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INTRODUCTION

Drain age geo chem i cal sur veys uti lize a com bi na tion
of wa ter and stream or lake sed i ment me dia col lec tion and
chem i cal anal y sis for rapid and ef fec tive eval u a tion of min -
eral re sources within flu vial catch ment ar eas. Low-den sity
sur veys (typ i cally at a den sity of one sam ple site per
~10 km2) are a cost-ef fec tive method for re gional min eral
ex plo ra tion cov er ing thou sands of square kilo metres.
Drain age geo chem i cal sur veys are based on the prin ci pal
that the bed rock and surficial ge ol ogy un der ly ing the drain -
age catch ment area up stream from a sam ple site will be re -
flected in the sed i ment chem is try. Back ground el e ment
vari a tions in drain age sed i ment can char ac ter ize the source
bed rock geo chem is try and may out line met al lo gen ic belts.
El e vated metal con tents may in di cate min er al ized bed rock
or rock types that are the po ten tial hosts of eco nomic min -
eral de pos its. How ever, low den sity (e.g., an av er age of one 
sam ple per 13 km2 in Brit ish Co lum bia) sampling is not
sufficient to detect all mineral deposits unless their surface
exposure is substantial.

In ter na tion ally, re gional sur veys for geo chem i cal
map ping, met al lo gen ic stud ies and min eral ex plo ra tion
have been car ried out by gov ern ments and min ing com pa -
nies for over 30 years. Darnley (1990) re ported on the be -
gin ning of an in ter na tional geo chem i cal map ping (IGM)
pro ject in 1988 that was spon sored by the In ter na tional Un -
ion of Geo log i cal Sci ences and UNESCO. Since then, there 
have been more ex am ples of na tional map ping sur veys
from many coun tries, in clud ing the United King dom (Plant 
et al., 1989, 1997), Green land (Steenfeld, 1993) and China
(Xie and Ren, 1993). The re sults of na tional geo chem i cal
sur veys are com monly dis played in the form of an at las that
shows the spa tial dis tri bu tion of el e ments as ei ther sym bol
or con tour maps. One of the first of these to be pro duced
was the Wolfson Geo chem i cal At las of Eng land and Wales
(Webb, 1978); since then, there have been sev eral oth ers,
such as the Geo chem i cal Atlas of Alaska (Weaver, 1983).

Much of Brit ish Co lum bia is a moun tain ous ter rain
with nu mer ous rivers, an ideal phys i og ra phy for the ap pli -
ca tion of drain age geo chem i cal map ping. Con se quently,
the BC Geo log i cal Sur vey started a re gional stream sed i -
ment and stream wa ter geo chem i cal sur vey (RGS) in 1976
as part of the Geo log i cal Sur vey of Can ada’s Na tional Geo -
chem i cal Re con nais sance Pro gram (NGR). Since its in cep -

tion, 70% of the prov ince has been sur veyed, with the col -
lec tion and multi-el e ment anal y sis of more than 50 000
stream sed i ment, lake sed i ment and sur face wa ter sam ples
at an av er age den sity of one sam ple per 13 km2. Since 2006, 
Geoscience BC has con trib uted to the RGS da ta base with
in for ma tion from stream and lake sediment geochemical
surveys (e.g., Jackaman, 2006).

With the wide spread use of per sonal com put ers, multi-
el e ment RGS data anal y sis and spa tial anal y sis have been
used to iden tify re gions of high min eral po ten tial. The data
have also proven use ful for es tab lish ing en vi ron men tal
baseline geochemistry.

