiles EE' and RR' showing the Bouguer anomaly (for location see 
Figure 3); the spectrum-based, upward continuation based and graphically 
smoothed regional fields. A plot of the mean densities and the surface 
geology is also shown. See Table 3 for explanation of geological legend. 

profi les, the graphical residual anomalies are posi t ive over all the problem loca­
tions. 

Thus, it is noted that for both the spectrum-based and upward cont inuat ion 
residual maps, the highs and lows and their spatial extent are unrelated to 
observed geology and densit ies. It is possible that a shift in the datum (-5 to 
-10 mgal) of the spectrum and upward-based residual f ields wil l improve their 
correlat ion wi th surface geology, especial ly in the earlier ment ioned problem areas 
1 to 6. 

The ampli tudes of the residual anomalies along profi les EE' and RR' have 
been compared in Table 2, over greenstone areas. From this compar ison of the 
residual maps, it is observed that for the spectrum and upward-based residual 
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TABLE 2 . RESIDUAL ANOMALY AMPLITUDES ON PROFILES E-E' AND R-R\ 

Residual Amplitude (mgal) 

Profile Spectrum Upward Graphical 

EE' 11 18 27 
RR' 10 13 23 

maps, the ampli tude of the posit ive residual anomalies decreases considerably 
over the greenstone areas. Conversely, the ampli tudes are increased over the 
granitic areas compared with the graphical residuals. 

This wi l l result in underestimating the thickness of the greenstone bodies and 
overest imating the granitic bodies, if spectrum and upward cont inued residual 
maps are used for quantitative model ing. 

SUMMARY 

To determine the advantages of using one set of regional-residual maps over the 
other for the purpose of quanti tat ive gravity model ing, two separate criteria were 
establ ished for the regional and residual maps. 

Assessment Criteria for a Regional Map 
The regional f ield should contain only smooth large wavelength components that 
are related to the deep crustal features and must not include greenstone belts 
wh ich are known to have a l imited depth-extent, but in some cases are fairly 
broad. 

Based on this criteria, the spectrum-based regional (see Figure 13) was 
considered least applicable. The two regional gravity highs wh ich are centred over 
the greenstone belts can be explained better by upper crustal greenstone densit ies 
rather than by undulations at the Riel and Mohorovicic discontinuit ies. This sub­
stantiates the point that the usefulness of filters based upon the spectra depends 
considerably upon the distr ibution of the bodies causing the gravity anomalies. In 
this case, because of the presence of broad and shal low greenstone masses (up 
to 40 km wide) the regional-residual separation is not very ef fect ive. The matched 
regional filter having a cut-off wavelength of approximately 32 km (0.031 
cyc les /km) al lows the wavelengths due to the greenstone anomalies to be retained 
in the regional map. 

The upward continuation based regional shows (see Figure 14) less correlation 
wi th the sur face geology than the spectrum-based regional, but the greenstone 
belts are stil l d iscernable. 

The graphical regional f ie ld, (see Figure 15, and Map 2493), wh ich produces a 
gravity low for the entire area, is found to be the most sat isfactory as it seems to 
represent variations at the Riel and Mohorovicic discontinuit ies. The east-trending 
regional anomaly is in good agreement with the regional Bouguer map wh ich was 
prepared by Innes (1960) f rom the regionally spaced gravity stations establ ished in 
granit ic terrain only. Innes (1960) explained the regional f ield in terms of varying 
crustal th icknesses and density variations in the granit ic rocks themselves. 

Assessment Criteria for a Residual Map 
The residual map should contain the ef fects of local and near-surface masses. 
Also, in p lan view, in mapped areas, it should be possible to explain most of the 
highs and lows by the geology already mapped on the ground together with 
density measurements. This map would be used to model quantitatively the 
subsurface geometry of exposed geological units. 

For the spectrum-based technique, the di f f icul ty encountered is related to the 
lack of a clear-cut break in the power spectrum (see Figure 5). The separation of 
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power required for the design of the fi lters thus becomes subjective. Also the 
problem is compl icated by the presence of very few points on the spectrum curve 
in the low frequency region. 

The upward continuation technique is also subject ive because of the cont inu­
ation height wh ich must be selected by trial and error. 

The occurrence of negat ive residual anomalies in many areas of spectrum (see 
Figure 16) and upward-based (see Figure 17) residual maps correspond on the 
surface wi th areas of high density rocks. This wil l make model ing of the residual 
anomalies a problem thus lacking in geological control. Art i f icial bodies of low 
density would be buried to account for the regional-residual separation dis­
crepancy of negat ive anomalies, where the surface ev idence clearly indicates high 
density rocks. The problem can be avoided in the graphical technique where local 
geology is considered by the geophysicist at the t ime of regional-residual separa­
tion. It is considered unrealistic to ignore the surface geology. 

It has been shown that the ampli tudes of the posit ive and negat ive residual 
anomalies from spectrum and upward continuation based residual maps are greatly 
reduced over the greenstone areas and increased over the granitoid areas when 
compared to the graphical ly separated anomalies. The reduct ion in amplitude is as 
much as 40 percent. This has the ef fect that the spectrum and upward continuation 
based residual dual anomalies produce too shal low and too deep thicknesses for 
the greenstone and granitic bodies, respectively, that are unrealistic from a geo­
logical viewpoint. 

Thus, it is suggested that in the area under discussion, regional and residual 
maps based on spectrum and upward cont inuat ion methods should not be used for 
the purpose of quantitat ive gravity model ing. However, there is no doubt that these 
maps are excel lent tools for qual i tat ive interpretation. Overall , the graphical method 
(see Figure 18) which has a certain bias towards the local geology, is considered 
to be more suitable to provide maps for quantitat ive gravity model ing. 

The second derivat ive map (see Figure 11) shows a much more sharp and 
c lose relat ionship to the surface geology as is evident in the centre of the 
Birch-Uchi Belt, where the geology is best known. The bands of posit ive and 
negat ive second derivat ive anomalies in the centre of the Birch-Uchi Belt (see 
Figure 12) are clearly associated with the contrast ing maf ic to felsic cycles of 
volcanism. The second derivat ive map has thus been shown to have merits as an 
aid to geological mapping in poorly exposed areas. 
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Residual Anomaly Map 
GENERAL DESCRIPTION OF RESIDUAL ANOMALIES 

A number of posit ive and negat ive residual anomalies, isolated by the graphical 
technique (Map 2494), having di f ferent shapes, sizes, trends, and ampli tudes, 
occur throughout the region (see Figure 18). The greenstone belts of the survey 
area are character ized by distinct zones of posit ive residua! anomalies caused by 
supracrustal rocks which are surrounded by negat ive residual anomalies caused 
by oval -shaped granitoid plutons and batholi ths. The margins of these anomalous 
posit ive zones are dominated by steep gravity gradients that coincide remarkably 
well wi th the greenstone-granite boundaries. This dist inct pattern is, general ly, 
evident among all the greenstone belts of the area and is bel ieved to be caused in 
part by large density contrasts at the contacts. However, in certain locations, for 
example, the Al ford Lake area and the Berens River area (Figure 20), the gravity 
f ie ld is gentle near the greenstone-granite boundary (see Figure 18, and Map 
2492). This is possibly caused by the presence of rocks of intermediate composi ­
t ion (for example quartz diorite, metasediments, and so on) between the green­
stone and the low density plutons. 

There is good correlation between most of the residual gravity anomalies and 
the surface geology (see Map 2494). This suggests that both the anomalies and 
the geology are ciosely related to the upper crustal structure. For example, a 
majority of the posit ive residual anomalies are associated with the maf ic to 
intermediate metavolcanics (mean density 2.93 g / c m 3 , see Table 1) wh ich con­
stitute about 66 percent of the greenstone area. In addit ion, gabbro (mean density 
2.94 g / cm 3 ) . ultramafic rocks (mean density 2.80 g / c m 3 ) , diorite (mean density 
2.75 g / cm 3 ) , and metasediments (mean density 2.75 g / c m 3 and 2.74 g / c m 3 in Uchi 
and English River Subprovinces, respectively) also undoubtedly contr ibute to the 
overal l shape and ampli tude of the posit ive residual anomalies. 

Most of the negative residual anomalies occur over diapir ic granitoid intrusive 
rocks (ranging in density f rom 2.63 to 2.65 g / c m 3 ) and lighter diatexite units (mean 
density 2.63 g / cm 3 ) . Many negat ive anomaly closures are associated wi th intru­
sive bodies of batholithic proportions, for example, the Ki l lala-Medicine Stone Lake 
and Gull Lake Batholiths (see Figures 18, 20, and Map 2494). In many greenstone 
belts, the posit ive residual anomalies associated wi th maf ic metavolcanics are 
sometimes dist inctly interrupted or separated by relative negative closures that are 
associated wi th small plutonic bodies, for example, the Dome Stock and the 
Okanse Pluton. 

The absence of gravity anomalies in wel l -def ined structures of intermediate to 
maf ic metavolcanics, for example, Longlegged Lake Dome area (see Profi le BB', 
Figure 22), can be explained in terms of it being narrow and relatively thin. Thus, 
such units are lacking suff ic ient volume to generate appreciable anomalies. The 
absence of posit ive gravity ef fects over smaller ul tramafic bodies can be explained 
by their being very thin and/or highly serpentinized and thus reducing the density. 
Similarly, the iron formations wh ich are very narrow and thin are incapable of 
generat ing enough gravity ef fect to be detected at the size of the present survey. 

UCHI SUBPROVINCE 
On the basis of distinct gravity features, the residual gravity map of the Uchi 
Subprovince can be div ided into four characterist ic segments: 
1. the Red Lake Belt to the west 
2. the Dixie Lake Belt to the south 
3. the Birch-Uchi Belt to the east 
4. the intervening areas of widely distr ibuted granit ic plutons and bathol i ths (Map 

2494, back pocket) 

Red Lake Belt 
The Red Lake Metavolcanic-Metasedimentary Belt wh i ch also includes the Tele­
scope and Embryo Lakes area, is a dominant gravity anomaly character ized by 
posit ive anomaly contours depict ing individual c losures (see Figure 20, Map 2494). 
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Figure 20. Locations of gravity profiles AA' to YY' and various anomaly names referred to in the text. 
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The belt is more than 64 km long and between 8 to 32 km wide. The trend of the 
residual gravity anomalies varies from near northwest to north-northeast to almost 
east. In general, there is a good correlation between the outcropping mafic to 
intermediate metavolcanics and posit ive residual anomalies. 

Along the east-west part of the Red Lake Belt, the Cochenour and Todd Fairlie 
gravity highs, associated with the maf ic metavolcanics, are separated by a circular 
gravity low caused by the Dome Stock (see Figure 20, Map 2494, back pocket). 
The posit ive residual gravity anomalies of the Red Lake Belt are elongate in shape 
and range in ampli tude from 15 to 25 mgal. The presence of extensive outcrops of 
mafic to intermediate metavolcanics with high density contrast suggest that they 
are the principal contributor to the posit ive gravity effect. The steepened gravity 
gradients that border the Red Lake Belt on all sides f latten somewhat in the Alford 
Lake area where limited diorit ic outcrops have been mapped by Pirie and Sawitzky 
(1977). 

The Red Lake anomalous posit ive zone is surrounded to the east by the 
Gullrock Lake (see Profile C C , Figure 23) and the Trout Lake gravity lows and to 
the west by the Indian House Lake gravity low (see Profile AA', Figure 21). The 
Rathouse Lake and the Linge Lake Batholiths associated with negative residual 
closures border the north of the anomalous Red Lake Belt (see Profiles BB', DD', 
and EE', Figure 22, 24b, and 25 ). Similarly, the southern boundary of the Red Lake 
Belt comes into contact with a dominant negative residual anomaly associated wi th 
the Kil lala-Medicine Stone Lakes Batholith (see Profi le BB', Figure 22) wh ich is 
responsible for producing at the contact the sharpest gravity gradient (8.0 
mgal /km) of the entire area. 

Within the Red Lake Belt, many small to medium size stocks have been 
outl ined by geological mapping (Ferguson 1972). The largest is the Dome Stock 
(see Profile DD', Figure 24) wh ich has a maximum diameter in plan of about 8 to 
10 km. The stock is composed of porphyrit ic quartz diorite, granodiorite, and 
trondhjemite (Pirie 1978) and coincides with a circular negative residual anomaly. 
The small McKenzie Island and Faulkenhan Lake Stocks cannot be isolated by 
gravity alone, perhaps due to a lack of density contrast. Just east of the Dome 
Stock, the maf ic metavolcanics are intruded by an intermediate composit ion intru­
sive complex known locally as the Howey Diorite (Pirie 1978). The complex 
produces a weak 2 to 3 mgal posit ive residual anomaly (see Profile EE', Figure 25). 

Four gravity profi les (AA', BB', DD', and EE'; Figure 2 1 , 22, 24 and 25) passing 
through major gravity anomalies of the Red Lake Belt were modeled to compute the 
shape and thickness of the greenstone belt of the Red Lake area. 

Dixie Lake Belt 
The Dixie Lake Metavolcanic-Metasedimentary Belt, located south of Red Lake, is 
def ined by a dominant, oval-shaped posit ive residual gravity anomaly (see Figure 
20, Map 2494). This anomaly has an ampli tude of more than 16 mgal with surface 
dimensions of 11 x 13 km. It is centred over Dixie Creek where intermediate to 
mafic metavolcanics outcrop. Profi le C C , which passes through the centre, was 
used for two-dimensional gravity model ing of the Dixie Lake gravity high. 

