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Preface 

The study on whi ch this report is based was designed to 
compare the results obtained from a study of surface 
materials with those obtained from the interpretation of logs 
and samples of boreholes drilled express ly for this purpose in 
the same deposits. The Medicine Hat area contains excellent 
Quarternary exposures and much was already known about 
these deposits due in part to the presence of abundant 
ve rtebrate fossi ls which made correlation between various 
exposures poss ibl e. 

Although originally approved for publication in 1977 
major delays were encountered in processing this report. 
While the results of the stud y are directly applicable only to 
the Medicine Hat region, it is felt that the information 
presented ma y a id in interpreting results obtained from 
drilling in surficial materials elsewhere and thus the study is 
being published now as part of the ongoing record of 
scientific work of the Geological Survey of Canada. 

R.A. Price 
Director Ge ner a l 
Geological Sur vey of Canada 

OTTAWA, December 1982. 

Avant-propos 

L'etude sur laqu e lle est fond e ce rapport a ete cont;ue 
de fat;on a permettre la comparaison des resultats obtenus de 
!' et ude des mat eri a ux de surface avec ceux obtenus de 
!'inte rpretat ion des diagraphies et des echantillons pr e leves 
riP. trous de sond e for es dans les meme depots expressement a 
ces fins. La r egion de Medicine Hat possede d'excellents 
affleurements d'age Quarternaire et les depots a cet endroi t 
eta ient deja bi en co nnus en raison, surtout, du fait que la 
presence d'une abondance de fo ss il es verte br es avait permis 
d'etablir la correl atio n entr e les divers affleurements. 

En depit du fait que la publication de pr ese nt docum e nt 
ava it deja ete appro uvee en 1977, des delais important se 
sont presentes qui ont e mpeche son impress ion. Bien qu e les 
resultat de ]' et ud e s'a ppliqent speci fiqu ement a la region de 
Medicine Hat, on esti me qu e les reseignements present es 
peuvent contr ibuer a ]'interpretat ion des result ats obtenus 
des forages e ff ectues ailleurs dans des materiaux de surface 
et, on a done decide de proceder a la publicatio n de la 
presente etud e dans le cadre des comptes rendus de travaux 
scientifiques en cours que publie la Commission geologique du 
Canad a. 

R.A. Price 
Directeur general 
Commission geologique du Canada 

OTTAWA, decembre 1982. 
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BOREHOLE AND OUTCROP STRATIGRAPHY COMPARED WITH 

ILLUSTRATIONS FROM THE MEDICINE HAT AREA OF ALBERTA 

Abstract 

This bulleti n presents the results of a stud y that eva luated 
the relative merits of outcrop and borehole investigations of 
surficial deposits for stratigraphi c purposes and to assist in 
future interpretations of geophysical logs. Seven boreholes 
were dril led near thick surficial deposits, each near a pre
vious ly studied outcrop. The bore holes were logged immed i
ately for self-potentia l, single point resistivity, natural 
gamma, porosity and bulk density, and were sampled at 
selected depths. A composite section for each s ite was 
prepared from the outcrop and borehole sequences. In 
general, the information provided by both outcrop and 
borehole appeared rei iable, and most borehole units were 
readily identified and correlated with the nearby outcrop. 

The re suits obta ined from outcrop and borehole 
investigations were generally complementary. Information 
from a borehole is usually superior to that from an outcrop 
for recording the entire section, determining unit thickness 
and depth, revealing oxidized zo nes, and obtaining un
contaminated samples for poll en and carbonate studies. 
Borehole data are less successful in indicating whether beds 
of fine material a re a lluvial, eo lian, lacustr ine or merely 
bedrock i ne lus ions, even with the use of samples. The 
boreho le logs neither revea led thin volcanic ash beds and 
soil s nor enab led inclusions in till sheets and duplications of 
beds from s lumping or thrusting to be di s tinguished from 
regular bedding. Boreholes are of little value for macro
fossi I studies. 

The outcrop prov ided more information about type of 
materia l, origin, distr ibution and conti nuit y of beds; struc
tures, deformation and s lumping; and direction of movement 
of the deposi t in g agent. The y were far superior for fabric 
studies and stone counts, and for co llecting large samples 
for radi a carbon dat ing or other purposes. 

From the borehole logs certain beds were extremely 
difficult to distinguish from t ill s. These were mos tl y mix
tures of material, such as al lu vium and co lluv ium laid down 
and churned by permafrost, and alluvium formed from older, 
fine lake deposits or bedrock to which stones had been added. 

In order to outline stratigraphy accurate ly, a hole 
should be logged by as many me thods as possib le , and 
abundant samples should be taken. 

Resume 

Le present bulletin expose les result ats d'une etude qui 
cherche a etab lir s'il est preferable de determ iner la 
strat igraph ie des depots meubles par !'etude d'affleurem en t s 
e t de trous de sonde, de fa~on a apporter des elements 
nouveaux a !'interpre tation des diagraphies. On a for e sept 
trous pres d'epais depots meubles, taus proc i-Jes d'un 
affleurement etudie auparavant. Dans chacun des sondages, 
on a immed iatement effectue des diagraphies de la 
polarisation spontanee, de la r esistiv it e ponctuelle, du 
rayonnement nature! gamma, de la porosi te et de la densi t e 
apparente; de plus, on a recueilli des echantillons a di verses 
profondeurs . On a prepare une coupe composite de eh a que 
site, a partir des successions identifiees par !'e tude des 
aff leurements et des trous de sonde . En general, 
!'information obtenue a partir des sondages et des 
affleurements semblait fiable et on a pu facilement identifier 
la plupart des unit es revelees par les sondages, et etablir une 
c orrelation entre cell es-ci et les affleurements proches. 

Les re su i tats qu'a don ne l' examen des affleurements et 
des sondages e taient generalement comple mentaires. 
L'examen des sondages est en general preferable a celu i des 
af fl eurements pour la description de la coupe toute entiere, 
la determination de la puissance e t de la profondeur des 
unites, la reconnaissance des zones oxydees, et la collecte 
d'echantillons destines aux etudes palynologiques et a la 
determination des carbonates. Les donnees fournies par les 
sondages ant donne de mains bans resultats, meme lorsqu'on 
s'est servi d'echantillons, lorsqu'il s'agissait de de terminer si 
les !its composes de materiaux de granulometrie fine etaient 
d'origine a llu via]e, eo]ienne, Jacustre, DU tout simp]ement 
composes d'inclusions de roche de fond. Les diagraphies de 
sondages n'ont pas revele la presence de li ts et sols composes 
de cendre volcanique fine, ni permis de distinguer la presence 
d'inclusions dans les nap pes de till et les repetitions de 
co uches causees par des glissements de terrain ou des 
charriages, d'une stratif ication reguliere. Les sondages son t 
peu utiles, en ce qui concerne !'etude des macrofossiles. 

Par contre, les affleurements ont fourni plus de 
renseignements sur le type de materiau, sur l' origine, la 
distribution et la continuite des li ts, sur les structures, les 
deformations et les glissements de terrain, et sur la direct ion 
dans laquelle se depla~ait !'agent de sed ime ntation. lis ant 
donne des resultats bien plus conc luants, en ce qui concerne 
!'etude de la fabrique des materiaux et le calcul de 
l' abondance en fragments pierreux, et la collecte 
d'echantillons de grande taille, destines a la datation au 
radiocarbone ou a d'autres usages. 

Certa ins !its identifies dans les diagraphies de sondages 
ont ete extremement difficiles a distinguer des tills. En 
general, il s'agi ssai t d'un melange de materiaux, tel s qu e des 
a lluvions et colluvi ons deposees puis geliturbees, et des 
alluv ions formees a partir de depots lacustres plus anciens a 
granulometrie fine ou bien de roche de fond, auxquels se sont 
ajoutees des pierres. 

Pour decrire avec precision la stratigraphie, il faut 
realiser des diagraphies de chaque trou de so nde au moy en de 
methodes aussi diverses qu e poss ibl e, et prendre de nombreux 
echanti llons. 
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INTRODUCTION 

General 

Thi s paper presents the resul ts of a s tud y that evaluated the 
re lative accuracy, reli a bilit y and completeness of inf or
mation gathered from borehol e a nd outc rop studies of th e 
same deposi t an d also provides information about 
interpretat ion of th e r es ul ts of borehole in ves tigat ions. 
Wyder, who co nce ived the project , arrang ed for and 
supervised the dril l ing a nd Jo gging, a nd int erpreted the well 
logs; Sta lker chose th e si tes, studied the outcrops a nd 
compared the str a tigraph y from the outcrops with that 
recorded from the boreholes. Althoug h th e results of th e 
study are d irec tly applica ble only to the Med ic ine Hat region 
of sout hwestern Albert a whe re th e study was conduc t ed, th e 
informa ti on present ed here may aid in int e r pre ting results 
obta ined f rom dri llin g in surf ici a l de posit s elsewhere. 

Dr illing for stra tigraphic informat ion abo ut surfi c ial 
deposits , a term which here is used to in c lud e all material s 
lying above the C retaceous bedrock formations of the a rea, 
has become co mmon in recent years. It is being done not 
onl y in areas where out crops a re absent and no other way of 
obta ining necessa r y informat ion is avai !ab le, but also in 
areas where outcrops a re present to provide s upplem ent ar y 
informa tion, and in some cases eve n to r e place the t ed iou s 
s tud y of outc rops. The Medic ine Hat area (F ig. 1) a ppeared 
ideally sui t ed for a c ompa rat ive s tudy of the t wo sources of 
informat ion. Not onl y d id i t have thick a nd complex 
surf icia l deposit s with numerous exposures an d eas y access 
to them, but also the de posits incl ude d beds that contained 
abundant ve rtebrate f ossil s. The fossi ls appeared to prov ide 
a unique opport uni ty to determine ages of some of the beds 
and to e nab le corr e la tion be tween the various exposures. 
Al so, du e to these factors, the Medicine Hat r egion has been 
the focus of intensive exa minat ion of outcrops, and as a 
r esu lt much already was known abo ut th e Quaternary 
deposits t he re (S talk e r, 1969, 1972, 1973; Stalker and 
Chur c her, 1970 , 1972; St a lk er and Matt, 1972; Szabo et a l., 
1973). 

Table 1. Borehole locations 

Boreho le Nearest Alt itude 
number ou tc rop (above sea level) L.S.D. * 

ft 

69-1 Is la nd Bluff 2355 NW of 5 

69-2 Mit che ll Bluff 2305 SE of 6 

69- 3 Ev ilsme lling Bluff 2340 SE of 9 

69 -4 Bain Bluff 2475 SE of 13 

69- 5 Lehr Val ley 2320 SE of 11 

69-6 Surpr ise Bluff West 2440 NW of 15 

69-7 Rese rvoir Gully 2455 NW o f 16 

* Land survey division. 

In June 1969 seven boreho les were dri lled close to 
outcrops that previously ha d been studied. The hol es were 
logged by geophys ical methods a nd sampled with a s idewall 
sampling de vice. The bore hole info rm ation was compared 
with that ga the red fr om ear li e r studi es of the nea r by out
cro ps in order t 'J determine how the var iou s types of 
mater ia ls ref lected on geophys ical logs, and thus im prove 
the accur acy of borehole int e rpretations mad e in a r eas 
where no outcrops wer e ava ilable for co mparison. Another 
objectiv e of the dr illing program was to collect informa tion 
on the surface deposits for in co rpora tion into other papers 
concerning the str at igrap hy of th e area . 

The topogra ph y of the Medicine Hat area is depict ed 
on National Topograp hi c System map sheet 72 L/ 2 (Medic in e 
Hat) at a scale of 1:50 OCJO. F igur es 1 a nd 2 (Figure 2 in 
pock e t ) show the st ud y region and the locati on of out cro ps 
a lld borehol e s i tes (see Table 1 for borehole locations). 
Table 2 presents a s im plifi e d composit e column through the 
Medicine Ha t surfi c ial sect ion, which was prepared by 
correlating betwee n some 15 outcro ps found in the a rea . 
Not a ll units are f ound in each outcrop, and some (uni ts V, 
VI, VII, XVI, XVII and perhaps XV) are found at any of the 
bore ho les or outcrops describ ed in th is report. The thi ckn ess 
of the units varies considerably from exposure to exposure; in 
general, the thickest exposure of the unit found in any of the 
outcrops was used for the composit e column. 

The outcrops are located a long the ban ks and in the 
tributar y gullies of South Saska t c hewa n Rive r. Thi s deepl y 
e ntrenche d, meande rin g stream is merel y the latest in a 
ser ies of ri vers tha t have c rosse d the region durin g th e 
Cenozoic e ra. The f irst and mos t important fl owed east or 
nort h, the exac t course has not been dete rmin ed , across the 
regi on f or seve r al million yea rs dur in g late Tertiary time 
and ca rved a deep, broad val ley . During th e Quat e rnar y 
period, the initi al glaci er to in vade t he r egion deflected this 
ancest r al ri ve r and la rg ely fill ed it s valley . As the ice 
retreated, the rive r resum ed its flow and inci sed a new 
val ley fr om prairi e level. Thi s sequence was repeated with 
each glacier. Non e of the later val leys at tain ed the s ize of 
the preglaci al one, but most were about as deep and as 
tortuous as the present val ley . It is t he drift, alluvium, and 
lake deposits contained in these success ive val leys that form 
the topi c of the present study. 

Location 

Sec. Tp. Rge. Me r. La titude Longitude 

4 14 5 4 50°8'31 " 110° 38'1 5" 

33 13 5 4 50 °7'31" 110° 3 7'54" 

20 13 5 4 50 ° 5'36" 110°38'30" 

36 13 5 4 50°8'00" 110° 34'4" 

10 13 5 4 50°4'13" 110°36'27" 

27 12 6 4 50°1 '58" 110°44'32" 

27 1 2 6 4 50° 1' 56" 110°44'10" 
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The broad, deep valley of the ancestra l South 
Saskatchewan River not only largel y determined the 
subsequent pattern of loca l drainage but, along with the 
Cypress Hill s farther south, an upland to the east, and the 
general rise of the prairie to the west, largely controlled flow 
of the Quaternary glaciers in the district. This influence was 
enh anced because here the glaciers were near their limits of 
advance and so were thin. 

