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GOLD CONTENT OF WATER, PLANTS, AND ANIMALS

By RoBERT S. JONES

ABSTRACT

Sea water contains from 0.001 to 44 ppb (parts per
billion) gold. The amounts of gold in fresh surface waters
and ground waters are also within this range. The average
amount of gold in sea water as calculated from neutron
activation analyses is (.05 ppb.

The maximum amount of gold detected in plant ash
by neutron activation methods is 36 ppm (parts per million)
and the average is about 7 ppm. This average, if correct,
greatly exceeds the average concentration of gold in the
carth’s crust.

The gold content of dry matter in animals as deter-
mined by neutron activation methods ranges from 0.0012
to 430 ppb. On the basis of scanty analyses, terrestrial
plants and animals appear to contain more gold than
marine plants and animals.

INTRODUCTION

This report on the gold content of water, plants,
and animals is one of four that summarizes avail-
able data on the occurrence of gold. The other
reports are on gold in the earth’s crust, in rocks,
and In minerals (Jones, 1968, 1969; Jones and
Fleischer, 1969). They have been prepared as
background material for the Heavy Metals pro-
gram of the U.S. Geological Survey, an intensified
program of research on new sources of heavy
metals, including gold.

Data on the gold content of ocean waters and of
fresh waters, as well as on the gold content of
various plants and animals, are summarized and
collated. Conclusions drawn from the data must
be tentative because of lack of standardization
among analytical techniques.

GOLD CONTENT OF WATER

The concentration of gold in the hydrosphere
18 not likely to exceed 0.01 ppb (part per billion),
according to Zvyagintzev (1941), but this amount
seems to be nearer an average value than an upper
limit. It is appreciably lower than the range from

1 to 6 ppb given as the average gold content of
the earth’s crust (Jones, 1968).

SEA WATER

Sonstadt (1872) was the first to make analyses
of sea water for gold and gave three methods for
doing so, but he obtained evidence of gold in sea
water by only one of them. Since then man has
dreamed of economically extracting gold from sea
water. Probably the foremost of the analysts was
Haber (1927, 1928) who devoted many months
of research to this problem, only to foresake it
when he realized from the analyses of a large
number of samples of sea water that its gold
content was very much less than had been pre-
viously reported. The amount of gold per cubic
meter of sea water is minute and, according to
Haber (1928), as based on the analyses of 1,635
samples taken at 186 stations across the South
Atlantic Ocean (table 1), is 0.004 ppb. The amount
of gold in sea water is estimated to be 27.4 million
tons ( Friedensburg, 1953).

The analyses of gold in sea water are given in
table 1. Analyses made prior to 1927 are not
included, but those who wish to refer to these
can consult the works of Sondstadt (1872), Pack
(1898), Liversidge (1897), Don (1898), Wagoner
(1901), DeWilde (1905), and Koch (1918).

The seas and oceans contain varying concentra-
tions of gold. For instance, the South Atlantic
Ocean has been considered by Haber to be gold
poor when compared to the amount in the other
seas and oceans. Haber found at least ten times
more gold for a given volume of water in the North
Atlantic Ocean than he did in the South Atlantic
Ocean. Other workers have also found a higher
average amount (table 1). Not only do the oceans



TanrLe 1.—Gold conlent of seas

Gold content (pph)

Sea Sampling locallty Reference Remarks
Range Averago
RERNEEE i i i i <1 Brittany coast off Porspodere............... un}:{fﬂiml
LIEs),

Do.... 3 ST L 1 :'I’ﬂur:lmnt LT | R R Sy oy T ! O siciiaivivgs

o.. 2.25 Lat4w¥r 3“." N long 3°40° W __ .o, Haber (1927).

| B L T 4.1 Lat 40°7> N.; bong 16°10° W . L. e do,. e

| P, R R X A LT . 8 i-u‘imn:uﬂrd Sdweans . Noddack and  Method of analysis: preconcentration, spec.

Noddack (1039). trographic. Sample taken in shallow water.
Do. 0. 0150, 508 . 139 British coast near Portland. ....... . Hummel {1*.157}.... Method of nnah.ﬂ-a neutron activatlon «n
untreated waler. Sampling depths frum
) furface to 50 m. 29 samples.
Do 010- . 021 .015 Northwest limit of Bay of Discay at lat .__.. " Method of anulyses: neutron activation on
46°30° N .; long R700° W, untreated water. Sampling depths from
surface toapproximately 600 m. Jsamples,

Y s o s .25 2km from Funchal, Madelra Islands........ Glazunov (1929),

DI e i i i e i 004 Between Africa and South America......... Haber (1928)...... During the cruise of the “Meteor,” 1,635
samples were taken.

B cinsicinses L0001~ . 044 008 Along lat 42° 8, . Haber (1927)...... 38 samples

A 2.88 -R 46 579 Near Newfoundland Banks.__________________... - [ M N e b samples

Arctie........ . L0016~ .18 .4 L:nt T3°36" 1o T4°52 N long 12°06" 1o 20000 ... .do......
i P TSR O | 188 47 Lat B1°19" Lo 66°53' N long 443" Lo 24731 W....... do.... Z
No.. L4084, 843 207 ..... 1 L do.. .. "3 annlyses. Melt water of surface jee.
Mediterranean. .. 21 ~1.9 Between Gibraltar and Lisbon. ... ... ...... Stark (1943)_ ... . L!Lutm:“nr analyses: fire astay and mico-
grapiic

Do. : .31 - .94 4 Between Gibraltarand Genoa. ... ... ..... ", [ Do.

Do .05 =1, 51 Coast of Corsieh. ..o ereiie i ciieicicncncncnanans 1 3 Do,

37, PO .21 - .8 LT T R S R s S o e o e i Do,

Adriatic............ 000 | (120 .02 Coast between Venice and Flume. ... .e.........do.. Do.
T [ [ G~ |, 0 0 San Franciseo Nay near Savsalito ... ... Haber (1927).

| TR | 1 7. 1 1, .015 BSan Francisco Bay near Oakland (Jet1y)eee.. ... do,,

M i i eas - Ry 15 nautical miles off California coast......... Claude {lﬂﬁj ..... _ Paosition along coast not given. A number of
samples were probably taken along the
coast and about 15 miles oult.

1 R 068 40 miles west of San Francls0o,.............. Weiss and Lai Method of analysis: organic coprecipitation,

{1563). colorimetric checked with joactive
tracers.

Dao. Trace- .25 { m.'m} Washington coast (Puget Sound)............ Caldwell (1938)__.. Depth 180 m.

about
Do . .375,1 .69 w:;.:thlnfmn coast (Stralt of San Juan de .....do........
uca)l.
2 AP O 5.0, 44 24. 5 ‘i'-':{.;lnlt?nln;: t;m.ﬂ (Copalls Beach and Putnam (1953).... Method of analvsis: electrolysis.
Mutiny Bayv).
] P, | $5- | .23 Oregon coast (Waconda Beach).. . ... _.... Caldwell (1935),
DO, .o i iiianaanns .. 3 Japunese coast (Tokyo Bay). . .o.vvvinvnnnnn Ynanda (1927,
V).

o, 10 Japanese coast (Kominato Bay) .. oo oo ionnnn |1 [ AP L

1Yo A . | Japanese coast (Kagoshima Bay).. ... ............ do.. i

B 1. 005~ 420 ... Japanese const (East of Honshu Island)..... Oka, Kato, and  Method of analysis: neutron activation, 7

Snsaki (1004, samnples taken from depths of 109 to 20 m,

and 14 surface samples.

and seas vary 1n the amount of gold that they
contain, but so do samples taken simultaneously
“side by side” (Hummel, 1957).

Haber (1927), probably hoping to find larger
amounts of gold in sea water near goldfields,
analyzed more than 100 samples of sea water from
San Francisco Bay, just off Sausalito and Oakland.
The waters near Oakland contained as much as
0.055 ppb and had a median value of 0.012 ppb
gold. The time of day that the samples were taken
and the ebb and flow of the tide seemed to be in-
significant factors in the amount of gold found in
the analyzed sea water. Farther from shore, 40
miles west of San Francisco, the ocean water
contained 0.068 ppb gold (Weiss and Lai, 1963).

Hummel (1957) found 0.015 to 0.5 ppb gold
in sea water; Caldwell (1938), Stark (1943), and
Putnam (1953) obtained values of from 0.02 to 44
ppb (table 1). Caldwell (1938) concluded that
there 1s a maximum of about 0.1 to 0.2 ppb gold

in the sea water off the Oregon coast or in Puget’

Sound (Washington). However, these figures
might be low considering the values given by

S

Putnam. Stark noted that samples of water from
the Adriatic Sea contained an average of 0.02 ppb
gold and from the Mediterranean Sea, 0.4 ppb.
The maximum amount of gold in sea water
obtained off the Iberian coast was almost 2 ppb.

Sea water off the coast of eastern Japan has
been taken from wvarious depths and analyzed
for gold by the neutron flux method (Oka, Kato,
and Sasaki, 1964). The amount of gold found
ranged from 0.006 to 0.429 ppb. The content
varied in different places, but the amount of gold
in deeper waters was somewhat less than that
found in surface waters. Where cold and relatively
warm waters mingled, such as the cold Kuril
current (Oya Shio) with the warmer Black current
(Kuro Shio) (Zenkevitch, 1963), the gold content
was relatively high. Analyses from other places
near the Japanese coast indicated the gold content
of sea water ranged from 3 to 20 ppb (Gmelin,
1954, p. 125-130).

In one locality, during a spring bloom of phyto-
plankton, a decrease of about 15 percent in



dissolved silicate contents occurred, and the gold
contents decreased 60 percent (Hummel, 1957).

Peshchevitskii, Anoshin, and Erenburg (1965)
believe that gold in sea water is present mostly
in the form of the complex anion (AuCl}),
although this was contrary to Haber's (1928)
conclusion that gold was associated with particu-
late matter. Schutz and Turekian (1965) question
Haber's conclusion stating: “The precision of his
(Haber’s) determination of four centrifuged sam-
ples was no better than on the original water, so
the association of gold with particulate matter
does not seem to be the primary contribution to
analytical variance in his method.”

Hummel (1957), though, believes that gold
concentration tends to decrease away from shore
and agrees with Haber that the gold is associated
with particulate matter because of the inconsist-
ent variability of gold content with depth from
the surface of the water downward and also the
decrease in the gold contents as samples are
obtained progressively farther from shore.

FRESH SURFACE WATER

River waters have been considered as being too
low in gold content to make them worthwhile as
a tool for geochemical prospecting for gold in
gold-bearing regions (Konovalov, 1941), although
Kropachev (1935) considers values of 0.06 ppb
and more gold in water as being useful for pros-
pecting purposes. In the rivers of the Irkutsk
region and Transbaikal, the gold wvalues are
mostly from 0.01 to 0.09 ppb, in the Krestovka
0.016 ppb, the Zarca 0.33 ppb, the Unda 1.7 ppb,
the Gazimur 4.7 ppb, and water from Lake Baikal
at the mouth of the Krestovka River 0.12 ppb
( Kropachev, 1935). Samples of water from the
Sutar River contained 0.005 to 0.01 ppb of gold
and averaged 0.03 ppb (Konovalov, 1941). Rhine
River waters near Karlsruhe averaged 0.0039
ppb gold, near Leverkusen 0.0027 ppb of gold,
and near Schopfstellen, 0.003 ppb gold (Haber
and Jaenicke, 1925). Fischer (1966) found 2 ppb
gold in unfiltered Saale River water and 0.1 ppm
(part per million) gold in the suspended matter.

