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INTRODUCTION

Min eral ex plo ra tion in the In te rior Pla teau re gion of
Brit ish Co lum bia has been thwarted by lack of out crop and
a pre sumed ‘great thick ness’ of Chil cotin Group cover. The
pla teau ba salt of the Chil cotin Group has been con sid ered a
par tic u larly se vere im ped i ment be cause it may mask un der -
ly ing geo chem i cal and geo phys i cal sig nals. Thick cover
also pres ents un cer tainty for ad vanced ex plo ra tion and de -
vel op ment. If a min eral de posit was to be de tected through
thick ba salt, would the ex tra ex plo ra tion and de vel op ment
costs be pro hib i tive? What is the thick ness of the over bur -
den? Geo log i cal un cer tainty is a prin ci pal source of ex plo -
ra tion in vest ment risk and, on the pla teau, the prin ci pal
geo log i cal un known in many ar eas is depth of over bur den. 

To at tract min eral ex plo ra tion in vest ment to underex -
plored parts of the In te rior Pla teau (cf. Mihalynuk, 2007), it
is nec es sary to re duce in vest ment risk. This paper is aimed
at re solv ing un cer tainty with re spect to the cover thick ness.
It is an ac count of the meth ods and re sults of a first gen er a -
tion 3-D thick ness model for Chil cotin Group cover over a
large por tion of the In te rior Pla teau. 

The gently un du lat ing pla teau ba salt flows that form
the most con spic u ous part of the Chil cotin Group range in
age from Neo gene1 to Qua ter nary, ca. 16 to 1 Ma (Bevier,
1983; Mathews, 1989). These rocks are most ex ten sive in
NTS map sheets 092O and P, and 093B and C (Fig 1;
Massey et al., 2005). Ac cord ingly, this area was cho sen for
the thick ness model. Cor re la tive rocks ex tend from the
Okanagan High lands, south of Vernon, to the Sum mit Lake
area, north of Prince George (Mathews, 1989). 

Most peo ple are im pressed by the thick ness of the
Chil cotin Group strata where they are best ex posed along
the in cised flanks of ma jor river val leys. How ever, these
ex po sures may not to be rep re sen ta tive of the larg est ex -
panses of the Chil cotin Group. For ex am ple, thick nesses
along the Fra ser River may be rep re sen ta tive of in fill ing of

a pre vi ous paleotopographic low. Im me di ately east of the
Fra ser River and south of the High way 20 cross ing, a nar -
row (less than approx. 200 m) ba salt ram part clings to the
pre-ex ist ing val ley wall of Pa leo zoic strata (Fig 2). East of
the Fra ser River, K-Ar whole rock ages in this re gion av er -
age 4 Ma (N = 7), whereas those to the west av er age 16 Ma
(N = 4; Mathews, 1989; Breitsprecher and Mortensen,
2004). In this same area, more than 180 m of glacio -
lacustrine strata have been in cised by the Fra ser River. De -
po si tion of glaciolacustrine strata prob a bly fol lowed river
damm ing by ba salt flows (Mathews, 1989). An axis of
glaciofluvial de po si tion near the Fra ser River points to the
pre cur sor val ley in Qua ter nary time, and the ba salt ram -
parts built atop old val ley walls point to an even older
paleovalley (cf. Read, 2000; Mathews, 1989).

Neo gene de for ma tion has caused warp ing of the pla -
teau ba salt lay ers (Mathews, 1989). In ad di tion, up lift of
the Coast Ranges has been on go ing since at least Eocene
time, with at least 2 km of up lift in the last 10 m.y. (Parrish,
1983). As a re sult, the base of the Chil cotin Group has been
el e vated to the west. 
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Fig ure 1. Pro vin cial shaded re lief map show ing the lo ca tion of the
area con sid ered for the Chil cotin thick ness model. Map sheets,
from north west to south east, are 093C, B; 092O, P. Chil cotin Group 
is high lighted in yel low.