Like the present river in the Medicine Hat r egion, 
most of it s Quaternary predecessors flowed north or 
northeast. The high land to the west, eas t and south 
effect ively precluded other co urses; it also predisposed the 
formation of glacial lakes in the vall eys when glaciers 
advanced southward up them or retreated to the north down 
them . Lake and floodplain deposits int erve ne between 
seve ral till sheets and these conta in the vertebrate fossils 
found in the area . . These deposits and the till sheets were 
preserved because, being in valleys, they were partly 
protected from the full force of subsequent glaciers. 
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Table 2. Medic ine Hat composite sect ion and suggested correlat ions with the borehole logs* 

Unit 

XXIII 
XXII 
XXI 
XX 
XIX 
XVIII 

XV II:j: 

XV I:J: 
XV 
XIV 
XI II 
XII 
XI 
X 
IX 
VIII 
Vll:J: 
vr:J: 

v:J: 

IV 

Ill 
!I 
I 

Maximum 
thickness 

ft 

75 
65 
65 
40 
30 
35 

15 

80 
10 
20 
60 
10 
40 
35 
10 
45 
45 

60 

5 
230 

10 
25 

Origin 

Mostly a llu vium 
G lacier depos it 
Most ly alluvium 
G laci er deposit 
Al lu vium 
Mostl y al lu vium and 

swamp deposit 

Allu vium 

Mostly lake deposit 
Allu vium 
Glacier deposit 
G lacier deposit 
Allu vium a nd lake depos it 
G lacier deposit 
Al lu vium 
Alluvium 
Mostly alluvium 
Glac ier deposit 

Allu viu m and outwash 

Glacier deposit 
Mostly (g lacial? ) lake 

deposit 
F loo d plain depos it 
Allu vium 

t Units are li sted by the reference letters used in the text. 

Suggested age 

Post glacial 
C lassical Wisconsin 
Classica l Wisconsin 
C lass ical Wisconsin 
Mid- Wisconsin 
Mid- Wisconsin 

Mid- Wisconsin 

Mid- Wisconsin 
Mid-Wisconsin 
Pre-Classical Wiscons in 
Pre-Class ical Wisconsin 
Pre- C lassica l Wisconsin 
Pre- C lassica l Wisconsin 
Sa ngamon 
Sangamon 
Sa ngamon 
Illinoian 

Illino ian 

Illinoian 
Yarmouth 

Kansan to Yarmouth 
Kansan 
Upper Cretaceous 

Type of material 

(f) sand, grave l, si lt 
yellowish-buff till 

(f) sand, gravel, silt 
dark grey, contorted till 
sand, grave l, si lt 
organic si l t, cla y 

sand grave l 

(f) s ilt, clay 
Jag sand and grave l 
dark to light grey till 
light, greyish-brown till 

(f) s il t, clay, sand, gravel 
dark, greyish-brown ti ll 

(f) sand, silt, grave l 
(f) grave l, sand, silt 
(f) sand, s ilt 

black t ill 

sand, gravel 

black ti ll 
clay, si lt , sand 

(f) carbonaceous s il t and clay 
(f) coarse gravel, si l t 

bedrock 

:J: Apparent ly not present in sect ions being described, but found at other bl uffs near Medicine Hat. 

(f) Vertebrate fossils present. 

* 
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The Sites 

Th e boreholes are named after the nea rb y outc rops (Table 
1). The names Surpri se Bluff West, Mitchel l Bluff and Island 
Bluff have been used previous ly (Stalke r, 1969). The 
locations of th e bluffs (Figs. 1 , 2) a nd the origins of the ir 
nam es a r e g iven below. 

Island Bluff 

This outcrop (F ig . 3) is named for the small island found at 
i ts base. The b luff f ollows the outer side of a mea nde r for 
a lmost 2 mi (3.0 km) (mostly in the north hal f of sec. 5, tp . 
14, rge. 5 , W 4 th mer. ) on t he north bank of South 
Saskatche wa n River. 

Mitchell Bluff 

Mi.tche ll Blu ff (F igs. 3, 4, 5) was name d after Mr. H. 
Mitchell of Medicin e Hat, on whose property it lies. Hi s 
hom estead is s ituat ed a short d istance to the east. The bluff 

is on the r ight bank of th e river (in sec . 35, tp . 13, rge . 5, W 
4th mer. ) to the southeast of and across the r ive r from 
Is land Bluff. It fol lows the outer bank of t he ne xt mea nde r 
downstream from Is land Bluff for 1 1/2 mi (2. 5 km). 

Evilsmelling Bluff 

Thi s bluff (Fig. 6) ga ined its nam e from the 'Ev i !sme lli ng 
Band' found about halfway up it s face. The bluff li es on the 
r ight s ide of the r iver on the outer s id e of a curve (most ly in 
sec . 19 a nd 20, tp. 13, rge. 5, W 4th mer. ). 

Bain Bluff 

Bain Bluff, on the right bank of the ri ver downstream from 
Island Bluff, carr ies the name of t he ear ly, local 
homesteader. It follo ws the outer side of a meander f or 
about 2 mi (3 .0 km) (c ross in g sec. 35 and 36, tp. 13, r ge . 5, 
a nd sec. 1 a nd 2, tp. 14, r ge . 5, W 4th me r. ). 

Bore hol e Jog t 

69-1 69-2 69- 3 69-4 69- 5 69- 6 69- 7 
(Is land (Mitc he l l (Evil smelling (Ba in (Leh r (Surprise (Reser voi r 

Unit Bluff) Bluff) Bluff) Bluff ) Va ll ey ) Bl uff West) Gully) 

XX III Q 0 L J 0 Q 
XXII p N K u N p 
XX I M M N,O 
XX N L I,J H,I L M 
XIX H G L? 
XVIII G F K K? 

XVI I 

XVI F? E? 
XV D? 
XIV L? J? 
XIII K Q,R,S ,T? E ,G, I 
XII J K p 

XI I J O? E 
X H H,I F? H 
IX G G E G c 
VIIJ F,G E,F D F B 

VII 

VI 

V 
IV D,E C ,D B,C D-M? C? D,E 

Ill c B c c c 
II B B B B B 
I A A A A A A A 
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Figure 4 

Centre and west end of Mitchell Bluff as 
seen from Island Bluff; white patch at 
right is site of excavations shown in 
Figures 3 and 5. Location of borehole 
69-2 indicated by an arrow. GSC 119716 

J-0 = tills, intertill deposits, and surface 
gravel and sand 

E-l= sands, silts, and clays found 
between first occurrence of Shield 
stones and first till 

* = slump 

Figure 3 

Island Bluff as seen from Mitchell Bluff, 
with location of borehole 69-1 indicated 
by an arrow. GSC 153516 

Island Bluff 
Q -surface sand and silt 
p =till 
0 =sand 
K,M,N =tills and intertill clays and sands 
j =sand, gravel 
I= till 
H =sand and clay 
G = sands, silts 
F = gravel, containing first occurrence of 

Shield stones 
* = slump 

Mitchell Bluff 
H,I- sands and clays 
G = silty gravel and sand 



Lehr Valley 

Lehr Va lley is the name appli ed here to a former valley of 
South Saskatchewan River, now partly f illed, that trends 
east for several miles from the present river (sec. 9, tp. 13, 
rge. 5, W 4th mer.). The western segment of the valle y 
crosses the property of Mr. R . Lehr o f Medicine Hat. 

Surprise Bluff West 

Th is name was given to the bluff because a certa in bed in it, 
wh ich was expected to be barren, ve r y unexpectedly was 
found to contain abundant bones. The bluff forms the south 
bank of Sout h Saskatchewa n River (sec . 34 a nd 35, tp. 12, 
rge. 6, W 4th mer. ). Surprise Bluff West, which is the part 
described here, I i es in sec. 34 . 

Figure 6 

Central part of Evilsmelling Bluff , with 
location of borehole 69-3 indicated by an 
arrow. 

L =surface silt 
K = till 
J = till 
I= contorted till 
H = sand, gravel 
G = Evilsmelling Band 
F =sand 
B = sand, gravel 
*=slump 

Reservoir Gully 

Reservoi r Gully (Fig. 7) derives its name from a small gully 
that rises at the Medicine Hat Reservoir near the western 
I imi ts of the city (sec. 26 a nd 27, tp. 12, rge. 6, W 4th mer. ). 

Method 

Stud y of the outcrops commenced in 1963 and has continued 
intermittently to 1975 . It has in volved descr iption of the 
beds; inves tigation of the ir contacts, inte rre lat ionships and 
structures; collection of bones and other fossils; deter
mination of environments a nd ages; a long with s tone counts 
and fabric studi es for most of the tills. Seven bluffs were 
c hosen for drilling, a nd six of the seven boreholes were sited 
as c lose as practical to their respect ive bluffs. The other 
borehole (69 -5) was drilled at the lowest part of L ehr Valley, 

Figure 5 

Upper part of Mitchell Bluff west. 

L = till 
K =silt and clay, foss iliferous 
J = till 
I = silt , clay, sand, contorted 
H =sand and gravel, fossiliferous 
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about 2/3 .mi (1 km) from South Sa skatchewan River. The 
borehole sites are listed in Table 1 and are shown in Figures 
1 and 2. A Failing 1500 drill rig, equipped to drill with both 
air and water (Fig. 7) was used to drill the holes; water and 
mud were used exclusively for the drill in g. The holes were 
dri lled chief ly with 4 1/2 in. (11.4 cm) finger bits, but rock 
bits were used to drill through rocks embedded in the 
sediments and through gravel and boulder layers. Each hole 
was e lectrologged immediately, although in boreho le 69-3 
rapid loss of water prevented completion of the elect
rologging. Natural gamma, porosity, bulk density and ho le 
diameter measurements fo llowed. Sidewall samples 
(Morrison, 1966) were taken at depths chosen on the basis of 
the electrologs. Using the method described by Rutter and 
Wyder (1969) a stratigraphic interpretation of each borehole 
was prepared using information obtained during drilling and 
logging, and this interpretation was compared with the 
strat igr aphic interpretation obtained by study of the nearby 
outcrops. Where discrepancies arose, attempts were made 
to resolve or exp la in them through restudy of the outcrops; 
usually these attempts were successful. Subsequently, the 
sidewall samples that were sui table were analyzed for sand, 
silt and clay fractions, and for carbonate content. These 
analyses, particularly the sand percentages, aided in 
separating the surficial deposits of the logs into their 
var ious beds and units, and in distinguishing and correlating 
between the tills. The analyse s necessitated some modi
fications to the borehole stratigraphies, further to those 
already made on the basis of outcrop study (Figs. 8 to 14, in 
pocket). The analyses also provided a means of confirming 
revtst ons made to either the outcrop or borehole 
stratigraphies during their combination. 

Pollen content of a few samples was studied, mostly in 
samples taken from thick lake clays found in the central 
segment of the borehole at Bain Bluff (Fig. 11), in 
expectation that it would reveal something about age of the 
deposits and the environment during their deposition. 
However, pollen content was low, and results were 
disappointing. 
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Figure 7 

Drilling borehole 69-7 at Reservoir Gully, 
with South Saskatchewan River valley and 
the city of Medicine Hat in the 
background. 

Q =surface sand, silt 
p = till 

General Description 

Th e outcrops near the boreholes at Island and Mi tchell bluffs 
give good exposures to river level, and Surprise Bluff West is 
well exposed about 1/3 mi (0.5 km) west of the borehole. 
The upper part of Ba in Bluff also is well exposed, but slump 
covers most of its middle and lower parts; this is the most 
seve rely slumped of the bluffs, and the slumps exte nd a s fa r 
as 1/2 mi (0.8 km) back from the river. Slum p also obscures 
th e middle part of Evi lsmelling Bluff (Fig. 6), but the 
Evi lsmel ling Band and overlying beds are we ll exposed. Only 
the upper and lower parts of the section at Reservo ir Gull y 
are exposed, and the Lehr Valley deposits outcrop only near 
the river, about 1/2 mi. (0.8 km) west of the borehole. 

In general the original boreho le logs showed the 
presence of more till than the outcrop did but less sand, silt 
and clay. This is largely because outcrop studies concen
trated on places where the river and lake sediments were 
thickest, for those sediments yielded valu able vertebrate 
remains and gave t he most information about sequence of 
deposition; the borehole sites avoided this bias. In addition 
certain nontill beds, such as the Evilsmelling Band in 
borehole 69-3, were interpreted incorrectly as till in the 
borehole logs, adding to the discrepanc y. 

The borehole sections generally were thicker than 
those derived from the corresponding outcrops, mainly 
because the boreholes, except at Bain Bluff, were located a 
short distance back from the valley edge and so were on 
higher ground than the top of the outcrop section. In 
addition, several boreholes penetrated material below river 
level, whi c h was inaccessible at the outcrop. 

Most correlations between boreholes were made by 
comparison of the various sequences and juxtapositions of 
the deposits. The same method was used for correlation 
between the ·Outcrops, but here the vertebrate fauna s wer e 
also a valuable aid. Furthermore, examination of the bluffs 
had demonstrated that certain beds or features could serve 
as marker horizons for corre lation purposes. The lowes t 
marker was the 'preglacial gravel', which is near the base of 
the sequence and directly above bedrock (Table 2, unit I!). 



Typically this is a coarse, rounded, quartzite or hard sand
stone gravel completely lacking stones from the 
Precambrian Shield, which hereafter are called 'Shi e ld 
s tones'. This gravel was found in all boreholes except at 
Reservoir Gully and Surprise Bluff West and in the outcrops 
is mi ssing onl y at Reservoir Gully. Identification of this 
deposit is based largely on its lack of Shield stones, which 
generally can only be determined in outcrops;, thus, 
recognition of this marker unit in boreholes is normally 
through analogy with what is found in the nearby outcrops. 

A carbonaceous clay is the ne xt oldest mark e r bed 
(Table 2, unit Ill). It is found towards the base of several 
outcrops, notably Island and Mitchell bluffs, Lehr Valley and 
other bluffs that were not drilled. This marker also is 
difficult to identify in boreholes. Higher in the surficial 
section the initial appearance of Shield stones, hera lding the 
approach of the first glacier, form s the most important and 
valuable marker of all. In the region the first occurrence of 
Shield stones is in a dark till (Table 2, unit V), but at the 
s ites drilled this till has been destroyed, and so th e stones 
first appear in a Ja g deposit (Table 2, unit VIII). Thi s horizon 
also is not r eadily determined in the boreholes. 

A less important marker is the Evilsmelling Band 
(Table 2, unit XVIII), exposed at Ev ilsmelling Bluff and Le hr 
Valley, and described under the former. It is recogni za ble in 
bore holes, once its characteristics are known, but only with 
intensive study of the logs. In addition, certain tills hav e 
peculiar traits that show on the borehole logs, perhaps 
better than in the outcrops, which allow them to serve as 
markers, but again only after intensive study of all drill 
logs. Perhaps the best example is the contorted till, which 
in most cases is the second till from the top (Table 2, unit 
XX). This till has been strongly deformed by permafrost or 
subsequent glaciers, and its peculiarities are apparent both 
in outcrop and in borehole logs. 

The local bedrock formations are deficient in car
bonate, and this provides a valuable means of distinguishing 
bedrock or bedrock inclusions from other surficial deposits. 
The limestone and dolomite of the surficial material came 
from the mountains farther west and from the Paleozoic 
formations found along the southern margin of the Shield, 
some 500 to 700 mi (BOO to ll25km) to the north or 
northeast. Fine carbonate is fairly plentiful in most of the 
deposits (see Appendix). Carbonate clasts from the 
mountains are rare, for most were ground into fine material 
during river transport to this area. Those from the margin 
of the Shield were brought in by glaciers and thus occur only 
in material laid down after the adve nt of the first 
Laurentide glacier. As is the case with Shield stones, their 
initial appearance in abundance is a good marker horizon for 
this event, but once again this cannot be determined in 
boreholes. In addition, carbonate stones and carbonate 
contents of the matri x are extremely useful in correlating 
tills from site to site, for their percentages vary markedly 
from one till to another. On the other hand, calcite
dolomi te ratios in each till fluctuate widely and appear to be 
of little use in correlation. This may be a peculiarity of the 
Medicine Hat region; elsewhere, where glaciers advanced 
over bedrock formations that had vastly differing carbonate 
contents, the studies of calcite-dolomite ratios may be much 
more rewarding. 

