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INTROPUCTION TO SYMPOSIUM ON GEOCHEMICAL

EXPLORATION
XX INTERNATIONAL GEOLOGICAL CONGRESS

T. 8. Lovering ¥

LA

The basic philosophy of geochemical explovation is that mineralo-genetic
provinees, potentiel mining districts or oil fields, and individual deposits, even
through hidden, may show diagnostic variations in the chemical composition
of aceessible maoterials that can be detected by sensitive analytical methods. Its
broad field touches biochemistry, soil science, geology, and geochemisiry, and
depends primarily on the use of methods of trace analysis to bring to light
the invisible but significant differences in composition that betray the presence
of target areas.

Although geochemical exploration is as ancient as the art of panning gold,
the modern techniques of irace analysis were first used about a quarter of
a century ago for detecting low but anomelous concentrations of metals only
a2 litle above the clarke or gemeral background of the metal. Russian and
Scandinavian geologists began to use such methods successfuily in the early
19305’, and a few vears later some allention was given to geochemical ex-
ploration for petroleum by American companies. Cuiside the USSR, however,
little curiosity was shown about this new tool for mineral exploration until
after World War II, when interest in it spread rapidly through the United
States, Canada, and Great Britain. It is fair to say that since 1950 interest in
geochemical prospecting has become world wide, as is evident from the sources
of the contributions to this volumen! Prior to the Symposium on Geochemical
Exploration here in Mexico City at the Twentieth International Geological
Congress, the number of publications in this new field of endeavor was far
om commensurate with the current activity. In this symposium for the first
time we find an adequate coverage of the diverse problems with which geo-
chemical exploration grapples, and a fair indication of the possibilities of utiliz-
ing geochemical techniques in finding mineral deposits.

The wide range of subjects covered in the Sympoesium on Geochemical Ix-

% Coordinator, Symposium on Geochemical Exploration.

X
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ploration is instructive. The papers range from the broadly theoretical to the
specific and practical, and in each group we find an amazing variety of stimulat-
ing contributions: reports showing how the variation in the ratio of the isotopes
of oxygen in dolomite may lead to the discovery of hidden districts, or how
the variations in the tin content of biotite may allow discrimination between
granites that have tin deposits associated with them and granites that do not:
papers describing the use of botanical methods for finding uranium in the arid
Colorado Plateau of the western United States, and biogeochemical methods
of prospecting in the peat swamps of Finland; the use of bromine-to-chlorine
ratios in prospecting for potash, and the use of ethane-methane ratios in prospect-
ing for petroleum, studies of geochemical prospecting techniques suitable to
the iropics, and techniques applicable to permafrosi areas of northern Canada;
descriptions of analytical methods suitable for geochemical exploration, and
descriptions of current governmental programs for carrying out research and
discovery work in this new field. Such variety cannot fail to have something of
interest for all exploration-minded geologists!

Readers will be impressed, I am sure, with the high quality of the many
papers included in the symposium, and with the generosity displayed by both
commercial and governmental organizations as well as by individual consultants
in making available information of great value not only to the professions but
to themselves. It is hoped that the splendid example set by all these participants
in sharing their information will go far toward discouraging the tendency in
certain fields of mineral exploration to capiialize on common knowledge through
the media of patents applied to general principles. Only through the free ex-
change of information can we hope for the bealthy growth of any branch of
science; this is especially true in the early stages of the development of geo-
chemical exploration, and realization of this truth and appreciation of the cooper-
ative progress so clearly evident probably accounted for the satisfaction and
pleasure in the symposium expresed by audience and contributors alike. My
congratulations to all the participants!

Denver, Colorado
August 1957



SEANCE MATUTINALE DU 6 SEPTEMBRE 1956
PRESIDENCE DE M. J. ORCEL

Mes chers Colldgues,

Je tiens & dire d’abord combien j’ai é:6 sensible & I'honneur que m’a fait
ngrés en m’appelant a présider une

<o

le Comité exécutif d’organisation du Con
partie de cette séance.

Peut-dtre a-t-il voulu souligner I'apport du Laboratoire de Minéralogie du
Muséum de Paris, et en particulier celui du regretté professeur A. Lacroix, a la
détermination de la composition chimique des minéraux et des roches ainsi qu'a
la commaissance de leurs associations caractéristiques et de leur genése dans
le temps et dans Pespace.

An nom de ce laboratoire j’adrese donc au Comité du Congrés de bien vifs
remerciements.

Permeitez-moi en introduction & cette séance, de vous présenter quelques
i85 hréves réflexions sur orientation des recherches géochimiques.

Le Congrés actuel, que 'on peut considérer comme le cinquantiéme anni-
versaire du Congrés de Mexico de 1906, marque en méme temps une étape dans
le développement de la géochimie.

En effet, en 1006, on ne pronongait que rarement le mot de géochimie,
cependant introdnit dans la littérature scientifique en 1838 para le chimiste
suisse Schonbein.

Toutefois, sans ce mot, de nombreux résultats avaient éié rassemblés, qui
préparaient I'édification de la science nouvelle, sur la base des recherches des
minéralogistes et des chimistes de nombreux pays.

Dans cet immense labeur dont le développement a commencé au cours de la
premiére moitié du 19¢me siécle, on peut distinguer trois directions essentielles:

1°—Une premiére orientation suivie et qui conserve toujours sz valeur est
celie de TPétude systématique des paragenéses minérales qui débute avec le re
marcquable travail de A. Breithaupt (1848). définir les divers types de succes
sions minérales qui constituent certaines lignées génétiques, et a établir des
schémas densemble trés important comme ceux de Brdgger (1890) et Fersman
(1932) pour les pegmatites, de Sandberger (1685) sur les filons hydrothermaux,
de VanvHoff (1903) pour des dépdis de sels, ete. ..

X1
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La secende direction que on peut envisager dens Phistoire de la géo
chimie est celle qui cst orientée vers des buts pratiques, liés & la prospection
des gites métalliféres. Clest précisément cet aspect qui nous préoccupe dans la
session de ce matin. Des lois nombreuses ont été mises en évidence concernant
la vépartition des minéraux et en méme temps celles des éléments chimiques
utiles. Cetie orientation de recherches est représentée par lo méiallogénie dont
bien des aspects constituent des transitions vers la géochimie dans sa physziono-
mie actuelle. Ses pionniers furent principalement L. de Launay (1913), Lindgren
et Fimmons (1922-1923), Nigeli (1925) et aussi Fersman (1930).

30— Enfin, la troisiéme dirvection est celle qui se donne pour but Papprofondis-
sement de problémes théoriques que pose Vovigine de la répartition des éléments
chimiques et de leurs combinaisons dans les diverses enveloppes du globe te-
rrestre. Les arlisans les plus brillant de ces premiéres acquisitions de la géo-
chimie théorique furent: ¥. W. Clarke, W, Vernadsky (1910-1933) et Vécole de
Goldschmidt (192' -1936) et de Fersman.

Il était obligatoire qu'au cours de son dévezlonpmﬁ‘wnig la gé“)ciﬂiw?m bénc
ficie des apperts d'une autre science, la chimieplysique, dont le développment
a débuté & peu prads A la méme époque que celui de la géochimie. Toute une
série de notions et de concepts généraux sont alors élaborés en fonction des
progrés de nos cennaissances sur la structure de lafeme et de ses enveloppes
&lectroniques. Tels sont les notions de rayons ioniques, de potentiels loniques,
de potenticl dionisation, de polarisation des ions et des atomes, qui aflinent
notre connaissance des propriétés du milieu cristallin, et qui permettent de
comprendre de micux en mieux les transformations que celui-ci subit au cours
de I'évolution de Pécorce terresire.

A un niveau supérienr d’abstraction et d’extension, sont définis par plw
sieurs auteurs les concepts de cycles géochimiques, d’enveloppes thermodyna-
miques, et une séric de généralisations basées sur la classification périodique de
éléments. Et actuellement, le développement considérable de nos connaissances
sur la structure du novau des atomes et sur la radicactivité a enrichi la géo-
chimie d’un domaine de recherches nouveau, lié & la notion d’isotopie, domaine
en plein essor, et dont on mesure déja netiement importance pour la géologie
a la fois du point de vue théorique et du point de vue pratique: car Pétude des
répartitions des isotopes peut nous éclairer sur le processus de dispersion et
de concentration des éléments chimiques.

On voit donc comment s’est imposée & la pensée du géochimiste la notion
d’atome. Il lul a donné peu & peu la priorité sur la notion d’espéce minérale,
et la géochimie a été délinie comme la science des lois de migration, de disper-
sion et d’accumulation des éléments chimiques darns les diverses couches de
P'écore terrestre, et dans Vatmosphére.
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Cependant la notion d’espéce minérale conserve toute son importance, car
les minéraux, résultats de véactions entre les éléments chimiques sont autant
de manifestations sensibles de Punion passagére de ceux-ci au cours de I'évolu-
tion du globe. Le géochimisie peut donc se dispenser d’en connaitre parfaite-
ment toutes les propriéiés et tous les modes de associations. Car c’est par le
cristal que le géochimiste atteint I'atome dans ses migrations.

Ainsi ressort toute I'importance pour le géochimiste des recherches de cris-
tallochimie.

Car le processus naturel de la repartition et de I'association des éléments chi-
miques, cest-a-dire de la formation des minéraux et des roches, consiste fonda-
mentalement dans le fait que des ions mobiles, contenus dans divers milieux
générateurs (solutions agueuses, fluides volatils, magmas, milieux solides évo-
luant dans des conditions particulidres encore mal définies), se transforment en
systémes moins mobiles, pius stables, qui sont les cristanx, dont la structure
géomatrique est le reflet d’un certain équilibre de nature électrostatique entre
les atomes ou les ions.

Ainsi, du point de vue énergétique, le passage a Vétat cristallin représente
un processus de transformation en un état plus stable et plus pauvre en
énergie.

Donc, plus un ion dégagera d’énergie sous une forme ou sous une autre,
en contribuant a la formation d'un édifice cristallin, plus il sera difficile de
le ramener de nouveau & Uétat dispersé, plus il sera apte & s‘accumuler en masses
importantes dans 'écorce terresire pour former un gisement exploitable de cet
élément.

(Yest précisément ce probléme qui nous intéresse en métallogénie et dans
Ia prospection géochimique. La nature du réseau cristallin formé (siructure et
motif) détermine un certain nombre de propriétés physiques et chimiques spéci-
fiques du minéral.

Ces propriétés varient suivant le type du réseau, les distances réticulaires, .
les relations enire les forces de liaison que Pon peut définir dans le cristal.
Ainsi est introduite la notion de champ cristallin, par laquelle on peut pénétrer
plus profondément dans l'essence méme du cristal, dans sa structure, dans
Panalyses des mouvements de la matiére qui le constituent.

Tous ces caractéres importants du point de vue géochimique sont mathé-
matiquement liés; leurs relations sont définies par Pénergie réticulaire, et la
répartition de énergie entre les divers atomes et ions a Pintérieur du cristal.

Cependant ces calculs effectuds directement & partir de la théorie sont inex-
tricables. )

De sorte que pour avancer vers la connaissance intime du champ cristallin,
il faut recourir & Pexpérience. Clest pourquoi on étudie les lois de Pagitation
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thermique des atomes, car elles découlent du champ de force inconnu qu’il
s'agit d’étudier. !

Je ne puis évidemment insister ici sur ces recherches qui mettent en oeuvre
la diffusion des rayons X, Veffet Raman, le rayonnement infrarouge, les ondes
electromagnétiques centimétriques qui agissent par exemple sur les spins électro-
niques, les spins nucléaires ou les moments quadrupolaires nucléaires. Toutes
ces recherches ne peuvent laisser le géochimiste indifférent, et Fune de ses
tiches sera de les adapter aux exigences spécifiques de la science.

Les travaux anciens de Fersman ? sur la notion des coefficients énergétiques
(Ek et Vek) ont constitué une étape importante dans cette direction.

Je rappellerai que ces coefficients déterminent la quantits d’énergie émise
par un ion lorsqu’il passe de ’état dispersé a celui d’ion, ou d’atome inséré dans
un réseau cristallin, Vek étant le coefficient Ek rapporté a 'unité de valence.

Ces coefficients définissent donc le degré de solidité des liaisons interatomi-
ques, et la notion qu'ils représentent a été introduite & partir d’une formule
générale donnée par Kapustinsky en 1933 pour exprimer Iénergie réticulaire
U (en k/calories) sur la base de la théorie de Born. Cette formule fait intervenir
la notion de potentiel ionique ou rapport de la valence d’un ion & son rayon.

Certes, des critiques justifiées ent été faites (en partie récemment par
Lebedeff®) au sujet de ces notions qui consistent i considérer un peu trop
exclusivement les combinaisons hétéroatomiques du point de vue de la liaison
électrostatique ionique, étant donné qu’il faut tenir compte aussi du role joué
par les auires types de liaison (homopolaire ou méme de Van der Vaals) dans
un grand nombre d’édifices cristallins.

Néanmoins, il semble bien que la géochimie tirerait le plus grand profit de
recherches nouvelles dans le sens indiqué par Fersman, mais en utilisant les
plus récentes acquisitions de la cristallochimie.

Je ferai enfin une derniére remarque: Dans son sens le plus général, la
geochimie englobe aussi I'étude des lois de distribution des éléments chimiques,
non seulement dans I'écorce terrestre, mais aussi dans hydrosphére, dans Pat-
mosphére et dans la biosphére, et, étant donné, limportance des interactions
entre les phénomeénes de la vie et la matiére terrestre, une nouvelle science s’est
constituée, la biogéochimie, et nous allons entendre au cours des séances de
travail de notre section plusieurs communications se rapportant & ce domaine
de recherches.

L Cf. H. Curien. 1954, Aspects cristallographiques de la Physique, Revue générale des
Sciences, 1L.X1:88-93.

2 A. E. Fersmawn. 1937. Géochimie. Leningrad, t. III (en russe).

8 V. I. Leseoerr. 1953. Quelques observations sur la Géechimie en tant que Science.
Izvestia Acad Nauk U.R.S.S., Serie Ceclogic, n® 3 (cn rtusse).
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D’autre part, I'étude approfondie des météorites, certaines données de las-
trophysique et de la cosmogonie sur la formation des planétes la formation
d’un nouveau domaine scientifique ayant ses buls propres mais étroitement
apparentés & la géochimie. C’est le domaine de la cosmochimie.

L’essor de la géochimie et des sciences soeurs, I'intérét que lui porte un
nombre toujours plus grand de chercheurs venant des divers horizons de la
science (physiciens, chimistes, géologues etc...) se sont tellement accius en
ces derniéres années quuun périodique spécial a été créé, Geochimica et Cosmo-
chimica Acta, que vous connaissez bien, quun auire périodique vient d’8ire
créé en URSS sous I'impulsion de M. Vinogradov, que la Chronique des Mines
coloniales signale et analyse dans une rubrique spésiale les travaux de géochi-
mie et que deux société géochimiques s3 sont formées, I'une en France, lautre
en Amérique, qui sont déja bien vivantes. Mais je ne veux pas retenir plus
longtemps votre attention, dont je vous remercie, car notre ordre du jour est
trés chargé.

Je vous prie de m’excuser de l'avoir alourdi et jadresse un salui cordial
3 tous les membres du Congrés qui participent a cette séance.
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VARIATIONS IN THE ISOTOPIC COMPOSITION OF OXYGEN IN

THE LEADVILLE LIMESTONE (MISSISSIPPIAN) OF COLORADO

AS A GUIDE TO THE LOCATION AND ORIGIN OF ITS MINERAL
DEPOSITS

A. E. J. Excer, * R. N. CravyTon * *
and S. EpsTEIN ¥ ¥

ABSTRACT

Oxygen isotope studies, integrated with geologic investigations of the Leadville limestone
and associated ores, help clarify the origin and whereahouts of these and possibly " other
mineral deposits. In the Leadville widespread uniform beds of. limestone, dolomite;, and
chert which exhibit no hydrothermal alteration contain oxygen isotopically approximating
that in other “unaltered” carbonate sediments of pre-Mesozoic age. Moreover, isotopig
fractionation measured between calcite and quartz also suggests the beds cry stallved at
near-surface temperatures. _

In contrast, quartz and carbonates in the great dolomite halos that are spatially - and.
temporally related to ore yield a range of oxygen isotope values, all lower in (018, indicative
of much higher temperatures. Differences in oxygen isotopes in quartz, dolomite, and rare
calcite are fairly systematic with respect to ore and obvicus conduits. Highest temperatures
are indicated at ore and feeders.

Successively lower temperatures of formation of the dolomite halo are indicated toward
its perimeter 2 to 15 miles away. In these dolomite halos variations in structure, texture,
and concentration of elements and minerals are seemingly unsystematic with respect to
ore. Hence the variations in oxygen isotopes may represent a useful guide to ore.

INTRODUCTION

In the Leadville limestone of central Colorado, the identity and relations
of unaltered sedimentary beds to masses of hydrothermal dolomite may be
determined in numerous widely distributed exposures. Most of the unaltered
beds are microsystalline limestone, partly very pure, partly chert-bearing. Bedded
sandy dolomite and thin beds of (diagenic?) dolomite occur, however, in the
lower one-third of the formation. Most of the beds (in the Leadville) are mon:
otonus in composition and texture, and laterally persistent throughout an area

* California Institute of Technology, Pasadena, California, U.S.A4.
* % U, 8. Geological Survey.
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of some 5000 square miles in central Colorado. Some of the best exposures of
unaltered Leadville limestone are in the White River Plateau and Sawatch
Range. A geologic map of this region constitutes Figure 1.

At intervals in this region, particularly on the slopes of the Sawatch Range,
the Leadville limestone is replaced by metal sulfides, especially pyrite, sphalerite,
galena, and chalcopyrite. The sulfide mineralization at Leadville and Gilman,
Colorado is especially extensive and commercially important.

Arcund the large deposits of metal sulfides ,most or all of the original lime-
stone is replaced by dolomite. The close and consistent spatial and paragenic
relations of this dolomite io ore, along with other geologic criteria, indicate
that the dolomite is of hydrothermal origin and has formed as a phase of the
mineralizing epoch.

The seeming clarity of the relations of initially uniform carbonate beds to
hydrothermal dolomite and ore, suggesied a study of the geochemical properties
of these several rock types. This paper discusses one phase of the geochemical
study, namely the isotopic composition of the oxygen and carbon in unaltered
and hydrothermal segments of the Leadville formation. Analyses have been made
of the 08 and 06 content of the oxygen in the unaltered sedimentary limestones,
cherts, and the bedded (diagenic) dolomites, and in stratigraphically equivalent
zones of hydrothermal dolomite and associated silica. Carbon isotope analyses
‘have been made of most carbonates that were analyzed for exygen isotopes.

" PHYSICAL STRATIGRAPHY OF THE LEADVILLE LIMESTONE

The beds within the unaltered Leadville imestone can be grouped into three
major units, as diagrammed in the columnar section on the left hand side
of Figure 2. The basal unit, named the Gilman sandstone member (Lovering
and Tweto, 1944; see Tweto, 1949, p. 177-184), is sandstone and sandy and
cherty dolomite, and commonly includes a median breccia of these rocks. The
thickness of Gilman sandstone member varies from 1 to 40 feet. The member
is widespread throughout central and northwestern Colorado at the base of the
Leadville limestone.

The middle member of the Leadville formation is cherty, gray limestone,
medium-grained to very fine-grained. Commonly several beds of fine-grained
dolomite occur at and near the base of this unit. Atlhough all of the dolomite
beds are laterally extensive, one that ranges from 2 to 8 fect in thickness lies
at the base of the cherty limestone member throughout central and northern
Colorado. The dolomite in this basal bed is fine to very fine-grained, and
buff to gray in color. It maintains its fine-grained, dense texture even in the
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areas where all of the calcitic beds are replaced by hydrothermal dolomite.
Locally very thin black chert layers occur at or near the top of this bed. In
the mines at Gilman, Colorado, this dolomite has a dense brown almost waxy
appearance, and it forms what is referred to locally as the “waxy bed”. For
convenience this name will be employed to designate this bed, which we have
sampled and analyzed at widely separated localities within and outside the
halos of hydrothermal dolomite (Fig. 2 and Table 1).

The thicker, middle member of the Leadville formation ranges from 15 to
70 feet in thickness, averaging about 40 feet, an is dominantly cherty limes-
tone. Dark gray to black chert is more abundant near the base and top of the
member, but rarely exceeds 4 per cent of the total rock. The limestone itself
contains from 2.5 to 3.2 weight per cent silica in disseminated microcrystalline
form. Total non carbonate constituents other than silica —chiefly Al, Fe and
Mg— are not abundant however, rarely totaling more than 0.5 weight per
cent. This cherty unit is readly distinguished even in places where the forma-
tion has been completely converted to hydrothermal dolomite. :

The uppermost and thickest of the three major subunits in the unaltered
Leadville is a remarkably pure, gray limestone. It often forms massive, bluish-
colored cliffs that have caused the name blue limestone to be applied rather
loosely to the entive Leadville formation and the underlying Dyer dolomite.
This limestone member is commonly from 60 to 150 feet thick, averaging about
80 feet in the White River Plateau. Major deviations from this thickness are
induced mainly by post-Leadville erosion and supergene solution. Fragments
of fossils and oolites are common in parts of the upper limestone. Non-calcite
constituents are rare, and most beds conmmonly contain about 99.0 weight
per cent calcite. Grain size varies from fine to very fine. In most areas of
hydrothermal dolomitization, the upper member of the Leadville is easily réf
cognized by the abundance of the distinctive, inequigranular, striped, vuggy
dolomite (zebra rock) that has formed in it as well as by its position between
the cherty limestone member and the overlying shale of Pennsylvanian age
(Fig. 2). .

The lateral persistence and uniformity of the three members of the Lead.
ville, and of many subunits, are of particular value in this study. Beds of
dolomite, chert and limestone can be followed to, through and beyond nume-
rous deposits of metal sulfides and their sheath of hydrothermal dolomite. Each
of many beds, where unaliered, maintain distinctive physical and chemical
features, including a uniform and consistent oxygen isotope composition. These
properties permit the unaltered beds to be used as bases of reference against
which changes in oxygen (and carbon) composition induced by hydrothermal
processes may be compared and contrasted.
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HYDROTHERMAL DOLOMITE

- The size and pervasiveness of the hydrothermal dolomite bodies seems Lo
reflect at least crudely the scope and intensity of the associated sulfide minera-
iiéation. For example at mining districts such as Fulford, Aspen, Alma, Tincup
and Monarch, the known deposits of meial sulfides are small to moderate in
size. This also is true of the associated halos of hydroihermal dolomite that
have replaced the original limestone.

The largest known deposits of sulfides and the largest halo of 1ydrotherma1
dolomite occur in the Leadville-Gilman region, on the east slope of the Sawatch
range (Fig. 1). There the Leadville formation is dolomitized throughout
its full thickness over an area of 200 square a series of major conduits, marked
m. part at least, by the great ore bodies at Leadvide and Gilman.

" The many mine openings and drill cores in this region offer excellent sour-
ces of hydrothermal dolomite from various parts of the formation and at various
distances from known ore. The simplicity of the geology at Gilman compared
%0 that of the Leadvﬂle district, C0101ado, suggested Gllman as a promising
mine and surface exposures permit samphng of 1he dolomlte from known ore
té :fhe edge of the hydrothermal dolomite, near Minturn, some 2 miles to the

dolomltes are from the Gilman- Mlntarn area (Table 1).

" Near Gilman, 3 of the 4 mayor stratigraphic units in the Leadville axhibit
a characteristic type of dolomitization. The Gilman sandstone member appears
litile changed. The sand grains have not recrystallized, and the associated dolo-
mite remains medium to fine-grained and dense. As noted earlier, the dolomite
at the base of the cherty limestone also is unchanged' it is fine-granied, dense,
and almost waxy in appearance, hence its name “waxy bed”. Most of the cherty,
fme-ﬂramnd limestone in this member above the waxy bed is, however, conver-
ted into medium to Ime-gramed dark gray dolomite (Figure 2). Locally this
dark, dense dolomite is striped by veinlets of more coarsely crystalline lighter
gray to white dolomite, forming the rock described below as zebra rock. Some
of the chert remains microcrystalline and dark gray, but at and near sulfides
the chert nodules are peripherally bleached and recrystallized.

.The upper, pure limestone member of the Leadville is largly replaced by
the very striking inequigranular striped dolomite referred to as zebra rock, very
similar to the striped dolomite formed locally in the underlying cherty member.
This rock is streaked by generally subparallel veinlets of lighter gray to white
more coarsely crystalline dolomite in a matrix of darker, finer-grained dolomi-
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te. The streaks tend to parallel bedding, although in many places they diverge
10 to 30 or more degress from it. Numerous vags up te an inch or more across
occur in the lghter colored, more coarsely crystalline dolomite. Crystals of
white dolomite and quartz commonly proyect inward in these vugs. Pyrite occurs
in them much less frequently.

The gray to almost black color of the fine-grained, denser dolomite in the
zebra rock seems due almost entirely to included carbonaceous material. There
are no obvious differences in the concentrations of other elements although
there are striking differences in the isotopic composition of oxygen in the two
-rocks.

The dark dolomite phase of the zebra rock obvicusly formed before the
coarse, lighter veins. The crystals of white dolomite, quartz, and pyrite in the
vugs seem to have formed last. The impression gained is that during and after
its formation, the darker, finer-grained dolomite was incipiently fractured along
or subparallel to bedding. These discontinuities then served as loci for recrysta-
lliaztion to coarser dolomite with the expulsion of carbonaceus matter. Some
solution of dolomite occurred after partial recrystallization, and this was follo-
wed by the growth of white dolomite, quartz and pyrite in the solution open-
ings.

- Aside from the zebra rock and dark dense dolomites, a third type dolomite,
designated as “pink breccia”, is especially noteworthy. The pink breccia occurs
as a narrow zone or as zones up to 8 feet thick at or near the base of the
upper member of the Leadville limestone (Fig. 2). It consists of rounded frag-
ments of dense, medium to fine-grained, light-gray to pale-pink dolomite
in which both angular and rounded fragments of the same material are vaguely
to clearly discernable. The pink breccia follows bedding in most places but
locally it cuts across beds; it seems to be confined largely to the hydrothermal
dolomite of the Gilman area.

A¥ various sites in all the hydrothermal dolomite bodies, but most com-
monly near ore, incipient but pervasive solution of the rock has occurred. Bonds
between grains of dolomite are weakened and a highly friable dolomite, grading
into dolomite sand, have been produced. The exact paragenic relations of the
dark dense dolomite, zebra rock and hydrothermally sanded dolomite to ore
have been the subject of exiensive investigation by many geologists. The distri-
bution and concentration of Cu, Ph and Zn in the dolomite (Engel and Engel,
1956) suggests that most hydrothermal dolomitization was accomplished by
solutions essentially barren of metals, in an early stage of the oreforming epoch.
Hydrothermal sanding ocurred at a later stage, after dolomitization, and at
the onset, and possibly to a limited degree, during and after sulfide mineraliza-

tion.
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The relations of dolomitization and ore formation at Gilman, Colorado,
are summarized by Lovering and Tweto as follows:

“The —Leadville— was dolomitized during the first stages of mine-
ralization. During the period of zebra rock development, alternating
stages of leaching and precipitation recrystallized the dolomitized rock
into the striped zebra rock over wide areas. Dolomite and zebra rock
were later brecciated and recrystallized to form the pink breccia zone
at about 95 feet above the Gilman sandstone, and in the last stages
preceding ore deposition, dolomite, zebra rock and Pink Breccia were
aitacked by solvents and extensively sanded, and a network of open
channels and caves was formed. Sulfides then replaced solid or brecciat-
cd dolomite, zebra rock, pink breccia, and sanded dolomites . .. . .. R
(Lovering and Tweto, 1944).

