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‘A i) The ‘eof Conditiom st Norman Wells, Bear and Goose :-
. uwt Mu: Noo 1 is shown to extend further down dip imn &
seilor Dy lirection %o the boundory of the survey at shet peint
sopach time interval of ,150 second (Plate IV) along this
es ‘he reef to be about the same thickness over the

srtire dictance from Norman Wells to -hot point 62, Two well locat-

lons ramely, Mac No. 2 and Ray's Creek Noo. 1 have been made along

this trend for the purpose of investipgating the possibility of a strati.
crephto trep due to local veriations in porosity within the Coral Reef.

It s'oul” be noted that the proposed locction of; Seepage Lake No. 1

. abou t one mile North 26 degrees Fast of the Norman Wells Discovery Well

. 1s in line with the trend of this reef.

{2) The lLoon Creek Structure is located approximmtoly five

miles south of the Mackenzie River, It has an almost East-Viest tremnd
and rises from the Whitehorse Highway in the western part of the survey
w the eastern boundary c;f the survey at Loon Creek. The Loon Creek

No. 1 well location has been made hetween Loc‘l‘l Creek and shot point
E87a wich is the highest point of the structure within the limits of
the area covered by the seismograph survey (Plate III). At this point |
the Beevertail Limestone is indicated to be .130 second or :.om 500 to
650 feet higher than at Mac No. 1. ‘

The western plunge of the ltruotur; is well defined, dut existe
onc‘c of closure townrds the east has not boen established. However, ‘he
magnitude of the structural relief and the fact that the Peavertall
limestone at the Loon Cireek looation is only four contour intervals

(. deeper than on the rnorth hank of tho Mackenzie river strongly suggests »
’

clogure, especlally in view of the "art that the Loon Creek structwre



is not reflected in the contours upntream from Normm. ells cn the

nor th bank of the Meckenzie River.

The fact that the “reef reflection” was no' recorded in the
vicinity of Loon Creek No 1 locrtion sy pesls that the reof s missing
at that point. However, fur'ber wmst there is sope rallectian evidence
which i! sptimistioally interproted sugrests & renf condition eluag
the Loon Croek axis which is nearly parailel W the reaf on w'ich the
Norman Wells pocl is located, If this reef actuslly exists, °t woul d
mve closure dus to folding on the north, south, ani west and closure
to the esst due to the reef pinching out in that direction. The lLogn
Creek Extension No. ! well loastion, nenr shot point B2, is on the
culmination of the inferred redf, which is considered the optimum
place to test the srea for a strati-raphic trap on the plunge of a
definite structure.

(3) A structural snorsly, whut nidwy hetween Prohivition

and Nota creeks, is suggested LW the confipuration of the caontours in
that vicir‘t}‘. Yowever, alditjoral seismogrerh work is needed to
olarify the situation. This ia in the viciniity of tho so-ealled "Half-
Way Structure”.

(4) VMhen addi®ional s:ismograph work east of Loo. Creok 19

-

bein ‘Pinte II1) nuar shot point 238

[

g nlanned, the c?,u':'.,'j,n of sirike
&t the headwmmters of lLoon Creek gheuld he considered as poseibly indioe

ating the existence of & strusture Lo the enst of Lthe craek.

(5) The revereal at Hacsier %idge is basel on extremely

- ——

sketohy informstion.insulficient work has been done to delermine whether

or not the so-callied Morrow Creek Heversal !: a eontinuation cf the

Hovsieor Ridge structure, Nothing has therefcre hean added to the ltmpartl
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noted, howavar, that & reaf ig {ndiceted on
on the north flank of tha structure by the
of 150 mmcond. As such a reef is imown to

work in *his loeality mav He sald tc have

e cpitarion used in datermining the pressnce

reaf by reuns of tha reflle~tion selsmogreph.

