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Introduction

In 2014, the Saskatchewan Geologi-

cal Survey (SGS) published provin-

cial-scale structure and isopach maps

for all of the mappable Phanerozoic-

age strata in the province, as part of

the Saskatchewan Phanerozoic Fluids

and Petroleum Systems (SPFPS) pro-

ject (Marsh and Love, 2014). Follow-

ing the completion of that project, in

2015 the SGS began creating a 3D

model for the Phanerozoic in Sas-

katchewan, based on data derived

from existing datasets, including

those created for the SPFPS project.

The plan, at that time, was to use the

Phanerozoic 3D Modelling project as

the next step in the generation of a

geological framework for the Phaner-

ozoic in Saskatchewan. Data resulting

from the Phanerozoic 3D Modelling

project would then be available for

future pool-scale reservoir character-

ization projects, that could be used to

advance knowledge of hydrocarbon

and fluid-flow systems and thereby

potentially expand hydrocarbon pro-

duction within the province. A memo-

randum of understanding (MOU) in

place with the Alberta Geological

Survey (AGS) at the start of the 3D

modelling project allowed for the

sharing of knowledge and data be-

tween the SGS and AGS.

Organizational Structure
and Business Model

The SGS is a branch within the Sas-

katchewan Ministry of Energy and

Resources and is responsible for in-

vestigating, compiling and maintain-

ing information on the geology, min-

eral and petroleum resources of the

province. The SGS comprises three

work units (Petroleum Geology, Min-

erals and Northern Geology, and Data

Management) that are overseen by the

provincial Chief Geologist. The Phan-

erozoic 3D Modelling project falls

under the responsibility of a geologist

from the Petroleum Geology work

unit and a GIS analyst from the Data

Management work unit.

Overview of 3D
Modelling Activities

Previously completed 3D projects in-

volving Saskatchewan’s Phanerozoic

strata include: the geological charac-

terization of the Weyburn pool in

southeastern Saskatchewan, as part of

the International Energy Agency’s

Greenhouse Gas Weyburn CO2 Moni-

toring and Storage project (Whittaker,

2004, 2005); a study of localized coal

deposits within the Mannville Group

in the Hudson Bay area of eastern

Saskatchewan (Berenyi, 2010); and a

detailed study of the potash-bearing

members of the Prairie Evaporite in

southern Saskatchewan (Yang, 2015).

Previously completed 3D projects by

the Minerals and Northern Geology

work unit of the SGS include: a

model of the Fort à la Corne kimber-

lite in north-central Saskatchewan

(Harvey, 2004); studies related to ura-

nium deposits within the Athabasca

Basin in northern Saskatchewan

(Bosman et al., 2011, 2012, 2014);

modelling of the sub-Phanerozoic

basement at the margin of the Cana-

dian Shield in the Hanson Lake area

of northeastern Saskatchewan

(Morelli, 2012); and a summary re-

port describing the processing of air-

borne magnetic and electromagnetic

data to generate a 3D model of sub-

Phanerozoic features in the Flin Flon

area of northeast Saskatchewan

(Mahmoodi and Morelli, 2017).

To date, for this particular project,

‘workflows’ have been designed that

will take grid files generated as part

of the SPFPS project and create a

‘sealed volume’ model for Lower Pa-

leozoic strata, using the Lower Paleo-

zoic unconformity as the upper

bounding surface and the top of Pre-

cambrian as the lower bounding sur-

face. As well, preliminary ‘surfaces’

have been generated in GOCAD us-

ing all of the SPFPS structure grid

files.

Resources Allocated to
3D Modelling Activities

Information on this topic is currently

not available.

Overview of Regional
Geological Setting

Many papers have been written over

the years describing various aspects

and details of the geology within Sas-

katchewan’s Phanerozoic strata. This

paper is not designed to go into the

details of the geology within Sas-

katchewan, rather it is meant to pro-

vide the reader with a very general

understanding of the geological

framework for Saskatchewan’s Phan-
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erozoic strata, from the top of the Pre-

cambrian basement to the uppermost

mappable lithostratigraphic unit be-

low surface casing within the prov-

ince.