Ad van tages of the RGS for geo chem i cal map ping are
that 1) few changes have been made to an a lyt i cal and sam -
ple prep a ra tion meth ods since the start of the sur vey, and 2)
strict qual ity con trol has been main tained dur ing sam ple
prep a ra tion and anal y sis. Thus, the data from all sur vey ar -
eas can be com bined into a rel a tively seam less geo chem i cal 
da ta base. This pa per re ports on the first, com pre hen sive,
prov ince-wide, geo chem i cal at las prod ucts aris ing from
the in te gra tion of this da ta base through the use of GIS spa -
tial anal y sis. The Geo chem i cal At las of Brit ish Co lum bia
(Lett et al., in press) is an on go ing pro ject, with up dates of
the at las an tic i pated as new data come avail able to aug ment
the stream sed i ment, moss-mat sed i ment (moss sed i ment)
and lake sed i ment re sults that are distributed over
approximately 70% of the province, as shown in Figure 1.

SOURCE DATA

In for ma tion used to cre ate the Geochemical Atlas of
Brit ish Co lum bia has been ex tracted from the Brit ish Co -
lum bia Re gional Geo chem i cal Sur vey da ta base, a
Microsoft Ac cess® da ta base im ple mented in the late 1980s
and most re cently re vised in 2007 for the BC Geo log i cal
Sur vey’s MapPlace por tal. Among the da ta base ta bles used
for the atlas are the following:

RGS Sam ple Lo ca tion In for ma tion: This ta ble has a
unique sam ple iden ti fi ca tion num ber that com bines NTS
map sheet, year and sam ple num ber. It also con tains a code
for the sam ple type (e.g., 1, stream sed i ment; 7, moss-mat
sed i ment; 9, lake sed i ment), lo ca tion co-or di nates (UTM
Zone, north ing and easting, da tum used [i.e., NAD 83]) and 
a qual ity-con trol sam ple code iden ti fy ing field rep li cate
sam ples. There are pres ently 56 475 sample locations in the
database.

RGS Field Stream Lake: This ta ble has all of the field in -
for ma tion for stream sed i ment, lake sed i ment and sur face
wa ter sam ples. It in cludes such cri te ria as wa ter col our,
stream depth, stream width, bank com po si tion and sed i -
ment tex ture.

RGS Rou tine Wa ter: This ta ble in cludes pH, F and U re -
sults from the anal y sis of sur face stream and lake wa ter. For 
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This pub li ca tion is also avail able, free of charge, as col our
dig i tal files in Adobe Ac ro bat® PDF for mat from the BC
Min is try of En ergy, Mines and Pe tro leum Re sources website at
http://www.em.gov.bc.ca/Min ing/Geolsurv/Pub li ca tions/cat a log/
cat_fldwk.htm



re cent sur veys (since 2002), wa ter con duc tiv ity was also
re corded.

RGS Stream Sed i ment AAS: This ta ble com prises an a lyt -
i cal data for stream sed i ment, moss-mat sed i ment and lake
sed i ment an a lyzed by an aqua regia (HCl-NHO3) di ges tion
fol lowed by atomic ab sorp tion spectrophotometry (AAS).
The ta ble also in cludes the re sults for sam ples an a lyzed for
Au by lead-col lec tion fire as say (FA) and AAS, and for
loss-on-ig ni tion at 500oC.

RGS Stream Sed i ment ICP-MS: This ta ble com prises an -
a lyt i cal data for stream sed i ment, moss-mat sed i ment and
lake sed i ment an a lyzed by an aqua regia (HCl-NHO3) di -
ges tion fol lowed by in duc tively cou pled plasma – mass
spec trom e try (ICP-MS).

RGS Stream Sed i ment INAA: This ta ble com prises an a -
lyt i cal data for stream sed i ment, moss-mat sed i ment and
lake sed i ment de ter mined by in stru men tal neu tron ac ti va -
tion anal y sis (INAA).

