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GEOLOGIC FACTORS AFFECTING LAND DEVELOPMENT
AT FORT McMURRAY, ALBERTA

Abstract

The near-surface geologic deposits in the Fort McMurray area can be subdivided into
bedrock and unconsolidated surficial deposits. Bedrock outcrops include the Beaverhill
Lcke limestones, the McMurray oil sands, and the Clearwater Formation which consists
of the Clearwater shale and the Wabiskaw glauconitic sandstone. Surficial deposiis
are comprised of gravelly till, outwash sand and ércvel, colluvium, glaciolacustrine

and recent lacustrine silts and clays, and alluvium along stream valleys.

A survey of the geologic factors affecting land development indicated that mary of
the deposits are susceptible to erosion, slumping, and landslides. The Clearwater
Formation and surficial deposits c'xre-subiecf to gullying by surface water runoff when
vegetative cover is absent. Undercutting on the inside of siream meanders coniributes
to bank erosion and instability. The Clearwater shales which are overconsolidated clay

shales are prone to massive slumping and landslides on steep slopes in the area.

The following recommendations are made concerning land development in the craa:

(1) Vegetative cover should be left undisturbed to curtail gullying; if vegetation is removed |

it skould be replaced as quickly as possibie. (2) Developers should avoid areas whara

- active stream undercutting is occurring; (3) Developments should not be placed on cor
near steep slopes composed of Cléarwcfer shale because of their susceptibility to stumping
and landslides. (4) The highlands above the stream valleys are suitable for development
in terms of erosion hazards and siope stability; however, before any development occurs
additional information pertaining to groundwater conditions, sulphate content of scils,
mineral resources, suitability of sites for solid waste disposal, and geotechnical properties
of the various deposits would be essential to assess properly all geologic factors that may

effect land development in the area.

]
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INTRODUCTION

Geology is applicable to many aspects of land development because in any physical

environment, the overall interdependent natural systems are built on a geologic frame-
work. Mineral resources, water supply, waste disposal, landslides, construction conditions,
flood control, and transportation systems are all related to the distribution of geologic

materials.

:

Due to extensive development of the Athabasca Oil Sands, which are located in the

vicinity of Fort McMurray, ropid expansion of the townsite is presently in progress cnd is

also projected for the future.

£
2 -

At the request of Dr. G.B. Mellon} Research Council of Alberta, a survey of g=ologic
factors affecting land development at Fort McMurray was conducted, in particular an
evaluation of landslide hazards along stream banks. The informaticn obtained from the

survey is outlined in this report; however it should be stressed that the sfudy was a

-

reconnaissance survey meant to illustrate geologic factors that may have an affect on lanc

development.

-

LOCATION AND ACCESS

-

Fort McMurray is situated at the junction of the Athabasca and Clearwater Rivers in

northeastern Alberta, approximately 275 miles northeast of Edmonton (Fig. 1). Highway

8 s R

63 provides access to Fort McMurray from southern Alberta, r_o.il service is provided by

Northern Alberta Railways, and air service by Pacific Western Airlines.

e

Presently Deputy Minister of Mines ond Minerals, Province of Alberta
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Figure 1

LOCATION MAP

FORT MCMURRAY AREA,
Northeastern Alberta
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PHYSICAL GEOGRAPHY

The townsite is situated on a relatively flat lying terrace of the Clecrwc;.zfer River
where it joins the northward flowing Athabasca River (Fig. 2). Tributaries of the Athabesca
River in the area include the northward flowing Horse River and the eastward flowing Conn
Creek. Tributaries of the Clearwater River include Hanﬂgingsfone River and Saline Creek
south of the town and Miller Creek to the north (Fig. 1). The Athabasca and Clearwater
Rivers have broad U-shaped valleys with well developed terraces (Fig. 3) whereas their
tributaries have V- skaped valleys which are deeply entrenched into the cdjoining uplands.
Terraces on the tributaries are narrow ahd disconﬁpuous.

The climate of the McMurray area is similar to that of the central plcins of Alberta.
The _nor-mcl winter temperatures are very low and the snowfall is light. Summer is warm

with occasional thunderstorms and rainy periods.

Climatic data for Fort McMurray is tabulated below.

