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Introduction 
 
In June of 2013, for a period of 8 days (Sunday, June 23rd to Sunday, June 30th), Suncor 
Energy Inc. sent two geologists to continue investigating the discontinuously exposed 
Middle Devonian stratigraphy and associated karst features, within the boundaries of 
Wood Buffalo National Park (WBNP), northeast Alberta. This field excursion was in 
accordance with the Parks Canada permit number WB-2013-13333 (see Appendix I), and 
was accomplished by vehicle, foot, and one day of helicopter. The two geologists in 
question were Andres K. Altosaar, P.Geo. (principal investigator and author of this 
report) and Jeffrey Bever, P.Geo. Base camp and accommodations were made at the 
Pelican Rapids Inn, across the street from the WBNP head office, in Fort Smith, NT. 
After each day of field work, we returned to our accommodations. No overnight stays 
within the park were made. 
 
Valuable geological data were collected over the course of this brief field excursion, 
which in turn has greatly enhanced Suncor’s understanding of Middle Devonian Elk 
Point Group stratigraphy, its post-depositional history, as well as the karstification 
process. We have also developed a concise stratigraphic and karst model for the rocks 
exposed in the northeast corner of the park. Much of this work was showcased at the 
public outreach presentation given at the WBNP headquarters on Thursday, June 27th, 
2013.  
 
The northeast corner of the park lies within the Elk Point Group subcrop/outcrop belt: the 
eastern erosional edge of the Elk Point paleo-basin that extends from southwestern 
Manitoba to the Northwest Territories (see Appendix II, Figure 1). The rocks exposed 
within the park and around the nearby town of Fort Smith, NT include, in stratigraphic 
order, Precambrian granitic gneisses, basal sandstones of the La Loche Formation (a.k.a. 
Granite Wash / Basal Red Beds), Chinchaga Formation (a.k.a. Contact Rapids 
Formation) mixed evaporites and carbonates, Keg River Formation (a.k.a. Winnipegosis 
Formation) carbonates, as well as the overlying Fort Vermilion evaporites, Slave Point, 
and Waterways carbonates, of the Beaverhill Lake Group. Prairie Formation evaporites 
(a.k.a. Muskeg Formation) and dolomudstones of the Watt Mountain Formation do not 
outcrop in the area. Local occurrences of Cretaceous clastics have been previously noted 



within the park, however, were not directly investigated. Laterally extensive Quaternary 
glacial and post-glacial sediments blanket the region. See Appendix II, Figure 2 for a 
stratigraphic column. 
 
Due to the presence of at- or near-surface evaporites and fractured carbonates, the terrain 
of northern WBNP is pockmarked with hundreds of sinkholes of a variety of dimensions 
and ages, networks of underground cavern systems, and lined with several prominent 
escarpments that extend for a few kilometers. These features are all attributed to solution 
of predominantly subsurface evaporites (and to a lesser extent, carbonates) coupled with 
collapse of overlying stratigraphic successions and erosion. 
 
Suncor’s intent for investigating the park’s geology lies in the fact that similar karst 
features are commonly imaged using geophysical methods in the subsurface of the 
general Fort McMurray area at the sub-Cretaceous unconformity (SCU) level, where 
Suncor’s Firebag steam-assisted gravity drainage (SAGD) oilsands operation is located 
(see Appendix II, Figure 3). In this area, based on relatively simple stratigraphic 
relationships between the Devonian Beaverhill Lake Group substrate and the overlying 
Cretaceous McMurray and Clearwater formations, a relative sense of timing regarding 
the genesis of the buried karst features can be resolved. This sense of timing is key to 
evaluating and maximizing the true resource potential of the McMurray, and determining 
the appropriate extraction method(s) of the bitumen. Furthermore, the potential of these 
karst features having affected the overall integrity of the caprock successions needs to be 
evaluated in order to ensure safe and efficient SAGD operations. The difficulties 
associated with accurately imaging and characterizing the commonly karsted SCU lie 
within the resolution of the seismic survey, and to a lesser extent, corehole spacing. 
Investigating the karst of the park is a relatively inexpensive way to gain an appreciable 
sense of scale, and presents itself as a superb analogue. To geologists and geophysicists 
alike, the opportunity to observe, measure, and characterize a world-class, modern karst 
terrain such as that found within WBNP, is truly one of extreme value. 
 
Overview of field work 
 
Sunday, June 23rd, 2013 
 
We arrived in Fort Smith from Edmonton, picked up the rental vehicle, and settled into 
our accommodations. We prepared for the next day’s field work. 
 
Monday, June 24th, 2012 
 
We checked in at the WBNP headquarters and communicated our plans for the next few 
days. Day 1 was spent reinvestigating outcroppings outside of the park limits. The first 
stop made was the Little Buffalo River Falls (LBRF), located approximately 50km west 
of Fort Smith (see Appendix II, Figure 4). LBRF is considered the type section for the 
park’s stratigraphy and showcases the contact between the uppermost Chinchaga 
Formation and the overlying Lower Keg River Formation, mantled by Quaternary 
deposits. This is an absolutely stunning location where the Little Buffalo River cuts down 



through Lower Keg River carbonates, ultimately draining into a series of sinkholes 
creating an approximately 10m high waterfall (see Appendix II, Figure 5). The contact 
between the Chinchaga evaporites and the overlying Keg River carbonates lies directly 
behind the falls. At low flow levels, this contact is readily accessible. Water levels during 
our visit were quite high and the contact was not directly observed. 
 
The second stop was Bell Rock, located approximately 10km west of Fort Smith (see 
Appendix II, Figure 4). Bell Rock is a very interesting outcrop displaying chaotically 
brecciated Lower Keg River Formation carbonates in apparent low-angle fault contact 
with underlying Chinchaga Formation evaporites (gypsum – fully hydrated anhydrite 
precursor) (see Appendix II, Figure 6). The outcrop is an outlier in the sense that it lies 
beyond the Keg River/Chinchaga subcrop edge and occurs all by itself in an area where 
the Precambrian basement should outcrop. This outcrop provides the observer with a 
tremendous opportunity to observe a carbonate solution breccia in three dimensions, and 
presents itself as a fantastic analogue to the carbonate solution breccias found in the 
subsurface of the greater Fort McMurray area, east of the Prairie Formation dissolution 
edge. The interpretation of this outcrop involves glacial thrusting of brecciated Lower 
Keg River carbonates atop Chinchaga evaporites. During the Pleistocene glacial advance 
and retreat phases, the surrounding Chinchaga deposits were eroded. Being shielded by 
overlying carbonates, Bell Rock evaporites were spared from erosion. 
 
Tuesday, June 25th, 2013 
 
The morning was spent reinvestigating the rocks exposed on the northern banks of the 
Peace River by foot at Peace Point, located approximately 100km south-southwest of 
Fort Smith (see Appendix II, Figure 4). Sharon Irwin, Resource Management Officer for 
WBNP, joined us for a few hours. The banks of the Peace River expose evaporites and 
carbonates of the Beaverhill Lake Group, specifically the Fort Vermilion and Slave Point 
Formations. Upstream, younger stratigraphic units are discontinuously exposed such as 
Waterways Formation carbonates, and even Cretaceous clastics.  
 
The exposures at Peace Point are characterized by gypsiferous Fort Vermilion Formation 
strata unconformably overlain by Slave Point fossiliferous shaly limestones. Many 
ancient karst features, notably sinkholes, breccia pipes, and collapsed stratigraphy, can be 
observed here. The observer has the opportunity to view these commonly infilled 
collapsed features in cross-section, and measure their dimensions with relative ease (see 
Appendix II, Figure 7). Observations were made, sections were measured, and 
photographs were taken. No hand samples were retrieved. No attempt was made that day 
to cross the river and visit the exposures on the south banks. Binoculars were employed 
to at least gain an appreciation of what the strata look like on the other side. 
 
The last stop of the day was made at the Salt River Day Use Area (main entrance to the 
park), located approximately 25km southwest of Fort Smith, along Pine Lake Road. A 
short hike was undertaken east of Pine Lake Road along the Salt River Meadow Loop 
trail (see Appendix II, Figure 4). Two exposures of slumped to folded to brecciated Keg 
River carbonates were investigated (see Appendix II, Figure 8). Outcrops east of Pine 



Lake Road were not investigated over the 2012 field season. Observations were made, 
sections were measured, and photographs were taken. No hand samples were retrieved. 
 
Wednesday, June 26th, 2013 
 
After breakfast and fueling the vehicle, we returned to the Salt River Day Use Area in 
order to continue investigating outcrops east of Pine Lake Road along the Salt River 
Meadow Loop trail (see Appendix II, Figure 4). A sinuous and continuous belt of Lower 
Keg River rocks are exposed along the Salt River in this area (see Appendix II, Figure 9). 
The carbonates show numerous examples of syn- and post-depositional depositional karst 
features along this belt. Four sections were measured, observations were made, and 
photographs were taken. No samples were retrieved.  
 
In the afternoon, we drove northwest along Parson’s Lake Road to the Fire Tower in 
order to get a view of the area from atop the hill (see Appendix II, Figure 4). No one was 
present at the tower during our brief visit. 
 
