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Revised stream sediment geochemistry at selected
precious metal deposits in British Columbia
J J Bara~so and P Tegalt
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Table 1. So;;'eof the ·c1assic· heavy minerals of ~onomicinterest
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SAMPLE

Fig 1:'LocaUon map

ABSTRACT. Despite the many prospects vlJich have been
discovered by conventional stream sedimem geochemistry,-the
dispersion stud[es of el!:ments in the vicina,of ~riousexisting·
prospects and orebodies indicate that a rMion of stream
sediment geochemistJy met.l-tods for most~ the elements
including gold, is necessary and inevitable.

Stream sediment sampling has not changed much since it
....was introduced to us in the lateJifties by HE Hawks. J:RiddeU; and

JAC Fortescue. Our attempt in this p~per is to r~ise the stream
sediment sampling for precious metals buteur work is carried out
as well as for base metals. molybdenum. wanium. etc. but those
will be discussed in a separate paper.

In this study emphasis was placed on those areas where­
conventional stream sediment geoch,emistIy failed to produce
anomalies at a reasonable sampling densilJ'. For further
improvement of stream sediment geochemical techniques a
routine low cost heavy min~rc::1 sampling ~niquewas worked
out and implemented in several areas.

Details of sampling and analytical data together with dispersion
processes are discussed at Caroli" "'unes, Consolidated CinoJa.
f.\ines, Equi Silver Mines Toodoggone Azra (Baker Hine.

ers re' urn.
conjunction with U,e environmental aspects of gold and silver

dispersion, the applicable pathfinder elements are briefly
discussed.

---'

0.01 - 750.0'
0.1O-6Y
32.0'
0.003 - 500.0'
0.01-500.0
om -0.17'
0.01 - 1,000.0
600,000'· 10·
200 ,36.000'
20.000 - 400.000'
10,000 - 600.000'

0.05
0.03
0.2-05
0.17
0.025 ·01
0.05
200-36,000
600,000, 10·

Au ppm
0.00056,0.0031
0.02,0.65 .
0.0019 . 0.0022
om
0.01 - 0.2

0.001 - 0.Q3
0.001 - 0.0120
0.001 -0.05

Au
Pt

AUzHgJ
(Au,Agl

FeAsS
A9JSbSJ
Ag,AsSJ

Fel'''S
Fe:>,

5.0 - 5.3
5.2
5.3

5.3-7.3
5.9 - 6.1
6.2 - 7.0
7.1 -7.6
9.0- 9.7

9.7
14.0-19.0
15.0 -19.3

Specific
Gravity

3.5
4.2 -55

,~ .. -"4.4'-4.8
4.6-4.7

4:6

Secondary and primary min~ra15

Arsenopyrite
Pyrargyrite
Proustite
Pyrrhotite
Marcasite (Pyrite)
Heavy ~\ineral Sulphates
Heavy Mineral Sulphides
Gold
Platinum
Go~dAmalga:m

Argentian Gold (E1ectrum)
-Data from the lit~rature.

Table~ Some secondary minerals of stream sediments

Composition Au ppm
FeO (OH)'nH20 0 - 50.0

HFe02 om -22.00
. Fe,OJ '0.002,0.90'

KF., (OH). (So.>. .2.0 - 8000.0"
Mno, 0.2 - 35.0'

AgFeJ (SO.), (OH). 0.6 - 20.0
AgCl 0.1 • 2,0

MiNERAI-
Umonite (Amorphous)'
Goethite

-"lfematite -~

'-Jarosite
Pyrolusite (&wad "'n ox)
Argentojarosite
Cerargyrite

MINERAL
Diamond "C­
RutileTio,

:. nmenite FeTiO;" ..•
Zircon ZrSi04

Ouomite feCc204
Nonazite

(Ce, lA, Y, Thl PO.
Magnetite FeFe,O•
ThoMte Th (SiO.)
Cotumbite

(Fe,r",,) (Nb, Ta),O.
Scheelite CaWO.
Cassiterite SnOz
Wolframite (Fe, Mnl WO.
UraniniteU~
Thoiianite ThOz
Platinum Pt
Gold Au
All data from the literature.
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First are the iron reactions in the- stream environment producing
metallic gold:

Fe·+ + Au· ~ AuG + Fe···
3Fe+ + + Au··· ~ Au~ + 3Fe+ .. +
The second important reaction involves manganese as the main

key to gold reduction: .
2Au" + + + 6~O + 3,\\n...... ~ 2Auo + 3t"\nO, + 12Ht-

f The third important reaction is the iron sulphide reaction which
invofves the formation of secondary sulphides as weU as assisting
in many phases of gold reduction and incorporation into
secondary sulphides or the coppe( reactions inVolving

exploration, the search in the past twenty years has concentrated
on sulphide-bearing ore d~posits.This led to the neglect of
systematical development of heary mineral geochemical
techniques until t.ie intensified search recently focused on some
of the heavy minerals like Sn, W, Au. Ag and Pt which also
showed some improved economic interesl This research project
was designed to test the validity of our heavy mineral sampling
ar..p processing techniques and to compare the data with
conventional stream-sediment sampling results. (fhe locations of
samples used in this stu~ are shown in Fig 1).

REVl~

In the middle thirties NH Brundin. in Sweden, (Brundin and Nairis.,.
.1972) (Bnmdin and Bergstrom, 1977)'used pan concentrates of
geochemical samples for spectrographic analysis to increase the
detection limit and sensitivity of analysis of geochemical samples..
In the early history several authors examined and discu:s.sed the·
use of pan concentrates; eg Mertle (1954) Fisher and Fisher
(1968), and Wells (1973). Theobald (1957) carried out a

"systematic heavy minerai ~dy a~ part of a geoch~mj~l-survey

and succeeded in locating intereSting tungsten mineraliZation.
Zeschke (1961) showed that heavy minerals can be dispersed for
several kilometres downstream. Varlamofl (1971) reported that
tungsten minerals in equatorial and tropical conditions of Central
Africa are partly dissolved and partly mixed with the finest
products of alluvium and are transported "for distances that may

::~ ·',~::":t•...,.::..;:. ,~,: '.. ~,~"f ..... ,,"'.: .ree)lpr~ssed.in kilometres and. tens of kilometres-. RA \Valters ~t.
.:. '. _. .aJ (1978) reported a sYstem~tic 'reconnaissance utilizing heavy

minerals as a successful tool for locating uranium mineralization.
BarZlkso and Gower (1973) reported tin anomalies in the Yukon

and Northern British Columbia which were obtained using
spedally-designed sieve-and-pan methods developed in the early
1960s. Similar heavy mineral st1ldies were carried out for
cassiterite by Zantop et al (1978) using panning methods.
Recently Wilhelm et al (1979). in France. carried out a rather
interesting research study in base metal prospecting. examining
the mineralogy of several stream sediment samples around base
metal deposits. They also tested the various fractions (eg. iron
hydroxides) for their base metal contents and very closely
examined the heavy mineral fractions as an aid in Jocating
orebodies by sampling those fractions.

Our involvement with heary mineral rractions dates back to the
early 19605 when ways were found to focus on minerals such as
Sn, W. etc. During the early 70s this work led to the use of heavy
mineral sampling media to locate base metal target~ in the
Cordilleran regions. Following much experimentation. these
techniques were. adapted for use with precious metals in the late
70s.. It is not our intention to d&uss all the processes of
~w~~Vtering in relationJo stream geochemistry. The applicatiorr of
heavy mineral sampling. hO'olife'\Jer. requires an understanding of

._the basic principles of precious metal- deposition in ~ ':' - :::.
o stream-sediments in particular to appreciate the impo~rta·nceof ....
secondary minerals formed L., s~eam beds, and especially in the
case of gold since it is the most-studied precious metal and still
very little is known about ("IS transformations.