ISOTOPE ANALYSES

The oxygen and carbon isotope analyses were done with a mass spectrometer
(Mc Kinney et al, VTEJQ using carbon dioxide gas. The carbon and oxygen
from the carbonates were analyzed by using carbon dioxide produced by reac-
ting the carbonate with 100 percent phosphoric acid. The oxygen of the silica
was extracted by heating the silica with graphite at approximately 1,800-2,000°
C which produces carbon monoxide. The carbon monoxide, when cycled over
a nickel catalyst at approximately 400° C and then through a liquid nitrogen
coled trap, is converted quantitatively to carbon dioxide. The reproducibility
of results is about = 0.1 per mil. The procedures are discussed in detail else-
where (Clayton, 1955; Clayton and Epstein, 1957).

Results of the analyses of isotopes of oxygen and carbon in the unaltered
Leadville and in hydrothermally altered derivatives are listed in Table 1.

The results of oxygen and carbon isotope analyses are expressed as the
deviation per mil or the 0'8/0% or C12/C! ratio from the ratio in an arbitrary

standard substance.

R ,
5018 ( .1 } % 1000
R std

where R = 0'%/0% in sample

R, = 0'®/0% in standard

std
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The oxygen standard is the oxygen of mean ocean water (Epstein and Ma-
yeda, 1953). The carbon standard is the carbon of the Cretaceous belemnite as
used by Urey and his colleagues at the University of Chicago. Calcite precipita-
ted from sea water is enriched in 0'8 relative to the sea water; to convert the
oxygen values of the carbonates in this paper to the belemnite standard, sub-
tract 30.0 from the 8O given here relative fo the mean ocean water standard
(Clayton and Epstein, 1957).

All isotopic analyses have been corrected for mass spectrometer back-
ground and for mixing of sample and standard gases in the switching valve.
The correction results in an increase of all isotopic differences by 4 per cent
of the difference.

These samples are of three general genetic types of rock: (1) unaltered
Leadville limestone, dolomite and chert (2), partly to wholly recrystallized
limestone, dolomite and chert at and very near incipient or very small-scale
hydrothermal dolomitization and sulfide mineralization, and (3) sample of
hydrothermal dolomite silica and calcite from the large, intensively dolomitized
halo around ore at Gilman. Most of the samples of type 2 were obtained on
the west and southeast slopes of the Sa watch range, at Taylor Pass, Fulford
and Trout Creek (Fig. 1, Table 1). Specimens of type 3 are from the peri-
phery of the dolomite mass, at Minturn and Bolts Lake, and wherever feasible
between these points and the ore body at Gilman. Samples were taken from
areas where the simplest geological relations seem to exist. Those judged most
characteristic of the rocks in question on the basis of field and petrographic
examination were selected for analysis. The basic objective throughout the
analytical work was to determine the isotopic compositions of oxygen and car-
bon from rocks whose geological origin seemed best understood.

1SOTOPIC COMPOSITION OF OXYGEN IN THE SAMPLES

It is known that isotopic composition of carbonates and silica which precipi-
tate. slowly, under equilibrium conditions, from a water solution, have values
that depend on the isotopic composition of the water and the temperature of
precipitation (Urey 1947; Urey e al., 1951; Silverman, 1951). It can be
expected, therefore, that the oxygen of the “unaltered” Leadville limestones,
cherts. and dolomites, when invaded by an abundance of hydrothermal solution,
will be exchanged with the solution. The 0'8/0'¢ ratio of carbonates and silica
can be expected to assume values depending upon the isotopic composition of
the oxygen of the hydrothermal fluids and upon the temperature at the time
of the isotopic exchange.
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The ratio of 0'®/0'S ratios between any oxygen compounds which are co-
precipitated or recrystallized together in equilibruim in the presence of the
hydrothermal fluid depends upon temperature only. Generally, the higher the
temperature at wich the different coexisting phases have formed the smaller
the ratio of the 0'°/0' ratios of the different phases. In addition, both carbona-
tes and silica seem to have 0'%/0' ratios some 30 to 40 per mil greater than
that of the natural waters from wich they are precipitated at room temperatures ;
therefore, the higher the temperature of equilibration between the various phases
the lower should be the 0'8/0' ratio relative to that of the involved water .

Work on pairs of dolomite and quartz from the Leadville indicate there
is no measurable fractionation between these coexisting phases. Consequently
our conclusions concerning relative temperatures of formation of various sam-
ples are based principally upon the analyses of quartz-calcite pairs. These are
present in the form of limestone and chert throughout the unaltered Leadville
limestone, and at sites with jaspery silica. Only one quariz-calcite pair seemiﬁgljr,
formed in equilibrium could be found at the ore in the large bodies of hydro-
thermal dolomite for use as a relative temperature indicator at this point. The
reliability of this single measurement is enhanced by the fact that essentially
between the 0'®/0* ratio of each mineral and that of the per mil difference
of what texturally seem to be coprecipitated dolomite and quartz at the ore.
"These last stated facts would seem to indicate the attainment of isotopic equili-
brium between the closely associated quartz, calcite and dolomite. Similarly,
the chert-dolomite pairs in what are readily inferred from regional field rela-
tions to be diagenic dolomites have approximately the same § 0'8/0'6 values
as the quartz in the chert-calcite pairs in closely associated, unaltered cherty
limestone. Here also, there appears to be good evidence of oxygen isotope
-equilibrium between these different, closely associated mineral phases in the
hydrothermal unaltered parts of the Leadville formation. 4

The relations encountered suggest therefore the following generalization: in
the Leadville formation, wherever there is good field and textural evidence for
-chemical equilibrium between the oxygen-bearing minerals a relationship exists

etween the 0'8/0'¢ ratio of each mineral and that of the per mil difference
between the O'8/0' ratio of different mineral. The greater the § values of
«each mineral (quartz. calcite, dolomite) the greater the diffrences in the § values
-of coexisting quartz-calcite or dolomite-calcite pairs. This must mean that the
8 value of each mineral is sensitive to temperature—the § value decreasing’
with increasing temperature. This also suggests that there was a large amount

1 For elaboration of the relationships hetween the 018/016 ratio of calcite, quartz and
«dolomite see the companion paper (Clayton and Epstein, 1957).
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of bydrothermal fluil of relatively uniform oxygen isotope composition in
contact with the coarsely crystalline dolomite, quartz and calcite during their
formation. It should be emphasized that, if an isotopic gradient existed in the
hydrothermal fluid permeating the Leadville formation, this gradient would
seem to have been relatively small compared to the 0'8/0'¢ gradient in the
rainerels as determined by temperature 2:

Integration of the geological relations and oxygen isotope data in the
investigated hydrothermally altered Leadville suggests that the § values for
any one of the coarse-grained, intergrown minerals —calcite, dolomite or
quartz— may be used as a temperature indicator when coexisling mineral pairs
are not available. Clearly this conclusion is confined to the parts of the hydro-
thermal aureoles investigated in detail, and seems warranted only because of
the remarkable consistency between the oxygen isotope analyses and the existing
geologic evidence. There are obvious pitfalls in a more general use of the
3 0'8/0'8 values for single minerals for purposes of relative temperature determi-
nation.

In the following pages the relationships between the field data and the
isotope analyses are noted and related more specifically.

SAMPLES OF UNALTERED LEADVILLE FORMATION

The calcite-chert pairs LY806A, 86B, 86C and LV267. 274C and 274S, were
chosen on the basis of field studies as typical of the inferred least altered limes-
tone and chert from the cherty zone 2 of the Leadville formation (Figure 2)..
The oxygen in the unaltered limestone and cherts is the highest in 0'® of any
oxygen from calcite and quartz that we analyzed, and for each mineral species
the composition of the oxygen appears to be quite uniform irrespective of
texture stratigraphic position or locality.

The well-defined fractionation between the §°/00% of oxygen in the lime-
stone and the immediately associated chert (approximately 8°/oo of 6 to 6.5)
appears to represent the equilibrium isotopic fractionation between these mineral
pairs at near surface temperature in the presence of abundaunt water (see Clay-
ton and Epstein, 1958). It is notable that the only calcite-quartz pair (L4)
found in the hydrothermal halo, at Gilman ore, gives the lowest § 0'® values

2 The inferred relationships hetween the § values for calcite, dolomite and quartz
minerals are more fully discussed by Clayton and Epstein (1958).

% °/oo is the symbol used for “per mil” and the §°/oo {or § alone) is read “deviation
per mil” or simply “delta™, ’
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found in any samples of these minerals (calcite 8018 = 13.4, quartz §018 =
16.1). These are indicative of much higher temperatures of formation than the
calcite-quartz pairs at the periphery of the halo, and those in the unaltered
beds (Table 1).

The dolomite-chert pairs LV504D, LV504S and LV510D and 5108 are
inferred from their field relations to be either sedimentary or diagenic in origin.
Consequently they are thought to reflect the same conditions of exchange as
the calcite-chert samples LV86A, LV86B, LV86C and LV267. The oxygen isotope-
compositions obtained are consistent with and seem to foriify this interpreta-
tion. The values for the cherts in the dolomite are essentially the same as those
obtained for the cherts in the limestones (Table 1). It is apparent that the
dolomites have essentially the same § values as the cherts. As already note this.
absence of measurable fractionation exists in all of our samples of dolomite
and quartz that are inferred from geological data to have formed in equilibrium.
with excess water (Table 1; see also Clayton and Epstein, 1958).

SAMPLES FROM AREAS OF INCIPIENT HYDROTHERMAL
ALTERATION

The samples LV3A, LV3B, LV3C and LV211 are of Leadville limestone that
is megascopically and microscopically almost identical with the unaltered lime-
stone (LV86, LV267), but represents beds weakly altered and only partly
replaced by hydrothermal dolomite, most of witch occurs along visible fractures.
All of these samples were obtained within a few inches to 25 feet from narrow
veins and irregular apophyses of hydrothermal dolomite and associated weak:
sulfide mineralization.

The dolomites LV210 and LV547 are from the same type of occurrence
and are inferred from geological features to represent the weakest manifesta-
tions of hydrothermal dolomitization. :

It is apparent that the microcrystalline limestone analyzed from- these locali-
ties of incipient hydrothermal alteration (LV3A, LV3A, LV3C) show liitlé if
any change in oxygen isotope composition from similar looking samples of
unaltered Rock (LV86A, 86B) that are one or more thousands of feet from known
hydrothermal alteration. In contrast the field relations as well as the decrease in
3018/16 for the recrystallized calcite LV2A, LV2B, LV546, suggest that the
calcites have under-gone marked exchange with hydrothermal waters. This sug-
gestion is borne out by oxygen isotope analysis of quartz that occurs with LV2B.
The quartz has a 80 value of 22.2 which indicates this quartz-calcite pair
has undergone extensive isotopic exchange with the hydrothermal solutione.
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active at that site. In this respect the §08/0S value of sample LV547 also is
of interest. This is the hydrothermal looking dolomite mass that envelopes
LV546, and cuts discordantly across nearby beds of calcite limestone. The
§ 018/0" value of dolomite LV547 is 4.2 greater than that of the associated recrf-
stallized calecite (LV546), an amount expectable if these minerals have undergone
essentially complete exchange with abundant, identical waters. All of these
specimens are from small veins of sulfides in peripheral areas of mineralization.
A clear-cut correlation exists between visual evidence of recrystallization in
these samples and an oxygen content lower in o 018 than in “unaltered” samples.

SAMPLES FROM THE GILMAN-MINTURN AREA OF INTENSE
HYDROTHERMAL ALTERATION

The very large pervasively dolomitized mass of limestone in the Leadville
formation at and near the Gilman, Colorado ore body was chosen as the source
of carbonates and silica formed by intense hydrothermal processes. Calcite is
very rare. Only one sample containing calcite and coexisting quartz was found.
Fortunately, this single calcite-quartz pair occurs at the Gilman ore body (L4
and 14S). Samples of the several types of hydrothermal dolomite were taken.
however, as follows: (1) at and near the exposed periphery of the hydrothermal
dolomite mass, near Minturn, Colorado, (2) at intervals across the hydrothermal
dolomite mass from its periphery to the very contact with the major segments
of the Gilman ore body. This represents a distance of approximately 2 miles
along the strike. In addition, through the kind cooperation of the management
at Gilman, samples of dolomitized and silicified Leadville formation also were
obtained from drill cores at distances of tens io several thousands of feet,
north east, and southeast of the Gilman ore body. The nearest known major
ore body is that at Gilman, but it is impossible to disprove the existence of
anknown ore much closer to these holes.

" Textures and related lithologic features proved to be excellent gnides to the
degree of isotopic exchange of oxygen. The Pink Breccia, and waxy bed (Fig.
2, Table 1) that remained fine grained and dense during the entire process of
hydrothemal dolomitization show far less exchange than the coarse white
dolomite in erystals that line vugs in zebra rack of the Upper Leadville. Simil-
arly, dense microcrystalline cores of chert nodules in the hydrothermal dolomites
show little or no exchange compared to the bleached and recrystallized rims.

Because the textures of the hydrothermal dolomites are influenced by prim-
ary features, there was, in a sense, marked stratigraphic conirol of oxygen
isotope exchange during alteration of the Leadville limestone. Wherever feasible
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at each locality samples were obtained from the following sources: (1) waxy
bed, at the base of the middie member; (2) dark medium-grained dolomite and
associated chert in the middle member; (3) pink breccia at the base of the
upper member; (4) zebra rock (both dark finer-grained matrix and eoarse
white crystals with associated quartz crystals). *

The analyses of zebritic dolomite and associated quartz will be discussed
first. The oxygen isotope values of these samples have been plotted on Figure
3 according to textural type. oxygen isotope composition and distance from
known ore. The samples of this type from peripheral parts of the hydrothermal
dolomite, or from at least 1 mile distant from known ore, include the pairs

LV403 and LV411 and LV196D and LV196x1, These represent two pairs of

samples from two peripheral localities. Each pair (Table 1) consists of medium-

grained dark dense dolomite and coarse white erystals. For example, LV403 is.

the dark dense dolomite phase and LV41l the associated white ecrystals in
zebritic dolomite about 10,000 feet southeast of the known ore at Gilman,
Colorado. LVI96d and LV196x1 aye respectively dark dense and associated
coarse white crystalline dolomite some 10,000 feet north of ore at Gilman.

In each pair of samples the finer-grained, dark-colored dolomite has a
greater 0'8/0'¢ ratio than the white crystals. Presumably the oxygen of the white
crystals was completely exchanged with that in the hydrothermal solutions that
induced its recrystallization. It is interesting to note that the dolomite crystals
on the periphery of the major dolomite mass show oxygen isotope values ap-
proximately the same as those from the smaller, outlying sites of dolomitization
and mineralization. The range in values in the slightly altered rocks (LV210,
LV547, LV403, LV411, LV196) is from §23.8 to 20.1. It should be noted that
the coarser crystalline fraction of LV196 was contaminated with finer-grained

material, hence the §0'8/0% value for pure, coarse crystals from the Bolts Lake-

locality may be lower than 23.3. In any event, the analyses to date suggest that
for the periphery of the large Leadville-Gilman mass of hydrothermal dolomite
in the Leadville and Gilman area, and for the widely scattered small masses of
hydrothermal dolomite the mean value of §018/0%6 is somewhere in the interval
of §20.0-22.0.

Samples of zebritic dolomite and associated quarlz obtained at distances
of 500 to 4,000 feet from ore include LV824d, and 824x1, LV573d, LV571d,
LV571x1, LV561x1 and possibly LV563. The correlation between texture of

dolomite and composition of oxygen holds here also. The specimens of white

crystals, LV561x1, LV824x1, LV571x1 and of the medium-grained LV573d

% Not all of the quartz crystals were analyzed after it was found that there was no
appreciable isotopic fractionation between quartz and the coarsely crystalline white dolomite.
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contain distinctly lower §0'8/16 values than in the dolomite at the periphery of
the hydrothermal halo. A §0'8/0'¢ value of between 19.5 and 18.0 is indicated.
The specimens of coarsely crystalline dolomite at and within 100 feet of the ore
body at Gilman (LV7x1, LV567, LV831, LV825x1, LV569x1) appear to have
mean composition of §0'/0" of about 17.0 with a known lower limit (LV569 x
1) of 8§ = 164 (Table 1 and Figure 3).
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Fig. 3. Graph of the relations hetween texture, oxygen isotope composition and distance
of samples of hydrethermal dolomite from ore at Gilman, Colorado.

These values strongly suggest a decrease in the O composition of the
oxygen in the coarse crystals of dolomite and in quartz and in the rare calcite
as the major Gilman ore body is approached. Presumably these differences
reflect a temperaiure gradient outward away from the site of ore, at the time
the dolomite formed.

Systematic differences in isotope composition of oxygen in the hyrothermal
dolomite definitely appear to be confined, however, to the coarse white crystals
in the zebritic dolomite. There appear to be no marked, systematic differences
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in the dark-colored, finergrained dolomite intimately associated with the crystals
(Table 1 and Fig. 3).

The analyzed specimens of waxy bed and pink breccia offer two other
examples of seeming correlations between lithology, proximity to ore and isotopic
composition of oxygen. The dolomite specimens from the waxy bed are grouped
together in Table 1 (LV109, 149, 362, 192, 404, 406, 334, 200, 57) in appro-
ximate order as determined by distance from intense centers of hydrothermal
activity. The specimens from the pink breccia at the base of the upper member
(LV339, 175, 179, 181, 61, 43, 41 and 54) are similarly grouped. With the
exception of one aberrant value in each suite there is no doubt of a general
decrease in 0'® composition of oxygen in those specimens near and at sites of
intense hydrothermal dolomitization and sulfide mineralization. In each of
these examples the oxygen isotope compositions seem to reflect gradients in
temperature, in the Leadville, during isotope exchange.

The single obviously inconsistent value for each of the two rock types (LV57
and LV61) is, interestingly enough, from the same locality, The specimens
LV57 an LV61 represent respectively waxy bed and the base of the upper
member in barren dolomite some 1000 feet from ore in the Gilman mine. Con-
sidering the proximity of these specimens to the Gilman ore body they both
might be expected to have § values at least 2.0 lower than recorded.

Two of the oulstanding features of the analyses of these groups are the
consistency of the values of oxygen and carbon, and also the well-defined dif-
ferences between 80 values for different rocks types from the same locality.

It does not seem possible at present to make any detailed interpretation of
the carbon isotope analyses. Generally the “unaltered” calcite limestones and
the “diagenetic” dolomites (LV504, LV510 and all specimens from the “waxy
bed”) have 8C* about zero, that a C3/12 raiio equal to that of our standard,
which is a sedimentary calcite. The average of the dark dense dolomite is lower
in C¥, giving a §C'*/C1? of -3.5%, while the “pink breccia” is very uniform,
averaging -5.2%.

In the specimens where the dark and light parts of the zebritic dolomite have
been analyzed, the white crystals are generally richer in C'3 by obout 0.5%.

An understanding of the significance of the variation in C'3/C'? rations in
some instances, and of the homogeneity of the ratio in others, must await detailed
study of the isotopic fractionation of carbon among carbonates and aqueous
solutions at high temperatures.
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SUMMARY AND CONCLUSIONS

The analyses of the oxygen isotopes 0'® and 0'¢ in unaltered and hydrother-
mally altered limestone, dolomite and quartz show a range in § value as follows:

mineral rangs of § 018

calcite 24,1 «—> 13.4
dolomite 28.6 <> 16.4
quartz 30,4 «—> 16.1

The highest 0% /0 values are obtained from bedded calcite, dolomite and
chert which have not been recrystallized by hydrothermal water (“unaliered”
beds). The lowest §0'%/0" values are from the hydrothermal calcite, dolomite
and quartz closest to ore which therefore appear to have been recrystallized
at highest temperatures. These variations in the oxygen isotope composition are
consistent with independent geological evidence of the origin of the rock.

In the unaltered beds 80'8/01 values appear to vary little for a given carbon-
ate or for quartz along or across bedding. They differ by some -6.09% from the
valies in carbonate or silica laid down in isotopic equilibrium with ocean
water. This difference as well as the uniformity in values may be the result
of extensive isotope exchange of the original sedimentary constituents with
connate or ground watcrs during or after initial lithification of the rock.

The extent of the oxygen isotope exchange induced by hydrothermal waters
appears dependent upon the temperature at the time of exchange, the kind and
amount of hydrothermal water present and the degree to which exchange could
take place between the water and the recrystallizing or newly forming phase.

Generally the isotopic analyses of a single mineral at a locality, will not
show that the mineral was in isotopic equilibrium with its surroundings at the
time recrystallization. If two or more minerals from the same specimen are
analyzed, some conclusion can be drawn concerning their equilibration with
one another and with their environment. This point has been discussed in
preceeding pages with relation to the quartz —calcite system and by Clayton
and Epstein (1958). In the parts of the Leadville formation investigated, the
§ values for the crystalline minerals quartz, dolomite and rare calcite, and bet-
ween dolomite and calcite, are consistent with agradient of temperature between
the ore and the margin of the hydrothermal dolomite. Both the 8value and
the difference in 8 values decrease with increased temperature.
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Abrupt and marked variations in texture of carbonates or quartz are com-
monly accompanied by sympathetic variations in composition of associated
oxygen. Invariably the lowest 80" values oceur in those grains of the mineral
that appear to have undergone most extensive recrystallization in contact wit
abundant hydrothermal water. Thus, the coarse crystals of white dolomite that
line vugs in the zebra rock are consistently lower in §O'® than the associated
dark, medium grained matrix dolomite. This medium-grained dolomite is
in turn lower in 80'® content than the very dense, microcrystalline waxy bed a
few feet away.

Similarly, quartz crystals growing on chert at sites of marked hydrothermal
alteration are lower in 80'® than the incipiently to moderately recrystallized
rims of the chert nodules. These rims of the chert was in turn lower in 8018
than the bleached but still dense microcyystalline cores of the nodules.

The effect of time and temperature of crystal growth appears to be especially
apparent in the oxygen isotope values from the multitextured zebritic dolomite.
There the paragenesis is: dark medium crystalline dolomite coarse white crystals
dolomite sand. The data in Table 1 show that the above sequence is paralleled
by a decrease in 8O for these several types. Moreover, for any given locality
and textural type, very similar 8O'® of quartz associated with each of these
types of dolomite (Table 1).

Tf the above possibilities aye correct several interesting implications may be
noted. One is that isotopically as well as texturally each preceding type of dol
omite represents an unstable relict which did not exchange oxygen appreciably
with the waters involved in the growth of successive textural types.

A second implication is that either no obvious temperature gradient existed
in the hydrothermal dolomite when the dark medium grained dolomite was
formed, or else a pelatively small amount of water was involved. On the other
hand a temperature gradient seems to have existed when the coarse white
crysta slgrew. The basis for this second conclusion is apparent in Figure 3,
where the textural types of dolomite composing zebra rock are distinguished
and their oxygen compositions plotted against distance from known, large
bodies of ore.

he crudely systematic decrease in 80'® compositions of the coarse while
crystals from the periphery of the dolomite halo to the site of the Gilman ore
deposit (sec also Figure 2) is especially note worthy. This relation suggests that
the white crystals grew in the presence of hydrothermal solutions that entered
the Leadville at and near the present ore. The outward spread of these solutions,
in the Gilman area, appears to have been as fairly uniform wave involving loss
of heat. The data are consistent with the idea that both the dolomitizing and
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oreforming solutions entered the Leadville via the same major channel or
chanels at or near the present site of ore.

The temperature gradients indicated by the oxygen isotope data in the
coarse white dolomile may be analogous in formn and direction with those
extant during during the subsequent emplacement of ore; but the temperature
gradients of the two processes need not have been identical. Of all the dolomite
types, the sanded zebra rock appears to have formed most nearly at the same
time as ore. Unfortunately this dolomite sand may be too soptty in its distribu-
tion away from ore to be used in detailed tests of temperatures and temperature
gradients in the entire dolomite halo.

The trends noted above in the isotopic composition of oxygen in the hydro-
thermal dolomite are not reflected in the concentration of constituent elements.
For example, detailed studies® of the amounts of Cu, Pb, Zn, Mn, Sr, Ti, Al,
and other elements in the delomite indicate no systematic trends with respect
to ore, inferred ore conduits or other features. In fact the recorded differences
of 0'8/0'¢ from the margins of hvdrothermal dolomite to ore contacts appear
to be the one known chemical property of the hydrothermal dolomite that
may prove useful as a guide to ore.
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EXPLORACION GEOQUIMICA DE L4 SIERRA DE GUADARRAMA
(ESPANA)

F. pt Pepro HERRERA *

RESUMEN

Constituida en su totalidad por granites recubiertes en diversos puntos por uha - co*
bertera gneisica, especialmente en su parte N, ha sido sometida a una rigurosa exploracion
geoquimica de sus rocas, analizando 260 ejemplares con un volumen de datos que superg
a los 4,000 valores; dindose en este frabajo un resumen de las investigaciones y laé
principales conclusiones. ’

Por las caracteristicas macroscopicas se diferencian una serie de grupos de rocas que
responden’ a composicicnes distintas, apareciendo como mds pobres en elementos menores
las de grano muy grueso y homogéneo, mientras que las de grano medio se asemejan
progresivamente a las rocas gneisicas.

Las consideraciones sobre los fenémenos observados, conducen a la conclusién de habcrse
formado las rocas de esta Sierra en el fondo de un geosinclinal precambrico, con gran
movilidad de los elementos habiendo tenido Ingar una serie de migraciones para acomodar
los materiales originales a las condiciones energéticas reinantes. S e

Con este eritério se distinguen una serie de bloques de origen tecidnico con distinta
concentracidén de elementos, apareciendo limitados por discontinuidades geoquimicas. '

Las concentraciones de posible interés minero son escasas, v aparecen encajadas en
rocas mas pobres en- tales elementos, por regla general, que la media tetal de su grupo;
como resultado de concentraciones por diferenciacién en estado sélido.

INTRODUCCION

En esta zona de 5.000 Km2, con altitudes entre 700 y 2.400 m, situada en
el ceniro de Espafia y formada por rocas graniticas y gneisicas, el autor de
esta sintesis ha realizado una intensa expleracién geoquimica, aphcando ]os

eriterios de:
— contenido en elementos mayores y menores, de los distintos tipos de

rocas
— distribucién en la topografia guadarramefia

investigando la:
— relacién entre unas rocas y otras, por los fenomenos de transito o contacto

*# Jefe del Laboratorio de Petrografia del Instituto “Lucas Mallada”, Madrid, Espaha.
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— localizacién de las unidades estructurales
con objeio de establecer:

— esquema de evolucidén

—- conclusiones tedricas y practicas.

Contenido en elementos de los distintos tipos de rocas. Se han investigado
con preferencia los elementos menores, empleando técnica espectrogquimica semi-
cuantitativa de capa catédica con lente esferocilindrica e imagen fraccionada
{ . ), en espectrografo Hilger E2 de gran dispersién, en la zona comprendida
enire 8.000 v 2.463 A; comparando con los patrones de concentracién dando
a x valores enteros de 0 a 8, y con error menor de un tercio de escalon.