TABLE I*

Stendard 30-year (1921-50) Normals of Temperature and Precipitation for Fort McMurrcy

Temperature . Precipitation

January Mzan Daily July Mean Daily - Mean Annual
Max . Min Max  Min  Inches
4 -17 76 47 16.32

*data from Alberta Facts and Figures, 1954

Musizag, slough, and swamp growth cover a {arge part of the uplands. In strecm vzileys
and on well drained uplands and hiilsides, heavy growths of poplar, spruce, jackpine anc

birch arr common.



Figure 2. Townsite of Fort McMurray which is situated on a relatively
flat terrace at the mouth of the Clearwater River (looking ezst).

Figure 3. The Attiobasca Biver vailey west of Fort McMurray wi!

vegotated vallzy walls and well developed terraces.

{

=)




|

i

L

M

GENERAL GEOLOGY

The descririion of the general geology is confinad to the near surface deposits whizn

viill have an effect on land development and is divided into two sections: bedrock and

Redrock Geology

-~

The bedrock geology of the area has been mcpond by Carrigy and Collins (a copy of
the map is included in the back pocket). Table Il provides a summary of the near surfcze

stratigrephy of the McMurray area.

TABLE 1I*

General Stretigraphy in the McMurray Area

Sy ystem or Se| ies . Formation Member Litkology
Ficistocene and _ Glacicl and post glacicl dezosite
Recent ; of till, sand, grave!, silt -5 ci=
Erosicnal unconformity
Shale and susdsione
Clearwater YT " 5 ‘ —
: Woebiskaw Sandstone, giauconitiz
No. 3 Fine-gicined quartz sends,
[}
] (Upper) cil cementea
Cretuceous No. 2 Medium=-gruined quoriz sanz,
McMurray (Middle) oil cemanted, lenses of sil:i-zne,
shale, end czal
No. 1 Conglemerete, detritei clov:z anz
(Lower) shales, siitstonz and cocrsz-
grained sunds
Erpsionglaunconformity
Beavar kil Lale Argillaceous limestora
Dovonian

Aifted flom Coeioy (1207
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The Beaverhill Lake Formation, which is composed primarily of limestone, is exposed

necr water level along the valleys of the Athabasca and Clearwater Rivers. The limestond.
cre-genercHy grey and thin bedded with shaly limestone interbeds. The rocks are wel] ™
jointed ond fractured; some of the joints and fractures are filled with bitumen. The upper

sur

ace of the limestone is an erosional unconformity but it is also deformed (Fig. 4), M

perhaps due to collapse caused by solution of water soluble evaporite beds of the vaderlying

Elk Point Group (Carrigy, 1959). ‘ 7

o8|

Sl

Figure 4. Deformed contact between the Beaverhill Lake Formation and
the overlying McMurray Formation.

The McMurray Formation outcrops extensively along the Athaba:ca and Clearwaser 0

River valleys as well as aleng tributary stream valleys (Fia. 4). There is @ wide variction
/ (U R?

in particle size distribution of the oil sends in the McMurray Formetion and the deposits [
|
P . - . . . . . ¢ . _—e |

have been subdivided on lithslogic evidence into three strctigraphic units (Carrigy, 1959,
M
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No. 1 (or the lower member) is a conglomerate with detrital clays and shales, silistonzs,
cnc cogarse-grained sands containing minor wood, lignite and coal. Ne. Z (middle) is ¢
medium=-grained quartz sand that is oil cemented. Lenticular beds of siltstone, shale, and
coal cre common as are beds containing ironstone, cemented sandstone, vegatable remains
cnd pyrite nodules. No. 3 (upper) is a fine-grained, oil cemented quartz sand which is

generally horizorﬁo”y bedded.

The Clearwater Formation outcrops along all the stream valleys in the McMurray crea

and is exposed in road cuts on the uplands where sirficial deposits are relatively thin.

A thin bed of glaucenitic sandstone generally less than 20 feet thick is present at the
base of the formation (Carrigy, 1959). It is composed of a fine=grained well-sorted scnd
with varying proportions of silt and clay. This lower glouconitic sandstone has been cciled

the Wabiskaw member by the Alberta Oil and Gas Conservation Board (RBadgley, 1952;.

A grey shale containing marine fauna is the characteristic lithology of the Clearwater
Formotion in the McMurroy area. It is estimated to vary between 200 and 250 fest in
thickness (Carrigy, 1959). Thinner beds of silty sandstone were also observed in the upper

portion of the formation.