Coll Lake Belt 
The Coli Lake Metavolcanic-Metasedimentary Belt is character ized by an elongate 
northwest trending 8 mgal posit ive residual anomaly approximately 20 km long and 
12 km wide (Figure 20, and Map 2494, back pocket). The steepened gravity 
gradient that def ines the southern margin of the anomaly is quite typical of the 
gradient found at greenstone-granite contacts. This style is, however, lacking near 
the northern border of the anomaly where extensive glacial cover is known to exist 
wh ich may mask or reduce the observed gravity ef fect. It is also possible that 
under the northern part of the anomaly, high density intrusive rocks or metasedi­
ments are buried under the glacial cover. From profi le WW' passing through the 
centre of the anomaly, three two-dimensional gravity models were computed. 
These show some of the range of acceptable structures attainable by varying the 
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shape of the metavolcanics and their densit ies. An addit ional gravity model has 
been computed from prof i le FF' wh ich passes through the northern tail of the Coli 
Lake gravity high. 

Birch Uchi Beit 
The Birch-Uchi Greenstone Belt underl ies extensive posit ive residual gravity 
anomalies wh ich range in ampl i tude between 15 to 25 mgal (Map 2494, back 
pocket). The anomalous zone has a north-south extent of more than 90 km and is 6 
to 33 km wide. Throughout its entire length, the various arms of the Birch-Uchi Belt 
are recognizable on the basis of residual anomalies wh ich fol low them. Along the 
belt, the gravity anomaly trends are found to be consistent with the reported 
geological trends. 

By virtue of higher ampli tudes of the gravity anomalies in this belt, deeper 
accumulat ions of mafic metavolcanics are supported. In general, the greenstone-
granite contacts are marked by steep gravity gradients wi th slopes varying from 6 
mga l / km to 1 mga l / km. In the area just east of the Casummit gravi ty high, and in 
the Berens River and Papaonga Lake areas, however, moderate gravity gradients 
extend the posit ive anomalies several ki lometres (into granit ic terrain) beyond the 
boundaries of the metavolcanic units with wh ich they are thought to be primari ly 
associated (Figure 20. Map 2494). In the Berens River area and in the area just 
east of the Casummit gravity high, these extensions can quali tat ively, at least, be 
accounted for by denser (2.73 g / c m 3 ) sur face rocks. In the Papaonga Lake area, 
however, the extended gravity f ie ld does not correlate wi th the sur face geology. 
This suggests that the anomalous region may be explained by the metavolcanics 
having more signif icant lateral extend at depth than the geological mapping 
indicates. 

To the east and west, the Birch-Uchi Greenstone Belt is bounded by extensive 
granitic areas wh ich are character ized by general ly negat ive residual closures. The 
most prominent is a -17 mgal negat ive residual anomaly centred over Gull Lake 
which is si tuated east of the Birch-Uchi Greenstone Belt (Map 2494). The anomaly 
is bounded to the north and south by the Springpole Lake and Moon Lake arms of 
the belt, respectively. This anomaly is underlain by a uni form, low density granite 
and appears to represent a single major bathol i th wh ich underl ies, at least partly, 
the Springpole Lake and Seagrave Lake areas of the Birch-Uchi metavolcanic belt 
(see Profi les NN' , QQ', and XX', Figure 20, 34, 37 and 44). 

The remaining negat ive anomaly areas are more complex. The Al l ison-
Sesikinaga Lake Batholith (Figure 20, Map 2494) is considered to consti tute a 
major part of the granitic area to the east-southeast of the Birch-Uchi Greenstone 
Belt. The bathol i th dimensions have been est imated at 15 km wide and 30 km long. 
The corresponding residual anomaly, however, averages only about -8 mgal, wi th 
a minimum of -11 mgal occurr ing less than 5 km from the greenstone-granite 
contact. The actual bathol i th, therefore, appears to be located to the north of 
Al l ison Lake, whi le the Sesikinaga Lake area represents a shal lower marginal 
structure (see Profiles LL', PP', RR', and YY', Figures 20, 32, 36, 38 and 45). 

The Trout Lake granit ic area (see Profi le FF', Figure 26) wh ich lies between the 
Red Lake and the Birch-Uchi Greenstone Belts contains several local min ima wh ich 
may mark the actual centres of intrusions (Figure 20, Map 2494). As in the Al l ison 
Lake Area, these lows occur near the greenstonegranite contacts rather than in the 
centre of the granit ic terrain. In addit ion, the lows do not appear to correspond to 
any discreet, clearly def ined geological structures. Both the Stiff Lake and Rosen 
Lake lows are fair ly narrow, elongated anomalies wh ich reach a min imum of about 
-9 mgals (see Profi les RR', V V , HH' , and II ' respectively, (Figures 38, 42, 28, and 
28)). 

The Fly Creek low, wh ich extends some 15 km into the Birch-Uchi Greenstone 
Belt possibly marks a major feeder, as would be indicated by the graben structure 
along the main syncl inal axis of the Birch-Uchi Belt (see Profi le GG' ; Figure 27). 

The Odell Lake gravity low (see Profi les OO' and PP'; Figuies 35 and 36) to 
the northwest of the Birch-Uchi Greenstone Belt, correlates approximately with a 
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low-density (2.64 g / cm 3 ) granitic unit wh ich underl ies the centre of the anomaly 
(Figure 20, Map 2494). The contacts of this body wi th the surrounding higher 
density rocks, however, are poorly def ined and the shal low gravity gradients make 
an accurate regional-residual separation di f f icul t to make. The present residual 
map indicates, that the granitic unit has signi f icant ly greater lateral extent at depth 
than is g iven by the density sampling. 

The Shearstone-Kerswil l Lake gravity low (see Profiles LL', OQ', SS', and V V ; 
Figures 32, 37, 39. and 42) to the northeast of the Birch-Uchi Greenstone Belt is a 
broad elongated anomaly underlain by a complex granit ic terrain wh ich ranges in 
density from 2.64 to 2.73 g / c m 3 . 

With the exception of the Okanse Lake Pluton (see Profi les MM' and OO'; 
Figures 33 and 35), none of the smaller plutons or batholiths wh ich intrude the 
Birch-Uchi Greenstone Belt show any not iceable correlat ion with gravity because 
their densit ies are very similar to the rocks (dominant ly metasediments) that they 
intrude. 

Numerous gravity profi les (HH' , I I ' , J J ' , KK', LL', MM' , OO', PP', RR', SS', TT \ 
UU' , V V , XX', and YY'; Figures 28, 29, 30, 3 1 , 32, 33, 35, 36, 38, 39, 40, 4 1 , 42, 44, 
and 45), have been drawn across the Birch-Uchi Greenstone Belt and surrounding 
granit ic areas. Signif icant residual anomalies have been modeled to extrapolate the 
shape and to establ ish the thickness of the causat ive anomaly sources. 

ENGLISH RIVER SUBPROVINCE 
In general, the gravity f ield increases southward as the English River Subprovince 
is approached from the Uchi Subprovince (Map 2494). A 145 km long linear gravity 
zone, having a steep gravity gradient, reaches a residual gravity maxima of 
16 mgal over the northern supracrustal domain of the English River Subprovince. 
The linear zone trends almost east-west f rom the western edge of the map to Ear 
Falls and then swings to an east-northeast direct ion. This linear zone perhaps 
ref lects, completely or in part, the northern boundary of the metasedimentary 
trough (mean density 2.74 g / c m 3 ) of the northern supracrustal domain. This zone 
also coincides with the Sydney Lake Fault System which outcrops at various 
places as a zone composed of cataclastic rocks. The subprovince boundary is 
marked by a fairly uniform, southerly increasing rise of 1.2 mga l / km over most of 
its length. 

A characterist ic of the gravity anomaly over the English River metasediments is 
its almost total lack of response to the numerous, intrusive, trondhjemite-
granodiori te bodies, the largest of wh ich is the Bluffy Lake Batholith wh ich is 
12 km wide and 60 km long. The Bluffy Lake Batholith (Figure 20, Map 2494) has a 
very dist inct aeromagnetic character. One would expect its 0.05 g / c m 3 density 
contrast wi th the surrounding metasediments to be signif icant. Only in the imme­
diate vicinity of Bluffy Lake is it associated with a gravity low. This suggests that 
these bodies are extremely shal low, sheet- l ike features (see Profiles I I ' , J J ' and 
KK'; Figures 29, 30, and 31). Numerous gravity profi les across the English River 
Subprovince have been modeled to show the geometry and conf igurat ion of the 
linear gravity zone and other associated anomalies of this subprovince (see 
Profiles AA' to MM'). 

BERENS RIVER SUBPROVINCE 
The boundary between the Uchi and Berens River Subprovince is poorly def ined in 
the survey area. For example, this boundary, as shown on many Ontario Geological 
Survey maps div ides many batholi ths of the survey area into half, including the 
Coli Lake Metavolcanic-Metasedimentary Belt. For this reason, the descript ion of 
the gravity anomalies which may belong to the Berens River Subprovince have 
been given under the Uchi Subprovince. 
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Gravity Models of the Residual Anomalies 
INTRODUCTION 
For quantitative, two-dimensional gravity analysis, 25 residual prof i les, AA ' to YY' 
(Figures 21 to 45), were selected from the graphical ly separated residual anomaly 
map. The profi les (for locations see Figure 20) are spread throughout the survey 
area and their select ion was gu ided by anomaly resolut ion, ampl i tude, d imension, 
and the geological environment. The general ized geology shown underneath each 
gravity prof i le has been adopted f rom the geology shown on Map 2494. A 
descript ion of the geological legend is g iven in Table 3. On each profi le, the 
estimate of standard deviat ion ( ) and the coef f ic ient of correlat ion (c) between 
the residual and computed gravity anomalies is shown. All the prof i les are de­
scr ibed from south to north except RR' (Figure 38), wh ich is f rom east to west. 

GENERAL ASSUMPTIONS, LIMITATIONS, AND PROBLEMS 
The fol lowing basic assumptions were made in the two-dimensional model analysis 
of the gravitational f ie ld : 
1. the causat ive body has a uni form density 
2. the causat ive body has inf inite str ike length 
3. the bodies are flat topped. 

In model interpretation, the two-dimensional i ty of the anomaly is general ly 
assumed if the anomaly str ike length is more than several t imes larger than the 
width of the more than several t imes larger than the wid th of the anomaly. 
Darracott (1976) has suggested that the above cri terion is arbitrary and the cho ice 
between a two-dimensional or three-dimensional model should be based on the 
criterion of depth of burial of the top sur face and the depth extent of the body. 
Using Darracott 's type curves both criteria hold good for a majori ty of the anoma­
lies in the study gravity high (see Profile C C ; Figure 23), end correct ions were 
appl ied using a lamina model (Milsom and Worthington 1977) to the two-
dimensional formula. In this method, a body is approximated by a number of 
straight-sided slabs where the gravity f ie ld of a s lab is ca lcu lated due to a 
rectangular horizontal lamina. 

Unlike more direct explorat ion techniques, the interpretation of gravity f ields 
potential ly gives an infinite number of model solut ions. In order to limit the number 
of possible models, discreet boundary condit ions, that is, knowledge of the surface 
geology and rock density are required. The major geological boundaries in the 
greenstone belts and English River Subprovince are fair ly wel l mapped. The detai l 
avai lable for the surrounding granit ic areas, however, is sparse. The density 
sampl ing is very valuable in reveal ing phases of vary ing densi ty in areas wh ich 
are uniformly designated as trondhjemitegranodior i te on the geological maps. In 
most surveys, the sampl ing intervals, however, are rarely suf f ic ient to accurately 
del ineate the boundaries. As a result many areas must be assigned an average 
density wh ich consequent ly reduces the accuracy of the model (see Profi le DD; 
Figure 24). 

The contouring interval of the Bouguer further limits interpretation. A compar i ­
son was made of a test profi le (contour interval = 2 mgal) using actual gravity 
station values over a geological sect ion wi th alternating l i thologies (that is, succes­
sive maf ic- fe ls ic cycles). Discrepancies were found that were appreciably greater 
than the ±0 .5 mgal expected error in individual values. Since the corresponding 
second vertical der ivat ive shows remarkably good correlat ion wi th the individual 
units, it must be assumed that not all the gravity detai l is transmitted to the f inal 
contoured Bouguer map. Thus, discrete units cannot be interpreted with any 
conf idence. 