Respectfully submd tted,

T+ fdoodsor. -awgon Jr. M:rvin Somberg
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Introduction

The reflection seismograph eurvey was conducted by The Carter
011 Company under eubcontract to the Imverial Oil Limited - Canol Pro ject.
The purpose of the aur.ny was o discover new oil reserves for use of
the mitad “tates army Seismograph equipment was obtained fram the
Carter 011 Comnany. Tractors, shot-hole drill, camp equipment, and miscel-
leneous suipplies were obtained from the Canol Project.

uring; the spring months, the personnel consisted of a party
chief fron the Carter 0i1 Company, three officoers, and from four to
thirteen enlisted men from the inited Statos érmy, and from one to three
civilian mn from the Imperial 0il Limited-. Canol Project. Begiuning
in September the army p;rsonml was graduslly replaced by civilians from
the Imperial Oil Limited - Cenol Pro ject until only one of ficer remained
with the crew at the time oparr' ions were suspended in De cenber,

The resilts of the survey from March 17 to June 13, 1943 were
repor ted ih July 1943 by Marvin “omberg. Tho dateils of the velocity
survey of Mac No. 1 were piven hy Lt. Woodson Dawson, Jr. in & report
deted Decembor 13, 1943. Fcr the sake of completeness, u large part of
the text of these two previous reports is ino rnoreted herswith

'ocatlion and "xtent of Area Fxanined

“he nrea surveyed is Incated in the Northwes! ferritories of
“ananda on the Mackencie Rivnr, arproximetely ol hty miles south of the
Arctic Circle, (Plate I). A total of 220 square =iies was covered., [his
ares can be roughly divided into three parts, namely, (1) the area
between the Mackentie River and the Careajou Piver, south and southwest

of Norman Wells, (2) & narrow strip alon; e northesst bany of the

M ckenzie Biver upstrerm from Norman ‘elle, and (3) & nurrew atrio along
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northeast bank of the Mackencie Hiver downstream from Norman “elle.

locnted on the southwest side of the

fhe
« few cthot points were

r Hoosier Ridge in the northernmost part of the survey

Vs ekenrie Xiver nea
also nonr the Little Bear Hiver in the southeastqrn nart of the
|
In the wi~t i, Yorman Vells (headquarters of Imperial
A “roject) can be reached only by airplane from Edmon ton,

(Rowsver, in the winter and spring of 1943 some freight

ta, Canada.

w8 brousht to Norman Wells by "tructor tra‘n” over a newly opened winter

road), In the swmer the roads are immassable but freight can, with the

exception of one portage, be shipped from the railhead at Mclurray by

Grest Slave lLake, and the Mackenzie River. During

way of the Slave River,

the traw und freeze-un periods it is of'ten impossible to reach Norman

- ‘ells “rom Pdmonton. Also, for about & month during these periods it is

danperous or impossible to cross the Mackenzie River except by airplane,

e srea surveyed is largely covered by lekes or muskeg, which

becomes swamp in the surmmer. Muskep is an accumulation of moss~like

plant that grows very rapidly in warm wenther, together with swamp gresses,

1i¢1ies end other similar vepgetation. Puring the winter this water

saturated ruskeg freezes. Fach new crop then acts &s insulation and the

vepetation accunulstes, soretines to a depth of ten feet. Fventually,

however, this muskeg, together with the later grown tree roots, ete.

| decays, and slowly forms into peat. -
| The seismograph equipment and living quartors were mounted on
slede aurd pulled through the ares with tractors. The transportation

A1 £P1 cul ties ancountered vary with the season somewhat. as described below
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Pron the middle of Kirch to the middle of May was found to be
the hest period of the yenr for carrving on seismograph operations in
the Norman Wolls area. The tempernture renges from ten below to fifty
degrees abtove gero Fuhrenheit, which is within the opersting ranges for
which the mechanical equipment was desi,ned hre muskeg is entirely
froten and there is still enough .aow left on *he ground so thet sleds
and bunkhouse O-It-'.*O0.0l can be pulled comparatively easily. Another
advantage to working during the I'irst part of this period is that the
trees and undergrowth are still frozen and brittle so that they will
break when truils are being clesred.

From the middle of May to the middle of June , transportation
becorms more and more difficult. The snow disappears so that it is
very difficult to drag heavy equipment on sleds. Parts of the aree
are covered with water, and the ton of the muskeg is beginning to soften.
Large quantities of it will frequently coll;ct in front of a sled rmking
it necessary to stop, unhook the tractor, and bulldoze the accumulated
ruskeg out of the way  Tractors will hecome mired and will also full
into deep holes that are hidden by muskeg which has grown out over the
ice and water Walking hecomes extremely tiresome. By June lst. it is
impossible to move any tractor. drawn equipment except on a fow well
drained and thickly wooded hills. By June 15th. travel between the
Vo ckenrie und Carcajou rivers is so difficult that for all practical
purpnees this area is no longer s.itable for seismogreph operat {ions.