Data Merging — Analytical Methods
Comparison

The RGS da ta base com prises an a lyt i cal re sults for
more than 70 el e ments de ter mined by a com bi na tion of

aqua regia – AAS, aqua regia – ICP-MS and INAA. How -
ever, prov ince-wide cov er age ex ists for only 40 of these
el e ments and the data can be used to cre ate maps show ing
their re gional vari a tion. Thirty of the el e ments are not con -
sid ered be cause they are de ter mined by a va ri ety of meth -
ods that pro duce in com pat i ble re sults. In ad di tion, the data
may be lim ited by high in stru men tal de tec tion limit,
interelement in fer ences or anal y sis of only a small num ber
of samples for a particular element (e.g., Sn).

All of the sam ples have been an a lyzed for a core group
of ore-in di ca tor el e ments (e.g., Au, Cu, Co, Ni, Pb, Zn), but
there ex ist dif fer ences in the de tec tion lim its for aqua regia
– AAS and aqua regia – ICP-MS, as shown in Ta ble 1. Sam -
ples from sur veys prior to 1999 were an a lyzed by aqua
regia – AAS, whereas those from more re cent sur veys were
an a lyzed by aqua regia – ICP-MS, and there are few ex am -
ples where drain age sam ples were an a lyzed by both meth -
ods. As a ba sis for com par i son be tween these two main an a -
lyt i cal tech niques, 1152 stream sed i ments from the
McLeod Lake re gional sur vey that were ini tially an a lyzed
by aqua regia – AAS were later reanalyzed by aqua regia –
ICP-MS for up to 37 el e ments, in clud ing Cu (Lett and
Bluemel, 2006). Near-per fect cor re la tion be tween the two
meth ods is shown for Cu in Fig ure 2, where the scatterplot
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Fig ure 1. Dis tri bu tion of stream sed i ment, moss-mat sed i ment (moss sed i ment) and lake sed i ment geo chem i cal sam ple sites in Brit ish Co -
lum bia.



shows a strong lin ear re la tion ship with a cor re -
la tion co ef fi cient of +0.957. Sim i lar cor re la -
tion be tween the orig i nal and reanalyzed re -
sults for other el e ments of the McLeod Lake
sur vey, es pe cially those that un der went es sen -
tially the same di ges tion method used since the
start of the RGS pro gram, jus tify the merger of
AAS and ICP-MS an a lyt i cal re sults into
datasets for pro duc tion of maps for the Geo -
chem i cal Atlas of Brit ish Co lum bia. A mod i -
fied form of ex plo ra tion data anal y sis has been
used to com pare pop u la tions of data pro duced
by dif fer ent an a lyt i cal techniques, because few 
samples from the broader RGS database have
been reanalyzed by aqua regia – ICP-MS.

EXPLORATION DATA
ANALYSIS

Ex plo ra tion data anal y sis (EDA) is de -
signed to de tect trends or struc tures in geo -
chem i cal data. It in volves graph i cal and nu -
mer i cal tech niques that are in de pend ent of
as sump tions about el e ment dis tri bu tions. In

this way, EDA re solves prob lems re lated to the com mon
fail ure that sta tis ti cal as sump tions have in de scrib ing real
data, and the over whelm ing in flu ence that large pop u la -
tions have on smaller but of ten sig nif i cant dis tri bu tions
(Kurzl, 1988). Box plots and Q-Q plots can also be used to
com pare geo chem i cal data, such as sub sets from the RGS
da ta base gen er ated by dif fer ent an a lyt i cal meth ods and
from dif fer ent sam ple me dia. Pseudo – box plot di vi sions
have been con structed from the fol low ing statistical ranges
to compare datasets. The divisions are as follows:

Lower fence (Q1 – 1.5(Q3 – Q1)) — also known as
interquartile range/whis ker

First quartile 1

Me dian

Third quartile 3

Up per fence (Q3 + 1.5(Q3 – Q1)) — also known as
interquartile range/whis ker

Val ues above or be low the fences are con sid ered out li ers

Based on the tech niques de scribed by Kurzl (1988)
and Grunsky (2007), a pseudo – box plot ap proach has been 
ap plied to sta tis ti cally ex am ine the re la tion ship be tween
the re sults pro duced by the dif fer ent an a lyt i cal meth ods.
An ex am ple of a pseudo – box plot for Cu by AAS and ICP-
MS is shown in Fig ure 3. All of the box plots will ac com -
pany maps in the fi nal Geo chem i cal At las of Brit ish Co lum -
bia (Lett et al., in press). The graphs can be used to de ter -
mine if the data need to be lev elled with a cor rec tion fac tor
so that mis lead ing trends in plot ted data are avoided. The
first stage of the sta tis ti cal anal y sis has been to cal cu late
me dian, 1st quartile, 3rd quartile, and ‘fence’ val ues from
Pb, Co, V, Fe, Mo, Hg, Sb, Cd, Bi, Zn and Cu re sults by
AAS and ICP-MS. These sta tis tics were plot ted as a func -
tion of con cen tra tion on a sim ple line graph to pro duce a
pseudo – box plot. In the same fash ion, U by de layed neu -
tron count ing (NADNC) was com pared to U by INAA, and
Au by INAA was com pared to the data pro duced by lead-
col lec tion fire as say – AAS. Ar senic re sults by AAS, ICP-
MS and INAA were also com pared, and the sim i lar ity be -
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Element Units ICP-MS AAS

Ag ppb 2 100

Al % 0.01 nd
As ppm 0.1 1
Au* ppb 0.2 nd
B ppm 1 nd
Ba ppm 0.5 nd
Bi ppm 0.02 nd
Ca % 0.01 nd
Cd ppm 0.01 0.1
Co ppm 0.1 2
Cr ppm 0.5 nd
Cu ppm 0.01 2
Fe % 0.01 0.01
Ga ppm 0.2 nd
Hg ppb 5 5
K % 0.01 nd
La ppm 0.5 nd
Mg % 0.01 nd
Mn ppm 1 5
Mo ppm 0.01 1
Na % 0.001 nd
Ni ppm 0.1 2
P % 0.001 nd
Pb ppm 0.01 2
S % 0.02 nd
Sb ppm 0.02 1
Sc ppm 0.1 nd
Se ppm 0.1 nd
Sr ppm 0.5 nd
Te ppm 0.02 nd
Th ppm 0.1 nd
Ti % 0.001 nd
Tl ppm 0.02 nd
U ppm 0.1 nd
V ppm 2 5
W ppm 0.2 nd
Zn ppm 0.1 2

TABLE 1. INSTRUMENTAL DETECTION 
LIMITS FOR ELEMENTS DETERMINED 

BY AQUA REGIA – AAS AND AQUA
REGIA – ICP-MS.

Fig ure 2. Scatterplot for 1152 stream sed i ment sam ples from the McLeod Lake
map sheet (NTS 93J) ini tially an a lyzed for Cu by aqua regia – AAS and later
reanalyzed for Cu by aqua regia – ICP-MS (Lett and Bluemel, 2006). Ab bre vi a -
tions: ppm Cu-AAS, Cu by AAS (ppm); ppm Cu-ICPMS, Cu by ICP-MS (ppm).



tween re sults pro duced by all three meth ods jus ti fied merg -
ing the three datasets. This is the only case where INAA
results were merged with aqua regia – ICP-MS/AAS results 
(Lett et al., in press).

Com par i son of pseudo – box plots re veals that most
RGS el e ments have al most iden ti cal me dian and quartile
val ues for AAS, ICP-MS and INAA meth ods, in di cat ing
that no lev el ling is needed. Con se quently, data from the fol -
low ing meth ods can be merged into a sin gle file for map
plotting:

