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Hydrogeology of Glacial Deposits 
from Aerial Photographs 

I 
Geological processes interpreted from aerial photographs define 
ground-water systems and boundary conditions in glaciated terrain. 

INTRO~UCTION 

A ERIAL PHOTOGRAPHS present a unique vertical 
perspective of certain landscape features that 

exist as expressions of the hydrogeology of an area. 
The evidence provided by these surface expres- 
sions is particularly useful for ground-water engi- 
neering in glacial deposits. There are two reasons 
for this. First, phenomena related to the flow sys- 
tem such as ground-water recharge and discharge 
exhibit characteristic patterns on the photographic 
image. Second, glacial processes creating the nat- 
ural boundary conditions of the hydrologic model 

Terrain evaluation from aerial photographs has 
been developed successfully for ground-water 
studies in the glaciated terrain of southern Sas- 
katchewan (Figure 1). The methodology has 
evolved through experience (Mollard, 1979) 
gained over the last two decades in this area. The 
effectiveness of, air-photo interpretation for this 
purpose has been greatly enhanced through re- 
search in defining the glacial stratigraphy (Chris- 
tiansen, 1968; Whitaker and Christiansen, 1972) 
and history of deglaciation (Christiansen, 1979) of 
the region. 

ABSTRACT: Aerial photographs provide useful qualitative evidence of ground- 
water discharge, recharge, and storage in glaciated terrain. Landforms indicate 
geological processes and boundaries of the hydrologic system. Ground-water 
discharge is readily identifiable. Storuge and recharge can be evaluated from 
indirect evidence such as topographic form, surface drainage, and glacial 
stratigraphy. Temporal relationships shown b y  seasonal and annual changes in 
ground moisture aid in this interpretation. 

Landforms shown t o  be significant include low-relief non-patterned 
moraines, low relief ridged moraines, high relief hummocky moraines, glacio- 
fluvial outwash plains, proglacial valleys, and ice-contact valleys. 

Air photo patterns related to the flow phenomena are shown as (1) springs and 
natural piping; (2) tones of gray and tone patterns; (3) vegetation and plant 
communities; (4 )  soil salinity and salt accumulation; (5) slope instability; (6) 
flood plain anomalies related to piping and discharge; and (7) land-use ac- 
tivities such as mining, irrigation, and forest cutting. 

are confined to a relatively shallow surface zone of 
the terrain; the interpretation of aerial photo- 
graphs is most effective in this shallow surface 
zone. The elements of hydrogeology are the flow 
and storage of ground water within a framework of 
natural terrain boundaries. Therefore, even 
though the interpretation of aerial photographs is 
essentially surface exploration technique, it has an 
effective capability for establishing a reasonable 
first approximation of the hydrogeology of glacial 
deposits. 
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THEORETICAL CONCEPTS 

PRINCIPLES OF PHOTO INTERPRETATION 

All photographic images have certain elements 
in common. These include size and shape of ob- 
jects, shadows, tones (or colors) or tone patterns, 
and the association of objects. Belcher et  al. (1943) 
and Belcher (1943, 1946, 1948) translated these 
elements into landscape terms such as landform, 
soil type, erosion form, drainage, vegetation, and 
land use. If landscape features can be identified 
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on a photograph and related to ground conditions 
or geological processes, they provide a basis for 
evaluation of the physical environment. 

This approach is a refinement of the concepts 
encompassed within the study of geomorphology 
where geologic structure, processes, and time are 
interrelated and form the landscape as we see it 
today. Thus, landforms are the basic framework for 
the interpreter of aerial photographs. 

Hydrogeology involves a more specific and re- 
fined application of this interpretation concept. 
Recharge infiltration potential can be interpreted 
by relating the processes of deposition indicated 
by landform types to the physical properties of 
their component sediments. This interpretation 
then can be extended by relating the sequence of 
geologic events that landforms represent to the 
creation of hydrologic boundary conditions. 

The ultimate objective in ground-water engi- 
neering is to determine the storage and flow sys- 
tem within the framework of the terrain model. 
Storage may be interpreted through estimates of 
infiltration capability or porosity of surface sedi- 
ments, and evidence of ground-water discharge is 
the most obvious indicator of the flow system on 
aerial photograph. 