GROUND WATER

Thermal waters rising from great depths are
known to contain gold. The gold content in the
deep waters of the Comstock Lode, whose tem-
peratures vary from 116° to 170°F, is 0.298 ppb
(Lincoln, 1911). Vadose water at the Comstock
Lode contains both gold and silver in solution.

Studies of gold in hot springs of Beppu (Japan)
were made by Koga (1960, 1961). The average
gold content of 27 springs was 0.53 ppb, ranging
from 0.5 to 2.2 ppb gold. At the Motoyu spring
at Nasu (Japan) is deposited a yellow precipitate
which contained 1 to 10 ppm gold (Ikeda, 1955b).
The gold content of some acid spring waters is
less than 0.01 ppb (Ikeda, 1955a).

At Lake Taupo, New Zealand, sinter deposited
by existing hot springs yielded 0.94 ppm gold.
Maclaren (1906) noted that some siliceous sinter
from Whakarewarewa south of Rotorua, New
Zealand, contained about 1 ppm gold, whereas a
nearby sulfurous sinter contained about 2 ppm.
Grange (1937) reported 2 ppm gold and 120 ppm
silver in the sinter from Whakarewarewa. The
metal content of precipitates in some hot springs
and boreholes in New Zealand ranged from <1
to 85 ppm gold and from <5 to 500 ppm silver
(Weissberg, 1969). One of these springs, the
Champagne Pool at Waiotapu, whose source is
possibly as deep as 1.5 to 3 kilometers, has an
areal extent of 7,000 square meters, a surface
temperature of 70° to 75° C, and a pH ranging
from 4.9 to 6.5. Samples of its sinter contained
80 ppm gold and 175 ppm silver. The gold content
of the hot waters from another spring was <0.04
ppb and from one borehole was 0.04 ppb. Analyses
of sinter from Steamboat Springs, Nev., have
been reported as 1 ppm gold (Becker, 1888) and
as 10 ppm gold and 400 ppm silver (White, 1967).
At Boulder, Mont., a vein filling deposited by an
existing hot spring contained 0.768 ppm gold; at
Anaconda, Mont., the gold content of a ferrugi-
nous tufa deposited by an existing hot spring
varied from 0.83 to 2.49 ppm; and at Ojo Caliente,
N. Mex.,, a calcareous tufa deposited by an
existing hot spring yielded 0.042 ppm gold
(Lincoln, 1911). A water sample from the Great
Salt Lake contained an equivalent of 0.032 ppm
gold (Lincoln, 1911). Because some of the fore-
going analyses were made before about 1928,
prior to the development of modern analytical
techniques for gold, it is possible that some of
them may be inaccurate (Contes, 1939).

Waters flowing through mines in the Aldan
Shield of the southern Yakut, US.S.R., contained
an average of 0.7 ppb gold, and stagnant mine
water contained 0.9 ppb gold (Razin and Rozhkov,
1963). In other ground waters the minimum
amount of gold as determined by Landstrom and
Wenner (1965), using neutron-activation method
of analysis, was 0.001 ppb.



SUMMARY

The amount of gold found dissolved in sea water
ranges from 0.001 to 44 ppb. The amount of gold
commonly found in ground waters and river waters
is also within this range. The amount of gold in
sea water, as determined by neutron-activation
methods, averaged about 0.05 ppb in contrast to
the 0.604 ppb reported in the older work of Haber
(1928) and appears to be highest near the con-
tinents and lowest in the deep ocean. A few
analyses of spring waters show that the gold
ranges from 0.01 to 2.2 ppb and averages about
0.5 ppb. Other ground waters contained from 0.001
to 0.9 ppb gold. River waters contained from 0.003
to 4.7 ppb gold. Zvyagintzev (1941) has stated
that the amount of gold in the hydrosphere is not
likely to exceed 0.01 ppb. In view of the foregoing
values this is low.

GOLD CONTENT OF PLANTS

One of the oldest references to the occurrence of
gold in plants was by Malte-Brun (1847) who re-
ferred to the work of Sage, Berthollet, Rouelle,
Darcet, and Deyeux. Berthollet was reported to
have extracted about 44 ppm gold from the ashes
of vegetables.

Zvyagintzev (1941) thought that plant-root
secretions and humic acids should definitely act
as solvents for gold, and that this solubilization
1s the first process leading to the uptake of gold
in plants. After the death of the plants, metals
are retained in the humus (Malyuga, 1964;
Curtin and others, 1968). Deul (1958) found gold
in the ash of the humic acid fractions of peat. He
did not detect i1t in plant ashes, in the whole
peat ash, or in any other fraction that he sepa-
rated from the peat. In seven samples Deul
obtained from 1 to 10 ppm gold in the ash of the
humic acid extract, Bouska, Havlena, and Sulcek
(1963) in their observations on coal concluded
that gold i1s bound predominantly, although not
exclusively, to the organic part of coal.

The gold content of plants is given in table 2.
The amount of gold is reported in the plant ash
or in the dry plant. Also given are the ash contents
of many of these plants and the amount of gold
found in the soill near the plant. The values for
gold in soil given by Razin and Rozhkov (1966)
are the maximum values found and usually are
of the C horizon of the soil. The nonvascular
plants have been divided into algae, fungi, lichens,
and mosses and the wvascular plants into herbs
(grasses and sedges, and forbs), shrubs, and trees.

Most analyses given in table 2 are of vascular
plants.

Some workers have noted that plants have a
higher metal content at certain times of the year.
Malyuga (1964) commented that toward autumn
the leaves of trees have two to three times as
much nickel, cobalt, and copper as they have
during the spring. By contrast, Aripova and
Talipov (1966) reported that the ash of wormwood
(Artemisia) contained from 10 to 20 times more
gold, copper, lead, and chromium in May than
in October and that these metals are especially
accumulated in plants in desert regions.

ALGAE

The ash of several marine algae have been
analyzed for gold (table 2). Stark (1943) found
1.7 ppm gold in the ash of unspecified seaweeds
from an unspecified locality. By contrast, Fukai
and Meinke (1962) using activation methods of
analysis, reported 0.00015 and 0.00093 ppm gold
in the ash of two samples of sea lettuce, Ulva sp.
In the dry matter of these samples, one from
Tokyo Bay, Japan and the other from Sagamu
Bay, Japan, the amount of gold in one sample was
0.000035 ppm and, in the other, 0.00021 ppm. It 1is
notable that these values are within the range of
0.000006 ppm to 0.000429 ppm gold found in sea
water (table 1) east of Honshu Island, Japan by
Oka, Kato, and Sasaki (1964) who also used
neutron-activation methods of analysis. Because
of this, and the fact that the gold in the ash of the
two plants is about one order of magnitude less
than the amount of gold given for the earth’s
crust (Jones, 1968), sea lettuce does not appear
to be an accumulator of gold.

FUNGI

Fungi are known to contain from trace amounts
to 11.6 ppm gold in their ash. Those containing
1 ppm or more are all Boletus.

LICHENS

The ashes of three lichens, Cladonia alpestris,
Cladonia gracilis, and Peltigera aphthosa averaged
1.0, 1.3, and 1.0 ppm gold, respectively. The
amount of gold in the ashes of these plants aver-
ages twice the amount of that in the soil.

MOSSES

Although Shacklette (1965) found no gold in
an unspecified number of liverworts and mosses,
Razin and Rozhkov (1966) recorded from 0 to
19.2 ppm gold in the ashes of mosses which they
analyzed. No gold was detected in Sphagnum
fimbriaium and a sample of Aulacomnium palustre.
In table 2 the maximum amount of gold reported



TaBLe 2.—Gold conlent of planis

([ Some results were reported as 0 ppm gold; however, gold was probably present but not in sufficlent amount for detection. In remarks column, number in
parentheses 18 the amount of gold, in parts per milllon, in the soil near the plant)