Iron and manganese hydroxides are known to be important
co-precipitants and dominant factors in fixing the various elements
in the secondary heavy mineral suite of stream beds. Also this can
shed some tight on the bas;c principl~s of the chemical processes
which occur in the secondary environm~nt during stream
sediment deposition. These in some instances show many
similarities to gossan 'formation in the secondary environment RW
Boyt~ (1979) notes the two most important reactions of surface
processes for gold and silver zre the following:

- S'l£ REOOC:TKHf 8'l' SlEVIN.' 2O.M X

_ COWC£l'tTIUTrON BY PI.OIroTAT,OI't.
....._ !l HOlot-WAll' 446.42)(

_ D4TA .~£o ()lot tz:J ,A.WP1..E, ....TIt
AM "Y!:l't_£ *£'$14T 0" ·8.'D .,.

-20111£SM. 'B~.',. 4.9....

HCIff.o. ......"'ETle. l4,4, •• o.l~"

"...,..ITIC. ,.U'll. O.O¥.f'"

Fig 3. Sample size reduction by the uarious concenlJalion
procedures

SA\lPL.E WEIGHT REOUCTKlN ON HEAVY MINERAL (H.M.) CONCENTRATES:

Fig 28. Heo.uy mineral sampling tool

'Fig 2A. Heo.uy mineral sampling
method (sampler Ty &jlacko. Min-En
Labs Ltd)

Introduction: In regional exploration the most'rapid and reliable
method of finding promising targets in the Cordilleran region is
the technique of stream-sediment sampling, Stream-sediment
sampling technique has not changed much since it was
introduced to us in the late 1950s by HE Hawks, J Riddell and
JAC Fortescue. Our attempt in the past few years was to revise
stream.sediment geochemistIy methods for precious metals, as
well as for base metals and molybdenum. tungsten, tin, etc, bur
L'1e latter ones will be discussed in separate papers. .

Examination of the validity and reliability of stream-sediment
geoch~mistryof existing deposits particularly in the case of noble
metals. led to the conclusion that utilizing heavy mineral
techniques increases success in gold and silver exploration. Heavy
mineral concentration by panning has been used for centuries in
exploration for many metals and minerals.

Since the deve~opmentof geochemical techniques in
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This explains why gold is called a -noblet" element

It is often thought that gold is never in true solution in any

natural system but rather resides in the form of verY finely divided

particles. which are hydrated or coated with a variety of natural

substances like fine silt silica. iron hydroxide, etc. which stabilize

the gold in the aqueous medium. In the past the roTe of chemistry

and the existence of flour go14 in stream sediments has been

highly debated. but .....ith modern concepts one ca':l accept that the

flour gold most often are gold crystals or micro-nuggets resulting

from chemical dissolution from primary minerals and. after

transportation. deposited by a simiJar chemicaJ mechanism as the

above processes, In this study it has been observed that in some

cases up to 70% of the heavy minerals can originate as

mechanically transported detrital dispersion products in stream .."

sediments. This point is particularly relevant on the Coast Rang~

of \V.estern Canada, but not necessarily in the interior and in the

southern part of the Cordillera. where the chemical deposition of

secondary minerals in stream beds is more abundant and can

make up to 100% of the metal values of secondary minerals.

On the basis of the above brief review, it is concluded that in

eny heavy mineral sampling technique it is very important to retain

the detritally and chemically secondary dispersed metals.

particularly those secondary minerals that cany precious metats.

For this reason Table 1 and Table 2 are presented, The first tabl~

lists the well-known 'c1assic' suite of heavy minerals on which aU

panning and other heavy mineral separations are based.

The second table summarizes the secondary minerals which

carry important amounts of gold and which are important

constituents of stream sediment samples'in many districts. These

Fig 48. Gold content of heavy mineral stream sediment

samples in the Toodoggone area

HM

UWYUlS

P.>SS

. ,

-0337
-0.771
-0.7991
-1.229
-1.23
-1.50 •
-1.68

EO =
EO =

EO =
EO =

EO =
EO =
EO =

., <'2~

• 25-10.0
!!.. 100 - ~OO

{~ 500 - 1000

~>IOOO

Au f"h-

suJphid~suJphate systems have a similar effect.

