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INTRODUCTiON 

Purpose and Scope of the Investigation 

This report describes the geology and some aspects of the hydrology of the 
Sharpe Brook watershed, the third International Hydrologic Decade (IHD) water- 
shed to be instrumented in Nova Scotia. 

General Description of the Area 

The Sharpe Brook watershed includes an area of 3,3e square miles* in Kings 
County south of Cambridge (see Fig. 1). The principal access to the area is provided 
by secondary roads along the northern and southern extremities of the watershed. 
Many parts of the interior of the watershed can be reached with a four-wheel drive 
vehicle over logging roads. 

Although the total reflef of the watershed is nearly 550 feet with the elevation 
ranging from 305 feet at the weir site to 850+ feet at the western side of the watershed, 
much of the area isa gently undulating upland with local relief less than 100 feet. 
Sharpe Brook s incised in places more than 250 feet below the surface of the adjacent 
upland, 

Soils in the watershed are strongly influenced by the underlying bedrock which 
consists of slate, quartzite and granite. Soils that mantle quartzite and granite terrane 
are stony, often shallow, and are suitable for little more than forest. The loam o 
slaty loam soils mantling slate terrane make good to Fair crop land but are found only 
in the northern and southeastern parts of the watershed (Cann, MacDougall, and Hilchey, 
1 965). 

Several families live along the secondary roads within the limits of the watershed. 
Although some of these families do a little farming, they derive most of their income 
from jobs elsewhere. 

According to the Nova Scotia Department of Lands and Forests (1967), land 
in the watershed can be classified as 11 per cent softwood, 12 per cent hardwood, 
72 per cent mixed softwood-hardwood, and 5 per cent non-forested. Timber has been 
cut from most parts of the watershed recently or in the past. At one time the Lloyds 
operated a saw mill next to Sharpe Brook near the slate- quartzite contact. 

* Area determination by the Water Survey of Canada. The watershed boundary 
shown in figure 1 is based on National Topographic Series 1:50,000 maps and is 
not as precise as the boundary shown on map 1. 
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Climate 

Nova Scotia has a humid, temperate, continental climate rrodified by the 
Atlantic Ocean which almost completely surrounds the province and by the Gulf 
Stream which runs northeasterly parallel to the Atlantic coast. The proximity of 
the ocean tends to prevent extreme temperatures in the summer and winter and min- 
imizes the number of severe atmospheric storms (N. S. Dept. of Trade and Industry, 
1 965). 

The nearest long-term climatic records are those for Kenfville eight miles 
east of Lloyds. The SO-year annual precipitation at Kentville is 41.98 inches. 
Total snow fall for the winter months averages 84.9 inches. Precipitation is fairly 
well distributed during the year with slightly higher precipitation occurring during 
the fall and winter months than during the spring and summer months. 

The mean annual temperature is 43.6°F; the mean temperature oF the coldest 
month (February) is 21.1°F, and of the warmest month (July) is 66.2°F. The average 
frost-free period at Kentville is 125 days (Canada Dept. of Agriculture, Research 
Station, Kntville, 1961). 

The meteorological station at Lloyds was installed in November 1967. The 
total precipitation for 1968 was 47,35 inches (47,18 inches at Kentville); the mean 
temperature was 43°F (44°F at Kentvflle); and the total snowfall was 93.5 inches 
(91.0 inches at Kentville). 

Previous Investigations 

For most of the watershed, the only bedrock map available is the Geological 
Map of Nova Scotia (Weeks, 1965) at a scale of 1 inch equals 8 miles. Taylor (1962) 
mapped 21 A at a scale of 1 inch equals 4 miles, but this map includes only the small 
part of the watershed south of north latitude 45°00. The reports by Stevenson (1959, 
Smitheringale (1960), and Crosby (1962) cover nearby areas and contain good descrip- 
tions of the lithologies found within the watershed. 