We then drove a short distance north along Parson’s Lake Road and parked on the side of 
the road. We made an attempt to hike down into what Suncor refers to as “Karst Valley” 
(see Appendix II, Figure 4) (referred to as “Sinkhole Valley” in the 2012 field report). 
This is a location that Mike Vassal, WBNP Park Warden, took our field party to during 
the 2012 field season. Due to rain and steep and unstable terrain, we decided to turn back 
to the vehicle after approximately 1.5 hours of hiking. No other attempt was made to 
access “Karst Valley” by foot over the course of the week. 
 
The next stop was the Salt Plains Lookout (see Appendix II, Figure 4). We spent a few 
minutes at the lookout and then hiked down the escarpment to the Salt Plains, proper.  
 
Thursday, June 27th, 2013 
 
On Thursday morning we visited Cassette Rapids, located approximately 40km southeast 
of Fort Smith (see Appendix II, Figure 4). Cassette Rapids is a locality where the 
Precambrian basement and the unconformably overlying La Loche clastics have been 
previously noted. Upon reaching the rapids, only Precambrian basement rocks were noted 
(see Appendix II, Figure 10). Observations were made, and photographs were taken. No 
samples were retrieved. 
 
We then traveled back to Little Buffalo River Falls type section (see Appendix II, Figure 
4) in order to confirm certain observations made over the 2012 and 2013 field seasons. 
More photographs were taken and a detailed and comprehensive stratigraphic section was 
created. 
 
This was a shorter field work day than usual in that we had to return to Fort Smith early 
in order to give a presentation to the public that afternoon. At 4:00pm, we presented a MS 
PowerPoint slideshow entitled “The Geologic Wonders of Wood Buffalo National Park” 
at the park headquarters’ theatre. The presentation was well attended (15+ individuals). 



Material presented included a brief overview of the geologic history of the rocks 
encountered within and outside the park, a brief introduction to the karst process at 
WBNP, how it initiates and evolves, and the importance of karst. Overall, the material 
was well-received. Once complete, we drove to Hay River, NT to meet the Great Slave 
Helicopters pilot for our fly-over on Friday. On the way to Hay River, we stopped at 
Angus Sinkhole for observations and photographs (see Appendix II, Figure 11).  
 
Friday, June 28th, 2013 
 
After an overnight stay in Hay River, we met up with the helicopter pilot and began 
flying back towards Fort Smith. A Restricted Activity Permit was granted prior to the 
flight and is attached in Appendix I. The intent of the day was to get an appreciation for 
the distribution and morphology of the outcrops and karst features with respect to the 
subcropping stratigraphy, as well as to reach difficult to access outcrops. The flight path 
was communicated to park staff prior to the flight and was approved with certain 
conditions (landing and flight altitude restrictions) and is included in Appendix III. 
 
The following lists the sites/outcrops that were investigated by air (in chronological 
order): 

• Bell Rock (flew around; did not land) 
• Rapids of the Drowned (flew around; did not land) 
• Mountain Rapids (flew around; did not land) 
• Pelican Rapids (flew around; did not land) 
• Cassette Rapids (flew around; did not land) 
• Hay Camp (hovered within vicinity of outcrops; did not land) 
• Flew upstream along Slave River and headed upstream along Peace River 
• South banks of Peace River, across from Peace Point (landed) 
• Flew upstream to Boyer Rapids (flew around; did not land) 
• Flew north across karst terrain from Boyer Rapids (landed once; investigated a 

sinkhole and its fill) 
• “Karst Valley” (flew around; landed at base of cliffs) 
• Flew over karst terrain bounded by Fort Smith to the north and Parson’s Lake 

Road to the south (did not land anywhere) 
• Little Buffalo River Falls (flew around; did not land) 
• Back to Hay River (direct from Little Buffalo River Falls across the northwest of 

park; did not land anywhere) 
 
The fly-over occurred without incident and proved to be the highlight of the week in that 
weather held up and all of our day’s goals were accomplished. Appendix III contains a 
selection of 17 photos showing the locations visited by helicopter. 
 
Saturday, June 29th, 2013 
 
Our final day in the field was spent west of the Salt River Day Use Area. Hiking 
approximately 2km northwest along the Salt River, one encounters numerous outcrops 
consisting of dipping to folded and brecciated Lower Keg River carbonates as well as a 



magnificent cliff exposure of Chinchaga Formation evaporites (see Appendix II, Figure 
12). Six sections were measured, observations were made, and photographs were taken. 
No samples were retrieved from these locations. The outcrops located at, southeast, and 
northwest of the Salt River Day Use Area are key to piecing together the karst history in 
this corner of the park. 
 
Once finished, we hiked along the South Loop Trail to Grosbeak Lake to briefly enjoy 
the beautiful scenery and interesting geology (see Appendix II, Figure 4). 
 
Sunday, June 30th, 2013 
 
We returned back to Calgary, via Edmonton. 
 
Wildlife encounters 
 
Without surprise, wildlife was encountered during the course of our week in and around 
the park. Wildlife observed include several wood buffalo, a fox, a moose, two sandhill 
cranes, several falcons, owls, eagles, and pelicans (see Appendix II, Figure 13). No bears 
were observed. None of the encounters caused any significant disturbance to the fauna. 
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PARKS CANADA AGENCY 
RESEARCH AND COLLECTION PERMIT 

(NOT TRANSFERABLE) 

PERMIT No.: WB-2013-13333 

START DATE: 2013-06-23 EXPIRY DATE 2Q13-06-30 

( 

Project Title: Stratigraphy, sedimentology, and karst features associated with 
Devonian carbonates and evaporites found within Wood Buffalo National 
Park, northeast [a continuation of research conducted in 2012 under 
permit# WB-2012-11393] 

Principal Investigator Name: Andres Aitosaar, P.Geo. 

Address: Suncor Energy Inc. 150 - 6th Avenue SW Calgary, Alberta T2P3E3 

Telephone: (403) 296-3451 

Email: aaltosaar@suncor.com 

Affiliation: Suncor Energy inc. 
Is hereby authorized to conduct the research project entitled "Stratigraphy, 
sedimentology. and karst Devonian carbonates and 

within northeast Alberta. [a 
continuation of research conducted in 2012 under permit# WB-2012-113931", 

~"'··~~·,,~~ Number In Wood Buffalo 
National Park of Canada, subject to the terms and conditions set out below and/or 

forming part of this Research and Collection Permit 

Members of Research Team: 
Mr. Jeffrey Bever, P.Geo. 150- Avenue SW Calgary, Alberta T2P3E3 
(403) 296-3288 jbever@suncor.com 

Section{s) 1 (1} 



Conditions for WBNP: 

1 Permit holder must report to the WBNP Fort Smith 872-7900 
the pant It Is also advisable to check in several days ahead 

arrival time as areas of the park may become dosed due to occurrences such as 
Wiidfire. 

allows !he collection of: maximum of 30 rock samples 

3 Where possible, Wood Buffalo National Park staff wdl accompany and assist 
researchers in their fieldwork. 

4. Park staff may take photographs andlor video of researchers working in the park. 
will be used in a variety of ways including public outreach presentations, on 

'"'"''' """"" website and in park publications. 

Researchers will be required to work wi!h Wood Buffalo National Park staff to engage 
local residents, where in the planning of field research in the areas of study 
design, travel, safety and logistics of working in a remote area. 

6. Over the course of their research in the Park, permit holders are required to provide 
some form of public outreach (a public presentation, newsletter or other format targeted 
to a lay audience) to inform the local communities on the significance of their work. The 

mves11g<i1mr or associate will be participate in a Wood Buffalo 
sc1enc:e Forum when scheduled 

7. A field report with a summary of annual results 1s required the end of each field 
season for use in the park research newsletter This is due 2 months after the end of the 
field season. 

A helicopter !anding permit is required and must be carried by the researchers during 
this activity. 

9. Helicopters are required to fly at lea.st 1.500 ft. AGL between landing sites and sites of 
interest, and 2,000 ft AGL over the Whooping Crane Nesting Area. Landing is not 
permitted in the Whooping Crane Nesting Area or the Salt Plains. Avoid flying low over 
wildlife & do not land among wildlife To avoid disturbing nesting birds of prey stay at 
1,000 ft AGL over cliff areas on Lemon & Islands on the Slave River & from Boyer 
Rapids ro 7 km downstream of Peace Point on the Peace River 

National General Conditions: 

apf:rlic~1ble Heritage Area or the conditions of the 
permit may constitute grounds to cancel or suspend the permit, refuse to issue future 

and may be considered as grounds for prosecution under the Act(s) 
or Regulation(s). 

permit holders must be in possession of a valid permit before the fieldwork 
commences and at other periods as stated on the permit 



Permits are not transferable and each member of the field work team must have a copy 
in their po~;se:ss1cm 

for the geographic location, the time period, the activities, and 
under the terms conditions described on the permit, unless amended and 
revalidated by the Superrntendent 

Restrictions: 

The Superintendent may suspend, cancel, or restrict the scope of the permit 

The permit shall cease to be valid if the fie!d'M)rk is oot started within six months of the 
date of issue. 