Surficial Geology

The surficiei geclogy of the area has not been mapped in detail but is scheduled tc be
completed this summer by the Research Council of Alberta. The following description of
the surficial geclogy is based on air photograph interpretations supplemented by limited

g gy P grap f P Y
fizld observetions.

Most of the uplands have a thin mantle of surficial deposits consisting of gravelly :ill
and scettered deposits of outwash sand and gravel overlying the Clearvsater Formetion Fig.
Oulwaesh sand and gravel forms outwash-plains on the highlands southeast of Fort

V.zMurray. The lond surface is level to gently undulating excepi where the oubwash is

wezrioin by scatiered sand duies.



Figure 5

Surficial Geology

Alluvium; river terrace and floodplain gravel, sand and silt.

Eroded slope: mainly bedrock with colluvium in places, slumping

s
Zr=l  very common.
Y Outwash sand and grevel: formas outwesh plains; surfece level to
»-éi“-‘—"—J gently undulating; fine sand to coarse gravel,
"‘;'3‘) Thin outwash gravel and thin gravelly till over bedrock; surface
Y2 level, organic material in the lows.
) =) ) =)
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Figure 5, Surficial geo_i_ogy of the Fort McMurray Area (Scale 1:50,000)
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Thin giacio-lacustrine and/or recent lccusfrme denosits, as well as organic materizls
4 r

o

oczupy maony of the depressions.
cupy mony

Along cli the major slopes and valley sides, bedrock, slumped bedrock, and colluvium™)

~

consisting of eroded bedrock and surficial deposits is common. Alluvium consisting of
gravel, sand, silt, end clay is present along most of the streams in the area. The terrcze
on which the present townsite is located is composed primarily of silts as are most of tha
terraces of the Clearwater and Athabasca Rivers.. Deposits along the tributary streams zre

variable cver short distances and terraces are discontinuous and poorly developed

EROSION HAZARDS AND SLOPE STABILITY

Three types of hazards associated with instability of near surface geologic deposits
were observed in the Fort iMcMurray area. These include: (1) surface erosion whare
vegetative cover is cbsenf (2) undzarcutting along stream vollevs, and (3) landslides e

slumping.

Surface Erosion

Whzrever vegetation was absent uiong siopes, erosion of the surface deposits was
prevalent. Extensive gullying was observed throughoui the area aend oppecred to be mcst
common in unconselidaied sands. " An example is shown on Figure 6 where surface runo:

has eroded @ major gully in river terrace sands on 4he west bank of the Athcbasca River.
g

Gullyirg also occurs in exposures of Cleanwater shale and colluvium composad
primerily of glacial till. The Beaverhill Lake Formation, the McMurray Formation, anc
coarse grave! deposits do not appear prone fo uctive surface erosion even where vegeiziion

hw

is chsent.

i)
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Figure 6. Extensive gullying in river terrace sands along the
Athcbasca River caused by surface runoff (west side of
bridge on the Athabasca River - north of Fori McMurroy ;.

Undercutting Along Streom Valleys

Undercu.‘fin.g is common along the inside of meanders on all the streams in the crea.
Stream ercsion of material at tha toe of the slopes _résulfs in instability of the cverlving
banks. Canercily these areas are predominoted by badrock outcrops because cctive ercsior
prevents the development of vegemﬁvé cover. Areas where-active undarcuttiag is r=xing
place are outlined on Figure 7. The McMurray Formation does not appear suszeptisis to

1

mascive slumning and lendslidas and usually forms steep banks (Fig. 8).

In conlrast, steeo exposures of the Clearwater Formation are usually cbsent whare the

sircams are u-dsrculting because the shale is prone to massive slumping and 12ndsticss.




Figure 7

Erosional Features

-----

Individual slump: not within en extensive slump area; bank

& -
appears 16 have more stability. S
.4 .
‘5;/ Active undercutting taking place: steep unstable banks above.
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Landstices and Siumping oo
Landslides and siump featuics are common along stream banks in the Fort fAcMurray -

.1 subsequently covered by vegetation. The
u !