Duwson (1893) made observations of the glacial features of Nova Scotia. Gold- 
thwcits (1924) description of the physiography of Nova Scotia includes discussions of 
geomorphic evolution and effects of glaciation in Nova Scotia. The writer (Trescott, 
1968) previously mapped the surficial deposits of the area but not in the detail shown 
on mop 1. 
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Field Work and Maps 

The writer spent the week of September 9, 1968 in the field mapping the 
geology of the Sharpe Brook watershed, Most rock outcrops in the watershed are 
found in and adjacent to the main channel and principal tributaries of Sharpe Brook. 
Few traverses were made cross country because outcrops are rare (none were seen 
along any of the logging roads traveled) and because the boulder-strewn granite and 
quartzite terrcine is difficult to walk in. 

Due to the restricted number of outcrops, bedrock boundaries were located 
in many places with the aid of aerornagnetic mops and study of the overlying till. 
Some erratics, of course, are carried for great distances before deposition, but 
generally till composition is a good indicator of the nature of the underlying bedrock. 

On map 1, bedding and cleavage symbols have been placed as dose as pos- 
sible to the location of the outcrop measured. The symbols showing the orientation 
of associated joints are placed nearby. For a system of joints measured on a granfl-e 
outcrop, the most southerly of the group of joint symbols is located at the site of the 
outcrop measured. 

Acknowledgments 

The writer was ably assisted in the field by Jim Gunn. The writer also wishes 
to acknowledge the cooperation of those living in and adjacent to the Sharpe Brook 
watershed, 
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GEOLOGY 

Rock Units 

Goldenville Formation 

The Goldenvflle and Halifax Formations form the Meguma Group (Woodman, 
1904). The Goldenville Formation underlies an area south and east of the old saw 
mill at Lloyds and a small area in the southeastern port of the watershed, but is ex- 
posed only near the junction of the principal tributaries of Sharpe Brook. Its max- 
imum thickness within the watershed is estimated to be 3,500 feet. 

The Goldenville formation consists of alternate bonds of auartzite 
and slate, with slate forming on estimated 5 per cent of the whole. 
The quartzite is light grey to dark greenish grey, breaks with a 
conchoidal fracture, and commonly grades into narrow bands of 
micaceous, siliceous slate rarely more than a few inches thick, 
dividuat quartzite beds may be several tens of feet thick. 

"Megascopically, the quartzite is a dense, uniformly textured, 
chioritic, fine-grained rock that characteristically weathers light 
grey to white, Some beds contain cubes of pyrite, whose individual 
crystals may be up to a quarter inch across. 

"Under the microscope, the qucrtzite is seen to Consist mainly of 
angular to subrounded quartz fragments, with a few feldspar frog- 
merits intermingled... .Chlorite and muscovite are abundant and some 
kaolin was noted in a few thin sections . . Distinct schistosi ty, which 
megascopically could not be discerned, was revealed by the micro- 
scope in many sections.., .ln composition the Goldenville quortzite 
[can be classified as] a subgreywacke" (Stevenson, 1959, pp. 11, 12). 

The quartzites and slates ore dense and hard as the result of regional meta- 
morphism. In most places the rock is cut by three distinct sets of nearly orthogonal 
fractures. In many places it is difficult to distinguish fractures along the bedding 
from other joints. The exposed part of the Goldenville Formation near Lloyds is the 
northern limb of an anticline, Secondary folding within the formation s not evident 
in the outcrops. 

The base of the formation in the watershed is an intrusive contact with 
Devonian granite. In one place (see Map 1) a granite opophysis was found hi a 
qucrtzite outcrop. This area was assumed to be close to the contact with the granite 
intrusion. In two other locations, quartzte boulders contaking granite apophyses 
were found in the overlying till. These boulders, along with the general composition 
of the till, were used to locate the assumed granite- quartzite contact. 
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The quortzites within the watershed have been correlated with the Goldenville 
Formation on the basis of lithology and stratigraphic position since they are isolated 
from the main body of Goldenville rocks and no fossils have been found in them, The 
Goldenville Formation is considered to be early Ordovician or possibly pre-Ordovician 
in age (Smitheringale, 1960; Weeks, 1965), 

Halifax Formation 

The Halifax Formation underlies the northern and southeastern parts of the 
watershed, but exposures are limited to areas along Sharpe Brook and its tributaries 
from the weir site south to the saw mfll at Lloyds and to a few places near but out- 
side the watershed. Its maximum thickness within the watershed is estimated to he 
2,500 feet. 