Other Acts and Regulations: 

Pri,nr.tn::.1 Investigator must abide by applicable regulations and all other federal, 
orc1v1111c1a1t territorial or regulations applying to the Heritage Area. 

If requested by the Superintendent, an authorized Heritage Area staff member, or police 
constable, the Principal Investigator or any team member will identify themselves and 
show the permit 

Principal Investigator Responsibilities : 

A site, or site component(s) that has been excavated or disturbed shall be restored er 
conserved by the Principal Investigator to the satisfaction of the Superintendent 

The Principal Investigator must advise the Research Coordinator of any adjustments ln 
work location, research plan and methodology, scl1edule, or main 
personnel, etc., during the course of the research. 

Unless otheiwlse negotiated, Researchers working in a Heritage Area are required, as a 
condition of their permit, to submit 

a) A report of progress sixty (60) days following the ,.,.,,,..""'""r"' of the field season, 
unless otherwlse agreed with the Research Coordinator: 

b) A final report, one (1) electronic copy and three (3) hard copies, no later than eight (8} 
months following the completion of the field season, unless otherwise agreed with the 
Research Coordinator; 

Submission of an online Annual Report (IAR) within one year of signing 
In the case of a multi-year permits, the investigator will submit an 

each year of the research. 

The do not replace any reporting requirements set out in 
any contract between Parks Canada and !nvestigatOf. 

The 1-Jnr•rm:>1 n1ieSWJ<nor 
assistants must observe any 

ra.c:nr.r1<:•hJ,, for all members of their party. AH field 
conditions of the 



The Principal Investigator shall at all times indemnify and save harmless the Crown from 
against all claims, costs, damages, or other 

proceedings, by whosoever made, sustained, brought or in any manner 
upon, occasioned or attributable to, anything done or omitted the Principal 

Investigator the fulfillment or fulflilment of any of the 
conditions of 

General Conditions Governing Natural Science Research: 

collected under authority of this permit remain the property of the 
rc~m;Qjna\ and are considered on loan to the permit holder. Final disposition of 

must be as shown in the project unless amended by the 
1oeir1nt13ooent Export of objects or require by the 

and is subject to the Convention on international Trade in Endangered Species of Wild 
Fauna and Flora (CITES). the Cultural Property Export and Import Act and the Export 
and Import Permits Act Intention to export specimens must be indicated in the project 
proposat 

Only the natural objeets or categories of natural objects indicated on the permit may be 
collected. 

A detailed inventory of material collected will be provided to the Heritage Area prior to Its 
removal by the researcher. 

When fossils or evidence of previous human occupation are found, they should be 
reported to the Superintendent and must be left undisturbed until Inspected by a Parks 
Canada palaeontologist or archaeologist 

Special Conditions: 

Principal Investigator Signature 
!, Altosaar, P.Geo., the Project Principal Investigator, accept all the 

Permit terms and conditions. 

Signature 

ZC!J\3/0sLOL 
Date (yyyy/mm/dd} 



Ageroval: 
Permit '"';;>"ac:u1'""ni""rn"""n by: 

Parks Canada Contact 
Sharon Irwin 

National Park of Canada 
McDougal Road 

PO Box750 
Fort Smith, Northwest Territories, XOE OPO 
(867) 872-7948 
Sharon. lrwin@pc.gc.ca 



Restricted Activity Permit I Resource Use Permit 

Permit Number WBS2013-008 Issuing Office: Fort Smith Resource Con~rvation Of 

Function: Resource Management Program: Operations 

Permit Type: RESTRICTED ACTIVITY Oate of 1.ssue: 02-May-13 

PERMIT INFORMATION: Resurch Permit#; \VB-2013-13333. 

Special Activity: l.AND HELICOPTER 

Route: Hay River to Fort Smith-Stave River-Peace River-Pesce Polar area-between Robertson & McNeil! Lakes 

Purpme: To study stratigraphy, sedimentology & karst realures 

APPLICANT INFORMATION 

Province/State: AB --------Fax Number: (403) 296-4603 

VEHICLE/ AIRCRAFT INFORMATION: 
Type: HELICOPTER 

Aircrart Registration: 

Model: 

Company Name, Address Great Slave Helicopters 867-873-2081 
and Phone Number. 

Commodity Carried I passengers 

Colour: 

Comments and/or 
Sf)t!cial Condition§: 

Landing is not permitted in the Whooping Crane Nesting Area (WCNA) or the Salt Plains. 
Flying height over WCNA is 2,000 fl AGL. fly at 1,500 ft. AGL between sites of 
interest/landing sites. Avoid nying low over wildlife & do not land among wildlife. To avoid 
disturbing nesting falcons stay at 1,000 Ft. AGL over Lemon & Stony Islands on Slave River 

'----------& from Boyer Rapids to 7 km downstream of Peace Point on Peace River. 

Permit Valid From 28-Jon-13 Permit Valid To: 28-Jun~IJ Delivered by: E-MAIL 

Permit Jssued By: 

Authorization Signature: 

Applicant Signature: Date: 

NOTE: SPECIAL CONDITIONS APPLY TO THIS PERMIT 

I. The Canada Narional Pu ks Act nd Rcj?11latloo$ 1pply. 

2. Tbc pt'rmit m~'' Ix carried by tht pt'rmit holdn and shown to a Park Warden or Putt Officer on <kmaod. 

J. This permit may be unctlltd at lift)' lime by .. rillcn or nrhal nmitt. 

~. This ~rmil i~ valid ooly for rhr dllln and location~ 1b(}w11. 

!'. Tbi• ptrmir ;, not rran,r•nblc. 

6. If Or~ ptrmil, ~II firu mu~t ~ l.:rpt under control and IUJ><'rvitcd 11 all timtt. 

' . Not "ilb•tandinl( any (}th•r prmisions of lhil< pnmi!, rbt ptrminer ihall in«kmnifr 

Park.~ Canada Ai,:tnry from any and all li»hilitie•. rn>ls. damagts. daimf. <11it.• or actions arising 

from : •> any dama~t 10 proptrt}: or 

bJ any injury ro • ptr~on or 1'<'••1111• indudint dtalll Ol'-casinnrd by tht pt'.rmitttr 

] 
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Figure 1: The Elk Point Group subcrop/outcrop belt of northeastern Alberta and Northwest
Territories (shaded in yellow and black).
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Figure 3: The location of Suncor's Firebag SAGD oilsands operationin the greater Fort McMurray region, in relation to the town ofFort Smith, NT and the northeast corner of WBNP.

aaltosaar
Typewritten Text

aaltosaar
Typewritten Text

aaltosaar
Typewritten Text

aaltosaar
Typewritten Text





Figure 5: Little Buffalo River Falls (NT)

Chinchaga Fm
(evaporites)

Keg River Fm
(carbonates)

Keg River Fm

Chinchaga Fm

Collapse structure (karst)

Little Buffalo River Falls is considered 
the type section for the lower portion 
of WBNP stratigraphy.



Photographs taken from helicopter 
showing the Little Buffalo River Falls. The 
drainage pattern of the river is dictated by 
the rugged karst topography in the area.
Note the abundant carbonate blocks at the 
base of the sinkhole.

Figure 5: Little Buffalo River Falls (NT)



Figure 6: Bell Rock (NT)

Low angle fault



Figure 6: Bell Rock (NT)

Trace of the low‐angle fault
at Bell Rock.

Bell Rock from the air.



Figure 7: Peace Point (WBNP, AB)
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Figure 7: Peace Point (WBNP, AB)
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Figure 8: Salt River Meadow Loop trail (east of Pine Lake Road)

Large faulted and tilted blocks of Lower Keg River Fm carbonate

Faulted Lower Keg River Fm carbonate



Figure 9: Salt River Meadow Loop trail (east of Pine Lake Road)
Abundant syn‐ to post‐deposition karst‐related structure can be seen at these exposures.



Figure 10: Cassette Rapids (AB)

Cassette Rapids from the air

Precambrian basement feldspathic
granitic gneisses are exposed at 
Cassette Rapids. La Loche Fm clastics 
were not observed at this locality.



