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1982 MACKENZIE BASIN CANADA LANDS EXPLORATION

PAN AM POINTED MOUNTAIN P-53

LOCATION: Lat. 60° 22° 45.584" W. (60.37933° N. Lat.)
Long. 54° 33.346" W. (123.' W. Long.)
Liard Plateau, District of Mackenzie

ELEVATION: KB: 3892° (1186.3m) GL: 3873.8" (1180.7)

‘SPUDDED: February 8, 1966 (66-02-08)

(COMPLETED: March 10, 1967 (67-03-10)

STATUS: Shut-in gas well; Manetoe Formation of Middle Devonian age.

‘TOTAL DEPTH: 14,339" (4370.5m) in Besa River Formation (faulted)

LOGS RUN: Induction Electrical Log (IES), Borehole Compensated Sonic

Log (BECS), Formation-Density Log (PDC), Dual Induction Log

(DIL), Gamma Ray-Sonic Log (GRS), Neutron Log ("), Dipmeter

Log (DIP), Directional Log (DIR), Seismic Reference
(SRS), Completion Record (CR).

CORED INTERVALS: .

12845°-12865* (3915.2m-3921.3m) Man), 12891-12893" (3929.2m-3929.6m; Man),
12924°-12960" (3939.2m-3950.2m; Man), 13060°-13075* (3980.7m-3985.3m; Man),

13175*-13190" (4015. 7%m-4020.3m; Man), 13315'-13323" (4058.4m-4060.9m; Man),

13386"-13401" (4080.1m-4084.6m; Man), 13609°-13624" (4148.0m-4152.6m; Man),

13882"-13894" (4231.2m-4234.9m; Bes R )

1/4), Rec. 150° (45.%m) brackish water

2. 12835*-12961" arnoae Pa., GTS in 16
min. @ 12 mmcf/é (339.8 x '/4), Rec. 10" (0.3m)
sulph mud.

3. 12835'-13190" (3912.1m-4020.4m) Pn., GTS in 8
min. @ 15 mmcf/a (424.8 x 78)

4. 12835°-13435" ss 0m) Manetoe Fm., GTS immed.

@ 13 mcf/d (368.2 '/4) w/light spray water, Rec.
354° (107.9m) water.

5S. 13850°-16245" (4221.5m-4341.9m) Besa fm., GTS in

50 min. @ approx. 200 mcf/d (5.7 x '/8), salt water

TS in S hrs., Rec. 3775’ (1150.6m) sulphurous gas-cut

slightly muddy water.

6. 13547°-13800" (4129.1m-4206.2m) Manetoe ~- Besa River Fus.,

GTS in 6 min. Rec. very gas-cut slightly sulphurous water.

HYDROCARBON BEARING SECTION: Manetoe Formation of Middle Devonian age

RESERVOIR ROCK: Fractured dolomite. Fine to very-fine crystalline grey

Golomite with poor intercrystalline and pinpoint porosity.
Coarse to very-coarse crystalline, white, secondary
dolomite with fair vuggy and leached moldic porosity.
Fracture porosity is common throughout.

TRAP TYPE: Structural. A northeasterly trending, symmetrical anticline
thrust faulted at depth, capped by Middle Devonian and younger

POTENTIAL PRODUCTIVE IWTERVAL: 12780" - 13751' (3695.3m - 4191.3m)

IWTERVAL OPEN TO PRODUCTION: 12842" - 14106" (3914.2m - 4299.5m)

GAS PAY THICKNESS: 582m (gross)

POROSITY and PERMEABILITY: Average porosity 3.1% (maximum porosity 12.68)
Average horizontal permeability 3.4 md

(maximum permeability 35.0 md)
(maximum vertical permeability 30.0 md)

DRILLSTEN TEST MAXIMUM PLOW RATE: AOF 15.0 mmcf/d (AOP 2.1 x 10° m°/4)

“pipelines reserves" (Wicholls, 1969)
m3 “initial marketable reserves"(WEB)

“remaining reserves” Dec. 31, 1961 (WEB)

ESTIMATED RESERVES: 64.4 x 10°,
7.92 =
2.62 =

GAS CHARACTERISTICS: (8 by volume)

‘Belium 0.04-0.08 Methane 86.94-87.72

Bydrogen sulphide 0.38-0.64 Ethane 0.03-0.13

Carbon dioxide 10.37-11.05 Propane 0.00-0.01

Oxygen 0.00 Isobutane 0.00-trace

Nitrogen 1.21-1.37 N-butane plus 0.00

Gross heating value: (@ 60°F, 14.65 p.s.4.a.) = 880.9-887.4 B.T.U./cu.ft.

