
Price, $1.25 

MEMOIR 325 

WOLFVILLE MAP-AREA, 

NOVA SCOTIA 

(21 H 1) 

D. G. Crosby 

1962 

lhartree
narrow black







3,000-1962 £0£1 

57670 -2- H 

WOLFVILLE MAP-AREA, 

N OVA SCOTIA 

(21 H J) 



DGC 2- 4 50 

Plate I. Cape Blomidon, lookin g north from Lyons Cove. The cape rises more than 62 5 feet 
above sea-le vel. Th e sea-cliffs on the left are composed of Blomidon shale, and a 
basalt capping appears dark grey above the thick sectio n of Blomidon shale on the 
Cape. The tide is almost in. This cape was pictured in volume 11 of Charles Lyell' s 
Travels in North America in the years 1841 - 2, and an engra ving of it made in 1846 
appears in Dowson's 11 Acadian Geology". 
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PREFACE 

Much of the a rea cove red by this rep ort wa. mapped geo logicall y ea rly 
in the present century, o r even before. Becaust geo logical concepts have 
changed and mapping methods have improved considerably since then, re
mapping on a scale of 1 inch to 1 mile was un derta ken. Earlier work had 
been devoted la rgely to the Carboni fe rous and T ri ass ic rocks but in this 
study m uch attention was given to the ea rly P alreozo ic rocks . A s a result the 
controve rsial H alifax Fo rm ation, long con sider~d either Precambrian or 
Silu rian, is now known to conta in Lower Ordovil ian grapto li tes . 

Field work was conducted in J 949 and 195 0, bu t publica tion of the 
report h as been un avo ida bl y delayed . As a res u t the tex t has been partly 
rev ised to include adva nces in geo logical know ledge since the manuscript was 
submi tted, especiall y the dating of the foss ils in the H alifax Formation. The 
report should do much to clari fy the strat igraphy Jf thi s regio n. 

J. M. HARRISON, 

Director, Ceo 'ogical Survey of Canada 

OTTAWA, Ja nu ary 12, 196 1 
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WOLFVILLE MAP-AREA, NOVA SCOTIA 

Abstract 

The Wolfville map-area conta ins rocks ranging in 1ge from Ordovician to 
Triass ic. Th e four oldest formations are apparen tl y c rnformable a nd consist 
of so me J 5,000 feet of eugeosy nc lin a l slates, s iltstones .. quart zites, and marine 
breccia. These four formations have been c losely f< lcl ed as a single unit. 
Lowe r O rdovician grapto lites occur in the lowest (Ha li fax) form at ion, and 
S iiuri an fossils have been found in the uppermost (Nl'w Canaan) format ion. 

Porphyritic granite, a part of the large batho lith that underlies much of 
centra l Nova Scotia , has int ruded the Ordovicia n-Silur a n rocks in the so uth
west corner of the map-area. 

Ca rboniferous sed im entary rocks unconform ably overlie both the lower 
Pa lreozoic strata and the granite. These include the Horton Group (about 
4,000 feet of grey and red s hales and sa ndstones of flu 1iatile origin) , the con
formably over lying Windso r Group (some 2,000 feet o f reel shale, lim estone, 
gypsum, anhydrite, and sa lt of marine origin), a nd the apparently conform
ab ly overlying Scotch Village Formation (some 800 foet of feldspathic sand
stone, of fluviatile origin) . The Horton Group contai 1s abundant plant and 
fi sh remains, and th e Windsor Group contains marin e 1'oss ils, a ll of Miss iss ip
pian age. The Scotch Village Formation contains ab u idant plant remains of 
probab le Pennsy lvania n age. 

Triass ic rock s includ e seve ra l h undred feet o f rl' cl conglomerate. sa nd 
sto ne, s ha le , and basaltic lavas, topped by about 16 fret of a ren aceous lime
stone and calcareous sa ndstone. Late Triass ic ( N ewma1 k ) ostracods and plant 
and fish re m a in s occu r in th ese conti nenta l deposits. The Triassic rocks lie 
with marked a ngular unco nformit y on H orton and old1:r rocks. 

Major folds conform to the northeast Appalachi a n trend. Pre-Carbonif
erous folds were accentu ated by forces that fo lded th<: Carbon iferous strata , 
but fold axes of both corres pond. A lth ough m a ny of th e minor folds conform 
to the reg iona l northeast trend, there a re many eas t-west fold s as wel l. 
Except for minor irregul a rities, Triassic rocks dip gently to the north west. 
High-angle faults occur in m a ny parts of the a rea. 

The Walton mine, one of th e wor ld's largest deposits of barite, lies in 
the northeast part of the map-area. Argentiferous SL lphides are associated 
with th e barite. Considerable tonn ages of gypsu m a re recovered ann ually 
from quarries in the Windsor and Cheverie districts. 

R esume 

La region de Wolfvill e com pre ncl des roches dont J'flge varie de l'Orclo
vicicn au Trias. L es quatre for mations les plus a nc ie n 1es sont apparem m e nt 
en concordance. E lles se composent de quelque 15.000 pieds de roches 
eugeosy nclina les, a savoir d 'ardoises, de siltstones, de q uartzites et de breche 
mar ine. Elles ont e te plissecs comm e un tout en pl i> ser res. TI existe de-; 
grapto lites de l'O rdovicien inferieur clans la formation H a lifax qui se trouve 
a la base et !'on a clecouvert des fossiles siluriens d;ms la formation New 
Ca na a n qui est la plus hau te . 
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Du gra nite porph yr itiqu e, qui fa it part ie d'u n gros bathol ite qui re
couvre une bonne partie d u centre de la Nouvelle-Ecosse, a fa it intrusion 
au sei n des roches ordovicicnnes-s iluriennes du coin sud -o ues t de la region. 

Des roches sedi mentaires carbo ni feres recouvrent en discordance tant 
le gra nite que les strate du Pal eozo'ique infer ieur. E ll es se co mposent du 
groupe Horton (environ 4,000 pieds de gres et schistes gris et rouges, d'origine 
fluvi a ti le). recouvert en co ncordance par le gro upe Windsor (quelque 2,000 
pieds de schiste rouge, de calca ire, de gypse, d'an hydri te et de sel d'origi ne 
marine), sur lequel repose, apparemm ent en concorda nce, la format io n Scotch 
Vill age (quelque 800 pi eds de gres feldspathique, d'o ri gine fl uv iat ile). Le 
Ho rton contient de nombrc ux vestiges de p lantes et de po issons et le Windsor, 
des foss il es mar ins, tous d'age mississ ipien. L a for mation Scotch Vill age 
conti ent bea ucoup de vestiges vege taux qui remontenl probab lement a u Penn 
sylva nien. 

Les roches tri asiq ues sonl rouges et compren nent p lusieurs centaines de 
pieds de co nglomerat, de grcs, de schiste et de laves ba altiques, sur lesquels 
repose nt enviro n J 6 p ieds de ca lca ire a renace et de gres a ci ment ca lcai re. 
Ces sed iments terres lres co ntiennent des restes de pl anles et d'animaux de 
meme que des ostracodes de la fi n Trias ( Newa rk ). Le Trias repose sur 
le Horton et les roches plus ancien nes et prese nte une d iscord ance angulaire 
bien marquee . 

Les principa ux p lis sont ve rs le nord-est ou sui va nt la directi on appala
chien ne. Les plis ante rieurs au Carbon ifo re o nt ete accentu es par les forces 
qu i onl provoqu e le pli sseme nt des stra tes carbonifc res, ma is Jes axes de 
plisseme nt des deux ser ies se correspondent. Meme si p lusieurs des peti ts 
plis so nt sui va nt la direct ion regionale vers le no rd -est, ii existe egalemenl 
un bon nombre de plis orientes d 'est en ouest. Sauf dans le cas d'i rregu lar ites 
peu importa ntes, Jes roches tri asiq ues s' inclinent legercment ve rs Je nord 
oues t. Bien des parties de la region contiennent des fa ill es a a ngle tres fort. 

La mine Wa lton, OLI se tro uve l'un des gltes de baryt inc les p lu s ctendus 
au mo nde, se trouve dans la portion nord-est de la region etudiee. D es sulfu res 
argentifcres se trou vent assocics a la baryti ne. D e grosses qua ntiles de gypse 
s'extraie nt chaque annee de carr ieres des regions de Windsor et de C heverie. 

x 



Chapter I 

INTRODUCTION 

The Wolfville map-area lies between no rth latitudes 45 °00' and 45 °15' and 
west longitudes 64 °00' and 64 °30', and covers about 420 square miles including 
the easte rn end of the Ann apo li s-Co rn walli s Va lley, co 11monly referred to as " the 
ga rden of Nova Scotia". On the north it is bounded , predominantly, by that part 
of the Bay of Fundy known as Minas Basin . About I :~O square mil es of the area 
is covered with water twice a day at high tide. High and low tide levels differ by 
mo re than 50 feet at the head of the Bay of Fu nd y, which is subjected to the 
highest tides in the wo rld , and by more than 47 feet, en the average, in the map
a rea. Geologica l mapping was done by the writer duri g th e fi eld seasons of 1949 
and l 950. 

The Dominion At lantic R a il way , unde r lease to the Canadian Pacific R ailway, 
co nnects the a rea with Y armo uth and H alifax, and the Ha li fax-Yarmouth highway, 
which passes through the area, fo llows the Avon Rive r in the east half and the 
Cornwa lli s River in the west ha lf. Secondary roads pe rmit access to most other 
parts. 

Acknowlcdgrnenrs 

The writer was ably ass isted by J. D. MacAla ry, Ci. P. Willi amson, and R . J . 
Stevenson during the field seaso n of 1949; and by R. J. Stevenson, D. E. Sm ith, 
a nd W. B. Brady during the fie ld season o f 1950. W. A. Be ll , a former Director of 
the Geo logica l Survey of Canada, identified plant remains from the Scotch V ill age 
Formation, and Al ice E. Wil son of the Sur vey identifi :d fossils from the Halifax 
and New Ca naa n Fo rm ations. Mr. G. L. H a rrington of Stanford University identi 
fied foramin ifera from the tida l flats of Minas Basin. 

Appreciat ion is exp ressed to the General Manager Mr. G. G. Ca mpbe ll , and 
emp loyees of the ba rite mine near Walton for their assi ;tance; to P rofessors M . F. 
Bancroft and H . L. Cameron , Acadi a University, fo r po inting o ut loca liti es of in
te rest and fo r a llowing the write r the use of university facilities ; and to D r. C. F. 
Pa rk , Jr ., and Dr. S. W . Muller of Stanford University fo r critical reading of the 
:loctorate di sse rtatio n upon which thi s report is based. 

Prev ious Geological Work 

Easily access ible gypsum deposits on the shore of Avon River were worked 
as ea rl y as the beginning of the nineteenth century. H a liburton (1829) 1 described 

1 ames and dates in parentheses are those of refe rences c ited at the end of the report. 
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Wolfvi ll e Map -Area, Nova Scotia 

the exportation of this minera l as the chief item of trade at Windsor, Hants county, 
at that time. He also described deep , circular " kettle holes" in the ground under
la in by gypsum beds. 

In 1827, Alger made the first a ttempt to interpret the geology of the Annap
olis Valley . He defined three rock-units: ( I ) clay slate , (2) red and white sand
stone , (3) greens tone. 

Jackson and Alger presented a descriptio n of the rocks of Nova Scotia and 
the first coloured geo logical map of the province in 1828-1829. The map is sur
prisingly accura te. They recognized and mapped six main rock-units: ( J ) primi
tive gran ite, (2) quartz rock a ltern at ing with clay slate, (3) transition clay slate, 

( 4) reel and grey sa ndstone alternating with bl ack and reel shale containing im
pressions of vegetables , beds of coal , etc. , (5) red sa ndstone clipping under the 
trap, (6) columnar greenstonc. These rock-units m ay be compared with the 
modern division s : ( I) porphyritic granite , (2) Goldcnville Formation , (3) H ali
fa x Formation , (4) Horton and Windsor Groups, (5) Annapolis Formation, (6) 
North Mountain basa lt. Jackson and Alger a lso mentioned gypsum beds near 
Windsor, as wel l as sink-hole topography characteristic of ground underl a in by 
unit 4. 

Sir William Logan exa mined sedimentary rocks in various parts of the prov
ince in J 841 and made his famous discovery of fossil footprints , H yalopus /ogani 
Dawson , at H orton Bluff in the Wolfville m ap-area (Dawson, 1882). This was 
the first ev idence of the ex istence of air-breathers in Carboniferous times. Fossils 
that Logan collected at Windsor were considered to be of Permian age by E uro
pean workers, and Murchison ( 1843) desc ribed the gypsifcrous st rata of Nova 
Scotia as of Pcrmian age in his Presidential Address before the Geological Society 
of London in 1843. 

Sir Charles Lyell visited Nova Scotia in 1842, and in 1843 published his 
correct conclusion that the gyps ifcrous strata belong to the Lower Carboniferous. 
Subsequent work by others, including Logan, has substant iated Lyell's conclusion. 

ln 184 7, Sir William Dawson ( 1848) tentatively referred sandstones over
lying Carboniferous beds to the Triassic, and described their distribution about the 
easte rn a rm of the Bay or Fundy. A geologica l map accompan ies that text. In an 
append ix to the same paper, Dawson subdivides the gypsiferous strata into an 
upper marine part (later known as the Windsor Group) , and a lower estuarine 
o r lacustrinc, plant-bearing part (later known as the Horton Group). 

In 1855 , Dawson published results of work in Nova Scotia up to that date, 
together with a geo logical map of the province. He mapped the metamorphic 
rocks of the uplands as Devonian and Silurian. Among these are slates and quartz
ites along the Atlantic coast that were considered by him to be of early Si lurian 
age (later known as the Meguma Group, supposed ly of Precambrian age). In 
the Wolfville map-area , the metamorphic rocks were mapped as Upper Silurian 
(much was late r placed in the Halifax Formation, the upper division of the Me
guma Group); Carboniferous rocks were subd ivided in the text but were shown 

2 



lntroduction 

collectivel y on the geologica l map; Triassic rocks were subdivided into two divi
sions ( la te r known as the Ann apo li s Formation and t e North M ounta in basalt ), 
and we re we ll de limited on the map. 

In 1860, in a supplementary ch apter to the prev ous volume, and in subse
quent editi ons in 1868, 1878, and 189 1, Dawson dc. cribed Dictyonema-bca ring 
slates of the New Canaa n di strict , Kings county. He conside red th em to be of 
Niagara n age on the bas is o f H a ll 's determina ti ons on foss ils found in assoc iated 
" coa rse lamin ated magnes ia n and fe rruginou s limestone" . Dr. W ebste r had ea rlie r 
found specimens of Dictyonema in sla tes about 2 m Jes so utheast of Kentvill e, 
which was the first di scovery of foss il s in the metamo rphic rocks of the a rea . The 
grapto lite was named Dictyonema websteri fo r its inder, and was described 
and fi gured in D awso n's publica ti on ( 1860, 1868, l l-. 78, 189 1 ). 

In 1879, H o ney man subdivided the pre-Carboni ·crou s rocks of the Wolf
villc di stri ct in to two ra ther vague divi sions. H e cons de red Diclyonema-bca ring 
slates to be of ea rl y Siluri an age, a nd design a ted mos t of the metamo rphic rocks 
of the a rea as the Wolfville Form ation of that age ; mo,;t o f these rocks were la te r 

pl aced in the H alifax F o rm ation . His second divi sio n, the Greenfield Form ation , 
wh ich he con sidered to be of Ca mbria n age , lay in the southe rn part of the area; 
these rocks we re la te r included in the H a lifa x F orma ti o n. 

l n J 900, Ami proposed the n ame Kentvillc for Sil uri a n rock in thi s di strict, 
and vague ly defin ed the Kentvillc Formation as follows 

Nea r Ke nt vill e, th e Ke nt ville form a tio n is see n as we ll o n A ng us Brook in the 
Gasperea u Va lley, a lso at N ew Ca naa n. with D ictyo111·11w ll'ehsteri D awso n, a nd a t 
Wo lfvil le in Kin gs Co unty whe re cora lline limestones, re el a nd green grap to li t ic s la tes . 
a nd o the r stra ta at tim es highl y c leaved , squ eezed a d meta mo rphosed fo rm co n
spic uo us r idges, a nd co nsti tu te the o ldes t sedim entar ies in the vic in it y of the Bay o f 
F un cl y a nd the Bl o mido n reg io n in the 'L a nd o f Eva ngl line'. 

The name has been used so o ften since then tha t today it is practicall y synony
mous with Siluri an rocks ex posed nea r Kentvill e. ln t 1e sa me ar ti cle, Ami pro

posed the name H ali fax for "the sla te group of the go cl-bea ring series", and the 
name Gu ysborough fo r the qu a rtzite pa rt of the series . fh e fo rmer na me acquired 
popul a r usage, b ut the latte r was di sca rded . 

Jn J 902 , A mi conc luded tha t the graptolitc Dictyo1 ema websteri D awso n was 
close ly related to D. f/abe lliforme E ichwa ld and , thcrL"fo re, ass igned slates con
ta ing D . websteri to the U ppe r Ca mbri an. H owever, three yea rs later , Rucde
man n ( 1908) identifi ed Diclyonema websteri D awso n with a N iagara n for m , D. 
reti/ orme H a ll , a nd stated that the re was no " di ffe rence su ffic ient for specifi c 
d isti nction" between the two. T hu s these slates we re aga n ass igned to the Siluri an. 

ln 1904, Woodm an establi shed the no mencla ture now used fo r the G old

bearing Se ri es . He named the entire rock-unit the M cgt ma Seri es and subdivi ded 
it into an up per fo rm ation , predominantl y slate, fo r wh ich he adopted the ea rli er 

proposed na me H a li fax , a nd a lowe r fo rm ati on, predom nantl y qu artzite, to which 
he gave the name Goldenville . H e did not commit him self to the age o f the rocks . 

H owever, in 1908 he concluded th at they we re of Precambri an age. 

3 



Wolfvil le Map-Area , Nova Scotia 

Jn the 1870's, F letcher began mapping Nova Scotia o n a scale of l inch to 
mile. H e correctly mapped stra ta of the Windsor Group ( then te rmed Windsor 

Se ri es) as Ca rbon ifero us, but mi sta kenl y referred stra ta of the H o rton Group 
(then te rmed H orton Series) to the Devoni an, even though A . S. Woodward , 
D av id White, and others had confirmed Dawson's ea rlie r assignment of the plant
bearing strata of the H o rton Group to the Ca rbon iferous. F letcher's Wa lton a rea 
( J 905), Kings port area ( 19 11 ), and F aribau lt's and Fletcher 's Windsor area 
( 1909) , together cover the Wolfville map-a rea except for a qu adrangle in the 
south west corner extending about J 5 ~ miles east and about 51- miles no rth , which 
is underlain almost entire ly by meta mo rphic rocks. These maps are surpri singly 
exce ll ent in deta il when it is re membered that the field work was ca rri ed out under 
conditions fa r more difficult than those of today. Fletcher also publi shed reports 
on the Ken tvill e area ( 1906, 1907) and Faribault (1909) repo rted on the Gas
percau a rea. No maps we re included with these reports and Fa ribau lt 's manuscrip t 
maps were, unfortun ate ly, Jost. In hi s text, however, Far ibau lt ( 1909) correctly 
located major sy nclines and anti cl ines in the southwestern part of the Wolfville 
map-area , ass igned the slates of Black River to the H a li fax Formati on, and stated 
that "whin rock" of the Goldcnville Fo rmation is exposed for a width of a quarter 
of a mile a long the crest of the anti c line that c rosses Black Ri ver "between the 
two bridges". H e further stated that 11 ,7 00 feet of the strata exposed along Black 
Ri ve r, meas ured fro m the base of the '" two band s of Wh itc rock qua rtzite" to the 
"confor mab le" contact with the "whin rock" between the two bridges on Black 
River, '"co rrespo nd in characte r and thi ckness to the upper o r H alifax division of 
the go ld-bea ring series of the At lanti c coast". Three years late r he stated that the 
" Whiterock qu artzite" bands "apparently overlie conform ab ly" th e Ha lifax slates 
and a re conformab ly ove rl a in in turn by higher slates (Faribault, 19 12). 

fn 19 16, Powers estab li shed the nomencl ature now used for the Acadian 
Tr iass ic. 

Jn J 929, Bell proved that both the Horton and Windsor Groups are of 
Miss issippia n age. He subdiv ided the Windsor Group into zones on the basis of 
fa un a! content a nd the Horton Group into two fo rm ations, the lower, Horton 
Bl ufT Formation, and the upper, Chever ie Format ion. H e described the Black 
River section o f Meguma rocks as " the most complete sect ion of the H alifax 
slates within the province" and concluded that they were of Precambri an age. 
By this time a Preca mbrian age had been accepted for the Meguma Group by 
most workers in Nova Scoti a. Bell referred to sla tes believed to be of Silurian 
age as the Kentvi ll e Formatio n in acco rd with many other repo rts since 1900 . 
The lower b and of White R ock qu artzite, and stratigraphically higher rocks , were 
also considered to be of Silurian age; rocks below the White R ock quartzite 
were ass igned to the H alifax Formation. 