Figure 11: Angus sinkhole



Figure 12: Outcrops immediately northwest of the Salt River Day Use Area
Chinchaga Fm gypsum cliff

Chinchaga Fm hydration‐related anticline

Andres Altosaar & Jeffrey Bever
Salt River Day Use area, June 2013



Figure 13: 2013 Wildlife photos

Falcon at “Gypsum Cliff” (northwest of the SRDUA)



Figure 13: 2013 Wildlife photos

Sandhill crane east of SR9 (southeast of the SRDUA)



Figure 13: 2013 Wildlife photos

Pelican at Rapids of the Drowned



Figure 13: 2013 Wildlife photos

Wood buffalo on the side of HWY 5 (near the northwest boundary of WBNP, NT)
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Fly‐over flight plan & photos



FLIGHT PLAN



Herd of wood buffalo in the NW corner of WBNP (on the way to Fort Smith from Hay River)



Bell Rock, NT



Rapids of the Drowned (Fort Smith in the background)



Mountain Rapids, AB



Pelican Rapids, AB



Cassette Rapids, AB



Hay Camp, AB: syn‐ to post‐depositional brecciation of Lower Keg River Fm carbonates (karst‐related)



Looking upstream along the Peace River – Peace Point in the distance (WBNP, AB)



South banks of the Peace River (WBNP, AB) – hydration‐related anticline (Fort Vermilion Fm)



Boyer Rapids (WBNP, AB): Fort Vermilion / Slave Point / Waterways formations



“Karst Valley” (WBNP, AB): cliffs formed within Chinchaga Formation anhydrites



Heavily karsted terrain between Parson’s Lake Road and the Salt River (“Karstland”)
(WBNP, AB)



Inconspicuous Lower Keg River Formation outcrops (minor escarpments) in “Karstland”
(WBNP, AB)



Walk In Cave general area sinkhole in “Karstland” (WBNP, AB)



Grosbeak Lake (WBNP, AB)



Salt River Day Use Area (SRDUA)
(WBNP, AB)



NW of the Salt River Day Use Area (SRDUA)
(WBNP, AB)

Chinchaga Fm 
“Gypsum Cliff”

Salt River
Day Use Area
(SRDUA)



Little Buffalo River Falls, NT (LBRF)
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The geology of Wood Buffalo National Park, AB/NT, Canada: stratigraphy, 
sedimentology, and karst features associated with Devonian carbonates found 

within the northeast corner of the park. 

Introduction 

Over the summers of 2012 and 2013, for a total of two weeks, Suncor Energy Inc. sent 
two geoscientists to investigate the discontinuously exposed Middle Devonian 
stratigraphy and associated karst features within the boundaries of Wood Buffalo 
National Park (WBNP), northeast Alberta. The fieldwork was accomplished by vehicle, 
foot, and helicopter. The two geoscientists in question were Andres K. Altosaar, P.Geo. 
(principal investigator and author of this report) and Peter Vermeulen, P.Geoph/Jeffrey 
Bever, P.Geo. (field assistants). Base camp and accommodations were made at the 
Pelican Rapids Inn, across the street from the WBNP head office, in Fort Smith, NT. 
After each day of field work, we returned to our accommodations. No overnight stays 
within the park were made. 

A great deal of valuable geological data were collected over the course of the study, 
which in turn has greatly enhanced Suncor’s understanding of Middle Devonian Elk 
Point Group stratigraphy, it’s post-depositional history, and the karstification process. 

The northeast corner of the park lies within the Elk Point Group subcrop/outcrop belt: 
the eastern erosional edge of the Elk Point paleo-basin that extends from southwestern 
Manitoba to the Northwest Territories. The rocks exposed within the park and around 
the nearby town of Fort Smith, NT include, in stratigraphic order, Precambrian granitic 
gneisses, basal sandstones of the La Loche Formation (a.k.a. Granite Wash / Basal 
Red Beds), Chinchaga Formation (a.k.a. Contact Rapids Formation) mixed evaporites 
and carbonates, Keg River Formation (a.k.a. Winnipegosis Formation) carbonates, as 
well as the overlying Fort Vermilion evaporites and Slave Point carbonates, of the 
Beaverhill Lake Group. Prairie Formation evaporites (a.k.a. Muskeg/Nyarling Formation) 
and dolomudstones of the Watt Mountain Formation do not outcrop in the area. Local 
occurrences of Cretaceous clastics have been previously noted within the park, 
however, were not directly investigated. Laterally extensive Quaternary glacial and post-
glacial sediments blanket the region. See Appendix IV, Figure 1 for a stratigraphic 
column. 

Due to the presence of at- or near-surface evaporites and fractured carbonates, the 
terrain of northern WBNP is pockmarked with hundreds of sinkholes of a variety of 
dimensions and ages, networks of underground cavernous systems, and lined with 
several prominent escarpments that extend for a few kilometers. These features are all 
attributed to solution of predominantly subsurface evaporites (and to a lesser extent, 
carbonates) coupled with collapse of overlying stratigraphic successions, and erosion. 



Suncor’s intent of investigating the park’s geology lies in the fact that similar karst 
features are commonly imaged using geophysical methods in the subsurface of the 
general Fort McMurray area at the sub-Cretaceous unconformity (SCU) level, where 
Suncor’s Firebag steam-assisted gravity drainage (SAGD) oilsands operation is located. 
In this area, based on relatively simple stratigraphic relationships between the Devonian 
Beaverhill Lake Group and the overlying Cretaceous McMurray and Clearwater 
formations, a relative sense of timing regarding the genesis of the buried karst features 
can be resolved. This sense of timing is key to evaluating and maximizing the true 
resource potential of the McMurray, and determining the appropriate extraction 
method(s) of the bitumen. Furthermore, the potential of these karst features to have 
affected the overall integrity of the caprock successions needs to be evaluated in order 
to ensure safe and efficient SAGD operations. The difficulties associated with accurately 
imaging and characterizing the commonly karsted SCU lie within the resolution of the 
seismic survey, and to a lesser extent, corehole spacing. Investigating the karst of the 
park is a relatively inexpensive way to gain an appreciable sense of scale, and presents 
itself as a superb analogue. To geologists and geophysicists alike, the opportunity to 
observe, measure, and characterize a world-class, present-day karst terrain such as 
that found within WBNP, is extremely valuable. 

Geology 

The following documents (figures, photos, posters, and cross-sections) describe the 
current and most up-to-date geological interpretation pieced together by Suncor 
geoscientists who conducted fieldwork over two combined weeks (summers 2012 and 
2013). Material provided to Parks Canada by Suncor during 2012, including both the 
field report and the presentation to the public, reflect an incomplete interpretation in 
which certain key ideas and concepts are not represented. 

Complexity is introduced into the stratigraphic framework of northeast WBNP (Figure 1) 
through a lack of subsurface data, but most importantly, karstification. This highly 
erosive process, active intermittently over the last 370 million years, has transformed a 
predictable and relatively flat-lying stratigraphic package into the generally chaotic 
succession that is currently observed.  Figure 2 depicts a schematic geologic cross-
section through the northeast of WBNP. The cross-section runs from southwest of 
Peace Point to the Slave River, just east of Fort Smith, NT (~Rapids of the Drowned). 
Although schematic, it provides a general representation of the subsurface and the 
various stratigraphic relationships. 

An overview of the karst process affecting the rocks and terrain of northeast WBNP is 
provided in Figure 3. The leading cause of instability of the terrain is the presence of 
near-surface, soluble evaporites overlain by fractured carbonates. Mildly acidic surface 
waters percolating through the carbonate substrate reach and initiate hydration and 



dissolution of the underlying anhydritic succession (Chinchaga Formation). Over time, 
subsurface voids are created into which overburden collapses. Dissolution of both 
evaporites and carbonates creates many of the karst features, such as sinkholes, 
observed in this area of the park. Continued dissolution and collapse causes many of 
the karst features to coalesce, forming larger sinkholes or even escarpments/cliffs. 
Areas in which dissolution is currently occurring (e.g. “Karstland” and “Karst Valley”) are 
most critical to identify in that subsidence or even catastrophic collapse could occur in 
the modern. Karstification is a natural process that has affected and will continue to 
affect this area. Ultimately, in a geologic timeframe, karst and erosion will erase the 
Devonian rock record from the area, leaving behind resistant and planed off 
Precambrian basement. 

The following paragraphs provide a brief interpretation of the outcrops/localities that 
were used to construct the geologic model of northeast WBNP. 

Little Buffalo River Falls (NT) – Figure 4 

Little Buffalo River Falls (LBRF) is located in the Northwest Territories, approximately 
50km west of Fort Smith, just to the north off of Highway 5. LBRF is considered the type 
section for the ~375 million year old Keg River Formation in that it displays the most 
complete section of these carbonate rocks. The contact between the uppermost 
anhydritic Chinchaga Formation and the overlying Lower Keg River Formation (mantled 
by Quaternary deposits) can be seen here. This is an absolutely stunning location 
where the Little Buffalo River cuts down through Lower Keg River carbonates, ultimately 
draining into a series of sinkholes creating an approximately 10m high waterfall. The 
Keg River Formation at LBRF consists of bedded fossiliferous carbonates (limestones 
and dolomites) attaining a total thickness of approximately 20 meters. Macroscopic 
fossil content includes brachiopods, crinoids, stromatoporoids, corals, and cephalopods. 
The most striking element of the LBRF succession, aside from the spectacular waterfall, 
is the contact between the Chinchaga and Keg River formations, which is readily seen 
directly behind the falls. The contact shows that dissolution of the uppermost Chinchaga 
anhydrite beds occurred as the Lower Keg River strata were being deposited (syn-
depositional dissolution). Evidence supporting this is a vvariably thick Unit 1 (see Figure 
4) that tends to infill topography on the contact (top of the anhydrite) and undulatory to 
internally deformed (crenulated) laminae that compose Unit 1 (dark grey/black 
bituminous limestone). Unit 6, a ~0.8m dolomitic limestone package characterized by its 
fossiliferous and recessive nature, is an important marker bed used here to correlate 
Keg River outcrops over the northeast of the park. Figure 10 consists of a regional 
structural cross-section tying all the outcrops together in which this marker bed is 
highlighted in blue. The Unit 6 marker is present over 60km away in the Salt River Day 
Use Area (SRDUA). In terms of deposition, this bed marks a major event in Elk Point 



Basin history that may represent either a deepening of the basin, or even a “dying 
event” associated with changes in environmental conditions or seawater chemistry. 