B
wr
~-
®
fon
o
o

area. Many relatively old featur

are offen not recdily oppareni on the ground but can ba delinected on air pheiogrezas s
cories of arcuale lines. A portion of the slides end slumps cppear to have occurred rscernyy

iewnsloze

large and small have been bent in various directions by dcw

1 !
bzccuse trees boin
. . 1 . . . . E
movemant. Field ohservations revealed thot il the slumps and landslides have oc-:;-:r»d-l"j
rved at any of tha slicz:.

in the Clearwater shales. No groundwater springs were chsorv

(
e

p=

Arccs of extensive slumping as well as individual slumgs are outtined on Figure 7. l—!
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Landslides are present on Highway 63 along the bank of Saline Creek south of Fort
L zidurrav. An air photo stereopair of the slides (Fig. 9) shows major arcuate slip foces

in the bedrock and fallen and bent trees caused by downslope movement of a large land-

siida. A smaller slide has occurred on the opposite side of the highway as well. Removc!

HEo g~

f vegetction and overstéeping of the bank during road construction appears to have cauzs

o

ide. Foilure has occurred in the Clearwater shale as illustrated on Figures 10, 11, =nd
12. Slumping is cpparent near the top of the slide and flowage is present at the tos. No
grcundwater springs were observed in the vicinity of the slide. Gullying of the shcle
ccusad by surface water runoff is also prevalent in the roadcuts because vegetative cove:

is absent.

Another well developed series of landslides occurs along a road between the Horse znd
Hengingstone Rivers south of Fort McMurray (Fig. 13). All the slides occur in the Clee:-
water shales and no groundwater springs cre prc.asen'f. At one locality, the rcad has ceen
censtructad en a major slump block; a second slump block also occurs cbove the elevaticn
of the roud (Fig. 14). Bclew the roadcut, the irees ore failen and bent because of cown-

sianc movement toward the Hangingstone River (Fig. 15).

Arother landslide, immediately to the south has exposed and bent a gas pipeline
because.of downslope movemant toward the Horse River (Fig. 16).

There are numarous other slumps and lendslides along all of the strecm valieys in
area.  Areas where they have been observed on air photographs or in the ficld are outlirzd

o rigure 7.

CLIMNERAL ENGINEERING CHARACTERISTICS OF GEOLOGIC DEFOSITS

A discussion of the geotechnical properties und expected behavior of the geolsgic

saction.

denssits in the orea is included inthe followin
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tereopair of landslides on Highway 63 south of Fort McMurray.
Note arcuate slip faces and bent and fallen trees associated with s
m

the slide.
) b

Figure 9.
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Figure 12, Lendslide in Cretdcsous shales on Highway 63 rocd cut south of
Foit McMurray.. Note the slip scars of the 1op of ihe landslide
and the flowage ot the foc.  Also observe the gullying baiow the

toe of the siide.
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Figure 13, Stereopcir illustrating landslides on a road between the Hoise cnd
¥ _ Hangingstone Rivers south of Fort McMurray.
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Figure 15. Fallen und kent trees caused by downslape movement caused by a
landslide in Clearwater shales. The slump block shown in figure 14
is to the right of the photegraph.
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stream valleys.

| McMurray Formation

e |

Becverhill Lake Formation

=g

The Beaverhill Lake Formation is composed of argillaceaus limestone and is exposs
only a short distance above water level along the Athcbasca and Clearwater Rivers. M
Although it is jointed or fractured in places, it is not expected to cause major problems |

with development because of its relatively competent nature and limited exnosures in M
Iy
The McMurray oil sands form steep banks which appear relatively stable and are nat [7]

prone o gullying. Carrigy (1967) described the bulk properties of the oil sands and ==sad

on lsboratory analyses concluded that they behave as soft sandstones cnd that the convén-f

tional concepts of effective siress used in soil mechanics are applicable. Anclysas aize
indicata ther the oil sands behave essentially as a non-cohesive material; bowe-‘.'er, q
strength tests and natural slope angles hoth exceed expected values (M. Dassct.;!’r,I pe=enal

comn:unfcdﬁon). Research on the cause of these phenomena is currently being condu-@:f‘-:—d.r
Although slope stability does not appear to be a problem, further research is resuvived -5
M

determine their long term stability when exposed to crosion and subjected to loadiig

(beccuse of construction).