The Phanerozoic in Saskatchewan is

composed of an up to approximately

3,300 m thick southward-thickening

wedge of clastic, carbonate and evap-

oritic rocks that were deposited in the

portions of the Western Canada Sedi-

mentary Basin (WCSB) and the Wil-

liston Basin (Wright et al., 1993) that

extend into the province. For the pur-

pose of this project, there are 71 re-

gionally mappable stratigraphic inter-

vals within the lower and upper limits

described in the paragraph above.

These strata, from oldest to youngest,

span from the Cambrian Deadwood

Formation to the Upper Cretaceous

Belly River Formation and retain evi-

dence of differing environments of

deposition. The Paleozoic and lower-

most Mesozoic through Lower Juras-

sic rocks were deposited within rela-

tively shallow epeiric seas during four

major second-order sequences. In

contrast, rocks deposited following

the Middle Jurassic vary greatly in

depositional environment and depth

of water in which they were depos-

ited, and were subjected to only two

major second-order sequences (Sloss,

1963, 1987). Various structural ele-

ments were also active throughout the

Phanerozoic, which contributed to

control on depositional patterns and,

to some extent, hydrocarbon distribu-

tion and subsurface economic mineral

deposits within the WCSB and Willis-

ton Basin (Wright et al., 1993).

Amount and type of hydrocarbon pro-

duction (i.e., either oil or gas, and, if

oil, whether light, medium or heavy)

in the province varies greatly depend-

ing on the strata, region or pool. In

general, there are pools of heavy oil

in members of the Mannville Group

around the northwest part of the prov-

ince; pools of heavy to light oil and/

or gas in the Bakken Formation, Suc-

cess to Viking Formation and the

Milk River Formation of west-central

Saskatchewan; pools of medium and

heavy oil of Jurassic age (Shaunavon

and Roseray formations) in the south-

west; and pools of light to medium oil

in the Ordovician to Mississippian

strata in the southeast. Saskatche-

wan’s Phanerozoic strata is also well

known for other subsurface economic

resources, such as the Devonian Prai-

rie Evaporite potash deposits, Creta-

ceous diamondiferous kimberlites

north of Prince Albert, helium in the

southwest, and industrial elements

(lithium, bromine, iodine, etc.) within

the brines from strata of various ages.

Data Sources

This project will make use of xyz data

points (.dat files) from 156 grid files,

generated with a 2 km grid spacing,

for 85 stratigraphic structural surfaces

within Saskatchewan’s Phanerozoic.

These grid files, created as part of the

SPFPS project (Marsh and Love,

2014), each contain 244,122 data

points; these data points will form the

building blocks for the provincial-

scale 3D model.

Other datasets that we plan to incor-

porate into the Saskatchewan 3D

model include the Shuttle Radar To-

pography Mission (SRTM) Digital El-

evation Map (DEM) data, and grid

files from the hydrogeological com-

ponent of the SPFPS project (Jensen

et al., 2015). The DEM will form the

upper bounding surface for the Sas-

katchewan 3D model.

3D Modelling Approach

The SGS is currently using GOCAD

software for this project. Data pro-

cessing issues encountered in early

testing resulted in the following gen-

eral workflows that will be used to

generate the 3D model for the Phaner-

ozoic within Saskatchewan.

1) The grid files generated at a 2 km

grid spacing for the SPFPS project

resulted in a volume of data points

that significantly increased data

processing time. Therefore, each

major structure surface that was

generated as part of the SPFPS

project (Marsh and Love, 2014)

will be re-gridded, using Golden

Software’s Surfer 12 application,

from a 2 km grid spacing to a

15 km grid spacing. The upside of

this new grid spacing, which re-

sults in a decrease of data points

from 244,122 per grid file to

32,550 per grid file, is greatly re-

duced data processing time. The

downside, however, is that the vol-

umes created by this broader grid

spacing are very coarse, and have

extremely low resolution.