(@ 15.6 C, 101.0 kps) = 3.262-3.306 = 107 J/u?

Specific gravity: (calculated) = 0.663-0.669
(actual) = 0.667-0.671
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of the
LIARD PLATEAU

ond the —

BEAVER RIVER GAS FIELD

‘The Liard Plateau is a subdivision of the Cordilleran
Province. It occupies the southern
about 20,000 kilometers, It
‘Mountains and ee
by the Interior Plains, The northern
arbitrarily defined by the southeasterly flowing

Carboniferous and Permian sediments form bedrock over
Liard Plateau, but Cretaceous rocks
Barly Paleozoic sediments form
where north trending reverse faults
‘The boundary with the Interior Plains
fault. Oe Bhes
surface and minor have betn

the Liard Plateau is eituated in a part of the Cordillera where @
marked change in the structural style and trend occurs. This change has

created diverse structural features and trends. The general north~
westerly trend of the Secty Suusteias to Whe cage tn Brinley Commne ©

deflected to the northeast north of latitude , ‘The Mackenzie Mountains,

situated north of the Liaré Plateau, appear as an eastern extension of the

Rocky Mountain front. ‘This extension results in an east-west offsetting

of the somtain Blesta, entplaces

the

Band vistors 00 0 amie

between these two areas or Structural shortening. Thus, the

variation in structural style and the mixture of structural trends within

bby structural sub-provinces. ee calusahy Gneglamannh oa

Ce sstencieMountains north of the Liard Plateau has been referred to as

the “Mackenzie deflection".

Structure within the Liard Plateau is characterized by northwesterly,

northerly and elongate folds, high angle reverse

Rates of dip of strata in the Liard Plateau treyat
nearly vertical, but are typically on the order of to + Structural

relief is locally more than 2,000 meters and estructural closure on many of

the broad folds is indicated to be up to 1,000 meters. Some examples of

large closed folds in the Liard Plateau are the La Biche Anticline, the

SELECTED
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WELL INFORMATION AS OF MARCH, 1963.
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Tesabrentetlying"Beas or aelie®
Recognizedle dip 1° oF lene

Dip group ty) I* to 5°

Dip group 2; 3° to 10°

Dip group 3; 10° to 25°

Dip group 4, 28° to 45°

Dip group %; 45° to nearly vertical

Bedding appears nearly vertical on cir photographs.

Overturned bedding

Genera! dip of beds having subordinate folds

haStts “CsSASaee comet
Dip component

Strike ond Gip interpreted from geomorphic evidence

Possibie dip slope

Biehion*Se “hip "Cenact" ve“Wtermines“cn”oir photographs
Field observed information

Field observed publishes or open file information

Field observed ip from published oF open file source

Dip ~meceured photogrammetricolly

Cleavage ( inclined, vertical)

Contact

Apparent unconformable contect

Key bed

Stratigraphic break

Equivalent formations

Corrective key beds

Outerop oreo

Fracture or joint

Highangle foult. U denotes upitrown side

Strine— stip fault showing direction of relative movement

RBAETM te. ete came
Beast Seay Seaway See
Seasre om oe
"2.2, oe ht
Giection St" aptlimbs one'“ore‘onside“cf normal dip
Anis of anticline appears to coincide with fault troce

Axia of syncing appeers to coincide with fault troce

‘Structural terrace

‘Monocline

Prominent scarp, steep slope or morcing! ridge

Dine (4) oF eit (a)

Giasial lineation showing direction of ice movement

Facies ond/or nomenclature change
ee Sy eo

ConTouR SYMBOLS

Outline of detailed structural contour oreo.

Dotum elevation in meters from bore hole

Strotigraphic thickness in meters mecsured

|

waing quontitative |

Structure contour in meters dashed where

Dip measured photogrammetricalty.

Fault, enticting and synctine ot datum level
Dosed on published or open tile seismic|

Fault boxed on published or
fle information. =

Surface trace of thrust foult.

‘Thrust fault at datum level.