'[rhe Halifax Formation].. .forms a monotonously uniform succession 
of rusty weathering, sericitized, banded slates and argillites, com- 
monly interbedded with relatively narrow bands of siltstones and 
chloritic, dense quarfzites, the quartzites forming probably less than 
5 per cent of the whole' (Stevenson, 1959, p. 13). 

In the watershed, crossbedded siltstones in beds up to 8 inches thick are exposed near 
the weir ste. Elsewhere outcrops are composed mostly of slate, 

"As seen in thin section, the slates are composed predominantly of 
sericite. Angular to subangular quartz grains are most abundant 
in the lighter coloured layers. The siltsfones comprise angular to 
subangular grains of quartz and [generally less than 10 per cent] 
feldspar in a matrix of small sericite flakes" (Crosby, 1962, p. 18). 

The slates and siltstones are dense and hard as the result of regional meta- 

morphism. Cleavage fractures, generally the most prominent joints, are usually spaced 
at intervals of 0.1 to 1 inch. Bedding in the siltstones and cleavage in the slates can 
be compared near the weir site (Fig. 2). In one place bedding and cleavage are par- 
allel, but generally (as also observed by Stevenson, 1959, p. 14) cleavage and bed- 

ding are not parallel. 

Beds of the Halifax Formation exposed in Sharpe Brook generally dip to the 
north. In some of the larger outcrops, secondary, nearly isoclinal folds can be seen 
Cleavage dipping south in one of the tributaries to Sharpe Brook may reflect secondary 
folding in this area. The crests of folds contain many quartz veins and, in the south- 
eastern part of the area, are the sites of several mineral prospects. 

Near the sow mill, the basal Halifax slates grade downward for a distance of 
several tens of feet into the typically blocky Goldenville quartzites. This is similar 
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to the conformable Goldenville - Halifax contact described by Foribault (1909) 
along the upper part of Black River. 

'The general uniformity and great thickness of the [Meguma Group] 
point to deposillon in a gently subsiding, marine, geosynclinal basin 
where the water was fairly shallow and very muddy" (Stevenson, 
1959, p. 10). 

Fossils collected by Crosby (1962, p. 21) in the Wolfville map-area confirm "that 
most, if not all, of the Halifax Formation was deposited under marine conditions. 
On the basis of these fossils, the formation has been assigned an early Ordovicion 
age. 

Southern Nova Scotia Batholith 

Granite of the Southern Nova Scotia Batholith (Smitheringale, 1960) under- 
lies all of the watershed except the northern and southeastern parts, Although granite 
boulders are abundant in the drift, few outcrops are present except along the main 
channel of Sharpe Brook. 

Smitheringale (1960) described six types of granite in the Nictaux-Torbrook 
map-area. In the Sharpe Brook watershed, the granite is like that described by 
Crosby (1962, p. 29): 

"The granite is porphyritic, with large euhedral to subhedral 
phenocrysts of white to salmon-red potash feldspar, averaging be- 

tween 2.5 and 5 cm long, in a coarse-grained matrix of quartz, 
potash feldspar, plagioclase, and botite crystals, averaging about 
0.5 cm in diameter. The rock has a reddish or whitish appearance 
depending upon the colour of the potash feldspar.. .The mineral 
composition of the granite varies from place to place, but is ap- 
proximately potash feldspar (45%), quartz (20%), oligoclase (20%), 
and biotite (15%)," 

The granite is commonly cut by three sets of nearly orthogonal joints with the 
spacing varying from a foot or less to ten or more feet. Although the granite- quartzite 
contact is covered, if can be located accurately in Sharpe Brook. The only intrusive 
effects noted in the quartzites were the granite apophyses. Contact metamorphic ef- 
fects might be seen if thin sections of the quartzite were examined. The intrusive 
contact with the Halifax slates is not exposed in or near the watershed. Crosby (1962, 
p. 30) found extensive contact metamorphism in Halifax slates in Wolfvil!e map-area. 