Organism Content in Sampling locality Reference Remarks
ash (ppm)
NONVASCULAR PLANTS
Algae
gy L L ¢ R R RS L7 cecevasssscasssnsacascassacans UHATK (103)...cerrnesres.o 0 Ary material, 0.17 ppm.
Ulra sp. (sen lettuce) . o coeeevnnnnn. LO0MR3  Sagamu Bay, Japan......... Fukal and Meinko (1962).. In dry matter, 0.00021 ppm.
TN s e i e 0018 U-Eﬂ}'ﬂ-.“ﬂ, Tokyo Bay, cemnal0e e e iaeae. . I dry matter, 0.000035 ppm.
Al
Fungl
Roleteus bulbosus, . .....ccovsesnsemsss 1.6 Oslany, Czechoslovakia..... Babilka (1943)....n.. ... Ash, 6.79 percent.
Boletus eduliy. ... 1.0 i N s i i i et Y s e b B Ash, 6.51 percont.
Bolohus BileUs. .o cocnvasnassasncsnas 1.0 Yakut, USS.R............ R{nﬂgﬂ ?nd Rozhkov Ash, 1.15 percent.
Bolrius rufus.. . ...coocvsisenssssnsse 1.3 T N PRIV ¢ e Ash, 0.4 percent.
115 | R T MR RS R LR LS Trace Oslany, Crechoslovakia. .. .. Babltka (1943)............
Boletus s0aler. o veeeevceivinrncnnncnanns Lo O - Cs [
Boletus rariegoltus. . ooveveureecosnsen ).7 Yakut, USS.R......ccc... Hlultln t;nd Rozhkov Ash, 0.60 percent.
(1964).
Morchella confed...o.ooiunnecienesnaan Truce Oslany, Crechoslovakia..... Babltka (1043)... ........
FPolyporus fomenloritg. ... .eeeeeeeceeceallOirnescncscceel0enccnsncssencsscsnnsscsanes Ol cnstnaswsansdtiotns
Lichens
Cladonia alpediris (L.) Raben. (rein- 1.0 Yakut, US.S.R............ Razin and Rozhkov 2 samples of entirs plant. Au In ppm, 0.7 and
deer Uehien). (145i) ¢ sh, 4.75and 0.80 percent, respectively. (0.5).
Cladonia gracilis (L.) Willd. (rein- 1.3 SR [ o Q0. i iinninnnns Eatire plant with an ash content of 1.5
deer Lichen). percent. (0.2).
Peltigera aphthora (L) Hoflm. (dog B | RS . [ SO UL E e R S A Bliisiniusidisesicue 2 samples of entire plant. Au in ppm, 0.6 and
lichen). Eﬁaé}ush. 0.80 and 1.02 percent, respectively.
Moases o
Aulacomnium  palusire (Hedw.) 0-10. 7 Yakut, USS.R._........... Razin and Rozhkov 7 samples of the entire plant. Ash, 0.46-10.76
Schwaegr. (156), percent. (4.5),
Camptethecium  nitens  (Schreb.) T ... B0.cciicccicnincscanssnncsscal@encccnccicaccnnanse- Etire plant with an ash content of 0.50
Schpr. percent. (1.7).
Drepanocladus sp...ooeee e ceeccaeen.. BT ... Q0. ceeeeeeceiieincecnncceeeeBOe eeiiiienieeneene- ASH, 3.10 percent. (1.7).
Polptrichkum hyperboreum R. Br. .3 RESEIN . | R assiassmssaRvatnadis - |- A i e Ash, 1.09 percent. (0.5).
(halreap moss),
Sphagnium  fimbriafum  Wilson o  ..... - [ R A U do.. ceeseenne-vn Ash, 0.60 percent. (Trace 1).
(sphagnum).
YASCULAR PLANTS
Herba— Grasses and sedges
Agrotiz alba L. (Redtop bentgrass). . 005 Yakut, USS.R............ Ruﬂ: '-Eiﬂd Rozhkov Eu.;gg::i leaves, and frult, Ash, 1,78 percent
Agrostis trinii Ture 8... ...connn... R A T TRRIn . B Entﬁﬂ;pl';}n:iA!h,ﬂ.!ﬂmmm{mﬂmhlr in
error). (4).
Calomagrartia lengrdorffii  (Link) 1-1.0 S do..... S vee D samples of entire plant. Ash, In percent,
Trin. (bluejolnt gr ss). 1.33-6.50, average, 3.39. (4.5).
Calamagrostiy lapponica (Wahl.) 0-8.6 e T e e e Al ciisnsiinidiiinisen 14 samples, 11 samples of entire plant with Au
Harun. in ppm, 00 4; ash, In percent, 1. 40-5 5,
averuge, 3.2, 3 samples of entire plant
except roots, Au In ppm, 0. 02-8 §; ash, In
peroont, 0, 63-1. 8, average, 1. 1. (K. 0).
Carez sp. (82080) .. cveninsscrnnnns L0058 ... d0.eiiiiininnccnncnnincnaa@Oiieceiieiiienanna.. 2 samples of leaves, stems, and fruit. Ash,
3.5 percent in sample containing 0. 006
ppm Au. (0. 5).
Carer pediformis CAM. ... ... .. ... -4 ..... I oo R do... ceesse 3 samples of entire plant. Ash, in percent,
17. 53, determined on 1 sample contalning
0 Y ppm Au. (2 3).
Carer vanheurkii Muell . ............. 003 ..... do...... i D A?Rgufumut of entire plant, 17, 17 percent.
Hﬂ;dﬂtgm;mﬁmbufdum (Trin.) Link  J—— R Stem and leaves. Ash, 2.32 percent. (0.2).
arley).
Herbe—Forbe
Zea mays (CoTn)eee e ccicnnnns L.52.0 (Oslany, Crechoslovakis. .... Babilka (1043)............ 3 samples.
Aekillea }mme_.l’nﬁum L. (common (1] Yakut, U S B.R..ueercnnnns R?:é':gﬁ?nd Rozhkov Ash, 2.0 percent. (0.2).
YAITOW). 10465 ,
Antennaria divica (L.) Goaertn. (com- 1.0 B P 3 do.... .... Entire plant. Ash, 12.0 percent. (1.0).
mon pussytoes),
Anthrisctis gilveatris (chervil) . __._ ... 4. 36 Oslany, Czechoslovakia., .... Babilks, (1M43).......co...
Arctous rry.'-'lrl:lﬂl:rﬁu Small. (redfruit 083 Yakut, US.8.R.cccecccnne. Razin aud Rozhkov Entire plant. Ash, 0.8 percent. (0.5).
plarmiganberry). (1064).
dmi;m vulgaris L. sensu lat. (mug- - et | R T B0ceercncncrnencnanes... Entire plant. Ash, 547 percent. (0.2).
dmrum‘wrmﬂl?n {wild ginger). ... 10 Oslany, Czechoslovakia..... Babitka (1943). ... .......
Alragene ochoiensis Pall, (clematls).. .0 Yakut, UBS8.R........... . Razin and Rozthkov Entire plant except roots. Ash, 2.62 percent.
(1966). (4.5). -
Chamaenerion angustifolium (L.) 0-5 i M o R R A R B0 eeinniiiiiiiiiineea AlSo known as Epllobium eangustifalium L.

Beop. (Oreweed).

Cuorydalis paconiifolia (Steph.) Pers.
(fum'tory).
Cryptodiscus didymus................

IGA=5535 O - TDH - e |

15 samples. 13 samples of entire plant have
nn Au content of 0-0.3 ppm and an ash
content of 0.87=5.53 pereent, which averages
2.4 pereent. 2samples of entire plant excopt
roots contain 5.0 and 4.6 ppm Au and 0.24
and 0.31 percent ash, respectively. (8.0).
. 5 (O i v i A 2 samples. Entire plant except roots. Ash,
1.0 pereent. (3.0).
1.6 Kyzyl-Kum, U.8.8.R....... Khotamov, Lobanov, and From a dry plant with an ash content of 7.5
Kist (1966). percent. For alr-dried welght, the Au
content, in ppm, is: seeds, 0.05; seod pods,
0.05; stems, 0.1; and roots, 0.05. Analyses by
neutron activation. (0.2 ppm or less).

-1



TasLe 2.—Gold content of plantis—Continued

Organism Content in Sampling locality BRefercnoe Remarks
ash (ppm)
VASCULAR PLANTS—Continned
Herbe—Forbs—Continned
Datura gtramon fum (Jimson weed) .. 20.2 ﬂriuu uficlzmthml, Crecho- Babltka (1043).....ccvun.. Ash, 2.34 percent. (0.6).
slov .
Eguisclum sp. (horsetall)............ .M North Fork of Watson Bar Warren and Delavsult Ash, 16.70 percent. Plant was sampled from
Creek, British Columbla, (1050). an aurlferous area with an ov en of
Canada. 4-8 It.
I cssisindissrvissu e a s 17 S | R e S B0 icsidisnwaryivas st Ash, 17.20 percent. Plant sampled from an
auriferous area with an overbarden of 4-8 ft.
Equireltim BD.....ccvenencncncnacana H RN 1 | R, 1 L Ash, 1800 percent. Plant sampled from an
Euril’tmu: area with an ov of 48
1 1 S —— < = JRN [ AR | | S A.-.t;. 22.75 percent. Plant sampled from an
auriferous area with an overburden of 4-8 ft.
B i e et R 2 Santa Fe Creck, Banta Fe  Cannon, Bhacklette, and  Ash, 30.7 percent.
County, New Mexico, Bustron (1968).
Equiseltim areenat. ...c.eeeeeenenenns .1 Ely, Orange County, Vt..oe.e... [ e Aszh, 33.7 percent. Plant on from are.
I L T e ieeies .2 ceeecl0eecccrcnannnccncsnccnsnnacBOucccnsssncsnssnnaases ASH, 20 parcent. Plant near sl on undis-
turbed ground.
Do... . . R .1 Wﬁrﬁl, Grafton County, .....d0...eccrecnceceans.--- ASh, 35.9 percent. Plant on tailings.
Do.... . " <. 1 R " Y 7 SRR Ash, 33.2 percent. Plant on outerop ol schist.
Do.... ey - | Frﬁr}}:nn. Bumex County, .....d0...ccovansvsnsanernns A.:.Ih, 18.6 percent. Plant on limestone mine
: ump.
TR et -y 1 anuuluse. Orange County, .....00.cccccvvcrcnnenncnass A:h.ﬂ?purﬂnt,
‘8.
B0 s e 1 Blﬁmldim' Grafton County, .....30.ccccvevinanvanssaans Alh, 22.6 percent. Collected over schists,
Do...... e .1 Climax, Lake County, Colo...... do..... sanieaes ol 133 percent. Plant below upper tailings
i pond.
Do.... . e 3 Black Hawk, Gilpin e ceneenness ASh, 284 percent., Plant on alluvium below
County, Colo. Black Cat mine.
Dwo..... s . S ] B s e S e P PR o S .ﬁ.:h.li"ﬂ.ipcrmnt.. Plant growing above quarts
velns.,
ENED e 0 L 0 00 S L .4 MeGrath, Alaska. . .. oooeneeel0ivicnvnvnnnnnesceenass ARl 14.8 percent. Plant from muskeg.
3 IR e R R e I AR +1 Red Devil, Alnska. ...l ceeveecicenaan Aah.?ﬁ.ﬂpermnt. Plant in ravine by mercury
amelter.
I i N 16 ﬂr?!uftchmunu], Czecho- Babitka (1043)............ (0.2).
slovakia.
e e A e o 63 Oslany, Ceechoslovakla. ... ... 0. c....convcrennnnnns 40,22 percent of the ash was silica.
Fquisetum hyemale var. robusium. ... .4 Ulﬁar, Henderson County, Cﬂmnn. Hhﬁg;ﬂte, and Ash, 16.5 percent,
% astron {1 :
Eguisetum lmostim. .......cccune... A H¢Jmth. Alnska...onvneeeeeeeealOunnnneecennneannaa... ASh, 15.1 percent. Plant from muskeg.
B i e L .5 Red Devil, Alaskn. .....ccocvevn. B v va B S ES Ash, 14.1 percent. Plant from lake fed by
drain from sbandoned mercury mine.
Egquirdum Jiltovale. . ... . .c........ 1 H‘E'“l'“m..?' Boulder County, . ..-. do.. ce-=---- Ash, 33.3 percent. Flant on mill tatlings.
0 0.
Equiselum palustre Lo _ .. oo ..... 610 Oslany, Crechoslovakia. .. .. Babitka (1043), oo oooeeo... M&E}ELH} percent silica. Bee Menlha arvensis,
B cicavissssersssnevsvavasas Trooe-7 Yakut, USB.R....cvuvu.. Razin and Rothkov 2 u[mi:lu of entire plant. Ash, 55 and 2.2
(1966). porcent, respectively. (1.7).
Equiselum protense Ehrh............ o ey do..... veansas0esecensnnannnanesaan. @ Samples of entire plant. Only 1 sample with
dclmuhil_ns.qig]iﬁsh. in percent, 2.41-0.53,
aversge 7.5. (2.4).
BN ns sassnnsannaanatbsihnbmnts 1 Blick Rock, Ban Miguel Cannon, Shackletle, and Ash, 24 percent, Plant on river alluviam
County, Colo. Bastron (1968). below mill.
I v e A R 1 ﬂucthanbe .[:Jamn ceesecncrcancacaacssnaa Jsh, 38.2 percent.
ounty, Neb,
Eguisefum syleolictim.....c.vveeiunen. .2 McGrath, Alaska.........cocu.... B0 iiieciccnesas ASh, 13.2 percent. Plant from muskeg.
b S ey b e B .4 Red Devil, Alaska........ T S P S I PRI | 1+ ILElptrmm. Plant from locss noar mer-
cury mine,
Egquisclum voriegatum. ...cccoovvv.n. 2 Black Canyon Spring, ealdOcccccnininacneaneaaa ASD, 27.1 percent.
Jerﬂme, Yavapal County,
Arilz.
Erigeron flaccidus Botsch............ 0 Yakut, VB8 R....ccvuesee Razin ;nd Rozhkov Ash, 3.52 percent. (Trace 1,)
(19665).
Iris eeiosa Pall. (Arcticiris)......... 0 s s e R p R 10.eecrecireceneaenan. Stems and leaves. Ash, 2.18 percent. (0.2).
Leucofum aeslicum Zwihebel (summer 15 Gross Schottinse]l, Ceecho- Babilks (1043)............ (0.6).
snowflake). slovakia.
Linnae¢a borealis L. (twinflower)..... 0-3.0 Yakut. USAR...cccneeene Razin and Rozhkov 4 samples. Entire plant. Ash, in percent:
{1060) 2.81-11.0, average, 10.3 (4.5).
Lycopedium onceps Wallr., (club- .1-.3 B« A0 creveenceenenane 2 samples. Agh, In percent, 4.22 and 5.00,
Moss). respectively. (0.3).
Lycopodium annolintm.............. .5 i R bR R e B30..cccrnrencnnnncaseasa AN, 400 mnuunentlmgllnt. (1.9).
Lycopodium clavatum L ... ...... - 3 e (s L T i 1 T Ash.t uﬂ : p:rﬁ:a; (probably in error) for
entire plant, (4.0).
Malanthemum bifaltum (L) Fr. LE oo B0 s ST R Q0ceennneennneneeass LABYVES, Ash, 7.03 percent, (0.3).
Schmidt (twoleafl beadruby).
Mentha arcensis (com mint)......... 300 Osiany, Crechoslovakia. . ... Babitks (1943) . .. oveenn.nn Sampled from the same place as an Equiscium
hufgﬂ ;lrhlch contained 010 ppm Auin the
ash. (0.2),
Nardosmia frigida (L.) Hook........ 0 Yakut, CSS.R............ Razin and Rozhkov Entire plant, Ash, 6.13 percent, (Trace 1)
(1068).
Paris qriadrifolia var, oborata Ldg.... 0 L s T L B0 eeieisssseses Btems and leaves. Ash, not determined.
Pedicularia labradorica Winsing....... N O o S S e i [ T Entire plant. Ash, 10.17 percent (Trace. 1)
Pyrola incarnata Fisch........ ..... | ¢ dO...nerrccrcccnnrnrarrrrnne QO iaaa Entire plant, Ash, 0.47 percent. (0.5).
Polemonium liniflorum V. Vassil..... 2.5 o s s SRR L e s Entlre plant,. Ash, 2.5 percent. (0.3).
Solsola arbusctliformileennn .. one.... 2.5 Kytyl-Kum, U.8.8.R....... Khotamov, Lobanov, and From a fresh plant with an ash content of 9.5
Kist (10€8). percent. For alr-dried weight the Au con-
tent, in ppm, is: leaves, 0.05; terminal
slems, 0,15; and main stems, 0.1. Anslyses
by neutzon activation, (0.2 ppm or less).
Salsola carinala ( Russian thistle).... L6  ..... do. ) oeellOe e ieennewes From a fresh plant with an ash content of 20