“Karst Valley” – Figure 5 

“Karst Valley” is an approximately north-south trending elongate valley developed within 
Chinchaga Formation anhydrite beds, located southwest of the Salt Plain Lookout. The 
valley base is most easily accessed by helicopter but can also be accessed by heading 
east from the northwestern extent of Parson’s Lake Road (PLR). Terrain leading to the 
valley from PLR is extremely rugged as it is pockmarked with dozens of sinkholes that 
need to be traversed. The anhydrite cliffs exposed at “Karst Valley” tower approximately 
30m high. The base of the valley is generally very wet and is littered with large, calved 
blocks of anhydrite, burying much of the lower Chinchaga evaporite. This locality is the 
type section for the Chinchaga Formation in the study area as it exposes the most 
complete and intact succession. The contact between the Chinchaga and Keg River 
formations is discontinuously exposed along the top of the cliff face, although only Units 
1 through 3 were documented. Glacial erosion has removed the overlying Keg River 
units from the area (~Units 4 through 7). Correlation to LBRF, approximately 20km to 
the northwest, is accomplished via the preserved Chinchaga/Keg River contact. 

 

Bedded Chinchaga evaporites exposed along the “Karst Valley” cliff face. 

  



“Walk-in Cave” general area sinkhole – Figure 6 

The sinkhole in question was visited by foot in June of 2012 and by helicopter in June of 
2013. This relatively recent sinkhole, in geologic terms, exposes the uppermost units of 
the Keg River Formation on its walls (Units 4 through 7). The sinkhole is partially infilled 
with water and large blocks of carbonate detritus derived from the calving walls. 
Although not investigated up close, the cavernous portion appears to expose lower units 
of the Keg River Formation. Its elongate shape most likely represents the coalescence 
of two smaller sinkholes. It is interpreted that much of the 30+m of Chinchaga 
evaporites (gypsum) have been dissolved at this locality. The general area contains 
hundreds of sinkholes and escarpments (“Karstland”) developed within the Keg River 
Formation, all of which are associated with dissolution of Chinchaga gypsum. This is an 
area of active karsting. Correlation to “Karst Valley”, located approximately 26km to the 
northwest, is achieved through the presence of the Unit 6 marker. 

Salt River sections northwest of the SRDUA – Figure 7 

The Salt River Day Use Area is at the northeastern entrance to WBNP. Here, the Salt 
River flows through a small northwest-southeast trending valley carved into Lower Keg 
River (LKR) carbonates. The rocks are discontinuously but relatively well exposed along 
the valley walls forming escarpments ranging in height between 1 and 20m.  The LKR is 
unconformably overlain by a thin (< 2m) veneer of Quaternary glacial sediment and soil. 
Hiking through the valley northwestwards from the SRDUA for approximately 1.2km, 
one encounters, on the west side, a 20+m cliff exposure of highly contorted bedded 
gypsum, termed “Gypsum Cliff” in this report. Although no markers within the evaporitic 
package were identified to aid with the tie, the gypsiferous succession represents 
hydrated Chinchaga Fm anhydrite that is correlated to the “Karst Valley” anhydrite 
exposure. Possible Keg River strata (Units 1 and 2) were noted near the top of the cliff 
but no attempt was made to confirm this due to the presence of nesting falcons. 
Nonetheless, this succession represents at least half of the 30+m Chinchaga Formation 
(volume increase due to hydration as well as dissolution/erosion needs to be taken into 
account).  



 

Contorted gypsiferous beds of the Chinchaga Formation at “Gypsum Cliff”. 

SR1 (SR=Salt River) is located 320m south-southeast of “Gypsum Cliff” and is a poorly 
exposed slope consisting of predominantly carbonate detritus. Upon closer inspection, it 
was noted that the rubble contains many metre-scale blocks derived from uppermost 
Chinchaga evaporite beds and Lower Keg River carbonates, arranged in stratigraphic 
order. The contact between the Chinchaga and Keg River Formation is preserved in at 
least one of the blocks, and overlying blocks are derived from Units 1 through 4, with 
possible Units 5, 6, and 7 detritus above. This outcrop is interpreted as the fill of a 
collapse structure associated with pre-glacial karsting. Collapse is inferred to have 
occurred slowly and differentially in order for the fill to have preserved stratigraphic 
order.  

SR2 is located 220m southeast of SR1 along the western side of the valley. It is a small 
outcrop consisting of Lower Keg River Formation Units 2 through 4. The Salt River flows 
over of beds of Unit 2. 

SR3 is a better exposed outcrop located 220m southeast of SR2 (east side of the 
valley) and consists of Lower Keg River Formation Units 5, 6, and 7. The Unit 6 marker 
horizon is well exposed midway in the rock face and allows correlation of SR3 to the 
“Karstland” sinkhole, “Karst Valley”, and LBRF localities.  



 

LKR carbonates at the SR3 outcrop. 

SR4 is located a short distance upstream from SR3 on the same side and exposes 
Lower Keg River Units 5 and 6. 

Salt River Day Use Area (SRDUA) – Figure 8 

The park’s entrance hosts easily accessible and very interesting exposures. The 
northeastern side of the Salt River showcases a 9m high cliff consisting of Lower Keg 
River carbonate Units 6 and 7. The skewed anticlinal nature of the outcrop is related to 
hydration of (once) underlying Chinchaga gypsum accompanied by slow and differential 
subsidence. Low rates of subsidence are key to preserving layering; high rates of 
subsidence (or collapse) lead to brecciation. The presence of the Unit 6 marker horizon 
at the very base of the section allows correlation of the SRDUA pseudo-anticline to 
SR4, SR3, the “Karstland” sinkhole, “Karst Valley”, and LBRF localities. The southwest 
side of the river exposes a complex solution breccia consisting of carbonate blocks 
(possibly) equivalent to the pseudo-anticlinal section 150m away. At this location, 
subsidence is interpreted to have occurred rapidly and more chaotically, which accounts 
for the heavily brecciated nature of the rocks. 



 

Exposure on the southwest side of the Salt River at the SRDUA. 

Salt River sections southeast of the SRDUA – Figure 9 

The exposures southeast of the SRDUA consist of Lower Keg River carbonates, 
predominantly showcasing carbonate beds of Unit 7. Outcrops SR5 through SR9 
display spectacular examples of solution brecciation and syn-depositional faulting and 
karsting. SR9, in particular, displays an internal breccia body contained within Unit 7 
overlain by relatively flat-lying carbonates indicating that this breccia formed during 
deposition of the Lower Keg River, over 370 million years ago. To preserve this 
stratigraphic relationship, dissolution of underlying Chinchaga evaporites and 
subsidence of Keg River strata must have occurred relatively slowly. SR5 to SR9 
highlight the variability of deformation (and its relative timing) that can occur within 
solution breccias. Further outcrops were noted east of SR9 but were not accessed due 
to the presence of two sandhill cranes nesting within the Salt River marshes. From a 
distance, these outcrops appeared showcased minor Keg River strata with an 
increasing amount of Quaternary sediment. 



 

Syn-depositional faulting within LKR carbonates at the SR8 outcrop. 

Regional cross-section – Figure 10 

Figure 10 is a vertically exaggerated regional geological cross-section that ties the 
LBRF type-section to Precambrian basement rocks exposed at Cassette Rapids. All 
sections measured in between are also used for the correlation. As mentioned 
previously, correlation of the outcrops is accomplished by the presence of the 
Chinchaga/Keg River contact and the Lower Keg River Unit 6 marker bed. The cross-
section is of a structural nature, based on relative sea level. 

In the LBRF and “Karst Valley” localities, it is interpreted that the full section of 
Chinchaga Formation evaporites is present and rests on the Precambrian basement (La 
Loche Formation?). Erosion at “Karst Valley” is very active reflected by the abundant 
evaporitic blocks shed from the cliff face. In the “Karstland” area, the Chinchaga 
Formation is in the process of being hydrated and dissolved which accounts for the 
numerous karst-related features that can be observed in the area. The “Gypsum Cliff” 
outcrop, northwest of the SRDUA, represents the fully hydrated and partially eroded 
Chinchaga Formation. The full gypsum section has been dissolved only a few hundred 
meters away at SR1. It is interpreted that this dissolution occurred prior to Pleistocene 
glaciation. Eastward beyond SR1, preserved Lower Keg River carbonates are 
interpreted to have subsided/collapsed onto the Precambrian basement (or La Loche 



Formation if present). The Karstland Loop trail, southeast of the SRDUA, highlights 
many karst features where remnant Chinchaga gypsum can still be observed, indicative 
of karst still being very active in the area.  