FeO + H;zS + n-H20 - FeS-nH20
4CuFe5, + n-H20 + 2Au· (5,0,)-2 ~ 2Au· + 2Cu2S +

4FeSo, + n'H2S ,
\Vhere some of the products will be' the basis of secondary

sulphides. s,-!Iphates enriched in gold content

Also the selective chemical,attacks (hyd~ochloric·hydrobromic

acid etc), reveal the existence of gold in the various iron and

manganese hydroxides. Thus the crystalline limonites (goethite.

hematite), jarosite; and the amorphous forms are very important

components. together with other secondary minerals as catalysts

end co-precipitants from the precious metal point of view.

particula:rly in the case of gold.
The above equations give us insight into gold, reduction; with

the help of other catalytic reactions they explain to a certain extent

the crystallization of gold forming micro-nuggets. in stream

sediments.
Gold reduction was explained by latimer in 1952. ~hen he

~ted that gold can be reduced very easily from the ionic state to

the metallic form since it posses~es the lowest number electrode

potential (EO) in the electrochemical series, as shown below.

Thes~ numbers are given below:
Cu = Cu·· + 2e'
Fe+· = Fe+"'· +e­
Ag = Ag·'" + e·
2H,O = 0, + 4H· +4e"
(·In·· + 2H20 = Mno, + 4H· + 2e"
Au = Au··· + 3e'
Au = Au'" + e·

""""""
""'"

LEG:::ND,
LC'""E.~ .AlRASSC

~ couertz tT'ICI'l:-:rite. vcnodlor1,.

c=:::J TOCO=C<;< G>OU~

l?fC-R TRl..\SSiC

~ T.:J<LA~

~-=t PAllOZo.e

.-----. ....-n<A G«>.P

Fig 4A Gold content of conventional stream sediment

-samples in the Toodoggone area
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. Fig 5A Silver content of coltt.Jelltional str~ sediment
samples in the Toodoggone iJrea

Fig 58. Silver content ofhre.uy mineral stream sediment
samples in the Toodoggone area .
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two tables are presented to emphasize the importance of those
minerals which occur in secondary forms in stream beds. since as

.Table 2 shOws many of.them carry a Jot-moce gold than minerals
list-~ in Table 1 (classic heavy minerals).

METHODS AND MATERIALS
I\n orientation survey was carried out around known
precious-metal deposits to evaluate the developed heavy mineral
~mpling procedures and techniques.

Conventional stream-sediment samples were taken routinely at
each sample site together with a heavy mineral sieved sample.

The heavy mineral sampling method and the sampling device
are indicated by the photographs (Fig 2A and 26).

Samples were sieved with 40 mesh screens around the Baker
f.\ine. Lawyers. and Goosty. and with 20 mesh screens at Carolin
Nines and Consolidated Cinola.

The mesh size is relevant in the concentration technique.
During the early stages of heavy mineral evaluation, it was found
that on the coast 20 mesh is most satisfactory, whereas in the
interior 40 mesh is more applicable.

All collected samples were dried and prepared in laboratory
facilities.

The conventional stream-sediment samples were treated
routinely and analyzed for various suites of elements. The
magnetic and non-magnetic - 20 +80 mesh fractions of the
heavy mineral samples were prepared and floated over a 3.1
specific gravity and material above 3.1 was discarded. Following
this, the analyses were carried out in a routine trace analysis

fashion, using the non-magnetic fraction for the discussed
elements. -
..The relative. ratios of sample fractions are shown in Fig 3•.The _ •
experimentation for this figure was carried out in 1978 on 123
samples. The main point of this diagram is the field-sample size
reduction on 123 samples. With an average weight.of 1936 lb.
the weight reduction is 20.09 times by sieving" The total sample
concentration is 446.42 times including magnetic fraction, and
605.53 times excluding magnetic fraction. To test the validity of
the heavy mineral method in the Cardine-ran region. four lest areas
were chosen where conventional stream-sediment geochemical
methods were unsatisfactory or did not produce anomalous
results. The locations of the areas sampled are shown in Fig 1.