In the following discussions of the bluffs studied, most 
attention is directed towards the till sheets and to units that 
show discrepancies between the borehole and outcrop 
sections. Units that are not discussed generally are similar in 
thickness and composition in both borehole and outcrop 
sequence or else could not be examined in the outcrop. 

Description of individual sites 

Island Bluff: borehole 69-1 (Figs. 3 and 8) 

At this bluff the beds, and particularly the till sheets, 
change rapidly in thickness along the outcrop. Both the 
outcrop and borehole descriptions, however, are from sites 
near each other at the east end of the bluff. The section is 
well exposed, and the borehole and outcrop stratigraphy 
could be compared better here than at any other borehole. 
In general the sequences are similar. 

The deposits below the bottom till, consisting of units 
B to H, are about 50 ft (15 m) thinner in the borehole than in 
the outcrop. This is mostly because the outcrop was studied 
preferentially where the sand and silt beds were thick, but in 
addition the upper part of unit H may have been eroded from 
the borehole vicinity by the glacier that deposited unit I, 
thereby decreasing the amount of alluvium encountered 
during drilling. 

Units A and B lie below river level at the east end of 
the bluff and so are not shown on the outcrop section. Unit 
A is bedrock. Where exposed at the west end, unit B is a 
complex mixture of near horizontal beds of gravel, sand, 
and clay, overlain by a peaty band (unit C) the 
carbonaceous clay marker bed mentioned above. Bones are 
plentiful in the middle of this unit. The complexity of unit B 
is reflected by marked variations in the geophysical logs. 

Steep-faced beds of s ilt seen in the outcrops of units 
D, E and G were not recognized either in borehole logs or 
from mechanical analyses; in the borehole these units are 
represented by sand with thin gravel beds. The absence of 
the s ilt beds is difficult to explain, for they are both 
widespread and thick in the cliff face. 

The first occurrence of Shield stones in the outcrop 
appears in a coarse, poorly sorted gravel bed found directly 
above a steep-faced silt bed; both beds extend the full 
length of the bluff. The gravel bed is correlated with unit F, 
found at a depth of 230 ft (70m) in the borehole, although 
the first occurrence of Shield stones cannot be determined 
in the borehole. 

In the outcrop, unit H consists mainly of a pebbly sand, 
whose grains are composed of cla y or shale fragments ripped 
up from pre-existing lake deposits. This unit shows well 
developed crossbedding and cut-and-fill structures. The 
older deposits that provided its material may have been the 
equivalents of the thick lake deposits found in units C to N 
at Bain Bluff (Fig. 11). The borehole did not show any 
corresponding material at that depth (143 to 165 ft or 43.6 to 
50.3m), and in the original borehole interpretation the till of 
the overl ying unit I was extended across that interval. The 
modified borehole log retains unit I there, for the si dew all 
samples from that segment are too sandy to come from 
material composed essentially of fragments of clay and 
shale. Unit H seen in outcrop may well be missing from the 
borehole, perhaps removed by the glacier that deposited unit 
I. On the other hand, this material may be at lower 
elevation in the borehole than in the outcrop. This is the 
assumption made for the modified borehole log, where unit 
H has been placed below the till of unit I and at a lower 
position than at the outcrop. The mechanical analyses and 
the geophysical logs amply justify the presence of a distinct 
unit at that position, but it re·mains uncertain whether this 
material corresponds to the outcropping beds of fragmented 
clay and shale. The problems associated with unit H are far 
from resolved. 

The thickness of unit I fluctuates abruptly along the 
bluff, and evidently the borehole pierced one of its thickest 
parts, whereas the outcrop was studied at one of its 
thinnest. This unit consists of clayey and sandy, dark grey 
till; but a white sand band, about 1 ft (30cm) thick, traverses 
the middle of the unit in the outcrop. This sand band 
probably is denoted by fluctuations on the geophysical logs 

9 



at a depth of 132 ft (40m). The till of unit I has been 
strongly contorted and deformed, perhaps by overridd ing ice; 
and therefore the stone fabric is weak. However, a trend 
from the northwest is indicated, and stone counts show 
about 43 per cent carbonate stones. This material slumps 
readily, and the cliff face retreats rapidly across it. 

Unit J contRins bones from large mammals and thus 
represents a significant span of time. These fossils, and 
hence the length and importance of this interva l, cannot be 
recognized in the borehole logs, nor is its duration indicated 
by significant weathering or oxidization in either this unit or 
the underlying till. 

Units K and L were combined into one till unit in the 
original borehole interpretation, and mechanical analysis 
shows that their grain size composition is almost identical. 
The carbonate and stone contents of the two units differed 
however, and study of the outcrops supported some indication 
from the logs that they should be treated as separate units. 
Whether the differences could be merely due to unit L being 
an oxidized upper portion of unit K is not known, but the 
difference in directions of ice movement shown by their 
fabrics (from N68°W for unit K; from N20°W for unit L) 
indicates that the two units are, at least, different phases of 
the same glacier even if they do not represent two entirely 
separate glaciers. 

Unit K is a dark brown till, with sand lenses near its 
base, that has only a few stones. Though this is one of the 
few cases where a till unit is thicker in the outcrop than in 
the borehole, there was no hesitation in correlating it 
between the two sequences. Unit L is a dark grey till, 
stonier than the till of underlying unit K, with nearly 60 per 
cent of the stones being carbonates. The unit is equally 
thick in the outcrop and the borehole, and its correlation 
between the two sequences undoubtedl y is correct. The 
sands and clays of unit M separate till units L and N in the 
borehole. This unit is very thin in outcrop, where it easily 
could be mistaken for a lower clay band of unit N. 

Unit N consists of alternating bands, 1/2 to 4 ft (15cm 
to l.2m) thick, of silt and very dark till. The till is much 
sandier than the lower tills. The entire unit represents the 
contorted till, here as at the other sites, the second till from 
the top; its confused, variable nature is reflected in the 
geophysical logs. Fabric studies rarely are of value in this 
deformed till. 

The sand of unit 0 separates the till of unit N from the 
very different till of unit P. Unit P is a light brown, sandy, 
moderately stony till. About 52 per cent of the stones are 

Table 3. Physical features of the Island Bluff tills 

Size comQosition 

Coarse Fine Carbonate 
(>2 mm) (<2 mm) content Fabric 

Unit Sand Silt Cl a~ Stones Matrix 

% % % % % % 
p 5.7 41.7 33.2 25.1 52 8.2 N25°E 
N 0.8 32.8 36.2 30.9 8.8 
L 1.6 23.3 40.7 36.0 60 6.7 N20°W 
K* 1.2 23.4 41.1 35.5 10.6 N68°W 
I 0.5 16.2 48.0 35.8 43 11.1 NW 

* The sample at 85ft (25.9 m) depth, which totally lacks 
the sand component and so may not be till but rather an 
inc lusion or alluvial parting, has been omitted. 
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carbonates, and the fabric indicates deposition by ice 
moving S25°W. The till is thicker in the borehole than in the 
outcrop, probably a result of local removal by South 
Saskatchewan River right after the last g laciation. 

Table 3 gives some average physical characteristics of 
the till sheets at Island Bluff. 

Mitchell Bluff: borehole 69-2 (Figs. 3, 4, 5 and 9) 

No single exposure displays the full section at Mitchell 
Bluff, and thus the outcrop sequence is a compound one. 
The top part of the section is described from outcrops nea r 
the borehole site, but information about this part of the 
sequence remains incomplete. The middle part of the 
section (units 0 to L) and units A and Bare well displayed at 
the west end of the bluff (Figs. 4, 5), where they have 
received extensive study and the description is reliable. The 
east end of the bluff gives a good view of the lowermost 
beds except for the bedrock of unit A and the bottom part of 
unit B, which there lie below the level of South Saskatchewan 
River. Overall the exposures show beds that vary markedly 
in thickness along the bluff but little in composition. 

In general, correlations between outcrop and borehole 
stratigraphy are less satisfactory her e than at Island Bluff. 
The section below the till of unit J, however, closely 
parallels the lower part of Island Bluff (units A to H) in both 
order and thickness of units, and comments made for those 
units at Island Bluff generally apply to the corresponding 
units here. The first occurrence of Shield stones is well 
shown in the outcrop, and its placement at the base of 
gravel unitE in the modified borehole log is justified. 

Unit G is a prolific producer of vertebrate fossils and 
as such has been excavated extensively and has received 
more study than any other unit in the Medicine Hat region. 
It is typically a poorly sorted gravel with tight clay and silt 
matrix. The mechanical analysis from this unit (see 
Appendix, depth 145 ft or 44m) shows abundant clay, much 
sand, and a significant quantity of material greater than 2 
mm in diameter. 

The thin bed at depth 130 ft (39.6m), which forms the 
base of unit I (Fig. 5), was called till in the original borehole 
interpretation, and it may well be a till band resembling 
those found near the top of the unit. More plausibly it is a 
fine gravel with compact silt and clay matrix. In addition, 
the top 9 ft (2.7m) of this unit was called till in the original 
borehole interpretation and was included with the overlying 
till unit J; however, it is much sandier than till of unit J. In 
outcrop it resembles unit H at Island Bluff and like it this top 
part of unit J here is composed mainly of fragments torn 
from older beds of lacustrine silt and clay, to which a few 
extraneous stones have been added, resulting in a till-like 
composition. This upper part of unit J however does, indeed, 
contain interfingering stringers or bands of till. 

Unit J is a dark grey, stony till consisting mostly of 
silt and clay. It is less deformed than the corresponding till 
sheet of unit I at Island Bluff and has a steep face at the 
outcrop. Stones are about 54 per cent carbonates; 
deposition by ice moving from N65°W is indicated. 

Unit K has yielded bones and wood and therefore 
appears to represent a significant interstade. It probably 
corresponds to fossiliferous unit J at Island Bluff, and if so 
must be fairly widespread. Despite this, the unit was not 
recognized and may be missing in the borehole. 

Unit L is a silty and clayey till with an oxidized upper 
part and an unoxidized lower part separated by a sand bed. 
The till is dark bluish grey and contains few stones. This is 
the contorted till, found once again as the second till from 
the top. The intensity of its deformation is well displayed in 
the outcrops and by fluctuations in the geophysical logs. As 
is characteristic of this contorted till, many of its stones are 
carbonates, 77 per cent in this case. Till fabrics from the 



Table 4. Physical feature s of the Mitchell Bluff tills 

Size com12osition 

Coarse Fine Carbonate 
(>2 mm ) (<2 mm ) content Fabric 

Unit Sand Silt Cla;t Stones Matrix 

% % % % % % 
N 2.6 43.7 30.8 25.5 28 7.9 N50°E 
L 2.0 30.7 41.8 27.5 77 11.2 N4 5"E; 

N40°W 
J 0.7 16.7 46.9 36.4 54 8.6 N6 5°W 

contorted till ar e of littl e use, a nd here, perhaps due t o the 
deformation, two possible directions of ice movement were 
obt a ined, f rom N45°E and from N40"W. 

The upper portion of unit N appears to be missing from 
the outc rop, presumably destroyed by South Saskatchewan 
Ri ver as it sta rt ed to downcut following the last glac iation; 
and so t he borehole shows a thicker seg me nt of this uni t. It 
consists of an ox idi zed, ye llow-b rown, sandy till that, 
apparentl y, was deposited by ice moving from N50"E . Only 
28 per cent of its stones are carbonates, whi ch is low for a 
till in t hi s a rea. 

Table 4 gives some average phys ica l c haracter ist ics of 
the t ill sheets. 

Evilsmelling Bluff: borehole 69-3 (Figs. 6 and 10) 

Not only is the bottom part (unit s A to F ) of the outcrop at 
thi s bluff largely covered by s lump, but the beds a re 
deformed by slumping, faulting and jointing. Although these 
factors impeded corre lation with t he lowe r part of the 
borehole log, no major discrepancies appeared, and t hi s 
lower sect ion resembles t he sequence below the lowest till 
at Is land and Mitchell bluffs. 

The top part of the bluff (units G to L) is well 
exposed. Unit G is the Ev ilsmelling Band. Thi s is the lowest 
unit readily in vestigated in the outcrop, and it is a complex 
mi xture of silt, clay, sand and stones, along with much finely 
disseminated organic matter. It is typically grey, but at its 
fac e t he outer 1 to 3 ft. (0.3 to D. 9m ) is dark blue or r eddish 
to purplish brown, is damp, and has a strong , obnoxious 
odour. The band is interpreted as material la id down in a n 
a bandoned ri ver valley under permafrost condi ti ons. It 
in c ludes s lope was h, slide and solifluction debris, dust blown 
in by wi nd, organic material fr om plants growing in the 
valley, and much alluvium lai d dow n whe n the river 
intermitte ntl y reocc upi ed this channel, presumably a t t imes 
of large sca le flooding. As this deposit aggraded, its upper. 
part was constantly churned and mi xed, although loca ll y some 
rudimentary bedding has survived . The organic ma t eria l 
appears to hav e been preserved from decomposition ?Y rapid 
free z ing and burial and only now is oxidizing and rotting as It 
s lowly is uncovered, giving off the odour that has earned for 
this unit the name 'E vil smelling Band'. This band, in turn, has 
given its name to the bluff. In a borehole suc h mater ial is 
almost impossibl e to di stinguish from till, and origina ll y in 
this bore hole, as probabl y in some others, it was classed as 
till. 

Unit H is ext remely variable in thickness a nd is 
mi ssing along much of the bluff. Its outcrop was examined 
where t hickest, but more comm only it has t he th ickness 
shown by the borehole log. Most of the unit is ri ve r 
alluvium, and it is ex tremely var iabl e in compos ition. 
Basically it consists of oxidized silt a nd sand with pockets of 

gravel, and in places it contains small pieces of wood, insect 
remains and rodent bones. The presence of these fossils and 
the fact that the unit is subs t antially more oxidized than the 
Evil smelling Band indicate deposition during a warmer 
interval tha t intervened between deposition of underlyi ng 
unit G a nd ove rlying unit I, when severely cold condition s 
pre vai led. 

Unit I is the contorted till, a nd its character is 
displayed better here than at any of the other ou tcrops. It is 
a dark, bluish grey till with low sand content, and about 70 
per cent of its stones are carbonat es. Its lower contact is 
extremely irregula r; large plumes or flames of s ilt and sand 
from t he unde rl yi ng unit H penetra te the lower portion of 
unit I, and in turn tongues :1f till penetrate the upper part of 
unit H. Each unit a lso encloses pockets of material from 
the other unit; in many places the int e rmi xing of these two 
unit s is so thorouClh as to obscure t heir bounda r y. Although 
fabric stud ies in -this unit generally are not r e liable, here 
they indicate deposition by ice flowing S75 "W. 