Temporal relationships shown by seasonal and 
annual changes in ground moisture and vegetation 
aid the interpretation of some of the more subtle 
indicators of ground-water storage and discharge 
on aerial photographs. Certain forms of evidence 
are more apparent in dry conditions or late fall, 
whereas others show better in mid-summer or dur- 
ing wet climatic intervals. Thus, the time of year 
or the particular year the aerial photographs were 
taken can be critical. In nearly all studies, a com- 
parison of a sequence of aerial photographs cover- 
ing a ranee ofenvironmental conditions at the same - - 
location is useful in ground-water studies. 

HYDROGEOLOGY 

The ground water system can be shown as an 
equation to account for factors in the hydrologic 
cycle with effect flow and storage of ground water 
over short periods of time, i.e., 

Change in Storage = Recharge - Discharge. 

On a long term basis discharge (outflow) will 
equal recharge (inflow) and storage will be con- 
stant. For example, most ground water below a 
stream is in permanent storage when the stream 
elevation represents the water table. This simple 
concept represents a mathematical model of a nat- 
ural process. This process expresses itself in the 
landscape in a variety of ways related to climate, 
topography, geology, vegetation, and land use. 
The surface expressions that result from this pro- 
cess provide observational evidence that can be 
synthesized to form a working model of the 
ground-water systems under consideration. 

Glacial terrains contain (a) permeable layers 
providing storage and the capacity for flow and (b) 
nonpermeable layers, forming three-dimensional 
boundaries containing the flow system. The spa- 
tial arrangement of these two components consti- 
tutes the physical dimensions ofthe terrain model, 
or hydrologic boundary conditions. Storage is de- 
pendent upon porosity; flow rate is dependent 
upon permeability and hydraulic gradient. 
Boundary conditions are created by changes in 
relative permeability, keeping in mind that very 
few sediments are impervious in the strictest 
sense of the word. This is important in evaluating 
the effects of ground water on terrain stability, be- 
cause unstable conditions can result from water in 
sediments that have very low permeability. 

In glacial deposits a great variation in penne- 
ability may be expected. 

GLACIAL PROCESSES AND BOUNDARY CONDITIONS 

Initially, two basic processes were involved in 
the creation of the components of the glaciated 
terrain, flowing ice, and melt-water from the ice. 
Well-sorted, permeable strata are created by 
meltwater, and poorly sorted less permeable 
boundary layers are deposited by glacier ice. 
These sediments are referred to as stratified drift 
and till, respectively. All types of glacial sedi- 
ments are referred to collectively as drift. 

After the ice disappeared, during post glacial 
time, the terrain was modified by wind and water. 
For example, wind formed sand dunes and loess 
deposits, where water created floodplains and al- 
luvial fans. These features are found superim- 
posed on glacial landscapes. 

The division of glacial sediments into two gen- 
eral categories, while useful, is an oversimplifica- 
tion. Ice and meltwater may act as independent 
processes or as complexly interrelated processes. 
Thus, the drift created by glaciers may be ex- 
pected to range from extensive layers, to a uniform 
mass, to a spatially complex intermingling of 
lithologies. 

Stratigraphy. The stratigraphy of a glaciated ter- 
rain has been affected by both a complex array of 
processes and a fluctuating advance-retreat- 
readvance phenomenon. It is generally accepted 
that there were four major ice-ages in North 
America, but Christiansen (1968) has separated till 
deposits in Saskatchewan into stratigraphic units 
which represent only two, or possibly three, major 
glacier advances. Tills generally are used as de- 
finitive stratigraphic units because tills have dis- 
tinctive physical features and are more or less 
continuous throughout the region. Stratified drift 
or loess deposits do not exhibit these characteris- 
tics. Sand and gravel layers between these till- 
stratigraphic units are some of the major aquifers 
in this region. 

Landforms. The preglacial terrain of southern 
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Saskatchewan was a sedimentary plain composed till, can be regional recharge areas because of their 
essentially of thick layers of Upper Cretaceous large number of water-filled lakes and ponds. 
clays and sands (Figure 1). The landforms that Moraines occur in three forms: 
evolved from continental glaciation of sedimen- 
tary plains do not generally possess large inte- 
grated drainage systems. As a result, they retain a 
large part of the precipitation which recharges the 
groundwater system. The rate of recharge may 
vary significantly because of the difference in 
permeability between till and stratified drift. 