It is key to note that the overall terrain becomes more and more rugged toward the 
SRDUA, or the main escarpment in general, from the southwest. The karst process is 
more active where the Chinchaga is hydrated (gypsum being more soluble) and the 
overlying carbonate has a higher degree of fracturing. The Salt River Day Use Area 
reflects one point along the subcrop edge of the Chinchaga Formation evaporites. This 
NW-SE trending subcrop edge, over geologic time, will migrate southwestwards across 
“Karstland” through hydration followed by dissolution of Chinchaga evaporites, causing 
the overlying Devonian carbonates to subside and collapse. Time and erosion will 
remove the collapsed Keg River debris, transforming the terrain beyond the subcrop 
edge into marshlands and salt plains. 



FIGURE 1 

  





FIGURE 2 

  





FIGURE 3 

  





FIGURE 4 

  





FIGURE 5 

  





FIGURE 6 

  





FIGURE 7 

  





FIGURE 8 

  





FIGURE 9 

  





FIGURE 10 





APPENDIX V 



Summer 2012 Field Report 

Author: Andres K. Altosaar, P.Geo. 
Organization: Suncor Energy Inc. 
Permit No: WB-2012-11393 
Start date: 20 I 2-06-17 
Expiry date: 2012-06-22 

Project title: 
Stratigraphy, sedimentology, and karst features associated with Devonian carbonates and 
evaporites found within Wood Buffalo National Park, northeast Alberta . 

.Introduction 

In June of 2012, for a period of 6 days (Sunday, June 17111 to Friday, June 2211
d), Suncor 

Energy Inc. sent two geoscientists to investigate the discontinuously exposed Middle 
Devonian stratigraphy and associated karst features, within the boundaries of Wood 
Buffalo National Park (WBNP), northeast Alberta. This field excursion was in 
accordance with the Parks Canada permit number WB-2012-11393 (see Appendix II), 
and was accomplished by vehicle and by foot. The two geoscientists in questions were 
Andres K. Altosaar, P.Geo. (principal investigator and author of this report) and Peter 
Vermeulen, P.Geoph. (field assistant). Base camp and accommodations were made at the 
Pelican Rapids Inn, across the street from the WBNP head office, in Fort Smith, NT. 
After each day of fie ld work, we returned to our accommodations. No overnight stays 
within the park were attempted. 

A great deaJ of valuable geological data were collected over the course of this brief field 
excursion, which in turn has greatly enhanced Suncor' s understanding of Middle 
Devonian Elk Point Group stratigraphy, it's post-depositional history, as well as the 
karstification process. 

The northeast corner of the park lies within the Elk Point Group subcrop/outcrop belt: the 
eastern erosional edge of the Elk Point paleo-basin that extends from southwestern 
Manitoba to the Northwest Territories (see Appendix I, Figure 1 ). The rocks exposed 
within the park and around the nearby town of Fort Smith, NT include, in stratigraphic 
order, Precambrian granitic gneisses, basal sandstones of the "Granite Wash" type, 
Chinchaga Formation (a.k.a. Contact Rapids Formation) mixed evaporites and 
carbonates, Keg River Formation (a.k.a. Winnipegosis Formation) carbonates, as well as 
the overlying Fort Vermilion evaporites and Slave Point carbonates, of the Beaverhill 
Lake Group. Prairie Formation evaporites (a.k.a. Muskeg Formation) and dolomudstones 
of the Watt Mountain Formation do not outcrop in the area. Local occurrences of 
Cretaceous elastics have been noted within the park, however, were not investigated. 
Laterally extensive Quaternary glacial and post-glacial sediments blanket the region. 

Due to the presence of at- or near-surface evaporites and fractured carbonates, the terrain 
in the northeast corner of WBNP is pockmarked with hundreds of sinkholes of a variety 



of dimensions and ages, networks of underground cavernous systems, and lined with 
several prominent escarpments that extend for several kilometers. These features are all 
attributed to solution of predominantly subsurface evaporites (and to a lesser extent, 
carbonates) coupled with collapse of overlying stratigraphic successions, and erosion. 

Suncor's intent of investigating the park's geology lies in the fact that similar karst 
features are commonly imaged using geophysical methods in the subsurface of the 
general Fort McMurray area at the sub-Cretaceous unconformity (SCU) level, where 
Suncor's Firebag steam-assisted gravity drainage (SAGD) oilsands operation is located 
(see Appendix I, Figure 2). In this area, based on relatively simple stratigraphic 
relationships between the Devonian Beaverhill Lake Group substrate and the overlying 
Cretaceous McMurray and Clearwater formations, a relative sense of timing regarding 
the genesis of the buried karst features can be resolved. This sense of timing is key to 
evaluating and maximizing the true resource potential of the McMurray, and determining 
the appropriate extraction methodology (ies) of the bitumen. Furthermore, the potential of 
these karst features having affected the overall integrity of the caprock successions needs 
to be evaluated in order to ensure safe and efficient SAGD operations. The difficulties 
associated with accurately imaging and characterizing the commonly karsted SCU lie 
within the resolution of the seismic survey, and to a lesser extent, corehole spacing. 
Investigating the karst of the park is a relatively inexpensive way to gain an appreciable 
sense of scale, and presents itself as a superb analogue. To geologists and geophysicists 
alike, the opportunity to observe, measure, and characterize a world-class, present-day 
karst terrain such as that found within WBNP, is truly one of extreme value. 

Appendix I contains maps, photographs and figures. Appendix II contains a copy of the 
Parks Canada research permit issued for this field work. 

Discussion 
Overview of field work 

Sunday, June 1 ?'h, 2012 

We arrived in Fort Smith and settled into our accommodations. We prepared for the next 
day's field work. 

Monday, June 18111
, 2012 

The first stop made was the Rapids Of The Drowned locality, located a short (~2km) hike 
from the core of Fort Smith, NT, along the banks of the Slave River (see Appendix I, 
Figure 3, 1). Exposed at this location are glacially- and fluvially-eroded Precambrian 
granitic gneisses, otherwise considered as basement rocks (see Appendix I, Figure 4). 
The outcropping pink-colored meta-granites are predominantly composed of quartz, 
potassium feldspar, and hornblende phenocrysts, with minor biotite and chlorite. 
Numerous centimeter to decimeter scale mafic dykes, commonly organized in swarms, 
cut across the host rock which typically exhibits various degrees of contact 
metamorphism. These basement rocks are very similar to those found within the 



subsurface of the general Fort McMurray area and are part of what is termed as the 
Taltson Magmatic Zone. One fist-sized sample was retrieved from the exposure in order 
to cut thin sections from and analyze the components of the rock in greater (microscopic) 
detail. After investigation, we visited the WBNP headquarters in Fort Smith in order to 
check in and receive our hardcopy of the research permit. 

The second stop was the Bell Rock outcrop, located approximately I 0 km west of Fort 
Smith (see Appendix I, Figure 3, 2). Here, soluble and partially dissolved gypsum of the 
Chinchaga Formation is exposed, overlain by brecciated Lower Keg River carbonates 
(see Appendix I, Figure 5). Only the southern portion of this outcrop was investigated in 
order to not trespass on Native lands (a land marker was noted and respected). Notes 
were made and photographs were acquired. This outcrop provides the observer with a 
tremendous opportunity to visualize what a carbonate solution breccia looks like in three 
dimensions, and presents itself as a fantastic analogue to the carbonate solution breccias 
found in the subsurface of the greater Fort McMurray area, east of the Prairie Formation 
dissolution edge. One fist-sized sample was retrieved from the carbonate breccia in order 
to cut thin sections from and analyze the components of the rock in greater (microscopic) 
detail. 

The third stop consisted of a series of "gravel pits" located approximately 5km west of 
the Salt Plain lookout, along Parson's Lake Road (see Appendix I, Figure 3, 3). Glacially
eroded and striated Lower Keg River carbonate strata are discontinuously exposed here 
(see Appendix I, Figure 6). Many Middle Devonian fully-marine fossils can be found 
embedded in the rock. The strikes of glacial striations were acquired, notes on 
observations were made, and photographs were taken. No rock samples were acquired. 

The fourth and final stop was the Salt Plain Lookout (see Appendix I, Figure 3, 4). A 
descent to the base of the talus covered escarpment was made in order to investigate the 
nature of the lowlands (marshlands), the halite (salt) deposits, the Salt River, as well as 
the characteristics of the northwestern extension of the escarpment (see Appendix I, 
Figure 7). Notes were made and photographs were acquired. No samples were retrieved 
from here. 

Tuesday, June l 91
h, 2012 

The first stop made was at the Salt River Bridge, located approximately 25 km southwest 
of Fort Smith, along Pine Lake Road (see Appendix I, Figure 3, 5). Only rocks situated 
on the west side of Pine Lake Road were investigated. Here, large-amplitude folded to 
brecciated carbonates of the Lower Keg River Member are exposed (see Appendix I, 
Figure 8). Some observations were made, photographs were taken, however no samples 
were retrieved. 