From June 15th. until the latter mrt of September, uccessible
locations for shot points could not be found, except on top of the well
irained and thickly w.oded bluffs near the Mackenzie Rver tank. As it

*n3 necessary to locute shot pointe well above the water level, in order

.
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be surveyed hecause the btanks ure so steep the t equipment could not

‘ he winched un ¢ the shot »noint lo~ntion Often the drill could be

rad Trom oone 1ch shot int %o another on the beac! alorpg the wator's
.
¢ Ver ¢ £ WHS ¢ m~osaitle evervythiing was loaded on barpes, and
ys(ain on the bdeach near # next shot point location Some
6t lans werw inaccessihle btecauss the water was tco shallow to mova

@5 close to shore The transportation of livinpg quarters was a
1tively simple metter as these were mounted on barges.
F‘rm‘: an accessibility standpoint it is imprlc?tical to carry on
aismopgraph field 0porut.ionnj in October. The water level in the rives

3 too low for landing equipment from barges. Also &ll marine equipment

must he dry. docked before the freeze up, which occurs in the latter part \

o7 Dctoher, Land opsrations are not feasible becauss the muskep swamps

have not yet froze B8P enough *‘. suppor® any heavy e uipmente

The seiemograph crew resumed land operation in the ﬂrlt part
¢ Yovermber. It was found that the muskeg was very treacherous. w
frequently fell through the thin surface hy-r of ice and frose«in m
it very difficult to extricate them. It was not until tb 1“!‘ pn
of November and the early part of December ﬁlt the muskeg * b
# th &uy reasorable degree of safety. By ﬂll.t time h ‘“ ﬂ
factorily. N b ¥ _-;- ;
Topography and Drainapge £
The elevutions in the area lwll b
Carcajou rivers increase mmw

o '0"\‘




. 90 feeot.

sith nusse % il lakess Lieams

anllire area 18
mve formed deen entrenched pgpryes ° } these ridpes and aven the
erwall strea: e 1L ravines ne . @ Cchent 3 R3 rs
which cannot erossed wit sleds k’ tractor hwe dra‘nage ia inte
the Cearea jou a.:l Macker gie Rivers and Bweir ‘rilataries
Ne Muckenzie River 'ms stesp bDanks, Most of the = nts
along the river are locnted Just nland from Lhe steen bhluff,

Dyring the spring months, when transportation was sagiest, the d

drilling of s~ot holes was the seismograph crew's bigpgest problem. From

i A4
-

March 17th. to May 2nd, drilling was done with a small rig bujlt by the
Petty Geophysieal Company. After May 2nd. a sled mounted Failing Model

314 (Q000 ft.) core drill was used,

Feur Norman Wells the surface material wae found to be froren and
hard to at least forty feet, Some of the holes were drilled in bed rock
and others in ﬂl.-itl deposits.. It was of ten necessary to abandon a
location after several futile attempts to drill through s layer of bould-
ers or gravel, ‘On the Bosworth Creek delta the Petty Drill oQuu not

penetrate deeper than three feet. The formation is so hard that when

© .+ . anwedjecent well was being drilled a rock bit was worn cut in the first

-' E §

Ep 1909 On Goose and Besr Islands,.drilling was difficult becsuse of &
‘sand which is several hundred feet thick.
3 u~ vest pnk of the Mackengie River and extending ine-

' coarse sand which drills as i7" 1t were

e 4 &

n this strip along the river

anadmi B s R e




“urther inland there are glacial deposits of boulders, grevel, i
| ( ine an! ‘oarse sand ™ere !{s also some sandstone which is ususlly
loemlized an! not very thick. Ordinarily, howsver,kK at least ane bit i

[lmd on every hole in which sandstone is encountered. In gemeral &
teuyy drt lling mud 1s essemtial for drilling in glacial drife,

In the esrly soring slush pits can be dug if the frozen muskeg

's “irst loosened by blasting. During the thawing period, howewer, the
‘toping of slush nits is quite m problem unless {t is possible to loeate
| “he shot peint {n a well drained vlace. In e lqy spot the nuskeg is
| ws ter soaked and disintegrates tc form a slush when it is disturbed.
| ™is slush then flows back into place defore the driller can dig a pit
' in the ice wich is alwmys present below the loose surface rmuskeg. Under
L these conditions special care is necessary to mix drilling mud.