Las cantidades de elementos mayores se han obtenido por técnicas gravi-
méiricas y espectrofotocolorimétricas, clasicas en andlisis quimico; habiendo
incluido en estos valores los aparecidos en la bibliografia de otros autores, des-
pués de transformar sus nfimeros en partes por milién (ppm) del elemento
considerado.

Para ¢l oxigeno se ha seguido el criterio de considerar el correspondiente
a la estequiometria de los elementos mas abundantes, despreciando el de pocas
p.p.m. por estar ya incluido en los anteriores, dado el caricter de las determina-
ciones analiticas ordinarias, sin que las pequefias diferencias en valencia tengan
ninguna significacion.

- Los grupos se han confeccionado a partir de las caracteristicas macrosco-
picas, habiéndose encontrado que a pesar de haber muchos términos inter-
medios, pueden diferenciarse unos cuantos tipos que geoquimicamente estan
perfeciamente definidos:

GGa  Granito aplitico o de grano fino, pocos elemenios micdceos; muchas
veces se forma eu zonas de fracturas visibles o determinables; repre-
sentado en ocasiones por verdaderas aplitas.

Gg  Granito de grano grueso, muy homogéneo, es biotitico y no contiene

apenas gabarros, sus pegmatitas son pequefias y difusas; forma grandes

lisos en el terreno, en una topografia muy accidentada, destacando por
formar sierras caracteristicas sin vegetacion.

Ggp  Se ven grandes cristales difusos, muchas veces orientados; casi siempre
en cercanias de gneiss, muy glandular, se localiza & media ladera y
algtin fondo de valle.

Gm Lo denominaremos granito de grano medio o normal, es el dominante
y principal constituyente de la superficie de la Sierra, sobre todo de su
zocalo marginal; es objeto de activa explotacién para construccion;
abundan los gabarros y en los contactos con rocas metamérficas hay

enclaves de gneiss.
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Gmp Como el medio pero con existencia de fenocristales de plagioclasa, mu-
chas veces orientados, parece una facies marginal del anterior.

B Asi se designan los negrones o gabarros que aparccen dentro de los
granitos, fundamentalmente en el de grano medio. Son la escoria res-
tante de los enclaves de gneiss englobados en proceso incompleto de
granitizacién.

Bb  Grupo muy amplio donde se incluyen todas las rocas restantes mas ba-
sicas que los granitos; gneiss, productos de transformacién de éstos o
algtin lampréfido que representa el polo méas béasico de todas-las rocas.

=3

Rocas porfidicas en filones, de origen inseguro, pero que su diversidad
en composicién obliga a subdividirlas en dos: P1 y P2, segtin se expone
en ofra nota presentada en estas mismas sesiones.

Los. datos obtenidos, prescindiendo de los elementos que por su homoge-
neidad en los valores no aportan ninguna luz para esclarecer los fines perse-
guidos, se han resumido en el Cuadro I, expresandolos en ppm del elemento y
separando los dos grandes conjuntos de elementos mayores de los menores,
dentro de los cuales se ha seguido el orden del potencial de ionizacién. Esta
disposicién nos permite distinguir perfectamente entre las rocas del dominio
granitico y las que atn no han sufrido el preceso completo de granitizacién,
pues aparece una ley segin la cual existe un minimo en el centro de los ocho
elementos mayores con dos ramas crecientes en ambos sentidos, pero en la
serie metamdrfica en el sodio vuelve a aparecer otro, lo cual también sucede
con el grupo Pl o sea los porfidos incluidos en ella mientras que para las
restantes se cumple periectamente el aumento continuo hasta el potasio.

Dos polos opuestos se aprecian entre Ga y Rb, apareciendo practicamente
cambiados en sus apetencias por los distintos elementos. Las rocas graniticas
son las de mayor contenido en oxigeno con una diferencia extraordinaria sobre
los gneis, notandose bastante la influencia de las cuatro cargas positivas del
ion silicio, pues decrece en el mismo orden que éste, siendo por tanto mucho
menos: cuarzosas las rocas metamoérficas v sus productos de granitizacidén in-
completa, lo cual ya se sabia antes.

Los valores del aluminio dan para los granitos un valor menor, estando las
mayores cantidades en los pdrfidos y los gabarros, lo que se traduce mineral6-
gicamenie en la aparicién de espinelas reconocibles al microscopio, en estas
aliimas rocas. Ambos grupos dan idea de que se han originado por lo menos
parcialmente, por pérdida de otros elementos y aumento relativo de aluminio
como més dificilmente migrante.

Los elementos hicrro. magnesio y ealcio, presentan un déficit extraordinario
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en los tipos mis evolucionados y fuerte incremento en rocas metamérficas y
demés denominadas bésicas.

Respecto a los alcalinos, es distinto el comportamiento de sodio y potasio,
mientras el primero presenta valores fluctuantes en un 10% en més o en menos,
el segundo marca una diferencia tajante entre el dominio granitico y el resto de
las rocas, resultando los gabarros los mis desprovistos de él por su capacidad
migratoria para engrosar el granito formante en los periodos petrogenéticos.

Los elementos menores se comportan mucho mejor, si cabe, de forma que
salvo muy pocos valores anémelos y sin significacién decisiva para este primer
esquema, podemos decir que siguen la misma ley de hierro magnesio y calcios
todos disminuyen segiin se parte de las rocas metamérficas hacia los granitos
mas alejados, por lo que parece aceptable este sentido como el de la evolucion.

Una anomalia parece introducir el rubidio, dando un minimo muy acusado
en los gabarros, y por el contrario un fuerte miximo en los granitos apliticos,
lo que forzosamente hay que relacionarlo con el comportamiento del potasio,
elemento de potencial andlogamente bajo, que a pequefias distorsiones esta
energéticamente en posibilidad de migrar dada su pequefia apetencia elecirs-
nica, alejandose de zonas de competencia de otros cationes para buscar oxigenos
mas libres y abundantes. Si se pensara en que es un resto y los demdis han
podido salir y ellos no, entonces serfan los predominantes en los gabarros dado
el criterio que tenemos de formacién de estas rocas tan particulares.

GECQUIMICA DE LA TOPOGRAFIA GUADARRAMERNA

Establecido el que unas rocas pueden derivar de las otras por reajustes
quimico-mineralogicos frente al campo energético en que se encuentran o son
introducidas, se ha intentado establecer la existencia y caracteristicas de esos
niveles. Kl problema fundamental est4 en distinguir lo realizado por la tect6-
nica tan intensa de este tipo de regiones y lo conseguido por los cambios
quimico-energéticos. La erosién por otra parte ha puesto al descubierto las
distintas zonas y la labor principal ha sido correlacionar los datos de labo-
ratorio con los de campo.

Asi se ha visto que en los planos trazados con ayuda de los valores espec-
troquimicos, han salido unas agrupaciones perfectamente referidas al-tipo de
roca que domina en aquellos lugares, surgiendo discontinuidades tajantes, que
a veces no tenian trazas de existencia en el terreno pero que junto con las visi-
bles y también demostradas geoquimicamente dan un poligonado de la Sierra
con delimitacién de unos denominados bloques geoquimicos en principio, y
que se ha visto tienen una realidad genética, de tal forma que ahora-ha sido
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posible delimitarlos e incluso desplazarlos en la vertical para conseguir el es-
quema del geosinclinal en que se originaron estos granitos, Ixplicado asi el por
qué hacer mencioén especial del modo de aparecer cada tipo de granito diferen-
ciado, tomemos el problema en conjunto y establezcamos:

-— Los distintes tipos de rocas de la Sierra de Guadarrama se han originado
en ¢l fondo de un geosinclinal, por transformacién de sus sedimentos.

— El aumento de la energia puesta en juego, segin aumenta la profundi-
dad, ha conducido en los casos mas avanzados a una homogeneizaciéon de los
materiales.

—- Seglin se consideran granitos mas profundos disminuye la cantidad de
cxigeno, hierro, magnesio y calcio, aumentando en cambio la de silicio, sodio
y potasio para un peso constante de roca.

— Los elementos menores son menos frecuentes con la profundidad, su-
friendo un proceso analogo a una dilucion.

— Los diques de lampréfido, porfido, aplita, granitos apliticos y zonas
milonitizadas, son testigos de las roturas sufridas por el conjunto en los distin.
tos periodos orogénicos desde la entrada de rocas basicas y posterior graniti-
zacién incompleta, a simples recristalizaciones con diferenciacién por migracio-
nes de elementos quimicos o persistencia de la cataclasis en periodos de menor
energia.

-— Estas discontinuidades y otras no visibles se ponen de manifiesto al ha-
cer el estudio de la geoquimica regional, lo cual se marca perfectamente en
la proyeccién de los valores cuantitativos en los planos del lugar.

— La intrusién de granitos profundos en otros mas superiores, da lugar a
zonas de friccién recristalizando en granitos mas 4cidos y apliticos, tipo Ga,
muy pobres en elementos menores dispersos, pero con un contenido elevado
de oxigeno, silicio y alcalinos. A veces la concentracién de otros elementos con-
duce a menas metalicas.

— Cuando aparece un granito pobre en elementos menores dentro de una
zona de mayor concentracién es signo de haberse formado menas metilicas en
una diferenciacién por conceniracion.

— Esto se debe muchas veces a las acciones mecanicas del desplazamiento
de bloques, por roturas que han permitido la migracién de elementos, respon-
diendo a sus caracteristicas de potencial de ionizacién y radio iénico.

— Los contactos originados son bruscos, con inclusiones de gneis, o difusos
con aparicién de migmatitas y transito frecuerte a granitos orientados.

—— Los enclaves de gneis han evolucionado directamente a granito o, por
concentracién de clementos fémicos, originan gabarros, los que a su vez, por
aporte cuarzo-alcalino pasan a granitos de grano medio.

— Vista la importancia de la diferenciacién por concentracién de elemen-
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tos, v siende muy escasos los valores aportados por las rocas originales para
las concentraciones de éstos, hay que llegar a la conclusién de que en la Sierra
del Guadarrama no habrd grandes concentraciones minerales con interés de
explotacién. Esto asi sucede.

— Las zonas de granito de grano grueso seran las menos propicias para los
yacimientos, los cuales se tendran que buscar en los granites de menor ener-
gia, los de abundantes gabarros, y dentro de ellos buscar las zonas de fractura
que hayan permitido la concentrcién con empobrecimiento de las inmediaciones.
Pero como decimos, tampoco seran de gran interés y se agotaran pronto difu-
minandose en la roca encajante, con un minimo de concentracion en ésta, valor
dependiente del coeficiente de difusion y después lejos del dique habra la
concentracién correspondiente al tipo de roca.






HOBOE B I'EOXHMEH 0J10BA

B. J. bBapcyros

ABSTRACT

1—Varieties of “no-tin bearing granites” not altered by postmagmatic Processes and
contact-action contain a tin amount of 3-5 1/t corresponding to 1ts clarke, while “tin
bearing granites” contain 16-30 1/t of tin.

9.80-1609 of the tin included in granite is concentrated in biotites and enters
isomorphously into their lattice on the place of Fe'd. Biotite is the only mineral-
concentratoy of tin among the rock forming minerals, and its Sn content indicates the
tin content of the granites

3—JIt has heen ascertained that in the process of muscovitization of biotite which
accompanies the granite albitization, the tin included in biotite is expelled from the
crystalline lattice of mica and changes to an infiltrating alkaline postmagmatic solution.

4—In a number of tin deposits of & quartz-cassiterite formation, the existence of a
vertical zonality 1s displayed by the various characters of the wall rock alterations.

5-—In agrecment with the chemical interpretation of the observed vertical zonality
and the laboratory investigations we draw the conclusion that this zonality may mnot be
explained from the view-point of Daubrée’s theory, but that it is quite in conformity with
the hypothesis suggested by us of a tin transfer in the form of a compound of the
Na2 [Sn (OH, F)I type.

6--It has been stated that the upper ore-bearing zone is characterized by a systematic
decrease of the tin content in the host rocks with increasing distance from the gangue
up to a normal Sn content in the tin bearing granites. The lower sub-ore zone is character-
ized by the presence of a vast zone of tin outcarrying from the host granites; that agrees
with the idea of origin of ore substance, the forms of its tramsport and the conditions of

migration and concentration.

To mOCAEMECTC BPEMEHE BOHpOC O TOM, CYIECIBYET JH pasimdue B COReP-
QEESX U PRCOpEfielefhi 01082 B TPAUTHERX MaCcCHBaX, Hecymus W HE
FecyIHE 0A0BAHIOC OpYHeHeRne, 0CTABAIC HE BELACHEHHEHM. HesCHHIM Takke
0CTABAT0CH IEPBITH0E PACTPEACIeHIC 0110Ba, B TPANNTOHJHEX MOpojax X ero
moBefeRue IpH HOCTMATMATHUECKHX FUAPOTEPMAIDELIX HBMEHOHIIX TIOPOZ,.

1IpoBe/cHENME P200TAME BHACHEHO, TT0 TPaHHTHHE MACCHBHL, HE Hecymue
OIOBANHEOTO OPYACHEHILI (xorg TH TO BO3PACIY, @ [0 MEUHEpaloTHIeCcKOMY
¢oeTABY OHIl CYIECTBEHIO HE oTTHIA0TCA 0T “OTOBOHOCHBIX TpaunTos”), 60-

29
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Aepaar 01080 B KOMHICCTBE 3-5 I/T, UT0 COOTBETCTBYET eT0 kiapky. Maccuser,
HECYIIHE OJM0BAHHOC OPYACHCHHE B DA3HOCTAX, HE H3MEHEHHNX HOCTMATMA-
THYCCKIMH H TPHEORTAKTOBBIMU IPOIECCAMNI, COJEPKaT 0M0BO B HECKOIBEO Pas
(70 4-5 pas) 0CILIEX KOTUYECTBAX, Uel eT0 kKIapk: 16-30 r/r (obrramo 18-26
r/1). Ciej0BaTeIbHO, B Ciyuae “OX0BOHOCHEIX TDAHNTOB’ MOKHO TOBODHTH 00
0D0TAUICHIN 0X0BOM TPAHHTHOR MATMBI, H3 K0TOPOHl CQOpMEpOBALACH TAHHAN
WHTPYBHA, T.€. TOBOPHTH O CHCHUAXH3ANUE HTOH TPAHHTHOR MATMEL

“OOBOHOCHBIG TPAHUTH XapARTEDPH3YOTCA LOBEIUEHHEN c0ZepiRaEHeN
0JI0B& B CBOHX PA3HOCTIX, HEC HBMCHEHHUX HH KOHTAKTOBHIMYM HH JOCTMATMA-
THIECKIME NMporeccaMy. ['PavOIHODUTOBEIC BOHEL BORPYT TPAMHTHOTO MACCHBA,
00Das0BABMEroCA B pesyIpTate ACCHMIULIIHA TPARATHON MaIMOR BMAHIAIOMAX
eCUAHO-CAAHIEBHX TOPOH, 00eAHEHN 0I0BOM. B HEX cojepskanue 0103a Ta-
faer o 3-5 r/T. DBMemaomue IecYaHO-CIAHIEBEE IOPOJLL § EOHTAKTA ©
“0N0BOHOCHEIMH TPAHHTaMH”, Ha000p0T, 0G0TANIEHE OJOBOM, IDPHUEM, COAEp-
EAHAE B HUY ON0BA YMEHbIIAETCH IPH YARIEHHN 0T RKOHTAKTA € TPANHTAMI
oT 15-25 /7 70 5-6 /7, T.6. 0 KIAPROBMX EOIHYeCTB. Bee 5TO TOBOPHT 0
TOM, UTO MCTOUHHE 0J0Ba, (PUECHDYIOUIETOCS B TPAHATAX, MAIMATHUSCEIL.

Ho pazero He Bce MHHEDANH, BPHCTALIMSYOIIHECT U3 TPAHUTHON MATMEL
oboramenno#t ox0BoM, HecyT Ha cebe CAEPH BTOf CHEIUAIUBANAN MarMi. Tak,
13 BCeX 10P0j1000pasyIuX NIHePaIoB HeHsMeHeN LY pasgrocTelt rpanuTa (cir.
1adi. Ne 1), efHHCTBEHHHM “MUNEDPAJOM ~ ROHICHTPATOPOM’ 0H0BA SBISETCH
OHOTIL.

E3apl — MOXEBOIIATOBA YacTh IPAlnTa HPARINIeCKH He CONCDEUT 01053,
1 80-100% oxoBa, 5aKM0YCHHOIO B HEH3MEHEHHBX DasHOCTIX TPAHUTA, COCDe-
porouero B Oumormrax. Cofepmanne Sn B OHOTHTAX, JOCTATOYHO OIHSEHE B
PasIHYHEX YUACTRAX “0M0BOHOCHOTO IpamuTa” W Koiebmorca or 80-100 1/
70 300-400 r/T Sn, T0Tja KAk B “HE0I0BOHOCHBIX TPARUTAX’’ COTECDIKAHAE 010BA
B Omormrax He mpesrimaer 30-50 r/7. Tagum ofpasom, GHOTHT ABILETCS HAM-
00lee UYBCTBETEJALHEIM H3 HOPOA000pasylINuX MHHEPAJIOB, KOTOPHE oTpamkaer
00IIy10 HEePBHYHYI0 OXOBOHOCHOCTH MATMATHUCCROTO 0Uakd, ¥ SABIACTCH ““HH-
TUEATOPOM’ OZOBOHOCHOCTI TPAHUTA.

Arneccopssifi EaccHTePHT B HEHBMEHEHHBIX HOCTMATMATHIECKIME IPOIEC-
CaMI TPAEHTAX HEIZe He OrA o0Hapyxked. KpucralioxuMuieckall pacuer Bos-
MOKHOCTH H30MOPQHOrO BXORACHUA 0I0Ba B KPHCTRIIHUCCEYID DEMieTry Ouo-
THTA, MOKAB3AJ, TTO OHO MOEET HAXOJUILCA B yrIaX KPHCTANIUIECEOR pemorsn
fuoTHTA.

Bxompenne Sn B 5Ty DEIICTRY MOMET OCYUICCTBIATHCS IYTEM JABYCTYIIOH-
YATOTO H30MOpQHBMa:
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Lt Fe® —— Mg? Fe™
Li't Sn™ —— Mg? Ie®

IIpu Taxom ¥30MOpQUBNE KOMIECAIHT 3aPAL0B LOCTHTAETCA MapaLicibHsI
“IouymenueM”’ B PEMIETRY IHTHA. Paguycst monos Li't @ Mg™ cooTBeTCTBEHHO
pasusL 0,78 4, & IO CTPOGHHIO CBOMX BJIEGETPOHHHIX 00010Uer 00a oHA OTHO-
cared ¥ OfHO# Tpynme HOHOB, THHA OJarOpOJERX TasoB, UTO 00YCIOBIHBALT
KOCTATOUHO COBEPINEHHBIH H30MOD QUM MEHKIY HIMYU.

CopepmensocTh M3oMOpPusna Fe'® u e ofmeussecTHo u He Tpedyer
CIIENIAILHOT0 PaceMOTpeHnd. Paguycs HOHOR Sn*™t w Fe'™ mout# 0JHHAROBEHL
g pasaer 0,74 5 u 0,67 4. IIo ¢TPOGHUIO CBOWX BICKTPOHHHX 000I0UCEH HMOHEHI
Sn' u Fe™ npupajiecmkar B pasuuM IpynmaM. Vo Sn*™* mmeer 18-tn pien-
TPOBHYI0 BHEIIHIOH O00CNOURY, T.e. MOCTPOEH IO THIY HOHOB “KVIIPO”, TOTHA
kKak 1oH e umeer BHENHIOK 060I0YRY ¥3 & - 5 BIGKTPOHOB, N IPUHA[T-
JSKUT K TPYIIE HOHOB HPOMEMKYTOUHOTO THIA, ¢ jocTpamBamtieiica Tperselt
0fox0uroil. BamsocTh EPHCTATIOXHMHUCCKHX CBOHCTBE 00yCIOBIABAET BOL-
MOMKHOCTD H30MOD(H3Ma MewAy HAME. OyMMapubil BWETDHNI SHEPTHE NpH
TAkOM H30MOD(HBMe onmpejedsercsa (1o pacuery )B 844 KKax/MOXb.

Jag moro, 4re0sL yOepuThCA B HPABEABHOCTI TPEATION0KeANT 00 H30~
MOP(HOM BXOLACHHH 0J0Ba B DeINETRy OHOTHTA, PAJ MOEOMEHE[AJIbHBIX
dparmuit 0noTHTa, HCTEPTHX 10 200-300 werm. ORIH HOJBEPTEYTH TPUAIATH-
MUHEYTHOMY UEHTPOMYTHPOBAHWI) B HMOAHCTOM MeTHieHe. Pe3yintarsl ROIH-
YECTBEHHOT) CHeRTPAJbHOTO amajusa Ipo0 A0 I I0CIe IEHTPOPFTHPOBAHNI
ToRasane ¥ Tabimie 2.

Tabiapma 2

Mo Mo 1poD 152 156 265 170 224 120 103
Comepmanne Sn B OnoTHTE

B 1/1 po mearpodyrzpo- 30 3 30 43 g0 240 310

BaHHI

Copepmanne Sn B OUOTHTO
B I/T mocxe meHTpOhyTE- S0 30 30 43 30 210 310
DOBAHILA

Karx BEIHO 13 IPHUBEIEHELIX JAHHKY, HHEABOTO YMEHBIUGHII COACDRRHUI
;'( p !a }1 ? y thiok

Sn B OmoTHTAX IOCAe LMEHTPOQYTHPOBAHES He HADIOiAETC, famke B CIyyae

MAKCHMAIBENY cogepmammit 300 r/1 Sn. CaefoBaTeanno, 01080 AeHCTRHTOISHO
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BXOJUT HB0MOD(HO B pemieTRy OuoTHTa, HE 00pasyd CaMOCTOATEILEOrG MHHE-
paia KacCHTEPHTA, PACCESHHOTO [0 CHAfHOCTH CIIOFL, T.K. B HTOM CIyY2E
Ha0a0gan0ch O yMeHpIIEHHE COJepEaHue 010Ba I0CIe NEeHTPOQYIHPOBARMSI.

TlocTMarMaTHUeckue aBTOMETACOMATHUSCKHE HBMEHEHUA TPAHUTOB, 00BIYHO,
BREIPEAIOTCA B alp0ATHRAMUY TOJEBHX INIATOB H MYCKOBHTH3AINE OHOTHTA,
UpHYEM BTOPOE ABILETCA CIELCTBHEM IEPBOr0. KpHCTAXTOXHMHYCCKH MYCKO-
BHTH3AMAN OHOTHTA CBOJUTCA K 3aMEINEHUI0 B mecTepHOH kooppunanud Fe™ m
Mg tpexBaJeHTHEIME HoHaMz Al m Fe's, Kpucramnoxumuueckuil pacder
TOKa3EBAET, YTO OPH BXOWKIEHHH B pemersy Al*®, OJHOBDEMEHHO ¢ BHITECHE-
gmeM Fe™ u, gacTuuao, Mg™ Oyzer BHTECHATBCA I Sn'.

B Tagom cayuae, 0J0BO O0HAPYKHBAENOE B MYCKOBHTAX [OMKHO HAX0-
JATHCA B BHIE CYOMHEDOCKOIHYECKOTO AKIECCOPHOTO KACCHTEPHTR, PACCESH-
HOTO 10 CHAXHOCTH CIIONHL

Ipuseenmsle B Tabamme Ne 5 pesyabTaTh OUpefeNeHWd copgepmanmii Sn
B MYCEOBHTAX [0 ¥ IOCIE TEHTPO(YTEPOBAHHA pacreprolx po 250 mem. mo-
AOMAHEPRIbEHX (Jpakmuil MORABHBAIOT, Ur0 JeilcTBATCILHO, HESABHECHMO OT
00mero CcojepikaHud 0X0Ba B MYCROBHTE, 00IbINAs €r0 UacTh HAXOJHTCA B
BHJE AKNECCOPHOTO KACCHTEPHTa, W JIUINb B HE3HAUHTEALHBIX KOIHIECTBAX
(~ 20 1/T Sn), BO3MOKHO OCTaeTCS H30MOD(HHO CBASAEHEIM B pelleTke
MYCEOBUTA.

Tabamma 3

MNoNe mpoG 145 150 287 151 142 172 144 120 101 102 119 105

Copepxanne
ShsT/PB 19 20 2 8 9 115 170 220 230 300 500 1000
MYCKOBHTE

20 meHTpo.

Copepicanue
Sn B 1/T B
HMJCKOBUTE 19 20 17 36 83 65 140 110 180 170 260 500
Tmocje MEeHTPo-
BYTHPOB. '

CiIe0BATeIbH0, BHAUHTENSHAS YacTh O0J0BA, INEPBOHAYAIBHO H30MOPYHO
BARIOUEHAOTO B OHOTHTE, IPH MYCKOBHTH3AMNH IIOCIEJHETO NOIKHA BHTEC-
HATHCA U3 KPHECTAIINYECROH DEMeTEM CIIOAN H IEPeXOfHTh B IPOCAUHBAI-
muites IMeI0THof MOCTMATHMATHICCKN PacTBOP.
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YaeTnuEo 0M0 BJech @e BHIUAJAET B BHIE aRLEeCCOPHOT0 RACCHIEPHUTa, HO B
AHAMUTETSHOH CTEeHH BHHOCHTCA IEIOUHBIME PACTBODAMHI B BRIICICHALINE
TODUBORTEL. Tapme JYACTRE JABYCIIOJSIHBIX IPAHUTOB XapaKTepEYITCA UPOs-
BICHHeN ILIOMALHEOH AIp0UTHRANEE IOJEBEX HIIATOR M MYCROBHTH3ALHN 6uo-
TyTa, & TAKAe TOHIKEHHBIMI [0 CPABHEHUI G HOHSMOHHBIMI I'paHHTaMH, CO-
EEDWANAANE 0X05A. MYCKOBETH COZEPHAT BHATNTEILHO MEHBINE 01082, UeM
omorurTet m3 Tex e mpo6 (Tadm 4). Ho perpedanTcsa u APYIHe FHUACTRI
IBYCIIOASARX H MyCEROBHTOBEX TDAHATOB, KOTOPHE COLEPILAT 01080 B 0OILITHX
EOIMUECTBAX, UeM HEHMRMCHEHHSIE TPAHUTH, TIABHBIM o0pason, B Qopue pac-
CEHEOTO AKIECCOPHEOTO EacCHTEpHTa. I HIEX JUACTKAX MYCKOBITHL COACPXKAT
070Ba BHAUATETSHC GOIbITE, TEM €TI0 COJEPIRHTCA B OHOTHTAX. Ho spmecn xa-
paxTep U3MEHEHWI TPamuTa yike mHOi.

Msyuerme TepepacUpefieleHnsa 01082 B IPARHTAX IPH HX HOCTMATMATH-
yecKuX TEIPOTEPMAIBHHX H3MEHEHUWAX MPHBOJHT L BRIBOAY, 110 Begymas poib
B 0GOrAIeHu: THIPOTEDPMAIbENE DACTBOPOB ONOBOM, IPHHAICHUT ABTOMNE-
TACOMATAYCCKHEN MTOCTMATMATHIECKHM IIpoieccad, HapAnRy ¢ ICROTOPBIM 000-
ralneHIeM PYIOHOCHHX PAacTBOPOB OLOBOM B PE3YIbTATE narMarmgeckolt pud-
Qepermuamnmy. Tagmm 00pasoy, [0 MHEHHIO aBTOP3, OCHOBHEIM HCTOYHIKOM
010Ba IPH 00PABOBAHHI OJOBIHHEIX MECTOPOINTEHTH CIGYeT CUHTATh TBEPALLE
PACKPHCTRLIA30BAHHEE TPAHUT, 000TAIIEHHEEIt 0X0BOM, TIABHEEM 00DAs0M, B
Buje HB0MOP(HOCBA3AHEOH (JOPMEL B PEIIeTHE GuoTuTa.