1 Here we use the Neogene period and Quaternary period in the
manner recommended by Clague (2006), with the base of the
Quaternary at 2.588 Ma (including the Pleistocene and
Gelasian). We have not adopted the recommendation of the
International Commission on Stratigraphy to eliminate the
Quaternary period, extending Neogene to the Present (e.g.,
Gradstein et al., 2004).

This publication is also available, free of charge, as colour
digital files in Adobe Acrobat® PDF format from the BC
Ministry of Energy, Mines and Petroleum Resources website at
http://www.em.gov.bc.ca/Mining/Geolsurv/Publications/catalog/
cat_fldwk.htm



CHILCOTIN THICKNESS MODEL

The re gional thick ness model for the Chil cotin Group
was pro duced for 1:250 000 scale NTS sheets 092O and P,
and 093B and C (Fig 1). Com pu ta tional lim i ta tions ne ces si -
tated split ting the area into two. For each half of the map
area, the fol low ing six pro ce dures were em ployed:

1) A dig i tal el e va tion model (DEM) was pro duced
from the ex ist ing dig i tal 1:20 000 scale top o -
graphic base maps. Due to com pu ta tional lim i ta -
tions, the DEM was gen er al ized from 20 m to
100 m con tour in ter vals (Fig 3). 

2) Dig i tal ge ol ogy was gath ered from the BC Geo -
log i cal Sur vey dig i tal ge ol ogy map (com piled at
1:100 000 scale to cre ate a 1:250 000 scale prod -
uct; Massey et al., 2005). Bound ary prob lems
were rec ti fied where ap pro pri ate.

3) Chil cotin Group basal con tacts were spa tially
over lain on the dig i tal 1:20 000 con tour maps and
el e va tion points gen er ated at their in ter sec tions. 

4) In ter sec tion point el e va tion data was kriged us ing
the 100 near est neigh bours to gen er ate a Chil cotin
basal con tact sur face in 3-D. Res o lu tion of the 3-D 
sur face is 0.01° pix els. An er ror sur face can be
gen er ated to show how the dis tri bu tion of point
data af fects the spa tial un cer tainty of the kriged
sur face.

5) The Chil cotin Group sur face was sub tracted from
the DEM sur face. The re sid ual is a 3-D rep re sen -
ta tion of the Chil cotin Group thick ness (sim i lar to
Fig 4). An ex am ple of this pro cess is shown in 2-D
pro files in Fig ure 5 (pro file lo ca tion shown of
Fig 4).

6) The two con toured thick ness maps were re as sem -
bled to pro duce a prod uct sim i lar to Fig ure 4. 

Four ad di tional pro ce dures were per formed on the
com bined thick ness maps: 

1) The thick ness data were con verted to 0.01°
gridded data.

2) Data points fall ing out side Chil cotin Group poly -
gons were re moved.

3) A 0.01° buffer was cre ated around all Chil cotin
Group poly gons and bro ken into seg ments 0.01°
long. Seg ment end points were as signed a zero
value and these points added to the 0.01° grid of
re main ing thick ness val ues.

4) The new grid of thick ness val ues was kriged us ing
100 near est neigh bours and a res o lu tion of 0.01°.

5) The re sul tant out put was the mat i cally for mat ted
to pro duce a us able rep re sen ta tion of the 3-D
model (e.g., Fig 4 leg end). 

MODEL HIGHLIGHTS

Thin Chilcotin Group is Widespread

Thick ness dis tri bu tions shown by the model in di cate
that, in more than 80% of the area cov ered by the Chil cotin
Group, it is less than 25 m thick. Ac cord ing to the model,
more than a third of the Chil cotin Group is less than 5 m
thick. How ever, this fig ure is con sid ered un re li able be -
cause the im pre cise geo log i cal map data (1:250 000), as
well as a max i mum 20 m res o lu tion of the dig i tal el e va tion
data, do not per mit such pre cise thick ness es ti mates.