Where fo ld axes can be inferred f rom the geological conf igurat ion, but no 
other structural control is avai lable, gravity interpretation becomes indecis ive be­
cause of the ambiguity of horizontal layering. Therefore, a best possible model that 
then can be obtained is a "geological ly acceptab le" model . Gravity interpretation 
also becomes problematic where two di f ferent adjacent l i thologies show no density 
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TABLE 3. GEOLOGICAL LEGEND FOR PROFILES AA' TO YY' 

PRECAMBRIAN* 

EARLY PRECAMBRIAN 

INTRUSIVE ROCKS 

FELSIC TO INTERMEDIATE ROCKS 

5 Undif ferentiated 
5a Granite (ss) 
5b Granodiorite 
5c Trondhjemite 
5d Quartz Monzonite 
5e Syenodiorite 
5f Subvolcanic intrusive rocks 

INTRUSIVE CONTACT 

INTERMEDIATE TO ULTRAMAFIC INTRUSIVE ROCKS 

4a Intermediate to maf ic intrusive rocks 

4b Serpentinized or carbonat ized ultramafic intrusive rocks 

INTRUSIVE CONTACT 

METASEDIMENTS 

3a Metasediments 
3b Metatexitic metasedimentary migmatite 
3c Diatexitic metasedimentary migmatite 

METAVOLCANICS 

FELSIC AND INTERMEDIATE METAVOLCANICS 

2 Undif ferentiated 
2a Intermediate metavolcanics 
2b Felsic metavolcanics 

INTERMEDIATE AND MAFIC METAVOLCANICS 

1 Undif ferent iated 
1a Mafic metavolcanics 

*These rock units are grouped l i thol igical ly and the order does not necessari ly 
imply age relat ionship between groups. 

A Antic l ine 
S Syncl ine 
ERSP English River Subprovince 
BRSP Berens River Subprovince 
a Estimate of Standard Deviat ion 
C Coeff ic ient of Correlat ion 
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contrast, for example, the Perrigo Pluton Intruding the metasediments of nearly the 
same density (see Profi le RR'; Figure 38). 

Finally, the residual anomalies should all, ideally, show a correlat ion wi th the 
surface geology. In areas where the residual anomaly requires the introduction of a 
buried body, the interpretation can, at best, be guided by the surrounding geology. 
Even wi th all these inherent l imitations, it must be emphasized that gravity model ­
ing, assisted by second vert ical der ivat ive and aeromagnetic maps, provides 
valuable and val id criteria for evaluat ing any proposed structural model . 
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Gravity Modeling Procedure 
The anomaly modeling was carried out by using a computer program which 
calculates the gravitational effect of two-dimensional masses of arbitrary cross-
section (Nagy 1964). The modeling program is fully interchangeable between an 
iterative non-linear optimization mode and a simple forward (trial and error) mode. 
In the iterative mode, the modeling program is used in conjunction with a non-linear 
optimization computer package MINUIT (James and Roos 1976) which allows a 
user to minimize a function of several independent variables. The function f to be 
minimized is determined through the subroutine of the modeling program and a 
two-dimensional body model that will best fit an observed gravity anomaly is 
calculated. The parameters (x and z coordinates of the body, the background 
gravity of the form RO +R1x and the density) can be bounded within a lower and 
upper limit, or kept constant if their values are known (from surface geology, 
drilling, or seismic data, and so on). 

The initial shape of the causative bodies at the beginning of the computation 
were constructed using geological information. Where the outcrop limit of the 
geological units were known, the boundaries of the model body points at the 
surface were kept fixed. The surface dips, wherever known, were also used in 
model interpretation. The appropriate densities used in the modeling procedure are 
shown for each unit along the profile. 

The estimate of the standard deviation and the coefficient of correlation were 
used to determine the goodness-of-fit between a set of residual and computed 
gravity anomalies. The standard deviation (a) is given by: 

o - 2 ( x - y ) 2 

n - l 

V4 

(12) 

where, the indicated summations are over a total of n observations (x) and 
corresponding computed values (y). A standard deviation of 1 mgal or less was 
considered a good fit. The coefficient of correlation C is given by: 

_ 2 ( x - x ) . ( y - y ) 
c " (13) 

[ 2 ( x - x ) 2 . ( y - y ) 2 ] * 

The coefficient of correlation ranges in value from 0 to 1, (1>C>0) , and a value of 
C equal to 1 shows a perfect agreement between a set of residual and computed 
anomalies. 

PROFILE INTERPRETATION 

Profile AA' 
Profile AA' (Figure 21) near the western edge of the map, extends in a north-
northwest direction across the Northern Supracrustal Domain to north of the Red 
Lake Belt. The profile is > 100 km long and has several prominent positive and 
negative residual anomalies. They are the Northern Supracrustal Domain gravity 
high in the vicinity of Sydney Lake Fault, the Pineneedle Lake Pluton gravity low, 
the Embyro Lake gravity high, and the Indian House Lake Pluton gravity low. The 
computed two-dimensional shapes of the causative bodies are shown in Figure 21 . 
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Figure 21. Profile AA', showing the graphical residual and computed gravity anomalies, interpreted gravity models and surface geology. 
Densities in g/crrf. For profile location see Figure 20. See Table 3 for explanation of geological legend. 
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The coefficient of correlation between the observed and computed anomalies is 
0.997 and the estimate of standard deviation is 0.39 mgal. 

The metasedimentary trough of the Northern Supracrustal Domain of the 
English River Subprovince consists mainly of metatexites of mean density 
2.74 g/cm 3 . The metatexites coincide with a residual positive anomaly, 14 mgal in 
amplitude. The northern edge of the trough in the vicinity of the Sydney Lake Fault 
System has a calculated dip of 25°S. Approximately 5 km south of the fault, the 
dip, however, becomes almost vertical, and the basin assumes a depth extent of 
8.5 km. 

North of the Sydney Lake Fault lies the Pineneedle Lake quartz monzonitic 
pluton of mean density 2.65 g/cm 3 . The pluton gives a 6.5 mgal amplitude, ellip-
tically shaped, negative residual anomaly of dimensions 27 km x 8 km. The sides 
of the pluton are south-dipping and extend to a subsurface depth of 8 km. 

The outcropping mafic metavolcanics of the Red Lake Belt in the Embryo-
Telescope Lakes area correlate with a 6 mgal positive residual anomaly. A mean 
density of 2.93 g / c m 3 has been used in the model calculations. The calculated 
model indicates a synclinal structure with gentle dips that may extend to 0.6 km 
depth. The model, therefore, suggests that the western end of the Red Lake 
metavolcanic belt is < 1 km thick. 

North of the Embryo Lake gravity high a 5 mgal negative residual anomaly 
correlates with the Indian House Lake Pluton. An average density of 2.64 g / c m 3 

has been used for this pluton which has inward sloping surfaces that extend to a 
depth of 3 km. 

From the profile it is clear that the positive and negative residual anomalies 
are closely connected with the denser and lighter outcropping rocks, respectively. 

Profile BB' 
This north-northeast running profile (Figure 22) is more than 90 km long and cuts 
across both the Northern Supracrustal Domain and the Red Lake Belt. The major 
anomalies under this profile are the Northern Supracrustal Domain gravity high, the 
Killala-Medicine Stone Lakes Batholith gravity low, the Todd-Fairlie gravity high, the 
Alford Lake area gravity high, and finally, the Rathouse Lake gravity low. The 
observed and calculated anomalies have a coefficient of correlation of 0.998 and 
a standard deviation of 0.54 mgal. 

The Northern Supracrustal Domain region is characterized here by a 15 mgal 
positive residual anomaly. The northern boundary of the metasedimentary basin, 
having a mean density of 2.74 g /cm 3 , again has a gentle dip near the Sydney 
Lake Fault zone and a steep dip about 6 km south of the fault. On this profile, the 
trough is calculated to have a depth extent of 9 km which is slightly deeper than in 
Profile AA'. 

The diatexite unit (3C), centred at kilometre 20, has been modeled with a mean 
density of 2.63 g /cm 3 . The causative funnel-shaped body is dipping to the south 
and has a depth extent of 3 km. 

In the Longlegged Lake Dome area, between kilometres 25 to 40, the residual 
gravity field is too insignificant to warrant any modeling of the various units. The 
mean density of the surface rocks in this area is 2.75 g / c m 3 that is, a density 
contrast of +0 .06 with the background. This contrast is sufficient enough to cause 
gravity anomalies. However, the lack of significant gravitational field suggests that 
the outcropping narrow units are of limited depth extent. 

The Killala-Medicine Stone Lakes Batholith of mean density 2.66 g / c m 3 cor­
relates with a 4 mgal negative residual anomaly. On the surface, the Medicine 
Stone Lake portion of the batholith appears to be separated from the Killala part by 
a thin east-trending felsic to intermediate metavolcanic unit. However, these 
batholiths having inward sloping sides are joined at depth. The intervening 
metavolcanics of mean density 2.73 g / c m 3 near kilometre 55, are modeled to a 
1 km depth. The southern side of the batholith extends to a depth of 6 km, 
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Figure 22. Profile BB', showing the graphical residual and computed gravity anomalies, interpreted gravity models and surface geology. 
Densities in g/cm3. For profile location see Figure 20. See Table 3 for explanation of geological legend. 
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Figure 23a. Profile CC (Model 1), showing the graphical residual and computed 
gravity anomalies, interpreted gravity models and surface geology. Densities 
in g/crtf. For profile location see Figure 20. See Table 3 for explanation of 
geological legend. 

whereas the north side, which comes into contact with the Red Lake metavolcanic 
belt, dips steeply to the south and has a depth extent of 8 km. 

The 25 mgal positive residual anomaly called the Todd- Fairlie gravity high is 
caused by outcropping mafic metavolcanics of mean density 2.93 g/cm and the 
metasedimentary and quartz diorite rocks of mean density 2.75 g /cm 3 . The mafic 
metavolcanics, which have been modeled to a thickness of 5 km, partly underlie 
the metasediments and 2.75 g / c m 3 density rocks of the Alford Lake area between 
kilometres 67 to 74. The metasediments dip to the north and have a depth extent 
of about 2 km. Within the Todd-Fairlie metavolcanic body, two metasedimentary 
units have been modeled with a 1 km and 2 km depth extent. A part of the north 
flank of the Todd-Fairlie gravity anomaly coincides with the rocks of the Alford 
Lake area. The density sampling in this area shows that a mean density of 
2.75 g / c m 3 is representative of the exposed rocks. Using this density, the Alford 
Lake causative body extends to a depth extent of 4 km. 

The gravity field over the Rathouse Lake Batholith is characterized by a 4 mgal 
negative residual anomaly. The anomaly is modeled with a mean density of 
2.65 g /cm 3 and the density contrast extends to a depth of about 4 km. 

Profile CC 
This 70 km long profile (Figure 23) runs in a northeast direction across the 
Northern Supracrustal Domain to the Dixie Lake Metavolcanic-Metasedimentary Belt 
and terminates past the Gullrock Lake gravity low. Two models have been cal­
culated for this profile: a two-dimensional model (Model 1) and a strike-limited 
model (Model 2) which is calculated only for the Dixie Lake gravity high region. 

Model 1 The steeply dipping metasedimentary trough of the Northern Supra­
crustal Domain is calculated to be 10 km thick (see Figure 23a). A gravity low 
centred around kilometre 35 is attributed to a granitic pluton of mean density 2.64 
g/cm 3 . The pluton underlies the southern edge of the Dixie Lake Greenstone Belt 
and has a depth extent of 2.6 km. The northern contact of this pluton which comes 
into contact with the Dixie Lake Greenstone Belt is shown to be shallow dipping. 
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The Dixie Lake gravity high represented by a 16 mgal positive residual anom­
aly coincides with outcrops of mafic metavolcanics of mean density 2.93 g /cm 3 . 
The mafic metavolcanics calculated to have a depth extend of 2.2 km show a 
synformal shape. This belt thus appears to be shallower than the other belts in the 
area. 

Farther north along this profile, the Gull Rock Lake Pluton has a coinciding 
8 mgal negative residual anomaly. The anomaly has been explained by a quartz 
monzonitic pluton of mean density 2.64 g /cm 3 . This pluton has inward sloping 
interfaces which extend to a depth of about 6.5 km. The southern edge of the 
pluton is steeply dipping, whilst the northern edge takes the form of a shallow-
dipping sheet. 

The smaller narrow tongue of the Red Lake mafic metavolcanic unit, near 
kilometre 65, appears to be contained as a remnant within the Gullrock Lake 
Pluton. The remnants of the mafic metavolcanics are <0.5 km thick and probably 
dip to the south. 

Model 2 In this model (Figure 23b) , the anomaly underlying the Dixie Lake 
metavolcanics, between kilometres 36 to 52, was modeled using bodies of limited 
strike length. End corrections were thus calculated for two-dimensional models 
using the algorithm of Milsom and Worthington (1977). In this method, a body is 
approximated by a number of straight-sided slabs where the gravity field of a slab 
is calculated due to a rectangular horizontal lamina. The bodies were approximated 
by 10 laminae of equal thicknesses each having a half-strike length of 6 km. After 
applying the strike correction, the calculated depth extent of the mafic metavol­
canic increased by about 10 percent (2.4 km) compared to that obtained in Model 
1 (2.2 km) where infinite strike length was assumed. Since the difference between 
the two depths was minimal, end corrections were not attempted in other profiles. 

Profile DD' 
Profile DD', 85 km in length, runs approximately northerly across the Northern 
Supracrustal Domain and the Red Lake Belt. The prominent gravity anomalies along 
this profile are the Northern Supracrustal Domain gravity high, the Bug Lake-Stone 
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Figure 23b. Profile CC (Model 2), showing the graphical residual and computed 
gravity anomalies, interpreted gravity models and surface geology. Densities 
in g/cm3. For profile location see Figure 20. See Table 3 for explanation of 
geologic legend. 
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Lake gravity low, the Dome Stock gravity low, the Cochenour gravity high, and the 
Rathouse Lake gravity low. Two alternative models have been calculated for this 
profile. 