Landforms can be easily delineated on aerial 
photographs. When landforms are produced by 
repeated glaciation, predictable sequences of till 
and stratified drift layers occur. For example, till 
usually underlies surface stratified drift; also, 
springs along a valley slope may indicate a 
stratified drift between a surface till and another 
till layer below the seepage zone. 

Moraines, although composed almost entirely of 

Low relief, non-patterned moraines (Figure 2); 
Low relief, ridged moraines (Figure 3); and 
High relief, hummocky moraines (Figure 4). 

There is very little reliable quantitative data on 
the permeability of tills. The older weathered tills 
in Saskatchewan are extensively fractured (Chris- 
tiansen, 1968; MacDonald and Sauer, 1970). 
Studies by Grissak and Cherry (1974) have shown 
that the fracture permeability of the older tills is 
two or three orders of magnitude greater than the 
intergranular permeability. 

Observations in Saskatchewan (Sauer, 1978) 
have shown that the relative relief on moraines is 
correlated with the average thickness of the till 
deposited by the last or youngest glacier. The 
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FIG. 1. Map of Saskatchewan showing direction of ice movement and pre- 
glacial geology. Tills in the southern region are composed mainly of clay from 
the Cretaceous Bear-paw, Judith River, Lea Park, and Riding Mountain For- 
mations. Sands and gravels originate mainly from Swan River-Manville sands, 
Silurian and Ordivician carbonates, and Precambrian igneous and metamor- 
phic rocks. 



FIG. 2. A stereogram of low relief (5 to 10 m) ground moraine composed mainly of a thin layer (2 
to 10 m) of clay rich till. Surface storage area is small and infiltration rates are low because the till 
has low permeability. Photos courtesy Canada National Air Photo Library. 
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FIG. 4. A stereogram of a high relief (10 to 15 m) ground moraine composed of thicker (30 to 80 
m) layer of clay rich till. Surface storage capacity is large. Photos courtesy Canada National Air 
Photo Library. 

surface tills are usually massive even when 
weathered, whereas the underlying weathered 
tills created by earlier glacial advances are highly 
fractured. The resulting change in permeability 
can be a significant boundary condition in the 
ground-water flow system. 

Glacio-fluvial outwash plains (Figure 5) are 
usually flat with very little surface storage capac- 
ity. The sand and gravel layers have a high perme- 
ability so that outwash plains are almost always 
major recharge areas. 

Ice contact stratified drift landforms such as es- 
kers and kames usually are not significant 
ground-water storage systems because they repre- 
sent small high areas and are well-drained. The 
permeability and infiltration rates are, however, 
very high. 

Glacial and proglacial valleys have been exca- 
vated into the drift and commonly cross strati- 
graphic boundaries. These landforms can have sig- 
nificant effects on recharge and discharge. The 
valleys are generally of two forms: (a) those 
formed in tunnels (ice-contact valleys) within 
melting stagnant ice and (b) those created from 
erosion by proglacial meltwater. 

Ice contact valleys (Figure 6) usually are partly 
filled with collapsed drift but retain some of the 

hillslope relief of the buried valley. They are often 
characterized by a chain of lakes or ponds. Flow- 
ing streams are rare in the valleys. The role of any 
part of the valley in terms of recharge, discharge, 
or storage is indicated by surface ponding, the 
presence of springs along slopes or at the valley 
base, and indications of soil salinity caused by 
ground water seepage and evaporation. 

Valleys formed by proglacial meltwater (Figure 
7) were originally eroded to grade in the hydraulic 
sense and subsequently back-filled and, thus, are 
usually occupied by an underfit stream instead of a 
series of segmented lakes. 

Proglacial channels are commonly joined by a 
few tributary channels and receive some surface 
runoff from a limited catchment area. Where sur- 
face runoff into the valley is significant, the valley 
is usually occupied by meandering underfit 
streams. Normal runoff is not sufficient to maintain 
flow in these streams for prolonged periods. When 
flow in the streams continues for weeks or months 
the flow is usually sustained by ground water. 