Origina ll y unit J was combined with unit I in the 
outcrop descriptions and with unit K in the boreho~ e 
interpretation. It is interm ed iate between these two Units In 

many properties, such as its colour and steep ness of f ace 
along the outcrop, where in places it ap pears to be part of 
the low er till a nd e lsewhere part of the upper. Unit J may 
not represent a separate ice advance but, if not, it is 
uncertain whether to include it with unit I or with unit K. If 
it is a less contorted phase of underlying unit I, the silt bands 
that interfinger in its upp er pa rt de note a sepa rat ion fro m 
unit K as indica ted in Tab le 2 whe re units I and J a r e 
grouped toget her in unit XX. However, it probabl y is a 
distinct till, as implied in the modified borehole log, and the 
mechanical and carbon a te anal yses indi cate that It 
correspond s to unit N at Island Bluff, unit L at Mitchell Bluff, 
and perhaps unit L a t Surpri se Bluff West and unit M at 
Reservoir Gull y. 

Unit K is a light brown, oxidized, sa nd y t ill a pparent ly 
deposited by ice travelling S72°W. About 43 pe r cent of its 
stones are carbonates. In a ll respects it resembles the 
typ ic al surface till seen over most of t he region. 

Table 5 gives so me ave rage physical characteristics of 
the till sheets. 

Bain Bluff: borehole 69-4 (Fig. 11) 

The borehole at Bain Bluff was sited nea r the bottom of a 
small val ley tributary to South Saskatchewan River valley, 
at a point about 40 ft (12m) below the general prairie leve l. 
The base of the out crop is at ri ver level, but the bore hole 
penetrated an addit ional 25 ft (7.6m) of surficial mater ial 
a nd 10 ft (3m) of bedrock below ri ver level before bottoming; 
thus the borehole log extends some 35 ft (10. 7m) beyond the 
base of the outcrop. All but t he upper part of the outcrop is 
badly obscured by s lump. 

Table 5. Physical f eatures of t he Evil smelling Bluff tills 

Size com12os ition 

Coarse Fine C arbonat e 
(>2 mm) (<2 mm ) content Fabric 

Unit Sand Silt Cla;t Stones Matrix 

% % % % % % 
K 0.9 39.0 33.5 27.5 43 6.7 N72°E 
J 1.8 36.5 35.0 28.5 9.9 
I 2.0 22.3 41.7 36 .0 70 9.6 N75"E 
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Units B and C include a thick sequence of interfingering 
beds of coarse gravel, clay, and silt; these units are mostly 
below river level and thus are reported only from the 
borehole. The bottom part of this sequence is chiefly gravel, 
but clay and silt beds increase in importance upwards until 
the gravel is fully replaced. This sequence resembles that 
found near river level at the west end of Island Bluff and the 
east end of Mitchell Bluff (Table 2, units 11 and Ill). At Bain 
Bluff the first beds exposed above river level are towards the 
top of unit C, and they contain sticks of carbonaceous 
material similar to those found in the beds that elsewhere 
form the carbonaceous marker of unit Ill in Table 2. The 
sequence undoubtedly represents flood plain deposition by the 
ancestral South Saskatchewan River shortly before arrival of 
the first glacier to reach the area. 

The greater part (units D to M) of the Bain Bluff 
section consists of .a series of lake clays and silts (Table 2, 
unit IV), which are thicker here than at any other site. 
These beds are chiefly responsible for the excessive amount 
of slumping at Bain Bluff, and they had previously gone 
unnoticed because of slump cover. They are exposed in the 
scarp forming the northern boundary of the slumped area 
and as small; isolated exposures amidst the slump blocks. 
The sequence derived from these outcrops is not overly 
reliable, but it does support the stratigraphy deduced from 
the borehole. A scarcity of pollen in this material may in
dicate that much of it was deposited under frigid, 
inhospitable conditions, probably in a long-lived proglacial 
lake that was dammed by glacier ice advancing southward up 
South Saskatchewan Valley towards the area. 

The upper part of the section (units N to V) is well 
exposed, but its till sheets are difficult to correlate with 
those found at other sites. At this site the outcrop and 
borehole stratigraphies of this upper part agree well, 
although some minor adjustments were needed in the till 
boundaries of the borehole sequence. Restudy of the 
borehole logs has indicated that these changes, which mainly 
affect boundaries between units Q, R and S, are acceptable. 
The significance of clay unit P is not known fully, but it 
probably represents a major break in the Preclassical 
Wisconsin, and therefore it is placed in unit XII of Table 2. 
Unit V, like Unit Q at Island Bluff and unit 0 at Mitchell 
Bluff, consists mostly of alluvium, but it has not undergone as 
much surface modification by wind as the latter units. 

Tills with low sand content, such as those represented 
by unit I at Island Bluff, unit J at Mitchell Bluff and unit I at 
Evilsmelling Bluff, are noticeably missing from the Bain 
Bluff sequence. 

Table 6 gives some average physical characteristics of 
the till sheets. 

Table 6. Physical features of the Bain Bluff tills 

* 

Size com~osition 

Coarse Fine Carbonate 
(>2 mm) (<2 mm) Content 

Unit Sand Silt Cl a~ Matrix 
% % % % % 

u 6.1 45.6 29.3 25.1 6.6 
T* 4.0 42.0 32.7 25.3 11.3 
s 
Q 

0 

14.0 35.3 33.8 30.9 12.8 
3.3 29.7 37.9 32.4 11.5 
1.9 32.5 36.3 31.2 10.2 

The sample at 56 ft (17 m) depth, which came from a 3 ft 
(0.9 m) thick sand bed or inclusion within till unit T, has 
been omitted. 
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Lehr Valley: borehole 69-5 (Fig. 12) 

Comparison of the borehole and outcrop sequences for this 
site is difficult because the borehole is about 1/2 mi (0.8km) 
east of the juncture of the upper end~ of Lithr Valley with 
South Saskatchewan Valley, where the best outcrops 
are found. In addition, only the lower part of the section is 
exposed there, and that none too clearly. Exposures of the 
upper part are limited to poor outcrops along the gully of 
the modern, small stream in Lehr Valley. 

Unit B, directly above bedrock, contains much coarse 
gravel and probably is a flood plain deposit of preglacial 
South Saskatchewan River (see Island Bluff, unit B; Mi tchell 
Bluff, unit B; Bain Bluff, unit B). This deposit was below 
present river level and so could not be studied in outcrop. 
Unit C, a silt and clay unit outcropping locally near river 
level, also is preglacial. It contains the carbonaceous 
marke r horizon and correlates with unit C at Island Bluff, 
unit B at Mitchell Bluff and unit C at Bain Bluff (Table 2, 
unit Ill). Unit D and the lower part of unitE are flood plain 
deposits of an aggrading river, which grade upward to lake 
sediments in the upper part of unit E. In the outcrop these 
consist largely of varved silt and clay. These latter 
sediments were laid down in a proglacial lake that steadily 
deepened as the glacier blocking South Saskatchewan River 
approached from the north. 

Previous studies of Lehr Valley had pointed to the 
presence of the Evilsmelling Band but failed to reveal its 
exact position. Initial comparison of the borehole and 
outcrop sequences indicated, incorrectly, that it was the 
base of unit E; but further examination of the various logs, 
mechanical and carbonate analyses of sidewall samples, and 
comparison with the Evilsmelling Band (unit G) at 
Evilsmelling Bluff finally revealed it to be unit F. At Lehr 
Valley, as at Evilsmelling Bluff, this unit was called till 
during the initial bore hole study. Its designation as the 
E vilsmelling Band is supported by the similarity of the 
overlying unit G to the unit (H) that overlies the 
Evi !smelling Band at Evi !smelling Bluff. 

The till of unit H is basically silty with low sand 
content. However, its size composition and carbonate 
content are extremely variable, and the geophysical readings 
fluctuate widely across it; it appears to be the contorted till. 
The position of the till in the sequence corresponds to that of 
the contorted till at other bluffs, i.e., unit I at Evilsmelling 
Bluff and unit N at Island Bluff. Unit I at Lehr Valley, which 
also is silty and has low sand content, may be an upper and 
slightly different facies of till unit H, as indicated in Table 2, 
unit XX. 

Unit J represents deposits laid down by small streams 
since disappearance of the last glacier and also, possibly, by 
meltwater that flowed along this valley as the last glacier 
melted. 

Table 7 gives some average physical characteristics of 
_the two till sheets found at Lehr Valley. 

Table 7. Physical features of the Lehr Valley tills 

Size com~osition 

Coarse Fine Carbonate 
(>2 mm) (<2 mm) Content 

Unit Sand Silt Clay Matrix 
% % % % % 

I 2.2 21.4 43.4 35.3 11.3 
H 5.5 26.6 43.7 29.7 10.3 



SUrprise Bluff West: borehole 69-6 (Fig. 13) 

Borehole 69-6 was sited between Reservoir Gully and 
Surprise Bluff West in the expec tation that it would 
synthesize the outcrop sections from those two localities. It 
failed to do this, howev er, for the bottom part of the 
Surprise Bluff West sequence, including the basal preglacial 
gravel unit (B) , was missing, as was also a larger segment of 
the Reservoir Gully outcrop section. The boreh.ole sequence, 
therefore, was compared solely with the section exposed 
at Surprise Bluff West, which is about 0.4 mi (0.6km) away, 
and borehole 69-7 subsequently was drilled nearer to 
Reservoir Gull y. 

The sandy unit shown directly above bedrock in the 
original borehole interpretation has been subdivided, because 
of information derived from sidewall samples, into unit C 
which is clayey silt, unit D which is mostl y sa nd at the base 
but becomes silty upward, and unit E which in the borehole is 
practically all silt and clay. These three units undoubtedly 
represent a sequence of continuous deposition in a deep ening 
lake that may correlate in part, with the lac ustrine beds of 
units D to M at Bain Bluff (Table 2, unit IV). 

Unit E apparently correspo nds to beds of silt and fine 
sand tha t intervene, in th e outcrop, between units of coarser 
mat eri a l. Th e upper (unit F ) of these two coarse units is 
mos tly si! t and gravel composed of fragments of s hale and 
silt torn from the local bedrock , with an admixture of 
foreign stones up to 5 in. (12.7cm) long. It displays well 
develope d channel bedding. Unit F was called till during the 
original bore hol e interpretation. Si mi Jar material in unit H 
at Is land Bluff and in unit I at Mitchell Bluff also was called 
till during the preliminary borehole studies, and it is 
difficult to devise a practical means of preve nting sim ilar 
errors with s uc h material where outcrops are lacking. 
Although not a till, unit F does mark the introduction of 
Shield s tones and so heralds the initial approach of 
Laurentide ice. 

The boundary between units G and H marks a change 
fr om medium sand beneat h to a poorly sorted and st rongl y 
channel-bedded mixture of sand, grit and s ilt above. The 
thin band shown directly above this boundary in the original 
borehole log, where it was inco rrectly classed as till, 
probably represent s an even more poorly sorted, but largely 
clay, bed of unit H. 

Unit I is a mass iv e, light grey till containing few 
stones. Sand unit J of the outcrop is lacking at the borehole. 

Unit K includes those deposits found between de pths of 
66 and 93 ft (2 0.1 to 28.3m). In the original bore hole 
interpretation this interval encompassed one complete till 
unit, parts of two other till units and a thin sand unit. 
Obviously, unit K is extremely variable, but overall its 
characteristics indicate a correlation with the Evil smelling 
Band (Table 2, unit XV Ill). 

The borehole and outcrop sequences are similar 
through units L to 0. Unit L is a dark grey till with the 
traits of the contorted till and also its normal position of 

Table B. Physical features of the Surprise Bluff West tills 

Size com~osi tion 

Coarse Fine Carbonate 
(>2 mm) ( <2 mm) Content 

Unit Sand Silt Cla:t Matrix 
% % % % % 

N 1.4 46.9 30.4 22.7 8.3 
L 2.0 23.9 45.4 30.7 6.3 
I 0.4 34.6 37.0 28.4 

second till from the surface. Unit M has yielded poorly 
preserved bones and so denotes a significant interval 
between ice advances. It corresponds to foss iliferous units 
N and 0 at the Reservoir Gully site. Unit N is a light grey 
or brown, sandy till with pronounced columnar structure, and 
it correlates with the top till found at all other s ites except, 
perhaps, Lehr Vall ey (Tabl e 2, unit XXII). 

Tabl e 8 gives some average ph ys ical characteristics of 
the till sheets. 

Reservoir Gully: borehole 69-7 (Fig. 14) 

Borehole 69-7 was drilled when bor ehole 69-6 failed to 
pierce much of the Reservoir Gully section. It was sited on 
the highest ground for a di stanc e of seve ral miles and was as 
near Reservoir Gu lly as possibl e (Fig. 7) The top 80 ft 
(24.4m) of the sect ion (units N, 0, P, Q) could be examined 
at the gully, but the bottom 30ft (9.1m) (units A, B, C) could 
be seen only at Surprise Bluff, about 0.4 mi (0.6km) to the 
northeast. The middle part was fully covered by slump and 
vegetation and could not be examined. Shield st ones were 
present in even the lowest unit, and unit C, near the base, 
yielded abundant bones of Sangamon Age. It thus appears 
that all s ix tills reported from the borehole are of Wiscons in 
Age. Thi s is the greatest number of tills of that age found at 
any site, and undoubtedly so me of them should be combined. 
In addition, some may be incorrectly classified as till, but it 
is difficult to determine thi s with confidence, as was found 
during the s tudies of unit Hat Is land Bluff, unit I at Mit chell 
Bluff and unit F at Surprise Bluff West. Th e task is 
especially difficult here because of the deficiency of 
expos ures. 

The thin sand, s ilt and gravel beds of unit B were not 
found in the borehole; such a discrepancy is not surprising if 
one considers how far the borehole is from the outcrop of 
the lower part of the section. In addition, the greater 
elevation of bedrock in the borehole than in the outcrop 
indicates that the lower part of the surficial section is 
missing. 

Unit C consists of poorly sorted sand and gravel, with 
many angular stones and pieces of coal. Its variable nature 
results in wide fluctuations in the geophys ical logs. 

Mechanical analysis of the sidewall samples (Appendix ) 
shows that unit D is mainly a silt and clay such as would be 
laid down in quiet water. It probably was deposited in a lake 
ponded by the same glacier that subsequently deposited the 
till of overlying unit E. 

The tills of units E, G and I (Table 2, unit XIII) may 
represent fluctuations of a single glacier. They are sandy 
with remarkably low clay content, except for the basal part 
of unit E which has incorporated much fine material from 
the underlying si! t and clay lake beds. The intervening 
units F and H are either inclusions of older deposits 
incorporated into the till of units E, G and I or else merely 
sandy and silty phases of this till. 