TeHETHUCCEAS CBASH OI0BOPYAHBIX MECTOPOIEAEHAH ¢ “OX0BOHOCHKIMH IPa-
muTaM®’ UpH Tanofl TparTOBLE BIOIHE 0UEBHIHA.

IIpy mOECKAX ONOBIHHBIX MecTOpOHIeHnH, 0CHOBHOR BOIpoc — ONpee-
JeHHe TepCUEETHBHOCTH TOTO WM HHOTO TPAHHTHOTO MACCHBZ X €TI0 TOTeH-
MUAIBHOf BOSMOKHOCTE E (POPMIPOBARMI0 EBAPI-KACCHTEPUTUELIX MEeCTOP O~
pennft. V3BecTHO, UTO flame B Ipeferax yke BRLABICHHHX 0JZ0BOP YIHEIX IIPO-
puEnEll flalero He BCe METDYSHH TPAmNTOB ORASHBAITCL PYAOHOCHBIMII, 2
IUOTs HeKOTOPHe N3 HEX, IPIUeM YaCcTo Kak Te, TAK I JAPYIHe BHEIIHE O EHA-
%0BEL. TL0aToMY, PaspafoTka MeTofoB OBICTPOTO OUPEAEISHAL “0N0BOHOCHOCTH”
TpamnTa HMeeT 00IbIIoe BHaueHne. “()I0BOHOCHBIM IPAHUTOM’ cIeyeT HashBaTh
Taroff IPAEHT, KOTOPHI XaparrepHsyercs IPHSHARAMI, YRABHBAOIIUNIT H2
MOTEHNEAILEYH BOSMOKEOCTh 00PaBOBaHUL CBAZAHHEIX C HIM 0JOBOP Y/LHBIX
MeCTOpOEeHN , Ha ere IepCIeRTHBHOCTS. PaccMOTpeHIe BLIASLICMEIX B Ha-
CTOSIIEE BPEMs TETPOXHMUUSCKEX, MUHEDAIOTHICCRIX I CTPYETYPHO-TEOTOTH~
YeCKEX IPUBHAKOB ‘‘ONOBOHOCHELX TPAHUTOB” HOKASHIBALT, UTO OONBIIBHCTEO
3 HHX JBILOTCA HEROCTATOUEBIME. Jid ONpefeieHHsd “QIOBOHOCHOCTH TPa-
HETHHX MACCHBOB CIEAYeT PEKOMEHET0BATh NPNOH TeOXUMHuYCCRH METON, 0C-
mosanmyil Ha BHAHAHM paclpefieleHHT 0X0Ba B “QIOBOMOCHEX” U “HEOI0BO-
HOCHHX® TPaHmTax, T.6. IyTeM ONpefeleHHsI comepmannil 010Ba B HeWBMe-
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HEHILIX DABHOCTAX IPAHUTOB, MIM, UTO OBICIPee H NPOIE, ero Cojepmani
B OmoTaTaX. DHACHeRAe ke XapakTeDa Uepepachpefeledid 010Ba OPH ICCT-
MarMaTHveckuX H3MEHEHHAX TPAHUTOB, IOSBOIHT 0oXee IDABHIRHO M 000CHO-
BAHHO BEOPATh Zaiblefiliee HANDABICHHE IOWCKOBHIX Pabor.

Hpu 00caef0BatHE DAL OTOBSHHBIX MECTOPOKICHT EBaPI-RacCHTepHTORO
fopManun Ha HOX OHI0 yCTAHOBICHO HATHIUS BEPTHRANBHONE 30HATLHOCTI,
EOTOpasl BHPAMACTCA B CMEHE XaparTepa OKOIOKHIGHBIX WsMeHemmil mpn
IPOCKGIRIBAHNT ODYACHEHHA Ha TayOumy. BepXEas, PyIoHOCHAT 30HA Yapak-
TEPHSYCTCA DASBUTHEM CHMMEIPHUHBIX TPSH3HOBEIX OTOPOUER WA, KOTOPHS
IpH YRAJIeHHH OT MIABL, Ha KOPOTKOM DACCTOSHAH IEPEXOJAT B HEHSMOHOHHLIE
OHOTHTODHE TPAHNTH. B OKOZOMRAILHEX TPei3eHAX BCTPEUAIOTCS RACCUTEPHT,
¢aoopur, Tomas. C rayémEof, MOMIHOCTE 30H Tpeli3eHOBEIX OTOPOYUCE CORpa-
[HaeTcs, TOTAR KAk INAPUEA BS0HEl aJIb0WTH3ANEH U MYCROBUTH3AINH BME-
INAIOMUX JRHIY TPAHUTOB yBEANUUBAETCS, IPHUEM PAaspacTaHue BOHH albbi-
TE3RNEA ¢ TIYOHHOH omepemaer paspacTaHie MyCKOBHTH3AIHNH. D mmmmel —
noapyAHoll some mpusasn0aEioBoH rpefisemusandm mouTH He HabIogaeTes, a
AIsCHTHSANNS W MYCROBHTH3ANM TPAHATA IPHOGPETALT IAOMATHOH Iapaxrep.
B nsMemeHHHX TrpaBHTAX LOAPYAHON B0HEL BeTpeTaeTCs TYPMAJHH, ApCens-
OHPHT H alaTuT.

XuvMuueckas WHTEDIpPETAs OUNCAHHON BEpPTHRAILHOM B0HAILEOCTH npu-
BOART K BHBOAY O HEBOBMOKHOCTH ee OOBJCHEHHA ¢ TOURH BPEHAT CyIect-
BYOINMX THIOTE3 0 (pOPMAX LEPEem0ca 0I0BA B THADPOTEPMAILHELY pacTBOpax
(Bamod), Jmone, 'epuenbepr n Ampdenss, Cumonc, CTpeirus u Ip.), B TOM
meae B ¢ mesmmuil Hamboiee pacupocTpameHHOE rumoressr JoGpe.

Ho rumorese LoOpe 0I0BO BELHOCATCA H3 EPHCTALIHSYIOIAXCS UATPY3HBOB
B ras0B0f ase B nuge SnF,, K0TOpOe, Pearupysa ¢ Bojof B TPEIIHHAX BMe-
MAM0MAX TOPO, THAPOINBYETCA ¢ 00pas0Banue KaCCHTEPHTA 10 PeARIHH:

leF4 + 2H,0 = SnO2 -+~ 4HF
WA, KAk 9TO Tpejmoiaran Barkep, II0 peakmum:
SoF, + 5i0, = Sn0, + Sif,

Cuuraercs, weo TrmoTesa JoOpe HOZTBEDEAACTCA CASXYIOUTHMI MHESPANO-
00pas0BATENLHEHIME NPOLECCAMH, CONPOBOKAAIIIANY BEICICHES KACCHTEPUTA:

1. PasnomenneM IOXCBHX IMIATOB IIABEEOBOH RHCXOTOR ¢ ofpasoBammen
T0Ia3a H EBapIa,

2. Pasuomenues MONEBHX MIATOB ¢ 06pasoBaHHeM (ITOPCONCPIRAIIAS. CI0]
(MyCKOBET, THEBAJBJAT) W KBaDIA,

3. O6paszosarnen Qaoopura.
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Hockoapky 0050 00xajaer JIPKO BHPXKEEHLNMT aM(OTepsiyy ¢Bofictran:
1 MOHET HAXOJUTLCSA B BHAE RATHOHA TOIDKO B RHCION cpefie, 70 M peanimus
JA00pe MOmeT MMETb MECTO TOADEKO B YOAOBHAX KHCIOH cpejsl. B 10 e Bpens,
TARKe MEHEDAJH Kak KBapmd, Qiopcofepmamuii MycroBHET u (awopur Guiin
HCRYCCTREHHO HOXYYEHE! M3 IEJOUHHX DacTsopos (Byrsuwu, Homs, Cenapuomn,
Mamme w 7ip). S5T0 TOBOPUT Ba TO, UTO (TOPCOACPKAIILTE MUHEDATE, COMpPO-
BOMIHITHE KACCHTEPUT, MOTYT 00pasOBHBATLCA HE TOIBKO H3 RUCIOH CpeyL.
Boaee rtoro, Hafrofaensie 1a KBAPI-RACCHTEDPATOBHX MECTOPOKIOHIIX CATYAH
HEPEXoa KAJIBINTOBHK UPCGKNIROB BO (DAWOPHUTOBHE, HAJNYKE BHAcIenui Ti-
HOTeHHOTO KRJBIHTA IO CHAHHOCTH MYCEOBHTZ I B CAMHX KBADHEBHY JKHIAX,
& TARMKE TIOBCEMECTHO OTMEUAEMad TeCHAS CBASh Ipouecca 00pasOBaHHL Ko-
POHERY OCHORIHHBIX MECTODOMIeHHN ¢ IpoueccaMn alpOBTASAIINE IOJEeBHIX
IIIATOB 1 MYCKOBUTH3ALUI GHOTHTA TPAHUTONAOB, KOTODHE BO BPEMEHH IHE-
MecTByI0T 00DABUBAHUI0 OOBOMOCHEIY SR, —— OJHOSHAUNO YRASHIBAET HA -
JA0YHOR XaparTep PYJNOHOCHBIX PAcTBOPOB.

B srux yezosuax Sok, cymecTBoBaTh He MOKET.

W3 XuMHHI 01083 HSBECTHO, YTO OJHAM HB O0UeHL XADARTEDHLIX CBOicTh
TauoTeHHAe Snk,, ABISETCA €ro CHABHO RLIPAKEHHAS CRIOHHOCTH K DEARIHIM
HpHACoeINHCHAS (Topyua X mexozedl, ¢ o0paszoBamueM coixell TaJoTeHOBOJO-
POAHOR ROMIICKCHOX Euclorst mana Na, [SnF]. C apyro# cropomst, eme
Beazyen m Ilapapano (1904), momasaim, WT0 CTRHHAT WATPUS CIELyer
PacCMATPHBATL KAR HATPOBYK COAb KOMILIEKCHON TeRCAORCHRICJIOTHL THIL
Na,[Sn(0OH) ]

Warepecno taxme yuoMsHyTh 06 ommrax Tpomesa B. 1. u Xpesosoii
A, JdL (1946), roropre upm temieparype 300° um pasiemmm 80-100 amw
JO0HIHCH CTONPOLEHTHOTO HePeBojia RaCCHTepATa B IeIouaoll pacTsop. Anaius
RPHCTALIO0B, OCARICHERX Hocie pacrsopenus SnO, B pacrsope NaOH Oamsro
OTBEUAT CORJHHEHNUID Naz[ Sn(OH)G]. C ppyroft cropomsr, Cuur ®. T (1947)
BRCUSPHMEHTAIDHO [[0KA3ad, UTO KaCCHTEPHT LPHCTALINSYeTCS ¥3 pacTBopa
CTAHAATA HATPHA IPH VMEHbIICHHH €T0 TIeJOYHOSTH 382 CUeT CBASHBAHUS
HATPHST EBAPIEN, ¢ 00pasoBaHHeM CHIHRATA HaTpH.

(J0a moMIIeRCHBE COSNUHEHHI 0J0Ba XOPOIIO PACTBOPHMBL M YCTOHUHBH B
JEI0YHBIX BOJHHX PACTBOPAx.

Ho, kax W3BeCTHO, MOHH (TOPA M IUJpUKCHIa, 067aNad OFUHAKOBHIM 5a-
PSAOM T 0YeEDL OXHBEMME HOUHLIME DAJHyCadMd, BIAHMO3AMEESIEMH B CBOHX
coepupernax. 11osToMy, B IPUPOAHEIX BOJAHBIX PACTBOPAX, COTLEPmAIUX (TOD,
TPYAEO IPEANOIATAT: CYMIECTBOBAHEE UHCTOro coefuuenus Na,SnI'.. Cropee
‘BCETO, B BTUX pacTsopax O0yfer 00pasOBHIBATLCS RAX0E-TO TMPOMELYTOUHOE COe-
Jumene A Na,[Sn(OH, F) ]. Ipu mojrmcleHsn IMEI0YHOr0 PacrBopa
Na,[Sn(OH) ], ragpoans mactymaer upn pH = 7. Ipu mojsucienny me-

Mo e e

e
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I0YHOTO pactopa Na,Snk THAPOINZ HACTYHAET IIPH DABIHYHBX 3HAUSHIAX
pH or 7 1o 8, B BABHCHMOCTH 0T CTelleNH DasOaBIeHuda pacrsopa. e Ooxee
pazbasier pactsop, TeM Oiawme & pH = 7 Hacrymaer IEAPOIE3, U0, HOBI-
JUMOMY, CBSI3QHO C BOspactaomedl poiplo THAPOKCHEA B ROMILICKCHOM ammoHe
0 Mepe pasfaBienua pPacIBopa.

TlocROMbEY UPHPOJHEE THAPOTEPMAJRHEE PACTBODH BEPOATHEEC BCETO SB-
IAI0TCH  FOCTATOUHO PasfaBIEHEBIMH, TO THADOIH3 COGIUEEHNI IDENIOIOKU-
TeapHo GyierT MPOHCXORHIs B METepBale pH or 7 po 7,5, T.6. B Helfirpaisuoit
WIH cROpee B caabomienouHofil cpeje.

Kar morasax Tomcen (1906) mpu rmgpoanse coegmaenne Na,SnkF. pacia-
HaeTCd HA THIPAT OMOBAWHON KHCIOTH, IIGBHEOBYI0 KHCIOTY X ()TOPHCTHLH
HATPEH. DHTeNb BLIACHIA, YTO THIPAT OJOBAHHOH KHCIOTH MOCIENYICHIIMH
ROIIOHTHOXHMITCCKINT NPOUECCANMH MOKeT IepesojuToed B0 Bee foxee Oepumie
Bojfoft hOPMEL, BILIOTH [0 NOIYIEHHS JBYORHCH O0J0BR. OTOMY, HOBHEEMOMY,
Oyzer ¢IoCODCTBOBATH TARNE YBEIHUCHHE RHCIOTHOCTH CPEJIHL.

Taruy obpagom pacuaj Handolee BePOATHOIO B NPHPOJHALIX YCIOBIAX
COeHEEHIA Naz[Sn (CH,F) | MOmEO MPEFCTABUTD CIeyIOTIHM 00pason:

14

Na,[Sn(OHF) ] + 2H,0 = Sn(OH), + 2NeF -+ 2HF
Sn(OH), = SnO{OH), + H,0
SnO(OH), = Sn0, + 2H,0

A

Na,[Sn(OHF) ] == Sn0, + 2NaF -+ 2HF
BHeLI0Mascg IpH BTOM ILIABHK0BAA RHCI0Ta U OyAeT BHBHEBATH PAsIOMmeHne
TMOAEBHX IOIaToB ¢ 00DaseBAmdeM TONA3a, MYCROBUTA, (ANOpHTA H KBApLa.
Jpyramit cioBaMy, LOHAYT Eax pas Te MuHEParoebpasoRaTeibELIE UDOUECCH,
KOTOPEIMY OGBIYHO TOATBeDizalor rumoresy JoOpe, uwro Jumimmi pas moKa-
BEIBAET BCIO He00OCHOBAHHOCTH DTHX “Z0RaBaTeincTs”.

Ho 10CKOIPKY B PYNOHOCHEIX DPACTBOPAX KpOME OXOBA HAXOZHTCA O0IBII0C
UHCXO EPYTHX HMOHOB, UACTh WS KOTODHX Tarie 00pasyeT KOMITERCHSIC (HTo-
PHCTEIE COSJUHEHHS, TO HEeO(XOZNMO PACCMOTPOTH BOSMOEHBIE CIYIaH KOH-
EYPEHIEH ¢ 0Z0BOM HTHX HOHOB.

Epeunuit o6pasyer KpeMHeGIoOpucTHi ROMIIERE [SiF(;]"?, [0 €70 ROHCTaHTa
mecrofiwoers B = 7-10-7 (Prrce T ., 1946) ouens Beiura, 9T0 TOBOPHT 0
ero Mazoil mpoumocti. Kpoye TOro, (PTOPCHINEAT HATPHA ILIOX0 PacTBODUM B
BOjAe W pasiaraercsa moj jeficrsEen mexouedt (game amyumanom). Caefosa-
TEABNO, KPAMHII He MOMET ROHEYPHPOBATb ¢ OZ0BOM, 00PasyoIIuM (TOPHCTO-
oxoBgEEEE KoMIIERC. Koncramra mectoirocrd [AlF ]2 K = 2102, HA000DOT,
0UeHp Mala, If NPOUYHOCTH BTOTO ROMIIERCA J0CTATOUHO Beamka. Ho, MOCKOIBRY
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ATIOMEHENA XOPOMO PACTBOPEM TOJILKO B CHILHO IIEIOYHHX T CIHIBHO KHCIHX
PRCTBOPAX, H OICHD MAN0 DACTBOPHM B HelTPAiLHBIX, B CIa00MEIOTHHX DPY-
HOHOCHEIX DPACcTBOPax eTo MArpanns 0yeT BechMa OTPANHYCHEA H IDHCYTCTBIE
er0 B DACTBOPE HE OYHET CROIBRO-IMO0 CYNIECTBEHHO CRABHBATHCS HA IOBE-
XeEHd (YTOPHCTC-OXOBIHECTO EOMILIEECA.

Taxixe BaTPYZHHTEILHO B BTHX VCIOBUAX H INepPeMEIIEHNHEe MATHHL.

Bonee ciomyasg ®apTuEa HADIOIAETCA ¢ Kaxbmued, 0olee HIW MeHee Ho-
CTOAHA( TMPUCYTCTBYIIM B DPYAOHOCHOM pacrsope. OgHaro, 710 Hagala pac-
Haja (PIOPHCTOONOBANHOTO KOMICKECR, OH TAKEe He CBABHBACTCI ¢ (TOPOM
¥ TOBTOMY Ee BIHAET Ho NOBefienne Kommierca [Sn(CH,IFg) ]2 T.x. B pyao-
HOCHOM pacTaope mmeerca mom (PO,)~®, a mpousBejeHme DACTBOPHMOCTH §
Ca, (PO,), — 1-10-% sHavnreasno Membme, den y CaF, — 3,4-10-1, Torja
KAk TemxoTa 00pasoBanusd Hao00pOT — CYIECTBeHH0 Goupme (COOTBETCTBEHHO

IX - wax
983 m 290 m). ITosToMy, A0 yepejHEHAS PAcTBOpa, B MIeICUHOH epepe
rarpouit Oymer cBasmsatheds ¢ uomoMm (PO,)-%, ofpasya amaTET, H TOXBKO
HCCAe YePeNHEHWS PacTBOpa, KOTAA BaTPYAHLETCA MUrpanua (ocfopa W Ha-
UNHAETCI PAcuaj OJOBAHHOYTOPHETOTO KOMILIEECA, KAaJIpIuil CBASHEBAETCS
¢ropon, ofpasyd QIOOPHT.

Bee nanomeHHOE BHINE, TO3BOIIET HaM BHICKARATh IPEIIOIOEEHNE O Te-
PEHOCe 0X0BR THEDPOTCPMAILHEINE DACTBOpamMi B Bafe coefumenua Na,
[Sn(CHF), 1.

BezrurroBbeHne ONHCAHHOH BEPTURAILHOR BS0HATBHOCTH HA EBApU-RacCH-
TEPUTOBEX MeCTOPOMJeHIAS ¢ Nosunnil HpeIaraeMoll Hayu TATOTESH 0 (hopMax
HCPEHNCA 0X0B3 THIPOTEPMAJbESIMH PACTBODaMB —— BIOJIHE S3KOHOMEDHA.
JefeTBATEIRHO, €CIM INEIOYHHE (CYHIECTBEHHO HATPOBHE) IHADOTEPMANLHLIC
PACTBOPH MOAHUMAIOTCA 10 0CAA0IEHHBIM YUYACTRAM, IO OTEPHITHM TPCLIHEAM
X s0HaM ApolieHie B Ipamurax, TO OHE OyAyT BHSHBATL AALONTHBAINI II0-
JCBSIX IITATOB ¥, KAk CIOICTBHE BTOT0, MYCKOBHTH3AIUO OHOTHTA. BHTECHACMOS
IOpH BTOM W3 KpHCTaMIMYeckoll pemersm OHOTHTa O0X0B0 OyAeT LOCTYHATH
B THIDPOTCPMATBHBI pacTsop, 00pasosHBalh QTOP-THIPOLCIIBHEN ROMIICKC H
MATPAPOBATH ¢ PACTBOPOM B BHILICIEIKAINHE TOPHBOHTEL

Ho mo Mepe CBASHBAHII HATPWA, IMEJIOYHOCTH DACTBOPOB Oyjer yMMeHb-
maTscd I UpHOIMEATHCA K MEIOTHOCTH MOPOBOTO PacTBopa TPAHuTa, T.e. OHH
OyIyr CTAHOBHTHCS CAAGOMIENOUHBIME, OJHSKHME K HeATparpHuiyM. B dIHX ye-
FOBHUAX, OJUSKNX I JOCTHWREHHIO PABHOBECIA MEMAY PYAOHOCHEIM H IOPOBBEIM
PACTBOPOM TPAHNTA HAULHAETCS THAPOIN3 ROMILIGKCHOTO COSJIHHEHYT, He-
CYIIET0 OIOB0 W BHUAJeH:He Raccurepura. lipm pacmaje COeJHEEHUA
Nag[Sn( OH,F)G] BEIAeAAeTC cBOOOAHAA (HTOPHCTOBOZOPORHAS KHECIOTA, YTO
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BBI3HIBAET OBICTPOE MOARICIEHIE PYLOHOCHOIO PACTBOPA, KOTOPHIH CTAHOBUTCI
001ee RECABIM, UeM HOPOBHI pacTBOp IPAHHUTA.

B pesyaprare, IPHBHOC HATPHS BO BMEINANIINE DYLOUDOBOFAMEI Kamal
IOPOJGL CMEHAETCA BHIEOCOM Ierodeil U3 BMEN[AIIHX HOPOJ, UT0 MUHEPANO-
IHYECKE BHPAmXaeTca B IpeliBeHusalny IpanuTa 1 06pasoBaluy MyCKOBUTOBHIX
OTOpOUEE #AI. JpPYIEME CIOBAMH, BOBHIEACT KAk Pas ONHCATHas BEIIE Bep-
THRAJIbHAS BOHAIBHOCTD. VICXOfA W3 HBIOKEHHOH CXeMHl XHMHSMA DPYRo0dpa-
S0BAHHI, B KODHAX EBApI-KACCETHPUTOBHIX KU JZONEHEL CYIIECTBOBATH BOHEL
AATEHCHBHOTO BFHOCA OI0BA W3 OKOJOMKHIBHBIX TIPAHNOTOB, & B BepxHeil py-
JOHOCHOR UacTH JRUIBL, HA00OPOT —— IPUBHOC 0I0BA BO BMEIIRIOUINE IKIIY
rpefiseHEABUPOBAHHBIE TPAHUTEL

CxemoBaTeipH0, BEPTHRAJILHAS BOHAILHOCTP HA KBAPU-RACCHTEPHTOBEIX
MECTOPOEAEHUAX JOMKHA BHPARATHCA HE TOIHRO B PAsIHUAH Xaparrepa OKO-
JOMHIGHEX HBMeHEHH!, HO H B PasIHYHOM Xaparlepe DacIpeelcHHAS 0I0Ba
B OKOJOMUIDHBIX T'PAHHTAX.

JeftcTBHTEIRHO, WBYUCHHE PaCIpefeleHns 01082 B OROIOKUIDHHX Ipa-
AETAX, Ha IEI0M PAfe MecTopomieHuil MoKasano, 9I0 XapagTep BTOTO PaCIpe-
TeAeHds BAKOHOMEDHO H3MeHACTCA IPH LPOCICKHBAHAU OPY/IEHEHHA Ea IIy-
OUHY, B COOTBETCTBHE ¢ YCTAHOBICHHON IO OKONOMIIDHEIM H3MEHEHHSM Bep-
THEAJIBHOR BOHAILHOCTBHIO.

Bepxaad pyzoBOCHAS BOHA XapaKTePHU3YETCA IIAHOMEDHBIM Tepexofom IpH
VIAJEHAY OT JKIAHL (BEPECT ee UPOCTHPAHEA) OT PeskO IOBHINEHHBIX COZEp-
wapnft B upHsaas0aEXoBOM TpefideHe 0 HOPMAILHOTO COJEDKAHHA 010Ba B
HeHSMEHEHHNX Trpamutax. Ilpy nprimmkeHnn HuKHEeH MOADYAHOH B0HH, HA
BHAYHTEALHOM HNPOTAKEHAH 110 TPOCTHPAHEI0 KHIEL HAUNHAET HAMEUATHOA
BEHOC 0I0Ba H3 TPU3aIH02HTOBLIX IPAHNTOB, HO B0HA BHHOCA HMEET eIe
He3HAYMTEJbHYI0 MOIIHOCTD.

Ha BerpeiTHe ke HIEHeR moppynuoll 30HN, HApARY €O CMEHOA XaparTepa
OEOJOKAIbHEX HMBMCHEHHH, YRA3HIBACT ¥ NOJBICHHE B0HE MHTEHCHBHOTO BH-
HOCA OJ0BA W3 BMEIIAIOIUX IOPOJ, 3HAYXTENbHON MOIIHOCTH.

Ho BrigcHenme XapakTepa paclpeleleHUsS O0J0Ba B OROIOKHILHHEIX Tpa-
HETAX IHOSBOALET HE TOXBKO IIPOHBBOAHTL OUEGHAY IPOZOIMKEHHT ODYICHEHHA
Ha TIyOUHY,HO W IO3BOAAET IPEABHEACTD PACUpeReIcHae HOIE3HOTO KOMIOHSHTa
Ha CJAGYIONIeM HITXe, eme He BCKDPHITOM ropnsoETe. Hampmmep, Apyrad Kuia
TOTO IEe MECTOPORASHHA M0 3-T0 IOpH30HTa 00HAPYMREBANA BLHCOKHE, B He-
CKOIBLEO Pa3 IPEBHITAKNINEe KOHAUDHOHHEE, cojepxannd Sn. Ha 3-m ropm-
BOHTE COJEepKAHHA Sn CHUBHIICH LIOYTH J0 KOHJUIHOHHEX.

