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ABSTRACT

Stress data for Canada and adjacent areas have been compiled into a
computer database. The data format is described, maps plotted, and a complete
listing included of the 1175 entries current to 30 June 1987. The data
strongly suggest that the whole of Canada east of the Cordillera is being

compressed from the east northeast quadrant.

RESUME

Les données de contrainte pour le Canada et régions environnantes ont été
rassemblées dans une banque de données informatique. Le format de ces données
y est décrit, les cartes y sont tracées et une liste incluant 1175 entrées
jusqu'au 30 juin 1987 y sont jointes.

Les donnés suggérent fortement que le Canada a l'est de la Cordillére est

sous l'effect d'un systéme compressif orienté a partir d'un quadrant

'est—nord—est.




INTRODUCTION

This open file contains data on crustal stress determinations made in
Canada and adjacent areas. The data have been entered into GSC's Canadian
Stress Database. The database was started in January 1985 to provide a
comprehensive collection of stress measurements for the area of concern to
Canada. An earlier version of this report was compiled by Adams (1985). It
was complete to December 1985 and contained 822 entries. Since that
compilation about 300 data entries have been added, revisions and additions
have been made to some of the earlier entries, and the maps and print format
have been improved. An earlier compilation of relevance to eastern Canada was
produced by Hasegawa and Adams (1981).

The database forms part of Canada's contribution to the Geological Society
of America's "Decade of North American Geology" Stress Map of North America.
The stress map project, which is headed by Mark Zoback (Stanford University),
will include data from the United States, Central America, the Caribbean, and
northernmost South America as well as offshore areas (Zoback et al., 1984).
Because the DNAG map will not be published until 1988, the present open file
will serve to disseminate the data compiled to date, and may prompt additions
and revisions that can be incorporated into the final product.

Since the earlier compilation was published, a proposal by the
International Lithosphere Program to compile a World Stress Map has been
accepted, and the project (headed by Mary-Lou Zoback, U.S. Geological Survey)
will hold its first working meeting at the International Union of Geodesy and
Geophysics Meeting at Vancouver in August 1987. Much of the same data used in

the DNAG stress map will be used in the World Stress Map.

o

The Canadian database is intended to be more complete than is required by

the DNAG or World Stress Map compilations. For example, I have deliberately




included entries for individual overcoring measurements made in the same hole,
early attempts at focal mechanisms, and data that may pertain to earlier
(non-contemporary) stress fields, even though these data may seem of slight
value. 1In every case I hope I have anticipated future diverse needs for the
data by identifying specific fields in the computer database that éan be used

to identify, extract, or ignore such data.

CURRENT STATE OF THE DATABASE AND FUTURE PLANS

The database contained 1175 entries as of 30 June 1987 up to and including
entries with version number 6. Five maps (Figures 1 to 5) show selections
from the data, and a full listing of the database, ordered by increasing
longitude from east to west, is provided at the end of the report. The first
entry shows the layout of the fields which are described in greater detail in
the next section of the report.

The data presented on Figure 1 for the whole database and on the regional
maps (Figs. 2 and 3) support the now widely-accepted suggestion by Gough,
Bell and others that the whole of Canada east of the Cordillera is being
compressed along the northeast-southwest azimuth. At the scale of the maps
the chief significant deviation from NE or ENE compression is a region of
north-south compression lying along the Cascade volcanoes of Washington and
extending north into British Columbia. This zone is believed to mark the
edge'of the locked part of the subducting Juan de Fuca plate (e.g. Weaver and
Smith, 1983). As yet, too little data are available in central and eastern
British Columhia to define where the north-south field changes into the
northeast directed field.

A major improvement over the last compilation is that the quality of data
in the data base is represented on the maps by arrows of appropriate length.
This allows all data to be plotted (important in areas of limited data) but

avoids biassing the regional picture by the poorer data. Some of the poorer




data is shown in Figure 4 which shows a selection of the data judged least
reliable; no simple pattern is evident. Figure 5 shows stress orientations
from geological features that formed in prehistoric times and that therefore
were excluded from the above maps of contemporary stresses. Not all of these
measurements need represent the contemporary stress field.

An addition to the earlier compilation is the thematic maps of Canada
which represent the chief types of data used in the compilation: earthquake
focal mechanisms, for depths 1-30 km (Fig. 6); o0il well breakouts, 1-5 km
(Fig. 7); hydraulic fracturing, 0-5 km (Fig. 8); surface overcoring for
engineering works, 0-200 m (Fig. 9) and miscellaneous geological phenomena
(Fig. 10).