Linear stream segment, interpreted os strike controlled

Curviinear stream segment, interpreted ox structurcily controtied.

‘Strie ond dip interpreted trom geomorphic evidence

Anticling and eynciine bowed on geomorphic evidence

Arrow indicates Grection of plunge

SeseSeeere
R + Roget Croinage Anomaly.
A: Armutar Orainage Anomaly.
P \ Photographic Tora! Anomaly.
RA. Radicl-Annutar Orainage Anomaly
T + Topographic Anomaly
1 | vary wat defined by geomorphic evidence.
T+ wat defined by geomorphic evidence.
TL: moderately datined by geomorphic evidence.

Seesteersiar merheochaoe
‘Trend of geomorphic cnomaties which may reflect on individual feoture.

Glacial lineation.

aSaaSPESSee

MELL__Sruous,

Location or drilling

Ory ond abandoned.
Ot well

Gos well

C8 ond qos wel.

Copped gos well.

Capped oil weit,

‘Suspended weil
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Tay"rabtoneatAiky-lying!"Beas “or stefan
Recognizadle dip 1° of tess F

Dip group 1, 1° to 3°

Dip group 2; 3° to 10°

Dip group 3, 10° to 25°

Dip group 4, 28° to 45°

Dip group 5; 45° to nearly vertical

Bedding appears nearly vertical on air photographs.

Overturned bedding

General dip of beds naving subordinate folds

Daasth eM, SEaE She ome
Dip component

Strike ond dip interpreted from geomorphic evidence

Possible dip slope

ga, % prominent ri or bedding.

Fielé observed information

Field observed published or open file information

Field observed dip from published oF open file source

Dip measured photogrammetrically

Cleavage (inclined, vertical)

Contect

Apparent unconformable contoct

Key bed

Stratigraphic break

Equivalent formetions

Correlotive key beds

Outerop oreo

Fracture or joint .
Distinctive alignment, povuible structaral significance
High- angle foult. U denotes upthrown side

Strike— stip fault showing direction of relctive movement

congic wayevity fault Solid circles on

ane fault, triangles <q ae

Anticling, arrow denotes plunge. Dicmond denotes
Gpprosimate position of apex.

Synctine, arrow denotes plunge. Break and cross
bers denote approsimate posi! of high point

Anticiing and synciine overturned. Arrows denote
Grection of dip of limbs and ore on side of normal dip

Axis of onticline appears to coincide with foul trace

Axis of* syncing appears to coincide with fault trace

Structural terrace

Monoctine

Prominent scorp, steep slope or morcinal ridge

Dine (4) or si (9)

Glocia! lingation showing direction of ice movement

Facies ond/or womenciotere change

Location of Veszay fisid— mecsured
Stratigraphic section

STRUCTURAL CONTOUR SYMBOLS

see

o3s2

nn.

sso
ose

ee
PL
LA

G
D
P
I
T
T

Outline of detailed structural contour oreo.

Dotum elevotion in meters from bore hole
information.

Structure contour in meters dashed where
interred.

Dip ~mecsured photogrommetricaliy.

Foult, onticling ond syncline ot datum level
Desed on published or open file seismic
information.

Foult dosed on published or
file information. =

Surfoce troce of thrust foul.

Thrust foult at datum level.

  

[ee] scores

 a
t
e

t
b
e
t

oe
r

 c
r
e
e

 

g
o
r
e

c
s

—
v
s
i
e
e

r
r

ee

cannot be determined on air photographs

 

 

s
a
v
e
s
e
n
e
e

.  
STRUCTURAL CROSS | SECTION
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HORIZONTAL SCALE

VERTICAL SCALE 1:
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OF THE UPPER PART OF THE MIDDLE _ CARBONATE

SHOWING MAJOR SURFACE STRUCTURAL FEATURES

(MANETOE OR NAHANNI FORMATION AND HEADLESS FORMATION

CONTOUR INTERVAL: 20 METERS (LOCALLY 10 METERS)
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Formations are separated by a

facies line which due to a lack of
is highly interpretive. The
tation that the upper part of

Manetoe facies, considers it as consisting of large
of dolomite resulting from

ic waters. If this is in
facies lines showing this inter-

each of the Kotaneelee, Pointed
River gas fields.
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of the upper part of the Middle
ists of grey colored limestones,

and siltstones and is equivalent

to the Manetoe Fm. The Manetoe Fm. is a dolomitic

facies of the upperpart of the Middle Devonian

i of grey to brown-grey colored,
dolomites with poor inter-

vuggy porosity. Secondary dolomite

open fractures are likely the

result of tectonism related to the Laramide orogeny.