percent. For air<dried weight the Au con-
tent, in ppm, is: leaves, 0.02; terminal
stems, 0.1; main stems, 0.2; and roots, 0.05,
Analyses by neutron activation. (0.2 ppm
or leas).

i |



Tasre 2.—Gold conlent of planis—Continued

Organism Content in Sampling locality Reference Remarks
ash (ppm)
YASCULAR PLANTS—Coatinued
Herbe—Forbe—Conlinved
Salsola rigida (Russian thistle)...... 1.4 EKyryl-Knm, USB.R....... Ehotamov, Lobanov, From a nul.rlr plant with an ash content
and Kist (1968). of 18.0 f‘ ur llr-drhd wuolght the Au
mntm in ppm, : leaves, 2.4; tarminal
u.m main ﬂtm.t, 0.02; and roots,
0.1:.‘:. .imlm by neutron sctivation. (0.2
ppm or
Sanguisorba officinalis L......... LS Yakut, USA.R............ Rﬁ*[a‘;u.jnd Rozhkov Entire plunt..uh 2.4 percent. {0.2).
Tanacetum vulpore L. (common =E08  Lisilisisisasnersisasascarae - PR . 5 samples. Entire plant has 0 and 0.4
tansy). Au and an ash content of 4.0 and 7.8,
respectively, except roots but Includin
I'tcrn:llthu Au, content Is 1.08 p Fn an
th content, 1.2 percent. The Au
content of flowers 18 0.5 ,» and the ash
content, 6.71 percent. tems and leaves
contain no detectable Ju: and had an ash
Trifolium prafense L. (red clover) 1.2 d .d Eﬁmmﬁﬂh ﬁﬁ'il'“' {&ﬂlt (T N
um s L. "w)... L2 ... - [ e e s s dssaussanmasins n plant, , 6.67 percent. (Trooe.
Urlica sp. (nettde).ceeenerevrercnennen 16.8 Uross Echﬂlllnml " Babitka (143). o .ooon... (0.58).
Crechoslovakia,
Veratrum orysepalum Turcz. (false 1.7 Yakut, U.5.8.R........ ..-. Razin and Rozhkov Leaves and roots.
hellebore). (19G0).
Shrubs
Alnus fruticosa Rupr. (Manchu 0-.9 Yakut, U.5.8.R............ Razin and Rozhkov 28 analyses, ash, 0.3-3.76 pu'mnt-. li analyses
alder). (19686). of branches with leaves; An gpm,uh
0,7-3.78 percent, (1.9). 'r-nahmaut ranches
only; Aua, 0-0.005 ppm, ash, 0.3-1.5 percent.
(3.4).1 l.nnluL'. of a seed ﬂm}a Aua, 0.9
ﬁfm and ash, 0.91 percent. (4.5). 1 mlfra;ls
young shoots with leaves and seed
mﬂtﬁ?'ﬂ }Au, 0.4 ppm and Ash, 0.35 per-
oen 5 M
C’Itmnm ﬂe‘ulbu {virtln 8 bnwu'} 800 Oslany, Czechoslovakia. . ... Babitka (1043)............ Beads,
AEitidbaa &0 Eule (Jilove) near Prague, .....d0..ccccciccniicccsnnna Wood.
Czechoslovakia.
Do.. . : . 7 I sttt nn v e i B0.cncnncinssassasnanse BT
B RS e e R ST 110 Uslanr.C:aehmluvﬂla-...-..-- 1 |+ J I, (1 1«
IO v s mbn s wa s SR AN o  ..... T LA S U RITRRENRISINY.( | . PN S ||
Corplus avellana (h.-u.nl nut, mbul}. Trace B+ [ T L L Wood.
b e B4 ‘Eule (Jilove) near Prague, do..... 2
Czachoslovakis.
5 L m B L do..... . Bampled from an old ﬁnld mine dump(?).
Cousinia Aamadas. .. ....cccoocuuuunn 1.0 Kyzyl-Kum, U.8.8.R._..... Khotamov, Lubn.:mr From a dry plant with an ash content of 13.0
and Kist (1966). percent. For alr-dried weight the Au
content in ppm is: leaves, 0.04; upper twigs,
0.05; stems, 0.05 and roots, 0.05. Anal}sls
by ntutmn activation. (0.2 ppm or less).
Dasiphora fruticosa (bush cinguelfoil). 1.2 Yakut, UBS.R............ Razin and Rozhkov Entl.r lant except roots, own also as
{1964), illa fruticoma L. (0.5).
Empetrum nigrum (crowberry)...... 0-2.5 T | e PU e e e Sty | T . 5 mplﬂuﬂ:'l entire plant., Ash, 0.4-2.88
percent
Girgensohnia oppositifiora............ 2.1 Kytyl-Kum, U.8.8.R....... Khotamov, Lobanov, From adry Blmt with an ash content of 20.0
and Kist (1966). percent. For alr-dried welght, the Au
content, in ppm, Is: leaves, 0.26; tarminal
stems, 0.05; and malin stems, 0.08, Analyses
by neutron activation. (0.2 ppm or less).
rﬂltll robustum (golden- 1.4  ..... 40 iiircinsncncssnneelOuneeciiiciarenae.. FrOom @ fresh plant with an ash content of
1r 7.0 percent. For alr<dried HIEM the Au
content, in ppm, Is: leaves, 0.6; terminal
stems, 0.05; main stems, 0.05; and roots,
0.02. Msnly?ea by neutron activation. (0.2
ppm or less
Jilllgﬂ'll communis (common Juni- <0. 03 North Fork of Watson Bar Warren and Delavault 4 composite samples. Dry matter is 4.10
per). Emk British Columblia, (1950). percent ash.
B.
o R N L St e P NIil ..... B0 iiiniciciicinieeneeee a0 iiiiianinnea... 3 cOmposile samples. Dry matter Is 4.68
percent ash.
i . - . s A 8l ..... IO A - | SO S From an auriferous area with an overburden
of 48 ft, Ash, 3.25 t (Trace).
Lagochiltus inlermedius. . ... ....... 36 EKyiyl-Kum, U.8.5.R....... Khotamov, Lobanov, and From a fresh pllml- with an ash content of
Kist (1968). 15.0 percent. For alr-dried welght the Au
content, ln ppm, is: seads, 0.025; seed pods,
0.5, leaves, 3.0; terminal stoms, 0.5; main
stens, 0.2; and roots, 1.0. Analyses by neatron
activation, (0.2 m or less).
Ledtum paluatre L., (erystal tea).. ... 0-5.0 Yakut, UBS.R............ Razin and Rothkov 39 samples. Ash, 0. Evermnt . 29 samples
(1966). of entire pln.nl. mh, 0.42-2.53 peroent, Aua,
0-1. E(FEI m in ash. (2.0}, Stems, 6 :-amph-s.
ath -1,51 pereont, Au, L'H.zg m in
ash. (4.1). Et&m: with leaves; ash, 0.34 and
1.0 percent, Au, 0.3 and 1.0 pﬁm in ash,
mpectiﬂly (2.5). Yﬂnn: shoots with
leaves and seeds; ash, 1.5 percent, Aua, 3.6
ppm in ash. (4.7). Roots; ash, 1.52 percent,
Au, 5.0 ppm in ash. (4.1).
Lonicera allaica Pall. (honeysuckle). 0-3. 5 innoil s s s e do. . eeeeiininnen... B samples with ash from 1.54-7 89 percent. &

samples of stems, branchbes, and leaves;
nsh, 1.54-7.89 percent, Au, 0-3.5 ppm is
ash. (1.9). Au content In ash of berries, 0.7

phm.