Later in 1929, Malcolm , in a memoir compiled la rgely fro m the results of 
investigations by Faribault, stated "In a stud y of that area lying south of a line 
stretching from Wolfvil le to Kentvill e in Kings coun ty, a nd west as far as the 
Aylesford road, Fa ribault has shown that with the exception of the small body 
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Introduct ion 

of the Niaga ran series o f ew Ca naan nea rl y a ll t 1e rocks a re of the Go ld
bea ring se ries . The slates are very simil a r to those of the Gold-bea ring se ries in 
o ther parts of the province, and the qu a rtzite which is ex posed a long some of 
the anticlines is the sa me as the whi n o f the Gold ~n ville format ion. " On the 
geo logical m ap o f Nova Scoti a accompanying th at memoir, the rocks unde rl ying 
the White R ock Form ati on were shown as Preca mb ·ian Go!d-bea ring M egum a 
Se ries, the White R ock Formation and over lying met,1morphic rocks as Siluria n. 

umerous geo logica l repo rts dealing with the Wo lfvill e a rea have been 
written since 1929 , but in each instance the write rs have acce pted the regional 
geology as outlined by their predecesso rs and have restri cted th eir repo rts to 
descripti on o f mine ral deposits o r other loca l geo log ica l phenomen a. 

Methods of Mapping: 

All outc rops a long roads , ra il road trac ks, sh< 1re line, and streams were 
exa mined by th e write r, and locat ions were estab li she by means of ae ri a l photo
graphs and pace-a nd-co mpass traverses. Specia l attention was given to the 
H orton-Windsor contact, the positi on of which was ~stabli s h ed by mea ns of a 
plane-tabled base li ne cut a long its gene ral loca ti o n, as indi ca ted o n Fle tch e r's 
(1905 ) m ap , and pace-and-compass traverses mac e approximately at ri ght 
angles to the baseline at 500-foot interva ls. Although outcrops a re sca rce in 
those a reas unde rl a in by H orton and Windsor rocks , a gratifying number we re 
encountered by thi s method . 

Addition a l in fo rmatio n was obtai ned fro m the l imestone ridges and sink
holes in limes tone and evapo rite beds. A lo ng-strike tracing of the qu a rtzite beds 
o f the White R ock Formation , which proved to be the best ho ri zon marker in the 
southweste rn part of the map-area, provided va luable information on the struc
ture of' th at di stri ct. 

5 
57670-2- 2 



Chapter If 

GENERAL CHARACTER OF THE REGIO 

Topography 

The map-area may be divided into fo ur topographical di visions (Fig. l): 
(1) the south highl ands, (2) the north highlands , (3) the Carboniferous up
lands, ( 4) the Triassic lowlands. Each of these divisions is closely related to the 
unde rl yi ng rock divi sions and structures. 

f\4°10· 
4"' .-~~-:=~~--,r----,,,--c-r~~~~~~~,--~~~~~~~~~~~~~~~----i 

LEGEND 

0 North high lan ds § Tria ss ic lowlands 

[[[] South highlands Carboniferous uplands 
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Figure l Topographic divisions of th e Wolfville mop-area . 
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General Character of the Region 

The South Highlands 

The south highlands form the northern border of an upland region that 
extends a long the southern and central pa rts of the fova Scotia peninsula and 
contains the main watershed o[ the province. They are underlain by metamorphic 
rocks-principally those of the Megum a Group-and granite, and in the map
area commonly reach 700 feet in elevation , with a frw small areas above thi s 
fi gure. 

The highlands are loca lly subdivided , from north tu south, into ( l) Wolfville 

Ridge, which extends from W olfvillc southweste rly for about 3 miles; (2) South 
M ountain , which begins about 2:i miles northwest f Hantsport and extends 

westerly and southweste rl y; and (3) Grey Mountain , which begins about 2} 
miles southwest of Hantsport a nd extends so uthweste rly a long the south side 
of Halfway River. 

The top of South M ounta in is a gentl y ro lling a nd a lmos t featureless surface 
that truncates the underl ying, closely folded meta morrhic rocks and granite . Tt 
contai ns many broad, sha llow, swa mpy stream va lley ~, which are choked with 
black a lders. D own the Aanks of the mountain , particu arly the northe rn , steeper 
flank, these stream valleys become deep , V-shaped r 1vines character ist ic of a 
yo uthful stage of strea m developm ent. Falls arc numc c:> us and the fl oors of the 

va ll eys arc completely occupied by the st ream s, the va Icy of Black Ri ver being 
a n exce llent exam ple. 

D ense everg reen gro wth predomin a tes on the south highl ands, but there are 
many patches of mixed deciduous and eve rgreen trees. 

The North Highlands 

The north highlands constitute that part of the map-area underlain by North 
Mountain basalt. They locall y rise above 700 feet , but 111 ost of the gentl y undulat
ing summit level is at elevations between 650 and 675 feet. North Mountain , as 
this highland has been called for three centuri es, extends 120 miles along the 
southcast side of the Bay of Fundy, from Cape Blomidon to Brier I sland, Annapo
lis county. 

Its gently undu lating summit level is somewhat >imilar to that of South 
Mountain in appearance. It truncates basa lt flow th at di p, on an average, about 

5 degrees to the northwest. Stream valleys are shall ow and choked with alders on 

the su mmit, but become deep and V-shaped down the Aanks of the mountain. 
Most of the drainage is to the north. The youthful aspec t of north-flowing trcams 
is enhanced by numerous fall s, some of which are mo1 e than 50 feet high near 
the seashore. Streams Aowing to the south and cast descend the steep North 
Mountain escarpment (Pl. IT) . 

Evergreen vegetat ion predomin ates, and trees arc g ~ nera ll y larger than those 
on the south highlands. 
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Wolfvi ll e Map-Area, Nova Scoti a 

DCG 1- 8 - 50 

Pla te II. Th e escarpm ent along the south edge of North Moun tain , lookin g southwest. Note 
the a b rupt drop in eleva tion from North Mo untain, which is underlain b y basalt , to 
the Cornwallis Valley, wh ich is underlain b y soft Annapolis strata. 

The Carboniferous U pland s 

The C a rbo niferou s upl ands compri se much of the centra l and a lmos t a ll the 
eastern p arts o f the m a p-a rea , and include th at pa rt unde rl ain by Ca rboniferou 
strata except fo r the no rtheast ex tension of the south highlands. These upl ands are 
lower th an the no rth and south highlands a nd highe r th an the Triass ic lowlands, 

and a re ch aracte ri zed by great loca l va ri at ions in eleva ti o n. They continue east 
of the m ap-a rea for some 130 miles to the no rtheast ex tremity of the Nova Scotia 
penin sul a; to the west they me rge into the Tri ass ic lowlands. 

T he area unde rl a in by H orton strata a tta in s eleva ti o ns o f mo re th an 500 fee t 
o n the fl anks of Sou th and Grey M o untain s; the maxi mum reli ef in the east at 
C heve ri c M oun ta in is abo ut 435 feet. The ave rage eleva ti o n is between 200 and 

250 feet. 

T ha t pa rt of th e upl ands un de rl ain by the less res istant W indso r stra ta does 
not ge nerall y ri se above 150 fee t e levation. 

Swa mps, both open and wooded , a re num e rous, pa rti cul a rl y whe re underl a in 
by rocks of the Windso r G rou p o r the Scotch V ill age Form atio n. These, toge the r 
with the sh allow stream vall eys and un dul a ting hill s, give ri se to a mo notonous type 
of topogra phy. The mos t striking land fo rm s a re the sea-c li ITs , co mm onl y mo re 
th an 50 feet h igh . 
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Genera l C ha racter of the Region 

Tho e parts of the upl ands underlain by gypsum arc characterized by deep , 
funnel-shaped sink-holes, which have no surface outl et and m ay contain water 

(Pl. III) . 

DGC 12- 4- 50 

Plate Ill. large sink-hole in the gypsum-anh ydrite bed that overlies the Pembroke Formation, 
1 ~ miles northeast of the W alton barite mine. Note the size o f the man standin g 
in the sink. 

The Triassic Lowlands 

T he Triass ic lowlands li e between North and South Mountains, and include 
that a rea underl ain by the Annapo li s Formation ( see Pl. If) . Their ave rage eleva
tio n is be tween 50 and 75 feet. 

Th a t part o f the lowlands included in the map-area is the Co rn walli s Valley, 
on the west side of Minas Basin. It continues to the west fo r abo ut 40 miles, where 

it becomes the Annapoli s Valley, which extends to the head of St. M ary B ay. The 
Annapolis-Corn wa lli s V all ey , wi th a tota l length of abo ut 100 miles , is the most 
productive farm ing district in Nova Scotia. Th e Triassic lowlands conti nue to the 
northeast of the Wolfville map-a rea for 50 mi les, fo rming a border aro und the 
eastern arm of the Bay of Fundy. 

Sea-cliffs in the lowland area commonly a re more th an 40 feet high . 
Streams in the lowlands are in the stage of late ma turity. 

9 



Wolfville Map-Area , Nova Scotia 

Geomorphology 

The A tla ntic U pland 

The nam e Atlantic upland was proposed by Goldthwait (l 924) for a level 
su rface th at was probably continu ous th ro ughout the maritime region. This surface 
gradually rises northwestcrly from sea-level a t the sou thern coa t o f Nova Scotia 
to the elevation of the south highl ands in the Wolfville map-area. The uni form 
summit level of North Mountain indicates th at the mountain is a detached 
fragment of thi s upland. 

Structure-section C-D (see M ap l I 28A) illustra tes the relationship between 
basement rock structure and topography in the northcastcrn part of the sou th 
h ighlands. Topographical p rominences arc directly related to anticlin al structures 
in the underlying rocks, and vall eys co rrespond with synclin al folds. For example, 
Gaspereau R iver h as eroded headward along the Gaspcrcau River syncline. At 
Whi te R ock Mills its va ll ey is loca lized by the resista nt White R ock Formation , 
but farther south west it fo llows the synclinal slates of the Kentvi lle Formation , 
which are less resistant tha n rocks of the adjoining ew Ca naan Formation. The 
writer found no ev idence of extensive faulting along the north side of Gaspereau 
Ri ver, as has been postulated by some wo rkers to explain su rface features . Down
stream fro m the res istant White R ock Formation at White R ock Mills, the valley 
of Gaspereau Rive r broadens and loses its youthful features. The lower part of 
Ha lfway River is simil arl y loca li zed by a synclinal structure. 

Structure-section A -B (see m ap ) ii lustratcs the rela ti onship between base
ment rock structure and topography in the no rth hi ghland s. No rth Mountain is a 
cuesta capped with Java flows . The steep south flank of the mounta in is an 
escarpment slope; the gently descending no rth fl ank is essentially a dip slope. 

No trace of the formerly continuous Atlantic upl and urfacc is found in the 
Ca rboniferous uplands or in the Triass ic lowlands of the map-area. These lower 
areas were formed by erosion after upwarping of the At lan ti c upland. The vari
ab ility o( rock types underlying the Ca rboniferous uplands-li mestones, shales, and 
andstones of differi ng degrees of h ardness, conglomerates, gypsum , a nd anhydrite 

-caused the formation of a terrain equall y as va ri ab le. In the a rea underlain by 
soft strata of the Annapoli s Formation, the Ann apoli s-Co rn walli s Valley was 
carved out between the res istant basa lt flows on the north and the resista nt 
metamorphic and in trusive roc ks on the south . 

Stream Capture 

The valley of Black River is aligned with the deep valley occupied by a small 
tr ibutary of Corn wallis River and by Deep Ho llow road . Both va ll eys cross the 
structural trend of the m ap-a rea, and have inci sed meanders near White R ock 
M ill s. Bl ack River, appa rently a superimposed or consequent stream , once flowed 
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through Deep Ho llow. Headward erosion by Gasper au River, which is a sub
sequent stream at least near and upstream from White Rock Mills, has apparently 
captured and diverted the waters of Black River. 

This stream capture probably came about in the fo llowing manner. When 
Black River cut down to near its present level in the resi stant quartzite of the 
White Rock Formati on at what is now White Rock M ills, it encou ntered a con
sidera bly thickened section of the format ion, bccaus of the local folding (see 

structure section G-H, Map 11 28 A). This extra th ickness of quartzite constituted 
an eros ional deterrent, so that downcuttin g by the river must have been greatly 
retarded. Meanwhi le the headward-eroding Gaspe reau River advanced along the 
southern syncline and breached the White Rock Form ation at the somewhat 
shattered trough of the syncline, and was ab le to cut down more rapidl y than 
Black River. Ultimately it intersected and captured Black River. 

DGC 7 - 1- 50 

Plate IV. Sandbar at Woodside, looking northwest. Th e bar is more than 3 miles from the 
coa st, a nd is about 20 feel high (note size of man standin g where the sand is 
exposed). Hill in background is the North Mountain escarpment. 

The above explanation is simplified in that poss ible effects due to glaciation, 
regional tilting, etc., are not considered. Jts validity is substantiated by evidence of 
capture of other streams that flow northerly into Gaspereau River, such as Dun
canson, Harding, and Curry Brooks, whose va ll eys can be projected through gaps 
across the northeast extension of Wolfville Ri dge. It seems evident that these 
smaller streams were captured by Gaspereau River as it cut its way headward, just 
as was Black River. 
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Evidence of Coasta l Emergence 

Two sa ndbars were obse rved o n the south side of the road at Woodside, about 
2 miles north west of Canning, 3t mil es from the prese nt shoreline (see Pl. lV ). The 
larger bar is about 20 feet high , with the top just over 75 feet above mean sea-level. 
Both bars are composed of sand and minor amo unts of rounded pebbles and 
argill accous m aterial, and arc aligned a lo ng the northcast-trcndi ng vall ey in which 
they occur. The grassy noor of the va ll ey is composed of mud simil ar to that of 
the present shore. Pereau Creek occupies thi s va lley to the northeast, but it contain 
too littl e water to have formed the sa ndbars and la rge mea nder scars in the sides 
of the vall ey. Comparison of thi s valley with tidal channels at the mouths of 
streams elsewhere in the area leaves littl e doubt that it was for med by tidal 
currents. A ss uming a difference between high- and low-tide level s eq ual to that of 
today (about 50 feet) and that the top of the larger bar was just awash at hi gh 
tide, the evidence indicates a relative ly rece nt emergence of at least 50 feet. 

DGC 10- 3- 50 

Plate V. Meander scar on the tidal channel part of Oakland Brook, at Avonporf, looking 
north From the Wo/fvi//e- Kentvil/e highway. The channel contains little water at 
low tide. 

In 1920, Churchill described a number of sm all hill s and hummocks at Wood
side, including the two referred to in the preceding paragraph, and concluded 
that these were form erly marine sa ndbars. 

Jn J 896, Coldwell described " an o ld beach formation" at Wolfvi lJ c, "extend
ing a long the line of Acadia Street, parallel to the present water frontage . The 
rounded ston es in thi s old beach are mainly trap ." He concluded that the sea was 
at one time " nearly 50 fe et higher than at present". During the summer of 1950, 
highway workers used tru ck loads of gravel from a s imil ar ra ised beach at Scots 
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Bay vill age, for surfaci ng the Blomidon sho re road a long the foot of the North 
Mountain escarpment. 

Goldthwait ( 1924, pp. J48-154 ) has desc ribed raised estu arine fl ats, ma rine 
beaches, and deltas along th e Bay of F undy shore of Nova Scotia that a rc 60 to 128 
feet above mean sea-leve l. Hi s isobasc di agram ( p. 150 ) hawed the e levat ion 
of these landforms above m ea n sea- level, and demonstrated that the ex tent of 
post-Plei stoccnc emergence dec reases southeastc rl y at abo ut 2 feet per mile. The 
lOO-foot isobase fo llows the A nn apoli s-Cornwalli s Valley. 

Assuming a d if-Iere nce between high- and low-t ide leve ls similar to that of 
today during the format ion of these landforms (about 50 feet in the Minas Basin), 
and that the landforms ma rk the high-tide leve l, the Cornwa lli s Va ll ey mu st have 
eme rged at least 75 feet since the Pleistocene. A s the re is ev idence o f a late r sub
mergence , howeve r (see fo ll owing pa ragra ph ), thi s fi gure is not the tota l emergence 
but onl y the apparent emergence. To obtain the total ost-Plcistoccnc emergence 
il is necessa ry to add the amo unt of appa rent emergence to the amount o f more 
recent submergence. 

Ev id e nce of Coastal S ubrn ergencc 

Goldth wait ( l 924 , p. 158) described the "forest primeval" covered by the 
" fa mous m ars hes of Gra nd Pre" . lt is exposed on the mud fl a ts behind Boot Tsland , 
abo ut a mile east of Evangeline Beach. Pine stumps st nd upright and com monl y 
measure 2 feet in di ameter. Goldthwait found the lowest visible stump to be 33 feet 
below the high-tide level, and described the underlyi ng boulder clay as conta in ing 
" birch b ark , twi gs, leaves , and oth er debris common in the woods". 

DGC 14 - 4- 50 

Pl ate VJ. Pine stu mps in situ on the shore 1,500 feet norfhwesf of the wharf at the mouth of 
Kennetcook River with a salt marsh in the backgrou nd, 
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Another group oE stumps occur on the mud fl ats 2 m iles southeast from Boot 
Island (op. cit. , p . 159). The lowest stump at thi s locality is 32 feet below the 
high-tide level. 

Pine stumps measuring as much as 2 feet in diameter rest upon a stony surface 
on the shore 1,500 feet northwest from the wharf at the mouth of Kennctcook River 
(Pl. VI). Mr. M . Card , who lived nearby 1 , could remember when the stumps were 
far more numerou s. Tides and shore-ice steadil y deplete the "forest", but the 
wood is extremely well preserved. T he lowest stump observed is at least 20 feet 
below the high-tide level. A cross-section of marsh exposed along the shore shows 
upright stumps buried by layers of salt marsh deposits (Pl. VII) . The "fo rest" 
ex tend s laterally for an unkn own distance underneath thi s coveri ng. 

DGC 14-7-50 

Plate Vil. Pine stumps buried by marsh growth, at the edge of the salt marsh in the 
backgro und of Plate VI. Note the stony surface upon which the stumps rest. 

The trees in these "forests" are characteristic of dry upland rather th an of 
low or swampy groun d. They therefore must have been growing above high-tide 
level, and have subsequen tl y been drowned by shoreline submergence, increase 
in tidal range, or both. 

Salt Marshes 

The salt marshes of the map-area merit brief menti on, because since dyking 
recla imed them from the sea they have become fert ile farm land. The Acadian 
French began this reclamati on project in 1670, and cultivation has continued 
to the present. 

1 At the time of the author's visit in 1950. 
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These marshes a re the flood plain of tidal streams, and the fi ne sand, silt, 
and clay that co mpose them were deposited by incoming tidal currents. The 
organic content is less than 10 per cent, the water content fro m 2 to 4 per cent 
(Goldthwait, 1924, p . 135 ). The main sources of the sediments are the nearby 
sea-cliffs co mposed of soft, red stra ta of the Ann apolis Formation, and till. These 
cliffs recede rapid ly during storm s. 

Gates in the dykes, known as aboteaux, keep out the sea, but allow the 
removal of fres hwa ter from the land . When an abotea u is torn out by shore-ice, 
red deposits of fine sand, silt and clay, someti mes more than an inch thick, are 
laid down by a single tide . The deli berate breaching of dykes and subsequent 
flooding by tides is a process uti lized to renovate land that has degenerated 
through usage or th rough bog growth . 

The reclamation of bogs is a practice of similar nature. Canals dug from 
tidal streams into bogs allow them to be flooded by tides , and the bogs thus 
become filled with mud and are transformed into ri ch marsh land. 
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Chapter III 

GENERAL GEOLOGY 

T he rocks exa mined in the ma p-area ra nge from Ordovicia n to R ecent. The 
oldest, metamorphosed sedimenta ry rocks, underlie the south weste rn part of the 
area, the Carboniferous stra ta the easte rn pa rt , and the T ri ass ic rocks the northern 
part. Gl aci a l drift covers much o f the a rea . A complete li st o f fo rm atio ns is given 
in the foll owing table. 

Table of Forma tion s' 

Period Group or Formation Thickness 
Era or epoch formation or member Lithology (feet) 

Recent Stream a ll uvium , tidal allu- 0-(?) 