The Southern Nova Scotia Batholith has been dated as fate Devonian (Smith- 
eringlae, 1960, p. 25). 
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Surficial Deposits 

Glacial Till 

The surficial deposit over most of the watershed is glacial till. Its thickness 
varies from 0 to 60 or more feet and its composition depends on the nature of the 
underlying bedrock. 

Till overlying the Halifax Formation is typically a silty loam, often with an 
abundance of weathered slate pebbles. Erratics of other lithologics are commonly 
present. This till con be observed in cuts along the secondary roads and in a few 
places along Sharpe Brook. In a mineral prospect along the southern watershed 
boundary, slaty till is at least 20 feet thick. An indication of the thickness of till 
at Lloyds is the location of a spring emerging from a gravel lens in slaty till. This 
spring is at least 60 feet below the surface of a hill composed mostly of till but cap- 
ped by two small kames. 

The till mantling quartzite ferrczne is more sandy than the slaty till and con- 
tains numerous quartzife boulders along with erratics.. This till is exposed in a few 
places along Sharpe Brook but elsewhere it is covered by vegetation and s poorly 
exposed. The maximum thickness of till mantling the quarfzites is not known. 

Till derived from granite is typically a sandy loam and contains abundant 
granite boulders. No cuts that would give an indication of its thickness were ob- 
served in this till. 

Glaciofluviol Deposits 

Glaciofluvial deposits are present only at and near Lloyds in the northern part 
of the watershed. They consist of several komes (hills of stratified sand and gravel 
formed in contact with wasting ice) and an esker (a subglacial channel deposit). 

The largest kame, which may be more than 20 feet thick, is exposed in a 

road cut east of the wer site. Smaller kames are present on the Lloyd's farm. These 
kames and the lenses of stratified sand and gravel along the secondary road were the 
basis for classifying a much larger area at Lloyds as ice-contact stratified drift on an 
earlier map (Trescott, 1968). New exposures along the secondary road, however, 
revealed that the stratified deposits are only inclusions in the slaty till. Furthermore, 
the area west of the road to the saw mill at Lloyds contains several shallow, poorly 
drained depressions. The drainage would be much better if this area were underlain 
by permeable sand and gravel deposits. Some of the more sandy material at the sur- 
face is probably on ablation till. 

The watershed boundary follows an esker for most of a distance of 2,200 feet 
east of the large kame, Its surface is covered with boulders (probably an ablation till) 
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in places and it is often less than ten feet thick, A cut made for a logging road ex 
poses the sand and gravel beds in the esker near its western terminus. 

Stream Alluvium 

Most of the Shorpe Brook channel iS V-shaped and contains no flood plain. 
East of Lloyds, however, is a 1,600-foot reach where the valley widens and a flood 
plain with a width of about 100 feet has formed. Alluvium in the flood plain is very 
coarse and consists of slate, quartzite and granite pebbles, cobbles and boulders. 
The alluvium is so permeable that all of the flow of Sharpe Brook is subsurface along 
some segments of the flood plain during dry weather. 

Peat and Muck 

Peat and muck have accumulated in three depressional areas along a trib- 
utary to Sharpe Brook, A fourth area of peat and muck is located outside the water- 
shed boundary north of the esker, 

Structure 

'The quartzites and slates of the Meguma group are characterized 
by high-angle faults, tight folds, and low-grade metamorphism.. 
[produced by the Devonian Acadian Orogeny]" (stevenson, 1959, 
p. 3?) 

The main structural feature in the Sharpe Brook watershed is an anHcflne with a north- 
east plunge. The pattern of gamma contours on the aeromognetic map suggests that 
several large secondary folds map be present in the Halifax Formation in the south- 
eastern part of the watershed. Smaller secondary folds may be observed in the Halifax 
Formation near Lloyds.. 

No large faults were observed in the watershed. Minor faults, offsetting beds 
from several inches to several feet, may be seen in a few outcrops. 

Cleavage is well developed in the slates of the Halifax Formation but is in- 
distinct or non-existent in the siltstones and qucirtztes. The strike of the cleavage 
parallels the axial plane of the anHcline. 