The Nahanni Forma’
Devonian carbonate
dolomitic limes'

carbonate and consi
fine to medium gri
crystalline and
filling fractures 

  

 WELL SYMBOLS
|

782 thickness in meters of unit completely penetrated in wot.

280% Unit not completely penetrated; minimum thickness indicated.

SAMPLE CONTROL STATION

Thickness cf Middle Devonian carb. (upper port)
—Timnologies

sh, Tm—— Orillstem test resuits

grade

DRILLSTEM TEST ABBREVIATIONS

‘Towed

‘fresh

Gas, Gaesy, gos~ cut

mud, muddy

‘ail, city, ol! ~cut

‘water, watery, woter—cut

‘salt, salty, (incl brackish).

Well was not tested

Not adequately tested

Hot edequately tested due to misrun

Too small to megsure

 

  

    
 

  

  

  

  

 

 

     
 

 

  

    
 

STRATIGRAPHIC

of the

MIDDLE DEVONIAN CARBONATE

in the

LIARD PLATEAU

(@ahanni and Manetoe Formations)

Within the map-area portion of the Liard Plateau, the upper part of the
Middle Devonian carbonate consists of two facies; the Nahanni Formation which
is predominantly dolomite. The interpreted distribution of those facies is
shown on the accompanying stratigraphic map. Throughout the Liard Plateau,
the Nahanni and Manetoe Formations are conformably overlain by almost a
thousand meters of Middle Devonian Besa River Formation shales and limy and
siliceous shales which likely are the source of hydrocarbons dn these Middle
Devonian carbonates. The Nahanni and Manetoe Formations are conformably
underlain by the partly dolomitized equivalent of the Headless Formation which
in turn is underlain by the Arnica Formation. The correlation used in this
study is a westward extension of the Willow Lake and Headless correlation
used in the remaining project area. This correlation is of fair quality over
@ wide geographic area.

The Middle Devonian carbonate is a sequence of carbonates and minor
evaporites. The thick and laterally extensive carbonate bank strata were
deposited in shallow subtidal to supratidal environments with some localized
sabkha facies occurring throughout the area (Snowilon, 1977). Only minor
amounts of evaporites are present in the four fields studied, However,
Snowdon (1977) states that prior to being removed by groundwater solution,
evaporites were common. Evidence of this is provided by the following. The
occurrence of dolomite pseudomorphic after twinned gypsum crystals and possibly
after halite; abundant secondary white dolomite nodules replacing original
sulfate nodules; vugs resulting from the leaching of nodules and abundant
breccia, with a vertical variation in the degree of brecciation.

In the Liard Plateau region,two distinct facies of the upper part of the
Middle Devonian carbonate are present. One facies consisting primarily of
limestone is called the Nahanni Formation and occurs in the La Biche gas field.
The second facies is dolomite occurring in the Beaver River, Kotaneelee and
Pointed Mountain gas fields and is termed the Manetoe Formation. The creation
of fracture porosity as a result of structural deformation is a major factor
in enhancing the poor primary porosity and permeability of both facies. The
relationship of the two facies is a matter of controversy but in this study
it was found that the Middle Devonian carbonate in the La Biche gas discovery.
is a limestone or dolomitic limestone whereas in Beaver River, Pointed Mountain
and Kotaneelee gas fields it occurs as dolomites and limy dolomites. In the
area covered by the stratigraphic map there are no exposures of Devonian

controlfrom wells drilled as of 1983 does not
allow any meaningful detailed facies interpretation. It is obvious that a
facies change occurs between the La Biche field and the other three fields but
the location of the change is uncertain.

East of the facies change to Headless shale and limestone the Manetoe/
Nahanni carbonate sequence is indicated to range in thickness from 140 m to
300 m on the accompanying stratigraphic map, thickening regionally from
southeast to northwest. Although some of the local variations in thickness
may be due to local stratigraphic changes or differential subsidence, it
could also be attributed to local tectonic thickening and/or variation in
retes of dip of strata penetrated by the drill.