TasLe 2.—Gold conlent of planis—Continued

Organksm Content In Sampling locality Relerence Remarks
ash (ppm)
YASCULAR PLANTS—Conlinued
Shrubsa—Continued
Nanophylon erinacet . .ooo...... 0.3 Kyzyl-Kum, U8 8. R....... Khotamov, Lobanov, and From a dry plant with an ash content of 16.0
Kist (1966). percent. For air-drled weight the Au con-
tent, in ppm, is: leaves, 0.05; terminal stems,
0.05; main stems, 0.0%; and roots, 0.05.
Aliﬂh’;ﬂﬁ by neutron activation, (0.2 ppm
or less).
Ribes procumbens Pall. (gooseberry). Trace! Yokut, USS.R............ Raﬂr;ﬁ:;nd Rozhkov Branches. Ash, 1,00 percent. (0.5).
(1008),
Roea acicularis Lindl, (prickly rose). 022  ..... do..... el et iiiinee.. 16 samples with an ash content of 0.6-3.80
percent. 10sample s of the entlre plant; ash,
1.0-3.59 percent, Au, 0-2.2 ppm in ash. (1.2).
3 samples of entire plant without berrlos:
ash, 0.8-2.25 percent, Au, 0.04-0.2 ppm in
ash. (1,9), Borries, ash, 2.64 ?em:fnl, Au,
0 ppm. (4.5). Plant at surface(?) of ground;
ash, 0.6 and 0.60 percent, Au, 15.0 and 0.7
ppm in ash, respectively. (8.0).
Rasa caning (A0R r08e) - moeenneenn. Trace (Iri:m H#Eimmc!. Czecho- Babitka (1M3)............ Hips and wood.
Slovakia.
Rubus arcticus L. (Aretle bramble).. 0-1.0  Yakut, UBS.R............ R?I:;!:;i?nd Rozhkov 311111:;'&3- Entire plant, ash, 0.73-4.4 percent.
Rubm lﬂfﬁﬂ‘i"fﬂ'[‘ LI"'\"I ___________ L5 _-...'dﬂ......-......17.-------+-a--&“i-‘ ------------------- ﬂt:‘ﬂl.au]]}:m Eﬂtifﬂ ph‘“li“hlll!-?mmm“t-
R"]‘;H‘ lﬂ;ﬁﬁriﬂ L. [s'[,untl_ tmrr}“}' e . 15 ..... dﬂ aaaaaaaaa Asmssssenraranmn, - dﬂ **************** Ent"m' pla‘“‘l' Mhl' T""‘" mm“t- {l‘ﬂ}'
Saliz sp. (WHIOW) -~ neeeooeee e 1. 02 North Fork, Watzon Bar Warren and Delavault Ash, 2.20 percent. From an suriferous area
Erwl& British Columbia,  (1950). with an overburden of 4-8 {t.
anada.
IMisisneumas dinaasimawieviiuse NI ..... [- ©. AN BO.aue e cvicnnrnrsnn-na. 2 Samples, Ash, 6.36 percent. From a non-
auriferous area.
Salircaprea L. ceeeoceeecancncaas 0,.03 Yakut, USS8.R............ Razin and Rozhkov 2 samples of branches with leaves, Ash, 2,25
(1966), percent. {(4.5).
Salix floderusli Nakal. . ... ... 0. 005 e T o A do... cessenssees & samples of branches with leaves. Ash, 0.8
and 1.83 percent, (0,2),
Saliz kolymensis O. V. Seem..... ... b e ) L e R S R R BB s Branch with leaves, Ash, 1.88 percent, (0,2),
Saliz pendondra L. ... oovnnreannnn. 0, 2 ..do.. . S ; [ S - .--- 12 samples. Ash, 0.62-4.72 percent. 9 samples
of branches with leaves; ash 1.41-4.72 per-
eant, Au, O-trace in ash. (0.%). 3 samples of
branches without leaves; ash, 082-1.02
pereent, Au, 0-0.08 ppm in ash. (0.5).
Salizciminalle Lo .o REESE | | e e e e e A do Su .-- Branches with leaves, ash, 5,6 percent, (0.2).

Salix zerophile Floder. .ovovevrnnnns.
Sorbus sibiriea Medl. ... ...

Spirasa media (Fr.) Schmidt {(orien-
tal spirea).

Vaccinium myrtiliue L. (bilberry,
blueherry),

Vaceinivm uligincsum L. (bog bil-
berry ).

Vaceinifum eitis-idaca L, (cowberry).

Betula sp. (bireh) ..o oovneenaanvn.
Betula fruticosa Tall, (Altal birch)..
Betula hybrida Schueid. . ... P

Betula middendor (il Trauty. et Mey,
(Middendorit birch),

Betula platyphylle Sukaleh, (Asian
white hireh),

Diptychocarpus sirictus (Gurjunell
lree).

 + S, B i i s i i R i s s .. Brunches with leaves; ash, 1.93 percent (0.6).
reaneanenenns DBOITICS; ash, 562 percent, Au, 0.4 ppm in
nsh. (1.0). Branches and leaves; Au, 0.8
ppm in agh, (1.9),
Entire plant. Ash, 1.9 percent. (0.2).

0,02 SR ||| R e Y T R d0.eeeicieicnnnacean-.. Ash, 412 and 10.5 percent, respectively. En-
tire plant. (1.9).
. 18samples. Ash, 0.6-3.0 pereent, 14 samples of
tho entire plant; ash, 0.6-3.0 percent, Au,
0-0.2ppm In ash, (4.5). Stems and branches;
ash, 0.85 and 0.82 percont, Au, 0 and 0.004
ppm in ash, respectively. (Tracs !). Stems
and roots; ash, 1.0 pereent, Au, 0.3 ppm in
ash, (1.9). Btems, branches, and leaves; ash,
0.7 percent, Au, 4.6 ppm in ash. (3.2).
o0 aniiaea.. 1T samples of entire plant; ash, 0.74.59 per-
cent, Au, 0-0.8 ppm In ash, (2.5). Berrles,
Au, 0.7 ppm in ash. (0.5).

Treea
.6 Kuznetsk Ala-Tau, Zvyagintzev (I1M41)........ Trunk and branches 1 m apart.

U.8.8.R.
0 Yakut, UBBR......ccccai Razin and Rozhkov
(1066),

D']t‘; ,,,,, dﬂ-q.-p-l-i.—--a--.-.---—-r-r----r--r--r-r..du --------------------

2 samples. Ash, in branches, 0.73 percent.
in branches and leaves, 1.82 percent. (0.5)s
17 snmples. Ash, 0.5-2.33 percent. 8 sample;
of branches with leaves; ash, 0.5-2.2 percent.,
Au 0-L.7 ppm in ash, (3.2). 7 samples of
branches; ash, 0.52.33 percont, Au 0-0.005
ppm in ash. (3.4). 2 samples of leaves: ash,
2.2 and 2.33 percent, Au 0.1 and 0 ppm in
ash, respectively. (2.4),
eenesws 17 SOMples, Ash, 0.5-3.95 percent. 11 samples
of branches and leaves; ash, 0.9-3.95 percent,
Au 0-2.5 ppm in ash. (4.0). Branches, 6
samples; ash, 0.5-0.91 percent, Au 0-0.005
ppm In ash, (2.5).

........ 7 samples, 6 samples of branches with leaves;
ash, 0.96~-3.24 peroent, Au 0-1.3 ppm in ash.
(4.5). Aszh in leaves, 1.80 percent, Au in
ash, 0.1 ppm. (Trace ?).

From a dry plant with an ash eantent of 20.0
pereent. For alr-dried welght, the Au eon-
tent, In ppm, is: leaves, 0.26; terminal
stems, 0.05; and malin stoms, 0,05, (0.2 ppm
or less).

0-2.5

0-1.3 T e L PRPININe, . | (TR

. 0&-. 26 Kyryl-Kum, USS. R....... Khotamav, Lobanov,

and Kist (1964).



TasLE 2.—Gold content of plants—Continued

Organism Content In Bampling locality Referenco Remarks
ash (ppm)

VASCULAR PLANTS=—Continued

Trees—Continued
(1700 WOOR] v v eneeeeneeeem eamaaans 0.15 Omal Valley, British Lungwitz (1899)........... Pleces of trunk near the roots. In subsurface,
Gulana. 8 gold-bearing aplite,
Larir da)uriza Turcz, (larch)........ 020 Yakut, U.SB.R............ Razinand Rozhkoy B samplés. Ash, 0.2-1.3 percent. 4 samples of
(1968). entire plant; ash. 0.4-1.3 percent, Au,
0-1.4 ppm in ash. (1.7). 2 samples of young
shoots with needles and cones; ash, 0.2 and
0.65 percent, Au, 0.2 and 0.4 ppm in ash,
reapectively. (8.0). Wood and k; ash,
0.9 pereent, Au, 2.8 ppm in ash. (0.2).
Flant without roots; ash, 1,06 percent, Au,
0 ppm in ash. (0.2),
Pleea 8p...... ccecniiniinnnnnnininns L Klltpl‘rlssl]'t.hla-ﬁu. Zvyagintzew (IM1)........ Frum“thﬂ trunk of an 18- to 20-year-old
=N Sapling.
B 6 e L S e e e b s T L e e R W:ﬁ-ﬂql and branches from the aforomentioned
ree,
Picea oborata Lab. (Siberian spruce). 0-.8 Yakut, USB.R............ Razin and Rozhkov 4 samples. Ash, 0.3-2.2 pereent. 2 samples of
(1) . needles and twigs; ash, 1.6 and 2.2 percent,
Au, 0.7 and 0 ppm in osh, respactively. (0.5).
Cones; ash, 0.8 pereent, Au, 0.8 ppm in ash,
(0.5). Trunk, branches, and needles; ash,
0.3 peroent, Au, 0 ppm in nsh. (Traga 1),
Pinug contorta (lodgepole pine)...... Nil North Fork, Watson Bar Warren and Delavault 3-sample composite. Ash, 2.12 percent,
Creek, British Columbia, (1950).
Canada.
M s e S R R S €03 a0 iacaniiicnccicnnneneessaB0ininti s ccnnrceenneaae SSAMPl0 cOmposite, Ash, 2.42 porcent.
1 T R PO P N ..... R i ol A A 1 | R I .« Ash, 190 percent.
Pinus ponderora (western yellow b | I MR, o e e . A Ssample composite, Ash in dry matler, 4.68
pine). percent.
B i aiiaihiia s w0 Nl ..... B i i e A ssnilll0vsivaie R RS Fsample composite. Ash in dry moatter, 5.37
percent.
Wi hameraTisiies e N v Wi biiiiiTevikbaira s unne WRisiiiiviiasissiavive lﬂ-ﬂﬂmmtu composite, Ash In dry matler, 2.68
percent.
Pinus pumile Regel. (Japanese stone 0-2.1 Yakut, USS.R............ Razin and Rozhkov 3 samples of twigs and needles; ash, 0.47-2.00
vinel. (14906), percent. (1.9).
Pinus sibirica (Rupr.) Mayr. (Sibe- 0.2 ... RPN IS EERTHTLL . N R R 8 samples; ash, 0.35-1.31 percent. 3 samples of
rian pine). entire plant without rools; ash, 0.57-1.31

percent, Au, 0-04 ppm In ash. (0.2). 2
samples of Lwigs and needles; ash, 0.35, Au,
trace -0.4 ppm In ash. (3.2). Trunk: ash,
0.42 percent, Au, 1.2 ppm in ash. (3.2).
Pinus sylrestriz L. (Scolch pine)..... 0-.9 R e Rl i e A do...iieiinnennnnnaas 46 famples; ash, 0.13-5.74 percent, 28 samples
of entire plant, except roots; ash, 0.25-1.06
percont, Au, 0-0.3 ppm in ash. (3.0). &
samples of entlre plant; ash, 0.21-1.20 per-
cent, Au, 0-0.2 ppm in ash. (1.4). Hoots, 3
samples; ash, 0.51-5.74 percent, Au, 0.1-0.9
ppm in ash. (3.0). 4 samples of needles and
twigs; ash, 0.25-0.06 percent, Au, 0-0.5 ppm
In ash. (1.9). 2 samples of needies; ash, 0.18
and 3.50 percent, Au, 0.4 and 0.2 ppm in
ash, respectively, (0.5), Branches; ash, 1.17
percent, Au, trace ! in ash. (0.). Bark; ash,
0.5 percent, Au, 0 ppm in ash. Wood; ash,
0.13 percent, Au, 0 ppm in ash. (3.0). Bark
and wood; ash, 0.32 percent, Au, 0.5 ppm
in ash. 13.0),

Poprulud Bp........cveacanacanarans 2.0 Kuznetsk Ala-tau, U8 8. R. Zvyagintzev (1941), ...... . Trunk and brmnches 1 m apart.
Populus ftremula L. (European 0-21 Yakut, USS R............. Razin and Rozhkov 22 samples. Ash, 0.53-4.34 percent, 16 sam-
napen). (1064, ples, branches, and leaves; ash, 0.50-4.34

percent, Au, 0-0.5 ppm in ash, (0.8), 4
samples of branches without leaves; ash,
0.99-2.9 percent, Au, 0-0.2 ppm In ash,
(0.5). 2 samples of leaves; ash, 0.53 and 2.52
percent, Au, 0 and 2.1 ppm in ash, respec.