Pb — AAS with ICP-MS

Co — AAS with ICP-MS

U — NADNC with INAA

V — AAS with ICP-MS

Au — FA with INAA

Fe — AAS with ICP-MS

Mo — AAS with ICP-MS

Mn — AAS with ICP-MS

Ni — AAS with ICP-MS

Hg — AAS with ICP-MS

As — AAS with ICP-MS or INAA

Sb — AAS with ICP-MS

Cd — AAS with ICP-MS

Bi — AAS with ICP-MS

Zn — AAS with ICP-MS

Cu — AAS with ICP-MS

DATA MERGING — SAMPLE MEDIA
COMPARISON

El e ment data for stream sed i ment, moss-mat sed i ment
and lake sed i ment were com pared us ing pseudo – box plots
in the same way that dif fer ent an a lyt i cal meth ods were
treated. Data from the same an a lyt i cal tech nique (e.g., aqua
regia – AAS) were used to com pare two dif fer ent sam ple
types, such as stream sed i ment and moss-mat sed i ment. An
ex am ple of a pseudo – box plot for Cu in stream sed i ment

com pared to lake sed i ment and moss (moss-mat) sed i ment
is shown in Fig ure 4. Lev el ling of moss-mat sed i ment or
lake sed i ment data to stream sed i ment data was car ried out
with Q-Q graphs, where the 1st quartile, 3rd quartile, me -
dian, lower fence and up per fence for each sam ple me dia
dataset were plot ted on a scat ter graph. Least-squares best-
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Fig ure 3. Pseudo – box plot com par ing me dian, quartile and fence
val ues for Cu by AAS and ICP-MS. The graph was pre pared from
46 379 AAS de ter mi na tions and 12 132 ICP-MS de ter mi na tions.
Q1 and Q3 are the 1st and 3rd quartiles, re spec tively. Ab bre vi a tions: 
Cu_ICPMS, Cu by ICP-MS; Cu_AAS, Cu by AAS.

Fig ure 4. Pseudo – box plot com par ing Cu in stream sed i ment
(Cu_Stream) with Cu in moss-mat sed i ment (Cu_Moss) be fore lev -
el ling. Q1 and Q3 are the 1st and 3rd quartiles, re spec tively.

Fig ure 5. Pseudo – box plot com par ing Cu in stream sed i ment
(Cu_Stream Lev elled) with Cu in moss-mat sed i ment (Cu_Moss
Lev elled) af ter lev el ling. Q1 and Q3 are the 1st and 3rd quartiles, re -
spec tively.

Fig ure 6. Ex am ple of a Q-Q plot for Cu in stream sed i ment and Cu
in moss (moss-mat) sed i ment.



fit re gres sion lines were gen er ated (in the sim ple form, y =
mx + b, where ‘m’ is the slope and ‘b’ is the in ter cept) and a
com mon in ter cept (‘b’) was used to level the moss-mat sed -
i ment or lake sed i ment el e ment val ues with stream sed i -

ment data. A pseudo – box plot is shown in Fig ure 5 and an
ex am ple of a Q-Q plot for Cu is shown in Fig ure 6. Sub sti -
tut ing the an a lyzed moss-mat and lake sed i ment val ues
(‘x’) into the equa tion for stream sed i ment re sults in trans -
formed data dis tri bu tions with a least-squared best-fit re -
gres sion line hav ing a slope (‘m’) and intercept (‘b’) like
that of stream sediment data distribution for the element of
interest.

MAP PLOTTING

Of the 10th, 20th, 30th, 40th, 50th, 60th, 70th, 80th, 85th,
90th, 95th, 98th and 99th per cen tile val ues cal cu lated from the
raw and lev elled data for each el e ment, only those above
the 50th per cen tile were used for plot ting the at las maps.
The unlevelled and lev elled Cu and Ni val ues that cor re -
spond to the per cen tiles shown on the maps are listed in Ta -
ble 2. Per cen tiles for the lev elled data were used as in ter vals 
for con tours on the at las maps. The maps were pre pared us -
ing both ESRI ArcMap® 9.2 and Man i fold Sys tem 8. Each
pro gram pro duces slightly dif fer ent rep re sen ta tions, but
the same trends and pat terns are main tained. At trib ute ta -
bles for each el e ment were que ried and im ported from
Microsoft Ac cess. Con tours were cre ated by kriging us ing
the spa tial anal y sis tool in each pro gram. Out put cell size
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Percen- 

tile

Cu NL 

(ppm)