Chilcotin Group Thickens towards Major
Drainages

In creases in Chil cotin Group thick ness to wards ma jor
drainages are shown by the model. This is con sis tent with
ob ser va tions and in fer ences of pre vi ous work ers (e.g.,
Read, 2000) and con tri bu tors to this vol ume (An drews and
Rus sell, 2007). Good ex am ples occur along the Fra ser
River west of Wil liams Lake, and along the Chil cotin River
south of Alexis Creek. Best sec tions of Chil cotin Group —
those ex posed along ma jor drainages — do ap pear to
over-rep re sent the thick ness of the unit, cre at ing a false im -
pres sion of the ex plo ra tion ob sta cle that they pose.
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Fig ure 3. Dig i tal el e va tion model for map sheets 093B (east half of
fig ure) and C (west), de rived from 20 m con tour el e va tion data gen -
er al ized to 100 m. Fra ser River (east mar gin), Chil cotin River
(south centre) and the three peralkaline Anahim Belt vol ca noes of
the Ilgachuz Range are prom i nent. Note steps in el e va tion model
are em pha sized in low-re lief ar eas. Far Moun tain is on the north
side of the mid dle Anahim Belt vol cano.

Fig ure 2. Ram part of nearly hor i zon tal Chil cotin Group strata built
upon the an cient Fra ser River val ley wall (just above the mid dle
photo ho ri zon). Strata thicken rap idly to wards the val ley axis (to -
wards viewer). Note light-col oured base ment rocks crop ping out
above and be low the Chil cotin Group. View is to the east across the 
Fra ser River (which is not vis i ble in the deep val ley bot tom).
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Major Thicknesses in Ilgachuz Range and
100 Mile House Areas

In ad di tion to main river val leys, thick nesses of Chil -
cotin Group greater than 200 m are shown by the model in
the Ilgachuz Range and near 100 Mile House. Peralkaline
Anahim Group vol ca nic rocks in the Ilgachuz Range are
man tled by the Chil cotin Group strata. The con tact has sig -
nif i cant top o graphic re lief (400 m over 5 km) and pos si ble
flow struc tures on the north slope of Far Moun tain. These
fea tures point to a cen tre of Chil cotin Group vol ca nism in
the Ilgachuz Range (cf. Souther, 1986).

Atyp i cal thick nesses of Chil cotin Group rocks are
known in the 100 Mile House area, where they oc cur over
an el e va tion range of 350 m ac cord ing to (Mathews, 1989).
Max i mum thick nesses (>300 m) are shown by the model in
the Lone Butte area, 13 km south-south east of 100 Mile
House, in con cert with the ob ser va tions of Mathews
(1989). 

MODEL LIMITATIONS

As is the case for most mod els, the qual ity of the in put
data and as sump tions made in the gen er a tion of the model
are key de ter mi nants of the qual ity of the model. Geo log i -
cal data used in this model do not in clude a mea sure of un -
cer tainty (e.g., de fined, ap prox i mate or as sumed con tacts).
Thus, all con tacts were treated as de fined at 1:250 000
scale. This is clearly not cor rect, and fu ture mod els should
take con tact lo ca tion un cer tainty into con sid er ation when
gen er at ing an er ror sur face. An ex am ple of an er ror sur face
is shown in Fig ure 5. It in cludes only that com po nent of er -
ror that is in tro duced by the kriging pro cess.