Model 1 The metatexites of the Northern Supracrustal Domain have been inter­
preted (Figure 24a) to be dipping gently to the south in the immediate vicinity of 
the Sydney Lake Fault system and a few km south of the fault dip steeply to the 
south. A similar configuration has been arrived from Profiles AA' and BB' (Figures 
21 and 22). The calculated depth extent of the metasediments on this profile is 
10 km, the maximum reached until they are overlain by the Bluffy Lake Batholith in 
Profile JJ' (Figure 30). 

The mafic to intermediate intrusive units between kilometres 25 to 30 have 
been modeled using a mean density of 2.92 g /cm 3 . The causative body which 
takes the form of a flat-lying sill has a limited depth extent of only 0.6 km. 

The 25 mgal residual negative anomaly coinciding with Bug Lake-Stone Lake 
gravity low correlates on the surface with granodioritic and trondhjemitic rocks. The 
density measurements in this region, however, indicate lighter granitic rocks of 
mean density 2.64 g/cm 3 . Using this density, the causative body has a depth 
extent of 4 km with vertically dipping sides. 

A prominent circular gravity low centred about kilometre 60 is caused by the 
granodioritic rocks of the Dome Stock. The mean density of the rocks contained in 
the stock is 2.70 g/cm 3 . On the basis of gravity modeling, the 2.6 km thick Dome 
Stock appears to be entirely enclosed within the Red Lake Greenstone Belt. Both to 
the north and south, the stock is in contact with 1 km deep felsic to intermediate 
metavolcanic units of density 2.73 g /cm 3 . 

A major part of the 23 mgal amplitude positive residual anomaly (the Cochen­
our gravity high) between kilometres 50 to 75, has been accounted for mostly by 
the underlying folded mafic metavolcanics. These rocks have limited surface 
exposure in the form of narrow bands. All lower density rocks of limited depth 
extent (0.5 to 1.8 km) are underlain, along this profile, by mafic metavolcanics 
whose bottom topography assumes anticlinal and synclinal shapes. Near kilometre 
58, south of the Dome Stock, the modeled mafic metavolcanics represent an 
anticlinal form with a thickness of < 2 km. The location of the interpreted anticlinal 
axis coincides with a mapped anticline. Near kilometre 63, north of the Dome 
Stock, the shape of the modeled mafic metavolcanics suggests a synclinal form 
with a maximum thickness of < 6 km. The location of the interpreted synclinal axis 
is found to be under the Dome Stock and perhaps therefore there is no expression 
of it at the surface. It is obvious from the gravity anomaly that the folded 
metavolcanics have their greatest concentration of mass and thickness directly 
below the peak of the residual gravity anomaly. 

North of the Cochenour gravity high, the rocks of the Alford Lake area, 
perhaps constituting a smaller denser phase (mean density 2.75 g /cm 3 ) of the 
Rathouse Lake Batholith, have been modeled to a thickness of 0.5 km. The main 
Rathouse Lake batholith has a depth extent of 3 km based on using a uniform 
mean density of 2.64 g/cm 3 . 

Model 2 A second model (Figure 24b) was calculated for the Cochenour gravity 
high between kilometres 50 to 75. In this simplified model, many of the smaller 
surface geological units have been lumped together by averaging their mean 
densities. 

Also, different mean density values were used for both the mafic metavol­
canics (2.87 g / c m 3 against 2.89 g / c m 3 used in Model 1) and Dome Stock 
(2.69 g / c m 3 against 2.70 g / c m 3 used in Model 1). In Model 2, the overall shapes of 
the causative bodies remain similar to those in Model 1 except that their thicknes­
ses are somewhat different. 

This illustrates the non-uniqueness of the solution where the interpretation 
process is purely subjective and a number of models can be fitted to the same 
anomaly. 
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Figure 24a. Profile DD' (Model 1), showing the graphical residual and computed 
gravity anomalies, interpreted gravity models and surface geology. Densities 
in g/cm3. For profile location see Figure 20. See Table 3 for explanation of 
geological legend. 

Figure 24b. Profile DD' (Model 2), showing the graphical residual and computed 
gravity anomalies, interpreted gravity models and surface geology. Densities 
in g/cm3. For profile location see Figure 20. See Table 3 for explanation of 
geological legend. 
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Profile EE' 

This 90 km long, approximately northward-trending profile (Figure 25) passes 
through the Northern Supracrustal Domain, the Bug Lake-Stone Lake gravity low, 
the "Howey Diorite" gravity high, the Cochenour gravity high, and the Rathouse 
Lake gravity low. The coefficient of correlation between the observed and cal­
culated anomalies is 0.999 and the estimate of standard deviation is 0.44 mgal. 

The interpreted characteristics of the metasedimentary trough of the Northern 
Supracrustal Domain are similar to those found in earlier profiles. These are a 14 to 
16 mgal residual positive anomaly, a gentle southerly dip with limited depth extent 
in the vicinity of the Sydney Lake Fault System, and a steep dip with a 8 to 10 km 
depth extent a few kilometres south of the fault. On the present profile, the depth 
extent of the trough is about 9 km. The 2 mgal negative residual anomaly, at 
kilometre 29, coincides on the surface with granodioritic and trondhjemitic rocks. 
This small anomaly is also quite distinct on the the Bouguer anomaly map. To 
model this anomaly, lighter rocks are required whose mean density is less than the 
background density. Therefore, a mean density of 2.64 g / c m 3 was chosen to model 
a 3.5 km deep intrusive body which partly underlies the mafic intrusive rocks 
(2.8 g/cm 3 ) outcropping near kilometre 31 . 

The Bug Lake-Stone Lake gravity low has been modeled using a mean density 
of 2.64 g/cm 3 . The intrusive body is interpreted as having a depth extent of less 
than 2 km. The northern edge of this intrusive body comes into contact with the 
steeply dipping Red Lake Greenstone Belt. A 27 mgal amplitude positive residual 
anomaly, known as the Cochenour gravity high, coincides with the eastern part of 
the Red Lake Greenstone Belt. It has been shown from the model (Figure 25) that 
the major contribution of the anomaly is due to the mafic metavolcanics which are 
exposed in a few locations. The outcropping felsic to intermediate metavolcanic, 
metasedimentary, and intrusive units including the "Howey Diorite" are all con­
tained within the mafic metavolcanics. Most of these units with the exception of 
the "Howey Diorite" are < 1 km thick. The steeply dipping rocks of the "Howey 
Diorite" have a depth extent of about 2 km. The bottom topography of the mafic 
metavolcanics takes the form of a homocline structure between kilometres 50 to 65 
where its depth-extent varies between 1 to 3 km. The deepest section (4 km) of the 
mafic metavolcanics sequence is interpreted at kilometre 70 where a synclinal axis 
has also been mapped at the surface. 

In the Alford Lake area, the positive residual anomaly has been explained by 
the limited depth extent, 0.5 km, mafic phases (mean density 2.75 g /cm 3 ) of the 
Rathouse Lake Batholith (mean density 2.64 g /cm 3 ) which has a depth extent of 
about 3 km. 

Profile FF' 

This profile (Figure 26) runs north-northwest from the English River metasediments 
across the Trout Lake granitic area approximately 20 km to the east of the Red 
Lake Greenstone Belt. 

The English River metasediments attain a maximum depth extent of 9 km and 
the subprovince boundary models with a southerly 45 degree dip. The reliability of 
this interpretation is moderated by the proximity of a low density (2.65 g /cm 3 ) 
diatexite unit, although Profile GG' (see Figure 27) lends credibility to this inter­
pretation. 

The interpretation between kilometres 17 and 45, covering Sandy Creek gravity 
low, the Bruce Stock gravity low, and the Ten Mile Creek gravity high is highly 
qualitative both from the lack of density data and structural ambiguity. These units 
are modeled as thinning out north of the Sydney Lake Fault and are less than 1 km 
thick. 

The structure shown for the granitic areas of the Trout River and Trout Lake 
gravity lows suffers from the lack of surface detail. The interpreted model shows 
that the Trout River and the Trout Lake Batholiths are interconnected and their 
limited depth extent suggest that they are probably extensive sheets. 
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Figure 25. Profile EE', showing the graphical residual and computed gravity anomalies, interpreted gravity models and surface geology. 
Densities in g/cm3. For profile location see Figure 20. See Table 3 for explanation of geological legend. 



Figure 26. Profile FF', showing the graphical residual and computed gravity anomalies, interpreted gravity models and surface geology. 
Densities in g/cm3. For profile location see Figure 20. See Table 3 for explanation of geological legend. 
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Figure 27. Profile GG', showing the graphical residual and computed gravity 
anomalies, interpreted gravity models and surface geology. Densities in 
g/cm3. For profile location see Figure 20. See Table 3 for explanation of 
geological legend. 

Near its northwestern end, the profile passes through the eastern end of the 
Coli Lake gravity high which has been modeled using a mean density of 
2.93 g/cm 3 . The Coli Lake Belt appears to be <1 .0 km thick. A better model of this 
belt is discussed in profile WW'. 

Profile GG' 
The profile (Figure 27) runs parallel to, and approximately 17 km east of profile FF', 
and about 17 km to the west of the Birch-Uchi Greenstone Belt. It passes through 
the Northern Supracrustal Domain and extends across the granitic terrain of the Fly 
Creek, Trout River, and Stiff Lake areas. 

The geological section shows more detail than is warranted by the station 
spacing, and as a result densities have been averaged over several units in certain 
areas. 

The English River metasediments in this profile model to a depth-extent of 
10 km, and the south dipping structure agrees well with the extrapolated position of 
the Sydney Lake cataclastic zone at kilometre 12. This interpretation is considered 
fairly reliable as there are no additional surface units to create ambiguity. 

The granitic unit between kilometres 12 and 20, which forms part of the Bluffy 
Lake Batholith, has been modeled with a density of 2.64 g /cm 3 , although the 
average over the entire exposure is 2.69 g /cm 3 . This light density is dictated 
primarily by the regional-residual separation, which may be in error by 1 to 2 mgal. 
It can also be justified by the difference in gravity response between this part and 
the remainder of the batholith, indicating different phases of intrusive material. 

The Fly Creek granite, mean density 2.64 g /cm 3 , underlies much of the felsic 
to intermediate metavolcanics and metasediments of mean density 2.77 g / c m 3 near 
kilometre 23. The Trout River granitic area is characterized by a prominent 9 mgal 
amplitude negative residual anomaly which gives a depth extent of 9 km to the 
granites of mean density 2.64 g /cm 3 . The Stiff Lake granitic area models as a 
sheet-like structure, < 3 km in depth-extent (it is at its deepest on Profile RR') and 
joins the Trout River Batholith. 
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Figure 28. Profile Htf, showing the graphical residual and computed gravity 
anomalies, interpreted gravity models and surface geology. Densities in 
g/cm3. For profile location see Figure 20. See Table 3 for explanation of 
geological legend. 

The interpreted structure of the granitic rocks implies that these rocks "welled 
up" from the Trout River and Rosen Lake areas, then spread laterally in thin sheets. 
The Bluffy Lake, Fly Creek, and Trout River units have all been modeled discretely, 
but they could be joined at depth. 

The Fredart Lake arm (mean density 2.87 g /cm 3 ) of the Birch-Uchi Belt, at 
kilometre 33, possibly represents a homocline, but the contouring interval is not 
sufficient for a more detailed interpretation. 

Profile HH' 
This profile (Figure 28) runs north-northwest across the Bluffy Lake Batholith, the 
Whitemud Lake area, the Rosen Lake Batholith, and across the Fredart Lake arm of 
the Birch-Uchi Belt. The geological feature of primary interest in this profile is the 
Bluffy Lake Batholith. 

The Bluffy Lake Batholith (mean density 2.69 g/cm 3 ) , an extensive body of 
trondhjemite-granodiorite, is clearly outlined on the aeromagnetic maps, but due to 
a lack of density contrast, little correlation is possible with the gravity except in the 
immediate vicinity of .Bluffy Lake. In modeling this body, the Northern Supracrustal 
Domain metasediments were preassigned a thickness of 10 km (from previous 
profiles), and the depth of the Bluffy Lake Batholith was adjusted accordingly. The 
resulting interpretation shows the batholith to be a relatively thin sheet of less than 
1.5 km thickness which has possibly intruded the metasediments from the north. 
This would be in conformity with the structures interpreted in Profile II' (see Figure 
29). Unfortunately, the dips of the contacts are not known, so greater accuracy is 
not possible. 

The English River-Uchi Subprovince boundary is, again, represented by a 
steeply dipping discontinuity, with metasediments to the south and granitoids to the 
north. The angle of contact is approximate. 

The Rosen Lake gravity low is characterized by an 8.5 mgal negative residual 
anomaly which is interpreted due to a granite batholith having a mean density 
2.65 g/cm 3 . 
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Although some trondhjemite and granodiorite has been mapped in the batholith 
region, the surface sampling implies a more granitic composition of mean density 
of 2.65 g /cm 3 . The shape of the Rosen Lake Batholith which extends to a depth of 
10 km strongly indicates that the granites welled up to the surface and then spread 
out laterally in a thin sheet. 

Pro f i le I I ' 

This northwest-trending profile (Figure 29) runs across the Bluffy Lake Batholith, 
the Whitemud Lake metasedimentary area, the Lost Bay gravity high, and termi­
nates at the western limb of the Birch-Uchi Belt near Fly Creek. 