Geomorphology 

The South Mountain highland is an erosional surface formed throughout 
eastern North America in the Cretaceous. During uplift of this surface in the late 
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Crefaceous or early Tertr&y, streams on the upland (including Shcirpe Brook) became 
incised (Goldthwait, 1924). 

Glacial eroSion and deposition during the Pleistocene oftered the topography 
locally, but did not change the gross, bedrock-controlled features of the watershed. 
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HYDROLOGY 

Drainage 

Surface drainage is good along the main channel of Sharpe Brook and on the 
steeper slopes. On the relatively flat upland areas, however, surface drainage is 
poorly defined and shallow boggy areas are common. The best example of this is the 
principal tributary to Sharpe rook which drains the southeastern part of the watershed. 
The channel of this tribUtary passes through the three relatively large areas of peat 
and muck and is difficult to define in many places. 

Groundwater 

Due to the lack of well-defined surface drainage on the uplands, much of 
the precipitation must infiltrate and drain laterally through the overburden and more 
permeable, partly weathered zone of the bedrock. None of the surfical deposits or 
the bedrock units, however, contain good aquifers. 

The water-table over most of the watershed is probably less than 20 feet and 
often less than 10 feet below the surFace. The water level in a mineral prospect 
along the southern boundary of the watershed, for example, was 16 feet. The pros- 
pect is located at the crest of a broad bill on slaty till. Other groundwater levels 
measured in dug wells in the watershed are shown on Map 1, 

The location of several springs and the head of dry-weather flow in stream 
channels is shown on Map 1. The discharge from a spring emergng from a gravel 
lens in slaty till at Lloyds (Fig. 3) been measured weekly since September 1967 
(discharge data for this spring ore given at the end of ths report). The writer and 
George Pinder plan to compare the discharge from this spring with groundwater dis- 
charge over the weir as determined by the chemistry of total discharge (Pinder and 
Jones, 1969) to see if the discharge of this spring is a good index to groundwater 
discharge in the basin, 

Chemical Quality of Surface Water 

For the paper on the separation of the groundwater component of stream F low 
on the basis of the chemistry of total discharge (Pinder and Jones, 1969), water samples 
were collected from three different points on Sharpe Brook every two days for tWO 
months. The analyses for Site 1, the oniy site within the IHD watershed, are given 
at the end of this report. The reader is referred to the original paper for details of 
this proect. 
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SUMMARY 

The Sharpe Brook IHD watershed includes an area of 3.36 square mfles south 
of Cambridge in Kngs County. The watershed, which has a totclrelief of 550 feet, 
is located on the South Mountain highland and is covered mostly by second-growth, 
mixed softwood- hardwood forest. 

The northern and southeastern parts of the watershed are underlain by steeply 
dipping quartzites of the early Ordovician (possible pre-Ordovician) Goldenville 
Formation and slates of the early Ordovician Halifax Formation. The remainder of 
the watershed is underlain by late Devonian granite which has intruded the slates 
and quartzites. Since bedrock exposures are generally limited to an area adjacent 
to the main channel of Sharpe Brook, bedrock boundaries over most of the area are 
based on aeromagnetic maps and on the composition of the overlying glacial till. 

Glacial till mantles the bedrock over most of the watershed. It is generally 
a silty loam in the area underlain by slate and a sandy loam with abundant boulders 
over granite and quartzite terrane. A few kames and an esker are found in the north- 
ern part of the watershed. Recent coarse alluvium is present in one segment of the 
Sharpe Brook valley, and accumulations of peat and muck are found in three depres- 
sional areas along the principal tributary to Sharpe Brook. 

Surface drainage is poor except near the main channel of Sharpe Brook Else- 

where most precipitation probably infiltrates to the water-table and drains laterally 
to stream channels or to boggy depressional areas. The water-table in many parts of 
the watershed is probably less than ten feet from the surface during most of the year. 

The discharge from a spring at Lloyds has been measured weekly since 
September 1967, and surface water chemical analyses ore available for a two month 
period in the fall of 1967. 
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Appendix B. Discharge from a spring in the Sharpe Brook basin, 
September 24, 1967 to October 18, 1969 
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