Cenozoic 
viun1, beach sa nds and 
gravels, sa nd bars 

Pleistocene Till; some stra tified dri ft 
I 

0-75 
I 

Unconforn1ity 

Triassic Scots Hay Arenaceous limestone, ea!-

I 
16 + 

Formation careous sa ndstone 
-----

Disconformity 

North 

I 
Basa lt Aows I 900 ± 

Mesozoic Mountain 

I basalt I 
I 

An napolis Blomidon Red sha le and arg illaceous 800 ± 
Formation shale sandsto ne 

Wolfville Red conglo merate and 2 ,400 ± 
sandstone sandstone; minor red shale 

1 Prio r to publ ication of thi s report. pa rt of this T able of Formatio ns was reprod uced in Gcol. Surv., 
Canada, Memoir 314, Miss issippian Horton Group of Type Windsor-Horton District , ' ova Scotia, by 
W. A. Bell , 1960. (Ed.) 

16 



Era 

Palreozoie 

Period 
or epoch 

Pennsylva
nian(?) 

Mississip
pi:in 

Devonian 

Silurian 

-------
Silurian 

or 

Older 
------ -

Ordovician 

I 

General Geo logy 

Group or I Forma tion 
formation or member Lithology 

Angu lar unconformity 

Scotch 
Village 
Formation 

Windsor 
Group 

Buff-weatheri ng, grey sand-
stone 

undivided Red ha le, limestone, gyp-
sum, anhydrite, salt 

Pembroke Limes tone conglomerate 
Formation and limestone; min or 

sandstone and shale 

D isconformity 

Macumber Thinly bedded . arenaceous 
Formation lime tone 

I 

Thickness 
(feet) 

soo+ 

1,500 + 

0(?)-100 

0(?)-25 

H orton 
Group 

Grey and red shalcs, silt- 4,000 ± 
stone, sandstone; minor 
conglomerate 

Angular unconformity 

I I Porphyritic granite 

J ntrusive con ta cl 

New Canaan 

I 
Marine breccia ; minor silt-

Formation stone a nd sla te 

K entvi lle Slate and minor siltstone 
Formation 

White R ock Quartzi te a nd interbedded 
Formation slate 

Halifax Slate and min or siltstone 
Formation 

Ordovician 
Ha lifax Formation 

I 

1,000+ 

1, 600 ± 

100-500 ± 

11,700+ 

Slates in the Wolfvi lle map-area have long been correlated with those of the 
'Gold-bearing ser ies' to the so utheast which are lithologically similar. As ea rly as 
1879, H oneyman remarked upon the similarity of slates in the WoHville district 
to the "sla tes of Halifax", and concluded th at, in part, those of the Wolfville dis
trict belong to the '·great Cambrian se ries of our Gold fields". Since 1904, they 
have been regarded as the upper slate divi sion of the Meguma Series1 (Woodman, 
1904) . 

1 Now the Mcgum a Group (S tevenson. T.M., 1959, Shubenacadie and K cnnctcook map-areas, 
Co lcheste r, l-l a nts and Hali fax Counties , Nova Scotia: Gcol. Surv. , Canada. Mem oir 30'.!) (Ed.). 
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Fa ribault (1909) stated that 11 ,700 feet measured from the base of the 
" two bands of Whiterock quartzite" to the "confo rm able" contact with the "whin 
rock" between the two bridges on Black River, " correspond in character and thi ck
ness to the upper or H ali fax div ision of the gold-bea ring series of the Atlantic 
coast. " The "whin rock" is identified by Faribault as belonging to the Goldenvil le 
Formation, and comprises siliceous beds exposed along the crest of the m ajor 
anticli ne th at crosses Black River between the two bridges. The sect ion along 
B lack River was subseq uentl y declared the most complete sect ion of the Halifax 
slates within the province (Be ll , 1929) . 

Distribution and Thickness 

Slaty sedimentary rocks of the H ali fax Formation underli e the southwest 
part of the map-area , but arc covered in the extreme so uth west by connected syn
cli nes of yo unger rocks. A n inlier of Halifax rocks occurs alo ng the crest of Grey 
Mou ntai n at the south border of the map-area, abo ut 5 miles west of Wi ndsor. 

Although Faribault (] 909) determined a st rat igrap hic thickness of 11 ,700 
feet for the Halifax Formation, as exposed in the no rtheast- trend ing anti cline that 
crosses Black River about 7 .OOO feet dow nstream from the south border of the 
map-area, the writer could not recognize a clea r division between the underlying 
Goldenv illc quartzi te a nd the Halifax slate in this Black Ri ver section. However, 
since Faribault exam ined the area , a power dam has been bu il t on the river and 
the resultant lake has drowned the old stream bed . Tf the " whi n rock" regarded by 
Faribault as part of the Goldenville quartzite is actua ll y part of the Halifax 
Formation, the thickness of the H ali fax Forma ti on may be more than 12,000 feet. 

Lithology 

T he H ali fax Fo rm ation is ma inl y inte rbedded slate and minor siltstone. The 
sl ates a re sericiti c and characterized by beddi ng preserved as thin, continuous, 
uniform ba nds, rarely pa ra ll e l to the clea vage. The ba nding is usua ll y a lternating 
light and da rk grey layers b ut varico lo ured sla tes with green , fawn, and red band
ing were noted . The bands vary in thickness from a fraction of an inch to over an 
inch . Ca rbonaceous and graphiti c parts of the fo rm ati on are dark grey to b lack 
with ba nding generally indistinct or absent. Fi nely laminated, truncated lenses, 
evident ly ca used by currents, are comm on in the lighte r co loured, more siliceous 
layers. Crystals of pyrite a re plentiful and through weathering may impart a rusty 
colo ur to exposures. T he sil tsto ne is grey to gree ni sh grey, tough, fine grai ned, and 
may be fin e ly lamin ated. Siltstone beds are generall y less th an a foot thick and are 
useful fo r st ri ke and clip determinations in places where banding is abse nt or in
disti nct. Minute cross-l amination s were noted in several exposures. 

As seen in thin section, the slates a re composed predomin antl y of se ricite. 
Angu lar to subangul a r quartz grains a re most abund ant in the lighte r coloured 
laye rs. The siltstones compri se angula r to subangular grains of quartz and feldspar 
in a matrix o f small sericite flakes. Biotite, if present , occu rs as small anhedral 
flakes and i a minor part of the matrix . Quartz is the dominant constituent of the 
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siltsto nes. Feldspa r ( al bite o r sodi c oli gocl asc) ra rel y form s as much as 10 per 
cent o f the rock, except in the siliceous bed s along the crest of the anticline cross
ing the upper pa rt of Black River. These beds may be termed fe ldspa thic siltsto ne. 

Stm c111ra f R elations 

R ocks of the H alifax F orm atio n have a ma rke reg ional cl avage parallel 
to the no rtheast trend of the folding. 

Attempts to trace ho rizons on the bas is of colour we re success ful to a limited 
extent, but such a procedure was found to be misleading beca use many of the 
s lates change colour along strike. Much of the colo ur va ri a ti o n is ap parentl y of 
second a ry origin and caused by superfici a l agencies such as wca th ring o r down
ward migra tion of iron leached fro m overlying mate ri a l. Fa ri ba ult ( 1909) remarked 
upon thi s pheno meno n as exhibi ted by the slates immedi atel y underly ing the White 
R ock Formation. A t the p ower dam o n G asperea u Ri e r, 4,500 fre t downstream 
fro m the Bl ack Ri ve r-G as pereau River junction, the sla tes imm edi a tely underl ying 
the Whi te R ock Form atio n are dull red to faw n. H ow vc r, less th a n a mile to the 
south wcs t, a t the power ho use o n Bl ack Ri ver near its junction with G as pereau 
R iver, slates of the sa me h ori zon are dark grey. The change in colo ur between the 
two localiti es is gradual. Fari ba ul t (op . cit.) descri bed a transition p ase of mottl ed 
red and dark grey slates between these two loca li ties, in which the red colour is 
confined mos tl y to Jines of cleavage and joints. Bell ( 1929, p. 28) described 
greenish and pu rpl ish sla tes grad ing in to dark grey sla tes in Dunca nson B rook, 
and noted that the sla te fr agments in basa l H orton beds are '·domin antl y made up 
of these greenish and purplish slates, which sugges ts t at the lighte r colours may 
be expla ined by p re-H orton oxida tio n and wea thering" . 

Such changes in colour h ave caused some doubt tha t the alifax and the 
White Rock Form ations are co nfo rma ble. H owever, the confo rm able H alifax
White R ock co ntact is well exposed a t the power dam on Gasperea u Rive r, so 
there can be li ttle doub t that these va ri a tions in cola r a re, in part at least, of 
seconda ry o ri gin . 

The base o f the H ali fax Form at ion may be, as Fa ri ba ult desc ribed ( 1909), 
nea r the cres t of th e anticline era sing the upper pa rt of Black Ri ve r. The sequence 
becomes progressively more siliceous towards the crest of the anticline, and 
Fa ribault identified those siliceous beds ex posed fo r a width of a qu a rter of a 
mile along the crest as pa rt of the underlying Goldenvill e Form ation. H e described 
the contact between the Goldenvill e and H ali fax as con fo rm able. So me uncer
tainty still exists, howeve r, as to whether o r not th es siliceou s beds are pa rt of 
the Goldenvill e F orm ati on. 

Origin and A ge 

The graptolitic Dictyonema websteri was first found a bout the middle o f 
the nineteenth century ( see p. 3) . Subsequent di scove ries h av been made, 
and in 1906 F letcher sta ted " Dictyonema has been found in nea rl y all the brooks 
from H a rding (Angus ) brook bel ow G aspereau village to Sharpe brook south 
of Cambridge sta tion".1 

1 Cambridge is about 4 mi les west of K entv ille. 
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It was not, however, until Fa ribault ( 1909 ) worked out the structure of 
the district that the stratigraphic positions of the Dictyonema-bearin g slates be
came evident. On the basis of hi s report, these slates can be placed abo ut 6,700 
to 7,700 feet stratigraphicall y beloll' the White R ock Formatio n. Faribault's 
observations were evidently overlooked by hi s successors, for the slates under
lying the White R ock Fo rm at ion have been repeatedly referred to as of Pre
cambrian age. 

Fossi l localities mentioned by Fletcher (1906) were visited by the writer 
during the field season of l 950. Specimens of Dictyonema were fou nd at two 
of them , Harding (Angus) and Du ncanson Brooks. To prove that the Dic1yo-
11e111a-beari ng slates were strati gra phically beloll' the White Rock Formation and 
consequently in the Halifa x Formation, the writer examined the Black River 
sect ion for places where the cleavage and bedd ing of dark grey slates are almost 
para llel, for only in such places are the graptolites likely to be preserved. Such 
a p lace was found in the by-pass on the upst ream , west, side of the Lumsden 
power dam , and there , in less than an hour, specimens of Dictyonema were fo und. 
The slates a t thi s locality are about 7,750 feet stratigraphically below the Whi te 
Rock Form at ion. 

A second new grapto lite(?) locality was fou nd on the west side of the 
Kentvi ll e-New Ca naan highwa y, just south of a thick diorite dyke l 1 miles south 
from Kentville. The slates there are abo ut 2,800 feet stra ti gra phically below the 
White Rock Formation . Fossils from his locality can not be generically identified . 

As a result of these fossil di scoveries, gra ptolite foss il s are now known to 
occur in sla tes of the H ali fax Formation a t horizons ra ngi ng from 2,800 to 7,750 
feet st rat igrap hically below the Whi te Rock Formatio n. The slates in wh ich the 
graptoli tes are fo und are of various colours. O n Harding Brook, they are fawn , 
red, grey, purple, and green ; on Duncanson Brook, dark grey; on Black River, 
dark grey to black; and on the New Ca naan-Kentvill e highway, light greenish 
grey. 

Fossils co ll ected by the writer at the followi ng three localities were identified 
as Dirtyo11ema sp., probabl y D. ll'ebsteri D awso n, by Dr. Alice E. W ilson of the 
Geologica l Survey of Canada: 

( 1) Harding Brook, 85 feet upstream from the Ha li fax-Horton contact ; 

(2) Duncanson Brook, just below the wa ter reservoir dam; 

(3) Black River, in the by-pass on the upstream, west, side of Lumsden 
power dam. 

These specimen s were re-identified in ] 955 as Dictyonema flabellifo rme (Eich
wald) sens11 lato by Dr. D. E. Thomas, C hief Government Geologist for Victoria, 
A ustrali a. Dr. Thomas placed these foss il s stratigrapbica ll y at the base of the 
Ordovician system. 

In 1960 the Geological Survey graptolite collections from the above localities, 
together with three specimens of Dictyonema ll'ehsteri Dawson from the Redpath 
Museum, McGill U ni versity, Montreal, were sent fo r fur ther exami nation to 
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Professor 0 . M. B. Bulman of the University of Cam ridge, England. The type 
specimens of Dictyonema websteri cannot be located, but the three specimens 
from the Redpath Museum were collected at the type locality of the species, 
near New Canaan. Professor Bulman verified that the Geological Survey specimens 
were Dictyonema websteri, but added the following comment: 

Preservation of the Dictyonema specimens is poor, and unfortunately there is 
no proximal end visible on any of them; but they very closely resemble D. flabelliforme 
sensu Lato and I am inclined to su pport Dr. Thomas in identifying them a5 this species, 
with the implication that the strata involved are of Lower Tremadoc age. 

Of the D. websteri specimens from the Redpath Museum , Professor Bulman 
reported: 

These are considerably better preserved, and seve ra l proxim al ends are visible. It 
can now be asserted that the rhabdosome is undoubtedly siculate . ln general form, 
dimensions and spacing of the st ipes, and number of thecae, the materia l is not unlike 
D . flabellifonne, but the dissepiments appear to be rather stouter and less frequently 
spaced. Furthermore, in this mate ri al, the initial branch ing of the rhabdoso me seems 
to be more rapid and th e rh abdosome appears to develop from more than three initial 
branches. Four initial branches are believed to occur in D. flabellifom1e parabola, but 
the New Ca naa n mate rial docs not resemble that var iety in o ther respects. 1 confirm my 
previous identification of it as D . flabellifor111e sensu /ato. 

Professor Bulman examined the specimens collected from the west side of the 
New Canaan-Kentvil lc highway, J :l mi les south from Kcntvillc, and concluded 
that the fossil form was probably fucoidal , with nothing indubitably graptolitic 
about it. These fossils are not associated with Dictyonema. 

On the strength of the fossil determinations, the Halifax Formation is now 
regarded as of Early Ordovician age. I 

The above fossils indicate that most, if not all, of the Halifax Formation 
was deposited under marine conditions. Dictyonema forms probably Jed a pseudo
planktonic mode of existence attached to floating objects such as seaweed. The 
fossil evidence, together with the common cross-lamination of beds, the thick
ness and uniformity of the formation, and the elastic nature of the slates and silt
stones, lead to the conclusion that the Halifax Formation was deposited in fairly 
shallow and commonly muddy water in a marine, geosynclinal basin. The alter
nating layers of fine and coarse material may have been due to seasonal deposition. 

Silurian or Older 

White Rock Formation 

The name 'Whiterock quartzite' was used by Faribault (1909) for the quartz
ite rocks immediately above the Halifax Formation in the Gaspereau map-area . 
The writer has changed this to White Rock Formation. because the village from 
which this rock-unit derives its name is White Rock Mills rather than Whiterock, 

1 Subsequent field work to the southwest has substantiated this age assignment (Smithcringale, 
W. G., 1960, Nictaux-Torbrook Map-area, Annapolis and .Kings Cnunties, ova Scotia: Geol. Surv., 
Canada, Paper 60-13) . (Ed.) 
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and the unit commonly includes more slate than quartzite. White R ock Mills 
was named fo r the quartzite upon which it was built. 

Distribution and Thickness 

The White Rock Formation outlines two con nected synclines of you nger 
rocks overlying the Ha li fax Form ation in the south west part of the map-area. 
The formation was easi ly traced throughout most of its mapped extent. Jn two 
places, however, its presence on the geological map is entirely interpretive, as 
the for mation is not exposed . T he first of these is 2 miles south west of the Black 
River-Gasperea u River juncti o n. The form ati on thins to the southwest as it 
approaches this loca lity, and is presumed to cont in ue thinning until cut off by the 
grani te batholith . The rugged to pogra phy and dense vegetation of the yo uthful 
va ll ey of Gaspereau River have so far prevented tracing the fo rmati on to the 
granite contact. T he second place where the fo rm ation has not been traced is along 
the north limb of the northern syncline east of the Deep H ollow road. The forma
tion is ass umed to continue from Deep H o llow road no rtheaste rl y under over
burden and to pass benea th Annapoli s strata, thus matching the south limb of thi s 
syncline, which has been traced beneath the Annapolis strata. 

The writer traced the White Rock Formation beyond the weste rn border of 
the Wolfville map-area. Both quartzite beds in the format io n were observed at 
a loca lity 3 miles southwest of New Canaan, about I ,OOO feet west of the 
Kentville- ew Ross highway. There the fo rm at ion is about 180 feet thi ck; the upper 
quartzite bed is abo ut 30 feet thick, the lower, abo ut 15 feet. 

Known thicknesses of the forma tion vary within the map-area from about 
lOO feet to more than 450 feet. It probably nowhere exceeds 600 feet, although 
this th ickness may be closely approximated east of Deep Hollow road . Sections 
suitable for measurements of thickness are not numerous and may be summ arized 
as follows: 

( I) in the ditches along the Kentville- New Canaa n road . 
(2) a long the road trending sou thcastcrly from New Min as .. 
(3) on the cast side of Deep H o11ow road, 700 feet from the road . 
(4) at the Gaspereau River dam, 4,500 feet downstrea m from the 

junction of Black and Gaspereau Ri vers .. 
(5) at the lower power sta tion on Black River, just upstream 

from Gaspcrcau River .... 

Upper 
bed 

75 
92 

Thickness (feet) 

Lower J Whole 
bed formation 

14 
33 
87 

83 

45 

107 
345 

The formation is approxim ately 500 feet thick, 2 ,000 feet southwest of the 
third locality. It is about 200 feet thick, 6,000 feet southwest of the junction of 
Black and Gaspereau Rivers, but in a small stream 5,000 feet fa rther southwest, 
only one 15-foo t bed of quartzite is exposed , and no outcrops of the formation 
were recogn ized fart her to the south west. 
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Lithology 

The White R ock Formation consists of two mass ive quartzite beds separated 
by slate; the slate common ly is thicker than the quartzite. The lower qu artzite 
bed is thinner than the upper, at least in those sect ions where both beds are 
exposed. Locally, thin beds of slate occur in the qu artzite. 

The slate is lithologically indistinguishable from that of the H ali fax Form a
tion. The quartzite is white, pale yellow to pale brown, or pinkish, well indurated, 
even and medium grained, and very tough. 

In thin section, the quartzite is seen to be an even- and medium-grained 
mosaic of quartz, with little scricitc and even less hematite in the matrix. Minor 
chert grains were noted in a fe w thin section s. Most f the rock is pure, but it 
becomes dark grey and more seri citic at the slate-qu artzite contacts . It is most 
highly metamorphosed at White Rock Mills, where it is more closely folded than 
elsewhere. There, quartzite specimens obtai ned fro1 small, close fo lds a re 
composed of elonga ted and aligned quartz gra ins, with small amounts of sericite 
and rn ylonitized quartz in the matrix . Specimens from several locali ties, partic
ularly those from outcrops on the slightl y travelled road trending southeasterly 
from ew Min as, contai n quartz grains showing authigenic overgrowths. The 
origin al, well-rounded outlines of such quartz grains a re preserved by minute, 
dark particles that were on the origin al grain surface~ before formation of the 
overgrowths. Quartzite of the White Rock Formation differs from siliceous beds 
in the underlying sequence by its lack of feld spar and the small amou nt of sericite 
matrix. 

Structural R elations 

Current ripple-marks were noted in quartzite exposed on the east side of 
Deep Hollow road 5,000 feet north of White Rock Mills . Similar structures were 
noted in quartzite exposed in the small north-flowing brook 4,000 feet east of 
Deep Hollow road . 

The conformable Halifax-White Rock contact is best exposed on the south 
side of Gaspereau River dam. T here, two thin beds of slate occur within the 
lower quartzite, near the base, and the quartzite at the contact is darker in colour 
than norm al. The sequence is as foll ows, from the top d wnward: 

Descriptio n 

White R ock Formation 
Slate, predominantly dark grey .. 
Quartzite. pale yellow to pa le brown ... 
Slate, varicoloured .. 
Quartzite, light grey .. . 
Slate, varicoloured .... . . 
Quartzite, grey .... 

Halifax Forma tion 
Slate, va rico lo ured ..... . 

57670-2- 3) 

Thickness 
(feet) 

(not measured) 
68 
4 
4 
2 .5 

. ............ ...... 4 

...... \ (not measured ) 
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The conformable contact between the lower qu artzite bed and overlying 
White R ock slates is well exposed on the east side of Deep Hollow road 5,000 feet 
north of White R ock Mills. The quartzite has an interbedded thin laye r of slate, 
2 to 3 feet thick near the contact, a nd is much darker there-as at its lower 
contact- than in the middle of the bed . The overlying slates are dark grey and 
do not ex hi bi t colour ba nding, but differential weathering has exposed the 
bedding. 