Near Norman Tells, and on the islands water was 'muled from the

B N e e . . o AR

Norman ells boiler house. By the time oporations were shifted to the

L southwest side of the river the snow had bequn %o melt, and -’&-' could
be found alrmost anymaere. In November water was hauled from emall lakee
E which ha® not yet frozem % the bottom.

| for ~merstion during November, the drill had to bde winteriszed,
| This wms done by building a house completely around the drill., The mast
was enclosed in & canvas sack and a removable roof allowed it %o be
raised or lowered. Two stoves and a blowtorch were reguired to keep the

rilling unit thawed.out,

| Operating

The recording eg:ipment was mounted on a sled house in =uch e
.E; : tame way that it is ordinarily mouunted in a truck. Tweslve trace records

wore made wherever it was possitle to lay out ull length profiles. Six




seismometers were placed on a symmetrical gpread in two directions from
the shot point. This gawve a surface coveruge of 250 %o 120C feet on
two sides of a shot po: 1t or a total suread of ZOCO0 Tfeet

It vas always necessary for the selsmoreters *© he placed on
a frozen surface in order tc »btaln reflection In the winter ths snow
co.l! be cleared away with the toe £ & H0ot and the selsnometers nlaced
directly on top o: th* Trozen muskeg In the late s»ring, a&s the muaieg
thawed K the placement of seismometers became more difficult as holes
sometimes hal to be dug four feet deer in order to reach frozem ;round.
In the fall it was necessary to di; the seismometer holes through the
frozen surface muskeg and then through from six inches to four feet of

soft muskeg to the permansnt ice.

-

" The seismog-aph eguipment supplied by The Carter ‘1 Conpany
wms specially designed for cold wenther use. Theee instruments functioned
satisfactorily in - 30°P. weather which was the soldest experienced.

o

Nesr Yorman “ells no surveying was done as a accurate topo-~

gruphic contour rap was available for spotting holes and Qﬁinlﬂg
elevations, On the southwest side of the river accurate eps were not
available and & plane table and alidade Survey was :i;la. Flate 7 ghows
the tractor trails and survey loc.:rga The maximum vertical closure error
was three feet and the maximum hor:zontal closure error was 300 feet.
T™he slevation of each shot point, relative to the assumed elewvation of

I00 feet at cthe discovery well, is shown on the map.

On Plate V the location of the topographic features is deter.
mined by *he coint of contact with e survey !ines Their shape and

extamt beoyord

the point of contsct with the survey lines is taken from




a base mp which has been reduced “rvm aerial photograpis.

™e shot pointe alon, *he Mmopenrie Fiver ware snotted with
respect to topogreanhic Teatures and no atten-® was mde ., ad ust the
an tc fi{t the seiemogrank sirve; i-ta

Valociet oq=va- - of Rea~ Islapd Yo 4

C—— —— -

™e wvelorit sivay 0f Tesr Isl {0, 4 wus comleated in

Tour "ou-s actunl sheot -r timm m June 233, ™Mo mrugurers: ‘s sere

rade H recoriinz *t e srersr trevel time Trom a stot hole loeate! 'O
Teet Fr«r e weli ‘¢ w ~rkupr suspended in the well, Dis rickup was

lowered nte the wo!)! on a Halidurton well surverin- cable Good 1ret

‘" were obtaired at four points in the well par ing froenm 2090 to

xicke
300 faet (Jee Tell “wve: Computetion Sheet] Sha iower thar 9CO teet
‘he M -st arrivals were ocbscured by extreanecus disturbances, Plute VIA
s-ows *he arr.val times (corrected to verticel travel nath) plotted
aminst Jenth, Plate 7IZ is a graph of the average und intervel velo-
ci~ies ™e overall or sverage welocity from the d.tum plane o the
ee” . mestone 18 %,100 feet per eecond ™e (interval) velocity of the
Tper fost L-eel shales is shown to be 10,000 feet per second.
The velocily measurements show thwt the “eurly eycle” uf a
te 2lom on reond 1IN SW, at the well, is from the top of the reef

-

e "reaf® reaflection” arrival times at Norman Tells, where

e reof ‘s nown, landl cate tmt “he rocks overlyin- the reef

=l Wwe 5 o ovorall velo ity as at Bear Island

s il o dea
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'ohcﬂq:&rvg of Mac No. 1.