_ tively. (8.3).
Populus tremuloides (quaking aspen). .59 North Fork, Watson Bar  Warren and Delavaalt Ash. 2,40 percent. In an area of known miner-
Emﬂ:{i British Columbia, (1850). alization with an overburden ol 4-8 ft,
ranada.,

5 Py P P e A S T B ..... 0 eeecimnccmnnnnconnmseeasOcniiicniineannn... 2.8ample composite. Ash, 7.14 percent In dry

. material,
T e 0 o B Nil ..... B cssmasin anin i s s sk s e ‘.’*snmpifﬂimmpmim Ash, 6,90 percent in dry

malaérial,

Freudolruga tarifolia (Douglas-fir)... .65 ot o Y i o R A e More recently considered Preudolruga men-
steati (Wirt,) Franco. Ash, 2.30 percent., In
an area of known minemlization with an

. overburden of 4-8 [t
D e i i s S B oo ciili0inaiiicivnisinarnivinebrenas BOceeeeirirrinnnnnnaes J28amplo composite. Ash, 3.65 pereent.
m- ]]::illl :J‘totiln .................... : isamp!ecum;mlm. Asgh, i% percent,
...... M e 0nneacnincnncsnnsrasss s i iiaicnacennao. S3ample composite, Ash, 3. reent.
Tilia parsifolia (linden, basswood). . 10 Oslany, Crechoslovakia_ . ... Babitka (1043)_........... llh}smﬂm. e S

T A trace feems to be between 0.1 to 0.001 ppm a8 cited by Razin and Rothkov {1066).



in soil on which the mosses grew (given in paren-
thesig) was generally less than the amount of
gold found in the ashes of the plants.

HERBS

The herbs include the largest variety of plants
sampled for gold. Many replicate analyses have
been made for some species. The herbaceous
plants are shown to contain gold which ranges, in
their ash, from 0 to 610 ppm. The extremely high
value—the highest value known to be reported
for a plant—was given by Babi¢ka (1943) for the
marsh horsetail, Eguisetum palustre which grew
in the gold-mining region of Oslany, Czecho-
slovakia, where the gold content of the soil was
reported to be only 0.2 ppm. In the ash from two
other specimens of FEguisetum arvense, Babicka
detected 16 and 63 ppm gold. Because of the
possibility that species of FEquisetum may be
accumulators of gold, Cannon, Shacklette, and
Bastron (1968) examined 22 collections of these
plants that were gathered throughout the United
States. From their analyses of these plants, they
concluded that the average amount of gold to be
expected in this vegetation is less than 0.2 ppm
and consequently Egquisetum would not be useful
in prospecting for gold. In addition they noted
that the high values of 610 ppm gold in the ash
of E. palustre and 63 ppm gold in the ash of E.
arvense may be erroncous due to the probability,
in the original analyses, that the sulfides of copper
and several other metals were reported as gold.
Other workers have reported about the same
amounts of gold in the ash of Equisetum as found
by Cannon, Shacklette, and Bastron. For instance,
Warren and Delavault (1950) reported from 0.17
to 0.3¢ ppm (average 0.3 ppm) gold in the ashes
of four plants, and Razin and Rozhkov (1966)
reported from 0 to 0.7 ppm gold in the ashes of
six plants.

In the ashes of the forbs, Babicka reported
gold contents of 4.36 ppm and more. By com-
parison, the average amount of gold in the ashes
of forbs as reported by other workers who sue-
ceeded Babicka rarely exceeded the minimum
amount reported by him.

Although differences in the gold content of
various parts of plants were observed, no plant
part appeared to be superior to any other part
in its amount of gold. The parts compared were
roots, main and terminal stems, leaves, flowers,
seeds, and seed pods.

The amount of gold in the plant ash reported
by Babicka greatly exceeded the gold content of
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the soil. However, other workers (Khotamoyv,
Lobanov, and Kist, 1966, and Razin and Rozhkov,
1966) show much smaller differences. Many plant
ashes contained less gold than the soil in which
they grew (table 2).

There appears to be no significant differences
in the gold content of forbs and of grasses and sedges.
The gold content in the ashes of grasses and sedges
ranged from 0 to 8.6 ppm. The maximum gold
content of the soil was 8 ppm.

As a gold-sampling device of the flowering
plants in a neighbourhood, honey has been ana-
lyzed for gold by Berg (1928) but without success.

SHRUBS

The amount of gold in the ashes of shrubs
varied from 0 to 600 ppm. Excluding the amounts
reported by Babicka, the maximum amount was
36 ppm given by Khotamov, Lobanov, and Kist
(1966) who used neutron-activation methods of
analyses for plants.

Khotamov, Lobanov, and Kist (1966) analyzed
the separate parts of a few shrubs (table 2).
More gold was detected in the leaves of Girgen-
sohnia oppositiflora, Haplophyllum robustum, and
Lagochilius intermedius than in their roots, termi-
nal stems, or main stems, but in Nanophyion
erinaceum the same amount of gold was reported
for these various parts.

Razin and Rozhkov (1966) reported a maximum
gold content for the ash of shrubs as 10 ppm
(Rubus arcticus) and the maximum gold content
of the soil, 4.5 ppm. Near some other shrubs the
maximum gold content of the soil was 8 ppm.
They found in about two-thirds of the soil and
plant samples analyzed that the maximum amount
of gold in the soil exceeded that in the ashes of

shrubs.
TREES

The gold content of trees is similar to that of
other vegetation. The amount of gold reported in
tree ashes varies from 0 to 10 ppm, the high
amount being reported by Babitka (1943) for
the ash from the blossoms of Tilia parvifolia.
Gold was not detected in the ashes of a varlety
of trees. No tree part was shown to be consistently
higher in gold content than any other part.
According to the analyses of Razin and Rozhkov
(1966), the maximum amount of gold found in the
soil near the analyzed trees was usually greater
than the gold in the ashes of the adjacent plants.

SUMMARY

The maximum amount of gold that has been
reported in the ash of plants is 610 ppm (Babicka,



1943). However there is serious doubt regarding
the reliability of some of the values reported by
Babitka; probably the reported maximum amount
of gold in plant ash is much less. The maximum
values given in table 2 by other investigators for
gold in the ash of some terrestrial vegetation 1s:
Cannon, Shacklette, and Bastron (1968), 0.5
ppm; Warren and Delavault (1950), 1.02 ppm;
Razin and Rozhkov (1966), 19.2 ppm; Khotamoyv,
Lobanov, and Kist (1966), 36 ppm; Zvyagintzev
(1941), 6 ppm; Lungwitz (1899), 0.15 ppm; and
Stark (1943), 1.7 ppm. At present the amount
of data is insufficient to show that one part of a
plant contains more gold than any other part,
although a few analyses by Khotamoy, Lobanov,
and Kist (1966) suggest the possibility that leaves
may contain more gold than other plant organs.
In addition no group of plants seems to contain
consistently more gold than any other group.

Razin and Rozhkov (1966) found that the
maximum amount of gold in the soil (usually the
C horizon) exceeded that shown for the ash of
most of the plants which they analyzed. However
Khotamov, Lobanov, and Kist (1966) believe
that “the concentrations of gold in plants exceeds
considerably the gold content in the soil.”
Analyses of the gold content of mull (humus-rich
forest soil) ash that was derived chiefly from
lodgepole pine (Pinus contorta), limber pine
(Pinus flexilis), and aspen (Populus tremuloides)
in the Empire mining district of Colorado was,
with few exceptions, higher than that in the
underlying soil (Curtin and others, 1968). Al-
though the concentrations of gold in the ash of
plants generally appear to exceed the gold content
of the soil, the differences between the gold con-
tent of the ash of plants to that of the earth’s
crust and various rock types appears to be much
greater. Based on neutron-activation analyses, the
gold content of igneous rocks is given as 3.6 ppb,
for sedimentary rocks, 5.4 ppb, and for meta-
morphic rocks, 4.6 ppb (Jones, 1969), and for the
earth’s crust, 1 to 6 ppb (Jones, 1968). Probably,
then, the amount of gold in plant ash may be one
or more magnitudes higher than the amount
found in the rocks in the earth’s crust.

GOLD CONTENT OF ANIMALS

Gold has been looked for in only a few animals,
Known analyses have been made on four different
types of insects, seven different types of marine
organisms, and seven types of warm-blooded
animals,
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Cockchafers (scarabaeid beetles) have been
found to be auriferous when indigenous to Oslany,
a gold-mining region in Czechoslovakia, but not
when from the region of Propast near Stribrna
Skalica (Bohemia). The gold content of cock-
chafers can be reduced by feeding them non-
auriferous plants (Babicka, Komirek, and
Némee, 1945). Razin and Roshkov (1966) looked
for but did not detect gold in the water beetle
(Dytiseus sp.) or in the carpenter ant (Camponotus
vagus), although 0.4 ppm gold was obtained from
the ash of a bee (Vispidae sp.).

The amount of gold found in some marine
animals is shown in table 3. Analyses made by
neutron activation are much lower than those
made by older methods. For instance, Noddack
and Noddack (1939) reported from 7 to 30 ppb
oold in the dry matter of several marine animals.
By contrast values obtained by neutron-activation
methods vary from 0.0012 to 0.126 ppb gold In
the dry material (Fukai and Meinke, 1962;
Bowen, 1968; Oka, Kato, and Sasaki 1964).
The least amount of gold was found in the dry
matter of the muscle of the mackerel, Pneu-
matophorus japonicus. Bowen (1968) reported
0.126 ppb gold in the dry matter of a sponge from
Plymouth, England (table 3). He thought that
this value was due to the relatively high initial
gold content of sea water in the area where the
sponge grew and to the scleroprotein structure of
the sponge which resembles some artificial poly-
mers. According to Bowen, gold can be concen-
trated by absorption or adsorption on certain
artificial polymers. In the dried matter of fishes,
Fukai and Meinke (1962) found 0.1 ppb gold in
the soft parts. This was considerably more gold
than was found in the soft parts of the mackerel
Pneumatophorus japonicus by Oka, Kato, and
Sasaki (1964). The average amount of gold in the
dry matter of marine organisms seems to be
about the same as that which occurs in sea water.
This conclusion is based on neutron-activation
methods of analysis for both. The figures used in
computing the average gold content of marine
animals are taken from table 3, and, in addition,
include the 0.1 ppb gold reported by Fukai and
Meinke (1962). This average is 0.04 ppb and 1is
close to that of 0.05 ppb for sea water. The values
given for comparison are obviously based not
only on too few analyses but are also probably
not representative of their kind.