The second stop of the day was Peace Point, in order to visit the Beaverhill Lake Group 
carbonate and evaporite exposures along the Peace River, located approximately l 00 km 
south-southwest of Fort Smith (see Appendix I, Figure 3, 6). The upstream continuous 
exposures along the north banks of the Peace River were investigated by foot. The 



exposures are characterized by gypsiferous Fort Vermilion Formation strata overlain by 
Slave Point fossiliferous limestones. Many karst features, notably sinkholes, breccia 
pipes, and collapsed stratigraphy, can be observed here. The observer has the opportunity 
to view these commonly infilled collapsed features in cross-section, and measure their 
dimensions with relative ease (see Appendix I, Figure 9). Some observations were made, 
photographs were taken, however no samples were retrieved. No attempt was made to 
cross the river and visit the exposures on the south banks. Binoculars were employed to at 
least gain an appreciation of what the strata look like on the other side. 

The third stop of the day consisted of a series of closely-spaced sinkholes along the 
southeast portion of Parson's Lake Road (see Appendix I, Figure 3, 7). Numerous small 
(<30 m diameter), partially infilled, and overgrown sinkholes were noted (see Appendix 
I, Figure 1 Oa) while driving along the road. 

After parking our vehicle, we hiked a relatively short ( <2 km) distance northward into the 
bush off of Parson's Lake Road to investigate a larger sinkhole that was identified from 
aerial photography and high resolution satellite imagery (see Appendix I, Figure 3, 8). 
This particular sinkhole appeared to be relatively recent in terms of geologic time and 
measured at least 60 m in diameter (see Appendix I, Figure IOb). Water commonly 
infilled the deepest portions of the sinkhole (- 20m) which also included large car- to 
house-sized blocks of calved Lower Keg River carbonate, originating from the walls of 
the feature. A significant overhang (cavernous within the sinkhole) was also noted which 
measured approximately 2-3 min thickness. Vegetation appeared to be still growing on 
certain blocks indicating that the calving and mass wasting processes are relatively recent 
and ongoing. This statement is further supported by the numerous arcuate slump scars 
rimming the sinkhole, as well as the general lack of moss and lichen atop the calved rock. 
Many observations were made and numerous photographs were acquired. Samples were 
not retrieved from this location nor was any attempt made to descend to the base of the 
sinkhole. A safe distance from its margins was kept at all times. 

Wednesday, June 201
h, 2012 

The first stop of the day was at the Little Buffalo River Falls, located approximately 50 
km west of Fort Smith, along Highway 5 (see Appendix I, Figure 3, 9). Exposed at this 
locality are carbonates of the Lower Keg River Member. The Little Buffalo River drains 
into what is interpreted as a relatively linear amalgamation of sinkholes trending 
southwest-northeast, forming a spectacular and breathtaking - 10 m waterfall (see 
Appendix I, Figure 11 ). Strata are easily accessible here allowing for a measured section 
of the exposed carbonate and minor evaporite to be produced. Although not within the 
boundaries of WBNP, we ensured that we stayed within the limits of the waterfall and did 
not venture northeastwards into Native lands. Several photographs were taken and no 
samples were retrieved. 

The second stop was at Parson's Lake Fire Tower, located approximately 12 km south of 
the northwest entrance to Parson's Lake Road (see Appendix I, Figure 3, 10). This is 
where we met up with Mike Vassal (WBNP Park Warden) and a student employed by the 



park (Nicole - last name not available) so that they may accompany us for a portion of 
the day. Our first visit in this area was to a sinkhole that was identified from aerial 
photography and high resolution satellite imagery (approximately 1 km west of the fire 
tower into the bush) (see Appendix I, Figure 3, 11). This sinkhole was difficult to find 
despite being relatively large in diameter. This was most likely due to issues pertaining to 
UTM coordinate datum discrepancies. This sinkhole in particular displayed evidence of 
being relatively older, in terms of its genesis, based upon the large amount of vegetation 
and soil material present on its slopes and within the depression, common moss and 
lichen growth on calved blocks, as well as uncommon arcuate slump scars at its margins. 
Larger in dimension than the other sinkholes we observed, it measured approximately 
100 m in diameter and 30 m - 40 m in depth (see Appendix I, Figure 12). Notes and 
photographs were taken, and no samples were retrieved. The second stop in this general 
area, accompanied by Mike and Nicole (who led the hike), was to another major karst 
feature - a long and linear amalgamation of sinkholes - located approximately 4km 
northeast of the fire tower, on the east side Parson's Lake Road (see Appendix I, Figure 
3, 12). Similar to the larger sinkhole observed on Tuesday, June l 91

h (in terms of age of 
genesis), this series of karst features formed a discontinuous southwest-northeast striking 
valley, bounded in the west by a sharp and steep escarpment approximately 20 m - 30 m 
in height. At the base of the valley, numerous car- to house-sized blocks consisting of 
calved Lower Keg River stratified carbonates are found (see Appendix I, Figure 13). 
Furthermore, saline marshlands and small streams cut across the valley floor. Due to the 
steepness and ruggedness of the terrain, no attempt was made to descend down into 
valley. Some notes were made and photographs were taken, however no samples were 
retrieved from this locality. 

Thursday. June 21 5
', 2012 

Our first stop on this last day of field work was at the Salt River Bridge locality, 
specifically at the Salt River day-use area (see Appendix I, Figure 3, 5). Here we hiked 
along both the marked trails: the shorter Karstland Loop trail (see Appendix, Figure 3, 
13), as well as the much longer South and North Loop trails (see Appendix, Figure 3, 14). 
Both were very interesting in that they highlighted the variability in the terrain one 
encounters when traversing the karst topography of the northeast corner of the park (see 
Appendix I, Figure 14). Over the course of the day, we remained on all the marked trails 
and did not venture off into the bush or marshlands. Many notes and photographs were 
taken. No samples were retrieved from any location. 

This was a shorter field work day than usual in that we had to return to town in order to 
give a presentation to the public that evening. At 7:30pm, we presented a MS PowerPoint 
slideshow entided "Elk Point carbonates and evaporites of Western Canada - A geologic 
history in the making" at the Wood Buffalo National Park theatre (see Appendix I, figure 
15). Although poorly attended (most likely due to ongoing Aboriginal festivities in the 
town of Fort Smith), Mike Vassal and a student employed by the park were present. 
Material presented included a brief overview of the geologic history of the rocks 
encountered within and outside the park, a brief introduction to what is the karst process 
and how it initiates and evolves, what is seismic and how Suncor uses this geophysical 



method to image buried karst terrains, an introduction to how the buried karst terrain in 
the greater Fort McMurray area affects Suncor's operations, followed by a short exercise 
in exploration geology. Overall, the material was well-received. Once completed, we 
signed out the research permit and prepared for departure the following day. 

Friday, June 22nd, 2012 

We returned back to Calgary, via Edmonton. 

Wildlife encounters 

Wildlife was encountered, without surprise, during the course of the week and was 
limited to wood buffalo and black bears. The several wood buffalo encountered, either in 
herds or alone, were quite pleasant and did not cause any inconvenience whatsoever. On 
the Wednesday (June 201h), a young black bear was spotted while traveling eastwards on 
Highway 5 as it fled into the bush. Also on that same Wednesday, as Mike, Nicole and 
ourselves were heading back to our vehicles after visiting the first sinkhole, a large 
female bear was lurking within yards of the trucks. We then noticed that her cub had 
scurried up a tree near the vehicles, and that she was circling it at the base. We proceeded 
to hike into the bush in order to wait the situation out. After less than an hour, we 
returned to the vehicles and determined that they had departed. No other encounters with 
bears occurred. 

Conclusion 

Although many observations were made over the 4 days of field work, final conclusions 
regarding the genesis and evolution of the karst terrain present at WBNP cannot be made. 
More time needs to be spent in the field in order to pull together a working hypothesis. 
Relative ages of the features, predominantly sinkholes, can be determined based on some 
of the features noted in previous paragraphs (dimensions, vegetation, water and soil 
content, etc.) however, absolute ages remain unclear. It is certain however that the karst 
process is ongoing in this area of the park, and that some of the sinkholes have developed 
in the last 100 years or less. The karst process will continue progressively influencing the 
subsurface in the area, causing the escarpment to migrate southwestwards over the next 
thousand years or more, through the processes of dissolution, collapse, and erosion. As 
the escarpment recedes over geologic time, the associated marshlands, northeast of the 
prominent escarpment, will migrate southwestwards concurrently. This is a very similar 
process to what is interpreted to have occurred in the greater Fort McMurray area, over 
I 00 million years ago. 

Future field work planned for the summer of 2013 by Suncor will add significant detail to 
the evolutionary model of the karst terrain of the park, as well as help Suncor in further 
understanding the buried karst in the greater Fort McMurray area. 
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Figure 1: The Elk Point Group subcrop/outcrop belt of northeastern Alberta and Northwest 
Territories (shaded in yellow and black). 



Figure 2: The location of Suncor's Firebag SAGO oilsands operation in the greater Fort 
McMurray region, in relation to the town of Fort Smith, NT and the northeast corner of 
WBNP. 