On October 20,1943, an sttemnt was nade to shoot 'we No. 1
in order to determine the overall Velority to the Teavertail Limestone
and egnecially the in“erval Veloeity botween the tops of the Reef Line-

-

stone and the desuve~tall Limestone

After tak n> a [ew shots in orier to check the deenp hole
geophone wit) reguiar geophones, “ho Jdeep role geophone was then lowered
into the well until it reached the ‘on of the "savertall lLines*one. As
the wll was locate: within one-gquarter of a nile ror Bechtal.Price-
Callahan's power plant at Camp Oanol, the slternmating ourrent disturbsnes
froe thie power plant was sc grest that it was impossible to decrease ‘he
sensitivity of the deep hole peophone sufficiently to eliminate the alter-
neting cwrrent disturbance and still record the seismic wave ron the ghot
hole. As a result the Velocity determimmtion §n "ue No. 1 was temporarily
abandoned while arranserents were rade with Racketel Price, Calladan to
shut down their power plant. | |

Sechtel, Price, Callalan a;reed -'.c; lt;p. their power ploﬁt bom
2:30 A.". and 4:00 AN, u,.Oetnbw 22nd. at which time the Velocity deter-
minstion ws carried out. Two shots were taken with the deep hole geophone
at 3130 feet, near the top of the Beavertsa.l Limestone, a&n' two more shots
at 2100 feet, the %top of the Reef Limestone., Velocity measurements could
not be racde at other depths due to the lirdited time available. .

The oversll Veloecity, that is, from the surface to the Seaver. 4
tail limestone was “ound to be 10,200 feet per secand. The overasll
Velority to the Reef Limestone was 3,500 feet por sosomd, and the interval
Velocity between the Reef Linestone and the Beaverti- .l Limestone was

13,650 feet por seconl. Computations are shown on the atiached ohart
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~ Attention is called to the possibility that the Reef w -

M3 & somewhat hisher velocity than the Lower Port Creek Shales. If this

. “ere the situation the velocity of the Limestone would be higher than ,f‘:
13,5680 rfeet per second, which is the neasured average velocity of both ‘

mestony and sha le The contour interval (.010 see’ 1d) on the isopach "

rap (Plate IV) would therefore have a minimum equivalont value of about “J

‘0 feet. As the velocity of the Reef Limestone might conceivably be as

aF

Migh as 16,000 feet par second, the equivalent wvalue of the contour _ .‘;

interval might be as zreat as 50 feet.

Analysis of Data

In ;om;--l the raflection ;;mlity is excellent ovar the entire

erea covered by the survey. However, nt a few shot points nﬂocﬂm |

3 quality was poor or the reflections were entirel y missing. On ouﬁiﬂ
Bear Islands the poor quality of the reflections is due to = HN’“ s

which is present from the surface to & depth of lml MM M

7 oy

f‘ni lure to obtain reflections at othsr pd!.ntt is due either to
baing %cntad too near the river bank or to lqmﬂ‘id.t shot hole m

in some loomlities two prominent shallow reflections m. m
records Plate VIl ) were recorded. Plates IT and III are time m”
showing respectivel » the travel time of the shallow and deep Mivﬁﬂ
below a time datum plane at 200 feet above sea level. A velocity of m
Puot nov soccnd was used in mmking corrections to this datum plane. h :
letters KR are used to indicate that "no reflection” qrm on that
location from the horiszon contoured on the respective map .

e deeper of tle two reflections is persistent over the entire
Area surveyad. The velocity measurements in Bear Island 4, and Mao No, 1

show that this reflection is from the top of the Beaver tail Lilolt_.oﬁ._ -
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As the top of the Reef Limestone is the only horizon in which

rlosure exists at ths original Norman Wells produning field, the fact

that Plate 17 shows some closure at the field, even though not as much
as actually exists, is good evidence that the reflection mapred on

Plate 1T orizinated at the top of the reef or from some discontinult-
nesr the top of the reef. The velocity measurements in Rear Island No. 4
and Mac No. 1 further substantiate this theory. For exarple it is
significant that the measured “"one-way"” travel time between the top or
the Reef and the top of the ¢ avertail, at Mac No. 1, is just half of the
{nterval between the two prominent shallow reflections in that immediate
loeality.