AIR PHOTO PATTERNS RELATED TO FLOW PHENOMENA 

Springs and Natural Piping Phenomenon. 
Where ground water outcrops, a flow velocity may 
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FIG. 5. A large outwash plain (OW) along the flank of a FIG. 7. A deep proglacial valley and the floodplain of an 
deeply incised meltwater channel. The sand and gravel underfit stream (F,). The valley fill is about 35 m thick 
layer is about 5 m thick and is an unconfined aquifer. and thus may be an important aquifer. Discharge can be 
Springs (S) can be seen on the valley slope where sand observed by numerous springs (S) at the valley base and 
overlies till. Photo courtesy Canada National Air Photo the white pattern of aquatic vegetation (V). Springs (S) 
Library. can also be seen where water is discharging from sand 

and gravel outwash (OW) above the valley. Photo cour- 
tesy Canada National Air Photo Librarv. 

be maintained by seepage pressure, resulting in 
erosion. This fonn of erosion by ground water is 
called piping (Casagrande, 1940) and is a primary 
cause  of failure in ear th  dams and  hydraulic 
structures. 

Natural p ip ing usually appears  o n  hil ls ide 

F ~ G .  6. An ice-contact valley apparently formed by FIG. 8. Springs (arrows) formed by natural piping and 
melt-water sorting and deposition in a stagnant ice sheet. erosion along the contact between a surface sand out- 
Numerous eskers and kames can be seen within the val- wash (OW) and underlying till. Where the water table is 
ley. The small lakes and ponds may act as recharge ba- high surface erosion is minimal. where the water table is 
sins for the gravel deposits in the valley. Photo courtesy low the sand has been formed into dunes (D). Photo 
Canada National Air Photo Library. courtesy Canada National Air Photo Library. 
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slopes as small craters at the seepage line (Figure 
8).  The volumes of soil eroded mav be small if 
sbils are stabilized by lush vegetatidn and by the 
natural resistance to erosion of the water bearing 
strata. Where clay underlies the saturated sand 
layer, slumping may be associated with the seep- 
age (Figure 9). Small springs or ground-water out- - -  - - - 
crops can be readily detected on aerial photo- 
graphs (Figures 5, 7, and 8). Under certain condi- 
tions, when combined with surface runoff, large 
excavations may d e v e l o ~  (Figure 10). 

Tones of ~ r &  and Tone Patterni. The water 
content of a sediment reduces its spectral reflec- 
tance (Condit, 1970). This reduction is greatest 
for sandy deposits (Figure 11) in the range of 
visible red light (0.6 to 0.7 pm) and in the non- 
visible near-infrared range (0.7 to 1.0 pm). In clay 
deposits the reduction extends over a greater 
range (0.4 to 1.0 um). Both black-and-white in- - ,  m 0 0.8 frared and color inhared films are sometimes used LO. A very large depression formed by gmund 
for surface drainage studies because exhibit water discharge. The large flat-bottom gully is filled with 
the greatest contrast. aquatic vegetation as is typical. Ground-water discharges 

Vegetation. Plants have been used as indicators from a glacial gravel (likely outwash or delta) covered by 
of ground-water occurrence for many years. loess. photogriph courtesy Canada National Air Photo 
Meinzer (1927) studied plants in the desert envi- Library. 

MILES 
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0-3 Y 

FIG. 9. Arrows indicate piping and slumping where changes in water content are indicated by white and dark 
ground water is discharging at the contact between a patterns. Thin arrows indicate dry soils and thick arrows 
surface sand and underlying clay. Vegetation patterns indicate wet soils. The heavy vegetation is developed in 
trailing downslope from the crests indicate seepage. shallow bog where the water table is at the surface. 
Photo courtesy Canada National Air Photo Library. Photograph courtesy Canada National Air Photo Library. 
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ronment of the western United States and found complex succession of plant species evolves over 
some useful correlations between ground water time (Johnson and Rowe, 1975). Plants are sub- 
and plant species. White (1932) investigated the ject to a selective process controlled by the 
use of plant characteristics in estimating ground changing environment: re-establishment of plant 
water supplies in similar terrain. Ground-water growth, and competition amongst plants for nu- 

effects on plant communities were examined in trients and competition for insolation. Thus, 