Toodoggone Area
Gold and silver mineralization in the Toodoggone camp was
discovered by detailed reconnaissance geoche'mistry and
prospecting in the late 60s. The host rocks of the gold-silver
mineralization in the area are the Triassic TakJa Group at the
Baker ,...\jne and the Jurassic Toodoggone voteanics as at the
Lawyers property. Gold mineralization occurs within a siliceous
gangue almost solely in the form of electrum Au, Ag with'
associated pyritic sulphides at the Baker !-\ioe. or without
sulphides at tI"le Lawyers prope-rty. Orebodies hosting
mi~eralization include veins at Baker znd vein stockworks and
breccia fillings at Lawyers, both controlled by contemporaneous
faulting. The mineralization appears to be related to Jurassic
intrusions in the district.
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Ag ~p.m. • < 2.S
o 2.5 - !i.0
G 5.0- 7.5

.'7.S

Fig 6B. Siluer content ofheauy mineral stream sediment in
the Sam Goosly area
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E::::3 __ porphyry, ~I;c """"

Fig 6A Silver content of conuentional stream sediment
samples in the Sam Goosly area

I'
LEGEND:
TERnARY AU ~~b. • < 25

~P'lrOJl@j"J~ I~esit~ lava :: 25 - 100
•• 100 - 500

C=::J pyrodoslics.orgiMle.c0ll91omeoote @ 500 - looe
~ plagioclase porphyry.9'"cniric s:ock~ ~ >1000

Fig 7B. Gold content ofheauy mi~eral stream sediment in
the Sam Goosly area

was followed by regional soil sampling_ Sulphides. primarily in th~

form of chalcopyrite. pyrite and tetrahedrite with associated
arsenic and antimonical sulphides and gold. occur ·within a
pyroclastic phase of Mesozoic strata comprising of argillites and
conglomerates located immediately to the west of a feldspar
porphyry stock and east of a granite monzonite stock. The
f.\esozoic rocks are exposed in a window eroded in Tertiary cover

. rocks. The mineralization consists of at least two phases with
. perhaps three distinct events. However, the relationship of the are
genesis to either intrusive has not been proven.

Anatytical data obtained for the stleam sediments ar~

silver. gold. arsenic. zinc. antimony and mercury as the most
known pathfinder el~ments_ The data indi~te L'lat heavy minera~

Au ~b.• <25
• 2~-IOO

~ 100 - 500
@ 500 - 100
@>1000

Fig 7A Gold content of conuentional stream sediment
samples in the Sam Goosly area

Sam Goosly Area (Equity Silver Mine)
The Sam Goosly Deposit was discovered by fluorine geochemistry
by establishing a 10 square mile stream sediment anomaly_ This

LEGEND,
TERTlAin'

~ pyronne tr~l. !ovo
C:=l pyrodastics. et;i:ile. ccn91cmt1'ola
, J~ porphyry.O'tIniric srocks

Mineralization found to date a·ppears to be confined to the
western margin of the northwesterly trending Omineca belt and
for the: present by the proximity of the Lower-ta-Middle Jurassic
quartz. monzonite and granodiorite intrusives. Silver to gold ratios
are fairly consistently 20:1 for those showings examined to date.

Samples collected from this area were routinely handled and
results for gold and silver are indicated on Fig 4A and SA for
conventional (e) stream sediments and Fig 48 and 58 for heavy
mineral 0'1.\\) concentrates.
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_"" ~ .... _ .-.-;.: ...,.- -. ...,.- .. r.Fig 88; Arsenicconteht of h?avy mineral~ sediment.ih. the Sam' Goosly area

I

sediments composed of pelite5 and numerous s5pentinite and
serpentinized periodotite bodies which lie adjacem to the
northwesterly trending Hozameen Fault. The mineralization occurs
in flat-lying elongate lenses subparallel to the se&nent of the
udner group and to the Hozameen Fault. the eads of which crop
out in Ladner Creek.
. Data from the samples obtained from this area(Fig 9A £; B for

gold, and lOA & B for arsenic) illustrate the gold znd arsenic
pa~m of stream sediment samples. The 'B' (Hf'oQ figures illustrate
how the heavy mineral concentrates renect the lRSefiCe of the
ore body as compared with the conventional strei!!ln geochemical
data shown on the 'A" figures (C).
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CaToHn Area
The Carolin Deposit was located by examination of old prospects.