The Bluffy Lake Batholith, though lacking in density contrast (mean density 
2.69 g/cm 3 ) , corresponds with a region having a positive residual anomaly. This 
may be caused by the dense metasediments (mean density 2.74 g /cm 3 ) of the 
English River Subprovince underlying the Bluffy Lake Batholith to a depth of about 
12 km. 

Due to a lack of density contrast, the batholith cannot be modeled directly, but 
the underlying metasediments indicate that the batholith is a thin sheet not more 
than 3 km in depth-extent. The Northern Supracrustal Domain metasediments of 
mean density 2.74 g / c m 3 belonging to the Whitemud Lake area, have depth-extents 
varying from less than 0.2 km to 3 km. A granitoid segment of 2 km depth-extent 
outcrops at kilometre 29. 

Figure 29 shows a model of the various units of the Birch-Uchi Greenstone 
Belt, which satisfies the surface geology and the residual gravity. The Lost Bay 
gravity high has been modeled due to the mafic metavolcanics (mean density 2.93 
g /cm 3 ) which are less than 3.5 km in depth extent. A mapped synclinal axis, near 
kilometre 46, does not agree with the gravity interpretation. The present interpreta­
tion shows that the greenstone belt is thinning (calculated thickness less than 
0.5 km) rather than thickening at the mapped synclinal axis at kilometre 46. It is, 
therefore, suggested that the synclinal axis be moved 5 to 6 km to the south, near 
kilometre 40, where there is evidence of a prominent syncline from the model. 

Prof i le J J ' 

Profile JJ' (Figure 30) runs approximately in a northwest direction across Bluffy 
Lake Batholith, the Whitemud Lake metasedimentary area, the Lost Bay gravity 
high, the Fly Creek gravity low, the Mitchell gravity high, and the Rosen Lake 
gravity low. 

As suggested in earlier models, the Bluffy Lake Batholith has a depth extent of 
about 3 km. The batholith is a sheet-like structure that is enclosed completely 
within the metasediments of the English River Subprovince; these rocks extend to a 
depth of about 12 km along this profile. The metasediments of the Whitemud Lake 
area have a depth-extent of less than 3 km, with their maximum depth to the north. 
The metavolcanics (mean density 2.80 g /cm 3 ) of the Lost Bay High have a 
depth-extent of about 3 km (see Profile II' Figure 29). 

The Fly Creek and the Rosen Lake gravity lows are associated with low 
density granitic rocks (mean density 2.64 g/cm 3 ) . Between kilometres 50 and 55, 
the shallow supracrustal units belonging to the Mitchell gravity high of the Birch-
Uchi Greenstone Belt occur as shallow remnants (less than 1.5 km thick) in a 
granitic terrain. The Rosen Lake Batholith has a root which extends to a depth of 
12 km. A 3 km deep body consisting of felsic metavolcanics (mean density 2.73 
g /cm 3 ) is almost surrounded by granites, near kilometre 62. 

Prof i le K K ' 

This northwest-trending profile (Figure 31) focuses primarily on the structure of the 
southwest part of the Birch-Uchi Greenstone Belt. Because of the complexity and 
abundance of numerous relatively thin geological units, a uniform density of 
2.87 g / c m 3 has been assumed for most of the metavolcanic areas, with the 
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Figure 29. Profile II', showing the graphical residual and computed gravity 
anomalies, interpreted gravity models and surface geology. Densities in 
g/cm3. For profile location see Figure 20. See Table 3 for explanation of 
geological legend. 

SE Residual O" = 0.42 mgal NW 
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Figure 30. Profile JJ', showing the graphical residual and computed gravity 
anomalies, interpreted gravity models and surface geology. Densities in 
g/cm3. For profile location see Figure 20. See Table 3 for explanation of 
geological legend. 
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Figure 31. Profile KK', showing the graphical residual and computed gravity 
anomalies, interpreted gravity models and surface geology. Densities in 
g/cm3. For profile location see Figure 20. See Table 3 for explanation of 
geologic legend. 

exception of the felsic to intermediate metavolcanic units between kilometres 51 to 
57 which have a mean density of 2.73 g /cm 3 . 

The Whitemud metasediments extend to a depth of 2 km, with a greenstone 
remnant at kilometre 34. The maximum depth-extent for the metavolcanics of the 
Lost Bay gravity high region is 3 km. A synclinal axis is suggested at kilometre 48, 
since this is the deepest part of the greenstone belt, along this profile. The mapped 
synclinal axis at kilometre 54 models, from the gravity data, as an anticlinal 
structure. This discrepancy also exists on Profiles II', MM', and RR' (Figures 29, 33, 
and 38). 

The Fly Creek gravity low at kilometre 54 is interpreted to be caused by an 
intrusive feature, based on the mapped graben structure and extrapolation of the 
intrusive body which outcrops south of the anomaly. The intrusion has been 
modeled as a discreet body, but may be connected at depth with the Rosen Lake 
Batholith (as in Profile JJ' (Figure 30)) which may also be joined with the Stiff Lake 
Batholith (see Profile GG'; Figure 27). The Rosen Lake Batholith here extends to a 
depth of about 6 km, whilst the Stiff Lake Batholith is comparatively shallower as it 
extends to a depth of only 4 km. 

Profile LL' 
This north-trending profile (Figure 32) originates in the English River metasediments 
and runs across the Papaonga Lake gravity high, the Allison-Sesikinaga Lakes 
granitic area, the Seagrave Lake gravity high, the Gull Lake gravity low, the 
Casummit Lake gravity high, and terminates in the Shearstone-Kerswill Lakes 
granitic area. The profile shows poor correlation between the gravity field and the 
surface geology. 

The English River-Uchi Subprovince boundary has been interpreted as a 
steeply south dipping interface with metasediments extending to a depth of 8 km. 
The diatexites (mean density 2.63 g /cm 3 ) occurring within the metasediments are 
less than 1 km thick. 

The Allison-Sesikinaga Lakes granitic area is characterized by an 8 mgal 
negative residual anomaly which has been modeled using a uniform density of 
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2.64 g /cm 3 . The batholith on this profile extends to a depth of 6 km below the 
surface. It reaches almost 8 km, its maximum, on Profile PP' (Figure 36). 

In the Papaonga Lake and Casummit Lake gravity high regions, a major 
discrepancy exists in the residual gravity anomalies over the greenstone-granite 
contact. In the Casummit Lake gravity high region, the positive residual anomaly 
peaks almost at the metasediment-granite contact, near kilometre 83. However, the 
positive gravity region extends for another 6 km (up to kilometre 89) into the low 
density granitic terrain (mean density 2.64 g /cm 3 ) . Although the density sampling 
north of location kilometre 83 is relatively sparse, there is no evidence to support 
the existence of denser granites which could explain the positive gravity anomaly. 
A similar correlation problem occurs at kilometre 30 in the Papaonga Lake area. In 
both areas, the mafic metavolcanics have been interpreted as relatively thin units 
(less than 2 km) with gentle dips and extending below the granites. This gives the 
granites a nappe structure overhanging from the north. In the Papaonga Lake area, 
near kilometre 30, an 80° dip has been recorded from surface mapping, but cannot 
be incorporated in the gravity interpretation. This poses a challenge to re-examine 
the supposed origin of vertical and subvertical dips which dominate most Archean 
greenstone belts (see Gupta et al. 1982). 

The gravity interpretation indicates probable synclinal structures in the green­
stone (mean density 2.87 g/cm 3 ) directly below the peak of the Seagrave Lake 
gravity high at kilometre 66, and possibly in the Casummit Lake gravity high region 
of the Springpole Lake arm at kilometre 78. It is suggested that between the two 
synclines a possible anticline structure is now intruded by the granites of the Gull 
Lake Batholith. The batholith, represented by a 10 mgal negative residual anomaly, 
extends to a depth of 10 km. The depth is approximate because of the effect of 
the main mass of the batholith lying to the east has not been taken into account. 

The Shearstone-Kerswill Lakes granite body is a shallow dipping sheet-like 
mass which has been modeled using a mean density of 2.64 g / c m 3 to have a 
depth extent of 4 km. 

Profile MM' 
This profile (Figure 33) runs from the English River metasediments in a north-
northwest direction across the central synclinal axis of the Birch-Uchi Greenstone 
Belt just to the south of the Perrigo and Okanse intrusive rocks and into the Berens 
River area. The profile intersects the two largest positive anomalies of the Birch-
Uchi Greenstone Belt, the Lost Bay gravity high ( + 2 2 mgal) and the Goodall gravity 
high ( + 2 7 mgal). Two possible models are shown in Figures 33a and 33b. The 
second model is a more detailed interpretation of the greenstone belt. 

Model 1 
The interpretation (Figure 33a) of the Northern Supracrustal Domain metasediments 
is considered least reliable because of the surface outcrops of trondhjemite and 
diatexites. The depth extent of the metasediments has been computed to be 
< 6 km, which is the minimum depth computed compared to all the previous 
profiles. 

The geological section shows a complex folded structure with several addi­
tional fold axes interpreted from the gravity data and supported by the surface 
relationships. In this model, a single uniform density of 2.87 g / c m 3 has been used 
for most of the greenstone belt. 

The felsic to intermediate metavolcanics (mean density 2.73 g /cm 3 ) between 
kilometres 35 to 40, and the metasediments (mean density 2.75 g /cm 3 ) between 
kilometres 42 to 49, belonging to the Papaonga Lake area have been interpreted as 
shallow basins, less than 1 km deep. These units are underlain by mafic metavol­
canics which outcrop extensively in the Lost Bay gravity high region and have 
depth-extents varying between 0.5 km to 4 km. The assumption of buried layered 
mafic metavolcanics in certain locations is necessary to generate sufficient gravity 
effect which is comparable to the residual anomaly. This is justified on the basis 
of the mapped geological configuration and is also shown by Profile PP' in the 
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Figure 33a. Profile MM' (Model 1), showing the graphical residual and computed 
gravity anomalies, interpreted gravity models and surface geology. Densities 
in g/cm3. For profile location see Figure 20. See Table 3 for explanation of 
geologic legend. 

Figure 33b. Profile MM' (Model 2), showing the graphical residual and computed 
gravity anomalies, interpreted gravity models and surface geology. Densities 
in g/cm3. For profile location see Figure 20. See Table 3 for explanation of 
geological legend. 
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Grace Lake area. The interpreted depth-extents and fold axis locations are only 
approximate because of the inherent ambiguity of the potential field. 

The inverted funnel-shaped Okanse intrusive extending to a depth of 5 km, 
centred at kilometre 64, is flanked to the south by the Lost Bay gravity high and to 
the north by the Goodall gravity high. The Okanse intrusive, which is wider at its 
base than at its top, has been interpreted as a diapiric structure having a mean 
density of 2.75 g /cm 3 . The intrusion is possibly intruding an anticlinal structure to 
the south-southeast of the mapped syncline. 

The Goodall gravity high produces the largest residual anomaly ( + 2 7 mgal) of 
the entire Birch-Uchi Belt. The anomaly has been explained by metavolcanics of 
mean density 2.87 g / c m 3 having a depth-extent of 6 km. 

The 2.73 g / c m 3 density rocks of the Berens River area extend to a depth 
varying from 2 to 3 km depending on the shape and proportion of the underlying 
rocks. The metavolcanics belonging to the Goodall gravity high grade into the 
granitic terrain of the Berens River area near kilometre 80 and underlie them for 
some distance. Similar marginal subsidence has been postulated by Gorman et al. 
(1978) based on Romberg's experiments. 

Model 2 In this model (Figure 33b) all the exposed geological units have been 
assigned observed mean densities unlike the first model where the greenstone belt 
was assigned a single mean density. The model also takes into account the three 
mafic to felsic cycles of volcanism and the central synclinal axis about which the 
folding took place (Thurston et al. 1978). From gravity interpretation, the calculated 
depth-extent of the greenstone belt is < 5 km in the Lost Bay gravity high region. 
The model shows that the mapped volcanic cycles are not continuous at depth as 
they have been interrupted by the intrusion of the Okanse Pluton which has a 
depth extent of 5 km. The mafic metavolcanic units are generally deeper than the 
felsic or intermediate metavolcanic units to produce the large positive anomaly. 
Between kilometres 42 to 50, a sedimentary basin with a depth-extent of 4.5 km is 
required to satisfy the residual anomaly, unlike in Model 1 (Figure 33a) where 
metasediments of 0.5 km depth-extent were underlain by mafic metavolcanics. 

Profile NN' 
This profile (Figure 34) runs northerly along the eastern edge of the survey area 
and intersects the Snelgrove Lake gravity low, the Moon Lake gravity high, and the 
Gull Lake gravity low. Two alternate interpretations have been provided for this 
profile, the second based on the residual anomaly obtained from the upward 
continuation method. 

Model 1 The Snelgrove Lake Batholith is associated with a 9 mgal negative 
residual anomaly (Figure 34a). The batholith extends to a depth of 5 km and could 
be a southward extension of the much larger Gull Lake Batholith. The Gull Lake 
Batholith produces the lowest Bouguer contour (-78 mgal) of the entire survey area 
with a negative residual anomaly of -19 mgal amplitude. The batholith has been 
considered as one single body of uniform density 2.64 g /cm 3 . The residual anom­
aly closely follows the general outline of the granitic area with some minor 
deviations. A granitic batholith with a root extending to a depth of 16 km has been 
modeled. However, two factors should be noted: 
1. The interpretation is extremely sensitive to the density contrast. For example, 

changing the density contrast by -0.01 mgal (well within the standard error) 
would result in a depth extent of only 13 km from the present 16 km. 