Clearwater Fermation

AL T

The Wabiskaw member of the Clearwater Formation consists of a glaucenitic scicstone|,

I is not exnected 1o present any major problems of slope stability bacause it {5 ceners 'y
= Y

less than 20 feet thick and is seldom exposed. Only where vegetative cover is remo.sd |

L]

would there be « danger of gullying by surface water runoff.
y Y

=3

=)

K. Dessault, Depervment of Civii Engineering, University of Alborta.

ta i
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Most of the problems with slope stobility are expected to occur in the Clecn rwater shale.

cied to consolidation loads in excess of those provided by the present oversurden.
In the Fort McMurray area, this load was provided by glacial ice as well es additional
shale thet has subsequently been eroded. Considerable research has been conducted on the
behavior of these materials (Herdy et al., 1962; Scott and Brooker,. 1968); however gradictic
of ine engineering rnrformcnce of overconsolidated clay shalﬂs either on c short or long term
basis cannot be mcde with reasonable confidence in spite of proven statistical the eory and
medern laboratory testing techniques. Studies by Scott and Brooker (1968} cancluded that
the prime geologic factors affecting the engineering behavior of cverconsolidated shzlas are

depositional envircnment, lithology and strati raphy, stress history, structure, climats,
p I's 7

geomorphology, and groundwater. The effects of these facters on slope stebility are cutli

in Table 1.

inad

Atterherg limit tests on two samples of Clearwater sheles from landslides of Fort
McMurray show thei they are comprable to limits on shales from landslides in the Puskwaskauy

shales necr Peace Fiver.

TABLE IV

Atterberg Limits of Clearwater Formalion und Puskwaskay Formation

Phy:ical Property Formation

Clearwater Formation Pusky:askas Forr zfion™
Liccuid Limit So 53-65 5i-¢0
Fie:tic Limit 95 26-30 19-34
Floaric Indax S5 27~3 24-25
ducafroaqn Heyl o, 1648
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TABLE IH

Geological Factors Controliing Slope Stability and their Engineering Consequence®

CAL FACTORS { INI'LUENCE - ' ENGINERRING CONSEQUENGE
Manine dep un coae, ia pore (luid. High esmotic swelling potential,
¥ e 10¢ sedimeagy # duimifiant, montineritlanite High plasticnty seilo,
1. ! valeanic ash, nt,
Yavironmant {#) Slew rite of sedimentation. Scaiments gene illy of eniform texture Low prrmkabiliy |
[HIAY 3 " .
(€} Retarively shatlow depth of BRUITE N omplete, tmterparticle bonds Low shear steengih, high rehydreation
boeraal, | | awelling putentiag,
() Ttonste lavers interstratified H “onex ol kigh plasticity, highi swelliva
2z, wlay sl £ 12 of hentonite layers, pres v luw sl vtrength,
n ~prrine s <andstane lnyers ¢ layers widely spaced: Layecr ely high shear wtrength
iy npared. related 1o distrivviion of sandsiune,
(u) Lo w by younper sedimenty, Widat.on, Tncrease sn whear strengih wily Inading.
(9) Dwastrophian nud preglac:al from mwrine euviromment, Residual eiresses relieved anly in near
eroison. Jeaching, dilatancy, scdiments in surface zone.
cunditivn of overcorsolidation. s
{e) Glucial ~rosion and louding. |, l:dition loads may May cause increase inQ,C R,
b s d thuse impused Ly sedime
| {1y Giaciz} unleading. on of residu Regicaal sireds concentrationy,
ihcandition ol uver-
i s .
. | {e) Poxtplacial rebound., Hitt ~ erosion hase level : Strewn vrosion accelerated, downcutting
. increase in groundwater . caveeds rate of 1esidual sivess relief,
{f) Valley erosion. ne ol high rewsidyad streas, ’ High tuteral stresuces in valley walls,
aLture development parallel with the -
walley, - A -
(a)- Attirude af bedding. Canmiroly uaterop width of formation. Older beds of fosination may vecur
4. Structare below near -auriace zone olstrevn relief.
(%) Fractues development, Voertioal planes of weakness, Loss in mawns shear stvength,

{a) Precipaation, 4 rate of groundwater movement Scasonal pure pressure Nuctuations
and leach » ‘ Ivaching may decrease chear strength,
3. Chmate M) Temperawure. . Altesnate wetting amd drying produces Decreane in shear strengih in near-
X viurcs, Freeasfthaw action in surface fraciure fone,
. irivchares,
{4} DPusiation of hasde level, Cortroln depth of valley and in part, rate Failures occur unly where Laae Jevel of
of erosion, Crovion is below vrincal height ol slupe,
’ Cortwcatbeight, however, s not Constan .
{b) Stresm channed configuration. Anynunetrizal eruss valley prolile, sleep Decre inshearing resistance of
. Geownarpholugy ide et Slop 1oe ecosion,
{) leveaer development, tiun nc a0 ive stope heipht, : in shear vircyses,
{d) Rate of srosiun, ol downcutting, may exceed vate of Increase in shear oiregsea,
sidual stress relicfinvalley walls, \
{¢} Slope exposure, Exposure to insolation may depress Inueease in effcetive cirers dug to
0 du N newteal wirvanes.
{#} Clvwantity, ey moahear reawntan g,
I, Groundwater M Wualsy, mplwaler cheinjatey Decrease mosheiur renistancy,