Arsenopyrite with associated gold occurs within quartz
segregations that parallel the schistosity of the Ladner group of

samples produce clear cut anomafies for several miles from the
deposits. Again it is clear that the heavy mineral sampling
technique is a major improvement over the conventional stream
sediment technique, with which many exploration companies
failed to detect the orebody during their routine reconnaissance
sUlVeys. These figures are presented herewith for silver, gold and
arsenic. (Fig 6, 7, SA and 8B).
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; ~ "[,fig SA. Arsenic content of conventional srream sediment·
, samples in the Sam Goosly area

Fig 9A Gold content of conventional stream sediment
samples in the Carolin area

Fig 98. Gold content of heavy mineral stream sediment in
the Carolin area
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CONCLUSIONS
This study ir.d:cates that the mechanism of chemical:dispersk.n of
gold carries a great importance in stream sediment geochemistJy_

Fig 11B. Gold content ofheauy mineral streanHediment
samples in the Cinola area

mineralization is relatively small, being overlain by tltJ:Wlicified
Pliocene Skonum Formation and Quaternary alluvium to the
north and east

. Among all the presented test cases, the Cinola deposit was
thought to be the least successful. It did not exhibit My stream
sediment anomalies when conventional stream-sedime1"lt
geochemical prospecting tec~niques were used. It~, therefore,
a pleasant experience to obtain the heavy mineral wiJes which
demonstrated definite anomalies. particularly for goIct antimony
and mercury. These figures are shown in Fig 11 an412A and B.
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Fig ] DB. Arsenic content ofheauy mineral ;;tream sediment
samples in the Carolin Mine area
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Cinola Area
The Cinola Deposit was discovered by prospectors. In British
Columbia it is the best example of what might be called a
sub-microscopic (colloidal) gold deposit Micron gold is hosted by
silicified Cretzceous Haida shales and Mio·Pliocene Skonum
Formation conglomerates, arkosic grits. minor shales and
carbonaceous wood fragments are of an outcrop on a hill along
L;e trace extension of the Sandspit Fault The best gold grades
appear proximal in part to a normal fault, which brings the
Skonun Formation into contact with a shale sequence of the
Haida Formation. This zone app.ears to be the most heavily
silicified, along with selected strata in the Skonum sediments, a
feature that appears to account for th~ upgraded gold content
radiating outv.rard fro!,," the footwall lone. The surface area ~f

Fig //A Gold content of conuentional stream sediment
samples in the Cinola area
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Fig 1OA Arsenic content of conuentional stream sediment
samples in the Caro/in area
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Fig 12A.Antimony c6ntenlof conventional.stream sediment.' '
samples in the Cinola area '
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CORRECTION
In the article 'The development of
biogeochemistry as a practical
prospecting tool for gold' (Warren
and Barakso. W/\\ Feb'S2 p27-32).
the name of John J Hajek. well
known in the geochemical field. was
misspelled (as Hazek). We know that
many who work in this field will
attribute the references correctly. and
we wish to put the record straight for
our other .readers.
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Fig 12B/Antimony content o{heav!fmineral.stream
sediment samples in the Cinola area
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Also iii conjunction with this study it has been established that
the presence of flour gold most often are gold crystals or
micro-nc£gets resulting from chemical dispersion. .

All four areas examined with heavy mineral stream
geochemistry indicated marked improvement over conventional
stream sediment sampling, and those which did not produce
anomalous values for precious metals by the latter technique ..
showed well-defined anomalies when the heavy mineral technique
was err:p!oyed.

The ac....antages of the hea...y mineral procedure can be
summarized as follows:

1. In contrast to conventional stream sediment samples heavy
minerc:1 stream samples a~e less dependent on seasonal
v~riations.

2. HeaV'J mineral samples reduce the contamination pOSSibilities
since the main absorbing materials (organic clay) ~re eliminated.
in the wet screening process.
. 3. Hea...'Y mineral samples exhibit a more pronounced contrast
bet'H~n the anomalies and the background values. and combine
the em~hasison primary-{detrital) and secondary·minerals.

4. He~ mineral samples significantlY eliminate the glacial
dilution. effects of stream ~ediment samples.

5. To acquire a large initial heavy mineral sample. stream beds
must be sampled to a deeper stratum. thus evaluating a much
longer ~riod of stream sediment deposition.
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