2. The present profile runs along the edge of the survey area where there is little 
control on regional residual separation. Therefore, the computed depth extent 
of the Gull Lake Batholith is highly qualitative. 
From the shape of the calculated bodies the Snelgrove Lake and Gull Lake 

Batholiths appear to thin out substantially into sheet-like structures on their south­
ern and northern interfaces, respectively. It is speculated that the sheet-like bodies 
near the margins of the batholiths probably "spread out" from the main mass. The 
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Figure 34a. Profile NN' (Model 1), showing the graphical residual and computed 
gravity anomalies, interpreted gravity models and surface geology. Densities 
in g/cm3. For profile location see Figure 20. See Table 3 for explanation of 
geological legend. 

Figure 34b. Profile NN (Model 2), showing the 16.09 km upward continuation 
based residual and computed gravity anomalies, interpreted gravity models 
and surface geology. Densities in g/cm3. For profile location see Figure 20. 
See Table 3 fa explanation of geological legend. 
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Figure 35. Profile 00', showing the graphical residual and computed gravity 
anomalies, interpreted gravity models and surface geology. Densities in 
g/cm3. For profile location see Figure 20. See Table 3 for explanation of 
geological legend. 

two batholiths have been interpreted as separate bodies with the Moon Lake 
metavolcanics body lying between them (also see Profile GO', Figure 37). How­
ever, they could also be modeled as a single batholith continuing below the 
metavolcanics. 

The Moon Lake gravity high coincides with mafic metavolcanics that are less 
than 2.5 km in depth-extent. 

Model 2 To obtain a more moderate depth extent for the Gull Lake Batholith than 
that calculated from Model 1, the 16.09 km upward continuation based residual 
anomaly with a 6.5 mgal base level shift was used for two-dimensional interpreta­
tion (Figure 34b). A 6.5 km depth extent for this batholith is obtained using a mean 
density of 2.64 g /cm 3 , whereas the Snelgrove Batholith has a depth-extent of 1 km 
instead of 5 km as in Model 1. The discrepancy between the differing depths 
obtained from the two models points to the problem of regional and residual 
separation. The models are thus heavily dependent on the regional background 
level chosen. 

Profile OO' 
This northwest-trending profile (Figure 35) almost passes through the centre of the 
Birch-Uchi Greenstone Belt. It starts in the region of the Perrigo Pluton, catches the 
northern end of the Lost Bay gravity high, through the Okanse Pluton and the 
Goodall gravity high, into the Berens River area where it finally ends in the 
batholithic region of the Odell Lake gravity low. 

The inward dipping Perrigo Pluton of mean density 2.75 g / c m 3 extends to a 
depth of about 3 km. As in Profile MM', the northern part of the Lost Bay gravity 
high has a 4 km depth-extent for the metavolcanic units. The Okanse Pluton of 
mean density 2.75 g / c m 3 extends to a depth of 5 km,but here models with a root at 
the bottom. The depth-extent of the mafic metavolcanics in the Goodall gravity 
high region is about 4 km. The bottom topography of the metavolcanics shows the 
form of anticlinal, synclinal, and homoclinal structures. The mapped synclinal axis, 
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near kilometre 24, is offset by 1 km southeast of the deepest part of the green­
stones. 

The granitic area of the Odell Lake region has been modeled using a mean 
density of 2.64 g/cm 3 . The gentle inward dipping bowl-shaped granitic body ex­
tends to a depth of less than 6 km, as with Profile PP' (Figure 36). 

Profile PP' 
This profile (Figure 36) runs northwest perpendicular to the main trend of the 
north-central part of the Birch-Uchi Greenstone Belt. It intersects the Allison-
Sesikinaga Lakes gravity low, the positive anomalies of the Grace Lake area, the 
Shabumeni Lake gravity high, and the Odell Lake gravity low. Two models have 
been computed, using different density values for the metavolcanics. 

Geological details in the granitic areas are sparse, particularly in the Berens 
River and Odell Lake areas. 

Model 1 The Allison-Sesikinaga Lakes Batholith (Figure 36a) (mean density 
2.64 g/cm 3 ) appears to deepen toward the greenstone granite contact, attaining a 
maximum depth-extent of about 7.5 km (this deepens slightly in Model 2). The 
gravity modeling requires that the granite extend beneath the greenstone belt for at 
least 4 km, while the overlying Grace Lake metasediments (mean density 
2.75 g /cm 3 ) are shallow. This implies that the Costello Lake, Cook Lake, Bertha 
Lake, and Deaddog Lake intrusive rocks all lie along an anticlinal axis. 

A mapped anticlinal axis near kilometre 55 is flanked to the north by a mapped 
syncline. Both are located in the metasediments of the Grace Lake area and 
correspond with the gravity interpretation. The magnitude of the residual anomaly 
associated with the metasedimentary rocks and the mapped fold patterns indicate 
that the Grace Lake metasediments are underlain by mafic metavolcanic rocks 
(mean density 2.93 g /cm 3 ) as for Profile MM' (Figure 33), Model 1 in the Papaonga 
area. Models with varying proportions of metasediments to metavolcanics give a 
total depth-extent of between 2.0 to 2.5 km. This implies that the metasediments 
are probably at most, 2 km thick. 

On the basis of gravity modeling, a synclinal axis is proposed near kilometre 
70, along the Shabumeni Lake arm of the Birch-Uchi Greenstone Belt, possibly 
flanked to the northwest by a marginal homocline. The latter carries the metavol­
canics beneath the granitic rocks of the Berens River area. The syncline could be 
an extension of the major fold which controls the structure of the south-central 
area of the Birch-Uchi Belt. The 4 km thick metavolcanics corresponding with the 
Shabumeni Lake gravity high region have been modeled with a weighted mean 
density of 2.87 g/cm 3 . The metavolcanics near kilometre 58 in the Grace Lake 
area, underlying the 2.75 g / c m 3 metasediments, have a depth-extent of 2 km. 

This profile, in particular, suggests that the vertical dips observed at the 
surface of the greenstone belts are often due to a "crumpling" of the rocks, rather 
than a "standing of the unit on end" (see Gupta et al. 1982). 

The density sampling northwest of the Birch-Uchi Greenstone Belt indicates 
two different lithologies in the Berens River and Odell Lake granitic areas, the 
corresponding mean densities being 2.73 and 2.64 g /cm 3 , respectively. The exact 
composition of the rocks in these areas is uncertain, however, and there is little 
difference in their aeromagnetic expression. The lack of geological mapping makes 
the presented interpretation highly tentative. 

Model 2 In this model, (Figure 36b) the mafic and intermediate metavolcanics 
have been modeled using mean densities of 2.93 and 2.77 g /cm 3 , respectively. 
Here, the interpreted depth-extent of the greenstone belt is < 3 km compared to 
4 km from Model 1. The general shape of the greenstone belt obtained from Model 
2 is similar to that in Model 1. However, the syncline at kilometre 70 has 
disappeared in Model 2. It is, therefore, imperative to accurately define the 
lithologies and their mean densities. 
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Figure 36a. Profile PP' (Model 1), showing the graphical residual and computed gravity anomalies, interpreted gravity models and surface 
geology. Densities in g/cm3. For profile location see Figure 20. See Table 3 for explanation of geological legend. 





BIRCH, UCHI, AND RED LAKES AREA 

P r o f i l e 0 0 ' 

Profile QQ' (Figure 37) is approximately 100 km long and trends northwest. It 
crosses through the Snelgrove Lake granite area, the Moon Lake gravity high, the 
Gull Lake Batholith, the Zionz Lake gravity low, the Jackpine Lake area and finally, 
the Shearstone-Kerswill Lakes gravity low. A uniform surface density of 2.64 g / c m 3 

has been used in the modeling of the granitic bodies. 
The Snelgrove Lake granitic body has a depth extent of 5 km. The Gull Lake 

Batholith has a relatively flat base and steep, inward dipping interfaces which 
extend to a depth of 13 km. Near kilometre 58, the northern contact of this 
batholith connects with the sheet-like granitic body of Zionz Lake which is 
probably connected at depth with the Shearstone-Kerswill Lakes Batholith. The 
Shearstone Kerswill Lakes Batholith is a thin (less than 4 km depth-extent) inward 
dipping body (see also Profile XX'). 

The Moon Lake mafic metavolcanic unit separates the Snelgrove Lake and Gull 
Lake Batholiths. The metavolcanics have been modeled using a mean density of 
2.93 g /cm 3 which resulted in a 1.5 km depth-extent. The supracrustal unit, mean 
density 2.73 g /cm 3 , of the Jackpine Lake area has a depth-extent of about 2 km. 
Other minor greenstone bodies form remnants within the granite. 

Pro f i l e RR' 

This profile (Figure 38) runs easterly across the centre of the Birch-Uchi green­
stone belt and intersects most geological units at 90°. Some of the noticeable 
anomalies along this profile are the Snelgrove Lake gravity low, the Allison-
Sesikinaga Lakes gravity low, the Perrigo Pluton, the Lost Bay gravity high, the 
Okanse Pluton, the Goodall gravity high, and the Stiff Lake gravity low. Three 
models of the residual gravity field have been considered for this profile. The first 
is a simplified version, the other two show variations of the greenstone belt. 

The geological section shows three mafic to felsic cycles of metavolcanics 
comprising a geologically measured 9 km thick sequence of greenstone rocks 
which are folded about a central synclinal axis (Thurston and Jackson 1978). To 
the west, the structure has been mapped as a homocline with a steeply dipping, 
east-facing succession. To the east is a more complicated sequence of steeply 
plunging, north-trending isoclinal folds, developed on both limbs of a proposed 
regional anticline (Thurston and Jackson 1978). In this profile, the isoclinal folds 
are cut by the intrusion of the Perrigo Pluton. To the east and west, the greenstone 
belt is in contact with the Stiff Lake and Allison Sesikinaga Lakes granitic areas, 
respectively. 

The Allison-Sesikinaga Lakes gravity low is a broad region of negative residual 
anomalies lying east of the Birch-Uchi Belt. The anomaly which is open to the east, 
suggests that this batholith extends beyond the eastern boundary of the survey 
area. Using a mean density of 2.64 g /cm 3 , a wedge-shaped inward sloping body 
extending to a depth of 6.5 km has been calculated to represent the batholith (see 
also Profiles LL' and PP'; Figures 32 and 36). The Stiff Lake Batholith extends to 7 
km (see Profiles V V which crosses the centre of this batholith). 

Model 1 (Figure 38a) The greenstone belt with a positive residual anomaly of 
more than 23 mgal has been modeled with an assigned mean density of 
2.87 g /cm 3 (Figure 38a). This density value is based on mapped mafic, intermedi­
ate, and felsic metavolcanic proportions in the Birch-Uchi Belt (Thurston 1978; 
Goodwin 1972. 1977). The maximum depth-extent for the greenstones, in this 
model, is 5.5 km which is obtained directly beneath the peak of the Lost Bay 
gravity high. A synclinal axis is mapped adjacent to this modeled body which 
suggests an anticline shape. It implies that the mapped syncline is in the surface 
rocks only with very limited depth-extent. 
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Figure 38a. Profile RR' (Model 1), showing the graphical residual and computed gravity anomalies, interpreted gravity models and surface 
geology. Densities in g/cm7. For profile location see Figure 20. See Table 3 for explanation of geological legend. 
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Figure 38b. Profile RR' (Model 2), showing the graphical residual and computed gravity anomalies, interpreted gravity models and surface 
geology. Densities in g/cm3. For profile location see Figure 20. See Table 3 for explanation of geological legend. 
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Figure 38c. Profile RR' (Model 3), showing the graphical residual and computed gravity anomalies, interpreted gravity models and surface 
geology. Densities in g/cm3. For profile location see Figure 20. See Table 3 for explanation of geological legend. 
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Model 2 The three volcanic cycles with their mafic and intermediate members as 
proposed by Thurston et al. (1978), have been retained (Figure 38b). The cal­
culated depth-extent of the greenstone belt along this profile is less than 4 km. A 
gravity low near kilometre 68 coincides with a mapped synclinal axis which is 
located in volcanic cycle 3. A buried intrusive body of mean density 2.75 g / c m 3 

which comes to within 0.5 km of the surface is required to model the gravity low. 
The depth-extent of the buried intrusive body is about 3 km. On the residual gravity 
map (Map 2494), this low runs along the entire length of the synclinal axis, from 
the Fly Creek gravity low area in the southwest to the Okanse Pluton in the north. A 
graben fault system (Thurston 1978) at kilometre 68 gives credibility to this 
intrusive hypothesis. 

Model 3 The gravity low at kilometre 68 has been modeled (Figure 38c) by 
adjusting the thickness and the geometry of the various metavolcanic units which 
retain all the three cycles of volcanism and eliminating the proposed intrusion. The 
greenstone belt retained a depth-extent of 4 km. The gravity interpretation near 
kilometre 68 suggests a thinning rather than a thickening of the greenstone belt to 
coincide with the mapped synclinal axis. 