Also,the lithologic nature of the upper part of the Middle Devonian

carbonate is variable and it is not known if the Nahanni Formation limestones

are the predominate lithotype and the Manetoe Formation facies are isolated,

anomalous occurrences or if the Manetoe is the more common lithotype. The

stratigraphic map gives the impression that the Manetoe facies is the predominate

lithotype but this may result from the fact the majority of data are from wells

@rilled on large structural anomalies. According to Morrow (1982) in the case

of the Kotaneelee and Pointed Mountain gas fields, the carbonates are anomalous,

being “large vertical developments of the Manetoe facies” having cores of
d@olomite-cemented breccia surrounded by a halo of replacement dolomite. As

proof of their late diagenetic origin Morrow found these large dolomite masses

to have atypical geochemistry which he postulates as being a result of

precipitation from meteoric waters of unusual composition, enriched in strontium

but depleted in iron and in the 028 isotope. If Morrow's hypothesis of the
genesis of the Manetoce Formation dolomites is correct then the Nahanni Formation

limestones and dolomitic limestones would likely be the predominate
lithotype for the upper part of the Middle Devonian carbonate, and the
Manetoe Formation facies occurs only as isolated, vertical developments of
@olomite. However ,Snowdon (1977) presented an alternative interpretation
for the genesis of the Manetoe Formation dolomites in which dolomitization
occurs early and probably penecontemporaneous with deposition and the
brecciation is a result of the solution of interbedded evaporites. Breccia
porosity resulting from the removal of the evaporites and fracturing due to
tectonism was infilled with sparry dolomite. Since Morrow's study is not
finished and the available control of the Middle Devonian carbonate is sparse,
it is unlikely that the Nahanni-Manetoe facies dispute will be resolved for.
some time. Typically the Nahanni Formation consists of grey colored limestones,
dolomitic limestones and minor siltstones and shales. The Manetoe Formation
consists of grey to brown grey colored, fine to medium grained dolomites.
Both formations have poor intercrystalline and vuggy porosity and zones of

good fracture porosity.

The Nahanni and Manetoe Formations of the Middle Devonian carbonate
likely contain abundant reserves of natural gas in undiscovered
reservoirs. Within the map area the Liard Plateau has several untested
structures involving Middle Devonian carbonate strata. Within these potential
reservoirs folding and faulting likely created fracture porosity similar to
that observed in the existing Liard Plateau gas fields. The probability of
pooling of hydrocarbons within these structures would depend on factors such
as the timing of the creation of the traps and the migration of the hydrocarbons
and the susceptibility of the structures to groundwater flushing.

  
  

  

  

 

  

  

 

‘The Pointed Mountain gas field is 16 km east
Territorie: boundary, in grié unit 60° -30° m.
this is the only producing gas field in the Yukon or Northwest Territories
with one producing well (Pan Am A-2 Pointed Mountain
field is produced for six months and shut-in for six months of the year.
‘The primary reservoir rock is
with the best porosity concentrated in the
fracture porosity occurs throughout the section. The Middle “Devonian
Headless Formation equivalent is also gas-bearing in the field although
its reservoir characteristics are not as good as
Formation. Gas was also encountered on drillstem testing in fractured
shales of the Mississippian-Devonian Besa River Formation beneath the major
thrust fault which forms the eastern limit to production. In the discovery

| !

well (Pan Am A-1 Pointed Mountain P-53) the Manetoe Formation consists of
medium grey, fine-grained dolomite, mottled with white, coarse grained,
recrystallized dolomite in vugs and fractures and between the clasts where
the dolomite is brecciated. Minor, thin, dark shale beds, scattered clear
quartz crystals, stylolites, traces of birdseye texture, sre common.
Bitumen and pyrobitumen are also present. Fossils have been mostly
Gestroyed by diagenesis but evidence remains of crinoids, brachiopods,
algal laminations, traces of Amphipora, stromatoporoids, ostracodes, and
indistinct fossil fragments and shadows.

The most recent well, Amoco S. Pointed Mountain (D-1) L-68, drilled
down plunge, south of the field in 1982 was dry and abandoned. It was
@rilled near the intersection of the thrust fault (and Middle Devonian
carbonates) that forms the eastern limit to production farther north.
The well intersected the Middle Devonian carbonate structurally below
the waterline in the field.
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