No good exposure of the contact between the upper qu artzite bed and the 
ove rl ying slates of the Kentvill e Fo rm ation was fou nd , but the overlying slates 
a re be lieved to be structurally conformable to the White Rock Formation , as 
sta ted by Fa ribault ( J 909). 

Origin and Age 

The current ripp le-mar king, the we ll -rounded shape and well-sorted nat ure 
of quartz grains in the quartzite where overgrowths are discernible, the presence 
of slate litho logica ll y indi stingui shab le from the underlying marine slates, and the 
conformable relationship to underl ying marine stra ta lead to the conclusion that 
the White R ock Fo rm ation was laid down under marine conditions in fairly 
shall ow water. During deposition of the quartzite beds some sorting action was 
operative that reduced the amount of fine or angular material. T he quartzite beds 
are probably not continuous over a large a rea as is indicated by the southwesterly 
thinning. T hey were probably deposited on a shelf over which the water was 
shallowest during times of quartz sand fo rm ation, giving rise to better sorting 
than in deeper water where muds a nd silts were depositing. Each quartz sand 
bed was probably deposited nea rer a shore to the east than we re the fi ner sedi
ments of the formation , and current action probably played an important role 
in distributing these coarser cla ties. 

No fossi ls have been reported from the form ation and none was fo und by 
the wri ter. The formation is of Ordovician or Silurian age, inasmuch as under
lying Halifax slates are Ordovicia n and strat igraphi ca ll y higher New Canaan 
beds are Silurian . 

Kentville Formation 

The name Kentville was proposed by Ami (1900) for Silurian rocks near 
that town. His desc ripti on left much to be desi red, for if interpreted lite rally, it 
meant that the Kentville Formation included all pre-Carboniferous sedimentary 
rocks in the region aro und Min as Basin. 

Since Am i's report, deta il ed field work has led to the recognition of the 
Hali fax slates and the White R ock qu a rtzite. Fa ribault ( 1909) was the fi rst to 
rea lize th at the Dictyonenw-bearin g slates th at Ami h ad included in his Kent
vi ll e Fo rm ation are within the H alifax Formation , stra tigra phica ll y below the 
White R ock Formation. Geologists who followed Faribault in the Wolfville 
district inco rrectl y ass igned Dictyonema-bearing slates to the Kentvill e Formation 
on the assumption that the slates stra tigra phically below the White R ock quartz
ite were H alifax, unfossiliferous, and belonged in the Precambrian. 
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Despite the a mbiguity and vagueness of Ami 's o rigin al description of the 
Kentvi ll e Formation , the na me has been used repeatedly by succeeding writers in 
numerou s geo logical reports and maps including many published by the Geological 
Survey of Canada, and its usage has made it practically synon ymo us with slates 
near Kentville. Jt is therefo re considered in advisa ble to di scard the name, b ut the 
fo rm ation is here redefined. 

Distribution and Thickness 

The Kentville Formation is exposed onl y in the south west qu arter of the 
map-area, from 21 to S miles south of Kentville, and Jies within th e outcrop 
area of the White R ock Formation. On the sou th west it is cut off by gran ite and 
covered by the New Canaa n Formation. The formatio n is abo ut 1,600 feet thick . 

L ithology 

The interbedded sla te and minor siltstone are lith ologically indi s
tinguishable from those of the H alifax Formation . The slates va ry in colour and 
are characte ri zed by prominent banding except where dark grey o r black. Silt
sto nes are grey, tough, and fine gra ined, similar to those strat igraphically above 
the "whin rock" on Black Ri ver. Deta il ed descriptio s of H alifax rocks apply 
equall y well to Kentvi ll e rocks. 

Structural R elations 

Structural features of Kentville rocks are simil ar to those of H ali fax rocks . 
The Kentville Formation lies appa rentl y conformably upo n the White R ock 

Formation. The writer found no loca lity where the White Rock-Kentville contact 
was exposed for more than a few fee t, and its nature was not definitel y establi shed. 
The Kentv ilJe is conformably ove rl ain by the New Canaan Formation. 

Origin and Age 

The simil a rity betwee n KentvilJe and 1-lalifax rocks leads to the conclusion 
that both formation were depos ited unde r simil ar co dition s, that is, in fairly 
sha ll ow water, in a marine, geosynclinal bas in. 

No fossi ls have been found in Kentvill e slates. H owever, if localities could 
be fo und in these slates whe re the bedding and cleav ge are parallel , or nearly 
so, intensive splitting of the rocks might yield specimen of grap to lites. 

The formation is pro bably of Silurian age, in asmuch as immediately overlying 
conformable New Ca naan beds are apparently Si lurian .' 

Silurian 

New Ca naan Formation 

The name New Ca naan is proposed by the w riter fo r a formation of marine 
sedimentary breccia contai ning fragments predomin an tl y of volcanic origin , and 

1 Silur ian grapto li tes have since been reported fro m K entville slates to the south west (Sm ither
ingale, W. G. N ictau x-Torbrook Map-a rea, Annapo lis and Kin gs Count ies, Nova Scotia; Geol. Surv. , 
Canada , Paper 60-13). (Ed.) 
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minor da rk grey siltstone, slate, and possibly lava , conformably overlying sla te 
of the Kentville Form ation in the New Canaan district. The top of the formation 
is not exposed within the map-a rea. 

Distribution and Thickness 

New Canaan rocks form two connected southwest-pitching synclines extend
ing from a mile northcast of New Canaan southweste rl y beyond the west border 
of the map-a rea. The formation is cut off in the southwest corner of the map-area 
by gra nite o f South M ountain . The synclines arc abo ut 1 t miles wide at the 
west bo rder of the map-a rea. The thickness of the format ion probably exceed 
1,000 feet. 

Lithology 

New Canaan rocks are predo min antl y breccias composed of volcanic dctritu 
with associated beds of siltstone , sla te, and p robab ly limesto ne. The fragments 
included in the breccias may be subdi vided into: ( l ) lava with abundant amyg
dules , u sua lly ca lc ite, less commonly of qu a rtz or chalcedony (see Pl. VTU); and 
(2) dense, in part lava and in pa rt very fine gra ined sedimentary rock o r tuff 
( see Pl. IX). The tuff co mmonl y resembl es chert . Exposu res as a rule have either 
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Plate VIII. Morin e breccio of th e New Canaan Formation, containing omygdoloidol 
fragment s elongated parallel to the foliation . New Canaan, 7 ,000 feet south 
and slightly east of the school house. 
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one or the othe r of these types of fr agments, ra re ly both . They a re rounded to 
angula r, mostl y subangul a r, a nd a lth ough the amygdalo idal fragments are c om
monl y elonga ted pa ra ll el to the no rtheast-trending fo lia ti on, those tha t are fi ne 
grained rare ly exhibit much di sto rti on. F rag ments are conspicuous on the weathered 
surface of exposures beca use of the ir lighter co lour against the da rk matrix . The 
matrix is calca reous, d a rk grey, a nd ex hibits a fo li at ion that is ra rely as well de
veloped as th a t of sla te beds. Jn pl aces, a med ium to coa rsely crys talline m atrix 
of ca lcite compri sing about 50 per cent of the rock was noted. 

DGC 7 - 7 - 50 

Plate IX. Marine breccia of the New Canaan Formation, containin g dense fragments. 
Q uartz vein/e t on right of hammer. Ne w Canaan, 5,000 feet northwest of the 
school house. 

ln thin secti on, a ll a mygdalo ida l a nd some fi ne-g ra ined frag ments are see to 

co nta in innum erable small felds pa r lat hs th at impart a fe lt-li ke ap pea rance charac
teristi c of lavas of an inte rmedi ate composition. ]rregul ar masses of ch lorite and 
actinoli te, appa rentl y replacemen ts of fe rro magnes ian m inera ls, and innumerable 
blebs of opaque ox ides a re a lso present. T hus, a lthough the fragme nts are now 
a lte red and fe ldspa rs are a lbitic in compos ition, they we re undoubted ly derived 
from vo lcanic roc ks of an inte rmedi ate, pe rhaps andes itic, compos ition . 

1 n thin secti on, mos t of the fin e-gra ined frag ments appear to be very fi ne 
grained sedimentary rocks , pe rhaps of pyrocl as ti c o ri gin . T he ir mat ri x comm :rnl y 

27 



Wolfville Map-Area , Nova Scotia 

contai ns small alte red rock fragments, appa rentl y of vo lcanic on gm, in part at 
least. In some specimens the matri x is a lm os t ent ire ly composed of crys talline 
calcite . 

A smaller part of the New Canaan Formation consists of siltstone and slate. 
The fo rmer is a ve ry fi ne grai ned , da rk grey rock exhibiting poorl y developed 
foli at ion. As seen in thin sect ion , it is composed of qu a rtz and sericite with sma ll 
amounts of biotitc and ch lo ritc. The slate is da rk grey and sc riciti c. 

Only one outcrop that may be pa rt of a flow was noted in the Formation . This 
was a small exposure of green stone cut by na rro w veinlets of chrysot il e o n th •.'! 
west side of the road running southwesterl y past the ew Canaa n school. 

Rocks of thi s form atio n have undergone the sa me low-grade meta mo rphism 
as the unde rl ying Halifax, W hite R ock, and Kcntvillc Formati ons, and have devel 
oped a fo li a ti o n parallel with tha t of the unde rl ying strata. 

Structural Relations 

There a re no good sectio ns of the New Ca naa n Form atio n in the Wolfville 
map-area from which an accura te st ra ti graphic sequence ca n be establi shed. Field 
work to the west may reveal such in fo rm ation. 

Bedding is common ly discernible as slaty bands nea r the base of the sequence, 
but att itude dcte rmi natio ns a re di fficu It to obta in in the ove r! yi ng coarser gra i ncd 
beds . 

The New Ca naa n Fo rm ation is structurall y conformab le with the unde rlying 
Kcntville. That it is a lso stratigraphica ll y conformable is indi cated by the inc rease 
in amount of slate in the lower part of the fo rm a ti on downwa rds to the cont~1ct 

with the Kentvill c Formation. 

Origin and Age 

Fossils found in New Ca naa n beds di sclose much informa ti on about the con
dit io ns unde r which the rocks were depos ited . The fo llowing identificat io ns were 
made by A . E. Wil son, Geologica l Survey of Canada : 

Loca lity 

4,800 feet s lightly east of south from the 
ew Ca naa n sc hool, 400 feet nort heast 

fro m the sma ll br id ge over th e hea dwaters 
of Moore Brook . o n the nor theast side of 
the driveway leadi ng to Mr. Tetzl aff' s 
farmhouse. 

3,300 feet no rth west from th e above loca lit y, 
50 feet cast fro m the bridge ove r Moore 
Brook that is on the highwa y runnin g 
sou thwes terl y past New Ca naan school. 

Fossils 

Crinoid stems ; pent amerid brachiopod ap
parently of Co11chidi11111-ty pe ; brach iopod 
fragment; tabu late coral. too worn to 
show pores if present; severa l other ob
scure fragment.. 

C rinoid ; terns: pentamerid b rachiopod ap
pa rentl y of Co11chidi11111-type. 

These fossi ls a re ev idence th at cw Ca naa n stra ta were depos ited in marine, 
fa irly sha ll ow, warm water. The rock at the first loca lity is brcccia with dense frag
ments, th at at the second locality is dark grey slate. The co ra l may h ave been 
ca rri ed by currents into thi s area of depos itio n from far the r off sho re. 
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Future work to the wes t of the map-a rea will probably establi sh what can 
now o nl y be postulated , na mely, th at the sequence of New Canaan rocks in the 
W olfv ill e map-a rea grades southwesterly into marine limestone and lava fl ows. 
Present evidence strongl y sugges ts th at the source of the volca nic ma teria l in l ew 
Canaa n brecc ias was to the southwcst, and the frag menta l nature of the rocks 
probably refl ects sha ll ow-wate r, nea r-shore depos iti on in a sea th at deepe ned in 
that direction. 

The foss il s recove red from the New Canaan Formation are badly deformed, 
but the presence of brachio pods apparently o f Conchidium-typc wo uld indicate 
a Silu ri an age . 

The above foss il s a re simila r in type and age to those reported by Dawson 
( 189 1. p. 57 I ) from limestones in the gene ra l vicinit of cw Canaa n, and the 
co nta in ing beds we re considered by Ha ll as equi va lents of the N iagara Formation 
of cw York State. The New Ca naa n Formation is, the refore, regarded as a 
marine seq uence of Silurian , probably N iaga ran , age. 

D evonian 

Granite 

G ranite outc rops over la rge a reas in the upla nd region of south and central 
Nova Sco ti a , and the gra nite ba tholith that projects into the map-area is by far 
the largest in the province. The youngest rocks intruded by it a re Ea rly D evo ni a n ; 
the o ldest rocks overlyi ng it are of Ea rl y Miss issippian age. 

Distribution 

Gran ite occupies a small tri angul ar a rea of one q uarte r square mile in the 
so uth west co rne r o f the map-area. The batho lith of which it is a part ex tends 
so utheaste rl y for 60 miles to the Atlantic coast in Lunenburg and Halifax cou nties, 
and southwesterly for 94 miles into Y armouth and She lburne counties. 

Lithology 

The granite is po rphyritic , with la rge euhedral to subhedra l phenocrysts of 
wh ite to salmo n-red potash fe ldspa r, ave ragin g between 2.5 and 5 cm long, in 
a coarse-grai ned ma tri x of qu a rtz, potash feldspar, pl agioclase, and biotite crysta ls, 
ave raging about 0.5 cm in di amete r. Th e rock has a reddish o r whiti sh appeara nce 
depending upo n the colour of the potas h feld spa r. T e potash fe ldspar pheno
c rysts show exce ll ent contact Ca rl sbad twinning. 

In thin section, the matrix is seen to be a hypidio morphic agg rega te of qu a rtz, 
potas h fe ldspa r, o li goclase , and bio tite. A few ga rnet crysta ls a re locally present. 
Potash feldsp a r c rysta ls in the groundmass h ave a poikilitic tex ture as a result of 
inclusions of plagioclasc and bi o tite. Oligoclasc c rystal exhibit contact Carl sbad 
twinni ng as we ll as a lbite twinning. The mine ral comp siti on of the grani te varies 
from pl ace to pl ace, but is approx im ate ly potas h fe ldspar ( 45 % ) . q ua rtz (20 % ), 
o li goclase ( 20 %), and biotitc ( JS% ). 
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Structural R elations 

The contact between the granite and surrounding rocks is covered , in the 
map-area, with glacial drift and swamps. Just south of the area, however, along 
Gaspereau Rive r, steep cliffs of granite partly hidden by dense evergreen growth 
a nd slumped overburden give way northerly to similar cliffs of slate. Even here 
the exact contact is difficult to recognize because the slates a re meta mo rphosed to 
siliceous gne isses and a rc cut by innumerable, irregular, granitic dykes. 

Contact M etamorphism 

Fo r abo ut 3,000 feet downstream from the contact on Gaspereau River, the 

slates show contact m etamorphi c effects a nd contain irregular apophyses of the 
gra nitic batho lith . However, simil ar effects and apophyses a rc not present in slates 

to the west that are onl y half thi s d ista nce ( ho ri zontall y) from the contact. The 
grea ter width of the contact-metamorphosed zone a long Gaspereau River may 

indicate ( I ) a c loser pos iti on to the top of the gra ni tic batholith because of the 
250-to-300-foot yo uthful river vall ey in wh ich the contact is exposed, o r (2) the 
top of the batholith may dip north wa rd more gentl y near the ri ver va ll ey th an 
farther west, so that the top is nea rer the surface. 

At a nd nea r the contact, the slates a re metamorphosed to si li ceous gnei ss , 
a ba nded rock with laminae ave raging about 0 . 1 inch th ick but varying in thickness 
from severa l times the average to a fr act ion o r it. Dark grey, med ium-grai ned layers 
con taining ab undant mica a lternate with li ght g rey, fi ne-grained, more siliceous 
layers. In thin section , the dark grey laye rs are seen to be medium grained and 

consist of subhedral to anhed ra l mu scovite and biotitc ftakes with subord in ate 
anhedral qu artz and a lbile . P o ikilitic , subhcdra l to anhcdra l a ndal usitc crysta ls 

arc common. The li ght grey layers are composed of a mosaic of fin e-gra ined 
quartz and a lbite. predominantly the former , with minor amounts of anhedral 
biotite and muscovite. The mica in the gne iss is commo nl y chlo riti zed in part. 
The apparent lack of disturbance of the at titudes of the meta morphosed slates at 
and nea r the contact was noted long ago by Dawso n ( I c 9 1, p. 50 I ) and Bailey 

( 1898, pp. J05, 107, 123 ) . 

Origin and A ge 

The manner in which gr:rn itc cuts off close ly fo lded Ea rly D evoni an rocks 

south wcst of the map-area and Silurian a nd Ordovici an rocks within the map-area 

wi tho ut appa rentl y di sturi)ing their a ttitudes sugges ts th at the gra nite was intruded 

quietl y, probab ly after most of the post-Ea rl y Devoni an, pre-Early Mississippian 

folding took place. 

Earl y D evoni a n rocks in several structural basin s a long the north border of 

the batholith , west of th e m ap-area, in Kings, Annapoli s, and Digby counties, are 

intruded by the batholith. The nearest of these basins is about 25 miles south west of 

Kentville. The granite is overla in by sedimenta ry rocks of the Lower Mi ss issippian 
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H orton Group south and west of Windsor. F rom fi e ld re lati onships, therefore, a 
D evoni an age is well es tablished for the graniti c ba tholith .1 

Mississippian 

Horton Group 

The H orton Group is a success ion of grey and red shales, sandstone, grit, 
and mino r conglo mera te . lt is separated fro m older rocks by an angul a r un
conformity, and is conformabl y overlain by the lowest stra ta of the Windsor 
Gro up . 

Bell (1 929, pp. 30-45 ) divided the Horto n Group into two form ation s: 
the lower, the H orton Bluff Formatio n; and the upper, the Cheve rie F ormation . 
H e estim ated the H o rton Bluff Form ation to be from J ,OOO to 3,400 feet thi ck 
and the Cheve rie F orm ation at least 600 feet thi ck. The write r was not abl e to 
use these fo rmatio ns as map-units, du e prim a ril y to the sca rcity of o utcrops and 
ma rke r horizons. 

Distribution 

H o rto n strata outc rop over the eastern and cent ra l pa rts of the map-a rea, 
west of a line running south weste rl y from Walton to H ants port and continuing 
south wes te rl y a long the southeastern foot of Grey M o nta in. A n o utlier of Wind
so r strata, ex tending fro m Bra mber to Kempt Sho re, ove rlies H o rton strata in 
the Cheverie di strict. The wes te rn limi t of Ho rto n r cks is a long the northeast 
fl anks o f South M ounta in and Wo lfville Ridge. An i li e r of olde r rocks is ex
posed a long the c rest of Grey Mo unta in. T o the north , H o rton rocks pass un der 
stra ta of th e A nn apoli s Form ation nea r the sho re of M in as Bas in . 

Lithology 

T he lower one third to o ne half of the H o rto n G ro up consists of in te rbedded 
light grey to reddi sh fe ldspathi c qu artz conglomerate, grit , and sa ndstone inter
bedded with lesser amounts o f grey to da rk grey siltsto ne and shale, and minor 
red shale. The conglomerate co mprises rounded pebbles-vein qu a rtz, qu artzite, 
and dark slate-in a matri x composed predominantl y o f angul a r qu a rtz gra ins. 
The grits and sa ndstone a re simil a r but for the absence o f wate r-wo rn pebbles. 
These coa rse rocks are commo nl y sili cified to qua rtzit s. The sa ndston e is com
monl y crossbedded . The fin e-grain ed rocks (s iltstone and shale) a re notab le for 
the deve lopment o f se ri cite o n bedding pl anes, current rippl e-m arking, cross
bedding, and the thinness o f beds-less than 2 inches on the average . This pa rt 
of the H o rton Group is we ll ex posed o n H a rding and Dunca nson Brooks, which 
join G as pe reau River at M ela nson, 2 miles southeas t of Wolfville . 