There is some information in the database on stress magnitudes but the
spatial and depth extent of the measurements is small. A significant body of
data on stress magnitudes in oil wells is being analysed by Dr. J.S. Bell of
the Institute of Sedimentary and Petroleum Geology, GSC, Calgary and should be
available shortly.

An open-file listing of a computer database is an ephemeral product,
intended only to disseminate its information widely and rapidly. At present I
consider that about 80% of the relevant data has been compiled. It is
intended that data compilation will continue through 1987, and thence at a
lower level of activity to keep the database current. Therefore users of this
report should be aware that significant additions and revisions to the data
may occur in 1987.

I would appreciate those using the open file advising me of any errors or
additional data that have escaped my attention. A sample data entry sheet is

included as Figure 11.




TECHNICAL ASPECTS OF THE DATABASE

Data Format

The stress database was designed and implemented using Digital Equipment
Gorporation VAX system DATATRIEVE. Each stress record in the database
consists of 41 fields, including 10 group fields (underlined below). In the
following tabulation, text in parentheses indicates the size and type of the
field (in FORTRAN notation). The table also includes a description of the

data in the field, and notes on its application.

FIELD DESCRIPTION
SEQ (I4) - the sequence number of each record in the database.
SITE - group field containing site co-ordinates, depth, and

identification codes.

LAT (¥8.3) ~ latitude in degrees north.

LON (F8.3) - longitude in degrees: this field is always of
negative sign, indicating degrees west of
Greenwich.

DEPTH (F8.4) — depth of measurement in km.

N (AL — nature of the measurement, either 'A' (an

average of several entries in the database), O
(an only entry), S (subsidiary entries to an
average), or P (preliminary result, now

superceded).
QL (Al) - quality of the record, i.e., A, B, C, D or E;
in order of decreasing quality.
PLACE -~ group field containing location of site.
LOCALITY (A20) - locality of measurement: the nearest city,

town, or country.

PROV (A2) - province or state (standard two letter mail
code). This field may also equal 'OF', an
offshore measurement.

TYPE group field.

¢l (A2) ~ type of stress measurement: either FM (focal
mechanism), IS (in-situ), or GL (geological).




G2 (A2)

C3 (A2)

VALUES1
P (A6)
Q (A6)
V (A6)
AZP (13)

VALUES2

SM (AL)

-~ further information on measurement type.

- group

If C1 equals FM, C2 may be:

i) C (composite focal mechanism)
ii) S (single focal mechanism)
iii) A (average mechanism)
iv) M (moment tensor solution)
v) R (p-polarity and amplitude/ratio data)

If Cl equals IS, C2 may be:

i) HF (hydrofracture)

ii) OC (overcore)

iii) BO (o0il well breakout)

iv) PC (petal-centerline fracture)
v) SS (shear wave splitting)

vi) GS (geodetic strain)

vii) PT (permeability trend)

If Cl equals GL, C2 may be:

i) TF (thrust fault)

ii) FD (fold)

iii) BU (buckle)

iv) 8Q (squeeze)

v) PU (pop-up)

vi) VA (volcanic alignment)
vii) OB (offset borehole)

viii) JS (slip on joint sets)

further information on measurement type.

If Cl equals FM: C3 will be M*, where * is
the magnitude rounded to nearest integer i.e.,
M4, MO, M7, ete.

If Cl equals IS: C3 is blank.

If Cl equals GL: €3 is CT, contemporary, or
PG, postglacial, or UK, unknown, all estimates
of the age of the stress field.

field.

maximum horizontal stress in MPa.

minimum horizontal stress in MPa.

vertical stress in MPa.

azimuth of P, the compressional axis. If
negative, azimuth of tension or of deviatoric
extension.

field.

sample size for measurement, either S (small),
M (medium), L (large), or E (extra-large).




FIELD

REGM (A4) -
ORGANIZATION - group
ORGZTN (A6) -
YR (12) -
REFERENCES - group

REFERENCE (A120) -

REFER (A120) -

COMMENTS - group

COMMENT (A90) -

EXTRAS - group
PL (A3) -
NA (A2) -
SD (A2) -
VR (A2) -
TAX (A3) -
PT (A2) -
PAX (A3) -
BAX (A3) -
PB (A2) -

Maps and Mapping Procedures

In Figures 1-10, selections

DESCRIPTION

stress regime, either T (thrust), SS
(strike-slip), N (normal), or a combination.