W3 paceMOTPeHHA STHX JAHELIX BHAHO, UTO B IEHTPAJILHON JACTH HaMe-
gaercsd BOHA BHHEOCA. Sn H3 BMEIAOWINX I'PAHMTOB, HO HA SHAYKTEILHO
OoxpmeM NPOTLEEHHU, B 000MX (DJIAHTOBHX YaCTAX OTMEYAIOTCS BCE Xapak-



40 ConGRESO GEOLGGICO INTERNACIONAL

TEPEBIe UePTHl BEPXHEH PYJOHOCHOR B0HBI, IpHYeM MEENE (aair orTBeuaer
0ozee BHICOKHM TODHBOHTAM T BOHH, WeM cepepmbfl. Ha OCHOBAEZE 5TODO
OBLIO cferamo TPeJIoXO:eHRTe, YT0 TaJeHde COZePKABAA Sn wa S-u TODH-
B0HTE SBIACTCA GIYUAHHBIM, ODYCAOBICHHEIM OOIINM EEPABHOMEPHEM pac-
HpefieleHEeNM JaccHTeprTa o wure. LPOMBIIICHEOe Opy/leHeH e TOMKEO IDO-
AOMRATHCA HHEE, Ha UPOTAKEHHAH OJHOTO-EBYX TODHSOHTOB, M Ha 4-M TOpH-
S0HTE CRefyer WaTh yBEIMUeHnd cOfepmarnd Sn. Hpuven, Ha 10mm0M (hranre
cofiepiranye Sn Oyfer BhIIe, Uey Ha CEBEPHOM, & B IEHTDE — MENBIie, HEM HA
pranrax. OnpoGoBanme UPOHJAEHNEX Ha 4-M TOPH3OHTE INTPEKOB 10 9TOH wuie
HOXTBEPAHI0 UPRBUABHOCTL CHBNANHOTO IPEJTION0MEH L

Taxmy 00pasoM, BELACHEHHC DACHPEJeleHis U NePepacupefelenus 0105
B TpanyTax, & TaRKe H3YUGHWC MHHEDAJIOIHUYECKOTO XapaKrTepa usMenenmil 1t
pacipefeledid 0I0Ba B OROJIOKUIDHHIX TPAHHTAX II03BOISET € COBEPIILHHO
HOBHX TeOXUMUYECKHX IOBHIHH LHOJOHTH L DEMEHHId BONPOCOB TeHeTHUeckol
CBJABH ODYJEHEHHd ¢ WHTPYSUAMH, K TORHNAHUI YCI0BEHE (OpMUPOBANES 010~
BOPYJIEBIX MECTOPORACHHH. A HCHOIR30BAHAC TEOXHMAYECKHX IIOMCKOBHX H
OIIEHOUHBIX KPUTEPHED B TOX0r0-pasperounolt caymbe, monmomer reonorax Goxee
oGocHosamuo 1 Goaee d({esTHBHO NPOBOZKTL TOMCKH M ONEHKY KBAPI-KACCH-
TEPHTOBHIX MEeCTOPOHIeHHT.
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DISTRIBUTION PRIMAIRE DE Li, Be, Sn DANS LES MINERAUX
COMMUNS DES GRANITES. APLICATIONS 4 LA PROSPECTION
GEOCHIMIQUE

J. Jepwas ¥

RESUME

Les halos de dispersion primaires sont actuellement trés peu utilisés dans la prospection
géochimique. Il existe cependant des régularités dans la distribution des traces d’éléments
contenus dans les minéraux communs des roches magmatiques, qui permettent d’aborder un
des problémes fondamentaux de la prospection géochimique, le pronostic précoce de la

inéralisation d'un massif pétrographique. L’étude de la distribution de Li Be Sn dans
quelques granites montre que I'on peut aseez aisément distinguer les granites auxquels sont
génétiquement des gisements de ces éléments. A

INTRODUCTION

La recherche rationnelle des gisements minéraux primaires ou des districts
minéralisés par Uétude des halos de dispersion primaire des éléments n’est
pas encore entrée dans la pratique de la prospection géochimique. L’intérét
que les prospecteurs manifestent depuis una dizaine d’années pour les méthodes
géochimiques se porte exclusivement sur les halos secondaires, dont le rendement
est plus inmmédiat. Il n’est cependant pas prématuré d’aborder la question des
dispersions primaires: pour résoudre les problémes que posent par exemple
les granites et leurs minéralisations, la connaissance des distributions spaciales
et minéralogiques des traces d’élémenis serait, pensons-nous, d’un irés grand
secours théorique et pratigue. Citons parmi ces problémes: le pronostic et la
localisation des minéralisations, la corrélation de granites spacialement éloignés,
la distinction de granites contigus et de granites d’origines différentes. Nous
nous occuperons plus particulidrement ici du pronostic de minéralisation dans
les granites.

Il existe dans la littérature de rares indications sur les relations positives
qui existent entre les teneurs en traces d’éléments dans les granites (et leurs

* Université Libre de Bruxelles, Centre de Géochimie appliquée.
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minéraux} et la présence de minéralisation; nous en avions déja dressé une
liste incompléte (Jedwab 1955). Dans une série de travaux spectrochimiques
portant sur des granites choisis en fonction de la présence ou de I'absence
de minéralisation en Li, Be ou Sn, nous avons pu mettre en évidence une
série de régularités intéressantes. Nous devons attirer lattention sur le fait
que ces régularités sont présentées comme des indications pour les recherches
futures, et non comme des lois générales achevées.
Le tableau I groupe des indications géologiques et bibliographiques concer-
nant les granites que nous avons analysés.
Nous pouvons répartir ces granites de la maniére suivante:
I—Granites non minéralisés en Li, Be ou Sn: Guéhenno, Egletons, Montebras
(gran. & biot.) Bénévent, Nantuat, Schwarzwald.
I-—Granites minéralisés en Li, Sn mais pas en Be: Maymac, Carnmenellis
Baveno.
1II—Granites minéralisés en Li, Be mais pas ou peu en Sn: Bessines, 1. d‘Elbe.
IV—Granites 2 minéralisation complexe: La Villeder, Montebras.

DETAILS ANALYTIQUES

Chaque échantillon de granite a été constitué de 4 & 6 fragments de 30-50
gr prélevés dans un rayon de 5 a 10 m dans la mesure du possible. Ces échanti-
Hons ont été broyés & la presse hydraulique, et les minéraux séparés sous la loupe
binoculaire avec la pince. Les feldspaths n’ont pas été différenciés. Les minéraux
ont été écrasés entre tas de verre, revérifiés pour leur pureté, et mélangés avec
un poids égal de carbone spetrographique dans le mortier d’agate. Ils ont été
analysés par spectrographie optique d’émission avec un spectrographe Hilger
(Large), suivant une méthode semi-quantitative combinant les méthodes de
Mannkopf et de Harvey.

Raies utilisées: Li 3232 Be: 2348 Sn: 3175

Limites de sensibilité: Biotites: Li 30 ppm Feldspaths: Li 300 ppm
Be 3 ppm Be 3 ppm
Sn 10 ppm

Les résultats des analyses spectrochimiques ont été rassemblés dans le tableau
Il. Leur comparaison permet de faire quelques remarques, qui peuvent servir
de conclusions et d’hypothéses de travail provisoires. Elles sont d’autant plus
marquées et valables que on choisit comme termes de comparaison des granites
différemment minéralisés et voisins.

Nous pensons pouvoir tirer les conclusions suivantes de ces analyses:

1—Les granites non minéralisés en Li Be ou Sn ont des biotites trés
pauvres en Li Be Sn: Egletons, Bénévent, Nantuat, Schwarzwald.




pt Pt P! uoneye
Pt P Pt S1aquy,
Pt Pt pt 99SYINOS
pt pi P! USTSEI 15
(Ip61) UQUIPIUYS o US I UONBII[BIOUIW 3P S2J  OHI0I] B °I5 oubsiiep Sanqziey
(6061) ue[sId] US ¥T 8D g °g ¥ ‘wmdeq SwOIW g ¥ Cip Rurdpy AP I
‘og °p seg ‘019 ‘eup

-{[BMUUIZ °[69Z ‘0ISISI[0 B S9SN} SBOIM 7 B "I () ouBALY

(2S61) SunpEoy

(gp61) Asmeq ‘wine} ‘yrpurineg v ‘wdog
{gp61) Yysoys) 01 ‘n) ‘ug v ziwnb p suopry seont oy cin pr S1{[SURWUIRT)
M uS ®» zwnb op suofy] SBOIW T v "I9 pr oBWASTy
(8p61) 1opuoy stpuaid B orwife g M0 B IS ()Pt SUnRTSN
Pl pI Pi pi iBRuTh
UOTIES[[RIDUINL 9P sBg  SHI0K] B "19 pI odeqqy J-1usssusg
(o9sIRIQUITT

(5CAT) qempaf UOU OUO0Z) SOURWWID W33 J pr pr {(9p Boa1) sourssay
{GLG1-CHBT) XT0I0RT]  («DSIRIDUIUI 9u0Z) 8¢ ® "wdad SEW 7 2 ‘15 pt saulssa(]
‘9SI[TIQUINE WON]  BHI0N] ¥ 15 pr SRAGIIUOTY
(§T61-8681) ¥towu] A eg I BL ON ug v cwdeg pr pr SEIGIIUO A
(8eg61) Yempar ‘our[RULINO ¥ CWHIJ pt pt OUULYIN Ly

(7161) Lombuea],

8y-a¢f ﬂmw B s1renb 9P SUCIy

SO 7 ¥ txn

anbstiwp

Tepaqip ¥y

ANIVIIATTY

qITVI]

ANOVL
-34g AANVYS)

AINTH]

SANOTHIVHACTTAT] SINN0G

SATIIOSSY SNOLLYSTTYHINIA

HHOO0Y VI Ad
TEFLIVEY)

ASTINTICU(Q)

FLVIVIO]

SAVJ

SHIANLY SELINVYHD

I OvVIIavL




ConGRrESO GEOLOGICO INTERNACIONAL

RESULTATS DES

TABLEAU 11

ANALYSES SPECTROCHIMIQUES

Locarirt

NowMmBRE p°
ECHANTILLONS

CONCENTRATION MOYENE
DANS LES BIOTITES EN PPM

CONCENTRATION MO«
'ENE DANS LES FELD-
SPATHS EN PPM

Li .‘Sn jf:(ﬂt ;{. i :8(
La Villeder Biit.: 25 n.d. 110 1.d. 141 n.d
Feldsp.: 30
Guéhenno Biot.. 10 n.d, 77 n.d. 38 n.d
Feldsp.: 11
Montehras Gr. a2 micas: 5 3654 404 17 354, 17
Gr. 4 Biot.: 5 380 201 16 246 17
Zone min. en 970 205 12,5 n.d 42
Bessines }36: 16 . o
Zone mon min. 330 202 33,8 n.d 14,5
en Be: 19
Bénévent- 121 0 0 n.d. )
Nantiat 4
Egletins 1 165 25 0 n.d. 0
Meymac 1 540 33 11 n.d. 11
Carnmencilis Q 853 131 28 i) 0
Baveno 2 765 135 28 0 ¢
I. &'Elbe 4 645 39 10,7 tr 31,5
Malzburg 2 a5 83 n.d. n.d. n.d.
St Blasien 1 68 37 n.d. n.d. n.d
Schluchsee 1 210 42 n.d. n.d. n.d.
Triberg 2 135 94 n.d. n.d. n.d.
Blauen 1 110 48 n.d. n.d. n.d
Moyenne
Schwarzwald 8 77 38




SymrostuM DE ExpLorAciON GEOQUIMICA 45

2—Les granites minéralisés en Li, Sn (ou I'un des deux) mais pas en
Be ont des biotites riches en Be et des feldspaths pauvres en ou
dépourvus de Be: Carnmenellis, Baveno, Bessines (zone non minéra-
lisée) .

3—1Les granites minéralisés en Be ont des feldspaths riches en Be:
Bessines (zone minéralisée), 1. d’Elbe.

4—Les granites minéralisés en Li ont des biotites riches en Li: Montebras,
Bessines, Carnmenellis, I. d’Elbe, Baveno.

5 Les granites minéralisés en Sn ont des biotites riches en Sn: La
Villeder, Montebras, Carnmenellis.

6—Le Li dans les feldspaths présente dans certains cas une relation
avec la minéralisation: La Villeder.
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vV TEOXHMHH Pb H Zn B 'PAHOTOH JAX

J. B. Taycom *

ABSTRACT

The study of lead and zinc geochemistry in the Caledonian granite complex of the
Central TianiShan has shown that in the course of the differentiation of the magma
an accumulation of lead in acid differentiated, and an impoverishment of the latter by
zine, occurred. The zinc-lead ratio changes from 10 in diorites of the first intrusion phase
to 0.5 in gangue granite-aplites,

The examination of the lead distribution in the minerals of granitoids has shown that
about 80 percent of this element is restricted to feldspars. In potassium feldspars they
are almost always found in the form of an isomorphous impurity. About 40 percent of
the rock lead is contained in an “extra silicate” form which may be ecasily leached out
and which mineralogically is largely represented by submicrescopic galena or native lead
iszlations.

About 70 percent of the zinc contained in the graniteids is concentrated in the iron-
magnesium silicates. The zinc content of these minerals exceeds by more than tenfold the
general content of the elements in the rock; however, almost all the zinc is not contained
in this mineral in the form of an isomorphous impurity and over 80 percent of it is
extracted from the rock by specific soivents. It is assumed that most of the zine atoms
are contained in the rocks in a mobile “extra silicate” form,

The peculiarities of the lead and zinc distribution in granitoids and the high migration
capability of these elements stipulate a considerable shift of the ore substance even during
low temperature postmagmatic processes. A study of the altered granitoid varieties shows
the important role of primary dissemination patterns which may become an important
criterion in prospecting work.

Msyyenne reoXuMUE PEJKHX ¥ DYAHHX DICMEHNTOB B UBBEDKCHHKX TOPHHX
HOPOJax B HACTOAMIEe BpeMd ABIAETCA ORHOH M3 aRTYyaJbHHX IMPOOIEM Teo-
xuvpg. O0mHe TeoperHyeckue OCHOBEL 5Toff MpobaeMEl OHIT C(HOPMYIUPOBAHE
ocrosonoxomauraMy reoxumu B. I, Bepragcrum u B. M. Toxsmmymaron eme
B HauaJe Haulero croierdd. OfHako, eclH Ha 3ape TeOXUMUH 513 IpobieMa pac-
CMaTpHBAIACh Kak BaKHAA, HO B OCHOBHOM TEOPETHIECKAd 06IaCTh TOXHMHIL,
TO B HACTOJUIEE BPEMA OHA CTAHOBHTCA OFHAM H3 ofemaiomux myreld & pe-

* Axad. Hayrw CCCP.
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NIEHHI0 OCHOBHOMN 82J{a9d Te0JOTHH — BEABICHHI0 BAROHOMEPHOCTCH B KOMIEH-
Tpaiiil PYRHOTO BEWECTBA. YUHTHBAs MOJOOHYI0 HANPABICHHOCT H3yuaeMoif
UPOOISNE, MPEACTABIACTC, UTO MCCASTOBAHNI B 00IACTH TEOXEMEH PEAKHX H
PYLHBIX BAEMEHTOB B H3BCDMREHHBIX TODHBIX HOPOAX JOMEHHE B OCHOBHOM 0C-
BETHTDL TPH BOIPOCA:

1. Teoxmmuuecras HCTOPHA HICMEHTOB B XOIC DABBHTHS MATMATHICCEOTO
0Yara i MeTalIOTeHHUeCRAd CHCMAAIH3AES M.

2. Pacmpejielienue bIeMeHTOR 10 MHHEPAIAM 1OPOJ H (JOPMEL HX HAXOE-
AeHuA B HOPOJax.

3. Murpamua 5ICMEHTOB IDH IOCTMATMATHUCCEHMX IPONECCAX H3MEHORIS
TOPOJ.

B macrosmei paGore paccMaTpHBAlOTCs, B OCHOBHOM, BONDOCH TeOXHMH-
YECKOH MCTOPME CBUEIA I IUOEA B XO4E PAsBHIILI KPYIHOTO MATMATHIECKOTO
0Yara, a Tagike PacHpefeleHne pTHX HIEMENTOB 0 MHEEPAIAM TOPOS U (QOpMEH
HX HAXOKEZEHUA B TOPOJAX.

HpuyennTeJbHO K CBHEIY I UWHKY, HEROTOPLIE AAHHEE 00 WX TEOXHMI-
YeCKOH HMCTOPHE B Xoje Au{epeBIHAmHE MATMBL MOTyT CHITh BaHMCTBOBANEH
H3 paloT, B KOTOPHX NPHBOAATCS CBIEHHS O COTEPHAHHH BTHX DICMEHTOB B
OCHOBHEIX THIIAX HSBePMEHHHIX IOPOJ. Bee 5TH HCCIefOBAHESA YEA3HBAT Ha
Haxomrerne Pb B RHCIBIX H3BEDILEHHBIX IOPOfaxX ¥ Zn B OCHOBHLX. Mayuemie
T@OXHMUI HTHX BJCMEHTOB B EaIe0HCKHX TPAHHTORAAX CyCaMbIpCRoro GaToanra
(Ilenrp. TaHPIIAHD) WOBBOXAET BHIABHTh HEKOTOPHE 0COGEHHOCTH TEOXUMH-
ueckofl meropun Ph i Zn B X0fe PasBHTHA €HHOTO, BECHMA KPYIHOTO MATMA-
THYECROTO 0dara.

Cycamprpernil OaTounT (B ONHCHBAEMON €70 YACTH) SaBUMAET ILIOMALD B
7,500 gv®. T'naustil wATPy3uBHLIE KaleJOHCENH KOMIIERC TpejcTaBlen TpeMsd
(hazad, TOCICLOBATEAPHO BEEPHBINNUMICS B TOINIH IPOTEPO30d H HIGKHETO -
qeosost. 1 mepBoit, manGoxce pammell (pase BHEIPEHUA OTHOCATCS JUHOPHUTHL H
raf0poHopnTH, 00pasynle HeOoApIINe 0 ILIOMANH IITOKH BO BMEITAONINX
HCpoOfax WM KPYIHBE KCEHOIUTH B 00M6e MONOJHIX HHTDYBUBHBIX IOpPOJaX.
HanGoxpuuy pacupocTpamenneM MOIL3yI0TC 0P (HPOBAIHE IPANHTE H Tpa-
HOJTHEOPUTEL BTOPOA (assl BHEEPEHI, KOTOPHE MeCTAMH IepeXOJaT B TOMAJMNTEH,
LBApIEBLie JNUOPHTHL H afaMeauTsl. Tperhd ()asa BHEIDEHHS NPELCTABICHA
CPEJHE3EDHUCTHME JeHBORDATOBEIME IPaHHTaMU. JHIBHAL CEPHS KOMILICKCA
IpefeTaBIeHa TPARNTAMH, TPAHNT-IOP (PHPAMA I allTHTAMA. KpoMe HOPOJ, OTHO-
CSAIAXCA K ONUCAHHOMY BBHIIIE 0CHORHOMY RAJICLOHCROMY EOMIIERcy, B pafiome,
Ha, CPABHUTEJIHPHO OTPAHHYCHHON MIOMATH 00HAKAITCI KPYIHOBEPHUCTHE GHO-
THTOBBE TPAHUTH. B03paciHBe B3aHMOOTHOICHHS HHTPYSHH GHOTHTOBHIX Ipa-
HETOB € IOPOAAME OCHOBHOTO KaJaef0HCEOTO ROMIIEKCA NORA HesCHHL. M3yuenne
pacnpejieserus Pb 1 Zn B HEH3MeHEHHHX DasHOCTAX 0CHOBHHX (ja3 BHEIPEHHS




Sympostum DE Exproracion GroQuimica 49

RAJIEIOHCKOI0 ROMILIERCA, TPeAIpHILaTce Ha OOMHPHOM RAMEHIOM MaTepmale,
IPeIBAPHTEASHO OMUCAHEOM IeTPOrpafIiechl, I0KA3AI0 COBSPIICHEO onpe,zze—
JBHHYI0 CLIOEHOCTL CBENOR K HAROWICHND B 0oxee KNCIHX, o Huana 3 Ooxee
OCHOBHHIX JidepeBnnaTas IPANHTHOT0 ROMIICRCA.

Kar pugmo #a tadr. 1, 57U 0COOEHHOCTH TEOXHMHUeCKOH ICTOPHE CBHHNA
¥ InERa 0cc0eHmo OTICTINBO HPOABIAIOTCH, ¢ OHOH CTODOHEL, B KDAHBIX
FIeRAY KOMILIERCa, 8 ¢ Jpyrofl B WeMemeHmE oTHOmeRHA Zn/Pb or 10,7 pug
amopuTon 1 1ad6poguoputon Ko 0,3 A1 MEIDHBX alIuToB.

Tloayuenssle PE3yALTATHL AMOT BOSMOKHOCTH DACCUUTATL CPEfHEe COJep-
SEATIHS CBUHNA I muisa fag wrrpysuit Cycaxsperoro faroamTa. IproHmad, 1ro
mopuponnpuee 1panguin (y,*) sanmmyair oroio 80% Beell mromaim oﬁm—
MAMTTNXCT UBBEDLOHERX mopoj, o Jxelinomparosue rpamutil (y,*) m Guo
ropsre TpannEl (,?) ToxpK0 16 10% I «m&*wr epejmee cojepmanne csmzfzm

rpanurongon pajffoms womer 0ty mpumaro b 2,56-1079%, a cpexmes cofep-
manwe nurmea 5410786, Kag 1 M,m«a; i*m TgeHHAd THODL 110 CBUTNY CYIecT-
fm ROTOPASL .upizmmm,ﬁﬁ B RAUYECTRE RIADEA A1 :z::*mwcpm
B TO BREMA RAL Jis I THOAVIRHERS HH(pa X0DOUID COTIa-
RAMII DTOTO HIGMEHTL B tﬁ'i‘ﬂmi‘”pc 5,0-10°3¢%).

3 €’H§I C BF

<1

t3

ERCRIN

a AYUCTITIEIE PCSYILTALOB [0 COTeDMANMI0 CHUHNA U HUERA B I0-
DoAY mauforee pacupoctpanentell sropol danm Bh{rl}}{:l"m (O3B GEDOBUIEEX
TDAMUTAX) JOET BOSMOMUOSTS CJeXarh D BOMEIAHIUH, RACAIDIEICH Goxee
UACTHRIX BOHDOCOB.
o pHe. 1 BEHAHO, WO AAZ OCHOBHOI MRCCH IDOMHAIMBHDOBATHERX 00~
5103 m f:»;i oroft asnt BHeIpCHII cojepaanne Ph xoxefrercd B Ipejelax
‘Tanuy 00paB0N, B cayune HOPoj ofHOM & Toll e (assl BHeJDEHHI
,w.no" I HETPOrpagHEIecRIe };1»”3 upg omeasaex QGamuil (or TvﬁathB
=0 TPREIIOB ), COJCDIRATIE CHUNTA B HUX £0Ie01eTe] TeSHATRTEABHO {pme. 1).

Y
1
.L
1o

B cayuae nnona TallofaeTed cOBEPIICHHO Hasl RapTiia. Rak BIgHO HA
pue. 2, cOgepmamie Zn B IGPOJAX b0l jme (ABIl DHEXDOHHS LoaedroTes

o ?

BOCHID BAAUNTOIRH0 — o7 30 10 00 y/T nopogsl. IIPI DTOM, TOXBERO B CIyIRE
gUeHs BREORNET comepmannil nuxa (o1 80 jo 95 y/T WOPOXHX) HPOSRIAETCA
HOROTODAS MPHYPOTLEHOCTS X 1 MOTAHORDATOBMA PASHOCTAM T0POJ (puc. 2).

B mmrepsaie ke o1 40 jgo 70 y, Ha ROTOPHE npnxomzm Goxee 3/4 1po-
MEAIEBIDOBANEEIS 00Dasnos, KakoH-1i00 CBABN MEEJY COASPINQHICH IHHED
B HeTpOTpafIYeckRANI 0cO0CHHOCTANE HOPO] IO0RA He YCTaHOBICHO. Heo6xo-
NMMO BAMETHTD, YTO IHOj0CHEIE e ROIeGAHISI B COACDIKAHIIX IHHRA OTME-
Gauch H JPYTEMI Hecaefomateamai. Tag, E. B. Cemgexr m C. C. Poxgua

* Rrapropoe cojepsmamie Ph IDHANMAETCT DABHBIN 1,5-10%9, n Zn
5-10%¢9, (A. TL Bumorpajos, 1955).
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Tabauna 1

‘Pacupejererre Pb ¥ Zn B 0CHOBHLIX (pasax BUEAPCHHS IPAHUTOHJOB
CycausIpcroro Garoxura

Copepmanne {rHomenn

Ocuosusie (assl BHeADEHHI Pb Zn Zn/Ph

(3 /1)

Jwopmrsr @ rab6pojHOpHTLL
(cpep. u3 amaausa 10 00-
pasIos ) 9 97 10,7

THop(uposnjaLie TPARETH U
AT 2
rpasofuopui ( y,? )
(cpepH. w3 aHaamsa 74
00pa310B )

oo

23
£o
[

56

JefiRonpaTosrie TPAHHTEHL
(v,*)
(cpenm. u3 amaimsa 18
00pasios) 31 29 6,9

AlnasHTe TOPOAEL (TOIBED
ATLIHTEL )
(cpeiH. us amaimsa 7
00pazmos) 39 10 0,3

KpymmozeprucTsie OHOTHIO-
BHie TPAHUTH (v,7)
cpepm. w3 amaimsa 15 00-
PasIos)

&34 €y

Ly

[N
|8
D
<

s et s
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(1952), Dpu aHAl3ax TPAMATHEIX TOPOJ I8 ORPyIa Jdogro (. Tercac)
JOTAHOBHAM EoiefaHNe B COflepmammix mumka or 40 10 120 4. Cogepwanne
7n B eppomefickux rpasmrax, mpusopmuoe C. X. Bejemozem (1953), roze-
puercst ot 5 1o 85 y. Haromen, Mommyn Moputa (1955), IpUBOLA QHAIUBH
wa Cu U Zn A4 DasiudHENX THIOB MOPOJ, YRABLIBAET, UTO B CAydae IPamuioB
cogepmanne Zn roxedirercsa or 10 g0 75 y/T TOPOAEL.

Bareere ¢ Ten, couoctapienne cojepmanmi Pb ¥ Zn B HOPQUPOBHAHEBLX
TPaHATAX y,® g OTeAbHEX PailoHOB 0aTOANTa MOKABHBACT HAINIHG HERO-
TOPEEX PAsAHYmil ALI OTAILHSIX ero vacrel (raba. 2).

o Koaw-  Coxepiamme  Ormomemie
Pailtosxn ‘I‘E‘;GTBO LiQiIOJHQHHD B Ph 7n Z0/Ph
ofpas-  OaroauTe 5770
0B v/t
Xp. Imywrox (memtp. @ 16 BoCTOUHAS
BOCT. q'(lGTB) ¥a,eTh 0aT0- 19 60 8.1
JNTA
Xp. C. Rasar-Tay 14 llenTp. 4acTh 25 61 2.4
faToIHTa
Xp. JHmyuron (3amajm.