The middle o ne qu arter to one third of the group consists predomin antly of 
da rk grey, commo nl y slaty, shale. Fl a t, nodul a r masses of iron sulphide are fo und 

1 Since thi s ma nuscrip t was submi tted , severa l speci mens from thi s grani te batholi th with in 30 
m il es of the Wolfv ill e ma p-a rea have been dated iso topica ll y at the M as;achusetts Inst itute of Tech
nology and the Geologica l Su rvey of Canada. The potassi um-argon ages th ey have yielded ra nge be
tween 350-370 m.y. (Ed.) 
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a lo ng beddi ng pl a nes; ca lca reous conc reti o ns, usuall y restricted to soft, cal
ca reous beds, arc nume ro us. Much o f the sha le is a renaceous a nd a n in crease in 
s ilica content g ives ri se to siltsto ne, littl e different in a ppearance from th e shale. 
Thin , lenticu la r beds of ca lca reous s iltsto ne and sandsto ne, averag ing less tha n 6 
inches thick , a re interbedded with the shales. The ca lca reous beds are com posed 
of subro unded to a ngul ar ( predo minantl y the la tter ) qu a rtz grain s in a matri x 
of fine ca lc ite. They are conspi c uo us in o utcrops because of their li ghte r colour 
a nd because they stand o ut above the enc los ing sha le o n th e weathe red surface. 
A few thin beds of medium-gra ined o rthoq ua rtzite we re noted . Thi s part of the 
Horton G ro up is we ll exposed in sea-cli ffs at Horto n Blu ff, o n the west sho re of 
Avon River ( Pl. X). 

DGC 11 - 4- 50 

Plate X. Da rk g rey shale a nd thin beds of calcareous siltstone in the Horton Group of 
Horton Bluff. Note lenticular nature of strata. Ha mmer near the base of the cliff 
gives scale. 

The upper o ne fifth to o ne third of th e gro up consists predominantly of 
brown to red sha les, a rkose gr it , a nd grey sa ndstone. Grey a rkose grit with sub
ordin a te brown to red sha le a nd a rkose in the lower ha lf of thi s part of the 
Ho rto n, gives way to brown to red shale a nd mino r grey sha le a nd sa ndstone in 
the upper ha lf. The a rkose gr it is composed predomina ntl y of angu lar fr agments 
of quartz a nd pi nk potash fe ld spa r, bo th commo nl y more than ha lf a n in ch 

across. Pebbles are scatte red throughout the gr it , but a re of impo rtance o nl y in 
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conglo mera ti c le nses. They are rounded and in cl ude vein qu a rtz, quartzite, and 
s la te. The shales a re soft a nd common ly non- lam in ated , a nd their weathered 

surface is hackl y. The sa ndsto ne consists of subro unded to suba ngul a r g ra in s of 
qua rtz wit h subordinate a mounts of che rt , quartzi te, a nd s late fra g ments. It is 
ev ident that a uthige n ic overgrowths, noted on a few quartz gra ins, accou nt in 
large pa rt fo r the angul a rity of det rital grai ns as is shown by o riginal roun ded o ut
lines di sce rnible in some qu a rtz gra ins a nd by the ro unded o utlines of many rock 
fragments. Th e lower beds of thi s part of the Horto n Group are well exposed in 
sea-c liffs 2 mi les no rth wcst of Ha ntsport , o n the sho re o f Avon River ( Pl. XI). 
The upper beds are we ll exposed in sea-c liffs and a l on~ th e shore from Kempt 
Sho re northe rl y to the fa ult a t Jo hn son Cove, a mil e north o f C heve ri c. Some of 
the sea-cl iffs betwee n these points are of over lying Windsor s trata . 

/.JvC 9- 6- 50 

Plate XI. Upp er Horton shale channelled by overlying orkose grit, west shore of Avon 
River, 2,300 feet so utheost of Blue Beach. Homm er on shale near channell in g 
shows scale. 

S1mclura/ R elations 

C urre nt ripple-marki ng is a promine nt fea ture of the H o rto n rocks, whereas 
osci llation ripp le-marks a re rel a tive ly rare. Crossbeddin g is characteri stic, o n a 
minute sca le in fine beds a nd on a la rge r sca le in coa rse r beds. B e ll (1 929, pp. 
36, 42) recognized numerous poorly strat ifi ed a rgill -are naceo us depos its con
taining upright tree stems and rootlets as fo ss il so ils. Strata a re lenticul ar a nd ca n 
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be used as ho ri zon markers on ly fo r sho rt distances. They change in lithology 
along the strike and a re co mm onl y indistingui shable from others of different 
strat igraphic pos itions. Channelling ph enomena are particul a rl y well developed in 
the lower halt of' the upper part of the group ( Pl. Xl). Grit beds are channelled 
into underl yi ng shales and , to a lesser extent, vice versa. Ba lls and angul ar frag
ments of shale are included in arkose grit, a nd fragments of a rkose grit and 
arkose are iso lated in shale. 

The structure of the Horton Group is more complex to the northeast. On the 
west side of Avon Rive r, stra ta are gently fo lded , whereas to the northeast at 
Walton , st rata have been thrown into sha rp-a ngled recumbent fo lds (Pl. XH) 
and are displaced by innumerable fa ults. Jt is difficu lt to ascertain whether the 
faults are normal o r thru st in disp lacement because of th eir ill-defi ned nature and 
the simil arity of strata on either side. Drag-folds are useful a ids in some places. 

DGC 13-2-50 

Pla te XII. Close-up view of a tight fold in Horton beds near the Walton lighthouse. 

An angular unconfom1ity separates the Horton Group from older rocks. The 
basal bed of the group is a breccia composed of angul ar to subrouncled fragments 
of underl ying slaty rocks cemented with a rgillaceous material. Some fragments a re 
several inches long. The unconformity is best exposed on Harding Brook, 3 miles 
southeast of Wolfvi ll e, where the basal breccia is about 5 feet thick. 
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Origin and Age 

The lenticular nature of strata, current ripple-marking, crossbedding, chan
nelling phenomena, and other properties common to the Horton Group are 
characteristic of fluviatile deposits. 

Abundant plant remains , commonly in situ in fossil soil beds, and the unoxi
dized nature of the iron present in the lower part of the group indicate that these 
strata were not subjected to intensive, subaerial, oxidizing conditions. The above 
observations substanti ate the conclusion of Bell (1929, pp. 37-38) that the lower 
part of the group was formed a fluviatile deposits in a climate of abu nd ant rain
fall. The coarse, feldspathic nature of the lowest part is evidence of an intcr
montane environment of deposit ion . 

F ish remains and ostracod-bcaring, laminated shales in the middle part of 
the group indicate there was a subordin ate amount of deposition in bodies of 
water. Flood plains of rivers would supply the conditions necessary for formation 
of the fine-grained middle part of the group, that is, a fluviatile environment with 
temporary bodies of water. 

Excellentl y developed chan nelling phenomena in the lower half of the upper 
part of the group, together with the freshness of feldspar and biotite grains, and 
the coa rse nature of the rocks , indicate rapid deposition by torrential currents in 
an intermontane environment . The low carbon content and the oxidized condition 
of the iron in the shale and sa ndstone in the upper half of the upper part of the 
group indicate a greater amount of subaerial exposure under ox idizing conditions 
than that experienced by lower strata. The evidence leads to the conclusion that 
the climate became progressively more arid during deposition of the upper part of 
the group. 

Much of the materi al comprising the coarser beds of the group can be traced 
to older rocks to the south. In addition, current r ipple-marking and crossbedding 
throughout the group agree in indicating that the sediments were deposited by 
northeasterly flowing currents. 

Plant and fish remains and ostracod fossil prove that the Horton Group is 
of early Mississippian age. 

'Vindsor Group 

The Windsor Group , of late Mississippian age, is a succession of rela tively 
soft calcareous and arenaceous rocks with interbeds of ca lci um sulphate. In the 
northeast part of the map-area, Windsor rocks have been divided into three map
units ; elsewhere they are undivided. 

Macumber Formation 

Macumber is the nam e given by Weeks (1948 , p. 20) to the lowest forma
tion of the Windsor Group. lt conformably overlies the Horton Group, and is 
disconformably overlain by the Pembroke Formation. 
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Distribution and Thickness 

This formation was readily traced in the northeast quarter of the map-area ; 
it cou ld not, however , be traced on the west side of Avon River. The Jack of these 
basal Windsor beds to the south may be apparent rather than real. ln the sea
cli ffs and alo ng the shore between the wharf at Summerville and the mouth of 
Cogmagu n River, thinly bedded limestone strata similar to those of the Macumber 
Formation were obse rved underlying a thin limestone breccia bed that in turn 
underlies gypsum. T hi s sequence is similar to that of the thicker Macumber, 
Pembroke, and Windsor gypsum strata in the northeast quarter of the map-area , 
where each division is prominent and can be eas il y mapped. It is probable that 
the thinly bedded limestones are the Macumber Formation and that the limestone 
breccia represents the Pembroke Formation. If so, both formations decrease in 
thickness to the southwest. Jn the sea-cli ff on the south side of the mouth of Big 
Creek, 1,700 feet southeast from the Summerville wharf, these beds dip steeply 
to the northeast (i.e. shoreward ), and the Macumber is about J 2 feet thick, the 
limestone breccia about 2 feet thick . About 235 feet seaward from the cliff, be low 
high tide, 12 feet of thinl y bedded limestone occurs again, dipping teepl y north
east as in the sea-cliff. Shoreward, the limestone is overlain by 3 feet of limestone 
breccia , and the breccia is in tum overlain by gypsum. M any faults, apparently 
thrusts, cause repetition of beds along the shoreline to the south of this place. Jn 
summary, it is likely that the Macumber Formation, and the overlying Pembroke 
Formation, continue to the south , but their decrease in thickness, complexity of 
structure, and the genera l paucity of outc rops make recognition doubtful and 

mapping difficult. 

The known maximum thickness of the Macumber Formation in the map
area is about 25 feet at the Stephens manganese mine, wh ich is three quarters 
of a mile southwcst of Walton. 

Lithology 

The Macumber Formation is eas il y recognized in the northeast quarter o( 
the map-area as buIT to light grey, fine-grained , arenaceous, well-bedded limestone. 
Where the uppermost beds of the underl ying Horton Group happen to be thinly 
bedded , fine-grained grey sandstone, Horton and Macumber strata are very 
similar in appearance, but can be readily distinguished by testing with hydrochloric 

acid. 

Structural Relations 

The conformable Horton-Macumber contact is best exposed on the shore a 
mile north of Cheverie, on the north limb of the anticli ne at Johnson Cove. There, 
the followi ng seq uence, from top to bottom, is exposed: 
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Pembroke Fo rma tio n 
Limestone brcccia . 

Macumber Fo rmat io n 

Descriptio n 

Jo hnson Cove Fa ult Zone 

Limestone, light grey, fine , arenaceo us, thinly a nd we ll bedded 
Horton Group 

Sa ndstone, light grey a nd mott led maroon-grey. fi ne gra ined , s ligh tl y ca lcareous. 
we ll bed ded , beds I inch to 1.5 feet thick, thi nly bedded a t top . 

Sandstone, pink , mediu m gra ined, s light ly calcareous , thinly bedded , beds 
ave rage abou t I inch in thickness , crossbcdded , co nta ining pl an t remains 

Thickness 
(feet) 

24 

9. 2 

21 

Jl 
Argillites, e tc. .

1 

(not measured) 

Origin and Age 

T he conformity of the Horto n-M ac umber contact, the fact tha t underly ing 
Horton sa ndstones and sha le conta in abundant plant rema in s whereas overlying 
Windsor limestones abound in marine fo ss il s, and the well-bedded nature of the 
Macumber Format ion lead to the cone I us ion that Macumber st rata formed as 
ini tial lim estone deposits from a transg ressing Windsor sea . The sea adva nced 
over a Oat a llu via l pl ai n underlain by earli e r con tinenta l sed im ents so that n•.) 
conglomerate was fo rmed. 

Bell ( 1929, p. 46) previously referred to this rock unit as the lowermost 
member of subzo ne A of the W indsor Group. A lthough it is unfossiliferous in 
the Wolfville map-area, and in the Londonder ry and Bass R iver map-area to the 
northeast, the Macu mbe r Formatio n is both underlain and ove rlain by fo~silif

erous Miss iss ippi an strata . 

P e mbroke Forma tion 

Pembroke is the name given by Weeks ( 1948, p. 2 1) to a forma tion of reddish 
limestone-conglome rate and massive limesto ne, locally inte rbedded with reddish 
calcareo us sa ndstone and sha le, within the Wi ndsor Group. 

Distribution and Thick 11ess 

Th is fo rm ation has been readily distinguis hed onl _ in the northeast quarter 
of t he map-area. Lim estone beds tha t probably constitute the Macu mber and 
Pembroke Form atio ns a long the sho re south o f Summ e rvill e have been prev iously 
desc ribed (seep . 36). 

T he basal Windsor strata , part icul a rl y those of the Pembroke Formation , 
com monly form ridges. Where ex pos ures a re absent, sma ll s ink-ho les di stingui sh 
such ridges from those under lai n by H orto n sa ndstones and are helpful in locating 
the Horto n-Windso r contact. 

T he known max imum thi ck ness o f the Pembroke Formation in the map-a rea 
is abo ut 100 feet, which occurs in D.D . ho le No . 15 at the Walton mine , 21 miles 
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southwcst of Wa lton townsi te. This ho le included the uppe r contact of the fo rm a

tion. but d id no t go deep enough to include the base. The to ta l thi ckness of the 
formation the re has been calculated by Weeks ( 1948, p. 22) as I 15 feet , utilizing 
sections in three ad jacent ho les that did inc lude the base of the formation , and 
assuming that the beds dip 30 degrees. As the beds dip from 40 to 45 degrees, 100 
feet is rega rded as a more accura te figure for the thickness at thi s loca lity. 

Lithology 

T he basal part o f the P embroke F orm a tion is well exposed at the Stephens 
manga nese mine, 4,000 feet southwest of Wa lton, Hants county. There, reddish 
limestone-conglomerate, which wea the rs from red to buff, contains angular 
fragme nts of M acu mber limestone, and wa ter-wo rn pebbles and gra ins of vein 
quartz, grey qu a rtzite, granite, grey slate, red arenaceo us sha le, and sandstone. 
T he red shale and sandsto ne were probably derived from the H orto n Group, and 
the s late, quartzite, and vein qu a rtz fro m the low-rank metamo rphic rocks to the 
south . The granite ma y have o ri ginated in the south also . The ca lc ite matri x of 

the conglomerate is predomin antl y megascopica ll y c rys ta lline. 
The la rgest fragm e nts o f Macumber limestone in the Pembroke Formation 

arc fo und in the ex posure in the sea-c liff a mile south wcst o f C heve ri e, where 
angul ar frag me nts as much as I 0 feet across a rc cemented by limestone near the 
base of the Pembroke Formation. These fragm ents a ppear to be practically in silu. 
Stratigraphica lly upward from the base of the for mat ion , the fragments of Macum
ber limestone decrease to the s ize of pebbles. 

At the Walto n mine, the fo rm at ion is chiefly a re naceo us, red to brown lime
stonc-conglc merate, but it a lso incl udes some red to red-b rown, ca lcareous sand
sto ne and red shale whi ch is mo re plentiful the re than elsewhe re. Most of the 
shale is calcareous and the re a rc mino r amounts o f a re naceo us limes tone. 

Struclllral Relotions 

The Pem b roke Form ation is structu rall y conformable with the underlying 
M:icumbcr Format ion, but the ab undance of fr agments of the lat te r in basal 
P embroke beds ind icates a di sco nfor mab!e co ntact. These relationshi ps are well 
disp layed o n the shore a mile north of C hcvc ric, on the north limb of the anti

cl ine at Johnson Cove. The sequence at th at loca lity has bee n desc ribed (seep . 37 ). 
The Pembroke Formatio n is ove rl ai n appa re ntly confo rm ab ly by the lower

most o f the Windso r gypsum-anh yd rite beds . 

Origin and Age 

The la rge angular blocks of M ac umber limesto ne ceme nted by red crystalline 
limestone in the basa l pa rt o f the Pembroke Formation led Weeks ( 1948, p. 2 l) 
to conclude that violent and sho rt-lived forces , poss ibly occurring beneath the 
surface of the Pembroke sea, we re responsible for the brcccia. Older rocks , which 
a rc exposed eve n tod ay to the south , we re the probable source of the many 
ro unded rock fr agments in the formation. 
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Bell ( J 929, p . 46) previously included st rata of what is now ca lled the 
Pembroke Formation, and the overlying gyps um-anh ydr ite bed, in his subzone A 
of the Windsor Group. The format ion is unfoss ili ferous so far as k nown, but is 
underlain and over lain by foss ili fero us strata of Missis ippian age. 

Undivided Windsor Rocks 

Thi s sect ion deals with that part of the Windsor Group that could not be 
further subdivided for field mapping, and probably includes both Lower and 
Upper Windso r beds. T he strata comprise a seq uence f marine limestones inte r
bcddcd with shale, gyps um , anh ydrite, and sa lt. The lowermost of the gypsum
an hydrite beds is the basa l part of thi s subdivisio n, a d overlies the Pembroke 
Formation. T he uppermos t beds, the Kennetcook limestone, are overla in by the 
Scotch Vi ll age Form ation. 

Distribution and Thickness 

Except for a synclinal bas in of yo unger rocks in the Avon-Kennetcook Ri ver 
district, Wind so r strata occur throughout the a rea cast of a line running south
wcstc rly from Walton. These strata form part of a ba in th at extends for abo ut 
25 miles northcast of the map-a rea. An o ut li er of Upper Windso r strata occurs 
west o f thi s line, p rese rved as a northcast-t rcnding structural basin extend ing from 
Kempt Shore to Brambe r. 

The total th ickness of the Windso r Group in the Windsor district has been 
estimated by Bell ( 1929, p. 45) as not less th an 1,550 feet. Taking into account 
the m any covered or partly covered interva ls and the presence of rock salt in 
the subs urface, the th ickness of the undivided upper part of the Windsor is 
probably abo ut 2,000 feet. 

Lithology 

As exposed in the Wolfville map-area, strata of the Wind so r Group above 
the Pembroke Forma ti o n a rc soft, brick-red predominantly to green-grey shales, 
whi ch compri se over half the unit ; limestone, which is abo ut one quarte r; gypsum 
and anhydrite. which together a rc abo ut one fi fth; and minor ca lcareous sand
stone. The sha le is commonly calca reous , and much of it cou ld better be called 
mudstone. The limestone is genera ll y very fossi lifero us. Oolite beds, ave raging 
less than 3 feet thi ck, account for a minor amount of the limestone. 
Exposures of evaporitc beds a re co mmo nl y composed f gyps um , but some are 
an intima te mixture of gyps um and anhydrite. 

R ock sa lt is present in the subsurface . Two shallow bore-hole~ drilled about 
a mile west of Windsor in J 922 each penetrated a th in rock salt bed at a depth 
of about 550 feet. N um erous sa lt sp rings in the area underla in by Windsor beds 
further confirm the presence of rock sa lt in the subsurface ( Wright, 1931 , 
pp. I 31-2). 

Bell ( 1929, pp . 46-54) subdivided the Windsor Group into subzones on the 
bas is of foss il s in limestone beds, and discussed the tra tigraphy of the gro up in 
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detail in his memoir on the H o rton-Windsor di strict. In the Wolfville map-area, 
the gro up is exposed only in sea-cliffs, a long the larger r ivers , and in a few ra il way
cuts, and the complex ity of structure and paucity of o utcrops h ave prevented 
the writer from subdi viding th at part of the group above the Pembroke Formation. 

T he foll owing generali zed section of the group above the P embroke Forma
tion is ada pted from Bell's memoir. Because of structmal complex ities, it is neces
sary to piece together p arts of sect ions from several loca lities to obtain a more 
or less complete section of the Windsor. Thicknesses are ap prox im ate with two 
exceptions, as indicated . The limit of error is particu la rl y hi gh for shale and 
evaporite beds. 

D escription Thickness 
(feet) 

Scotch Vil lage Format io n . . . : (not measured) 
Upper part of the Windso r Gro up I 

Kennetcook limesto ne_. b lue-g r·ey to dark sha ly limestone containing cup corals, 
bryozoans, brachropods, and tril ob rt es .. .. . ....... .. 100 

Red shale, etc. .. ..1 227 + 
Gypsum, with fossiliferous , calcareous beds .. I 40 ± 
Red shale, etc. .. 102+ 
Avon limestone, grey, platy limestone containing brachiopods ' 17 
Red sha le, etc.. . 129 + 
Gypsum, with foss iliferous, calcareous beds carry in g forarninifera and ostracods 100+ 
Red shale. etc. .. 122+ 
Dolomitic and calcareous shale. arenaceous, fossiliferous limestone, o o litic 

limestone, Madia/a and alga! bands 
Reel sha le .. 

I Gypsum .. 
Miller limes to ne, co nsisti ng predominantly o f brachiopods, 

pods, gastropods 
Red shale .. 

bryozoa , pelecy-1 

Gyp urn 
Red sha le, etc. 
Maxncr limestone, simi lar to Miller limestone 
G ypsum . 

57 + 
unknown 
unknown 

35 ± 
6+ 

35 ± 
110+ 
80 = 

Pembroke Formation 
55 ± 

(no t measured) 

Structural R elations 

The contact between the Pembroke Formation and the over lyi ng gypsum
anhydrite bed is exposed at o nl y a few loca liti es , and not too well at those. Strata 
ad jacent to gypsum are brecciated and such brecciated zones arc commonly 
seve ral feet wide. 