rreafe

try
ANt b lln-u prensaren,

*(lrom Seolt and Peokor, 1968)
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In summary, it will be difficult if not impossible to predict the behavier of sloges
consisting of Clearwater shales. However, it is readily apparent that steep slopas along
siream valleys have been subjected to extensive slumping in the past. Furthermore
recen: landslides have also occurred especially where road constructicn and undercutting
by streams has resulted in oversteepening of slopes. Removal of vegetation from shale siopes

contributes to their instability and results in active gullying by surface water runofi.

Surficial Deposits

The surficial deposits which were outlined on Figure 5 are not expectad to causs ssrious
slope stability problems. The exception would be. locally thick deposits of glecicl lake
clays that might be exposed during construction. However, all the depcsits would be subjeci

to gullying on steep slopes if ithe vegetative cover is removed.

RECOMMENDATIONS

Based o information cbtained from air photo interpretations, spot field checks, end
investigations by others on the geologic deposits as vell as on siinilar deposits elsevhers,
the following 1ecommendations are made concerning future land deveIOpme'nr in the Forf
MzMurray area.

(1) All types of geologic deposits in the area, with the exception of the Becverhili
Loke Formation and Athabasce oil sands, are susceptible fo erosion and gullying o stesp
slopes when the vegetative cover is removed. Therefore, when any development is plcnned
naar any slopes, vegetative cover should not be removed if possible. Rezdceuts, eic. srould

be revegetated as soon as possible.

(2) Development should be avoided near banks presently being undearcut by sireams.

Ti2z2 areas have been outlined on Figure 7.
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(3) A generalized map of areas that are suitable for future development in terms of ™

slope stability is provided on Figure 17. Area (1) consists of unstable areas susceptible -

to undercutting by streams, landslides, and slumping. £

m

Both the time of occurrence and size of landslides in the Clearwater shales is impossiB!
to predict, and extensive field work and laboratory investigations would be necessary to [
establish a redlistic safety zone along the tc‘>ps of these slopes. The up slope boundary of :
zone (1) has been arbitrarily set at @ minimum distance of 500 feet from any unstable cred ]

in an attempt to provide an adequate margin of safety.

]

Area (2) consists of terraces along the Athabasca and Clearwater Rivers. These arza
should not have slope stability problems; however they are relatively smcll and inaccessible

from the present townsite. ' : ’—}

Areas labelled (3) are stable uplands that appear suitable for land development in teM)s
of slope stability. However, a survey of other potential geologic problems in these arzas :
would be required to determine their suitability for development. In addition, most of tHT)
areas are underlain by potentially economic oil sands deposits and the clternatives of oil

sand exploitation or land development would have to be considered. m

Areas labelled (4) are currently.developed and appear stable in terms of slope sfcbili{[y.
There is limited space for further development in these areas. The practice of building
along the unstable slopes of the Clearwater River above the present townsite (as hos

occurred in a few instances) should be clearly avoided.

(4) This report is a reconnaissance survey only and outlines geologic factors that maf)

effect future iand development in the Fort McMurray area,-in particular erosion hazeards
and slope stability. Considering the expected rapid development of the area, it would b{7)
desirable to conduct further studies in the area to provide data to determine the location of
aquifers, sulphate content of the soils, sites suitable for solid waste disposal, aggregate r
supplies, and geotechnical properties of the various geologic deposits. In this manner,

il

proposed land uses of any areas could be properly assessed.
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Figure 17

Land Use Map

2 1) Unstable area: should remain undisturbed.

:_;:5;:.-',5)::.:: Stable area: unsuitable for development because of other geological
( g or 'ec_onomic reasons.

() - Stable area: suntuble for future development in terms of erosion
(3) hazards and slope stcbility.

2@ Area presently being used for residential and industrial purposes. |
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