In some ar eas, the Chil cotin lavas were con fined and
ponded by paleotopographic highs. In such in stances, the
kriging al go rithm used to de ter mine the 3-D basal Chil cotin 
sur face may un der-rep re sent the true thick ness. In other ar -
eas, the con tour sur face clearly over es ti mates the thick ness
of Chil cotin ba salt. One of the clear est and most dras tic ex -
am ples occurs about 20 km north of Hanceville, where the
high est point in the area, Mount Alex Gra ham, is un der lain
by Eocene to Oligocene Endako Group vol ca nic rocks.
How ever, the raw re sid ual 3-D model shows the peak as
flanked by Chil cotin Group. The prob a ble rea son for this
er ror is that Mount Alex Gra ham was a paleotopographic
fea ture that rose abruptly up from the pla teau atop which
the Chil cotin bas alts were de pos ited. Ba salt flows would
have lapped up against the an cient flanks of Mount Alex
Gra ham, but the model con tours are bi ased by the kriging of 
the pre dom i nantly gently un du lat ing Chil cotin Group base
away from the peak. 

A pro file sec tion was cho sen (Fig 5, lo cated on Fig 4)
to dem on strate this prob lem and to high light other fea tures
of the model. Ad di tional es ti mates of lava thick ness in the
mid dle of the large ex panses of Chil cotin ba salt, and the
map ping of small Chil cotin Group out li ers atop ex panses of 
older rocks, would greatly im prove the ac cu racy of the
model. 

A sec ond-or der prob lem is those ar ti facts gen er ated by
DEM downsampling. These are seen in Fig ure 4 as a ‘ti ger
stripe’ pat tern caused by the in ter sec tion of the rel a tively
smoothly con toured basal Chil cotin con tact sur face with
the step-like DEM (Fig 3).

FUTURE THICKNESS MODELS

Next steps in re vi sion of the model should in clude:

1) Ad di tion of other sources of data that bear on the
thick ness of the Chil cotin Group, such as:

a) wa ter-well bore in for ma tion, 

b) ex plo ra tion oil-well cut tings,

c) seis mic sec tions that im age the base of the
Chil cotin Group,

d) ad di tion of fu ture map data, and
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Fig ure 5. Pro files gen er ated for the sec tion line lo cated in Fig ure 4:
A) Base Chil cotin Group pro file (yel low) is sub tracted from the to -
pog ra phy pro file (black) to ob tain the re sul tant thick ness pro file in
(B). Height of land is Mount Alex Gra ham. Rekriging with a zero
thick ness buffer set 0.1° out side Chil cotin Group poly gons yields
the pro file (C). See text for dis cus sion. Dis tri bu tion of Chil cotin
Group along the sec tion line as shown by Massey et al. (2005) is
rep re sented by the yel low bars at the base of the fig ure.



e) use of For est Re newal BC surficial de pos its
maps to fine-tune the bed rock – gla cial de -
pos its thick nesses.

2) Ex tend ing the model to in clude Qua ter nary gla -
cial de pos its. This has al ready been done in some
parts of the mod elled re gion be cause the age range 
of the Chil cotin Group as de fined by Mathews
(1989) ex tends well into the Qua ter nary (e.g.,
16–1 Ma).

3) Se lec tive weed ing of ex ist ing point el e va tion data
and/or sta tis ti cal weight ing of high-qual ity data or 
out lier data of high im por tance.

4) Gen er a tion of a thick ness model with a finer DEM 
in or der to elim i nate the 'ti ger stripe' ar ti facts.

5) Field test ing of  the model by look ing for basal
Chil cotin Group con tacts where pre dicted by the
model.

Future Use of the Model in Mineral
Exploration

Fu ture it er a tions of the Chil cotin Group thick ness
model may at tain lev els of so phis ti ca tion and ac cu racy that
make it a use ful tool for pre dic tive min eral ex plo ra tion. In -
te gra tion of fu ture thick ness mod els with re gional mag -
netic sus cep ti bil ity data could en able re moval of the Chil -
cotin Group mag netic re sponse from the re gional
aero mag net ic sur vey, en hanc ing the mag netic fab ric of
base ment rocks. In this way, fu ture thick ness mod els may
per mit the de lin ea tion of ex plo ra tion tar gets be neath the
Chil cotin Group — be neath a ba salt blan ket that is prob a -
bly thin ner than once be lieved. 
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