The contact is exposed in the largest sink-ho le in the map-area , 7,500 feet 
northeast of the Walton barite mine (see Pl ate Tl I ). There gypsum along the 
south side of a ridge is under la in by south-dipping Pembroke red shale. The shale 
is best ex posed in the no rth side of the sink-hole. 
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The structural picture as concerns the Windsor is considerably complicated 
by expansion effects of sulphate beds du ring hydra tion and probably by salt solu
tion effects as well. 

Origin and Age 

The types of sediments, their sequence, and their fa un a[ content in tha t part 
of the Windso r Group above the Pembroke Formation indicate that these sedi
m ents formed in an arid climate as deposits in a tectonically active b as in , or basins, 
period ically isolated from the sea. 

Field ev idence favouri ng the deposition of the evap rite beds as anh ydrite and 
la ter conversion to gypsum along with a vo lu me increase is as follows: (1) thin 
limes tone beds in gy psum a re com mon ly crumpled and microfaulted ; (2) strata 
adjacent to gypsum are breccia ted ; (3) the rat io of anh ydrite to gypsum increases 
with depth in the gypsum quarries; ( 4) some outcrops consist of an intimate mix
ture of gypsum and anhydrite; and (5) some exposures ex hibit a wavy lineation 
that is apparentl y a fl ow struc ture. 

Sed imentary rocks o f the undivided Windso r Group a re of Miss issippian age 
o n the basi s of their faunal content. Bell ( 1929, p. 56) co rrelated these strata 
pala::ontologically with the Vi ea n of northern Europe and " in general with the 
C hcsterian of the U nited Sta tes" . 

Pennsy]vanian (?) 
Scotch Vi llage Formation 

The name Scotch Village has been used by the write r (1952) for a forma
tion of buff weathering, light b lue-grey, 111 cdiu111-grained, feldspa thic sandstone, 
overl ying, appa rentl y conform ably, the uppermost l imestone of the W indsor Group 
in the Avon-Kennetcook River di stric t, H ants county. The na me was chosen 
because the best ex posure of this formation in the m p-area is alo ng the north 
bank of the Ken netcook Ri ver, ~ mile north of the settlement of Scotch Vi llage. 

Distribution and Thickness 

T he Scotch Village Formation forms a northeas t-pitching syncline that 
extends from the east sho re of Avon River, southwest of Centre Burlington , 
beyond the cast border of the Wolfv ille map-a rea. 

T he top of the for111atio n is missing but the tota l thickness probably exceeds 
800 feet. A stratig raph ic thickness of about 20 feet is exposed one half mile 
north of Scotch Village, and 35 feet are exposed 2 mi les eas t of Centre Burlington , 
o n the north ba nk of Ken ne tcook River. These arc the best outcrops in the 
111 a p-a rea. 

Lithology 

The formatio n consists almost entire ly of feldspa thie sandstone. Jts most 
striking feat ure is the bright buff colour of its weathered su rface, which locally 
is obscured by a thin , brown or redd ish brown layer. The weathered zone com
monly exte nds into the rock for a few inches; the fresh su rface underneath is 
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a light blue-grey. The sa nd stone is even gra ined , friab le, thickly bedded , blocky, 
a nd well cross-l amin ated . Some beds a re more than 6 feet thick; lamin ae average 
Jess than an inch thick. 

Shale , which constitutes Jess than 10 per cent of the expos ures, is soft, 
greeni sh grey to grey, and occurs in beds from a foot to 3t feet thick. Strata of 
the Scotch Vill age Formation conta in ab undant pl ant remains, and small sea ms 
of low-rank coal a re common . Pl ant remains may cause laminae to resemble 
coarse breccias on the wea thered surface. 

As seen in thin section, the rock is not as even grained as it appears in 
hand specimen, but is st ill a we ll-sorted , medium-grai ned sa ndstone . Grains 
are angul ar to subrounded, usuall y subangul ar. Overgrowths were noted on a 
few quartz grains, which showed original rounded surfaces as o utlined by minute 
inclusions. Such overgrowths may account in large part for the a ngul arity of 
gra ins. Quartz gra in s predominate, with 10 to 15 per cent feldspar, mostly plagio
clase. R ock fragments are Jess abundant th an feldspar , and are predo minantly 
quartzite and chert. Fragments of low-rank metamorphic rocks other than 
qua rtzite are rare. 

Structural R elations 

The sandstone is well bedded a nd markedl y cross-la min ated. Beds are com
monly channelled into underlying beds. C urrent ripple-marks agree with cross
lamination in indicating that these sediments we re deposited by cur rents flowi ng 
to the north and northwest. 

The base of the Scotch Village Fo rm at ion is exposed near the mouth of 
the Kennetcook River on the so uth bank, be low high-tide level, where the con tact 
with the Wind sor can be traced for about 40 feet. T here, competent Scotch Village 
sa ndstone beds are separated from lower, structurally conformable, com petent beds 
of Upper Windsor (Kennetcook) limestone by a largely covered 60-foot interval 
of incompetent, somewhat conto rted, shaly, Kennetcook limestone. The contorted 
nature of the beds in thi s interval is a reflection of a fau lt zone immediately to the 
sou th . T he Scotch Village-Windsor contact appears to be gradational in that the 
basal pa rt of the Scotch Village consists of abo ut equal parts of carbonate cement 
and sand grains, with the carbonate con tent decreasing upwards until it is absent. 

Origin and Age 

The marked cross-lamin ation , intrastratal channe lling phenomena , and 
current r ipple-ma rki ng are ev idence that strata of the Scotch Village Formation 
are of fluviatile origin . The ab und ant plant rem ain s, the unoxidi zed condition 
of the iron content , a nd the freshness of the plagioclase feldspar indicate that 
the strata were not subjected to intensive , subae rial , oxid izi ng conditions. The 
well-sorted nature of the sandstone discredits the postulation of deposition from 
torrential currents. I t is concluded , therefore, that the st rata formed as fluviatile 
deposits in a c lim ate characterized by ab undant, but not torrential , rainfall. 
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It is not known with certainty whether th e form ation is of Mi ss iss ippi an or 
Pennsylvanian age. Plant fossils co ll ected at four localities were identified by 
W. A. Bell , of the Geological Survey of Ca nada, as follows: 

Calamites s11ckowi Brongniart 
Cordaites principal is ( Germ ar ) 
Calamites sp. 
Neuropteris sp. 

With respect to the age of the formation , Dr. Bell stated (personal communica
tion ): 

The fact tha t th ese sa ndstones lie with apparent conformity upon W indsor lime
stone wou ld seem to sugges t the probability of a Ca nso age. H owever, the lith ology is 
unlike known Canso beds of the Min as Basin a rea, and th e common presence of broad 
ribbed Calamites, so me specim ens of which a re con side red to be C. s11 cko ll'i , togeth er 
with the prese nce of Corda iles and of a moderate ly la rge pinnul e of a Ne11rop reris 
a ll milita te agai nst a Canso age. A P ennsy lva nia n age is therefore considered most 
probable. 

Triassic 

Annapolis Formation 

Annapoli s was the name given by Powers (1916) to th e lowest formation of 
the Acadian Tri ass ic. He subdivided the formation into two members: the lower, 
Wolfvi llc sandstone; the upper, Blomidon shale . The Ann apoli s formation is 
separated from older rocks by an angular uncon fo rmity, and is overlain by the 
North Mountain basalt. 

The few foss il s found in the Ann apo li s Formation include ostracods and 
silicified and carbonized pl ant remains, which indicate a Late Triassic age for the 
rocks. Referring to the above evidence in conjunction with fish remains of the 
Scots Bay Formation, Powers (1916) stated : "Th e paleontological and paleo
botanical evidence proves that the Acadian area is pa rt of the cwa rk sys tem, and 
further shows a pronounced similarity between the Newark and the Letten kohlc of 
Germany. " 

W olfville Sandstone 

Distribution and Thickness 

Strata of the Wolfvi lle sandstone outcrop over the outhcrn part of Cornwall is 
Val ley and underlie the larger part of Minas Basin. Jn several places they extend 
up to or beyond the shoreline in the northeastcrn part of the map-area. Northwest 
of Cambridge, there arc two small outli ers, and just north of the Johnson Cove 
fault, 3,000 feet southeast of Split Rock, there is a rem ant bordered on the north 
by a fa ult downthrown to the south. The larger masses along the shoreline, however, 
are not isolated but extend caward, as shown on the geological map accompanying 
this report. 

The member is abo ut 2,400 fee t thick, and dips 5 to 10 degrees to the 
north west. 
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L ithology 

The Wolfvil le sandstone is remarkab le for its heterogeneity. Interbedded 
conglomerate, grit, and sa ndstone are soft , brick-red to reddish brown, poorly 
sorted, lenticular, and marked ly crossbedded. Pebbles consist of quartzite, vein 
quartz, sandstone, arenaceous shale, slate, felsite, granite, and crystalline lime
stone, in order of decreas ing abu nd ance. They are su bangul ar to well rounded, 
being generall y bounded by fracture faces with the corners well abraded. A few 
large crystals of Carlsbad-twinned potash fe ldspar, identical to phenocrysts in the 
porphyritic granite of South Mountain , occur in conglomera te lenses exposed in 
sea-cliffs between Kingsport and P addy Jsland , but there is no arkose anywhere 
in the Wolfville sa ndstone. 

As seen in thin section , the sa ndstone and grit consist predomin antl y of qu artz 
grain s, but fragments of quartzite, slate, and altered fine-grained igneous rocks 
are common. The qu artz grains are mainly angu lar ; some, however, a re subround 
to rou nd . The cement varies from predomin antly hematite to predomin antly calcite, 
with minor limonitc, and is generally a mixture of carbonate and iron oxide. Small, 
isolated, light green patches in the strata derive their co lour from irregular clusters 
of chl orite in the matrix . 

Structural Relations 

Th e most striking structural fea tures of the Wolfville sandstone are the 
lenticular nature of the beds, the crossbcddi ng, and the intraformation al breccias 
composed of red shale fragments in a matri x of red sandstone. Isolated balls of 
shale in grit are also present. The member contains innumerable diastems, and 
intraformational channelling phenome na are common. 

Nu merous, steeply dipping, norm al faults di spl ace strata of the Wolfville 
sandstone. Most of the fau lts st ri ke about S20°W ; but some stri ke about east-west. 
Most have vertical sep arations of only a few feet. 

A pronounced angu lar unconfo rmity sepa rates the Wolfville sandstone from 
older rocks (Pl. XIJI) . T he basa l p ar t of the member is invariably a breccia 
composed predominantly of fragments from directly underlying rocks. The erosion 
surface abruptly truncates the closely folded, underl ying strata, and is an even 
plane wherever exposed (except in minute detail ), dipping 5 to 10° W . The best 
exposures of the unconformity arc: ( l) along the no rtheastern shore from Cam
bridge Cove to Whal e Cove, where underlying rocks belong to the Horton Group; 
(2) on Ridge Brook, where underlying rocks belong to the Halifax Formation; 
(3) off the northeast tip of Oak Island, where an inlier of Horton beds projects 
through basal Wolfvill e sandstone strata. 

The Wolfville sandstone is conformab ly over lain by the Blomidon shale. 

Origin 

The textural and structural properties o f the Woltville sands tone-poorness 
of sorting, channelling phenomena, crossbedding, intraformational shale breccias, 
isolated shale balls-are indicative of deposition by torrenti al streams. The 
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DGC 12 - 5- 50 

Plate XIII. Angular unconformity separating the gently dipping Wolfvi!le sandstone from 
underlying, steeply dipping Horton stra ta. Photo taken on the shore at Whale 
Cove, 2,600 feet north of Walton. Homm er in the centre of the picture shows 
scale. 

ubiquity of iron oxide, the absence of arkose , and the paucity of carbon a rc evidence 
of intense, subacrial , oxidizing cond iti ons. These factors, together with the wide 
range in composition of materia l a nd the presence of ca lcite cement, lead to the 
conclus ion that these sed imentary rocks were formed in a semi-arid c lim ate as 
intermontane, Ouvi at ile depos its. Much of the material making up the strata can be 
traced to older rocks that outcrop to the south. 

Blomidon Shale 

Distribution and Thickness 
Strata o[ the Blomidon sha le outcrop over the northern part of Cornwallis 

Valley and extend under the western part of Minas Basin . The member is about 
800 feet thick, and the strata dip about 5 degrees to the northwest. 

Lithology 

In contrast to the Wolfville sa ndsto ne, the Blomidon shale is notably homo
geneous. Soft, brick-red shale and argillaceous sa ndstone make up the basa l 60 
feet. The shale comprises most of the overlying strata a nd is commonly arenaceous. 
Pebbles and rock fragments are rare, whe reas angul ar quartz grains a re common. 
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Thin , continuous beds wi th light green patches, caused by local clusters of 
chlorite, occur throughout the member. The spacing of the mottled beds is dis
ti nctive and allows their corre lation. These beds contain appreciable amou nts of 
calcite. 

Structural Relations 

Strata of the Blomidon sha le are genera ll y continuous and uniform, and the 
member is well bedded. There are many diastems, however, and close inspection 
of sections in sea-cliffs revea ls that m any beds pinch out. In the lower, sandy 60 
feet, channelling phenomena are well developed and di astems are particularly 
numerous. Oscillation ripple-marks were noted. 

Normal faults di sp lace strata of the member, but a re not so numerous as in 
the Wolfville sandstone. 

The Blomidon shale conformab ly overlies the WoHville sandstone. The con
tact is best exposed at the base of the sea-cliff on the north side of the Paddy 
Island fault. The lower pa rt of the cliff face is composed of weakly resistant strata 
of the Wolfville sandstone and juts out several feet beyond the upper part, which 
is composed of less resistant st rata of the Blomidon shale. The uppermost beds 
of the sandstone member contain many pebbles. The basal beds of the overlying 
shale member consist of 3 feet of banded, mottled li ght green and brick-red shale, 
with up to 5 inches of sandstone, overlain by 6 feet of intermixed, soft, reddish 
brown, argi ll aceous sandstone and red shale , overla in in turn by alternati ng beds 
of mottled sandstone and shale from 3 to 9 inches thick. The thin, continuous, 
mottled shale beds at the base of the Blomido n sha le, together with the marked 
difference in resistance to erosion and compos ition of strata, make the contact 
between the two members eas il y recognizable. 

The Blomidon shale is overlain with structu ral confor mity by the North 
Mountain basalt. 

Origin 

Channelling phenomena characteristic of fluviatile deposits are well devel
oped in the lower 60 feet of the Blomidon shale. The occurrence of ostracods, 
osci ll ation ripple-marks , and calcareous layers suggests lacustri ne conditi ons. The 
ubiquity of iron oxide, chiefly hem atite, and the paucity of carbon are evidence 
of intense, subaerial, oxidizing conditions. These factors, in conjunction with the 
well-bedded nature, homogeneity, and fine ness of the strata, lead to the conclu-
ion that the shales formed in a se mi-arid cl imate as flood-plain deposits, with 

subordinate deposition in temporary Jakes. 

Noi-th Mountain Basalt 

North Mountain was the name given by Powers (1916) to the basalt flows 
of the Acadian Triassic that overlie the Annapolis Formation , and are overlain 
by the Scots Bay Fo rm ation . 
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Distribution and Thickness 

N orth M ountain basa lt is the res istant cap-rock of North Mountain, a south
west-trending highl and , 4 mi les wide in the Wolfville map-area. The flows have 
a total thickness of about 900 feet , and dip about 5 °N W. 

Lithology 

The basalt is dark grey to dark greenish grey, aphanitic to fine gra ined, and 
commo nl y exhibits a diabas ic texture. lt weat hers to va rious shades of maroon 
and brown . 

As seen in thin section , the rock is an aggregate f pl agioclase feldspar la th s, 
and a nhedral augite, with accesso ry glass, magnetite, and , rarely, olivine. The 
texture is ophitic, augite enclosing reldsp ar laths. Feldspa r crystals are zoned, 
va rying from oligoclase at the borders to bytownite in the central parts, but the 
bulk of each crystal is of a co mpos ition more basic th an A nGo· Brown to dark 
brown glass constitutes a bout 20 per cent of the rock. 

The variety of minera ls in th e a;nygdaloidal upper and lower parts of flows 
has attracted ma ny mineralogists, professional and amateur. In the Wolfville map
area, heulandite, st ilbite, clea r quartz, ameth ys t, agate, and jas per a re common 
as amygdules and coa tings in large vesicules. Va ri eties of chalcedony a lso form 
veinlets and sill-like structures . Analcime and apophyllite h ave been reported 
from the map-area (Jackson and A lge r, 1828, 1829) , but were not recogn ized 
by the writer. 

Powers ( 19 1 6) stated th at there were at least tw , and probably th ree, thick 

flows in the section from Cape Blomidon to Cape Split, and that the top of the upper 
flow is exposed aro und the edge of Scotsman Bay. There are, in addition, several 
minor fl ows exposed in the clifTs along the north shore of the mou ntain, but 
these are neither conti nuous nor di stinctive enough to be traced very far. Between 
fl ows, there a re thin , di sco ntinu ous layers of green grit composed of material 
derived from the underlying flow. These layers formed in the intervals between 
extru sions. The grits are usually well indurated and may be accompanied b y 'sil ls' 
of chalcedony. 

Structural R elations 

The basalt is character ized by well -developed columnar jointing. The joints 
have fac ili tated weathering processes, and in exposures where weathering has 
been extensive, spheroids or ovoids of rotten basalt may be easi ly removed from 
disintegrated lava. 

There are several small synclinal structures, or basins, in the basalt. A few 
such bas ins contai n strata of the overlying Scots Bay Formation (see p. 48). Small 
coves along the north shore of North Mountain, such as Bigelow Cove, are 
caused by such st ructures. At Bigelow Cove, basalt dips up to 25 °NE on the 
west side of the bay. Dips to the northwest on the east side of the bay are 
gentler, as are dips in other coves. 
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The contact betwee n the North Mountain basa lt and the unde rlying Annap
oli s Formation was not observed, but the flows are structurall y conformable 
with the underl ying sedimentary rocks. 

Origin and A ge 

The ba sa lt ev idently ca me from fi ssure eruptions, and crysta lli zed extremely 
rap idl y, as indicated by the ab und ance of glass in the groundmass . No pyroclastic 
breccias accompany the flows in the Wolfvil le map-a rea. 

Being underl a in and ove rl a in by Triass ic sed imentary rocks , the o rth M oun
ta in basalt mu st be ass igned to that period also. 

Diabase sill s intruded into strata of the H orto n Group in the sea-cliff ] ~ 
miles no rth of C heverie probably belo ng to the same period of igneous act ivity. 

Scots Bay Formatio n 

Scots Bay was the name given by Powe rs ( 1916) to the upperm os t forma
tio n of the Acadian Triassic . 

Distribution and Thickness 

Strata of thi s formation occur in two small structural basins along the north 
sho re of North M o untain . The sma ller ba in is just east of the mouth of Wood
wo rth Creek; the la rger is 3,500 feet farther northeast, at the northe rn bo rder of 
the map-area. Fletcher (1911) a nd Powers (1916) mapped these basi ns and 
also a third o ne between the two. Their third basin , however, is now o nl y a 
we ll -exposed section of weathered basalt. 

"Die top of the fo rm atio n is mi ss ing beca use of eros ion. The thickest section , 
16 feet, is in the sea-cliff that cuts thro ugh the la rge r basin at the northern edge 
of the map-area. 

Lithology 

The fo rm ati on is composed of interbedded are naceous lim estone and cal
careous sa ndstone. The limestone is white, de nse, and thinly bedded. Jasper con
cretions are numerous and average abo ut a foot wide tra nsverse to the bedding 
and about 2 feet Jo ng along the bedding. A few co ncretions are everal feet long. 
T he sa ndstone is light green, fi ne to medium gra ined, very calcareous, and thinl y 
bedded. 

As seen in thin section, the lim estone is fine grained with crescentic structures 
resembling shell fragm ents. These structures may be ostracod fossils. Angular 
quartz grains constitute about l 0 per cent of the rock. The sa ndstone contains 
about 40 per cent calcite as a cement for the detrital grains of quartz, plagioclase, 
altered ferromagnesian minerals, and lava derived from the underlying basalt. The 
light green colour is the result of chloritic alteration of ferromagnesian minerals 
and lava fragments. Detrital gra ins arc angular to subroundccl, most being sub
angular. 
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The section exposed in the sea-cliff that cuts through the larger basin 
no rtheas t of Woodworth Bay may be summarized, from top to bottom, as follows: 

Thickness 
Description (feet) 

Scots Bay Formation 
Limestone, wh ite, dense, thinly bedded , with numerous jasper concretions 2. s+ 
Sandstone, light green, medium grained, calca reous, thinly bedded; minor 

brown, calcareous shale. I. 0 
Limestone, white, dense, thinly bedded , with numerous jasper concretions 2. 5 
Sandstone, light green , fine gra ined, ca lcareous, thinl y bedde 6. 0 
Breccia, consisting of coarse, a ngula r basalt fragmen ts . 4. 0 

North Mountain basalt .. (not measured) 

The basal brcccia and overlying sandstone vary in thickness-the sandstone 
from 2.5 feet at the eastern border of the basin to a maximum of 6.0 feet in the 
centre. The described section is simi la r but not iden tical to that in the smaller 
basin to the southwest; however, the smailer basin contains 9 inches of mottled 
maroon-green sha le near the base. Closer similarity would hardly be expected, for 
the basal beds were deposited on the irregular surface of a basalt flow. 