The geophysical logs and borehole samples indicate 
that at a depth of 123ft (37.5m) unit K is divided into two 
parts by a fairly sharp boundary. The upper part of this unit 
is abnormally silty and remarkably deficient in sand for a till 
of the region, and in many ways it resembles the 
Evi lsmelling Band. If that band is represented in this 
borehole, it is either here or else includes all of unit K as 
shown in Figure 14; if the latter is the case, one of the six 
Wisconsin tills is eliminated from the borehole sequence. 
Other evidence supports putting Evilsmelling Band here. 
First, at least part of this unit correlates with unit K at 
Surprise Bluff West, which previously was tentatively 
assigned to the Evilsmelling Band (Table 2, unit XVlll). 
Further, the overlying silt of unit L presumably corresponds 
to the sediments found at Evilsmelling Bluff (unit H) and at 
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Table 9. Physical features of the Reservoir Gully tills 

Size com~osi ti on 
Carbonate 

Coarse Fine Content 
(> 2 mm) (< 2mm) 

Unit Sand Si it Clay Stones Matrix 

% % % % % % 

p 4.9 41.9 31.3 28.6 38 6.7 
M 0.4 25.0 47.0 28.0 8.0 
K (upper part) 4.0 20.8 51.0 28.2 9.8 
K (lower part) 0.9 36.1 36 .0 27.9 10.8 
I 4.2 40.9 40.5 18.6 10.3 
G 3.6 41.3 39.9 18 .8 10.4 
E (upper part) 1.4 40.9 39.0 20.1 9.0 
E (lower part) 0.9 28.9 47.4 29.8 10.7 

Lehr Valley (unit G) directly above that Band (Table 2, 
unit XIX). Therefore, the Evilsmelling Band, if present, must 
be below unit L, and unit K is the only likely unit. 

Unit M is the contorted till (Table 2, unit XX), and it is 
in the normal position of second till from the s urface. This 
unit probably was once much thicker, but the top part was 
removed by the streams that deposited the sediments of unit 
N. In the original borehole interpretation unit M also was 
assigned the lower 7 ft (2.1m) of unit N, but this segment 
was reassigned to unit N when grain size analysis dem
onstrated that it consisted of sand. 

The sand and gravel of units N and 0 are mostly 
alluvial, and they are strongly oxidized in both outcrop and 
borehole. This oxidization and replacement with i ran oxide 
has so altered the once abundant plant remains in the unit 
that no reliable radiocarbon dates have been obtained from 
it. Bones are abundant, however, although generally they 
are scattered and much weathered, and these indicate a 
Classical Wisconsin Age. 

Unit P (Fig. 7) is the light brown, sandy till that 
normally is the top till (Table 2, unit XXII). Its correlation 
between borehole and outcrop is accurate. Only 38 per cent 
of the stones are carbonates, and the matrix also is low in 
carbonate. It appears to be a typical, nondeformed basal 
till, but despite this has f ailed to yield a good stone 
orientation. 

Table 9 gives some average physical characteristics of 
the units classed as tills; only the top till was available for 
stone counts. 

DISCUSSION 

General 

The relative merits and drawbacks of outcrop and borehole 
study of surficial deposits are summarized in Table 10 and 
are discussed below, following the sequence of topics shown 
in the table. Comparison of the original outcrop and 
borehole sequences and their syntheses (Figs. 8 to 14) will 
give insight into the problems that can arise in outcrop and 
borehole interpretations and into how they may be resolved. 
It will also give insight as to where and why changes were 
made during production of the final, modified logs. 

The ideal situation for study of surficial stratigraphy 
would be a complete, readily accessible and nearly vertical 
outcrop that is fresh, undeformed and free of vegetation and 
slump. With such ideal conditions at an outcrop, drilling 
would be superfluous; but unfortunately such outcrops are 
rare. The other extreme is to have no outcrop at all, and in 
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such a case drilling must be the source of information; a 
typical example of the latter case would be a deep valley, 
carved into bedrock, that had been so completely filled with 
debris that it could no longer be recognized on the surface. 
The following discussion is based on a more common 
situation, such as exists in the Medicine Hat region, where 
outcrops range in quality from the poorly exposed beds at 
Reservoir Gully to the well exposed section at Island Bluff. 
Not all the relative advantages or disadvantages of borehole 
or outcrop study described apply at any one site. In 
addition, many of the relative merits or drawbacks are 
self-evident and need not be discussed in detail. 

If the beds are near horizontal, as is normal with 
surficial deposits, depths and thicknesses are measured 
more rapidly and efficiently in a vertical borehole than in an 
outcrop, largely because most outcrop faces slope unevenly 
and commonly are obscured by slumping, faulting and 
vegetation. Although the beds are normally hori zontal 
however, this cannot be assumed with certitude in a borehole; 
and if the beds dip steeply, the measured thickness in a 
borehole may be much exaggerated. The best situation exists 
where the attitude of the beds can be determined in the 
outcrop, the thickness measured in the borehole, and the 
necessary corrections made for any dip present. In general, 
borehole study has a marked advantage in anything pertaining 
to measurement of depth or thickness, and therefore this 
item is not discussed under the individual topics: it mainly 
affects topics 2a, 3c, 5, 6, 7a, 7b and 7d of Table 10. 

Location of Study 

Factors associated with selection of a drilling site or 
discovery of a sui table outcrop were not a major concern of 
this study. Accessibility or location, however, is definitely 
an extremely important consideration. In general, finding a 
satisfactory outcrop requires more time but less money than 
selecting and drilling a suitable borehole site. However, 
good outcrops are rare; they seldom occur where the section 
is best; and they typically only reveal a part of the surficial 
section with important beds or units missing. This is well 
shown at many of the Medicine Hat sites. Boreholes, on the 
other hand, can be sited almost anywhere, and at times they 
may be prior indications of the best site to drill. For 
example, previous surface geophysical studies or exam
ination of the topography may eliminate areas of shallow 
bedrock or else may indicate areas with thick drift -
perhaps even the ideal situation of a deep, buried valley. 
Nearby outcrops or records of previous boreholes drilled in 
the region also may suggest good locations. But usuall y it is 
impossible to foretell whether a borehole site is a significant 
or favourable one, and even after drilling it remains 
problematical whether the best location was drilled. As a 
result, drill sites must be chosen in a largely haphazard 
manner. 

Section 

A borehole gives a more complete and trustworthy record of 
the sequence and thickness of deposits than is presented by a 
typical outcrop, and this alone could be sufficient reason for 
drilling near an important outcrop. For example, the 
surficial material commonly extends deeper than the outcrop, 
and much of the rest of the section may be overgrown or 
just not exposed. In addition, outcrops on cliffs or steep 
slopes are prone to slumping and to deformation, thus 
rendering the sequence and thickness of beds difficult to 
ascertain. All of these problems are illustrated by the 
Medicine Hat Bluffs. For example, in five of the seven 
bluffs described above, surficial material extended below 
river level; large parts of the sections at Bain, Mi tchell and 
Evilsmelling bluffs were covered by slump; large parts of the 



sections at R ese rvoir Gu ll y and Surprise Bluff West were 
hidden by vegetation; and much of the section at Lehr Va ll ey 
just was not ex posed. A steep face, as at Ev il sm e lling Bluff, 
a lso can rend er part of an outcrop inaccessible . 

A bore hole study avo ids t he above dr awbacks, for t he 
bore hol e can be drilled through the full sec tion and, if dr ill ed 
far enough back from the cliffs, can av oid some of th e 
slump ing and f aulting. Large inclusions and intense 
de form ati ons, however, do ca use difficulties (see 
Deformation ). 

Distribution of Beds and Units 

Thi s topi c, whic h deals mostly with la t e ra l or vert ica l 
variations in the seque nce, points out some of th e chief 
def ic ie nc ies of bor ehol e stratigraphy. Any outcrop of a t 
leas t moderate exten t offe r s some view of the cont in uity of 
the beds represented locally, whet her they vary in thic kness 
or eve n disappear in p laces, whe ther loca ll y the y a re 
repea t ed, a nd whether le nses a nd larg e inclusions of 
different materials are present. On the other han d, such 
featu re s are difficult to determine in a borehol e where, for 
examp le, a large inc lus ion in a till sheet read ily cou ld be 
m istaken for a separate bed or un it, causing the till un it to 
be incor rectly interpreted as two separate til l sheets. Thi s 
may ha ve happe ne d with the inte rpretat ion of the borehole 
at Reservoir Gull y (Fig . 14). Though the simi larity of the ti l l 
above and below the inclu s ion might r a ise doubts as to 
whet her t wo sepa rate ti ll s were act uall y present, th is 
prob lem could not be reso lved in a borehole . Similar ly, a 
bed cou ld be mi ss ing in a borehole, or doubts mig ht again 
arise concerning s lumping and faulting. At present no 
methods of overcoming t hese difficulti es in inte rpreting 
borehole information, other than drilling of additional ho les, 
ca n be suggested. 

Material 

Determi nation of the l itho logy of t he beds, although in itse lf 
insufficient for stratigraphic purposes, is the most importan t 
facet of a study for it forms the bas is of all othe r 
investigations. Lithology is readily determined in outc rops 
a nd generally can be det e rmined in boreholes. The ite ms 
discussed belo w, howe ve r, do cause d i ff icu l ty in bore hole 
studies, a ! though most of the problems can be re so lved 
through ca reful study of well se lected samp les. 

Geophys ical log s do not necessarily disc riminate be 
tween c lay, sil ty clay and silt (4a, 4b of Tab le 10) on the one 
hand and till, fine material in bedrock inclusions, or beds 
formed of coarse but weak ly indurated fr agme nt s f rom older 
beds of cla y or s ilt on t he other. Such fine m ate ri als, 
howeve r, generally yie ld si dewall samples adequate for 
mak ing the necessary disti nct ions. For example, sa mples 
from even the most c layey till usu ally contain a few 
extrane ous grains of sand, which a re not fou nd in most of 
the la ke c lays and silt s. In additio n, t he s ize gradation and 
f ine, horizontal lamination found in most qui et lake depos its 
c ommonly a re preser ved in the samples and offer a n even 
more reliable me thod for thi s distinction a nd a lso a method 
fo r separat ing fine allu vium fr om till. The c rossbedd in g, 
current ripples, imbrication and general vari ab le ness of t he 
fine alluvium also se r ve to distingu ish i t from lake deposits. 
The very low carbonate cont ent of the bed rock in the 
Med icine Hat area, as compared with the s ign ificant amount 
in the surf ic ia l deposits (Appe ndix) , offers a nothe r mea ns of 
dist inguishing bedrock inc lu sions from the till, a lluvium, and 
lake deposits. Presence of Quaternar y poll en a lso indi cates 
t hat a deposit is not bedrock; however presence of older 
pollen, -near Medicine Hat gene rall y of C re t aceous age -
does not necessar il y denote bedrock, for the Quaternary 
deposits conta in much poll en pi cked up from older deposits. 

Sa nd or gra ve l depos its (4c, 4d of Table 10 ) composed 
of fragments of large ly incoherent clay or si l t f rom older 
beds (Tab le 2, units Vlll a nd X) are found in uni t H at Is la nd 
Bluff, unit I at Mitchel l Bluff and unit F at Surprise Bluf f 
West. Such materi a ls a r e extremely diffic ul t to separate 
from lake or allu vial c lays. Not only do t he ir sand and 
gravel fragments d is int egrate read ily during treatment for 
size ana lys i s, but their carbonate content resemb les that of 
the other depos its. Visua l exami nation of fr esh s idewa ll 
samp les should di sclose the f ragmented, discontinuous na
ture of the sediment, but usu a lly outcrop studies are 
necessa r y fo r rei iable sepa rat ions. 

No attempt was made to sepa rate Joess from wa ter 
deposite d si It; s ize analys is wo uld be t he best, a! tho ugh not 
infa llible , means of doing this. Coa rse, loose sand commo nly 
is diffi c ult to collec t in s idewall sa mples, but usua lly it s 
prese nce ca n be determined from geophys ical Jogs. Differ 
entiating between gravel and coarse sa nd presents problems 
because both a re diff ic ult to obta in in s ide wa ll samples a nd 
both give s imi Ja r geop hys ical read ing s. Grab samples 
obtaine d dur ing the origina l drilling, a long with th e roughness 
and degree of difficulty of drilling thro ugh gravel, offer th e 
best methods of distinguishing between the two. 

Vo lcanic ash (4e of Tab le 10 ) outcropped on ly in the 
rece nt deposits at Is land a nd Ba in bluffs, whe re it was 
recogn ized easi ly by it s bri lli ant whiteness and gr itty feel. 
It probably was not present in any of the boreholes, but eve n 
if it were, it would be difficult to recognize unless a sampl e 
was taken fortuitously from i t. On geo ph ys ica l logs it 
gener a lly wo uld be int erpreted as si ! t or fin e sa nd, if 
suffici ently thick to be detec t ed. 

Organi c materi a l (4 f of Table 10), such as peat and 
carbonaceous clay, is perceived readi ly in outcrop and 
s idewal l samples but is diff ic ult to r ecog ni ze in geophysica l 
logs. Normally it is discer ned during the drilling. Particular 
difficulty ar ises where organi c materi a l is fin e ly dis
semi nated through other material; this was a maj or problem 
in recognizing a ll occurrences of the Evil sme lling Band 
(Table 2, unit XVIII). Eve n in outcrop that band was 
disc overed through it s odoriferous weathered product r a ther 
than through the carbonaceous component of its un
weathe red part. Mainly due to their thinness soi ls, too , are 
difficult to r ecogniz e in a bore hol e but their co lour makes 
them co nsp icuou s in an outcrop. On the other hand , thick 
oxidized zones are recognized more re adily in a borehole, 
where th ey a re dis tant from the surface weathering th a t 
obscures t hem on an outcrop f ace. 

In boreholes, certai n mixtures of material (4g of Table 
10) a lso are difficult to interpret, one exa mpl e being th e 
Evifsme lling Band me nti oned above. At Ev il sme lling Bluff, 
Surprise Bluff West, Le hr Valley and Reservoir Gully thi s 
band was fir st called til l, and in no locali ty was i ts true 
nature perce ive d direc tly from t he boreho le, eve n with the 
aid of good sidewall samples. Only information obta ined 
from nea rby outcrops permitted its ide ntifi cat ion, which 
st ill remai ns somewhat uncertain in the boreholes, a nd 
furth er occurrences of it st ill ma y be unrecognized. 

Stony allu vium is. also di fficu l t to identify, especially 
if it is c rossbedd e d a nd cons is ts of thi n beds of different 
sized materials. Th us the bottom a nd top part s of al lu vial 
unit I at Mitchell Bluff and uni t F and part of unit H at 
Surpri se Bluff West originally · we re called t ills in th e 
borehole logs, whereas part of unit I in the borehole at Island 
Bluff, now cla ssed as till; and one or mor e of the uni ts 
c lassed as till in the borehole at Reser voir Gully ma y, in 
r ea li ty, be a llu vium. Even wi th good sidewa ll sam ples, no 
sure method can be suggested for determining, from bore
holes, whet he r such mater ia ls are till or a llu vium. 