Geologists familiar with the area believe that a bedded lime-
stone, about 80 feet thick, overlies the Lower Fort Creek Shales in large
parts of the Norman Vells area. The top of this bedded limestone seems
to reflect seismic energy except when it is immediately overlain by a
coral reef, as at Norman Wells and probably also at Hoosier Ridge, where
the top of the reef spparently becomes the reflecting surface. In other
words, from & reflection seismograph standpoint the two limestones may be

considered as a single homogeneous bed of varying thickness., Therefore in

this report, the shallower of the two prominent reflections is called

the "Reef Reflection™ even though in parts of the area the refleoctor is

actually the bedded limestone. .
It may be concluded that the wariation in time interval between

the two reflections as shown on the isopach map (Plate IV) is & measure

of the wariation in thiekness of the Reef Limestone, provided the assumption

is made that the bottom of the Reef and the top of the Beavertail Limestone

are separated by a constant interval. The reflection data have there-
fore, been interpreted as follows:

|
|
i
|




(1) The fact that the "reef reflection” was not recorded

(See sample records Plate VII) at Loon Creek No. 1 location and between
Normen Tells and Bluefish Creek, indicates that the bedded limestone

and reaf limestone are both either missing or thot the physical properties
of these limestones and/or their immediately overlying sediments are so
changed that they no lon;:or act as reflectors of seismic energy, or that
the limestones are too thin to act as reflectors of seismic energy.

{2) Wherever the "Reof Refllection" is recorded and the isopach
irterval (Plate IV) is .110 second or less, probably only the bedded lime-
stene exists This condition would prevail on the northeast bank of the
Msckenzie River between Morman Wells ard Hoosier Ridge.

(3) Vherevar the "Reef Reflection" is recorded and the isopach
int s wval is .120 second or greater, both the bedded limestone and a reef
exist

The isopach map (flnto IV) indicates & maximum thickness (time
inte-val arproximetely .150) of Reef Limestone along & trend extending
from YNormmn Wells through Goose and Bear Islands, Mac No. 1, and on east-
werd to the bYounds of the survey at Ray's C;eek. The "Reef Reflection™ 4s
“ecorded with maxinum amplitude along this trend and the information
mMeating a reef condition is rather definite (Plate VII).

Anc hor reef is indiceated nenr shot point 82 (Plate IV) and

‘war? down the plunge of the Loon Creek structure. The reflections
w'ing the existence of tlis reef are, however, much poorer than along
md from Yorman Yells to Nay's Creek. In fact it is necessary to
' 1@ roflections in the most optimistic manner in order to bring

’ seet the possibility that a reef exists in this area. It should
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be noted that the reef is not indicated to extend as far east as the

Loon Creek No. 1 location near shot point B7A.

There are insufficient shot points on the Hoosler Ridpe

structure to allow definite conclusions concerning the shape of the

structure. The isopach time interval on the flanks, however strongly

suggests the presence of.a reef in this locality.




STATIST®ICS

hrhum seismograph survey started -----------oe---
Field work stopped for repairs during October

Pield work ended-----c-e-comc oo e
Total number of shot point@e----ecemececmcccccmcceanan oo
D reflsstitg Bhot priats-—renserarcccasnemonecceecones -

Usable reflection shot poimtSeem----o--emoeeeoeooona- ——

Area covered------cecemmemcc e e caae

m‘ M—-——-----..- - - -

. h* .’ “ “ m--ﬂ-wt“-" - -
M M" per 8q. ‘b-mu-—--mm---u—----

Dynami te per shot point-- L ————

Average rate of progress in shot points per day
(“.lm m.w)——”—.—---u

March 17,1943.

December 7,1943.
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209
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