Structural Relations 

The Scots Bay Formation lies disconformably upon the North Mountain 
basalt. The disconformity is marked by a breccia composed of basalt fragments 
in a matrix of finer material of the same composition. Chert concretions occur in 
the upper part of the breccia. This basa l bed averages about 4 feet thick. A 
weathered zone in the basalt immediately underlying the breccia averages about 3 
feet thick . The top of the Scots Bay Formation has been removed by erosion. 

Origin and Age 

The calcareous composition, the well-bedded nature, and fragmentary fish 
remains indicate that strata of the Scots Bay Formation were deposited under 
lacustrine conditions. 

The fish remains indicate a Triassic age for the enclosing rocks. Some of them 
have been tentatively identified as a form characteri~tic of the Newark Group 
(Powers, 1 916) . 

Plciscoccnc and Recenr 

Pleistocene 

The compos1t1on of Pleistoccnc boulder clay and till in the Wolfville map
area largely reflects the composition of the underlying rocks, which fact was utilized 
to a smal l extent in interpreti ng the nature of the basement rocks in concealed 
areas. Most of the boulders in the til l were derived from local outcrops, but some 
were apparently brought south from the Cobcquid Mountains, about 15 miles 
north of the map-area. 
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T he colour of the till is also dependent largely upo n the nature of underl ying 
rocks. Jn the low-lying west-cent ral and easte rn p ar ts of the map-area, the till is 
brick-red to brown because the underlying rocks a re red to b rown . Tn the high 
areas of the west ha lf-North M o untain and the south highl ands-the till is com
monl y grey as it is derived fro m dark colo ured rocks, basa lt in the north and slate 
in the south . 

G lacia l dri ft covers much of the region, bu t is thi ckest in the low areas, being 
as much as 75 feet thick in the east half o f the m ap-a rea. Thicknesses of ti ll are 
much less in the high a reas , but fa irly thick depos its a rc fo und in a fe w topo
graphica ll y favo ura ble loca li ties, such as in undul atio ns in the b asement roc k 
surface. 

Some boulders in the till have been tra nsported for several miles . For ex
ample, those of soft, red Triass ic sediments occur in cliffs of till along the wes t 
shore of Avon River fo r 1.5 miles from the mouth of H urd C reek to H antsport. 
T hese boulders a re 3 to 4 miles southwes t of the nearest outcro ps o f T ri assic 
strata. Bell ( 1929, p. 6 l ) reported simil a r bo ulders in drift in Curry Brook 4 
miles south of the nearest outcrops of Tri ass ic strata. Boulders o f amygdaloid al 
North Mounta in basa lt derived fro m the northeast a re common a long the shore 
from Hu rd C ree k to Hantsport and boulders o f po rph yriti c granite de rived from 
the south arc a lso present. Jn addition, e rra ti cs o f am ygdaloida l N o rth Mounta in 
basa lt we re noted on South Mounta in a t seve ra l loca lities, and e rrati cs of 
porph yritic granite, commonl y seve ra l fe e t in di amete r, we re noted on South 
Mou ntai n 2 miles north of the granite ba tho lith , and as fa r north as the beds of 
st reams flowin g down the north fla nk of South Moun ta in , i. e. , H a rding Brook . 
G laciat ion in th is regio n thu s was not simply a souther ly movement o f a n ice
sheet, fo r the d istributio n o f erra tics indi cates tha t ice adva nced both southerly 
and northerl y. 

M inor amo unts of stra tifi ed sands and gravels a re interbedded with till. The 
sa nds and gravels a re genera ll y well crossbedded and evidentl y are stream depos its. 

R ecent 

Recent depos its inc lude strea m allu vium , tida l a llu vium , beach sa nds and 

gravels, and sand-bars . 
Stream alluviu m is best developed in the G as perea u R iver Va ll ey, where 

stra tified gravels and sands fo rm a terrace ex tending from Wall brook to the shore. 
Tidal a lluvium has built up the sa lt marshes a round Min as Basin (see p . 15 ). 
These marshes a re extensively developed near the mo uths of Perea u C reek, H abi
ta nt C reek, Cana rd R iver , Corn walli s Ri ver, Gasperea u River, H alfway River, 
Ste. C roix Ri ve r, Kennetcook Ri ver , and a long the west sho re of Avo n River fro m 
H antsport to Windsor. The most fa mous stretch of recl a im ed marsh extends sea
wa rd from G rand Pre, whi ch is about 3 miles northeast fr om Wolfville . Beach 
sands and grave ls a re present where sea-c liffs a re composed of H o rto n and An-
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napolis strata. Sandbars occur in Minas Basin and in tidal cha nnels; those at 
Woodside, more than 3 miles inland , have been des ribed in Chapter I. 

A sample of mud from the tidal flats was collected off Kingsport wharf by 
the writer's fat her at an elevation about 20 feet below high-tide level. This was 
subsequently studied for its foraminiferal content by G. L. Harrington, at Stanford 
University. Mr. Harrington reported the following species present in the mud 
sample: 

Webbinella sp. or Tholosi11a sp. 
Spiroplecta111111i11a biformis (Pa rk er a nd Jones) 
Hap/ophragmoides? sp. Juvenile and very small 
Psa111111atodendron arboresce11s Norman 
Eggere/la adve11a (Cushm an) 
Q11i11q11eloc11li11a agg/11t i11 ata Cushman 
Q11inq11eloc11/i11a groen la11dica Cushman 
Q11inq11eloc11/i11a sp. Very si mil a r to Q. se111i1111 /a but faintly striated, may be var. 

j11gosa of Q. semi1111/a 
No11io11 sp. A sm a ll species, possibly juvenile 
No11io11 pa11ciloc11/11111 Cush m an 
Elphidi/1111 adve1111111 (?) C ush man 
Elphidi11111 i11cert11111 var. c/ava/11111 Cushm an 
E/phidi11111 spp. (At least two add ition a l species) 
E11toso/e11ia /11cida Williamson 
Entosole11ia cate1111/ata Williamson 
Entosole111a sp. 
Lagena clavata d'Orbigny 
Lagena v11/garis Wil li amson 
Lagena graci/lima var. 11101/is C ushman 
Lagena s11bstriata Willia mson 
Bulimine/la elega111issi111a (d'O rbigny) 
G111111/i11a lac/ea? Walker and J acob 
A 11g11/ogeri11a a11g11/osa? Wi lli a mson. Stubbier than normal A. a11g11/osa 
Bolivina cf. 1·ariabilis Williamson 
Bo!il'iww pse11dop/ica1a Heron-All en and Earland 
Trocha111111i110 i11flata Montagu 
Trocha111111i11a spp. ( Ventral s ide light co loured as is o uter whorl above. ) 
Trocha111111i11a sq11a11 1a1a var. adaperta Rhumbl er 
Trocha111111i11a sp . One or more var. re lated to preced ing . 
Eponides9 sp. 
Discorbis cf. obt 11sa ( d'Orb igny) 
Patel/ina cormgata Wi lli amson 
Cibicides lobat11/a (Walker and J acob) 
Globigeri11a b111/oides d 'O rbigny 
G lomospira sp. 

"Besides the forego ing there are one or two miliolids, and one or two arena
ceous forms that it has not been possible to identify" (G. L. H arrington , personal 
commu nication). 
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Chapter IV 

STRUCTURAL GEOLOGY 

Folds and Faulrs 

T he Wolfville map-area is structura ll y com plex as regards the Palzeozoic 
rocks. This is especia ll y appa rent in those localized a reas where exposures are 
common , a long parts of the shore and in some st rea m va ll eys. The general 
sca rcity of outcrops and marke r horizons great ly hinde rs the tracin g of structural 
features inland , pa rti cul a rl y in the areas underlain by Windsor and H o rton strata. 
The structural picture of the W indso r Group is further com plicated by ex pansion 
effecls of sulphate beds during hydra tion and probably by sa lt so lution effects 
as well. The structure o f the H orton G roup is mo re co mpl ex to the northeast. 
On the west side of Avo n River, H orton stra ta are gently folded, whereas to the 
northeast at Walton, strata have been th row n into sharp-angled recumbent fo lds 
(see Pl. X II ) and a rc di splaced by innumerable faul ts. 

The geo logica l map accompa nyi ng thi s report is designed to show the distri
bution and relationships of the rocks in the Wolfville map-area as clearly as 
possible. It is impractical to represent on this map all, or even most, of the many 
folds and faults apparent at some of the localities where exposures are common. 
ln pa rticular, strike and dip sy mbols have been omitted fo r a reas of intense 
deformation underlain by incompetent Wi ndsor strata and dark shales and 
siltstones of the Horton Group . Most o f the shoreline fr om Wa lton to Split Rock 
falls into the latter category. 

Major folds conform to the northeast Appalachian trend. Pre-Carboniferous 
fold-; were accentuated by forces that fo lded the Ca rbonifero us strata, but fold 
axes of both co rrespond. Although man y of the minor folds conform to the 
regio na l northeast trend, there are many east-west folds as we ll . Except for 
m ino r irregu la riti es, Triassic rocks dip ge ntl y to the no rth west. Hi gh-a ngle fau lts 

occur in many parts of the area, and those fa ults are plotted that a ffected const ruc
tion of the map. 

Fold s 

Nor1 1ieast Folds 

T he map-area is a sma ll pa rt of the Appalachian region o f eastern North 
America, and major fo lds in the area conform to the no rtheas t Appalachian 
structura l trend. Those prominent in the west ha lf, named to fac ilita te recogni tion 
by the reade r and li sted from no rth to south , a re : ( I) Deep H o llow road syncline ; 
(2) Deep H ollow road anti cline; ( 3) G as pereau River syncline; ( 4) So uth 
M ountain anticline; (5) H alfway River sync line ; and ( 6) Grey Mountain 
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antic line. 1n the east half of the map-area, the prominent northeast folds are ( l) 
Cheverie syncline; (2) Walton anticline; and (3) Kennetcook River syncline. 
The Cheverie syncline is a conti nu ation of Gaspereau River syncline. Walton 
anticline apparently bifurcates to the southwest into the South Mountain and 
Grey Mountain anticlines. 

Pre-Carboniferous rocks have been affected by low-grade metamorphism and 
have a regional northeast-trending cleavage. They are more closely folded than 
the overlying Carboniferous strata, from which they are separated by an angular 
unconformity, and have, therefore, been subjected not only to the stresses that 
caused the folding in Carboniferous strata but to earlier orogenic forces as well. 

Axes of folds in pre-Carboniferous rocks correspond with axes of folds in 
Carboniferous strata. Pre-Carboniferous folds were accentuated by later orogenic 
forces that folded the Carboniferous strata, that is, their closures were increased. 
Structure-section C-D (Map 1128A) demonstrates the results of the recurrent 
folding along pre-Carboniferous fold axes . Jt will be noted from the geological 
map that northeast folds in pre-Carboniferous rocks plunge to the southwest 
whereas those in Carboniferous strata plunge to the northeast. Thus the erosion 
surface that truncated the pre-Carboniferous rocks, now represented by the 
angular unconformity at the base o[ the Horton Group, has been tilted to the 
northeast in the map-area, and the southwest plunge of the folds in pre-Car
boniferous rocks must have been greater before the tilting took place than at 
present. 

East-west Folds 

Although many of the minor folds in Carbonifero s strata conform in trend 
to the major northcast folds, the re are ma ny east-west folds transverse to the 
regional northeast trend. Such folds almost invariably plunge gently from 10 to 
25 °E. 

Perhaps the most important east-west fold is the Bay of Fundy syncline, whose 
axis passes through the vi llage of Scots Bay just north of the Wolfville map-area. 
Triassic rocks are included in this structure. The pl unge of this fold at Scots Bay is 
less than l0 °W, which is in contrast to the easterly plunges on most of the east
west folds in the Carboniferous trata. 

Faul ts 

Faults in Pre-Carboniferous Rocks 

The strike of the Deep Hollow road fa ul t is slightly north of west at Deep 
Hollow road and curves to N70 °W about J ,500 feet west of the road. According to 
subsidiary shear pl anes along the fa ult in qu artzite beds, the dip is vertical. 
Striations on such shear planes are horizontal or plunge gently to the northwest 
indicating that at leas t the late movements along the fault were nearly horizontal. 
The normal horizontal separation, or offset, along the fault is about 800 feet. 
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The Gaspereau Rive r fa ult , near Gaspereau River power station, strikes 
slightly east of north . Neither the dip of the fa ult nor the direction of movements 
along it could be ascertained . The normal hori zontal separation along the fault 
is about 300 feet. 

Many minor fau lts with horizontal separations of onl y a few feet cut across 
the White Rock Formation . Such fa ults could not be traced in the slaty rocks 
underlying and overl ying the format ion, and their strikes could not be accurately 
determined. 

Faults in Carboniferous R ocks 

Movements along the Whale Cove fault , which intersects the shore about 
2,000 feet north of Walton, have bro ught basal beds of the Win dsor Group into 
juxtaposition with dark grey shales of the Horton Group. The fault strikes about 
east-west; the dip could not be determined . Assuming a stratigraphic thickness of 
1,400 feet for the dark shales of the Horton Group, and a thickness of 600 feet 
for Horton strata overlying the dark shales, the stra tigraphic throw1 caused by 
movements along the fa ult is between 600 and 2,000 feet. T he north side has 
moved down relative to the south side. 

Basal Windsor beds have also been brought in to juxtaposition with dark 
shalcs of the H orton Group at the Johnson Cove fault, which intersects the shore 
about 3,000 feet north from Chevcrie. The fau lt is marked by a brecciated zone 
that extends fo r about 500 feet along the shore. It strikes about N80 °E; the dip 
could not be determined. N umerous asymmetrical folds in the fault zone and on 
the north side of it, with ax ial planes dipping to the north, indi cate compress ive 
stresses. The fault is assumed to be a thrust. The stratigraphic throw caused by 
movements along the Johnson Cove fa ult like that of the Whale Cove fa ul t is 
between 600 and 2,000 feet. The so uth side has moved down relative to the north 
side. 

At Cheverie, uppermost strata of the Horton Group have been brought into 
juxtaposition with the lowest gypsum-anhydrite bed of the Windsor Group by 
movements along tbc Cheverie fa ult . The fault strikes N50 °E; the dip is not 
apparent at Cheveric where the fau lt is represented by a brecciated zone about 
500 feet wide, but is 75 °SE to vertical where the fa ult intersects the shore 2 
miles southwcst of Cheverie. There, the fa ult consists of two well-defined brec
ciated zones, each about 20 feet wide, in which stri ati ons and drag-folds indicate 
that the southcast side moved down with respect to the northwcst side. The rela
tionships of Horton and Windsor strata at Cheveric indicate the same relative 
movement. The stri ations further show that the late movements, at least, followed 
the dip of the fault. T he Macumber and Pembroke Formations are together about 
40 feet thick in this vicinity, and the gypsum-anhydrite bed is about 55 feet thick. 
The stratigraphic throw at Cheverie, therefore, is between 40 and 95 feet. The 
southcast side has moved down rela ti ve to the northwest side_ 

1 The lolal st ratigraphic thickness missing be tween beds on eithe r side of fault. 
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The Summervil le fault system consists of three fa ults : two join near the 
Summervi ll e wharf; the third, which intersects the shore 1,800 feet northwest of 
the wharf, probably joins the continuation of the other two under Avon River . The 
northern fau lt strikes about N50 °E; the dip could not be determined. A gypsum 
quarry in the lowest gypsum-anhydrite bed or the Windsor Group borders the 
fault on the southeast. Overturned Horton strata were bserved dipping from 40 
to 70°NW near the top of the northwest side o( the quarry, so the fault is evi
dently a thrust. The Horton st rata bordering the fau lt on the northwest belong 
to the upper 600 feet or the Horton Group. The gypsum-anhydrite bed is about 
55 feet thick. The Macumber and Pembroke Formations, if present in this vicinity, 
arc together about J 5 feet thick. The stratigraphic throw caused by movements 
along the fau lt is , therefore, between 70 and 670 feet . The soutbeast side has 
moved down relative to the nortbwest side. 

The other two fau lts ca n be considered as branches of one fault, for they 
join about 700 feet southwest of Summerville wharf. The northern branch strikes 
about east-west; the dip is steep, but could not be accurately determined . Contorted 
Horton shales and the lowest gypsum-anhydrite bed of the Windsor Group are in 
fault contact in the sea-cliff, 1,100 feet southeast of Summerville wharf. The strati
graphic throw there, as in the northern fault , is between 70 and 670 feet. The south 
side has moved down relative to the north side. The southern branch strikes about 
N55 °W. From 3,000 to 3,500 feet southcast of Summerville wharf, the sca-clifI 
coincides with this fault. There, Horton shale, which outcrops in the sea-clifT, has 
been brought into juxtaposition with northeasterly dipping, thinly bedded Windsor 
limestone , which outcrops on the shore. The limestone strata. which total about 
l 5 feet thick, contain the brachiopod Martinia, and thus lie within the upper part 
of the Windsor Group (W. A. Bell , personal communication). Minor fau lting has 
caused repetition of strata on the shore so that stratigraphic relationships arc not 
clear. The 15-foot sea-cliff is composed of Horton strata that belong to the upper 
600 feet of the Horton Group. The st ratigraph ic throw caused by movements along 
the fau lt is between 1,500 and 2,000 feet. The southwcst side has moved down 
relative to the northcast side. 

On the opposite side of Avon River, the Blue Beach fault, probably the 
extension of the Summerville fau lt system, intersects the shore about 2 miles 
northeast of Hantsport. On the shore at Blue Beach , the fault zone is about 175 
feet wide. It consists of strata that clip deeply to the northwest to vertical and seven 
well-defined , steeply cl ipping gouges. The gouges vary from 4 to 35 feet wide and 
make up about 80 feet o( the total width of the zone. The fault strikes 60 °E. It 
is slightly convex to the northwest. Steep dips caused by movements a long the 
fault permit it to be traced to the southwest from Blue Beach. At the latter locality, 
Horton strata that are stratigraphically about 300 to 600 feet below the top of the 
group have been brought into juxtaposition with Horto strata that are approxi
mately 600 to 2,000 feet below the top of the group. The stratigraphic throw is, 
therefore, between 300 and J ,7 00 feet. The southeast side has moved clown with 
respect to the northwcst side. 
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Faults in Triassic Rocks 

Movements along the Paddy Jsland fau lt, which intersects the shore about 
1 ~ miles north from Kingsport , have brought strata of the Wolfville sandstone into 
juxtaposition with strata of the Blomidon shale. The fault can be easily traced 
on the shore and in the sea-cliff near Paddy Island. H strikes N85 °E and dips 
60°5. Drag-folds and the st ratigraphic relationship of strata on either side of the 
fault indicate normal movements. The fault was responsible for the formation of 
Paddy Island. Wolfville sandstone on the north side of the fault was more resistant 
to wave action than Blomidon sha le on the south side, and upon recession of 
the sea-cliff Paddy Island was left as a remnant of the more resistant rock. Thin, 
mottled shale beds of Blomidon shale in the sea-cliff can be correlated from one 
side of the fault to the other because of their distinctive spacing, and the strati
graphic throw caused by movements along the fault measured by utilizing these 
beds is 98 feet. As strata in the sea-clifl' are horizontal, the stratigraphic throw is 
equal to the vertical separation. This is by far the greatest vertical separation 
measured on any fault in Triassic strata in the map-area. The south side has 
moved down relative to the north side. 

Movements along the Cambridge fault have brought Horton strata into 
juxtaposition with Wolfville sandstone in the sea-cl iff L,500 feet northcast of 
Cambridge Cove. The fault strikes 35 °E and dips 65 °SE. The vertical separa
tion is 6 feet, and the southeast side has moved down relative to the northwest 
side. A lthough the fau lt is of minor importance, it is plotted on the accompanying 
map because movements along it have exposed an inlier of Horton strata near 
the base of the sea-cliff and on the shore, and because the fault is representative 
o( numerous steeply d ipping, normal fau lts, with vertica l separations of only a 
few feet, that displace strata of the Wolfville sa ndstone. Most of these faults 
strike northcastcrly as does the Cambridge fa ul t, the average strike be ing about 
N20° E. Almost a ll the remainder strike about east-west. 