The recognition of tills is most importa n t, for only 
they can substanti ate the form er presence of a glac ier. 
Unfortunately, in boreholes till commonl y is the most 
difficult material to separ a t e f rom ce rtain other deposits; 
some of the difficulties have been described prev ious ly in 
the discussions of some of those othe r depos its. 
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Samples 

The only samples taken from boreholes were sidewall 
samples and the driller's original grab samples; the sidewall 
samples were used for size and carbonate analyses, and to a 
I imi ted extent for pollen studies. On the other hand, 
numerous samples for mu! tip le purposes were taken from 
outcrops. For sampling, both outcrops and boreholes hav e 
advantages and disadvantages. 

At an outcrop, samples of any desired size can be 
collected from a broad, lateral expanse, and both the best 
beds and the best spots in them for sampling chosen. 
Oriented samples can be obtained as required. The samples, 
however, may have been disturbed by surface movement, 
plant roots, burrowing animals, desiccation or addition of 
water, weathering and oxidization, and also the exact original 
position of the material sampled may be uncertain. A 
borehole avoids most of the above pitfalls, for in it the 
materials are protected from surface disturbances and 
climatic effects, the material is generally in its original 
state, and the correct positions of the samples are known. 
Also, being distant from any weathered face causes the 
samples to be better, for many purposes, than the 
corresponding outcrop samples. This is a major consideration 
when sampling for carbonate and pollen studies. Further, the 
samples are obtained more rapidly than at an outcrop, and 
their depths more easily determined. 

Sampling in a borehole, however, has its limitations, 
some of them severe. First, thin but important bands, such 
as beds of volcanic ash and buried soils, may not have been 
noted during drilling and thus not sampled, unless 
accidentally. Such beds normally are conspicuous and easily 
sampled at an outcrop. To this is added the frustration of 
never knowing with certainty whether such beds were 
present. Further, it is difficult to decide where to sample, 
for selection can only be made on the basis of the 
geophysical logs and the driller's original grab samples. In 
this study, sites just below and above either contacts or 
marked variations in the logs usually were chosen, along 
with samples taken at regular, generally 5 ft (1.5 m), 
intervals. Another severe handicap for some purposes is the 
restricted size of the individual sample, which is controlled 
by the size or length of the sampler and the diameter of the 
borehole. This was not a major handicap in the present 
study, for generally enough material was obtained for the 
analyses desired. Another drawback is the difficulty of 
obtaining oriented samples, such as might be desired for 
paleomagnetic or microfabric studies. There is also the 
problem of sampling certain loose materials, such as coarse 
sand and gravel, which rarely yield samples adequate for 
study of structures and other details. 

Fossils 

The advantages of an outcrop over a borehole are perhaps 
more obvious for paleontology, and particularly for 
vertebrate paleontology, than for any other facet of study. 
At an outcrop the most prolific site can be selected; and if 
fossils are present, as many specimens as desired can be 
collected. 

Some paleontological sampling, of course, can be done 
in a borehole. Bands with carbonaceous material, especially 
plant remains, may show up during drilling, and careful 
sampling, perhaps by taking several samples from the same 
horizon, may amass sufficient material for radiocarbon 
dating (Wyder, 1971, p. 267). In addition, samples obtained 
from a borehole generally are less affected by modern 
weathering and oxidization than those collected from near 
the face of an outcrop, and this helps preserve the pollen 
and is an advantage for the study of microfossils. On the 
other hand, I ittle macrofossil work can be done at boreholes. 
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Structures 

The structures referred to here include contacts, lenses and 
inclusions, joints, dips, current and ripple bedding, cross
bedding and channelling forms, fabrics, imbrication of stones 
and the ratios of various types of stones, fine laminations, 
presence of thin beds and stringers, and deformation of any 
type. At an outcrop most of these items can be studied, 
commonly with fair ease, permitting conclusions to be drawn 
as to origin of the beds, method of deposition and direction 
of movement of the depositing agent. 

Conditions are much less auspicious with a borehole, 
where most details about structure go unrecognized. Gen
erally little is revealed about jointing, folding and 
deformation, imbrication, strikes, dips, continuity of the 
beds, or about lenses and inclusions; in fact large lenses and 
inclusions easily can be mistaken for separate beds. Coarse 
crossbedding and channel bedding normally go unrecognized, 
and macrofabric studies and stone counts are impossible to 
perform if one has to rely solely on geophysical logs and 
sidewall samples. To obtain samples adequate for such 
studies, methods of sampling other than those used in the 
present study, such as split spoon or drive sampling, are 
necessary. On the other hand the borehole logs usually do 
show the position and type of contact and whether it is sharp 
or gradational, while the sidewall samples normally will 
indicate an absence of bedding, as in tills, or show the fine 
laminations, thin varves and fine crossbeds or ripple marks 
found in many deposits of other origins. In general, this 
inability to recognize many of the structures is a major 
disadvantage in borehole studies, making it very difficult to 
determine the origin of many beds, their method of 
deposition, their source of material and the direction of 
movement of the depositing agent. 

Deformation 

Only rarely can deformation in beds and units be recognized 
in a borehole, and duplication of beds caused by slumping 
can readily be mistaken for separate units. Similarly, a 
fault commonly would be mistaken for a contact. There are 
exceptions, for example the contorted till (Table 2, unit XX) 
did reveal its inconsistancy in boreholes, but only after its 
presence at a nearby outcrop or its expected presence at a 
predetermined position in the sequence had induced a 
careful search for it in the logs. At an outcrop, on the other 
hand, slumping, faulting and folding are readily recognized, 
if only because of the difficulties they cause in studying the 
sections. 

Origin of Unit 

Whether a bed was laid down in a lake, by a glacier, by a 
river, or by wind, sliding or slumping usually can be 
determined at an outcrop. In a borehole the origin cannot be 
ascertained directly, and in many cases the origin must 
remain uncertain; this was the case with several units in the 
study. Even in a borehole, however, the origin generally can 
be determined from the lithology and sorting of the 
material, although mistakes cannot be avoided. Errors have 
mostly to do with recognition or misrecognition of tills, as 
shown by the common misidentification of the Evilsmelling 
Band (Table 2, unit XVIII) as till and probably similar 
misidentifications of alluvium. 

Age of Unit 

The age of a bed or unit is difficult to determine either in 
outcrop or borehole, but particularly in the latter. On rare 
occasions in a borehole it can be decided directly through 
radiocarbon dating or using microfossils. Normally, how
ever, it can be found only by correlation with beds of 



recognized age found elsewhere, generally in outcrop, and 
such corre lations often a re doubt ful. During the drilling at 
Medicine Ha t not one be d c ould be dat ed direc tly, and ages 
could only be suggested by rather te nuou s correlations. 

All method s e mplo ye d in boreholes, a nd man y others 
bes ides, can be used in outcrops, a nd often to much better 
advantage . As a result, correlat ions be twe en outcrops are 
much more trustworthy than corre lat ions between bo rehole s 
or between an outcrop and a borehole. If pa leontologic ai 
evidence is used, outcrops generally supply bet ter mea ns of 
correlation, although the abunda nc e of verte bra t e fo ssil s at 
Medicine Hat is ver y unu sua l. Ash bands in outcrops, i f they 
can be dat e d direc tly or correlated with ash ba nds or 
volcan ic flows of known age found e lsewhere, are another 
va lua ble aid to dating or corre la tion. If the bands are thin, 
they rarely a re r ecog ni zed in borehole s. 

Illustrations 

The following descriptions illu strate the role pla yed by 
bore ho le st udy in so lving some proble ms r a ised by the 
outcrop s tratigraph y at Medicine Hat. They a lso indicate 
some of the difficulties that arose in co mbining the outcrop 
and borehole sequences. 

Discrepancies 

The deposits at Is land Bluff (F ig.B) were well exposed, and 
the geophys ical logs and the sidewall sa mples obtained from 
the borehole wer e of good quality. Ne verthel ess, dis
crepancies appeared between the original outcrop and 
bor ehole sequen ces. In particular, each sequence had one 
till unit not found in the othe r. In the origin al bore hol e 
interpretation units K and L were combined into one till 
unit, but in the outcrop sequence they a ppeare d as discrete 
units separated by a thin s ilt band. Re-exam ination of the 
outcrop confirmed that they were, indeed, se para t e till 
sheets with mar ked diff e rences in dolomite content, s tone 
content and dir ection of mov ement of the depositing 
glaciers, a lthough they were s imilar in appearance an d in 
sa nd, si It and cla y ratio. In thi s case the til Is co uld not ha ve 
been separated so lely by borehole information. In the 
out crop, on th e other hand, it was difficul t to reach 
sati sf actory di vi sions for the int e rfingered till, sand and cla y 
beds of unit L, M and N. He re the geophysical Jo gs and 
m ec ha ni ca l ana lyses enabled the contacts to be estab li shed 
in a sa ti sfac tor y manner, and the final c omposite seque nc e 
uses the boreho le divisions for thi s part of the seque nce. 

The outcome, therefore, after r e -ex amination of th e 
out crop wi th all av ailabl e info rmation on ha nd, was to 
incorporate t he ext ra divisions of each sequ ence. As a 
result, the c ompos ite section shows a total of five tiJJ units, 
in li e u of t he four shown by each sequence se parate ly. 

Misidentification of Beds 

Misidentification of a bed during the original boreho le 
interp retat ion is best illus tra t ed by the Evi l smelling Band 
(Ta ble 2, unit XV III). Th e diffi culty of id entifying th a t band 
at each occurrence has been di scussed alread y (see 
di sc uss ion on Evilsmelling Bluff, Lehr Va lley, Su rpri se Bluff 
West, Rese rvoir Gully; 4f of Table 10 ). Even at it s type 
locality (Ev i !smelling Bluff), wher e its presence a nd 
appro ximate location in th e sequence were known, the band 
was ex tremely difficult to locate in the borehole Jo g, and it 
st ill may be incorrec tl y positioned there. 

Solution of Stratigraphic Problems 

A major reason for drilling the Lehr Vall ey borehole (69- 5) 
was to de t e rmine when South Saska tchewa n River excava t e d 
and use d tha t vall ey as it s ma in c hann e l, and the number of 
glac ia tions si nce that excavation. Pr evious study of nearb y 
expos ures ha d not resolved th ese points s ati sf actori Jy. The 
borehole revealed two tills in the va lley fill (Fig. 12, units H, 
I), both of which corresp ond to unit N at Is land Bluff, unit L 
at Mitchell Bluff, and units I a nd J at Evilsmelling Bluff 
(Table 2, unit XX) . As those units a re interpre t ed as 
C lass ical Wisconsin in age, the val le y a pparen t ly was in use 
and probably was incise d during mid-Wiscons in tim e. Th e 
number of gla c iat ions s ince inc isio n of the va ll ey , ho wever, 
r emains unce rtain, for if the above correlations are correc t, 
and a dmitt edl y th ey are highly tenuous; the hi ghe r till unit P 
at Is land Bluf f, unit N at Mitchell Bluff, unit K a t 
Evil smelling Bluf f, unit N at Surprise Bluff West and unit P 
at R eser voir Gu ll y (Table 2, unit XXII) is missing from th e 
Le hr Valley sequence. Possibly the final Wisconsin ice 
advance, w hich left that upp e r t ill elsewhere, f a il ed to 
depos it it in the vall ey , or else it was r em oved when 
m el twater from th e last gla cier flowed down th e valley. On 
the other hand, the correlations co uld well be wrong; and an 
older C lass ical Wiscons in till, perhaps the one corre spondin g 
to unit I at Evilsmelling Bluff and units K or L at Is land 
B luf f, could be th e on e that is mi ssing. No ma tt er how th e 
till s corr elat e, howeve r, t he Evi lsmelling Band (unit F) is a 
good mark er hori zon. At E vilsmelling Bluff, where it is unit 
G, it has yi elded r adioca rbon dates of 2B 630 ± BOO yea rs 
B.P. from nea r the base of the unit (GSC-57B; Lowdon et a l. , 
1967), 25 000 ± BOO yea rs B.P. from about 5m highe r 
(GSC-1370; Lowdon et a l., 1971 ), and 24 490 ± 200 from 
near t he top (GSC- 205; Dyck e t a l. , 1965). The prese nce of 
thi s unit below tile lowes t till a t Lehr Valley, therefore, 
reinforces the conc lusion that the val ley was in cised be fore 
C lassica l Wisconsin tim e. Thus, even though it has not 
ind icated th e numbe r of glaci a tions since inci sion of Lehr 
Va lley, the borehole did show that the va lley was excava t ed 
full y by th e end of the mid-Wisconsin. 

Borehole Capabilities 

The potentialities a nd J imitati ons of borehole stratigr a ph y 
are weJJ illustrat ed by the stud ies at Bai n Bluff (Fig. 11 ). 
Cursory exa mina tion of the poorly exposed outcrop in the 
fi e ld and st ud y of it fr am a di stance ha d indi cated tha t th e 
part below the lowest ti JJ was largely bedrock . Ho wever, 
th e borehole went through a thick section of clay a nd s ilt 
that carbonate t ests showe d was not bedrock, a result 
confirmed when the hole reached coarse, preglacia l gravel 
be low th e level of South Saskat chewa n River. Without th e 
drilling, mos t of th e section below th e lowes t tiJJ wo uld ha ve 
r ema ined uns tudi ed a nd unknown, and certainly the deposits 
lying below r iver leve l co uld not have bee n re ac hed by other 
mea ns. In addition, the borehole ga ve a com plete sect ion 
through th e tiJJ s that cou ld not have been obta ined solel y 
through study of the outcrop. 

On the other hand, the borehole did not yie ld a means 
of dete rmining the age of those deposit s it had di scl osed, 
and corre lat ions wi th outcrops found e lsewhe re we re the 
only basis for est imat in g ages of units B, C, U and V at Bain 
Bluff. The ages of the thick cla y and s ilt de pos its a nd the 
lowes t till s there (units D toT ) s till c a n onl y be ass um ed and 
wi ll be det e rmined only when they ca n be s tudi ed in out c rop. 
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CONCLUSIONS 

Although the r es ults of the study apply specifically to the 
region around Medicine Hat, man y of th e finding s un
doubtedl y can be applied e lsewhe re, especially to studies 
conducted in other parts of th e Ca nad ia n Prairies. The 
major conclusions from the s tudy follow. 

l. Properly conducted borehole investigations are a 
generally accurate and powerful tool for the investigat ion of 
surfi cial deposits. 

2. As many different methods of Jogging and study as 
a re practical shou ld be used to enable the cross -checking of 
results. 

3 . Sidewal l samples are a valuable method of 
obtaining information from bore holes; a nd in man y cases 
the y, or samples obtained by other methods, are necessar y 
for the correct interpretation of geoph ys ical logs. 