Saskatchewan by Meyboom (1966) and Meyboom 
some caution must be exercised by the interpre- 
ter in correctly evaluating the significance of 

et al. (1966) and plants around the prairie pot- plant communities. 
holes of North Dakota were studied by Stewart Satellite imagery can be useful in establishing 
and Kantrud (1972). Cannon (1971) extended plant a fire history (since 1972) in forested areas. Land- 
indicator concepts to geological mapping and sat images provide a synoptic view of the total 
mineral prospecting in Texas. Richardson and landscape. Burned areas exhibit a unique color 
Sauer (1975) used plant indicators on aerial photo- which becomes more subdued with time. Color 
graphs, among other forms of evidence, for the en- composite images using spectral bands 4(green), 

gineering evaluation of terrain in the Arctic envi- 5(red), and 7(near infrared) show the most prom- 
ise in this connection. ronment of the Yukon. 

Sauer and Wilson (1977) examined the use of Johnson and Rowe (1975) found that landform 
plant indicators for engineering studies in the and geology influence plant succession. For 
prairie environment of Saskatchewan and found example, on sandy, well drained sites, plant se- 
that, although edaphic factors (soil type) were sig- quences change and differ from those on till de- 
nificant in supplying nutrients for some plant posits. Thus, the succession pattern can be an in- 
species, the availability of ground water seemed to dicator of the terrain. Man-made disturbances may 
be the most critical factor. Boundary conditions for change conditions from the ecological setting seen 
ground water are often determined by stratig- on aerial photographs to those observed on the 
raphy. ~ h u s ,  a concentration of water-loving ground at a different time. The successions or re- 
plants along a topographic contour serves as an establishment of vegetation may be quite different 
indicator of stratigraphy. than those occurring after natural disturbances. 

Plant communities may also indicate ground- Salinity. Cole (1926) related the origin of 
water storage. For example, heavy tree growth on sodium s u l ~ h a t e  deposits in saline lakes to 
dune fields (Figure 8) indicates a high water table. ground-water discharge. Cole presented evidence 

Meyboom (1966) and Sauer and Wilson (1977) to show that, when water discharging from springs 
found that recharge and discharge could signifi- is saturated with sulphates, evaporation produces 
cantly affect soil chemistry. Soil chemistry, in turn, the large salt flats (locally called alkali flats) corn- 
plays an important role in plant selection. They man to the prairie region. Me~boom (1966) ob- 
demonstrated that plant species or the structure of served that both regional and local flows of water 
vegetation communities can be used to differ- through the glacial drift in Saskatchewan resulted 
entiate zones of recharge from zones of discharge, in salt accumulations even though the ground 
both on a local and regional scale. water was not saturated with salts (Figure 12). 

Plant indicators are most useful in severe envi- Sauer (1974) found that the highly unstable foun- 
ronments because competition for survival is more dation conditions (Figure 13) in salt flats were at- 
intense. Thus, plants with low ecological ampli- tributable to upward flows of water in the salty 
tudes (which, in turn, are better indicators) tend sediments. It has also been observed that salinity 
to dominate arid or cold environments where problems on cultivated fields (Figure 14) correlate 
fewer species survive. In tropical areas vegetation with climatic variations, and a rising water table 
development is so massive that local changes in tends to increase the extent of salt accumulation. 
ecologic or environmental factors may be corn- In dry years, salt accumulation shows a marked 
pletely obscured. In dry climates lush vegetation decrease and many saline patches in fields disap- 
tends to occur only along saturated permeable Pear. Thus, there is considerable evidence to sup- 
strata (Figure 8). port the theory that saline conditions in this region 

There are, however, some practical constraints are directly related to ground-water discharge 
in using vegetation as a diagnostic element in the followed by evaporation into the atmosphere. 
photo-interpretation process. These are Certain plants (halophytes) are more tolerant to 

saline ground water than others. This tolerance re- * Photogra~hicscalesmostcommonl~ in use are too stricts the development of vegetation near saline 
small for identification of individual plant species. areas to be limited to a few plant species. Thus, This constraint is partly offset by the observa- 
tion of Sauer and Wilson (1977) that plant the diversity of species is an indirect indicator of 
munities are often better indicators of the physical ground-water salinity and of discharge or recharge 
environment than individual plant species. areas. Saline plant communities can be differ- 