Altho ugh not exposed, a fa ult probably separates H ali fax slates from Wolf
ville strata just south of Kentville. Strata of the Wolfville sandstone outcrop in 
the deep va ll ey of Dodge Brook about a mile south of Kentville, at the inter
section of the easte rn a nd western branches of the brook and about 1,000 feet 
farther upstream on each branch. These exposures are from 125 to 150 feet 
lower in eleva tion than outcrops of Halifax slate on the Kentville-New R oss high
way, about 2,300 feet west of. the map-area. Halifax slate also outcrops in the 
Dodge Brook valley, 1,000 feet downstream from the intersection of its eastern 
a nd western branches. From this evidence, the Halifax rocks appear to h ave been 
fa ulted up relative to the Wolfville strata. The sr ike of this fault would be about 
N70 °E, judging by the position of the above outcrops. The dip is unkn own, but 
the fault may be steep and normal in na ture as are the other faults that displace 
Triassic rocks within the map-area. The stra tigraphic throw would be about 
500 feet, with the south side moved down relat ive to the north side. 
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ECON OMIC GEOLOG 

Gyps urn 

R ef er e11 ce.1: Bell. 1929 , pp . 81-88. 
Goodm an, N . R. , G ypsum a nd Anhydrit e in ova Scoti a: r.s. Dept. Mines, 

Mem. 1 ( 1952). 

H aliburton. 1829 , pp . 108- 109 . 
J ack son and Alger, 1829, pp. 132- 160 and 201-21 7. 
M esservey. J . P .. Gypsum in Nova Sco ti a : N.S. ept. Mines, p amp hl e t. 1949 . 
Wright , l 931. 

T hic k gy psum beds wi thin the Windsor Gro up form ex tensive and va lu able 
depos its in the east ha lf o f t he Wo lfv ille map-area. G ypsum is curre ntly being 
mined by Canadi an Gypsum Company, Limi ted , in the W indsor d istri ct, and by 
Natio na l G ypsum (Canada) Limi ted in the C hever ie dist ri c t. 

T he gy psum deposits of Nova Scotia , largest k nown in Ca nada , we re the 
first d iscovered in North A me rica, and th ose of the Windsor district were the 
first q ua rri ed. The ex portation of gy psum was an item o f trade at the t ime of 
the America n R evolutio n, and , acco rding to H a liburton ( 1829) , was the chief 
ite m of t rade a t Windso r at the begi nn ing of the ninetee nth century. 

T he readil y accessible a reas unde rl a in by gy psum a re dotted with numero us 
aba ndoned qu a rries. E arl y qu a rry o pe ra to rs were ma inl y fa rme rs who q ua rri ed 
gy psum fro m the ir own land and ha uled it by ho rse a nd ca rt to the nearest sea
po rt . These ea rl y opera tions are now repl aced by mode rn la rge-scale qua rrying, 
but the princ ipa l market is still in the United States, and most of the gypsum 
mined is still ex po rted in crude fo rm fo r process ing e lsewhe re . The ope n-qu a rry 
method of mining gy psum in Nova Sco ti a, as well as the trea tment, tra nspo rtati on, 
and uses of gy psum , are di scussed in va rio us pu blica tio ns, a nd will not be dea lt 
with he re. T he reader is re fe rred to " G ypsum in Nova Scot ia", by M esservey 
( 1949) for a brief bu t comp re he nsive treatme nt of the subject. 

Windsor District 

Ca nadian G ypsum Company Limited mines a la rge amo unt of gy psu m 
fro m their qua rri es 2 to 3 miles eas t o f Windsor. The ir Mill er C reek opera ti on, 
nea r the southe rn boundary of the W olfvill e map-area o n the no rth side of 
Ste. Croix Ri ver , went in to produc ti on in the summer of 1957; their Wentworth 
C reek q ua rri es, just south of th e ma p-a rea o n th e sout side o f Ste. C roi x Ri ver , 
have been in opera tion fo r many years , and still suppl y much of the gy psum 
production o f N ova Sco ti a. 
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In 1959, Ca nadian Gypsum Company Limited mined a litt le over half 
of the total gyps um production of Nova Scotia (5 ,058 ,56 1 tons) from their 
quarries in the Windsor district. An nu al production figures, in short tons, for 
the las t decade a re as follows: 

1950 - 1,759,456 1955 - 1,953,437 
1951 - 1,788,345 1956 - 2,159,8 69 
1952 - 1,639,390 1957 - 1,775,3971 

1953 - 1,790,120 1958 - 213 ,1141 

1954 - 1,732,354 1959 - 2,663,424 

The company transports the crushed a nd sc reen ed gyps um via the Dominion 
At lantic R a ilway to their tidewate r sto rage and shipping fac ilities at H a ntsport. 

C heve rie District 

Nati onal Gypsum (Canada) L imited commenced mining gypsum near 
Cheveri e in 1957. The q uarry is opera ted unde r contract by Mr. B . A. P arsons, 
and the broken gypsum is trucked to the company's tidewater storage and 
shipping faci liti es at W alton. Annu al production figures, in tons , since th i opera
tion began are as follows: 

1957 - 5,888 
1958 - 74,181 
1959 - 67 ,952 

Product io n. fro m the C heverie quarry has been inc reas in g whereas that 
from the company's W alton qua rries, just beyond the no rtheast border of the 
Wolfvi ll e map-a rea, has been decreasing. 

Gypsum had previously been mined in the C heve ri e di strict for severa l 
years prior to 1948 by the Connecticut Adamant Gypsum Company. 

Origin of Gypsum Deposits 

A cons iderable amount of work has been ca rri ed o ut bea ring on the nature 
and origin of the gy psum deposits of Nova Scotia (Bell , 1929; Goodman . 1952) . 
In brief, th e types of ediments, the ir seq uence, a nd the ir fa un a! content in 
dicate that Windsor sedi ments we re formed in an a rid climate as deposits in a 
ba in, or basins , periodically iso lated from the sea. 

T here seems little doubt that most of the calcium sulphate was deposited 
as an hydrite. Field ev idences favouring the deposition of eva po ri te beds as 
anhydrite and la te r conversion to gypsum , a long with a volume inc rease, is 
outli ned in the sect ion of this report dealing with the Windso r Group . The ratio 
of a nh ydrite to gypsum increases with depth in the gy psum quarries , and the 
floors of quarries a re commo nl y com posed mainly of anh ydrite. 

1 Production reduced by a str ike that lasted fro m October 1957 to November 1958. 
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Barite 

Walton Mine 

R eferences: Ca meron , A. E., Baryles D eposit a l Pembroke, Hants County, Nova Scotia; 
N .S. Inst. Sci. , Proc. and T ra ns., vol. 20, 1~ 4.1 , pp. 57-63 . 

Ca mpbell , C. 0. , Barytes at Pembroke, H ants County, Nova Scoti a; Ca n. Inst. 
Min. Met. , Trans., vol. 45, 1942, pp. 229-3 10. 

C rosby, D . G. , Th e Wolfvill e Map-Area, Nova Scoti a; doctora l dissertation, 
Stanford Uni ve rsity, Californi a, 195 l. 

Fletch er, 1905. 
G arpner, E. U ., Gravimetric Survey of Barile D eposit a t W a lton, Nova Scoti a, 

Can ada; unpubli shed report by C. H . Fr st, Grav imetric Surveys, Inc. , 
Tulsa, Okl ahoma, J 945, J 0 pp. 

R andell , J. T. , Report on th e G eology and G eoph ys ica l T es ts on the W alton 
Ba rytes D eposit, Nova Scoti a; unpublished report by Geo-Technica l D e
ve lopm ent Co ., Ltd. , Toronto, Ont. , 1948, 28 pp. (plus 2 pp . appendix). 

The Walton mine , the only barite property active at present (1960) in 
No va Scotia, is operated by Magnet Cove Ba rium Corporation , a subsidiary 
of Dresser Industries Incorporated of Dallas, Texas. The barite ore was obtained 
from an open-pit for several years, but is now produced entirely from under
ground workings. It is trucked to the company's tidewater milling, storage, and 
shipping facilities at Wa lton townsite, 2t miles northea t of the mine. 

Recently, development act1v1t1es have focu ssed upon the argentiferous 
sulphide mineralization associated with the barite. 

Fletcher first accurately located the Walton deposit , and indicated it as an 
outcrop of barite on his map of the Walton area (19 5). In 1940, the economic 
potentialities o f the small exposure were recognized y Springer Sturgeon Gold 
Mines Limited . Diamond drilling proved an orebody of more th an 3 million 
ton s, one of the larges t known barite deposits in t e world , and in February 
1941 , Canadian Industrial Minerals Limited, a subsidiary of Springer Sturgeon 
G old Mines Limited , co mmenced quarrying operations. Three months later a 
mill was completed at Walton , and on June J 5, J 941 , the first shipment left 
Walton for Trinidad. Underground ope ration s began in early 1946. The present 
owners, Magnet Cove Ba rium Corporation, took over the operation s of Canadian 
Industri al Mineral s Limited on November J , J 955 . As the open-pit was near 
its max imum operating depth , the new owners concentrated on the development 
of underground mining facilities, and by 1958 most of the ore was being ob tained 

fro m underground workings. 
The total production of barite from the Walton mine to the encl of 1959 

was 2 ,578,754 ton s. By comparison, the total Canadian output between 1885 
and J 941 (when operations at Walton commenced) was onl y a little more than 
4 1,000 tons. Annual production figures for the W a lton mine range from the 
initial production of 12,840 tons in 1941 to a high of 292,145 tons in 1956. 
Production in 1959 was 207 ,386 tons . 
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Geology 

H orton strata are exposed in the southern part of the Walton open-pit, 
Windsor strata in the northern part. Horton rocks are tough , impure sandstone 
and grey to red shale and argi ll ite. Windsor strata include interbedded sandy, 
reddish brown limestone-conglomerate , red shale, red to reddish brown cal
careous sandstone, and minor sa ndy limestone, which together constitute the 
Pembroke Formation. Exposures of the Macumber Formation were not observed, 
but pieces of Macumber limestone are present in Pembroke conglomerate. The 
Pembroke Formation is about l 00 feet thick. A gypsum bed that is exposed as 
small outcrops along the northern edge of the open-pit overlies the Pembroke 
Formation. 

The barite orebody appears to fo llow a normal fault zone that strikes about 
S75 °E and dips steeply north in the vicin ity of the mine. Horton beds border the 
orebody on the south and Windsor beds on the north . The vertical separation 
caused by movements along the fau lt zone is estimated to be at least 300 to 400 
feet, north side down relative to the south side. Minor high-angle faults noted in 
underground workings and in the open-pit appear to have been of subordinate 
im portance in controlling the orebody. The barite ore formed an elongate body 
plunging east at about the same angle as the enclosi ng strata, that is, about 25 
degrees. The orebody is somewhat lens-shaped in cross-section with the long axis 
dipping steeply north. Post-barite movements have brecciated the barite and country 
rocks along the margins of the orebody. 

Barite ore is fine grained, massive , and white to light grey, with reddish 
patches due to disseminated hematite. The specific gravity of the barite ore varies 
from 4.3 to 4 .5, and a typical chem ical analysis is as follows (Campbe ll , 1942 ): 

Bao 
S03 

Si02 

Al2 0:i 
Fe2 0 3 

Cao 
SrO 

63.90% 

33.85 
1.84 
0.75 

0.52 

0.27 

0.07 

101.20 ?~ 

Some samples contain as much as 0.50 per cent MnO~. 
In thin section, most of the baritc appears as elongated crystals arranged in 

radiating sheath-like forms. The crystals a rc basal tablets, elongated parallel to the 
"a" and "b" crystaJlographic axes and flattened at right angles to the "c" axis . A 
small amount of hemati te accompan ies radiate barite, being concentrated at the 
loci of individual sheaths, at the junctions of adjacent sheaths, and along the 
cleavages, particularly the 001 cleavage. 

60 



Economic Geo logy 

A short p iece of diamond-dri ll core labelled "manganese'', wh ich was 
sampled during a visit to the Walton mine in 1949, proved upon exam ination in 
pol ished sectio ns to consist a lmost entirely o( sulphides , as shown by the fo llow
ing estimated percentages by volume (Crosby, 1951) : 

Galena 
Sphalerite 
Ba rite 
Pyrite 
Tctrahedri te-ten na nti te 
Chalcopyrite 

55% 
15 
10 
10 

6 
4 

To the wri ter's knowledge, thi s was the first indica tio n f the presence of sulphide 
mi nerals in the area. 

Co ll o form sphalerite has been repl aced by ga lena (see Pl. XIV). As seen 
under hi gh m agn ifi ca ti on, pyrite occupies the central pa rt s of many of the sphe
roidal structures . All the sulphi des replace barite, and minute inclusions of sul
phides occur in barite as replaceme nt b lebs (see Pl. XV). Barile, a common 
m inera l in many meta lli ferous a nd no n-meta lli c deposits of igneous origin , is 

Plate XIV. Photomicrograph of colloform texture in sphalerite (grey) partly rep laced by 
galena (white) . 117X. 

111930A 
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1119308 

Plate XV. Photomicrograph of galena (white) replacing barite (black , in lower left); pyrite 
(black with light spo ts) replacing barite in bottom centre; sphalerite (grey) 
replacing barite in upper right. Replacement blebs of sulphides in barite. 358X. 

usually late in the parage netic sequen ce. A later rise of temperature during 
depos ition may account for the reversa l at the W alton mine. 

Origin 

The Walton barite o rebody was formed by fis sure filling and replace ment 
processes, predominantly the latter. Barite replaces limes to ne and to a lesser extent 
sandstone and sha le. Principal access fo r the mine rali zing so lutio ns appea rs to have 
been provided by an east-trending regional fault zo ne. 

The occurrence of barite replacing rocks of different lith ologies, accompanied 
by sulphides and slight wall-rock a lterat io n, suggests that the Walton deposit 
is of hyd ro thermal origin, probably deposited from low-tempe rature telethermal 
o lutions. Such so lutions may have originated during the time of Triassic igneous 

ac tivities, as did extensive basic ex trusio ns and associated dykes and sills in the 
Wolfville map-area. 

Manganese 

R eferences: Fletcher, H ., Geol. Surv., Ca nada, An n. Rept. 1892-93, pt. A, p. 64; Geol. 
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Flynn , A . E. , Survey of Min as Bas in Man ga nese Deposits: .S. D ept. Mines, 
Ann. R ept. J 939, pl. 2, pp . l a nd 4. 

H anson , G. , Manganese D eposi ts of Ca nada; Geo l. Surv., Canada, Ee. Geol. 
Ser. No. 12, pp. 4 1 and 56 (1932). 

In ga ll , E. D., Manganese; Geol. Surv ., Canada, Sec. of Mines, Ann. R ept. 1902, 
pt. s, pp. 155-156. 

Smitheringale, W. V., Manganese Occurrences of the Ma ri time Provi nces; un
p ublished doc tora l th es is, Mass. Inst. Technology, 1928 , copy on fi le, Geol. 
Surv., Ca nada. 

W eeks, 1948, pp. 71-75 . 

A number of abandoned manga nese prospects are present in the east half of 
the Wolfville map-area. All occur at or near the Horton-Windso r contact. They 
consist of the oxides pyrolu site and subordinate manga nite and psilomelane, which 
occur mainly as replacement masses , lenses, and nod ules, in Pembroke Jimcstone
conglomerate. Lesser amounts are present as coatings on fragments in limestone
conglomerate and as fracture fillin gs in Pembro ke and unde rl ying Macumber strata. 
At some localities the manganese oxides occur along j ints and bedding planes in 
Horton strata. The origin of the manganese is not k own. On the basis of the 
character of the deposits they are probably of supergcne origin , the manganese 
oxides being deposited from mi grating meteoric waters. 

None of the prospects has been active for many years, and none appears 
commercially attractive at thi s time. The Stephens mine near Walton and the 
Macumber mine near Chcverie have undergone more work than the other man
ganese prospects in the area . They have been describ .d in considerable detail by 
Weeks (1948) . 

Stephens Mine 

The Stephens mine is three quarters of a mile southwest of Walton, less 
than 2,000 feet south of the Wa lton-Windsor shore highway, and is readily acces
sible by means of a short wood road . J. Brown first worked the mine and obtained 
a few ton of ore during the period 1870 to 1875 . R. J . Stephens mined 10 to 20 
tons of ore about 1885; and Willi am Stephens obta ined about 20 tons of ore from 
1902 to 1907. The total reco rded recovery of ore is on ly about 40 tons, but 
there was probably some unrecorded production. 

The mine workings are spaced along 1,800 feet ol' the outcrop band of the 
Pemb roke and Macumber Form ation s. There a rc five open-cuts in low cliff 
face of limestone, the largest of which is 230 feet long, and about half a dozen 
pits, some of which may actual ly be sink-holes. E ight ~h afts were sunk into lime
stone, but these are now eithe r caved in , full of water . in accessible, or otherwise 
unattractive fo r internal inspect ion. Weeks ( 1948) estimated th at some 10,000 tons 
of rock were moved in excavating these workings. 

The average dip of strata near the mine is about 45 °S. Horton shale is 
exposed in the eastern part of the workings, and forms the foot-wall limit of 
possible ore. Most of the manganese ore produced from the property was fro m 
re placement masses in Pembroke limestone-conglomera te. The ore minerals , 
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pyrolusite and lesser manganitc, also occur as fracture fi llings in Macumber lime
stone. No large body of ore was fo und on the property, and the tenor of the rock 
mined appears to have been very low. 

Macumber Mine 

The properties of the Macumber mine are three quarters of a mile southwest 
of Cheverie, west of the Walton-Windsor shore highway, and are readily acces
sib le by means of a good farm road. The Lake property is at the shore, about 
1,800 feet from the highway ; the Brown property is about 500 feet from the 
highway, at the end of Manganese Hill. The Lake workings consist of an open
cut into the sea-cliff 80 feet long and 25 feet deep , partly caved. The Brown work
ings consist of an open-cut about 60 feet long into the side of a hill and several 
small pits on top of the hill. These properties were worked for a short time at the 
turn of the century, and yielded a total of about 100 tons of ore. 

In 1936 or 1937 Leander Macumber, owner of the farm upon which the 
properties are located , sa nk a 19-foot timbered shaft just west of the Lake open
cut. Weeks (1948) estimated that about 66 tons of rock were excavated from the 
shaft with a recovery of a ton and a half of manganese oxides. 

The Macumber deposits are on the west limb of a structural basin of Windsor 
rocks that extends from Kempt Shore to Bramber. Strata in the im med iate vicinity 
of the workings arc gen tly dipping to flat. Unde rl ying Horton sandstone is exposed 
at the shore just west of the Lake workings and as an inlier just south of the 
Brown workings. The ore minerals , pyrolu site and manganite, occur as replace
ment masses in Pembroke limestone-conglomerate. A minor amount occurs as 
vcinlcts. Nod ular masses of psilomelane a foot across are present in Jimestone
conglomerate on the shore. Manganese ox ides there may have a considerable 
lateral extent , owi ng to the flatness of strata; however , the rock mined appears to 
have been very low grade. 

Pcffolcurn_ 

R eferences: Bancroft, M. F., Geo logy of the South Side of Min as Basi n; unpublished report 
ova Scotia Oil and Gas Compa ny, on file , N .S. D ept. Mines, Halifax, 

p. 2 (1946). 
Bell , W. A., Possibilities for Occurrence of Petro leum Reservo irs in Nova Scotia ; 

N .S. D ept. Mines, H alifax, pp. 2 1 a nd 80 ( 1958) . 
Fletcher, H ., Geo l. Surv., Canada, Rept. Prog. 1902, p. 393A ( 1903 ) . 

Wright, 1931 , pp. 119 and 126-127. maps 11 and J2, and sketch 11. 

Oil and bitu men were first noted about 1872 in the Windsor gypsum that was 
quarried near Cheverie, and were described by Fletcher ( 1903) as fo llows, "Oil 
and bitumen have been fo und in cavities , joints and fissures of a mass of gypsum 
largely quarried in this neighbou rhood ... " Three ho les were drilled in 1902 on 
the basis of this occurrence. No shows of petroleum were reported from any of 
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the tests. The second and deepest hole , 11 miles southeast of Cheverie, was 
abandoned at a total depth of 1,9 10 feet; it had penetrated about 500 feet into 
the Horton strata . 

A hole was drilled in 19 J 2, 11 miles south west f Windsor, in search of oil. 
It was abandoned at a total depth of 1,637 feet, abo t 300 feet into the Horton, 
after reportedly encountering a show of heavy black oil in Windsor gypsum. Three 
shallower holes were drilled in the sa me region 10 years later, two of which were 
located about a mile west of Windsor, the third just outh of the hole drilled in 
1912. o shows of petroleum were reported from any of these three holes. 
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