Gold has been detected in birds, cows, deer, and
man and has been administered to laboratory
animals such as rats and mice. Gold was looked for



TasLe 3.—Gold content of marine animals
[Bee table 2 for comparison with the marine piant, Ulsa sp.]

Content

Organism in dry Reference Hemarks
matler
(ppb)
Halichomdrie panicea 0,128 Bowen (1968) . From Plymouth,

England. Mean of 2

(sponge).
" repilcates.

Halickondria magnicanu- 023 ..do......... From Hawali. Mecan
{ora (spongel. of 2 replicates.
Mycale cecilia (sponge).... .029 ..... do. Do,
Taradocia riolacea AW e do Do.
(Sponge).
Tedenia sp. (sponge) .. ... 2 . (55 ..do. Do.
Zygompycale pariahii 018 . .do, Do.
IR hoR e . € ). 10 Noddack and
alichondria sp. nge) . Motldack an
e MNoddack
(1),
Aasferiar rubens (starfish),, 30  ..... [ 1) T
Brissopaie lyrifera (sea F .do.._...... Bhell.
urchin}.
Strichopus tremulus (s2a 24 S [ J
cucumber).
Tapes japonica (clam). ... 0567 Oka, Kato, Content of soft parts,
nred Sasakl Au In ash, 0. 79 ppb.
(1064).
Pandalus sp. (shrimp).... .0028 ..... 2o e aia Content of soft parts.
Au in ash, 0.046 ppb.
Prneumolophorus feponicus 0012 ... ..do......... Content of musele. Ay
(macksreal). in ash, 0.U26 ppb.

but not detected in the bones and teeth of a wild
pig shot in the gold-mining region of Oslany,
Czechoslovakia (Babi¢ka, 1943).

A number of birds were examined for gold by
Razin and Rozhkov (1966). These consisted of
three northern spruce crossbills, Loria curvirostra
currirostra 1i., which contained from no detoctable
gold to 1.1 ppm in their ash (2.43 to 2.80 percent),
four Siberian white crossbills, Loxia leucoptera bi-
fasciata Brehm., which contained from no detect-
able gold to as much as 1.5 ppm in their ash (2.36
to 2.75 percent), one common bunting, Emberiza
leucocephalos Gm., which contained 1.2 ppm in
its ash (4.13 percent), two unidentified buntings,
Emberiza, which contained no detectable gold in
one (3.67 percent ash) and 0.3 ppm gold in the
other (3.61 percent ash), three Siberian spotted
pipits, Anthus hodgsoni inopinatus Hart. et
Steinb., which contained from 0.1 to 0.9 ppm gold
in their ash (4.83 to 6.15 percent), and one
redwing thrush, Turdus nawmanni naumanni
Temm., which contained 0.1 ppm gold in its ash

(1.64 percent).
Antlers from deer harvested in Czechoslovakia

and in the United States have been analyzed for
gold. Babi¢ka, Komdrek, and Némec (1945) ana-
lyzed different parts of the roebuck from Oslany,
Czechoslovakia, a gold-bearing region. They found
gold in the ashes of the hair of the roebuck, from
3 to 8.5 ppm and an inconsiderable amount in the
hooves, but most in the ash of the antlers, 60
ppm in one animal and 68 ppm in another animal.
The points of the antlers contained the most
gold. No gold was found in the antlers of deer

shot in the eastern Carpathian Mountains or
near Karlstein. By contrast, the antlers of 15
mule deer (Odocoileus hemionus), harvested from
four gold-mining regions in the United States
(in the mother lode country, California, near
Ouray, Colo., Lead, S. Dak., and Eureka, Utah),
contained about the same amount of gold in their
ashes as occurs in relatively nonauriferous rocks
(Jones, 1969). Neutron-activation analyses were
made by members of the U.S. Geological Survey
on the 1- and ¥-inch-long tips of the antlers of
these deer. The amount of gold found in the ashes
of the 1-inch-long tips ranged from 0.5 to 6.4 ppb
and averaged 2.3 ppb. In the ashes of the ¥-inch-
long tips from five of these deer, the amount of
gold detected ranged from 0.3 to 28.3 ppb and
averaged 7.0 ppb. Thus it seems that more gold,
per unit volume, occurs at the very tips of the
antlers.

Gold has been found in cow liver and brains,
and in human blood, feces, and urine (Bertrand,
1932). Bertrand detected 0.3 ppm gold in human
blood, 0.2 ppm in cow liver, but most of all, the
brain of an ox yielded 14 ppm which indicates a
high value for brains. The amount of gold in 32
samples of wet human liver tissue ranged from
0.03 to 0.79 ppb and averaged 0.057 ppb (Parr
and Taylor, 1963). In human blood the mean gold
content is about 0.004 ppb, 1n erythrocytes about
0.008 ppb, and in plasma, about 0.006 ppb
(Bagdavadze and others, 1965). The amount of
gold in whole normal and uremic human bloods
was found to be the same (Aripova and Prikhid’ko,
1965). The amount of gold detected in human hair
varied from 0.8 to 430 ppb (Bate and Dyer, 1965),
the amount of gold in the hair of & man from
Napier, New Zealand, averaged 270 ppb and from
Hastings, New Zealand, 290 ppb. The average
amount of gold in the hair of a man from Ten-
nessee was 430 ppb. The amount of gold found in
human teeth ranges from 10 to 30 ppb dry weight
(Soeremark and Samsahl, 1962; Lundberg and
others, 1965). Although no significant differences
could be noted in the gold content of teeth on the
basis of sex or between the upper or lower jaws,
unerupted (impacted) bicuspids contained no de-
tectable gold.

Gold has been administered to rats and mice
and the effects noted. The administration of gold
thioglucose to mice results in a focal accumula-
tion of gold in the hypothalamus (Debons and
others, 1962). Gold given to white rats by Kali-
stratova, Moskalev, and Serebryakov (1966) re-
sulted in an accumulation of some of the gold



mainly in the liver, spleen, and lymphatics. Kata-
kura (1965) noted that gold administered intra-
venously in colloidal form in rats concentrated
chiefly in the liver and spleen and less was re-
tained in the lungs, kidneys, and femoral bones.

SUMMARY

The amount of gold occurring in animals varies
greatly. Values obtained by neutron activation
show as little as 0.0012 ppb gold has been found
in the dry matter of fish muscle and as much as
430 ppb gold in human hair. Excluding the earlier
work of Noddack and Noddack (1939), marine
animals contain, by far, the least amount of gold
and terrestrial animals contain the most gold.
Bones, teeth, and phosphorite are calcium phos-
phates with comparable gold contents. Neutron-
activation analyses of composite samples of rock
phosphorites from Morocco and the United States

contained from 0.5 to 3.1 ppb gold (Z. S. Alt-
schuler, oral commun., 1969), human teeth show
10 to 30 ppb gold, and the ash of deer antlers
from 0.5 to 28.3 ppb gold. These naturally occurring
caleium phosphate compounds appear to be simi-
lar in their gold content, irrespective of their ongin,
and probably reflect the gold level of their

environment.
The known content of gold in animals appar-

ently supports Vinogradov’s (1953) observation
that the amount of gold found in animal organs
is entirely casual and that there are no auriferous

animals anywhere in the world.

REFERENCES CITED

Aripova, Kh., and Prikhid’'ko, P. L., 1965, Determination
of gold in plants and soils during biogeochemical
studies: Akad. Nauk Uzbek. SSR Uzbek. Geol.
Zhur., v. 9, no. 4, p. 50-53 (in Russian).

Aripova, Kh., and Talipov, R. M., 1966, Features of the
concentration of gold in soils and plants of the
southern part of Tamdynsk Mountain: Akad. Nauk
Uzbek. SSR Uzbek. Geol. Zhur., v. 10, no. 3, p. 45-51(in
Russian).

Babiéka, J., 1943, Gold in living organisms: Mikrochemie
verein Mikrochim. Acta, v. 31, p. 201-253 (in
German).

Babiéka, J., Komdrek, J. M. and Némee, Bohumil,
1945, Gold in animal bodies: Acad. Tcheque Sei.
Bull. Internat., Cl. Seci. Math., Nat. et Med., v. 45,
chap. 13, p. 1-7.

Bagdavadze, N. V., Barbakadze, L. V., Ginturi, Kuchava,
Mosulishvili, L. M., and Kharabadze, N. E., 1965,
Radioactivation method for determination of gold in
blood: Akad. Nauk Gruzin. SSR Soobshch., v. 39,
p. 287-294 (in Russian).

Bate, L. C. and Dyer, F. F., 1965, Trace elements in
human hair: Nucleonies, v. 23, no. 10, p. 74-81.

13

Becker, G. F., 1888, Geology of the quicksilver deposits
of the Pacific slope: U.S. Geol. Survey Mon. 13,
486 p.

Berg, Ragnar, 1928, Das allgemeine Vorkommen von
Gold in Nahrungsmitteln und Organen: Biochem.
Zeitschr., v. 198, p. 424,

Bertrand, Gabriel, 1932, Peut-on compter I'or parmi les
éleménts de la matiére vivante?: Soc. Chim. France
Bull,, v. 51, p. 564-568.

Bouska, Vladimir, Havlena, Vaclay, and Sulcek, Zdeneck,
1963, Geochemistry and petrography of the
Cenomanian coals from Bohemia and Moravia:
Ceskoslovenskd Akad. Véd Rada, matematickjch a
pHrodnfch Véd., v. 73, no. 8, p. 3-78 (in Czech)

Bowen, H. J. M., 1968, The uptake of gold by marine
sponges: Marine Biol. Assoe. United Kingdom Jour.:
v. 48, no. 2, p. 275-277.

Caldwell, W. E., 1938, Gold content of sea water: Jour.
Chem. Education, v. 15, p. 507-510.

Cannon, H. L., Shacklette, H. T., and Bastron, Harry,
1968, Metal absorption by Equiselum (horsetail): U.S,
Geol. Survey Bull. 1278-A, 21 p.

Claude, Georges, 1936, Sur la présence de 'or dans 1'eau
de mer: Acad. Sci. Comptes Rendus, v. 202, p.
1885—-1857.

Coates, J. E., 1939, The Haber memorial lecture: Chem.
Soc. [London] Jour., 1939, p. 1642-1672.

Curtin, G. C., Lakin, H. W,, Neuerburg, G. J., and
Hubert, A. E., 1968, Utilization of humus-rich forest
s0il (mull) in geochemical exploration for gold: U.S.
Geol. Survey Cire. 562, 11 p.