YaCTh ) 19 ? ” 26 56 2,2
Xp. CapuraMbIm ‘ 10 ” ” 28 57 2,0
Xp. Cycansp (BOCTOUH. SanagHat

T3CTD ) 15 yaeth 0aTo- 26 44 1,7

JHTA,
Cpejnee jug rpamn-
TORLOB y,” 74 25 56 2.2

Tar BUIHO, B BOCTOUHOR wacrm 0aToauTa PAcHpOCTPAHCHLI WOPOALL, OTIH-
TaIOMTecd HISKMAN COJEDIRAHIEM CBHATA. B TEHTPAIBHOR TacTH GaToanTa CO-
Tepmanue CBUHNA I IUHER OKASHIBACTCA BECHMA OIISENM R CpeJueMy BHa-
YeHmI0 COJieIRARTA DTAX HIENEHTOB B TPAHNTONJAX JAHHOL (pasHl BHEADEHMNI.
Hakouel, B MOPOJax samajH0it gacTH GaTOIHTA nabaogaeTesa 0THOCHTEIbHOC
VMEHBIICHNE COJCPKAHIS LA,

IIpu »T0M HEOOXOMMO BAMETUTD, UTO Kak B samajHEoil, Tak ¥ B BOCTOUIOH
YACTAX GATONNTA BMEMAOUINE TOPOJLL OTHOCATCS K HUMHEMY IAXe0s010, B T0
BpeMd EAK B HEHTPAIpHON wacTn 6ATOINTA CPeH BMENAINIIX OPOA CYTIECT-
BEHHEYI0 POIb HIPAIOT MeTasOop(UIeCKHe TOMIH IPOTEPO3OL. ComocTaniIeHue
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BGEX HTHI (RRTOB JIaeT OCHOBAHIE NPeAUoIaralh, W0 B cayuae Ph ir Za, ie-
TALICTCHIYECRAd CHCNuANuzalaa HHTPYREI He onpejeasercsa pemanniaM
DIHAEEEM BMCHIQIOTMHE IOPOJ BEPXHET0 CIPYRTYPHOIO ADYCR, KAn Lpefuo-
AATAIT BeR0TOPEIe MecaeponaTern (A0nyanaes, X. M., 1954). Bepoaruee eero,
OCUOBHE T (ARTOPANI, ONpefeLI0NIMII METALIOTCHIUeCEY0 CHCIUPURY Tpa~
nHTERX nETpysnl B otnomennn Pb w Zn B paiome Cycampperoro Oaroxnra
ABISIOTCA CONPDMATHE BTUX SIEMEHTOn B HepBmumoll MaryMe n occlemmocTi
Tay6EEnol aceHMUISIET BMOMAIIIT HOPOL.

JErg TIOCAAYIOMINE UIEHCS OMUCHBAENOTO MATMATHUCCKOT0 ROMILECKCR Te-
PPHTOPHAJLIEE PARTILNA B COJCDRAREIX Ph 1 Zn Vike TOTTH HE DDOIBATIOTCI
7 ReaeOAHES B CONEDIBANAN VIFRA HeCKOIbE0 Mempine. B JelRORDATOBHE Ipa-
gurax y,® cojepimanne Pb noaetaerca or 24 1o 40 v; Zn — o7 20 0 40 4.

Y apare ger TELTA €T N - » AT e IR wn AQ S
B RHIbERT ainTax CONeDMLHEIe eBEEUA Rodebicres o1 26 o 48 o m mmna
]
— T '
L3 P o g N g e -y - ey P PP Ty, . L e o
Tax Tapawrepa pacupejenermza Pbow Zn om uo-

CUIOBRIHC

poax CyCammHpe
i v OCHOBIEIX BHIBOIN
1C DASBATHS MaTMATHUeCKOTO 0UATa CBUECH CTPEMITCS HARAIHNH-

)(EPOHINATAX, B TO BPEMA EAR CORERIRANile IUHKA B

caed

paTLed B : ]
p7ix GoIee IMOSANNX YIPHAX MArMaTHuechoro ROMILIERCA Taiaer.

2) Comepmanue Pb ¥ Zn B IZANANX (JA34X BHEADEHEA OLPCALIACTCT B
OCEOBHOM CONEDIRANUEN BTN 0JCMENTOB B HepBHYHOT Marye, raydunuoll acci-
MAANEeH BMCMAIHEX I0POJ, IPH CTAHOBICHHN NHTPYSHY, I I0CIeyIONIM
xoov pn(depenmIanen 00pasoBaBIierocsd MarMariIecioro ouara.

Kan ysie YRasLIBAI0Ch, BTOPEM BRLHEHTIM BOIMPOCONM TEOXHMUN PEJRIX I
DYAHBIX DICMEHTOR B HSBCDIKOHEBIX TOPIHX HOPOZAX SBIIIOTCI (OpMBL Ha-
XORIeHIS [ HEePBTIHOC PACHPECICHIC BASNECHTOR 0 MEHEPAIAM IO, Dopunt
HAXOEEEHIA I XaparTep ICDBHUHOTO DPaCHPOJeICHES DYAHBIX DICMEHTOB B
HOPOJay HAXORUTCS B CBABH ¢ BOUPOCAIH TMOTEHTHAALHOT PYAOHOCEOCTH HH~
rpysufl T METPATHUN YTHX DHICHEHTOB TPH JOCTMATMATHUECRAX UPOLECCAX H8-
MEHEHRS HODOXL.

CynecTByOnINe A0 CHX IO TPEACTABICHNA 0 opMAX HAXOWIENHs U Xa-
pakiepe pacupefereEnsa Ph n Zn 1m0 mugeparan H3pepiReHHBX TI0PO/] IeCHOABR0
TPOTABOPCYHBEL

C opmofi ¢TOPOHEL, BeAeACTBYE OANB0CTH NOMHEX PAJHYCOB CBUALY U RAIHLA
(Ph? — 1,82 3; B — 1,33 4) TPeJIoIAraeTess BOSMOKHOCTD H3030D(HEOTO
BXOMICNAS CBUENA B Rayuensie MuEepaasl. C jpyroff cTOpOHEI, pajl Hccie-
noBaTeIell NPH3TAET BOSMOKHOCT, HAXOELeHa Ph B 0poJax B BIje rajieHuTa.

Hsyuenne pacupefelenns CBHHIA Ii0 MHHEpalaM OCHOBHHX merporpadu-
JecKuX pasHocTell RAIEJOHCKHX FPamutonyioB CycaMbIpeEOTO faToIuT2 IOKA-

T

5
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Tabauma 3

eneleHAe CBUNIA 110 MHHEPAJaM RAJeJOHCRIX IPRBHTOB
CycaMEpeRoT0 OaTOIMTA

Muuepas

Copepaa- Cojpepima- Kormd. % Pb rio- Ofores co-
yue mune- Hue Pb B B MEHe- DPOJHL, Opi- KEpiranie
paga B MEHepaZe pade IPHE Xo4dul. Ha  Fb B0~
nopojie  (By /T) lepecuere  FauHEl Doge
(ppec.% ) ga 1l roo-  wmummepar (B /T)
DOIHL
(Bvy)

HepaBroMepHo3epHUCILE rpanmy v,*

Krapi 35.0 4 1.4 !
Hraruoriase 27,6 40 11.0 42.3
K-moxensie mumaro 82,7 40 13,1 50,4
Brotst 4,6 20 0 8 3.1
Marmerar 0.9 17 0,1 0,4

Cyata 26,4 1016 24

Bpyunosepnacreit OnoTar — POrOBOOOMAEROBII IpamaT * 2
Erapig 50,0 2 0,6 3
Hrarvorrass 24,0 26 6,2 N
[i-1i07eniie MTGTE 41,0 30 12,5
Buorur 4,2 14 0.6 &
Porosag oOMAHEL 0,75 8 G.1 3,5
Marmerur 0,85 G — e

Uy
K,’j‘: M

) 09,0 20

&
et PRV RE

Erapn

Tozonsie mMuarTel

}mor“r
MarmeTay

Jefizonparossiii cpejuesepuuctii rpamur ¢, *

32,0 3 1 3,3
65 3() 35 22,3 76,0
3,*’.{- 20 0.7 "2,3

0,25 20 0,1 0,3

Cyamna

-

24,6 81,0 3
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N

2470, UTO OCHOBHAS Macca BHTOT0 DIEMEHTA CROHIEHTDPHDOBAHA B IOJIEBHIX
nraTax mopoy (rabi. 3).

Kar Bugmo u3 Taba. 3, Ha JOI HOZEBHX INIATOB IPHIoZuTesS oT 76 10
93¢, ceuama nopof. Lpn sTon ofpamaet BEAMAHEE TOT (HART, UTO COJepEaHue
570T0 DAEMEHTa B K-IOJXEBHX INatax HE OTINYAercd 0T er0 COZeDKaHid B
niarroniasax. Hean B R-IONEBRIX INIATaX MOKHO IPEIIOIArarst H5eMODQHOe
BXOIRICHYE CBHHIA, TO B CAYUAE TMAATHORIAZ0B 9T0 ABHO BaTPYAHUTEILHO, TAR
RAE HELARIX JARHBIX 0 BOBMOKHEGCTH BaMENICHUA CBUHION HaTDPHS I KAJbIIHL
mer. O6pamaer Ha ce0d BHEMAHHE U TOT (JarT, UTO B IPYTOM KAJIHEBOM MHlie-
pare-6HoTHTE COREPLmAHIe CBUHLR II0 BCEX CIYUAAX B JABA Pasa MeHblie, He-
eI B MOXEBHX MIATaX X MAJI0 OTIHYACTCd 0T COJCPIKAHEd SBUO He H30MOPQ-
HOrO CBHENAZ B Marmermre. Ilofo0HOe pasiuyne B CORCPIEAHEAX CRHHIA B
ABYX KQAHeBHI MUHEPAIAX, BHJHEMO, O0DBACHACTCA CTPYRTYDRIBIM IOIOKCHIEM
raqng. Kawn mspecrtHo, xajufi B OWOTHTe HMeeT OYeHb O0JRHIOE EOODHHA-
II0EHOEe YHCT0. BMecTe ¢ TeM HBBECTHO I T0, YT0 CIPYEIYPHL ¢ KOBAJSHTHEIMH
CBIBAME UACTO XAPARTEPUSYOTCA HESKHUMA KOODIHHANHOEHEIMI YHcIaMH. Bos-
MORHO, UTO CYIIECTBEHEO ROBAICHTHBIH Xaparrep CBASH CBUHIER ¢ RHCIOPOKOM
11 00YCAOBITBACT TO, UTO OH JOTYe BAMEINaeT KAJmil B TeX CHIMEATHEY CTPYR-
TyPax, B KOTOPEX BTOT BIEMEHT HMECT MEHUIIEE KOOPAUEANHOET0S YHCI0, — T.€.
B I-I0JeBHY MImarax.

Xaparrep pacupefeleHus CBHHNA 00 MHHEPAJaM IOPOJ Jal OCHOBAHUE
IPeIIoOI0RATh, ¥TO TOIBKO HEROTOPas YacTh CBHHIA IODPOAH OyierT m30Mop(HO
cBI3aHA B KAJHEBHX Mumepaiax. Jpyrag e Uactb CBHHIA IODPOJHI, BIJTHMO,
OVIeT HAXOJUTHCA B BIjle Tak HasuBaeMod “BHECHIBRATHON” (HOPMEI, MHHEDA-
JOTHUECKH LPeIcTaBieHHoH, BepoaTno, CYOMUEDOCKONEYECKUMT BHACICHUIMN
IDETNYIECTBEHAO TAJCHITa HIH CAMOPOJHOTO CBHEIQ.

JlIsi IPOREPRE BTOTO IPEMI0I0MKeHNS OLI0 HPOBETeH0 H30HPATeIbEOe BEI-
melavHBaHAe CBHHLA I3 IOpojsi. B nawectse pearemta Omaa ssaia 0,2 N
coasHAS RECI0Ta ¢ Jobasrmoit NaCl me pacuera 1 r/iwrp pacrsopa. Kumcaora
M0X00HOH EKOHIEHTPAHN I0YTH He pPaspyliaerT CHINKATOB, HO XOPOUIO pac-
TROpAET MPUPOREEH raremnt u cazepur. Jobapnemme B pearent Nall obye-
J0BIEHO TeM, UT0 B H30MTEe XI0pHCToTo HATpHA OymeT 00Pas0BBHIBATLCL
roymaexc Tuma Na,[Pb L1, ¢ Goapmmelt pacTBOpEMOCTRI0, Hewexn ¥ PbCL,.
PesyapTaTsl OMBITOB 110 BHIIEIaURBAHNI0 CBEJIEHH B taba. 4.

Kag BUEHO, B Pe3yAbTaTe TMOZOOHOre M30HPATENFHOTO BEIMIEIAUNBANLI, H3
nopost msBaexaetcsa 0T 30 go 50% HAXOJAMEIOCT B pefl cpmuma.

Pag 06pasnos GELI TOJBEPTHYT YOTHPEXEPATHONY BHITCIAUNBRHII0, TPHTeN
B5x0n Ph OmpeelsIcsd MOCke KAKEOTO BRINEIQHBAHWI. OTH ONBITH NORA-
3411, YT0 OCHOBHA MACCH BEIIIEIATABACMOTO CBIHIA MOOHIHBYETCS HB IOPOJKI
yite pH nepBoM Brmeiaunsammn (75-80% 0T BCETO H3BICKAEMOTO CBHHTIA )

Tabanoa 4
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H 0TYaCcTH OPH BTOpoM. TpeTbe W UeTBEDPIOe BHINIEIAYHBAHNA CYIISCTBEHHOTO
BHIXCJ2 CBUHIA B PAcTBOP HE JaWOT. oT0 JaeT OCHOBAHEE IIpeuosarars, uTo
opu mopo0HOM BHINEIaUMBAHHE Uepexojamiufl B pacTBOp CBHEST NDHEAA-
TERET RARUM-TO JETEO PACTROPHMEINM B NaHHOH cpefe wmuEepazam. B wact-
HOCTH, TAKAMH MUHEDAJaMH MOTYT OHTh TQICHAT, CAMODOAHIIEl CBHECI H 7Ip.
BrmgiaunBane CcBHEIA 03 (pakuuil K-H0JeBEX IIMATOB HEKOTOPEIX ThHamp-
TOHJOB MORAB3AX0, UTO B HTOM MHHEpAJe MOUTH BECh CBHHEIN, BHIHMO, SBILCTCS
m30MOpQHEIN (B cpefHeM ¥M3 L-II0XEBBIS LINATOB BSBAEKAJIOCh 1595 Haxofn-
LIerocsa Tax CBHHLA ).

Taxmy o0pasoy, ecam B [-T0XEBHIX MIaTax HBYUABHXCSA TPaNHIOHICH
CBHEEI] MOYTH HOJIHOCTHIO HAXOAHTCS B BEe H30M0p(PHONR IPMIecH, T0 B FPyIi
MEHEEPAIAX MOPOAL OF IMOBEIIMOMY HAXONUTCS UDEHMYIIeCTBEHAO B BIAe “Blio-
cunrraTHON” (OPMH ¥ ICTKO BHITEIAUHBAETCA CHENUQUUECRINT PacTBOPHTC-
IMH. B cBASH ¢ TeM, YTO mpejeTaBIcHuC 0 “BHecHANEATHON” (Qopme cpumEmn
HOE® OCHOBHIBAETCA TOABK0 Ha HAMMIEE B TODOJAX XHMEUCCEN JOBASaBHOH
JCTROIOABIKHOR YACTH aTOMOB BTOTO BIEMEHT2 TCBOPHTH 0 MHEEDAIOTHIECROM
xaparrepe Beenennit sToff Qopuil ovens TPYAEO. DU MBYUCHNE HPOTOXOYCH
OIICHBAGMEIX TPAHHTOHL0B B EECKOIRPEEX ININX2X OLII0 OTMCUCHO HALNYHE
CaMOPOAHOTO CBHONG AN rafcunra. Ha HaXOZRH eAHHMUHIIK BeDeH TafeHHT:
I CAMOPOJHOIO CBEHIQ B TPABUTONZAX YRASLIBAINL H JEPYIHE MCCICTOBRTEIN
(Typoserult, C. 1., 1953). Moxuo npeguoiarars, 9I0 MEHCPAJIOTIUOCEE “Bie-
CHAERQTHAT (JOpMa CBHHIR BEAUMO OFACT NPEfCTaBICHa MERDOCRONIICCRIN
H cyOMUEDOCKONWYECKYN BLLICICHUAMY CBEANOBEX MHHCDAIoB (IPenMymiec:-
BEHHO TAJEHHTA W CAMODOLHOTO CBIHIZ), ROTOPHE O7AYT DPACHOIATATHCS I
HOTEPCTHHHAY ¥ 10 TPEIlHEAM B HOPOZ0o0pasyomus MIEHepaIax,

IipepcraBrenns 0 PacHpEeIeHnl MUHLA [0 MHHEPATAM LOPO] Tamke Kok
I LIS CBHHNG ABLIIOTCA HECKOIDLO UTporusopevussivi. B. M. Doappmwmnr, a
Beaek 3 HEM I MHOIKE JPYTHE HCCICHOBATEAN CUNTANH, Y10 THEE TpEHMy-
TIECTBEEHO JOMECH KOHUCHTPHDOBATLCA B JHEIEBO-MATHHEBHX CHIHRATAX, TN
OH MOMEET JETKO BAMEUIaTh MAIumii H ABYXBRICHTHOE iReleso (Zn*" — 0,83 i;
Mg* — 0,78 ) 1 Fe** — 0,83 4). Tompzo I'. Hefimamn (1944) upenmonomun,
I10 GUHEE B ESBEPEEHHEIX TOPHHY NOPOKAX MOKET HAXOJHTHCI B BIHIE CTOMI-
EDOCKOIHYCCKEX Buijexensnil carepura. 910 mpennoaokenne Hefann ofocro-
HBA% TeM, UTO BO BCEX COOCTBeHHBIY CHINRATHHY MULEDAIas DUOL HMeer
YETBEPTYIO KOOPAUHHALNN, BTO BpEMS KAl B JMEIC0MATHUCBHX CHINRATAX et
n Mg¥ mMenT IecTeDHYI KOOPJHHALHED. 910, W0 €0 MHCHEI, JOLRHO 34~
TPYEESTD BO3MOMHOCT, E30MOPQHOTO BIOMIEEN UUHEA B JAHAHE MUHEDAILL.
CrocofHOCTs TMEHREA BXOANTH B COOCTBEHUBIC CHIHKATHEE MUEEPRIS B UeT-
BepHOi ROOpAEHAUME 0esyCI0BHO JBAJETCA caeIcTBIeM ocobennoctell eTpoeHns
aTOMOB BTOTO dieMeETa. TOT (arT, UT0 UHHR B ABYIBADALHCM COCTOSHAN
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06xaacT MempHIell MOIAPU3YeMOCTIE0, 0 CPABHeHnn ¢ momamu Fe*” um Mg,
06yCIOBINBALT IOHMKCHNC XNMUYECKOH aRTHBHOCTH HOHOB IUHEKA.

B eBSSH ¢ DI, B @EERO30-MATHUEBEX CHIUEATAX HOHHL Fe® m Me™, Oyayr
CBARHBATHCS MPOUHEE, HEWCIH ¢Ia00 IOXAPHSYIONNecs MOHBL MHHEA.

Tarmy 06paso, mpegmoaorerne I, Heflmamna 0 HEBOBMOKHOCTH H30MOP(-
HOTO BYO/ATEHILA HUAKA B KeTe30-MaTHIeBHe CHIARATH Takke UieeT HeROTOPDIe
OCHOBAHIL.

Visyuenne pacupejeleHua INHEQ IO MHEHEDAiaM TPAHHTOHZOB IORAZAJIO,
Y10 THER JeHCTBUTCALEO ROEIMEHTPHPYOTCA B KeIe30-MarHHeBHX CHIHKATAxX I,
npexae Beero, 3 Omornte (Tadl. ).

HeroTopEs HCKIDUeHNey ABIIETCA TOIBKO IefiRORDATOBEE rpanut. B o10M
ofpasue 0TMeTeH0 BEICOKOE COfiCpHanie MHERA B HOXEBRX INIaTax, W10 o0ye-
AOBIIO TPHYHOIEENOCT, 3UaUNTEIpHOfl TACTH IEEER MOPOAE (0KOIO 40%) =
pruy MmEepaIaM. OUano I B 9TOM oIyIae B Onorure wabiofacTes 0TCHD
BEICOLOE COfCpRANNe TEAKA U cpbime 50% ero TPHYPOUenO I STOMY MUHEPALY.

Iloayuenusie PeSYIHTATH JOCTATOUHO XOPOMIC COTIACYIOTCS € JIAHBLIMH
gpyrox meexegoparexeft. Tar gus rpammra Toynm MayRTUH, H3YIEHHOTO Cam-

ALY
jell A

pemton 1 Domrrsen (1953), HPHBOJUTCA TAnoe PacupejeleHue IHHER *.

O% THERA T10POJHL, IPHXOLIHHHES
Ha fampoifl Mumepan

Knapr . . 5
ilonenmre muarTsr . . 5
BHOTET . . « v v e e e e e 85

Kax Bugmo us 1adl 5 cofepikaiue NuHRa B OHOTHTAY, JBIAIONINXCST IiaB-
HENE TeMEONBCTHENT EOMTICHENTANH UByUABINIXCA Topop, Ooxee vex n 10
pas IPEBHITACT COJCDIRANEEe TIHEA B HOpofax. DIICORNe COTEDARIT IIMHKA
B Gmortirax upmporarca m k. X. Begemozen (1953). Cmemudmueckas KOH-
WEHTPATI ITHHES, B (HOTHTAX TPannTonfos Cycarsperoro 6arointa morBepik-
[AeTC ARAIUBAME OMOTHTOB PALA APYTHI 00pasuoes I »roTe paiona.

Copepmanne Zn
(B %)
1. Buoter m3 MeIAHORDATOBOTO ILIOric-
rpanaTa (Xp. CapBRoMLIT) (.049
2, Duorme #3 M3arHorpadnta

(xp. CopHIRAMBIII) 0,045
3. DBuorir n3 DOpQEPOBIALOTO TPALnTd

(xp. Jmyyroxn) 0,049
4. BHOTHT B3 EPYIHOSCPUHCTOT0 TPANATL

(xp. Cycaynp) ¢,079

“ {[pomentisiil IEPecUeT Geral aBropoM nacrogniell paborH.
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Tabauga 5

Pacupefesennie MUEKA 0 MHEEPAJAN EaJICJOHCEUX IDANHTOH/0B
CycaMpIpckoro Oaroaira

Cogepma~ Cogepina~- Koa-oZn 9 Znuo- (bmree co-
Hie MUHe- FHe Zn B B MUHE- POJBL, IPH- JHeDiKaHne
paja B MEHepaJe paje UPH XoAIUI. Ha  Zn B II0-

Mugepaa mopoge (B y /r) mepecuyere  JAHHLIT poae
(BBEC.9 ) ma 1 rmo-  amEepar (By /T)
POABL ’
(B )

HepaBHOMEDHO3CPHHCTHE IpannT v, 2

KBapir 35 7 2,5 6
Hoxesnie muarsl 60,3 10 6,0 15
Brorur 4,0 870 34,9 87
Marmerur 0.6 100 0,6 1,7
Cyyma 44,0 109,5 40

o

KpymHo3epEHCTEH OHOTAT — POrOBOOOMAHEOBBIHA TPaHUT v,

KBapy 30 11 3,3 6,3
Hoxeprie mMIIaTH 65 12 7.8 15
Brorut 4,2 740 31,2 60
Porosag obuamEa 0,75 710 5.3 10,2
Marzmerur 0,25 190 0,5 1,0
Cyuma 48,1 §2.5 52

JefigorpaToBsiil chepHesepUHCTEH TpannT v, 3

hBapy 32 7 2,2 5,5
Tlonessie mmmaTol 65 24 15,6 39

Buotur 3,4 620 21.1 52,7
MarmeTut 0,3 230 0.7 2.0

Cymua 39,6 99,2 40

RYe BT E e
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Taxmy o0paso OpefcTaBienne 0 NPEIMYIIECTBENHOH KOHIEHTP AT HHHES
B #eNe30-MATHHEBHX CHINKEATAX OKABBIBAIOTCSA COBEPUIEHHO CIIPABE;LINBBINI.

Bmecre ¢ Ten, OUBITEL M0 H30HPATEILHOMY BHINEIQUIBANTI0 IHHES I0KA-
3aJH, UTO HECMOTPS HA HONOOHYI0 €ro IPHYPOUEHHOCTh % IKENEB0-MATHHEBEIM
CHIUEATAN, OCHOBHAS MacCa aTOMOB DTOT0 DIEMEHTd JeTRO H3BISRACTCS HB
mopoxrt 0e3 paspyieHHd PemioTOR CHINKATHHIX MuHepalon. Hsbupareinmoe
BHINeIAUNBaHNe IHHED E3 00DAsmoB HCCIEJOBABIIMXCS TDAHUTONIOB IDOBO-
JIHICS Takie, Kak U B CIyYae CBUHUIA. PesyIbTaTE ONEITOB CBEAEHH B Tadx. 6.

B cpepHeM, D0 JaHHBM aHalusa MecTH 00pasuoB HMBYUABNINXCS TDaHM-
TOLLOB, IPH I0J00HOM BHINeIaUHBAHUN H3BIeRaeTeS cpsnme 809, Haxomd-
merocd TaM DHERA. IIpm 8T0M cielyer saMeTuTs, YO TARKE RAR H B CAYYAE
CBUHIIZ OCHOBHAS MACCa PACTBODIMOL0 IHHRA HBBIEKAETCA U3 HODPOJH Yike
IPH [epBOM BHIMEIAUHBAHUE W 0TYACTH IPH BTOPOM. Iocaenyiomme BHINISIa-
YHBAHHEA HHKAROTO CYLIECTBEHHOTO JeiicTBHA e ORasmBaint. Kpome BHIIera-
UHBAHNI IUHKA U8 IODPOJ, OHI0 NPOBELEHO er0 HBBICUYCHWE U3 TPEX MOHOMI-
HepaJpHHX (parnufd Cmoruros. Bo Beex cayyaax OEA3QJ0Ch, Wro mpm Tarofl
odpaforre m3 Ouornron mamaeraerca or 70 xo 809 maXopamerccd B HUX
TUHER.

Tarmy 00pa3oM OOBFITH ITOKA3aIH, TT0, HEECMOTDPA HA BECOLRVI) ROHIEH-
Tpalyn UpHEEa B CHOTHTAX M [ADPYINX JEeNc3o-MATHHeBHX MUHEpAJax, Ioc-
Tefnuil B HacTOSIEE BPeMsS HAXOZWICd TAM He B BEAe m3oMop(Hoil mpummecs,
a B nuje Zerro-noipmunofl (“muecmrurarnofi’”) Qopusr. IIpuypoueRmoCTs 0C-
HOBHOH MACCH IEHEAQ K JKCICR0-MATHNEBEIX CHIERATAM MOmeT 0wTh o0bhIcHeHz
TEeM, UTO ODU EPHCTRIIHRANNI MATMATIUeCKOT0 PACIIaBy AR HellcTBATENHHD
BXOTHA H30M0PHHO B BTH MEHEpAInl. DHicoRad TeMneparypa, ¢ymecTBOBABIIAL
B 10O BpeMd, clierdain proT mpeiece, udo Osarogapd sroll TeMIeparype HMOmnI
MUHEES HMeIH GOJLIIyI0 aRTHBHOCTH U MOTAH JCFYe BXOJANTD B DOIICTRN CIUii-
EKarop. B paapmelimen, Npu DOHMECHHA TEMUEPATYRLL, OTH TBEDANE DACTRODH!
paclajalich ¢ BHCBOOOKAEHNEM UNHRY U3 DEMIETRH. I PeRyisTare TeDBOHA~
YRJIBHO HB0MOP(HO CBABAHBLIl IMIHE HEPESOINI B JICIHOXBINKHYIO “BHECHIN-
EaTHYO”’ (OopMY, OCTaBAACh B KpHcTalLiax GHOTHTR X Jpyrux Fe — Mg mu-
mepagon. C jpyroft cTOPOEEL, IPH KPHCTALSH3AIEN MATMATHIUCCKOTO PAacHians
YACTHYHO MOTJQ HMEeTh MeCTO copOmud numka OHOTHTO:.