4. Borehole and outcrop studies are complementary, 
and neither can entirely replace th e other. Each yie lds 
information not obtainable or not readily acqu ired by the 
other method; if possible, each method of investigation 
should be checked by the other. 
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APPENDIX 
GRAIN SIZE ANALYSES AND CARBONATE CONTENT 

Grain size and carbonate content analyses were made on a ll suitable sidewall samples obtained 
from the seven boreholes. Each sample is identified by borehole depth. The resu lts are given in 
weight percentage of dry material, inclusive of carbonates and humus. Fraction division are: 

Unit 

Coarse 
Sand 
Silt 
C lay 

> 2 mm 
2 to 0.063 mm 
0.063 to 0.0039 mm 
< 0.0039 mm 

The unit reference letters are the same as those used throughout the text. 

Grai n size analyses* 

Coarse 
Fraction ( < 2 mm) 

(> 2 mm) Sand Silt Clay Ca lcite 

% 

Carbonate analyses* 

Dolomite 

Island Bluff (borehole 69- l) 

4 Q 0.0 82.13 9.10 8.77 1.7 0.0 
6 3.4 53.10 23 .90 23.00 1.6 2.4 
8 0.5 90.60 4.30 5.10 0.0 5.2 

10 p 7 .0 38.51 35.01 26.48 2.0 7.4 
1 5 20 .2 47.63 28.62 23.75 1.9 7.4 
20 1.4 43.16 32.06 24 .78 2.0 5.1 
25 0.5 43.68 32 .92 23.40 1.8 4.4 
30 4 .5 44.36 32.15 23 .49 1.4 4.7 
35 0. 3 32.42 37 .85 29.73 3.9 7.7 
40 4.9 42 .48 35.57 23 .95 3.8 3.6 

45 0 0.0 81.49 8 .73 9 .78 6 .2 5.4 

50 N 0. 5 33.14 37.81 29 .05 2.1 7.2 
55 1.0 32 .64 34 .58 32 .78 2.3 5.9 

60 M 32.0 90.06 4.90 5.04 
65 0.1 13.45 39 .68 46.87 2.2 2.4 

70 L 1.2 27.09 32.75 40.16 
75 2.3 20 .37 36 .79 42 .84 2.4 4.7 
80 1.2 22.29 52.49 25.22 2.6 3.6 

85 K 0.9 0.00 67.26 32.74 3.1 7.4 
70 0.0 34.96 28 .26 36.78 2.2 7 .6 
95 0.5 15.21 49.46 35 .33 4 .8 8.3 

lOO 0.1 23.68 42 .21 34.11 2.3 8 .8 
105 6 .7 36.49 28.27 35.24 2.3 7.9 
110 0. 3 15.23 48 .49 36.28 2.7 7.7 
115 0.0 14.70 50.02 35 .28 2.6 6.5 

120 J 0.7 28.85 42.34 28.8 1 5.2 5.8 

125 0.6 18 .86 44.57 36.57 3.2 6 .4 
130 0.1 16.81 43.18 40 .01 4.4 4.0 
135 1.8 15.12 49 .77 35.11 4.4 13.0 
140 1.1 19.15 41.79 39 .06 2.8 17.0 
145 0.0 16.88 46.87 36.25 2.4 5.9 
150 0.0 14.98 49.84 35.18 2.0 7.6 
155 0.1 15. 20 47.95 36 .85 1.9 7.4 
160 0.3 16.81 49.47 33.72 3.6 5.0 
163 0.0 17.33 49 .42 33.25 3.8 4.0 
164 0.3 14.41 51.22 34.37 4.0 11.4 
165 0.4 14.94 47 .35 37 .71 

* Results of grain size analyses, and carbonate ana lyses are given in weight percentage of dry 
material. 

Total 

1.7 
4.0 
5.2 

9.4 
9.3 
7.1 
6.2 
6.1 

11.6 
7.4 

11.6 

9.3 
8.2 

6.6 

7.1 
6.2 

10.5 
9.8 

13.1 
11.1 
10.2 
10.4 

9.1 

11.0 

9.6 
8.4 

17.4 
19.8 

8 .3 
9.6 
9.3 
8.6 
7.8 

15.4 
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c~a in size ana lyses 

Samp le Coar se 
Fract ion ( < 2 mm) Carbonate analyses 

depth Un it (> 2 mm) Sand Sil t Clay Ca lc it e Dolomite Total 

ft % 

Is land Bluff (borehole 69- 1) cont in ued 

170 H 0.4 62 .98 14 .78 22 .24 
174 1.0 57.20 23.16 19.64 3.4 3. 3 6.7 
177 0.0 78.20 12.83 8.97 3.7 5.3 9 .0 
130 0.0 10.17 66.64 23 .19 3.5 4.2 7. 7 
182 0.0 28.48 51.02 20 .50 3.2 8.7 11.9 

185 G 0.3 85.56 7. 26 7.18 6.0 2.8 8.8 
190 4.1 84 .47 6 .96 8.57 
19 3 0.0 83 . 35 8.04 8.61 4.9 3.8 8.7 
195 0.0 87.85 5.84 6 .31 
199 0.0 84. 50 8.82 6.68 3.4 12.0 15.4 
201.5 0.0 83 .10 8 .83 8 .07 6 .8 7.2 14.0 
205 0 .0 86 .90 7.87 5.23 3.8 5.8 9.6 
210 0 .2 58 .74 26 .09 15.17 3.4 6.0 9 .4 
215 0.0 78 . 71 7.10 14.19 5.2 6.6 11.8 
220 0 .0 70.36 14.96 14 .68 4.4 22 .8 27 .2 
225 0.0 48.01 26. 70 25.29 2.4 4.4 6.8 

230 F 11.0 50 .04 17 .62 32 .34 5.6 8.0 13.6 

236 E 0 .0 60.64 28.31 11.05 3.2 6. 3 9. 5 
237 0 .0 56 .76 24 .88 18 .36 2.8 4.6 7.4 
240 0 .0 36.13 45.90 17 .97 2.2 5. 2 7.4 
246 0.0 53 .63 28 .72 17.65 1.8 5.3 7.1 
250 0.0 78 .95 11.73 9. 32 6.6 6 .9 13. 5 

255 D 0 .0 83 .78 10.77 5.45 3.6 3 .0 6.6 
261 0 .0 53. 54 17. 51 28 .95 4.8 8.4 13.2 
265 0.9 55 .85 24 .22 19.93 2.8 10.3 13 .1 
270 0.0 51.49 19.19 29 .32 

275 c 1.3 55 .93 16.91 27.16 3.0 5.0 8.0 
276 11.1 59.95 20.66 19.39 1.8 2.4 4.2 
277 0.3 4.0 4 .4 8.4 

278 B 41.6 44.13 25.01 30.86 0 .2 3.5 3.7 

299 A 0 .2 8 .28 29.08 62 .64 3.2 3.6 6.8 

Mitchell Bluff (borehole 69-2) 

5 0 46.1 87 .52 5.30 7.18 

10 N 0 .1 41.24 32. 52 26. 24 2.4 6 .3 8.7 
15 13.4 42.46 30 .23 27 .31 2.8 3.2 6 .0 
20 0 .8 42.42 31.34 26 .24 1.9 7.5 9.4 
25 2.0 44.96 31.05 23 .99 
30 3.0 47 .84 27 .81 24 .35 1.8 6 .0 7.8 
35 0 .4 44 .38 31.32 24 .30 3.0 4 .2 7.2 
40 0 .3 41.54 33.10 25 .36 1.7 6. 3 8.0 
45 0.9 44 .53 28.86 26 .61 4.0 4.4 8.4 

50 M 0.0 7. 27 63. 79 28 .94 3.8 5.2 9.0 

55 L 0.5 28 .69 46 .79 24 .52 2.7 8 .1 10.8 
60 0 .9 27.40 49. 38 23 .22 3.3 6.8 10.1 
65 3.2 38 .69 36 .20 25.11 3.0 9.3 12.3 
70 3 .9 32. 78 44.40 22.82 2.6 4.5 7.1 
75 2.2 29 .61 41.2 5 29 .14 4.0 7.8 11.8 
30 0. 5 29 .14 35.50 35.36 2.3 8 .9 11.2 
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Gra in s ize a na lyses 

Sample Coarse 
Fraction ( < 2 mm) Carbonate ana lyses 

dept h Unit (>2 mm) Sa nd Sil t C lay Ca lc ite Do lomi te Tota l 

ft % 

Mi tchell Bluff (boreho le 69-2) cont inued 

85 J 1.2 18.41 42.46 39 .13 2.4 3.8 6.2 
90 0.7 15.74 48 .52 35.74 2.8 6.4 9.2 
95 0.0 15.75 49.13 35.12 4.0 6 .6 10.6 

100 0.9 19.46 44.83 35.71 2.1 6.4 8.5 
105 0.9 16.18 47.8 5 35 .97 3.6 3.5 7.1 
110 0. 3 14.76 48 .65 36.59 3.4 6.8 10.2 

115 5.8 31.43 34 .75 33 .82 3.1 12.9 16.0 
120 1.2 27 . 29 38.70 34.01 3.0 8 .8 11.8 
125 0.0 79 .60 9.68 10 .72 4.8 4.4 9.2 
130 1.4 27 . 08 37.95 34.97 3.0 9.1 12.1 

135 H 0.0 55 .20 28.27 16 .53 2.4 7.8 10.2 
140 0 .0 58.73 25 .20 16.07 4.2 4 .6 8.8 

145 G 6 .7 34 .82 15.08 50 .10 

150 F 0 .0 71.90 14.72 13. 38 4.0 5.8 9.8 
160 0.0 60.93 17.91 21.16 
170 0.0 87 .17 5.86 6.97 

180 E 23 .0 66 .59 19 .78 13 .63 5.6 6.4 12.0 

189 D 23.6 59. 23 23 .47 17.30 3.2 4 .0 7. 2 
190 13.4 68 .17 19.45 12 .38 2.6 6.2 8 .8 

195 c 8 .7 41.81 38. 31 19.88 3.4 3.4 6.8 
200 0.0 69 .01 15.73 15 .26 4.8 8 .4 13.2 
205 21.2 53. 20 24.09 22.71 6.6 2.8 9.4 
210 0.0 63.33 19.44 17.23 2.1 6.5 8.6 

214 B 15.7 46.00 23.05 30.95 5.8 3.3 9.1 
225 20 .7 62 .97 21 .00 16 .03 1.7 1.3 3.0 
226 0 .0 17.88 56.84 25 .28 2.9 0.9 3.8 

235 A 0.0 26 .20 41.70 32 .10 1.2 1.5 2.7 
240 0.0 7.64 49.65 42 .71 2.0 11.6 13. 6 

Evi lsmel l ing Bluff (borehole 69- 3) 

10 K 0.5 32.83 37 .75 29.1-12 1. 6 3.9 5.5 
20 0.1 41.24 31.23 27 .53 2.0 4.6 6.6 
30 1.9 42.59 30.49 26 .92 2.4 3.8 6.2 
40 2.1 45. 30 27.70 27 .00 1.9 5.9 7.8 
50 2.1 44 .31 29 .00 26 .69 2.0 8.6 10.6 
60 0 .4 27 . 69 44 .64 27 .67 2.7 7.2 9.9 

70 J 1.8 36 .49 35 .05 28 .46 

80 3.0 32.43 34. 57 33.00 2.3 8.9 11.2 
90 4.9 21.94 41.74 36 .32 3.6 4.9 8.5 

lOO 0.0 19.01 44.19 36.80 2.1 6.4 8. 5 
110 0.0 15.88 46.22 37 .90 3.4 6.8 10.2 

120 H 0.5 7.85 41.61 50.54 2.9 4.3 7. 2 

130 G 0.1 15.47 48.38 36.15 3.0 9.1 12.1 
140 0 .3 16.98 39.76 43.26 2.4 5.0 7.4 
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Grain s ize a nalyses 

Samp le Coarse Fraction (<2 mm ) Carbonat e ana lyses 

depth Un it (>2 mm) Sand Sil t C lay Ca lc it e Dolomi te Total 

ft % 

Evilsmelling Bluff (borehole 69- 3) continu ed 

145 F 0.0 86.31 7.32 6.37 6.0 3.2 9.2 
150 0.0 14.00 61.41 24.59 3.8 7.9 11.7 
1 53 0.0 14.38 62 .51 23 .11 2.0 4 .7 6.7 
156 0.0 91.86 3.7 3 4.41 4.8 4.8 9.6 
159 0.2 88.40 4.22 7.38 
162 0.0 84. 59 10.68 4.73 4.6 5.2 9.8 
165 0.0 76.99 13.45 9.56 3.2 6.5 9.7 
168 0 .3 91.83 2.94 5.23 
196 0.0 95 .35 1.54 3.11 

210 E 0 .0 24 .46 31.87 43.67 4.6 7.4 12.0 

230 D 41.7 78.25 10.80 10.95 

240 B 8 .2 37 . 27 40.41 22 .32 4 .9 1.4 6.3 

250 A 0.0 5.81 33 .72 60.47 
260 2.7 6. 21 30.70 63 .09 

Bai n Bluff (bore hole 69-4) 

5 V 0.0 92.13 3.01 4 .86 3.2 3.6 6.8 
8 0.0 85.61 7. 28 7.11 17 .6 3. 3 20 .9 

12 0.0 28 .25 53 .33 18.42 2.1 3.3 5.4 
15 0 .0 32. 04 55.74 12.22 1.4 3.1 4. 5 
20 0.0 31.91 47.97 20.12 2.5 4.2 6.7 
23 0 .0 28.58 51.27 20.15 0.5 1.6 2.1 
25 1.5 50.31 36 .57 13.12 2.4 3.5 5.9 
30 2.1 41.81 31.85 26 .34 1.9 3.9 5.8 
32 1.2 47 .83 29 .91 22 .26 1.6 2.4 4 .0 

35 u 9 .0 42.42 30.62 26.96 1.9 5.8 7.7 
40 0.6 47 .44 29 .96 22.60 1.4 5.1 6.5 
45 8 .3 46.44 30.46 23.10 2.0 4.3 6.3 
48 11.5 41.23 34.91 23 .86 1.3 3.7 5.0 
50 1.0 46.28 25.90 27.82 2.1 5.0 7.1 

56 T 3.1 33.80 36 .88 29.32 4.2 11.4 15.6 
60 1.4 42. 35 33.00 24.65 2.1 8.0 10.1 
65 7.6 45.27 34 .69 20.04 1.6 3.5 5.1 
70 6 .3 42.06 32.86 25.08 2.2 8.0 10.2 
75 1.1 40 .86 33 .1 2 26 .02 2.6 8.5 11.1 
80 2.4 42.20 32.01 25 .79 2.6 9.2 11.8 
85 9.2 41.90 32.55 25 .55 2.2 8 .9 11.1 
90 0.6 42.53 32. 58 24 .89 1.8 7.5 9.3 

95 s 13.2 34 .80 33 .70 31.50 3.3 8.6 11.9 
lOO 14.8 35. 78 33.79 30.43 3.0 10.7 13.7 