If REGM undetermined, this field is a dash (-).

field.

the organization (EPB, MIT, etc.) making the
measurement.

date of reference's publication or year of
event, whichever is first.

field.
beginning of complete reference.

conclusion of complete reference.

field.

comments pertaining to record. If a focal
mechanism (Cl = FM), full date of event is
listed (YYMMDD) together with magnitude.

field.

plunge of AZP.

nationality: CN (Canada), US (United States),
GN (Greenland), or SU (Soviet Union).
standard deviation of mean of AZPs.
modification version number.

azimuth of T, the tensional axis. This value
may be expressed in the range of 0 to 360
degrees.

plunge of azimuth of T, if given.

azimuth of P, the compressional axis

azimuth of B, the null axis

plunge of B

(Note PAX, BAX, TAX, PL, PB, PT are all given
for a lower hemisphere projection).

from the stress database are plotted using a

mapping routine developed on the Geophysics Division VAX. Each map is a

standard Lambert projection with the azimuth of maximum horizontal compression




indicated by inward pointing arrows of length proportional to quality. For
entries indicating deviatoric extension (mostly normal faulting earthquake
mechanisms), arrows point outwards to represent the extension axis (smallest

horizontal compression).

Statistical Parameters

Where averages of several directions of maximum horizontal compression
have been calculated, I have used the circular statistics of Mardia (1972) as
applied to directional data distributed between 0 and 180 degrees. In the
earlier compilation (Adams, 1985) an apparent discrepancy between one of
Mardia's examples and his equations was noted. The problem has since been
resolved and the standard deviations are now calculated correctly. Values for

the standard deviation given in Adams (1985) are also correct.
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FIGURE CAPTIONS

Figure 1 A stress map of Canada. Data on this and the subsequent maps
are represented by arrows depicting direction of maximum
horizontal compression (outward pointing arrows represent
minimum horizontal compression or deviatoric extension). This
map and figures 2 and 3 show only a selection of the more
reliable data in the database. Data parameters plotted are N:

0 or A; C3: not PG or UK.

Figure 2 Detail of eastern part of Figure 1.
Figure 3 Detail of western part of Figure 1.
Figure 4 Map of less reliable stress data. Data parameters plotted are

QL: D or E; N: not A; C3: not PG or UK.

Figure 5 Map of stress orientations for geological features that may
predate the contemporary stress field. Data parameters plotted
are C3: PG or UK.

Figure 6 Map of compression direction inferred from earthquake focal

mechanism P-axes.

Figure 7 Map of compression direction inferred from oilwell breakouts.
Figure 8 Map of compression direction inferred from hydraulic fracturing.
Figure 9 Map of compression direction inferred from surface overcoring at

depths of less than 200 m.

Figure 10 Map of contemporary compression direction inferred from

miscellaneous geological phenomena.

Figure 11 Sample data entry sheet. Items are those described in the data

format section.
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Figure 1 - A stress map of Canada. Data on this and the subsequent maps are

represented by arrows depicting direction of maximum horizontal
compression (outward pointing arrows represent minimum horizontal
compression or deviatoric extension). This map and figures 2 and
3 show only a selection of the more reliable data in the database.
Data parameters plotted are N: 0 or A; C3: not PG or UK.
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Figure 3: Detail of western part of Figure 1.
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Map of compression direction inferred from earthquake focal

mechanism P-axes.

Figure 6:
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Map of compression direction inferred from oilwell

breakouts.

Figure 7:
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Map of compression direction inferred from hydraulic

fracturing.

Figure 8:
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Map of compression direction inferred from surface overcoring at
depths of less than 200 m.

Figure 9:
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Map of contemporary compression direction inferred from

miscellaneous geological phenomena.

Figure 10:
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Figure 11: Sample data entry sheet. Items are those described in the data
format section.

CRUSTAL STRESS DATA SHEET

Please return to: Dr. John Adams, Geological Survey of Canada
1 Observatory Crescent

Ottawa, Ontario K1A 0Y3 (613)-995-5519
Feb. 13,1987

*********************************************************************

*Starred lines should be left blank. Complete rest to best ability.*

* Use reverse side, or attach tables or papers as appropriate. *
*********************************************************************

SITE Latitude :
Longitude:
Depth (m):
* Nature : A(verage) O(nly) S(ubsidiary) P(reliminary)

Quality
Locality :

Province:

TYPE of measurement or observation (be specific):

STRESSES Azimuth Plunge Magnitude (MPa)
sigma 1 (P):
sigma 2 (B)
sigma 3 (T)
Principal horizontal compression direction:

* Cl: FM IS GL

* C2: MCRSA HF OC BO PC SS GS TF FD BU SQ PU FO FS OB VA
* C3: M CT PG UK

* P (MPa) SM: S M L E

* Qs (MPa) REGM: T T/SS SS/T SS SS/N N/SS N ?
* V: (MPa)

* AZP:

Organization:

Year of measurement:

Full Reference:
(provide one copy)

Comments:

PAX:

* PL: NA&A: CN US SD: VR: TAX: PT:
BAX: PB:
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