0 MuHeparoTHIecROM xaparrepe Bpijerenull “pmecmiunartEofl’”  Qopunt
IHHLA TOBOPHTH eIie TPYAHEee, YeM B cayuae cumuma. Bosmomuo, UTe MuHEpa-
JOTHYCCEH BT (JOpMA MOWeT OBTh UPEICTaBICHA MURDOCEONHIOSRUNT IT ¢y0-
MUEDOCROTHUECKINH BRIEICHIAME chalepuTa, 0Co0eHH0 B TEX Caydady, KOTia
CYIIECTBEHHOE KOIUTECTBO IMMNEQ ORABBIBACTCA WPHUYPOUCHHEHIM R IIOJEBHIM
mratad. B OHOTHTAX ke MOEHO ORWEATh e TOALR0 BAJIHYRA CYOMIEDOCKO-
OHYeckHX Bejedenuil caiepura, H0 I aTOMApPHOIC PAcCequisd THHEA.
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TIpuBejienuble BUINe JAHHIE YRASHBAIOT HA T0, Y10 B NOPOJAX B Dajamce
CBUANS H IEARA CePhesHOe BHATCHNC HMEeT TAk HA3hBAEMAs “BHCCILINEATHAL
dhopua. Jerras HOFBWEEOCTs HTOH UACTH ATOMOB bIEMEHTOB OyAeT HMeTh 0C0-
GerHo OOAbIIOe SHAUEHHEG IPH HOCTMATMATHUECRHX IPOLEcCax, KOTOPHIE BU-
MO OyAyT MPUBOJHTH B BILENNE SHATNTCILHEE KOINYEcTBA PYREOTO Be-
HIBCTRA.

TocTHarNaTHYeCKIe IPOIeCCH MB3MEHeHN TOPOJ 00BITHO PA3BUTL BHAUH-
TEADED THHpe, WeM PYAHHY TPOTece, I XaParIepusyorcsa 0Uens OOXBIIAN JHa-
BA30M0N (PRBARO-XUMUUCCKEE YCA0BRH 1 COCTaBA PACTBOPOB. JLeTECTBEHNO, UT0
UPE BEES BINY APONeccax HPOHCXOfHT MIIPAMES He TOIDEQ OCHOBNEIX KOM-
TOHOHTOR, HO B elle 00ubuiell cTeNenn — pPY/HBX DIEMEHIOB H, B TacTHOCTH,
Ph 1 Zn. Iootouy UPEfCTABISeTCd, YT0 BYAHNE YCJOBHI METDAUUN pyIHBIX
DACMENTOR DI DTHY PONECCAX UPHOfpPeTaeT MEePBOCTENeNI0e BHAUCHHS i
BELABACHIT VoIoBni ROWIENTPAIT H PACCESHES PYAHOTO BEMIGCTBA T B EO-
WEWHOM ITOTE TONBOLIT OJIGe BCCTO X BOIPOCAMI TEHCTITeCKOH ChABd HH-
TpySEE ¢ opyieHenues. HecwoTpa [ BEIO CAOWHOCTh I TPYAHOCTI MBYICHHA
VeIORIEH METPAIN PYREHE DJEMCHTOD IPH NPONECCax IOCTMAIMATIIeCEOrO
UEMeHeHIA HOPOE DTO MOme! IOMOUb B DAsrajike Hporecce, NPHBOMANETO X
ROTTENTPALTIL TOr0 [N HI0TO bIexenTa U B BHpadoIRe O0LERTHBHEX LPH-
Tepiien MONEROB CACIX PYAURS saiesiell, U0 B HACIOANEE BPOM ABIACTCH

raananit sazavell TCOIOTHIHL. »

TIpeaBapiTeIbIoe H3YIeHNe HAXOMACHNS CBUHIA H NIHRA B M3HEHSHNHX
DASHOCTAX TPAHITONoR CyeaMspeROTo DRTOXNTA, MORA3AX0 GONLIIVI0 CIOME-
roers o1of pobaeyr. Cpen E3MeHeNRRX Iopoj Hamuboxee MEPORO PACHPOC-
TpAHENE PASHOCTH, NDETEPICBINIe HIBROTENIePATYPHOe THAROTEPHMALI0e M3~
MEEeHHe, ROTOPOe B OCHOBIOM BHPARNIOCH B CePOIUTHIAINN MOJEBIIX MIIATOB
I SAOPEIHSANNT OnoTHTos. MarpOCKOUHIECKEE 9T N3MEHeHHLC TOPOAHL IMeIT
APROEPACIYID ORPACKY, TVABIRD 00DPAs0M 3. CUET IeMaTHTa, PACILLICHHOT0 B
ToTeREE muarax, OOMYHO B HIHY DASHOCTAX He HAOMOFReTCS CYMICCTBEHHBIX
wsaenennll B cogepmamy Ph man Zn D0 CPABHEHHIO ¢ NEHSMEHeHHBIME TI0PO-
gasir. Ommano, masg paga ofpasnos OBA0 0TMEUEHO BHAUMTEILHOG YBEIIYCHHS
coepmanug cnuanga (10 80 y /r mopojer). 1IpH 9T0M CIEJyeT SANMETHID, U0
B HECROIDREY CAVYaSX IOZ0GHBIe DESRHC NMOBBIICHHI COJEPHEAHHSI CBITHIE
ORLIG OTMEUYEHE! LI 1OpO, KOTOPEe He HecyT RaRmx-Iu00 HPI3HAROB THAPO-
TEpPMAIBHOTO HEMeHeHHa (XP. Kapar-Tay). 570 JaeT OCEOBAHEE OPEAHOIATATH,
Y10 TPOTECC KOMTEHIPAINN PYAHOTO BemiecTsa B JAHHOM pafone 0BT OTOPBAK
BO BpEMEHH 0T TIPOIEcea HOCTHATMATHICCROTO HINEHeHNS HOPOJ. Wax mpasuio,
PYIHNe PACTBODH INIH 1O 0CcHa0ieHHBIM B0HAM THAPOTEPMAILHO H3MEHEHHRX
wopoy. ONHao B PALe CIyYaen HTOTO YHACTCTOBAHIT HE OBLT0 W PYJHEIE pPacT-
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BOPH, OTAMYABIINECH, BHAUMO, 0UeHh cIaboil XuMuyeckoll aRFHBHOCTLIO, IINH
uepes HeHsMEHEHHBIe IOPOJLI, 0CTABIAL B HHX ¢BOl moxesHEH TPya.

B meroropmx paffomax (Bocr. wacTs xp. EYMIOI) OTMEUAIOTCS BOHH
0UeHh WHTEHCHBHOI THAPOTEPMAIbHORE UPopadoTRI TPAHNTOR, KOTOPad NDPHBLIS
He TOJBKO K IIOJHOMY BEIHOCY HB IOPOJ TEMHOIBETHHIX, HO Jake H K HeKO-
TOPOMY BEIHOCY KBApIa. AIT BTUX 30H Xaparreped Bruoc Ph m Zn. Hampiuep,
B OHO W3 TARUX 80H HAIIEHO, UT0 B c1a00 H3MCHEHEHX IDAHOHODHUTAX y,2
COjiepianne CBHHIA H THHKY COCTABIIET, COOTBETCTBEHHO, 18 w 58 v /T mo-
pojiisl. B Pesro M3MEHeHHHIX e DasHOCTAX BTHX IOPOJ CONEpILAHNe CBHHEIA
0E23a10Ch DABULM 4 y/T, a THHERA MeHee 1 +.

Msyyenie xaparTepa pacupejelenlsd ¢BHANA H MHAKS B G0KOBHX LHOPOIAX
PYAHBIX MECTOPOMACHUHR IORAsHBaer, YIo B JaHHOM paliome mepBuumnie ape-
OJBL PACCESHAS BTAX HACMEHTOB HMMET OUCH, HesHAUHTEIbHBIe pasMeps (3-5
M) ¥ BUJEMO JOBOJXBHO TOYHO OTBEUAIOT BOHAM RKOHOEHTDAIET DPYLHOTO Be-
mecTsa. IL0j00HAs JOKAIPHOCTS NMEPBUUHBIX APE0J0B PACCeANHS MOXeT OBITDL
00BsACHEHa TeM, UT0 B pafioHaX ¢ OTHOCHTEADHO CIAUBIM PASBUTHEM PYAHOTO
BTane PaCTBOPH IMOZHMMAINCH [I0 YSKHM B0HAM I ¢OpacHBail ¢Boil mosesHsi
Ipy3 B 0UeHb Ee00JLIIOM WHTEDPLAJe.
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ETUDE DE LA REPARTITION STATISTIQUE DE L’URANIUM
DANS LES GRANITES. CONTRIBUTION 4 LA PROSPECTION
GEOCHIMIQUE DES GRANDS MASSIFS

R. Couroms * M. GOLDSTEIN ET
M. LEMERCIER

ABSTRACT

Létude statistique de la répartition de T'uranium et de certains accompagnateurs dans
divers granites, permet d’espérer dégager des régles générales sur Pefficacité métallogé-
nique de certains massifs. L'étude est en cours sur plusicurs batholites francais.

[—BUT DE LETUDE

Le service de minéralogie du Commissariat & I'Energic Atomique poursuit
depuis des années des études sur le comportement géochimique de U'Uranium
dans différents matériaux naturels (roches, eaux, sols, végétaux).

Nos premiers travaux ont été axés vers des objectifs pratiques tels que la
prospection géochimique. Les méthodes que nous avons mises au point sont
actuellement exploitées avec succds a I'échelle industrielle par une section de
Prospection Géochimique dont les travaux vous seront exposés dans une autre
communication.

Ceci nous a permis de nous consacrer 4 des recherches moins directement
utilitaires, plus théoriques, et débordant largement sur la géochimie pétrographie.

Nous pensons cependant, que I'accumulation de résultants bien exploités,
non seulement sur IUranium, mais sur la composition chimique en général
des roches, combinée avec une étude pétrographique serrée permettront de
guider eficacement e géologue.

Nous nous sommes proposés en premier licu, I'étude de I'abondance et des
lois de répartition de différents éléments dans quelques massifs granitiques
francais, dont la prospection est déja avancé et dont les gisements sont relative-
ment bien connus afin de nous servir de base de référence.

* Chef de la Section d’Etudes Géochimiques. Commissariat & PEnergie Atomique
Pomenay-aux-Roses, France,
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Nous nous bornerons ici & Pexposé de la répartition de 'Uranium, du Sodium
et du Potassium dans 3 massifs. Notons en passant que ces travaux ont été
menés avec un rythme industriel en tenant compte de certaines réalites €cono-

miques.
II-ECHANTILLONNAGE

Une telle gtude implique certaines conditions de base qui sont trop souvent
négligées.

I’échantillon prélevé doit éire siatistiquement ef géologiquement valable.
Ceci néeessite une collaboration étroite enive le géologue et le chimiste. La
nature pétrographique de l'échantillon doit étre déterminée avec exactitude,
et Uimportance du prélévement doit &re fonction de la grosscur des grains
afin d’éliminer les erreurs grossidres d’échantillonnage. Endiin, la précision des
analyses doit 8tre compatible avec la précision de échantillonnage.

Nous avons prélevé les échantillons & une maille aussi réguliere que possible
de Tordre de 1 ou 2 kiloméires, soit en affleurcment, soit en carriére en essayant
Favoir les parties les plus fraiches. \

La grosseur des échantillons a varié de 500 grs. & 5 Kgs selon la structure
de la roche.

Une partie de I'échantillon a été gardée pour lames minces. Le reste a été
concassé, broyé, soigneusement quarté dans les conditions les plus sirictes de
propreté, dans un atelier de broyage spécial entiérement du point de vue

Uranium.
IT—EXAMENS DES ECHANTILLONS

1°)—Du point de vue pétrographique les échantillons ont été examinés
macroscopiquement, microscopiquement avec étude & la platine de “Fédoroff” —
certains échantillons ont fait Pobjet d’une étude en platine intégratrice.
20)—Du point de vue chimique:
a—Tous les échantillons ont éié dosés: en Uranium par la méthode fluorimétrique.
b—Tous les échantillons ont été dosés: en Sodium et Potassium par spectro-

graphie de flamme.
¢—Un échantillon sur 10 a été dosé pour la Silice.
d—Un échantillon sur 30 a fait Pobjet d’une analyse compléte de roche (13

éléments).
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3°)—Du point de vue radioactivité:

a—Tous les échantillons oni été passés au compteur « a scintillation.

b—Tous les échantillons ont été passés au compteur y quelques analyses de
Radium ont été effectuées afin de vérifier I'équilibre U/Ra.

c—Un certain nombre d’échantillons a été examiné par les techniques auto-

radiographiques.

IV—EXPLOITATION DES RESULTATS

Ceci nous a fourni une masse considérable de résultants bruts portant sur
plus de 400 prélévements.

L’exploitation d’un tel nombre de résultats, implique certaines idées direc-
trices afin d’en tirer une vue synthétique. L’emploi des représentations statistiques
classiques procure une aide indispensable. Nous avons ici des “populations”
de prélavements et il s"agit de définir le ou les “caractéres” que nous voulons
examiner.

Nous avons pris comme caractéres, simplement les teneurs en U, en Na,0
et K,0, mais Pemploi de caraciéres plus complexes nous a donné des résultats
particulidrement intéressants mais qui déborderaient trop de cette communica-
tion. Une fois le caractdre défini, il convient de grouper ensemble les individus
qui ont les mémes valeurs du caractére examine.

Une premiére idée qui vient, est d'essayer de répartir les valeurs du caractere
sur la carte de prélévements afin de voir si un groupement par zone géogra-
phique se produit, ce qui permet de dessiner les distributions géographiques
reguliéres.

Une deuxidme méthode moins intuitive est d’étudier la distribution statis-
tigue. Pour cela on dressa un histogramme de distribution du caractére en grou-
pant les individus par tranches de méme valeur.

L’examen de I'histogramme permet en général par un “polissage” de passer
3 une courbe de jréquence. Celle-ci étant considérée comme la représentation
géométrique d’une loi idéale de distribution.

L’allure de la courbe suggére en général des “permanences stutistiques”
apparaissant dans les phénomeénes les plus divers.

Parmi les lois statistiques les plus courantes, on peut citer ia loi normale
(Gauss-Laplace), la loi de Poisson et la loi Lognormale.

Cette dernidre a pris une importance toute particuliére en géochimie, a
tel point qu'une loi fondamentale a été proposée par Arhens. Dans une roche
donnée: ‘la concentration d’un élement est distribuée selon la loi Lognormale”.

¥

.
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Cette loi est discutée, nous donnerons dans ce travail notre opinion sur le
sens physico-chimique de cette loi que nous admettons pour le moment, comme
base de représentation.

En effet, nous verrons au cours de cette étude, ainsi que dans une autre
communication, que nous avons une quasi permanence des répartitions en
courbe en cloche plus ou moins dissymétrique. La dissymétrie élimine la lof
normale: on est amené & choisir la loi Lognormale plutét que la loi de Poisson,
car on dispose de 2 paramétres qui permettent 'ajustement commode des courbes,
et de plus la manipulation des calculs est simple.

Lotr LOGNORMALE

Si x est la tencur, son logarithme est distribué suivant la loi de Gauss. Ce
qui veut dire qu'un échantillon prélevé au hasard a la probabilité:

(Lx -L) 2
0'\/237 202

2

d’avoir une leneur dont le logarithme est compris entre L x et L x 4 d x.

On défini la médiane y qui est aussi la moyenne géométrique des teneurs
) -1

La variance o2 = —— (Lx — Ly)?

1
et I'écart type o

Nous donnerons donc pour chaque distribution:

la moyenne arithmétique: am
la moyenne géométrique: jm
et 'écart type: o

V—ETUDE SUR LES REGIONS DE VENDEE ET DE BRETAGNE SUD

Nous avons étudié deux zones, l'une en Bretagne et l'autre en Vendée —
faisant partie du massif granitique qui de Parthenay a Nantes, s'allonge suivant
une direction Ouest Nord-Ouest et se continue dans toute la Bretagne méridionale
par une bande étroite olt les caractéres deviennent de plus en plus syntecto-
niques. Le massif granitique de Vendée semble prolonger vers le Nord-Ouest

les granites granulitiques du Limousin.
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A — BreracNz—DMassif granulitique de Pontivy

Ce massif ¢'étend du Faoliet & Pontivy suivant un axe Ouest Nord-Est en se
détachant de la bande granulitique qui va de la pointe du Raz & Nantes, puis
vers la Vendée. Des prélévements systématiques ont été faits sur une surface

d’environ 500 Km?2.

ETUDE PETROGRAPHIQUE

Les lames minces faites dans tous les échantillons prélevés montrent ure
analogie certaine. Il S'agit d'un granite & deux micas constitué essentiellement
de:

QUARTZ & extinction légérement roulante ayant parfois, mais trés rarement,

tendance & étre automorphe.

FELDSPATHS POTASSIQUES (microcline) avec microperthites plus ou
meins neties et plus ou moins abondantes suivant les échantillons et parfois maclés
Carlshad. Ce microcline est altéré, il est envahi de petites poussiéres sphériques
ferrugineuses qui se groupent sur les bords en formant une lisiére. Souvent il
contient du quartz et des plagioclases en inclusions.

PLAGIOCLASES—IIs sont plus ou moins alifrés suivant les zones mais
relativement constanis en composition. Leur valeur moyenne est 29 a 30%
&’An mais peut aller de 28 a 329% &’An. Ils sont miclés suivant la loi de Palbite
{0 10).

Comme altération on renconire des remplissages de poussiéres ferrugineuses

ou de la eéricitisation.

LES MICAS—La biotite brune plus ou moins altérée contenant de fagon
presque constante des inclusions de zircons a aurdoles pléochroiques. Ces in-
clusions atteignent parfois une grande densité. Parfois aussi des inclusions de
sircons donnent des auréoles pléochroiques. Cette biotite se chloritise parfois,
soit en partie, soit en totalité, exsudant alors Fe et Ti et donnant des enchevétre-
ments de bagueties de rutile. Dans les zones ou la biotite est entiérement chiori-
tisée on ne voit pour ainsi dire plus d’inclusions & auréoles pléochroiques.

T.a muscovite, assez fraiche en général est parfois séricitisée sur les bords,
de temps en temps a extinction roulante.

La proportion de biotite et muscovite en quantité est & peu pres égale avec
de temps en temps prédominance de 'un ou de l'autre ou raréfaction des deux.

Accessoires:
APATITE — en quantité irés appréciable et parfois en cristaux relativement

2r0s.

p—
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ZIRCON —

Un peu ae SPHENE altéré.

De temps en temps apparaissent des minéraux de métamorphisme, soit que
I'on soit en bordure du massif, soit dans I'auréole de lentille de schistes qui

La courbe de fréquence & une allure franchement Lognormale, 'ajustement
I’apparition des minéraux de métamorphisme ne modifie pas la composition
des plagioclases mais on y voit alors quelques myrmékites.

THSTRIBUTION DES ALCALINS

La courbe de distribution est donnée & la figure I

Na 10% am = 3.20 % K20 % am = 4.8 9%
gm = 3.16 gm = 4.78 ,,
o = 0.075 o = 0.04 29
am = 1.01 ., am = 101,
? »
gm gm

Les fluctuations autour de la valeur moyenne peuvent étre considérées comme
faibles.

Sur une centaine d’échantillons analysés trois seulement peuvent é&tre
considérés comme anormaux ce qui est confirmé par I'examen pétrographique.

L’éinde tant pétrographique que chimique montre une grande homogénéité
de la roche sur toute Pétendue examinée méme en bordure du massif.

DISTRIBUTION DE L'URANIUM

Les courbes de répartition sont données par la figure IL

U ppm am = 2.31 ppm
em = 2.05
o = 0.194
am = L.13
- gm

Ce granite peut 8tre considéré comme pauvre en Uranium, la répartition

est trés voisine de la normale.
Un seul échantillon est statistiquement ancrmalement fort, et sans rapport
> o
géographique avec une minéralisation. Au contraire des prélévements faits



70 ConNGrESO GEOLGGICO INTERNACIONAL

dans de la roche saine a quelques métres d'une importante minéralisation sont
parfaitement normaux.

B-— VEXDEE

La zone de nos prélévements s’étend entre les Herbiers et Chatillon dans
une bande granulitique, mordant largement & I'Ouest sur le granite de Mortagne
et a I'Est sur le granite de Chatillon. Ce massif est bordé au Nord par les
schistes Brioveniens. Ces schistes également sur la bordure Sud (région de
Chatillon) mais font place entre les Herbiers et Clisson & un métamorphisme
plus évolué: micaschistes et gneiss.

Sur la bordure N du massif les gisements d'Uranium sont encaissés dans
le granite (bordure N des granulites) alors que dans le groupe Sud (région
des Herbiers), les gisements recoupent les formations métamorphiques au
voisinage du contact.

La pétrographie de cette région, s'est d'ailleurs révélée assez complexe et
ne correspond que d’assez loin avec le tracé de la carte géologique.

DisTRIBUTION DES ALCALINS (figure III)

Na 20¢% am = 315 % K30 % am = 446 9
em = 3.17 gm = 4.40 ,,
¢ = 0,100 o = 0.160
am = 1.01 am = 1.01
gm gm

L’indice de dispersion est plus élevé qu’en Bretagne ce qui traduit P'existence
de plusieurs roches pétrographiquement différentes. '
L’emploi de graphique de corrélation avec des caractéres plus complexes
nous a amené par Uobservation de certains “nnages” a distinguer
d’une part —
tous les échantillons du métamorphisme,
d’autre part, dans les roches a faciés granitique-granulitique
4 familles que nous avons classées de I a 11T,

Na’0
Re= e~

o > 0.8 I
R = 0.65-8 II
R = 0,65 0.55 IIt

R = < (.55 Ir-




71

iMICA

GEeoqu

-z

XPLORACION

SymposiuMm pE E

= by Tz by T fh
9sh €3] vey esr a5y o eeh w0l ez evg 8%y Q ! Gob eey wok %% 0oy
b\au;.w LR e T A\l .n.. 7 l.:.n Y ’ Tt 7 7 s .ua m... P..I...w? ¥ ey ¥V
e &y M o, oo/ \ %, &0y % .
.\_ ol L\ ay \ 1oy
. 4o 46T
| .l - L
i og w e 1°%
i
{eh EL] ay
2 e L4 -
H a5 o5
g b owond ] Lou'ty = wh %8k = wh
189, . 1CF L
BAE T D CTEatr wOLue L OR e Lo
0% | 1% T G 1
p 1% 4 k-3 \ [<}-4
y |
L} ¥
ool. con o9g oo o odh ool eps 0 ocov o cop en, 081 00% QoY o
iy T ¥ 5 + 5 S T Y v T Y i) T ¥ T T T
% mﬂ\ Cﬁt o o Gey // 9 oy 4 2
A xlt«l.wwu EEA! 4 & m N {0y
¥ F
/ 198 { 192 w \. ¢z
, < wb
wesz = wh _J log ®or’e® wh m_ {og *EHFET W : 182
% 86y ¢ 0 i S%.5re & wo i %ewe =00 w
N Joz e 4 ot ES |
B / 7 g s o o
M 4 ag j08 4ag
AThiGe 3 FIGNIA ; 197 FNOVLTSE o2
4 th Wﬁﬁ\ -4 QN A ﬁﬁ-
198 m ..\mkl! Juoﬁam Fel .“
»o Kmnm?“\ e BeaEsId 1 e
i 3 o848 f
SATEITE 9P NOLLGIM L ST




72 CoNGRESO GEOLGGICO INTERNACIONAL

Ces parameétres reportés sur la carte des prélévements permettent un tracé
de zones homogénes dont I'intérét semble prometteur. Nous n’avons malheureuse-
ment pas eu le temps de voir dans le détail la correspondance entre cette carte
du chimisme des roches et Panalyse pétrographique.

DiSTRIBUTION DE L’URANIUM

Aucune répartition géographique réguliére n’a pu étre mise en é&vidence
et il n’existe aucun rapport entre les teneurs et la présence de minéralisation
qui sont ici bien connues.

La courbe de fréquence & une allure franchement Lognormale Pajustement
a une loi Lognormale est d’ailleurs bon. Fig. II

Uppm am = 46 pp

gm = 2.92

o = (0.235
am = 1.57
gm

Ces valeurs sont donc beaucoup plus élevées qu’en Bretagne. Comme nous
Favons dit, des considérations statistiques nous ont amené & distinguer 4 types
de roches. Nous avons réparti les teneurs en U par type de roch eet fait pour
chaque type la moyenne.

Type 1 sodique U = 2.2 ppm
- IT plus potassique U = 3.3
. I ” U =43
. IV potassique U = 49

VI—ETUDE SU LA REGION DE GRURY (MORVAN)

Le secteur que nous avons étudié appartient & la région du Morvan. Le
Morvan est un horst de roches granitiques anciennes formant le relai entre le
Massif Central et les Vosges cristallines.

- Nos préléevements ont porté sur les monts de 'Antunois (St. Symphorien)
et sur le Morvan méridional ot se trouve Grury.

",

PETROGRAPHIE: Lo zone s'étend sur le granite de Luzy et ses variantes

Le granite est porphyroide & grandes orthoses de counleur gris clair ou rose,

2

a gros grains, peu micacés passant localement & un granite 3 erain moyen ou
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& grain fin non porphyroide; c’esi un type alcalin riche en potasse et en soude,
pauvre en chaux.

Ses constituants sont: la biotite, Vorthose, P'albite trés abondant, Poligoclase
est presque toujours présent mais en faible quantité. Le quartz souvent englo-
bant, présente localemente des faciés automorphes. Le granite a microcline
peu fréquent dans le secteur devient plus abondant dans le Nord ot la muscovite
apparait. Ce phénomene est net en bordure de la granulite de St. Léger sous
Beuvrav.

Le granulite de St. LEGER sous BEUVRAY est considérée par M. Carat,
chef du service de recherches de la division de Grury, comme une différenciation
de coupole du granite de Luzy. Les porphyroblastes disparaissent en méme
temps qu’apparait la muscovite,

L’analyse chimique ne révéle pas de différence essentielle entre le granite

porphyroide et la granulite,

DISTRIBUTION DES ALCALINS

Elle est donnés a la figure V

15
O
[CE RN

Na 209% am = % K20 9% am = 48 %
gm = 293 gm = 4.85 ”s
o = 0.195 ,, c = 0.084
am = 1.01 am = 1
vg}_; gm

DiSTRIBUTION DE L'URANIUM

Quelques zones fortes semblent se détacher sur la carle des prélévements.
Mais le tracé d’une carte d’isoteneurs reste difficile. En tout cas les plages fortes

n’ont aucun rapport direct avec les gisements connus.
La courbe de fréguence est donnée & la figure V elie est ici aussi nettement

Lognormale:

U ppm  am = 5.57

gm = 3.7
o = 0.203
am = 148
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VII-INTERPRETATION DES RESULTATS

SENS DES PARAMETRES STATISTIQUES

Il est intuitif qu'une simple moyenne arithmétique n’offre qu’un indice
entral d’un intérét limité. Il est nécessaire d’avoir en plus la répartition autour
de cette moyenne.

De plus dans les distributions dissymétriques apparait une auire moyenne
importante, c’est la moyenne géométrique.

Il s’agit de comprendre le sens de ces valeurs sur le plan géochimique.

La moyenne géométrique représente la valeur la plus fréquente.

La movenne arithmétique représente 'abondance.

Nous voyons qu'en général ces deux valeurs sont différentes.