In general, the structure of the greenstone belt interpreted from the gravity data 
is much more complex than the geological mapping indicates. The depth-extent 
(about 4 to 5 km) of the greenstones calculated from the gravity modeling is almost 
half of what Thurston (1978) and Pryslak (1971) have measured from the surface 
evidence. Also, here the volcanic cycles are not continuous at depth. Discrepan­
cies between surface exposures and estimated stratigraphic thicknesses may 
indicate that additional fold structures or thrust faulting may be present. 

The surrounding Allison-Sesikinaga Lakes and Stiff granites have been mod­
eled with a maximum depth extent of about 6.5 to 7 km. Areas where these granitic 
bodies are not shown in direct contact with the metavolcanics are intended as 
transition zones rather than "basement". It is difficult to determine the extent to 
which these granites underlie the greenstone belt. Schematic drawings (Baragar 
and McGlynn 1976) frequently show the metavolcanics completely enveloped in 
granite which has intruded the margin between the volcanic rocks and "basement" 
upon which they were originally deposited. The apparent thickening of the granites 
toward the metavolcanic boundary rather than away from it (for example, kilometre 
35 to kilometre 45) implies that the greenstone belt may indeed be underlain by 
substantial granitic rock, which would also affect the interpreted depth. However, 
the lack of control over what exists below the metavolcanics makes it necessary to 
restrict the interpretation to the margins of the belt. 

Profile SS' 
This profile (Figure 39a) strikes north-northeast and runs across the metasedimen­
tary sequence of the Seagrave Lake area, the mafic metavolcanic sequence of the 
Casummit Lake area, and terminates in the Shearstone-Kerswill Lakes granitic area. 
Two interpretations have been shown, the first a simplified version of the second. 

Model 1 The metavolcanic units were assigned a weighted mean density of 
2.87 g /cm 3 and give a modeled depth-extent of 2.2 km. The interpreted metavol­
canics structure suggests two synclinal shaped troughs whose axes on the surface 
are probably located at kilometre 10 and kilometre 28. The mapped anticlinal axis 
near kilometre 21 is thus flanked on both sides by the suggested synclines. The 
metasediments (mean density 2.75 g/cm 3 ) have underlying mafic metavolcanics 
which thin toward the anticlinal axis, near kilometre 2 1 . The gravity interpretation 
also suggests that the metavolcanics extend below the granites for a short 
distance to the north. 

The Shearstone-Kerswill granite is a lopolith-shaped body with a depth-extent 
of about 2 km (see also Profiles LL', QQ', and V V ; Figures 32, 37, and 42a). 
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Figure 39a. Profile SS' (Model 1), showing the graphical residual and computed 
gravity anomalies, interpreted gravity models and surface geology. Densities 
in g/cm3. For profile location see Figure 20. See Table 3 for explanation of 
geological legend. 

R e s i d u a l — 

C o m p u t e d A 

o- = 0.73 mgal 

C =0 .992 

UCHI SUBPROVINCE 

Figure 39b. Profile SS' (Model 2), showing the graphical residual and computed 
gravity models and surface geology. Densities in g/cm3. For profile location 
see Figure 20. See Table 3 for explanation of geological legend. 
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Figure 40. Profile TV, showing the graphical residual and computed gravity 
anomalies, interpreted gravity models and surface geology. Densities in 
g/cm3. For profile location see Figure 20. See Table 3 for explanation of 
geological legend. 

Model 2 This model (Figure 39b) is different from the first model in terms of the 
densities assigned to the various metavolcanic units. The mafic and felsic to 
intermediate metavolcanics were assigned densities of 2.93 and 2.77 g /cm 3 , 
respectively. Using these density values, the greenstone sequence is calculated to 
be of 2.5 km depth-extent. The metasediments and the batholith have slightly more 
depth-extent but the overall shape of the bodies are similar to that in Model 1. 

Profile TP 
This northwest-trending profile (Figure 40) cuts across the northern part of the 
Birch-Uchi Greenstone Belt. The most prominent anomaly on this profile is an 18 
mgal positive residual anomaly called the Shabumeni gravity high. Using the 
outcrop locations from the surface geology, the positive anomaly can be explained 
by the mafic to intermediate metavolcanics and felsic to intermediate metavol­
canics of mean density 2.93 and 2.73 g /cm 3 , respectively. The rectangular and 
almost flat bottom shaped mafic metavolcanics have a depth-extent of only 2 km. 
whilst the intermediate metavolcanics have a depth-extent of 5 km. The anomaly 
could also be modeled as mafic metavolcanics underlying the intermediate 
metavolcanics. This would have resulted in a shallower intermediate metavolcanics 
than the present 5 km. 

The rocks of the unmapped Berens River area were assigned a mean density 
of 2.73 g/cm 3 . as determined from an average of the density sampling in this 
region. The steeply north dipping body is about 5 km deep and beyond kilometre 
30 assumes a depth limited sheet-like structure. 

Profile UU' 
This north-northeast trending profile (Figure 41) runs across the Trout River gravity 
low, the Stiff Lake gravity low, the Skinner gravity high, and up to the Berens River 
area. Two different models have been computed for this profile. In the first model, 
the anomaly has been explained by a downward extension of the mapped geologi­
cal units. In the second model, mafic metavolcanics underlie mapped units. 

Model 1 The Stiff Lake Batholith (Figure 41a) (mean density 2.65 g /cm 3 ) extends 
to a depth of 7 km (see also Profile GG', Figure 27). The Skinner gravity high has 
been explained in terms of mafic metavolcanics (mean density 2.93 g/cm 3 ) , minor 
amounts of intermediate metavolcanics (mean density 2.77 g/cm 3 ) , and metasedi-
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Figure 41a. Profile ULf (Model 1), showing the graphical residual and computed 
gravity anomalies, interpreted gravity models and surface geology Densities 
in g/cm3. For profile location see Figure 20. See Table 3 for explanation of 
geologic legend. 

Figure 41b. Profile UU' (Model 2), showing the graphical residual and computed 
gravity anomalies, interpreted gravity models and surface geology. Densities 
in g/cm3. For profile location see Figure 20. See Table 3 for explanation of 
geological legend. 
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ments (mean density 2.75 g/cm 3 ) . The depth-extent of the mafic metavolcanics, 
having a synformal shape, is about 3 km. The vertically dipping metasediments are 
modeled to a depth-extent of 4 km. The interpretation in the Berens River area is 
highly questionable since the profile is almost parallel to the residual gravity 
contours. 

Model 2 The mafic metavolcanics of the Skinner gravity high region are assumed 
to be overlain by the intermediate metavolcanics and the metasediments. This 
reduces the thickness of the metasediments to only 0.5 km, compared to the 
thickness of 4 km obtained in Model 1. 

In the models presented, the deepest part of the greenstone belt occurs either 
at kilometre 28 (in the metasediments of Model 1) or at kilometre 23 (in the mafic 
metavolcanics of Model 2). From surface geology, a synclinal axis has been 
mapped at kilometre 26 that coincides with the thinnest part of the greenstone belt 
presented in the two models. The location of the mapped synclinal axis is offset 
either 2 km to the northeast if Model 1 is preferred, or 3 km to the southwest if 
Model 2 is preferred. 

Prof i le V V 

The profile (Figure 42) strikes northeast and runs perpendicular to the Trout Lake-
Stiff Lake granitic areas, the Skinner gravity high, the Berens River area, the 
Blondin Lake gravity high, and finally through the Shearstone-Kerswill Lakes 
granitic area. As already explained in previously mentioned profiles, the granitic 
areas have not been mapped in detail, and thus various granitic phases have been 
interpreted on the basis of density sampling. Two gravity models have been 
calculated for this profile. 

Model 1 The Stiff Lake Batholith (Figure 42a), mean density 2.65 g /cm 3 , extends 
to a depth of 7 km for the main body. The batholith thins to the south to less than 
2 km in the form of an extensive sheet which finally joins with the Trout Lake 
Batholith to the southwest. 

The mafic metavolcanic units coinciding with the edge of the Skinner gravity 
high have been modeled as two separate bodies of less than 2 km depth-extent, 
both of mean density 2.93 g /cm 3 . 

The Berens River terrain (mean density 2.73 g/cm 3 ) gives an average depth-
extent of about 2.5 km, as does the Shearstone-Kerswill Lakes area (mean density 
2.64 g/cm 3 ) . Because the geological mapping and the surface data are sparse, 
structural details shown for the bottom topography are tentative. 

In the Blondin Lake area of the Birch-Uchi Greenstone Belt, the gravity 
interpretation confirms the mapped synclinal structure (better shown in Model 2) 
which is located directly under the peak of the Blondin Lake gravity high, near 
kilometre 78. The model suggests a depth-extent of 4 km for the metavolcanics. 

Model 2 The mafic metavolcanic and metasedimentary units near the western end 
of the Skinner gravity high are assumed to be underlain by the Stiff Lake granitic 
rocks (Figure 42b). The metavolcanic-metasedimentary units of <2.5 km depth-
extent are considered as remnants of the Birch-Uchi Greenstone Belt. A mean 
density of 2.66 g / c m 3 for the Stiff Lake and Trout Lake Batholiths produced a 
depth extent of 13 km for the Stiff Lake Batholith and 5 km for the Trout Lake 
Batholith. The two differing models illustrate the non-uniqueness of gravity inter­
pretation. 

Prof i le W W 

The 30 km long, east-northeast trending profile WW' crosses the western end of 
the Nungesser Road gravity low and through the centre of the positive residual 
anomaly of the Coli Lake Greenstone Belt. 
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Figure 42a. Profile VV (Model 1), showing the graphical residual and computed gravity anomalies, interpreted gravity models and surface 
geology. Densities in g/cm3. For profile location see Figure 20. See Table 3 for explanation of geological legend. 



»w Residual 
Computed 

o- = 0.49 mgal 
C =0.997 ME 

110 

v ' 

Modal 2 

5bc T : 3a 1a 3a la 

UCHI SUBPROVINCE 

Figure 42b. Profile VV (Model 2), showing the graphical residual and computed gravity anomalies, interpreted gravity, models and surface 
geology. Densities in g/cm3. For profile location see Figure 20. See Table 3 for explanation of geological legend. 
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Figure 43a. Profile WW (Model 
1), showing the graphical 
residual and computed gravity 
anomalies, interpreted gravity 
models and surface geology. 
Densities in g/cm7. For profile 
location see Figure 20. See 
Table 3 for explanation of 
geological legend. 

Figure 43b. Profile WW (Model 
2), showing the graphical 
residual and computed gra vity 
anomalies, interpreted gravity 
models and surface geology. 
Densities in g/cm3. For profile 
location see Figure 20. See 
Table 3 for explanation of 
geological legend. 
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Figure 43c. Profile WW (Model 
3), showing the graphical 
residual and computed gravity 
anomalies, interpreted gravity 
models and surface geology. 
Densities in g/cm3. For profile 
location see Figure 20. See 
Table 3 for explanation of 
geological legend. 
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The 4 mgal amplitude negative residual anomaly coincident with the Nunges-
ser Road gravity low has been explained by a granitic body of mean density 
2.64 g/cm 3 . The inverted cone-shaped body extends to a depth of about 4 km, 
having steeply dipping inward slopes on either side. 

Density sampling in the Coli Lake gravity high region shows a predominance of 
2.75 g /cm 3 density rocks. These rocks flank the mafic metavolcanics (mean 
density 2.93 g /cm 5 ) on both sides. As the area is still largely unmapped, three 
different densities have been used on three models to explain the geometry of the 
Coli Lake Greenstone Belt. 

Model 1 A simple arithmetic mean of 2.84 g / c m 3 was calculated from the 2.75 
and 2.93 g / c m 3 density rocks (Figure 43a). This assumes that the entire positive 
residual anomaly area of the Coli Lake Greenstone Belt is underlain by a mass of 
mean density 2.84 g /cm 3 . A basin-shaped body with gently dipping margins was 
modeled from the gravity data. The deepest part of the basin has a depth-extent of 
about 2 km. 

Model 2 A weighted mean density of 2.77 g / c m 3 was calculated based on the 
proportions of the exposed metavolcanic and the granitoid rocks under the positive 
residual anomaly region. This was modeled to a 4.5 km depth-extent body having a 
basin-like shape. 

Model 3 The mafic metavolcanics (mean density 2.93 g/cm 3 ) and the surrounding 
2.75 g / c m 3 density rocks are assumed to be responsible for the positive residual 
anomaly of the Coli Lake Greenstone Belt (Figure 43c). Both of these units have 
been modeled individually. The model shows a depth-extent of 1 km for the mafic 
metavolcanics which dip to the south. The 2.75 g / c m 3 density body extends to a 
depth of about 6 km with inward dipping slopes and thinning to the north. 

Profile XX' 
This north-trending profile (Figure 44) passes through the Snelgrove Lake and Gull 
Lake Batholiths, the Casummit Lake gravity high, the Zionz Lake Batholith, the 
Jackpine Lake area, and ends in the Shearstone-Kerswill Lakes Batholith. This 
profile was drawn from the residual map obtained from the upward continuation 
method as explained in an earlier section (see Profile NN', Model 2, Figure 34b). 
Most of the residual anomalies under the profile are negative and have been 
explained by granitic bodies of mean density 2.64 g/cm 3 . 