Cu L 

(ppm)

Ni NL 

(ppm)

Ni L 

(ppm)

10 9 9 5 4.68
20 13 13 8 8
30 17 17 12 12
40 21 21 15 16
50 26 25 19 20
60 31 30 24 25
70 38 37 30 31
80 47 46 40 41
85 54 52 48 49
90 65 61 62 64
95 89 80 94 95
98 132 114 148 148

99 170 151 250 251

TABLE 2. LEVELLED AND UNLEVELLED CU
AND NI VALUES FOR THE PERCENTILES

USED FOR CONTOURING IN FIGURES 7, 8,
AND 9. ABBREVIATIONS: L, LEVELLED; NL,

UNLEVELLED.

Fig ure 7. Con toured unlevelled Cu from merged AAS and ICP-MS stream sed i ment, lake sed i ment and moss (moss-mat) sed i ment data.



was set to 0.05 of a de gree, the search ra dius was set to ‘pro -
gram de ter mined’ and the num ber of neigh bour points on
which to base the pre dic tion was set to 10. The re sul tant ras -
ter sur face was com bined with data from the digital
geographic base map of British Columbia.

Con toured maps plot ted from unlevelled and lev elled
Cu data are shown in Fig ures 7 and 8. Al though the Cu
trends are es sen tially the same in both con toured maps,
there is an en hance ment of Cu geo chem is try in the
unlevelled dataset (Fig 7) for some parts of Brit ish Co lum -
bia, such as Van cou ver Is land. This ap par ent en hance ment
re flects dif fer ences in the sam ple me dia, with higher Cu
back ground in the moss-mat sed i ments that were col lected
mainly on Van cou ver Is land, com pared to stream sed i ments 
col lected in most other parts of the prov ince. The lev elled
drain age sed i ment Cu data (Fig 8) re veal sev eral belts
where the el e vated Cu shows a spa tial re la tion ship to geo -
log i cal ter ranes. For ex am ple, north west-trending belts of
el e vated sed i ment Cu in cen tral BC cor re spond to the vol -
ca nic is land-arc se quences that form much of Quesnel
Terrane. The out line of the Quesnel Terrane on the con -
toured Cu map is shown in Fig ure 8. Con toured Ni val ues in 
Fig ure 9 il lus trate how this el e ment can help outline
metallogenic belts when the data are presented in an atlas
format.

CONCLUSIONS

• Se lected Pb, Co, V, Fe, Mo, Hg, Sb, Cd, Bi, Zn and Cu
data for up to 56 000 re con nais sance-scale stream, lake 
and moss-mat drain age sur vey sed i ment sam ples have
been com piled to form the ba sis for the Geo chem i cal
At las of Brit ish Co lum bia.

• Lev el ling meth ods have been ap plied to cor rect pop u -
la tion dif fer ences aris ing from dif fer ences in an a lyt i cal 
tech nique and/or sample media.

• To date, ESRI ArcMap® 9.2 and Man i fold Sys tem 8
lay outs for the at las maps have been pro duced for se -
lected el e ments. Data files and doc u men ta tion that will 
con sti tute the first-gen er a tion at las will be avail able as
BC Min is try of En ergy, Mines and Pe tro leum Re -
sources GeoFile 2008-1 (Lett et al., in press).

• Fu ture use of the geo chem i cal at las and de riv a tive
prod ucts will help to better de fine met al lo gen ic belts
with new min eral deposits.
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Fig ure 8. Con toured lev elled Cu in stream sed i ment, lake sed i ment and moss-mat sed i ment, de ter mined by com bined AAS and ICP-MS.
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