2) The provincial DEM will also be

re-gridded, from a 1 km grid spac-

ing to the same parameters as the

SPFPS grids. The rationale behind

this is firstly to make the data

more manageable within GOCAD

by reducing the data volume and

thereby reducing processing time

and refresh rate, and secondly so

that the grid points within each

layer overlie one another, thereby

making it easier to ‘stitch’ strati-

graphic layers where they con-

verge at their zero edge.

3) The .dat files (xyz data points)

from each regenerated grid file

will then be imported into

GOCAD as a pointset and clipped,

where appropriate, to the SPFPS

isopach zero edge closed curve

(shapefile).

4) ‘Regions’ will then be generated

within the closed curve for each

stratigraphic interval, and new

pointsets created from these re-

gions.

5) From this point in the process,

GOCAD surfaces will be built

from these new pointsets and then

sealed as a ‘voxet’ along the ap-

propriate SPFPS zero edge, as well

as the project’s bounding extents

(south, east and west provincial

boundaries).

Clients

The Saskatchewan 3D Phanerozoic

Stratigraphic Framework model is de-

signed to be used by Ministry of En-
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ergy and Resources staff, industry and

academia as a starting point for future

pool- or local-scale modelling pro-

jects. The plan is to make the 3D

model and all of its components avail-

able to the public through the Minis-

try’s website.

Recent Jurisdictional-
Scale Case Study
Showcasing Application
of 3D Models

Information on this topic is currently

not available.

Current Challenges

There are a couple of challenges that

are currently impacting the progress

of the Saskatchewan 3D Phanerozoic

Stratigraphic Framework project. The

primary challenge is related to the ex-

treme volume of data that has cur-

rently been collected for the project’s

basic components (SPFPS project

grid data). Work on the project has

met with some success—mainly, the

creation of a sealed volume for the

province’s Lower Paleozoic strata—

however, this success is somewhat

limited, as the ‘voxels’ for the volume

generated are extremely coarse (with

dimensions of 15 km2 x 225 m). The

other current main challenge is the

limited availability of resources (man-

power, time) to work on the project.

Lessons Learned

The primary lessons learned during

the initial stages of this project re-

volve around data, technological re-

sources and time. The data that are

being used for this project appear to

be at a volume and density that is too

great for both the application and

hardware to process, which led to the

development of an extremely coarse

initial model. Attempts to process the

data with a 2 km grid spacing gener-

ally failed, due to extremely excessive

processing times and application pro-

cessing issues. Once the data had

been re-gridded, the processing time

became more manageable; however,

the model was still very cumbersome

and the voxels far too coarse to be of

much use. The SGS will be changing

their approach to 3D modelling based

on the initial results of this project, as

discussed below.

Next Steps

With a view to lessening the impact

of the issues encountered during the

initial stages of this project (related to

data volume, processing time and the

cumbersome nature of the current

provincial-scale 3D model), it has

been proposed that the modelling pro-

cess might meet with more success if

models were created at a smaller scale

rather than a provincial scale. As

such, all major mappable Phanerozoic

structure surfaces that were to be cre-

ated as part of this project will be

used in conjunction with pool-scale

3D projects, in order to constrain the

localized stratigraphic data. As re-

quired and when feasible, stratigra-

phic volumes for various Phanerozoic

strata at the pool scale will be gener-

ated.

Products generated from the provin-

cial framework data, that were to be

used as part of this project, are cur-

rently available on the Ministry’s

website in various formats (Marsh

and Love, 2014; Jensen et al., 2015).

As well, the 2D contour maps gener-

ated from the provincial stratigraphic

framework data (Marsh and Love,

2014) have recently been made pub-

licly available as layers on the Sas-

katchewan Mining and Petroleum

GeoAtlas.
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