* In forested regions the frequency or fires can be entiated from communities associated with fresh 
an important factor in the interpretation of ~Iant  ground water at normal photographic scales. 
development. After fires have occurred, a natural, The spectral reflectance of salt is relatively high. 
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FIG. 12. A high relief ground moraine (A) is functioning 
as a ground-water recharge area. The area in the upper 
right half of the photograph is sloping away from the 
moraine and ground water is discharging at the base of 
the slope as indicated by saline patterns at D and the 
vegetation pattern at V. 

However, the distribution of salt on  the surface 
varies in thickness and concentration. T h e  variety 
of patterns a t  the surface reflect the amount and 
distribution of salt and the patterns of surface flow 
in the discharge area (Figure 15). Salt accumula- 
tions occur most commonly in areas where ground 
water is partly ponded and not free to run off. 

Slope Instability. Certain sediments are more 
susceptible to instability than others. For example, 
the Upper Cretaceous clays in the prairie region 
are notoriously unstable (Peterson, 1945) whereas 
glacial till has a very steep angle of repose. Where 
seepage takes place very large landslides can de- 
velop on tills (Sauer, 1979). Slope stability or in- 

Frc. 13. A highway foundation failure in a saline lake 
basin where ground water is discharging and is creating 
a "quick" condition. The white patches beside the 
roadway are salt-saturated sediments pushed upward to 
the surface by foundation displacement and exposed by 
evaporation. 

' GLACIAL DEPOSITS 

FIG. 14. Salt accumulation on a cultivated field. The 
land-owner (on the right) stated that it was impossible to 
drive his farm machinery through the salt patch when a 
large pond at the top of the hill behind the automobiles 
was full of water. A recharge, flow, and discharge se- 
quence is indicated. 

stability thus depends on the geology of the de- 
posits, their water content, and on ground-water 
flow rates. Some general observations on  slope in- 
stability are 

Most slopes will fail under some conditions. 
Under very dry conditions, however, failures are 
infrequent and usually restricted to small block 
glides or debris falls. Massive slumping occurs 
under extreme conditions of water saturation or 
in continuous outcrops of thick clay deposits, 
which have very low shear strength. Very steep 
slopes usually indicate dry conditions and rock 
types that are relatively stable. 
Slumping may indicate either outcrops of low 
strength clays or high rates of seepage or both. 

FIG. 15. The speckled pattern is characteristic of saline 
soils developed by ground-water discharge. Photograph 
courtesy Canada National Air Photo Library. 



PHOTOGRAMMETRIC ENGINEERING & REMOTE SENSING, 1981 

Slumping almost always indicates clay deposits 
(Figure 16) but some ground water is commonly 
present. The presence of water may not be obvi- 
ous but it is nevertheless almost certain to be a 
contributor to the instability. 
Slumping may also be related to a lithologic 
boundary or structural discontinuity and, there- 
fore, may be indicative of hydrologic boundary 
conditions. Evidence of this situation can be seen 
along ravines where slope morphology changes 
with increasing depth of erosion (Figure 16). 

Stream Flow Characteristics and Floodplain 
Features. Stream flow and floodplain morphology 
are often affected by ground-water discharge or 
recharge. This is particularly true along the 
underfit streams flowing in a glacial meltwater 
channels. During most of the year a large part of 
the flow in these streams originates from ground 
water. 

Meyboom (1966) described ground-water flow 
into river valleys of former glacial meltwater 
channels. He found that salinity increased toward 
the center of the valley; this effect was clearly in- 
dicated by a zonation of plant communities. 

Valley morphology can be strongly influenced 

by lithologic changes and strata that discharge sig- 
nificant amounts of ground water. For example, 
discharge from an intertill sand or silt may result 
in piping which accelerates lateral erosion and 
forms deep incised meanders on a very small 
floodplain (Figure 17). The beginning and end of 
this incised meander pattern marks the boundaries 
of this zone, vertically, horizontally, or both. 
When seepage rates are large with high exit gra- 
dients the stream channel develops a flat base 
with spoon shaped, serrated banks (Figure 18). 
This form is similar to the gullies produced by 
outcrops shown in Figure 8. The mechanics are 
similar. 