LEGEND 
1. Rapids Of The Drowned 
2. Bell Rock 
3. Gravel pits 
4. Salt Plain Lookout 
5. Salt River Bridge 
6. Peace Point 
7. Sinkholes (old) 
8. Sinkhole (recent) 
9. Little Buffalo River Falls 
10. Parson's Fire Tower 
11. Sinkhole (older) 
12. Sinkhole valley (recent) 
13. Karstland Loop 
14. North and South Loops 

Figure 3: Location of visited outcrops/features. 



Figure 4: Rapids Of The Drowned. Two photographs showing basement rocks 
consisting of Precambrian granitic gneisses. 



Figure 5: Bell Rock. Two photographs showing the outcropping Chinchaga 
Formation evaporite (gypsum) and the overlying brecciated Lower Keg River 
carbonate. 



Figure 6: Gravel Pits. Two photographs showing the outcropping Lower Keg River 
carbonate with abundant fully marine fossils preserved within. Note the glacial 
striations in both photos. 



Figure 7: Salt Plain Lookout. Upper photograph is the view from the top of 
escarpment. Lower photograph is a view looking up towards the escarpment 
and shows temporary channels stemming from a halite deposit in the distance. 



Figure 8: Salt River Bridge. Two photographs showing the folded north side (upper) 
and brecciated south side (lower) of the escarpment. 



Figure 9: Peace Point. Two photographs showing the gypsiferous Fort Vermilion 
Formation overlain by the limestones of the Slave Point Formation. Folded , slumped, 
and/or collapsed strata as well as breccias are common. 



a 

b 

Figure 10: Sinkholes. a) Small, partially infilled and overgrown sinkhole. b) Larger 
and, in geologic terms, more recent sinkhole. Note person for scale in both photos. 



Figure 11: Little Buffalo River Falls. 



Figure 12: At the edge of a large but less geologically recent sinkhole, located 
approximtely 1 km west of Parson's Fire Tower. 



Figure 13: Sinkhole valley. 



Figure 14: Karstland Loop and North & South Loops. 
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Figure 15: Flyer posted at the Fort Smith airport promoting our presentation to 
the public. 
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l+I Parks Pares 
Canada Canada 

PARKS CANADA AGENCY 
RESEARCH AND COLLECTION PERMIT 

(NOT TRANSFERABLE) 

PERMIT No.: WB-2012-11393 

START DATE: 2012-06-17 EXPIRY DATE 2012-06-22 

( 

Project Title: Stratigraphy, sedimentology and karst features associated with 
Devonian carbonates and evaporites found within Wood Buffalo National 
Park, northeast Alberta. 

Principal Investigator Name: Mr. Andres Altosaar, P.Geo. 

Address: 150 - 6th Avenue S.W. Calgary, Alberta T2P3E3 

Telephone: (403) 296-3451 

Email: aaltosaar@suncor.com 

Affiliation: Suncor Energy 
Is hereby authorized to conduct the research project entitled "Stratigraphy, 
sedimentology and karst features associated with Devonian carbonates and 
evaporites found within Wood Buffalo National Park, northeast Alberta. " , Research 
and Collection Permit Application Number 14381, In Wood Buffalo National Park of 
Canada, subject to the terms and conditions set out below and/or attached to and 
forming part of this Research and Collection Permit. 

Members of Research Team: 
Mr. Peter Vermeulen, P.Geoph. 150 - 6th Avenue S.W. Calgary, Alberta 
T2P3E3 (403) 296-6440 pevermeulen@suncor.com 

Issuing Authorities and Terms and Condit ions: 

Permit issued pursuant to: 

National Parks General Regulations: Section(s) _ 7(5),_ 11(1) 

Special Conditions for WBNP: 



1. Permit holder must report to the WBNP Parks Office in Fort Smith (867) 872-7900 
prior to starting research in the park. It is also advisable to check in several days ahead 
of arrival time as areas of the park may become closed due to occurrences such as 
wildfire. 

2. Where possible, Wood Buffalo National Park staff will accompany and assist 
researchers in their fieldwork. 

3. This permit allows the collection of: hand size rock samples. 

4. Park staff may take photographs and/or video of researchers working in the park. 
This footage will be used in a variety of ways including public outreach presentations, on 
the Parks Canada website and in park publications. 

5. Researchers will be required to work with Wood Buffalo National Park staff to engage 
local residents, where possible, in the planning of field research in the areas of study 
design, travel, safety and logistics of working in a remote area. 

6. Over the course of their research in the Park, permit holders are required to provide 
some form of public outreach (a public presentation, newsletter or other format targeted 
to a lay audience) to inform the local communities on the significance of their work. The 
primary investigator or associate will be requested to participate in a Wood Buffalo 
National Park Science Forum when scheduled. 

7. A field report with a summary of annual results is required at the end of each field 
season for use in the park research newsletter. This is due 2 months after the end of the 
field season. 

National General Conditions: 

Failure to comply with applicable Heritage Area regulations or the conditions of the 
permit may constitute grounds to cancel or suspend the permit, refuse to issue future 
permits, and may be considered as grounds for prosecution under the applicable Act(s) 
or Regulation(s). 

All permit holders must be in possession of a valid permit before the fieldwork 
commences and at other periods as stated on the permit. 

Permits are not transferable and each member of the field work team must have a copy 
of the valid permit in their possession. 

The permit Is valid only for the geographic location, the time period, the activities. and 
under the terms and conditions described on the permit, unless amended and 
revalidated by the Superintendent. 

Restrictions: 

The Superintendent may suspend, cancel, or restrict the scope of the permit. 

The permit shall cease to be valid if the fieldwork is not started within six months of the 
date of issue. 



Other Acts and Regulations: 

The Principal Investigator must abide by applicable regulations and all other federal, 
provincial, territorial or municipal regulations applying to the Heritage Area. 

If requested by the Superintendent, an authorized Heritage Area staff member, or police 
constable, the Principal Investigator or any team member will identify themselves and 
show the permit. 

Principal Investigator Responsibilities : 

A site, or site component(s) that has been excavated or disturbed shall be restored or 
conserved by the Principal Investigator to the satisfaction of the Superintendent. 

The Principal Investigator must advise the Research Coordinator of any adjustments in 
work location, research plan and methodology, implementation schedule, or main 
personnel, etc., during the course of the research. 

Unless otherwise negotiated, Researchers working In a Heritage Area are required, as a 
condition of their permit, to submit: 

a) A report of progress sixty (60) days following the completion of the field season, 
unless otherwise agreed with the Research Coordinator; 

b) A final report, one (1) electronic copy and three (3) hard copies, no later than eight (8) 
months following the completion of the field season, unless otherwise agreed with the 
Research Coordinator; 

c) Submission of an online Investigator's Annual Report (IAR) within one year of signing 
the permit. In the case of a multi-year permits, the principal investigator will submit an 
IAR for each year of the research. 

The reporting requirements above do not replace any reporting requirements set out in 
any contract between Parks Canada and the Principal Investigator. 

The Principal Investigator will be responsible for all members of their party. All field 
assistants must observe any general or specific conditions of the permit. 

The Principal Investigator shall at all times indemnify and save harmless the Crown from 
and against all claims, demands, loss, costs. damages, actions, suits, or other 
proceedings, by whosoever made, sustained, brought or prosecuted, in any manner 
based upon, occasioned by, or attributable to, anything done or omitted by the Principal 
Investigator or the project personnel in the fulfillment or purported fulfillment of any of the 
conditions of the Permit. 

General Conditions Governing Natural Science Research: 

Any natural objects collected under authority of this permit remain the property of the 
Crown (Canada} and are considered on loan to the permit holder. Final disposition of 
natural objects must be as shown in the project proposal unless amended by the 
Superintendent. Export of objects or specimens require approval by the Superintendent 



and is subject to the Convention on International Trade in Endangered Species of Wild 
Fauna and Flora (CITES), the Cultural Property Export and Import Act and the Export 
and Import Permits Act. Intention to export specimens must be indicated in the project 
proposal. 

Only the natural objects or categories of natural objects indicated on the permit may be 
collected. 

A detailed inventory of material collected will be provided to the Heritage Area prior to its 
removal by the researcher. 

When fossils or evidence of previous human occupation are found, they should be 
reported to the Superintendent and must be left undisturbed until inspected by a Parks 
Canada palaeontologist or archaeologist. 

Principal Investigator Signature 
I, Mr. Andres Altosaar, P.Geo. , the Project Principal Investigator, accept all 
the ted Resear and Collection Permit terms and conditions. 

Signature 

-:Jl)no IB . ?Ol'2 
I 

Date {yyyy/mm/dd) 

Approval: 
Permit issued/approved by: 

~iVA~~-:(-M1.Ayt1 t LW 
Resour onservation Manager Name (Please Print) ..... 

source Conservation an 

<I<> t i.; o 1. / o 3 

Date (yyyy/mm/dd} 



Parks Canada Contact 
Sharon Irwin 
Wood Buffalo National Park of Canada 
149 McDougal Road 
PO Box 750 
Fort Smith, Northwest Territories, XOE OPO 
(867} 872-7948 
Sharon. lrwin@pc.gc.ca 
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