The Snelgrove Lake Batholith extends to a depth of about 5 km. The Gull Lake 
Batholith extending to a depth of 10 km thins to the north where it reaches to a 
depth of only 5 km to join up with the Zionz Lake Batholith. The rocks of the 
Jackpine Lake area (mean density 2.73 g /cm 3 ) which comes into contact with the 
Zionz Lake Batholith (see Profile QQ'; Figure 37) dip to the north and have a 
depth-extent of only 2 km. 

The profile crosses the eastern tail of the Casummit Lake gravity high; it is 
represented by a small positive residual anomaly < 3 mgal in amplitude. The 2 km 
depth-extent mafic metavolcanics and the sliver of metasediments causing this 
anomaly have been modeled entirely within the Gull Lake Batholith. 

Profile YY' 
The northwest-trending profile YY' (Figure 45) passes through the Allison-
Sesikinaga Lakes gravity low, the metasedimentary area of the Grace Lake region, 
the Shabumeni Lake gravity high, and finally the Berens River area. Three gravity 
models have been calculated for this profile (see also Profile PP', Figure 36). 

Model 1 The interface of the Allison-Sesikinaga Lakes Batholith (mean density 
2.64 g/cm 3 ) which comes into contact with the rocks of the Birch-Uchi Greenstone 
Belt is steeply dipping to the southeast (Figure 45a). The batholith extends to a 
depth of about 8 km. Between kilometres 7 to 12, the thin (0.5 km) metasediments 
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Figure 44. Profile XX', showing the 16.09 km upward continuation based residual 
and computed gravity anomalies, interpreted gravity models and surface 
geology. Densities in g/cm3. For profile location see Figure 20. See Table 3 
for explanation of geological legend. 

(mean density 2.75 g /cm 3 ) of the Grace Lake area overlie the granitic rocks 
forming the batholith. The metasediments deepen towards the northwest, attaining 
a maximum thickness of 5 km. The Shabumeni Lake gravity high has been 
modeled by the metavolcanics of mean densities 2.93 and 2.77 g/cm > 3 which are 
less than 3 km in depth-extent. Beyond kilometre 30 (as with Model 2), the 
metavolcanics are dipping to the northwest. The depth extent of the 2.73 g / c m 3 

density rocks of the Berens River area is about 4 km near the contact with the 
metavolcanics. Away from this contact, towards the northwest the Berens River 
area rocks attain a depth extent of less than 2.5 km. 

Model 2 This model (Figure 45b) differs from Model 1 between kilometres 10 to 
28 where unlike Model 1, the Grace Lake metasediments are flanked on both sides 
by the mafic metavolcanics. This configuration reduces the depth-extent of the 
Grace Lake metasediments to 3.4 km compared to 5 km calculated from Model 1. 
The shape of the bodies suggests an anticlinal axis near kilometre 27. 

Model 3 The mafic metavolcanics of mean density 2.93 g / c m 3 have been brought 
under the Grace Lake metasediments which overlie the metavolcanics (Figure 
45c). Also, the 2 km thick Grace Lake metasediments have been folded, near 
kilometre 30, along a proposed synclinal axis located in the mafic metavolcanics. 
The Berens River granitoids are slightly thinner in this model than in the above two 
models. 
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Figure 45a. Profile YY' (Model 1), showing 
the graphical residual and computed 
gravity anomalies, interpreted gravity 
models and surface geology. Densities in 
g/cm3. For profile location see Figure 20. 
See Table 3 for explanation of geological 
legend. 

Figure 45b. Profile YY' (Model 2), showing 
the graphical residual and computed 
gravity anomalies, interpreted gravity 
models and surface geology. Densities in 
g/cm3. For profile location see Figure 20. 
See Table 3 for explanation of geological 
legend. 

Figure 45c. Profile YY' (Model 3), showing 
the graphical residual and computed 
gravity anomalies, interpreted gravity 
models and surface geology. Densities in 
g/cm3. For profile location see Figure 20. 
See Table 3 for explanation of geological 
legend. 



Regional Anomaly Maps 
Regional separation of the Bouguer anomaly field was carried out using three 
different methods. These were: upward continuation filters, optimum filters de­
signed from an analysis of the energy spectrum, and visual graphical smoothing. 
As explained earlier in the section entitled Pattern Recognition and Data Treatment, 
the graphical regional field (Figure 15; Map 2493) was found to be the most 
satisfactory as it seems to represent only the variations at the Riel and Mohorovicic 
discontinuities. Moreover, it is also in good agreement with the regional map of 
Innes (1960). 

The graphically separated regional anomaly (Figure 15; Map 2493) depicted by 
an east-west trending gravity low is open to the east and takes the general form of 
concentric ellipses, occupying the entire area. The regional field varies from -38 
mgal over the English River Subprovince near the southern border of the map area, 
decreasing gradually northward towards the Uchi Subprovince to <-60 mgal, just 
east of the Birch-Uchi Belt (Map 2493). The east-west trending linear gravity 
contours, coinciding with the boundary between the Uchi and English River Sub-
province, probably indicate a thin crust along this boundary. 

According to Wilson (1971), the depth to the Riel discontinuity is deeper in the 
English River Subprovince (22 km) than in the Uchi Subprovince (20 km) or the 
Berens River Subprovince (18 km). In contrast, the depth to the Mohorovicic 
discontinuity interface (that is, the thickness of the total crust) is shallower in the 
English River Subprovince (30 km) than in the Uchi Subprovince (34 km) or the 
Berens River Subprovince (36 km). This implies that the total crust is thinnest under 
the English River Subprovince and thickest under the Berens River Subprovince. A 
regional gravity interpretation, based on the gravity data collected during this 
survey, across the English River Subprovince is given by Gupta and Barlow (1984). 
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Summary 
The results of the interpretation of the gravitational field over the Birch-Uchi and 
Red Lake Greenstone Belts and the surrounding areas have been discussed. 
During the survey, covering an area of about 21 100 km 2 , 5180 gravity stations 
were established and over 2800 density measurements were made. 

The Bouguer anomaly field was digitized at a regular grid spacing of 1.609 km. 
This field was divided into its regional and residual components, using spectrum-
based optimum filters, upward continuation filters, and graphical smoothing tech­
niques. The filtered maps were compared with the local geology for the purpose of 
selecting suitable maps which could be used for two-dimensional gravity modeling. 

The spectrum-based regional-residual maps were considered least applicable 
since two of the large gravity highs on the regional map can be explained better by 
the upper crustal greenstone densities rather than by undulations at the deeper Riel 
and Mohorovicic discontinuities. The upward continuation based regional map 
shows less correlation with the surface geology than the spectrum-based regional 
map, but the greenstone belts are still discernible. The graphically smoothed 
regional field which produces a single gravity low for the study area was found to 
be the most satisfactory. The map is devoid of any upper crustal geological 
features and therefore seems to represent entirely, the variations at the Riel and 
Mohorovicic discontinuities. 

A comparison of the various residual maps has shown that, in many areas, 
negative residual anomalies of the spectrum and upward continuation based 
residual maps correspond on the surface with higher density anomalous rocks. 
This makes modeling of the residual anomalies a problem lacking in geological 
control. Artificial bodies of low density must be buried under the surface to 
account for the regional-residual separation discrepancy of negative anomalies, 
where the surface evidence clearly indicates high density rocks. The problem has 
been avoided in the graphically smoothed maps which were heavily biased 
towards the local geology. For these reasons, the graphically smoothed residual 
and regional maps were adopted for modeling work. 

Major residual gravity anomalies have been discussed and, wherever possible, 
their significance has been explained in terms of geological structures and tec­
tonics. A brief summary of the results is described below. 

The residual gravity anomalies of near surface mass distribution have been 
explained by surface densities which were measured from the 2813 rock samples 
collected during the survey. A background density of 2.69 g /cm 3 was chosen for 
the granitoid terrain of the area. 

The study objectives have been achieved in that the gravity interpretation has 
demonstrated the subsurface configurations of the greenstone belts and the 
surrounding granitoid areas. The modeled greenstone belts usually indicate broad 
synformal shapes with varying depth-extents, averaging 4 km for the Red Lake 
Belt, between 3.5 to 4 km for the Birch-Uchi Belt, 2.3 km for the Dixie Lake Belt, 
and about 1 km for the Coli Lake Belt. 

The gravity data suggest that the thickest greenstone section of the Birch-Uchi 
Belt is present under the peak of the Goodall gravity high where the calculated 
depth-extent varies between 4 to 6 km depending on the choice of the density 
value used. The greenstone section then apparently thin towards the south, along 
the anomaly axis, reaching a depth-extent of about 3 km near the southern tip of 
the Goodall gravity high. Similarly, the greenstone section is thickest (depth-extent 
5.5 km) directly below the peak of the Lost Bay high and then continues to thin, 
along the anomaly axis, both to the south and north producing depth-extents 
between 3 to 3.5 km. The greenstones in the northern part of the Birch-Uchi Belt, in 
the Blondin Lake and Casummit Lake gravity high regions, are about 4 km and 
3 km in depth-extent, respectively. The depth-extent of the various associated arms 
of the Birch-Uchi Belt varies from 2 to 2.5 km in the Papaonga Lake area, 1.5 to 
2.5 km in the Moon Lake area, 3 to 4 km in the Seagrave Lake area, and about 
3.5 km in Skinner Township. The metasediments of the Grace Lake area vary in 
depth-extent between 0.5 to 4.5 km. 
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The gravity interpretation indicates that in the Red Lake Belt, the greenstone 
section producing the Todd-Fairlie and Cochenour gravity highs has a depth-extent 
of about 5 km, directly underneath a probable synclinal axis. In the Embryo-
Telescope Lakes arm of the Red Lake Belt, the greenstone section is < 1 km in 
depth-extent. 

It is shown that a majority of the felsic metavolcanic and metasedimentary 
units of the Uchi Subprovince are of limited depth-extent, between 0.5 to 1.5 km, 
and usually underlain by the thick units of mafic metavolcanics. 

The bottom topographies of the modeled greenstones reflect typical basin, 
ridge, or homocline-like structures (or a combination of them) whose vertical 
projection onto the surface, in many instances, coincide with the mapped structure. 
However, discrepancies between the interpreted and the mapped fold structures 
have also been noticed throughout the area. 

Large gravity gradients occurring at the greenstone-granite boundaries have 
been explained primarily in terms of large density contrasts prevailing at the 
boundaries. The plutonic bodies of the study area have significant differences in 
their structural pattern and depth extents. The negative anomaly producing granitic 
batholiths show widely varying compositional differences, as evident from their 
densities which vary from 2.73 g / c m 3 near the greenstone-granitic contacts to 2.64 
g / c m 3 in the centre of the batholiths. Most of the batholiths reach down to depths 
of between 4 and 7 km, the exceptions being the Gull Lake (between 13 to 16 km 
depth-extent), the Rosen Lake (between 10 to 12 km depth-extent), and the Trout 
River (about 9 km depth-extent) batholiths. The shallow depth extent and the 
two-dimensional configuration of some of these bodies indicate that they are 
probably sheet or sill-like structures. The Dome Stock intruding into the metavol­
canics of the Red Lake Belt, characterized by a circular gravity low, is entirely 
enclosed within the greenstone belt and extends from the surface to a depth of 
2.6 km. The Perrigo and Okanse Plutons of the Birch-Uchi Greenstone Belt have 
depth-extents of 4 and 5 km, respectively. 

The residual gravity field in the areas away from the margins of the green­
stone belts, that is, away from greenstone-granite boundary, show positive residual 
anomalies in areas of probable hybrid granitic rocks. Such anomalies, for example, 
in the Alford Lake and Berens River areas, have been explained in terms of 
probable granitized volcanic rocks of density 2.75 and 2.73 g/cm 3 . 

All along the southern border of the study area, a significant change in the 
anomaly level marked by a steep gravity gradient reveals the boundary between 
the Uchi and the English River Subprovinces. The 12 to 15 mgal amplitude residual 
positive anomaly associated with this boundary, indicates the existence of an 
east-west trending metasedimentary trough. In the immediate vicinity of the Sydney 
Lake Fault system, the trough is less than 2 km in depth-extent and dips gently to 
the south. A few kilometres south of the fault system, however, the trough dips 
steeply to the south, reaching depths varying between 8.5 to 12 km. The diatexite 
units of the Northern Supracrustal Domain north of the fault are less than 2 km in 
depth-extent. 

The Bluffy Lake Batholith has been modeled to a depth-extent of about 1.5 to 
3 km. The model shows that the batholith is a thin sheet or sill-like structure which 
has possibly intruded the underlying metasediments from the north. 

It has been shown from the model of the regional gravity profile that the 
regional anomaly field in the study area can be explained by undulations on the 
Riel and Mohorovicic discontinuities. 

The second derivative map shows a much sharper and closer relationship to 
the surface geology. This is evident in the centre of the Birch-Uchi Belt, where the 
geology is best known. Here, the bands of positive and negative second derivative 
anomalies, in the centre of the Birch-Uchi Belt, are clearly associated with the 
contrasting mafic to felsic cycles of volcanism. The second derivative map, in 
conjunction with geology, should prove to be an excellent tool in resolving stratig­
raphic and structural problems in poorly exposed Precambrian terrain. 
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Without doubt, many refinements of the interpretation and the interpretation 
method itself will be made in the future by geoscientists working in greenstone 
belts. However, the results of this work provide an important third dimension 
constraint to geologists that will assist them in generating realistic tectonic models 
for the evolution of the Archean greenstone belts. 
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