Land-Use Activities of Man. Obvious indica- 
tions of man's activities are gravel or rock quarries, 
and mining activities of various kinds. However, 
land-use effects on ground water involve alter- 
ations to the natural environment and affect re- 
charge, discharge, and to some extent storage. 

The most obvious activities affecting ground 
water are drainage systems which reduce storage 
and irrigation systems which increase storage, re- 
charge, and in some cases discharge (Figure 19). 

FIG. 16. Continuous retrogressive failure in soft clay shale can be seen in this stereogram at A 
and B. The elevation of the contact between the till and the shale can be seen at D. A lake basin 
clay at the surface is indicated by the gullies and tone patterns at C. The lake basin clay overlies 
till of a ground moraine exposed at Gm. Some seepage is evident at A. Photographs courtesy 
Canada National Air Photo Library. 
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FIG. 17. Deeply incised meanders on the stream be- 
tween the two arrows suggest a zone where the creek has 
eroded through an intertill sand. Vegetation patterns 
along the slopes indicate seepage or ground-water dis- 
charge and confirm the tentative interpretation. Photo- 
graph courtesy Canada National Air Photo Library. 

Side effects, such as slope instability (Figure 20) 
and salty soils, often can be observed in irrigated 
areas or near canal systems where subsurface flow 
and ground-water discharge have increased. 
Drainage and irrigation by canal systems are easily 
identified on aerial photographs because of their 
linear trend (Figures 19 and 20). 

Urbanization has profound effects on the 
ground-water regime. Invariably, dramatic in- 
creases in water-table elevations take place soon 

GLACIAL DEPOSITS 

FIG. 19. Springs have developed at D from the recharge 
by Irrigation canals at C .  Photograph courtesy Canada 
National Air Photo Library. 

after urban development. The water input for this 
change comes from irrigation of lawns and gar- 
dens, leakage from water mains and sewers, and a 
reduction in evaporation from the ground surface 
which has been covered by pavement and build- 
ings. Some striking examples were cited by 
Hamilton and Tao (1977) in which the water table 
rose as much as 25 feet (8.3 m) after building de- 
velopment. These changes in the ground-water 
regime can create soil instability because of water 
saturation. 

Forest cutting may also cause significant 
changes in ground-water conditions. Clearing ac- 
celerates runoff, especially from snow melt. On 
the other hand, transpiration, which often is the 
greater consumer of water, is reduced or almost 
eliminated. For example, it has been observed that 

FIG. 18. A stream valley with a wide flat bottom cov- 
ered by aquatic plants. The serrated spoon-shaped valley 
walls, the general morphology, and the vegetation pat- 
terns indicate ground-water discharge along valley 
slopes. The sediment adjacent to the valley is a deep, 
uniform, fine sand. Photograph courtesy Canada Na- 
tional Air Photo Library. 

FIG. 20. The linear alignment of an irrigation canal is 
seen at A. Active slope instability can be seen at points 
marked S where the canal parallels the river valley. The 
river is not actively undercutting the slope at these 
points. It can be concluded that seepage from the canal is 
the main cause of this instability. Photograph courtesy 
Canada National Air Photo Library. 
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in forested regions the water table rises signifi- 
cantly after fire and remains at a high level until 
vegetation is re-established. The  net  effect of 
these events on shallow aquifers is difficult to 
evaluate unless some form of historical record is 
available through a sequence of photographs taken 
over a period of several years. 

Geological processes interpreted from aerial 
photographs define ground-water systems and 
boundary conditions in  glaciated terrain. T h e  
ground-water flow system within this framework 
is indicated on black-and-white photographs by 
springs, tone patterns, vegetation indicators, sa- 
linity of surface soils, slope instability, and appar- 
ent  anomalies in streams and floodplains. Direct 
and indirect evidence of recharge and storage is 
often evident because of these landscape features. 
Discharge phenomena tend to be  the most appar- 
ent, however. 
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