Debons, A. E., Silver, Lawrence, Cronkite, I, P., Johnson,
H. A., Brecher, George, Tanzer, Doris, and Schwartz,
I. L., 1962, Localization of gold in mouse brain in
relation to gold thioglucose obesity: Am. Jour.
Physiology, v. 202, p. 743-750.

Deul, Maurice, 1958, Biochemical and geochemical origins
of ash-forming ingredients in coal: Am. Chem. Soe.
Mtg., Chicago, Il., Sept, 1958, Div. Gas and Fuel
Chemistry, preprint, p. 160-182.

DeWilde, P., 1905, Sur l'or contenu dans l'eau de la mer:
Archives, Sci,, Soe., de phys. et d'hist. nat., v. 19,
p. 559-580.

Don, J. R., 1898, The genesis of certain auriferous lodes:
Am. Inst. Mining Engineers Trans., v. 27, p. 564-668.

Fischer, K. W., 1966, Edelmetalle in der Saale und in ihrem
Einzugsgebiet: Geologie, v. 15, p. 550-561.

Friedensburg, Ferdinand, with a contribution by Heinrich
Quiring, 1953, Die Metallischen Rohstoffe, ihre Lage-
rungsverhaltnisse und ihre wirtschaftliche Bedeutung—
Gold, 2d ed.: Stuttgart, Ferdinand Enke-Verlag, 256 p.

Fukai, Rinnosuke, and Meinke, W. W., 1962, Activation
analysis of vanadium, arsenie, molybdenum, tungsten,
rhenium and gold in marine organisms: Limnology
and Oceanography, v. 7, p. 186-200.

Glazunov, A. I., 1929, L'or contenu dans 'eau de mer:
Chimie et Industrie, v. 21, spee. no., p. C426-C427.

Gmelin, Leopold, 1954, Gmelins Handbuch der anorga-
nischen Chemie, System-nummer 62, Gold, pt. 2:
Weinheim/Bergstrasse, Verlag Chemie, GmbH, 406 p.

Gourevitch, Alexandre, 1933, Sur l'or de l'eau de mer:
Chimie et Industrie, v. 29, p. 284.

Grange, L. I., 1937, The geology of the Rotorua-Taupo
subdivisions: New Zealand Geol. Survey Bull,, no. 37

(n. ser.), 138 p.



Haber, Fritz, 1927, Das Gold im Mecerwasser: Zeitschr.
angew, Chemie, v. 40, p. 303-314.

1928, Das Gold im Meere: Gesell. Erdkunde Berlin
Zeitsehr., Erganzungsheft 3, p. 3-12.

Haber, Fritz, and Jaenicke, Johannes, 1925, Beitrag zur
Kenntnis des Rheinwassers: Zeitsehr., anorg. u. allg.
Chemie, v. 147, p. 156-170.

Hummel, R. W., 1957, Determination of gold in sea water
by radioactivation analysis: Analyst, v. 82, p. 4583-
488,

Ikeda, Nagao, 1953a, The hot springs of Nasu IX: Nippon
Kagaku Zasshi, v. 76, p. 833-5836 (in Japanese).
————1955b, Chemical studics on the hot springs of Nasu
XI: Nippon Kagaku Zasshi, v. 76, p. 1071-1073 (in

Japanese).

Jones, IT. 8., 1968, Gold in meteorites and in the Farth's
crust: U.S, Geol. Survey Circ. 603, 4 p.

1969, Gold in igneous, sedimentary, and meta-
morphiec rocks: U.S. Geol. Survey Cire. 610, 28 p.

Jones, It. 8., and Fleischer, Michael, 1969, Gold in minerals
and the composition of native gold: U.S. Geol. Survey
Cire. 612, 17 p.

Kalistratova, V. 8., Moskalev, Yu, I., and Serebryakov,
N. G., 1966, Effeet of administration rate on the be-
havior of colloidal gold ("*Au) in white rats: Ras-
predel. Biol. Deistvie, Radioaktiv. Izotop., Sh. State,
p. 36-44 (in Russian).

Katakura, Yasuhiro, 1965, Neutron activation analysis in
the determination of colloidal gold and lutecium in
biological materials: Tohoku Univ. Sei. Rept., Ser.
C 12, p. 223-239.

Khotamov, Sh., Lobanov, E. M., and Kist, A. A., 1066,
The problem of the concentration of gold in organs of
plants within ore ficlds: Akad. Nauk Tadzhik. SSR
Doklady, v. 9, no. 11, p. 27-30 (in Russian).

Koch, Hellmuth, 1918, Ueber die Adsorption von Natri-
umanrichlorid an Kohle und die Bestimmung des
(Gioldes 1im Meerwasser: Kolloid-Zeitsehr., v. 22, no.
1, p. 1-22.

Koga, Akito, 1960, Chemical studies on the hot springs of
Beppu. I. Trace elements in the Beppu hot springs:
Onken Kiyo, v. 12, p. 52-60 (in Japanese, with Eng-
lish summary).

1961, Chemical studies on the hot springs of Beppu.
XXV, Distribution of gold: Nippon Kagaku Zasshi, v.
82, p. 1476-1478 (in Japanese, with English summary).

Konovalov, E. P., 1941, Hyvdrochemical method of pros-
peceting for gold: Sovetskayva Geologiva, 1941, no. 2,
p. 114=-117 (in Russian).

Kropachev, C, K., 1935, The distribution of Au in nature:
Sovetskava Zolotoprom., 1935, no. 8, p. 46—-47 (in
Russian).

Landstrom, O., and Wenner, C. G., 1965, Neutron acti-
vation analysis of natural water applied to hydrology:
Aktiebolaget Atomenergi, Stockholin, AE-204, 15 p.

Lincoln, F. C,, 1911, Certain natural associations of gold:
Econ. Geology, v. 6, p. 247302,

Liversidge, Archibald, 1897, Presence of gold in natural
saline deposits and marine plants: Chem. Soec.
[London] Jour., v. 71, p. 298-299,

Lundberg, Max, Soeremark, Rune, and Thilander, Holger,
1965, The concentration of some clements in the
cnamel of uncrupted (impacted) human  teeth:
Odontol. Revy,, v. 16, p. 5-11.

14

Lungwitz, E. E., 1889, Der geologische Zusammendhand
von Vegetation and Goldlagerstitten: Zeitschr.
prakt. Geologie, v. 9, p. 71-T4 [1900].

Maclaren, J. M., 1906, The source of the waters of geyers:
Geol. Mag., v, 3, p. 411-514,

Malte-Brun, Conrad, 1847, A system of universal geog-
raphy, v. 1: Boston, Samuel Walker, 640 p.

Malyuga, D. P., 1964, Biochemical methods of prospecting-
New York, Consultants Bur,, 205 p.

Noddack, Ida, and Noddack, Walter, 1939, Die Hiufig-

keiten der Schwermetalle in Meerestieren: Arkiv

Zoologie, v. 32A, no. 4, p. 1-35.

Yochinaga, Kato, Toyoaki, and Sasaki, Michio,
1964, Determination of gold in sea water by neutron
activation analysis: Nippon Kagaku Zasshi, v. 85,
p. 643-647 (in Japanese, with English summary).
Pack, J. W., 1898, Gold from sca water: Mining and Sei,

Press, v. 77, no. 7, p. 154=155.

Parr, R. M., and Taylor, D. M., 1963, Determination of
Gold in human liver by thermal neutron aetivation
analysis: Physies in Medicine and Biology, v. 8, p.
43-50.

Peshehevitskii, B. 1., Anoshin, G. N., and Erenburg,
A. M., 1965, Chemical forms of gold in sea water:
Akad. Nauk SSSR Doklady, v. 162, no. 4, p. 915-
917 {in Russian).

Putnam, C. L., 1953, The gold content of sea water:
Jour. Chem. Education, v. 30, p. 576-579.

Razin, L. V. and Rozhkov, L. 8., 1963, Gold geochemistry
in the crust of weathering and the biosphere of a
permafrost province in the Aldan Shield: Akad.
Nauk S8SSSR Yakut., Fil. Sibiroskoyve Otdelenive
Trudy, Geol. Ser., v. 16, p. 522 (in Russian).

= 1966, Geochemistry of gold in the crust of weathering
and in the biosphere in the gold-ore deposits of the
Kuranakh type: Izdatellstvo “Nauka”™ Moskva,
256 p. (in Russian).

Schutz, D, F., and Turekian, K. K., 1965, Geographical
and vertical distribution of several trace elements in
sea water using neutron activation analysis: Geo-
chim, et Cosmochim. Acta, v. 29, no. 4, p. 259-313.

Shacklette, H. T., 1965, Element content of bryophytes:
U.8. Geol. Survey Bull. 1198-D, 21 p.

Soeremark, Rune, and Samsahl, Knut, 1962, Gamma-ray
spectrometrie analvsis of elements in normal human
dentin: Jour. Dental Research, v. 41, p. 603-606.

Sonstadt, Edward, 1872, On the presence of gold in sea
water: Chem. News, v. 26, p. 169-171.

Stark, Walter, 1943, Gold from sea water: Helvetica
Chimica Acta, v. 26, p. 424-441.

Vinogradov, A. P., 1953, The elementary chemical
composition of marine organisms: New Haven,
Sears Found., Marine IRResearch, mem. 2, 647 p.

Wagoner, Luther, 1901, The deteetion and estimation of
small quantities of gold and silver: Am. Inst. Mining
ingineers Trans, v. 31, p. 795-5810.

Warren, H. V. and Delavault, IR, E., 1950, Gold and silver
content of some trees and horsetails (Fquiselum
spp.) in British Columbia: Geol. Soe. America Bull,,
v. 61, p. 123-128.

Weiss, H. V. and Lai, Ming-Gon, 1963, Coerystallization
of ultramicroquantities of clements with 2-mercapto-
benzimadazole. Determination of gold in sea water:
Anal. Chim. Acta. v. 28, p. 242-248,

Oka,



Weissberg, B. G., 1969, Gold-silver ore-grade precipitates
from New Zealand thermal waters: Econ. Geology,
v. 64, p. 95-108,

White, D. E., 1967, Mercury and base-metal deposits
with associated thermal and mineral water, [Chapter)
13, in Barnes, H. L., ed.,, Geochemistry of hydro-
thermal ore deposits: New York, Holt, Rinehart,
and Winston, p. 575-631.

Yasuda, Mataichi, 1927, The estimation of gold and

silver in sea water: Chem. Soc. Japan Bull. 2, p.

321-323.

1928, The precipitation of gold and silver from their
dilute solutions: Chem. Soc. Japan Bull. 3, p. 113-118.

Zenkevich, L. A., 1963, Biology of the seas of the USSR:
New York, Interscience Publishers, 955 p.

Zvvagintzev, 0. E., 1941, Geochemistry of gold: Akad.
Nauk SSSR Inst. Obsch. i Neorgan., Khimii, 114 p.
(in Russian).

U.S. GOVERNMENT PRINTING OFFICE. 1070 O—38-755



- e L - e J— ll'il.
“—_-__ " H - w ! 1
_

JONES—GOLD CONTENT OF WATER, PLANTS, AND ANIMALS—GEOLOGICAL SURVEY CIRCULAR 625

-
BiaundopoBaHD

N ===