105 R 3.5 43.98 28 .06 27.96 1.2 3.5 4.7 

110 Q 2.2 29.14 39 .07 31.79 2.6 8.2 10.8 
115 2.3 29.59 37.74 32.67 2.5 8.8 11.3 
120 5.4 30.97 36.61 32.42 4.0 8.5 12. 5 

125 p 1.0 4 .71 23 .38 71.9 1 
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Grain s iz e analyses 

Sample Coarse 
Fraction (<2 mm) Ca rbonate analyses 

depth Unit (>2 mm ) Sa nd Silt C lay Calcite Do lomite Tota l 

ft % 

Bain Bluff (boreho le 69- 4) continued 

130 0 0 .2 33.78 36. 23 29 .99 3.8 8.2 12.0 
135 2.0 33 .16 35 .79 31.05 2.8 7.8 10.6 
139 0 .3 32. 06 36.34 31.60 2.8 7.4 10.2 
140 2.0 32 .26 36 .34 31.40 3.9 6 .2 10.1 
145 6.4 32.76 3fl.69 30.55 3. 0 7.7 10.7 
150 1.0 32 .59 36 .10 31.31 3.0 6 .1 9 .1 
155 1.0 33.16 35.30 31.54 3.0 7 .2 10. 2 
160 3.8 31.88 36.14 31.98 3.2 5.4 8.6 
165 0 .6 31.91 37. 32 30.77 2.9 7 .0 9 .9 

170 N 4 .8 11.16 40 .34 48 .50 6 .0 3.2 9.2 
175 3.3 6.29 16.46 77.25 

180 M 6 .4 15.17 49 .30 35 .53 4.8 8 .4 13.2 
18 5 0.0 16.18 57 .56 26.26 5.2 3.4 8.6 
190 0.0 12.51 63 .38 24 .11 4.2 5 .0 9.2 
195 0.0 3.94 69.76 26 .30 3.0 4.6 7.6 
200 0.0 9.08 63 .53 27 .39 4 .8 6 .8 11.6 
203 0.0 5.77 70.18 24 .05 3 .9 5.4 9. 3 

210 L 0 .0 60 .93 24.31 14.76 3.0 4 .9 7 .9 

213 K 0.0 10.74 29 .56 59 .70 4.4 2.7 7.1 
217 0.0 8 .38 48.44 43.18 3.8 4 .2 8 .0 
220 1.7 9. 39 42.81 47.80 4.0 4 .7 8.7 

225 J 1.6 5 .41 25.25 69 .34 
230 2.0 4.87 14.65 80.48 
235 2.6 6 .73 18.32 74.95 
240 2.4 8.98 21.09 69 .93 
245 2.9 2.62 24 .74 72 .64 
250 3 .6 4. 25 21.19 74 .56 
253 4 .1 2.60 30.38 67.02 
255 0 .0 3.03 20. 51 76.46 
260 0 .0 3.10 41.82 55 .08 
266 0 .0 2.63 40.22 57 .15 

270 0.0 4 .04 20 .34 75.62 
275 1.0 4.19 17 .73 78.08 

280 H 2.3 0.00 43.14 56 .86 
285 0.0 0.00 47.85 52.15 
290 0 .0 4.60 40 .47 54.8 3 

295 G 0.0 0.00 20.91 79 .09 
300 7.9 2 .16 22 .23 75 .61 
305 3.4 2.00 19.46 78.54 
310 0.0 2.35 24.68 72.97 
315 0.0 7.91 25 .54 66.55 
320 0.0 2.71 43 .04 54.25 
325 2.5 7.24 19.23 73.53 
330 0 .0 0 .14 29 .12 70 .74 
335 7.5 6.25 25.03 68 .72 
340 0 .0 2.63 25 .30 72.07 
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Grain size analyses 

Sample Coarse 
Frac tion ( < 2 mm ) Carbonate analyses 

depth Unit (>2 mm) Sand Silt Clay Calcite Do lomite Total 

ft % 

Bain Bluff (borehole 69- 4) continued 

345 F 0.0 2.66 38 .07 59.27 
350 0.0 2.43 35. 26 62. 31 
355 2.9 2.73 32 .14 65.13 
357 0.0 4.70 39.03 56.27 

360 E 4.4 7 .76 68 .86 23 .38 8.0 2.8 10.8 
365 4.0 9.44 65.19 25.37 8 .4 2.8 11.2 
370 1.0 16.34 55 .46 28 .20 2.0 2.4 4.4 

375 D 1.7 20 .93 46 .61 32.46 2.8 1.4 4.2 
380 42.1 17 .29 37.59 45 .12 4.0 5 .2 9.2 
385 0 .0 23 .10 49.19 27 .71 2.4 2.0 4.4 
389 2.6 7.45 50 .98 41.57 1.6 4 .2 5 .8 

391 c 0.0 4. 20 29.85 65.95 
396 0.0 10.03 28.48 61.49 
400 0.0 7.09 52.68 40.23 2.6 6.2 8 .8 

416 A 20.0 41.95 26.23 31.82 
420 3.4 6.80 32.68 60.52 
425 0.0 6 .08 36 .08 57 .84 

Lehr Valley (b orehole 69-5) 

60 J 22.5 68.27 15 .48 16 .25 

62 1.0 23.13 43.77 33.10 5.2 8 .4 13.6 
65 0.6 22.87 36 .95 40.18 6.3 8 .5 14 .8 
70 3.5 22 .67 45.83 31.50 4.1 5.2 9.3 
75 0 .6 19 .92 44.81 35.27 3.0 7 .5 10.8 
80 5 .5 18.78 44.89 36.33 4.0 4.0 8.0 

85 H 1.0 30.92 44.97 24.11 3. 0 8.1 11.1 
90 6.9 32.52 42.76 24.72 2.5 5.8 8.3 
95 12.1 31.06 43.00 25.94 3.2 8 .4 11.6 

lOO 1.8 11.73 44 .34 43 .93 6.8 3.2 10.0 

105 G 0.0 34 .91 37.90 27.19 2.7 6.5 9 .2 

110 F 0. 3 13.60 39.62 46.78 3.6 9.2 12.8 
115 0.0 23.03 34.39 42.58 4.4 4.4 8.8 
120 0 .4 10.86 33.13 56.01 3.4 8.5 11.9 
125 0 .0 9 .1 8 31.30 59.52 2.4 8 .5 10.9 

130 E 0.0 3.36 12. 30 84.34 
135 0 .0 7.29 57.95 34.76 4.0 5.2 9.2 
140 0.0 5.79 62 .87 31.34 4.6 6 .8 11.4 
145 12.4 6 .80 65.56 27 .64 3.8 4 .2 8.0 
150 1.8 4. 28 72.96 22 .76 3.2 2.7 5.9 
155 0.0 6 .28 65.20 28 .52 2.2 6.0 8 .2 
160 0.0 10.28 67.75 21.97 4.4 7.2 11.6 
165 0.0 35.12 43.2 1 21.67 3.0 4 .4 7.4 
166 77 .7 33.20 32.91 33.89 

168 D 21.4 68.69 16.89 14.45 4.0 4 .0 8.0 
170 5.5 84.03 8.95 7.02 3.2 6 .8 10.0 
172 0.0 87.21 6.09 6.70 
174 5.1 78.96 12.82 8.22 4.8 3.2 8.0 
175 13 .5 81.01 11.63 7.36 6.0 27.6 33.6 
176 6.3 67 .15 18.58 14. 27 
178 0 .0 80.77 9.11 10.12 
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Grain s ize analyses 

Sample Coar se 
Fraction (<2 mm) Carbonate a nalyses 

dept h Unit (>2 mm) Sand Silt Clay Ca lc i te Dolomite Total 

ft % 

Lehr Vall ey (borehole 69- 5) cont inued 

180 c 0 .0 26. 56 44.93 28.51 
185 8 .1 23 .18 51.19 25.63 4.1 6 .5 10.6 

190 B 0.0 85.56 6.61 7.83 
195 0.0 88 .97 7.12 3.91 5.6 8 .4 14.0 

199 A 2.6 15.33 31. 12 53.55 3.2 2.4 5.6 
201 3.6 25 .09 30.24 44.67 
230 5.1 23.94 29.17 46.89 
235 3.0 6.04 33 .81 60 .15 

Sur12 rise Bluff West (borehole 69- 6) 

3 0 0.0 21.64 53.24 25.12 2.8 4.1 6 .9 
5 1.0 76.88 9.45 13.67 1.3 4 .2 5. 5 

10 1.6 57 .91 35 .16 6.93 3.2 2.0 5.2 

15 N 0.1 44.71 32.64 22.65 1.1 3.9 5.0 
20 1.1 43.17 30.06 24 .77 2.8 5.6 8 .4 
24 3 .0 52.92 26.47 20 .61 7.2 4.4 11.6 

46 M 0 .7 80.73 8.91 10.36 1.3 3.9 5.2 

50 L 4.3 28.99 46 .15 24 .86 2.5 3.3 5.8 
55 0.0 22.47 44.04 33 .49 3.2 3.8 7.0 
63 1.5 20.13 46. 24 33.63 2.5 3.7 6. 3 
65 2.1 18 .94 46.69 34 .37 2.6 3.8 6.4 

70 K 4 .2 16.76 54. 35 28.89 3.2 6.0 9.2 
75 1.4 17.74 49.54 32 .72 
BD 1.0 19 .74 49 . 02 31.24 4.5 7.5 12.0 
85 17 .7 63.96 17.48 18 .56 6.8 3.8 10 .6 
86 4 .3 70.19 14.74 15.07 3.6 13 .6 17.2 
90 0.3 12.74 48.87 38.39 5.2 6.0 11.2 

95 22.0 29.28 38.76 31.96 
lOO 0 .8 28 .12 40 .20 31.68 4.6 5.0 9.6 
105 0.4 33.11 36.21 30.68 4 .4 5.3 9.7 
110 0.2 29.14 39 .82 31.04 4.3 6 .0 10.3 
115 0.1 44.61 30.72 24.67 4.0 5.4 9.4 
120 0.4 43 .77 36 .06 20.17 3.6 8.6 12.2 

122 H 0.2 46.90 40. 01 13.09 2.4 5.5 7.9 
125 0.0 38 .90 42.69 18 .41 2.8 8 .1 10.9 
128 0.9 43.30 40.39 16.31 4 .9 5.7 10.6 
130 1.6 44 .87 34 .93 20.20 3.9 6 .3 10 .2 
132 1.3 52.55 29 .16 18.29 3.9 7.1 11.0 

135 G 5.1 88.77 6.19 5.04 
138 0 .0 69.55 17 .67 12 .78 6.0 5.2 11.2 
140 0.3 89.44 5.58 4.98 
142 0.6 88.00 7.42 4.58 4.0 4.4 8.4 

145 F 0.3 33.19 54.13 12.68 1.0 1.2 2.2 

150 13.8 22 .98 34.44 42.58 3.2 5.2 8.4 
155 2.5 34 .66 40.65 24 .69 3.8 6.7 10.5 

160 0.0 33. 28 48.21 18.51 3.7 6.6 10.3 

165 E 0.0 3.10 62 .21 34 .69 5.5 2.5 8.0 
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Grain size analyses 

Sample Coarse 
Fraction (<2 mm) Carbonate analyses 

depth Unit (>2 mm) Sand SiJ t Clay Ca lcite Dolomite Total 

ft % 

Surprise Blu ff West (b orehole 69- 6) continued 

170 0 0.0 30.35 44.48 25 .17 3.2 5.3 8.5 
175 0.4 72.31 16 .46 11.23 3 .4 5 .4 8 .8 
180 0.0 55 .91 27.76 16.33 3.2 5.6 8.8 
185 0 .0 67.00 20.91 12 .09 8.4 1.2 9.6 
190 0 .0 79.64 11.32 9.04 5.6 5.6 11.2 
195 0.0 66 .67 19.80 13.53 2.8 12.4 15.2 

203 c 0.0 13.55 63.54 22 .91 1.9 6.9 8.8 
205 0.3 35 .44 29.53 35.03 4.4 7 .0 11.4 
210 0.0 28 .87 40.95 30.18 3.0 5 .4 8.4 
215 0.0 23.09 43.81 33 .10 3.1 6.9 10.0 
220 0.3 35 .09 21.57 43.34 4.4 5.5 9.9 
225 0.0 31.26 33 .42 35.32 4.6 5 .0 9.6 
229 0.0 35.82 29 .68 34.50 3.0 2.8 5.8 

238 A 0.0 3.35 34 .41 62.24 

Reservoir Gully (bo rehole 69-7) 

5 p 8.4 41.82 28.29 29.89 3. 2 2.8 6.0 
10 1.0 34.51 34.27 31.22 2.8 5.0 7.8 
15 2.3 47.64 28 .12 24.24 1.8 5.6 7 .4 
16 0.7 37.15 36.07 26.78 2.0 3.7 5.7 
18 0.9 39 .81 36 .22 23.97 1.5 2.7 4.2 
20 4.1 45.84 28.27 25.89 2.6 4.6 7.2 
24 17.2 46 .76 27.59 25 .65 2.8 5.7 8.6 

85 N 5.5 71.25 15.88 12.87 4.2 4.2 8.4 
90 0.6 77 .53 15.99 6.48 2.0 8.2 10 .2 

95 M 0.3 23.92 47 .69 28.39 2.6 4.2 6.8 
lOO 0.4 25.98 46.42 27.60 2.3 6 .8 9 .1 

102 L 0.3 16. 22 70.01 13.77 2.1 4.8 6.9 
105 2.7 44.39 39.26 16.35 1.5 4.4 5 .9 

110 K 2.9 27.80 42.75 29.45 2.8 6 .8 9.6 
115 5.2 17.51 51.93 30.56 3.1 6.1 9.2 
120 0 .0 17.22 58.41 24.37 5 .3 5.3 10.6 
125 1.5 31.18 40.25 28.57 4.3 5.6 9 .9 
130 0.2 41.10 31.65 27.25 3.5 8 .1 11.6 

135 J 5.3 74.58 14.52 10.90 3.5 6.9 10.4 

140 6.6 42.97 39. 33 17.70 3.1 6 .8 9 .9 
145 1.7 38.75 41.73 19.52 3.3 7.3 10 .6 

150 H 0.2 36.31 45.64 18.05 3.9 9.6 13.5 

155 G 1.8 51.21 33.08 15.71 4.2 6.9 11.2 
160 3.0 47.99 35.43 16.58 3.2 5.8 9.0 
165 6.1 24.91 51.08 24 .01 3.4 7 .6 11.0 

170 E 1.4 40.94 38.99 20 .07 3.1 5 .9 9.0 
175 0.9 22 .85 47.36 29.79 4.4 6.3 10 .7 

180 0 0.0 3. 54 15.91 80.55 
185 0.0 3 .84 21.75 74.41 
190 0.2 4.61 24.39 71.00 
191 0.0 4.65 31.59 63 .76 

210 A 0.0 61.15 16.07 22.78 
215 0.0 2.97 29.71 67.32 
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