L’écart type logarithmique représente & noire avis lindice de la mobilité
géochimique de I'élément éindié.

Nous pouvons veir dans le tableau qui résume ces diverses valeurs pour les
trois massifs que les alecalins ont des moyennes assez voisines et des lois de
dispersion autour de ces moyennes trés différentes: La Bretagne étant un massif
homeogéne, au contraire la Vendée et Grury présentent une pétrographie plus
complexe avec des différenciations de roches. L’écart type des distributions
permet de chiffrer Pamplitude de ces migrations chimiques & lintérieur du
Massif. Nous voyons au contraire pour 'Uranium des valeurs moyennes tres
différentes enire les différents massifs et une loi de dispersion qui donne des

écarts types relativement voisins.

SENs GEOCHIMIQUE DE LA LOT LOGNORMALE:

On voit qu'en général la loi Lognormale représente un bon ajustement des
courbes expérimentales. Dans certains cas, en particulier pour les alcalins on
pourrait hésiter entre normalité et lognormalité. Mains nous considérons systé-
matiquement la normalité comme un cas limite de la Lognarmalité.

Fn effet, la Lognormalité semble une loi d’un caractére plus général: on sait
que Paddition d’un grand nombre de petits effets indépendants engendre une loi
normale, or les phénoménes physiques naturels donnent lieu & des réactions

d’équilibre chimique de la forme:
«aA + BB = yC + 5D

et la loi d’action de masse nous permet d’écrire enire les variations de concen-

tration des divers constituanis:
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A dB ac Sdy
*x T Ey oo T p T 0

L’élément difféventiel n’est pas dA mais T

Monsieur Matheron fait également remarquer que Paffinité” ou énergie
libre d’une réaction est une fonction linéaire des logarithmes, des concentrations,
des différents constituants.

Dire qu'une répartition est lognormale revient & dire que la répartition des
énergies libres est normale, ce qui est logique.

En fait on peut dire comme le fait Monsieur MABILE que la loi lognormale
n’est ni un dogme ni une propriété demontirée. Elle peut étre considérée comme
une sorte de loi physique, qui comme la loi Mariotte pour les gaz rena compte
de certains effets. Elle permet d’introduire par des calculs relativement simples
des valeurs de référence ayant un sens statistique et géochimique précis, ce qui
facilite Pexploitation des résultats et rend possible des comparaisons valables en-
tre des études sur des lieux éloignés.

ProspecrioN pEs GISEMENTS D URANIUM

11 est évident que nous ne cherchons pas 2 trouver une méthode miracle pou-
vant désigner a priori les massifs dans lesquels se trouvent des gisements.

La prosperction d’un métal fait appel & un faisceau d’informations tant géo-
logiques, pétrographiques, que géochimiques.

Il est evident également qu’une meilleure connaissance de la géochimie d’un
élément facilite sa recherche.

(e qui est d’important en premier lieu dans ce travail, c’est le nombre élevé
d’échantillons valables sur lesquels nous avons muliiplié les examens et les dosa.
ges. Ces échantillons soigneusement conservés peuvent éire repris & tout instant
pour de nouvdlles études.

Nous proposons en deuxiéme lien une exploitation statistique de ces résul-
tats, ce qui permet un classement de chaque massif et donne une représentation
schématique qui informe sur certaines valeurs remarquables et sur 'amplitude
des phénoménes chimiques qui ont pu avoir lieu dans le massif.

Nous ne donnons pas & ces représentation stalistiques un sens philosophique
précis, mais nous les considérons avant tout comme des outils commodes faci-
litant comparaisons et extrapolations.

Les représentations géographiques directes de I'U en {races se sont révélées
d’un intérét négligeable; aucune zone métallogénique n’a pu &ire définie. Nous
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avens vu dans diverses expériences dans les épontes de filons qu’en I'absence de
fissurations, la diffusion latérale ne dépassait pas quelques dizaines de centi-
meétres. "

Nous n’avons montré ici quun aspect limité de nos recherches qui se pour-
suivent & la fois sur d’autres massifs et & U'intérieur méme de ceux présentés sur
d’autres éléments et d’autres modes de représentation.

Nous ne présentons donc pas une méthode de prospection mais plutét un
travail de recherche géochimique mené sur un rythme industriel avec des soucis
pratiques qui se rapprochent de ceux que 'on a dans les prospections. Trop sou-
vent en effet les études théoriques de gfochimie démarrent sans tenir compte
des possibilités analytiques ce qui conduit immanquablement & échec ou a la
fantaisie, faute de résuliats.

Au contraire notre plan de travail est soumis & nos possibilités techniques:
capacité de broyage, cadence des analyses. .. Notre but est évidemment comme
pour tout le monde de pouvoir doser le maximum d’éléments dans le maximum
de matériaux; mais nous concenirons nos efforts seulement sur les éléments que
nous savons doser 4 la cadence de quelques centaines par semaine. Mous espé-
rons que les quelques résultats que nous avons donnés fourniront déji des elé-
ments péirochimiques de base aux géologues de terrain et feront naitre des
critiques et des remarques utiles & nos travaux ultérieurs.
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PROPOSITION TENDANT A ’ADOPTION D’UNE ECHELLE DE
TEINTES UNIVERSELLE POUR LA PRESENTATION DES
RESULTATS EN PROSPECTION GEOCHIMIQUE

R. LamBerT *

RESUME

La lecture, Pinterprétation et le vapprochement des cartes d’ancmalies géochimigues
exécutées dans les diverses régions du globe seraient grandement facilitées par Pemploi
d’une échelle de teintes universellement adoptée.

Bien gu’une telle échelle puise ne pas aveir la méme portée ou un intérét pratique aussi
généralisé que celle utilisée pour la carte géologique internationale, il semble néanmoins
désirable que soit adoptée, dans le méme esprit, une échelle de couleurs normalisée, ealquée

sur celle du spectre,
Une proposition dans ce sens sera soumise au Congrés.

INTRODUCTION

La lecture et Pinterprétation des cartes d’anomalies géochimiques seraient
grandement facilitées par I'emploi d’une échelle de teintes uniforme, comme cela
est de pratique courante dans divers pays en ce qui concerne par exemple la
présentation des résultats obtenus en matiére de prospection géophysique (cartes
telluriques ou de résistivité, en particulier).

Lorsqu’on emploie la dithizone, par exemple dans la prospection de métaux
tels que Cu, Pb, Zn, il serait tentant et suggestif d’utiliser pour la présentation
des cartes d’anomalies une échelle de teintes qui reproduirait la gamme colori-
métrique des variations de teinte de la dithizone suivant la teneur en ppm. du
méial contenu. Ce mode de représentation, qui rappellerait Pintensité des ano-
malies enregistrées, faciliterait notablement la lecture des cartes.

Toutefois, une telle échelle ne serait valable que pour la dithizone; elle ne
le serait pas pour d’autres réactifs employés en prospection géochimique, ce qui
lui enléve pour la généralité des cas Pinterét qu'elle presenterait pour un réactif
déterminé.

Pour pallier cet inconvénient et pour éviter d’employer des échelles de
couleurs arbitraires et variables, il est souhaitable que la majorité sinon la

* Géologue en Chef du Bureau KMinier de la France &'Outre-ifer, Paris.
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toialité des géochimistes accepte d’utiliser une échelle de couleurs normalisée, que
je propose de calquer sur celle du spectre et dans laquelle les valeurs faibles d’ano-
malies seraient représentées par la couleur correspondant aux radiations de
faible longueur d’onde. Les anomalies faibles figureraient ainsi en bleu, les
fortes en rouge et les moyennes en jaune, le violet n’étant pas utilisé pour eviter
toute confusion avec le bleu.

En faisant varier le degré d'intensité des ces trois couleurs fondamentales,
il serait facile d’obtenir une gamme étendue de teintes permettant d’établir un
certain nombre de coupures. En cas de nécessité, on pourrait intercaler le vert
et Porangé entre les trois couleurs fondamentales pour les zones & valeurs in-
termédiaires.

L’échelle proposée aurait le double avantage d’étre universelle et applicable
quel que soit le réactif employé; elle ferait par ailleurs ressortir des plages a
anomalies élevées qui seraient bien mises en évidence par I'enveloppe des plages
& tonalités jaunes des zones & valeurs moyennes,

Il va de soi que cette proposition ne vise pas & fixer des normes rigides pour
des valeurs déterminées de ppm. mais simplement & adopter une échelle uniforme
de teintes en rapport avec Paugmentation des valeurs mesurées et en réservant
la possibilité de n’employer, le cas échéant, qu’une partie de I’échelle de teintes
ou d’opérer un glissement approprié de cette échelle en fonction des valeurs
de ppm. obtenues.

Il n'est pas douteux que cette maniére de procéder permettrait une inter-
prétation plus rapide des cartes géochimiques colorides puisqu’elle éviteraitr une
perpétuelle adaptation aux échelles arbitrairement choisies et faciliterait ainsi
les rapprochements et les comparaisons des résultats obtenus dans des régions
diverses.

e e




FREQUENCY DISTRIBUTION OF COMBINED ZINC-LEAD-
COPPER VALUES IN SOILS OF THE EASTERN
UNITED STATES

R. B. Furron, * R. B. Hoy * and
D. L. Kenpary ¥

ABBSTRACT

Frequency distribution histograms and selected areal plots are presented which show
the relation of anomalous (over 300 ppm zinc equivalent) to background amounts of
metal in soils. Samples were taken in regional reconnaissance in the Eastern United
States from Tennessee to New Hampshire, mainly in two lithologic environments: unme-
tamorphosed Paleozoic carbonate rocks, and Paleozoic metasediments. Assaying, initially
performed in local field laboratories, was later done in a central laboratory to which all
samples were sent. A dithizone titration was used to determine zinc, lead, and copper,

reported as zinc equivalent. Background metal content is lower in both residual and
glacial soils which arc derived primarily from nen-carbonate rocks, than in soils derived
from carbonate rocks. While the histograms show that only a small percentage of the
soils contain anomalous amounts of metal, the maps show that these high content samples
are concentrated in limited areas which form exploration targets. Size and metal content
alone are not definitive guides to ore, for ancmalies similar in these two respects have

been found both related and apparently not related to ove.

INTRODUCCION

Seil samples have been assayed as an aid to prospecting for zinc by the New
Jersey Zinc Company on a routine basis since 1949. Results of work in the
Eastern United States are presented as {requency distribution histograms with
accompanying explanatory texts for areas in Tennessee, Virginia, Maryland
Pennsylvania, New Jersey, Vermont and New Hampshire. Examples of typical
anomalies show in plan the distribution of the soil metal values in limestone
and in metasedimentary terrain.

METHODS
SAMPLING
Areas are selected for sampling on the basis of the occurrence of favorable
host rocks for ore. Reconnaissance sampling patterns embrace the presumed

"% New Jersey Zinc Co., U. S. A.
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iavorable formation and slightly overlap adjacent banding and footwall rocks.
Sampling patterns designed on the basis of local features, such as attitude of
bedding, topography, and accessibility, range from stations one tenth of a mile
apart on traverses separated by two hundred fect. Widest spacings are general-
ly used in areas of {latly dipping country rock, and closest spacing is used
where dips are steep. Detailed sampling of anomalies found by reconnaissance
is customary, but values obtained {rom detailed sampling are omitied from this
report to prevent artificial skewing of the histograms.

Soil samples are collected with an auger or a slotted steel pipe from a depth
of two feet to reach “B” horizon of most soils. Samples are collected in a
routine manner without regard to soil type, though obviously contaminated
areas arvea avoided.

ASSAYING

In the first soil prospeciing by the New Jersey Zinc Company, consideration
was given io assaying in the field at the sample sites. The ready accessibility of
most areas led to performing the assays in locally established field offices, Assay-
ing in field offices proved satisfactory and was the custom for several years.
Later, a central laboratory under supervision of a chemist was established where
samples from all areas in the Eastern United States are assayed. Under the
central laboratory system the field geclogist may devote his energies fully to
exploration problems yet receive necessary chemical data with reasonable
prompiness.

Chemical assay techniques have been modified since 1949 as requirements
for accuracy increased. Initially, two generally similar techniques were employ-
ed: one, a titrimetric dithizone method developed by B. A. Shippy and others
of the New Jersey Zinc Research Departament; the other, a color-comparison
dithizone method, evolved by Fulton (1950) from the methods described by
Sandell (1944). The latter gave way to an improved titrimetric procedure esta-
blished by Shippy which is presently being used by the central laboratory. This
method detects copper, lead and zinc as an undifferentiated group, reported in
terms of zine and referred to as zinc equivalent.

The assay method is briefly summarized as lollows:

Fifty milligrams of a soil sample which has been dried, crushed and
screened through 80 mesh bolting cloth is thoroughly mixed with one
gram of potassium pyrosulfate and {fused. Ten milliliters of water are
added to disolve the fusion product. The resulting solution is trans-
ferred to a separatory funmel, buffered with 10 milliliters of citric
acid-ammonium hydroxide solution and adjusied to pH 8.3 by dropwise
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addition of ammonium hydroxide in the presence of phenolthalein. This
solution is titrated by adding measured increments of 0.0016 percent
dithizone-carbon tetrachloride solution, shaking and discarding reacted
dithizone until an increment remains green on shaking, The total volume
of dithizone solution has been added to the sample is compared with
amounts required for standard zinc solutions less the amount required
to titraie a blank composed only of reagenis. The metal content of the
sample is reported in terms of this zinc equivalent.

The aim of soil assaying for prospecting is to obtain semiquantitative resulte.
not the precision usnally required in chemical analysis. Laboratory performance
is continually checked to insure that this relaxing of classical standards for
chemical accuracy docs not go too far. Checks are made by introducing soil
samples of known zinc equivalent content, represer &mg a wide range of Valueuj
unknown to the assayer and marked as field samples. Also, solected ficld samples
are returned to the laboratory for reassav in the guise of routine samgples.
Resulis of these checks are reporied to the lahoratory so that remedial action
may be taken to maintain desived accuracy.

FREQUENCY DISTRIBUTION HISTOGRAMS

The histograms, Figures 1.9, illusirate the frequency distribution of meial
values in soils in the following geologic environments:

Limestone areas
Tennessee, Ordovician limestone
Valley of Virginia, Cambrian limestone
Valleys of Maryland and Pennsylvania, Cambro-Ordovician Jimest-
one.
Valleys of New Jersey, Cambro-Ordovician limeston
Valleys of New Jersev, pre-Cambrian Franklin limestrone
Valleys of western Vermot, Cambro-Ordovician Iimestone
Metamorphic areas
Virginia Piedmont, Paleozoic (?) metasediments
Northern Vermont Uplands, Cambro-Ordovician metasediments
Northerr New Hampshire, Ordovician metavoleanics.

While sampling slightly overlaps onto presumed barren hanging and foot-
wall formations, the histograms may be considered to show primarily the
distribution of metal values in soils over the ore-bearing formations. In Ten-
nessee, the Virginia Piedmont and the valleys of Maryland and Pennsylvanis

N

the soils are almost esclusively residual, and in the Valley of Virginia they are
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predominantly so. Hence, in those arveas the disiribution of metal values in

the host rock. 1n the valleys of New Jersey, the valleys of western Vermont and

the northern Vermont and New Hompshire uplands, considerable glacial cover
may act as a diluent and in places as a mask to the true distribution of metals
in the underlying rock. Nevertheless, anomalies significant in exploration have

been found in all of these areas.

Geologic summaries of the areas follow:

LIMESTONE AREAS

Tennessee, Ordovician Limestone

Sampies were taken from seil overlying the lower part of the Kingspork
formation and Copper Ridge in east Tennessee. In the northeast part, the ridge
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rises rather sharply about 300 feet from the valley floor to a mean elevation
of about 1900 feet above sea level. It is unbroken except for a few gaps cut
by small streams. Although originally covered with harwood forest, much of
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the land has been cleared and is now under cultivation. The climate is mild,
with an average annual rainfall of 44 inches.

The Kingsport, the ore-bearing formation, lies on the southeas flank of
the ridge. Structurally the rocks form a southeast dipping homocline, ranging
in dip from about 55° in the northeast part to about 20° in the ceniral part.

The homocline is undisturbed except for minor [fexures and cross faults
of only a few feet displacement.

Mineralization consists of low-iron sphalerite with coarse dolomite. Deposits
are found as breccia fillings in fine (0.02 mm) (Ohle, 1951) dolomite and as
replacements in coarse (up to 1.5 mm) (Chle, 1951) dolomite.

The residual clay ranges in thickness from a few feet to more than 75 feet.
Samples were collected at 100 feet intervals along three lines which were parallel
to the strike and 200 {eet apart.

A histogram, Figure 1, illustrates the frequency distribution of zinc content
for 9644 samples. The samples were assayed in field laboratories by the colori-
metric method of Fulton, referred to previously. Assays are reported to the
nearest 100 ppm zinc as estimated from color comparison standards, and all
assays below 300 ppm zinc grouped together. This procedure introduce a slight
operator bias which results in clustering of assays arcund those values for which
color standards prepared. For prospecting purposes this bias is insignificant.
Because of the difference in assay method the Tennessee histogram iz not
preciscly comparable to the others.

Valley of Virginie, Cambrian Limestone

In the valley of Virginia, Smythe and Wythe counties, soils overlying Cam-
brian Shady limestone-dolomite rocks were sampled on reconnaissance at stations
at 200 ft intervals along lines 500 ft apart perpendicular to strike. These
sample lines extended a short distance over the superjacent Rome shale and
the subjacent Erwin quartzite. The geology and ore occurrvences of this area are
described by Currier (1935).

The Valley.floor peneplain, described by Bults (1940) is well developed in
the area. Present water courses are intrenched to varying degrees depending
on their size and proximity to the New River, the present main drainage.
Rounded hills underlain by Rome shale rise above the peneplain surface and
the valley is flanked by mountins of Erwin quartzite. Elevation of the intrenched
New River is about 1900 {t above sea level, the Valley-floor peneplain is about
2100 ft, and the Rome hills average 2300 {t in elevaticn, affording in the sam-
pled area a range in relief of about 400 [i.

P
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Soils of the peneplain surface are developed from transported materials
which formed a veneer on old residual soils. Erosion has removed this veneer
in many place exposing soils residual from the underlying limestone-dolomite
rocks. Soils composed of mechanically mixed residual and transported material
occur on the side slopes of intrenched streams as @ product of mass-wasting,
Anomalously high values of zinc occur in the soil of both transported and
residual origen. Recent colluvium from the flanking Erwin quarizite mountains
is uniformly low in zinc. Soils on the peneplain surface and its dissected slope
range in pH from to 5.0. In valley bottoms and poorly drained areas pH is
7.0 to 8.0.

The Shady formation is predominantly dolomite in the area sampled and
is locally a hostto ore. The zinc ores occur as sulfide in the dolomite and as
sinc silicate at the rock-soil interface. Sulfides in the dolomite occur as replace-
ments and as fracture-willings in rock locally intensely fractured by the action
of strike and cross faults (Brown, 1935). The silicate ores and zinc in the
soils are the result of weathering of the sulfides.

The histogram, Figure 2, representing samples, shows 80% of the soils
to contain less than 500 ppm zinc equivalent and 949 to contain less than
1000 ppm. Though not shewn on the histogram, analyses show less than 3%

to contain 1500 or more ppm.

Valleys of Maryland and Pennsylvania, Cambro-Ordovician Limestone

The accompanying histogram, Figure 3, represents 3100 samples collected
from the valleys of Maryland and Pennylvania. These are the Lehigh, Lebanon,
Cumberland, Nittany and Frederick Valleys, lowland areas of fertile farmland
with cccasional woodlots. Elevations are usually between 300 and 500 it but
range to extremes of 200 to 1500 ft. Sample lines were oriented normal to
bedding approximately one mile apart with sample localities spaced at one tenth
of a2 mile. Bedrock consists of Cambro-Ordovician dolomites and limestones
which are in general asymetrically folded, overturned to the northwest. Lead-
zinc occurrences in the area are described by Miller (1924). The soils sampled
are largely residual with a range of pH from 6.0 to 7.0,

Samples were assayed titrimetrically for zinc equivalent. The background
compares fairly well with other limestone areas except that a larger percent,
8.5 falls between 50 and 100 ppm. 38 percent of the samples are less than 150
ppm, 69 percent are less than 200 ppm and 94 percent are less than 250 ppm.
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Valleys of New Jersey, Cambro-Ordovician Limestone

A suite of 3029 samples {from Cambro-Ordovician limestone areas in the
Valleys of New Jersey are shown in the histogram, Figure 4. These are largely
from Kittatinny Valley, but also included are samples from valleys within the
Highlands. Elevation range mainly between 300 to 500 ft with a few hills
reaching elevations around 800 ft. Sample lines are oriented normal to sirike
of bedding one mile apart with sample stations spaced at one tenth af a mile.
Bedrock consists of open folded Cambro-Ordovician dolomites and limestones,
quartzites covered with glacial soils derived from dolomites, limestones, quartz-
ites and shales. In the inter-Highland valleys glacial soils contain all of the
ahove plus debris from gneisses. Soil pH ranges from 5.5 to 6.5.

Samples were assayed titrimetrically for zine equivalent. The background is
moderately high with only 1.0 percent under 100 ppm, 33 percent less than
150 ppm, 74 percent less than 200 ppm and 91 percent less than 250 ppm.

This frequency distribution in influenced by the relatively high percent of
anomalous samples.

Valleys of Western Vermont, Cambro-Ordovician Limestone

The accompanying histogram, Figure 6, depicts 7306 samples collected in
the valleys of western Vermont, a lowland area of rolling hills mostly pasture
Jand and woodlots. Elevation are largely between 300 to 600 feet, but occasional-
ly rise to 1000 feet. Sample lines were oriented normal to the strike of bedding,
one to two miles apart with sample localities spaced at intervals of a tenth of
a mile. Bedrock consists of Cambro-Ordovician dolomites, limestones and quart-
zites (Cady, 1945) which are overlain by glacial soils derived in large part
from the same rock types on strike to the north. The soils consist predominantly
of unsorted glacial drift and range in pH from 5.5 to 7. ,\

All samples were assayed in the laboratory titrimetrically for zinc equiva-
lent. The backeround zinc content is relatively high: 17.5 percent of the samples
are in the 50 to 100 ppm range, 53 percent are less than 150 ppm, 81 percent
are less than 200 ppm and 97 percent are less than 250 ppm.

METAMORPHIC AREAS

Virginia Piedmont, Peleczoic (?) Metasediments

The area sampled in the Virginia Piedmont is composed of rocks of the Gle-
narm Series, a term brought into Virginia from Maryland. These are tentatively
assigned Paleozoic age. Lithologic banding, considered to be related to original
bedding, shows the rocks to be steeply dipping. isoclinally-folded metasediments.
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Banding strikes northeast, generally dipping steeply castward. Prominent folia-
tion also strikes northeastward. Locally the banding is closely folded, and drag
folds indicate anticlines overturned to the northeast. Metasedimentary rock-types
include: feldspathic chlorite, biotite schist, sericite, quartzite, chlorite amphibole
quarizite, and garnet chlorite sericite quartz achist. Within the region, bodies
of Ordovician slate occur in the metasediments. The metamorphic grade ranges
from chlorite through staurolite zones. Known mineralization in the area ge-
nerally parallels the sirike of the foliation and includes sulfides of copper, lead,
and zine.

Relief in the avea is low, ranging from 200 to 463 {t above sea level.
Streams from a dendritic pattern with the main water courses flowing south-
eastwardly perpendicularly to the strike of the beds.

Soils are predominantly residual with some of the gross textures of the ori-
ginal rock commonly preserved in them. There are few rock outcrope except
along the largest streams. Overburden averages 75 ft in thckness and ranges
up to 100 ft thick. Soil pH determinations range from 3.5 to 5.5.

Samples are collected at a spacing of 200 it along lines running 30 de-
grees off strike and spaces 400 ft apart.

Copper, lead and zinc, the ore metals of the district, are detected as an un-
differentiated group in the soil assays and are reported as zinc equivalent. The
histogram, Figore 7, represents 5372 samples. It shows that 90 percent of the
soils contain less than 200 ppm, and 97 percent contain less than 400 ppm zinc
equivalent.

Northern Vermont Uplands, Ordovician Metasediments

The histogram represented in Figure 8 illustrates 3818 samples collected
in the northern Vermont uplands, a wooded mountainous area of nature topo-
oraphy with elevations ranging from 500 to 2500 ft. Sample lines were orient-
ed normal to the strike of the schistosity, one half mile apart with sample
localities spaced at 200 ft intervals. Bedrock consists of Cambro-Ordovician
schists and quartzites, which are overlain by generally thin glacial soils derived
from similar rock types. The soils contain considerable rock fragments, quartz
and mica, and range in pH {rom 4.5 to 6.

Samples were assayed titrimetrically for zinc equivalent. A high percentage
of the assays faill in the lower ranges, 39 percent below 100 ppm and 94 per-
cent helow 150 ppm.

Northern New Hampshire Uplands, Ordovician Metavolcanics

A group of 3343 samples, as depicied in Figure 9, were collected ir the
northern New Hampshire uplands, a forested mountainous area with mature
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topograhy, and elevation ranging from 700 to 1750 ft. Sample lines ave
oriented normal to strike of schistosity, 1000 {t apart, with samples spaced at
200 ft intervals. Bedrock consists of Ordovician amphibolites, schists and quarz-
ites which are overlain by glacial soils derived from the sam erock types. A
typical zinc deposit is described by Hermance and Mosier (1948)}. The soils con-
tain numerous rock fragments, quartz, and mica, and range in pH from 5 to 6.

Samples were assayed titrimetrically for zinc equivalent. A high percentage
of the samples fall within the lower ranges, 61 percent between 50 and 100 ppm
and 85 percent below 150 ppm.

MAPS OF ANOMALIES

Maps of four representative anomalies, Figures 10-13, illusirate typical areal
distributions of high values reported in the histograms. Anomalies associated
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Fig. 11. Soil anomaly in Paleozoic limestone, apparently not associated with ore.

with known ore and anomalies not apparently associated with ore are shown
from aveas of Paleozoic limestone and Paleozoic metasediments. The maps il-
lustrate the important fact that the few high samples shown on the {requency
distribution histograms are geographically clustered together and are apparent-
Iy related to comparatively local mineralization.

ANOMALIES IN PALEOZOIC LIMESTONE

The map of an anomaly with ore in the Paleozoic limestone, Tigure 10,
shows high zinc values to be confined to a distinct area The anomalous area is
oblong in the direction of strike with the 1500 ppm area extending nearly 4000
feet in length and from 250 to 1500 feet in wdith. The suboutcrop of known ore

lies within the 1500 ppm contour.



04 ConcrEse Grondcico INTERNACIONAL

A map of Paleozoic limestone anomsly apparenily not associated with ore.
Figure 11, also shows a discrete concentration of high zinc values. The long
axis of the anomaly trends essentialy paraliel to the strike of bedding with the
1000 ppm area being 2700 feet long and from 100 to 350 feet wide. The anomaly
was investigated by eleven diamond drill holes, which found only traces of
zinc-lead mineralization. The up-dip projection of the mineralized bods to the
surface falls within the 1000 ppm area.

In the two examples chosen, Figure 10, the anomaly associated with ore, i
of larger area and higher mineral content than Figure 11, the anomaly apparent-
ly not associated with ore. But larger area and higher mineral content are not
conclusive evidence of ore. Other examples could be given where anomalies larger
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Tig. 13. Soil anomaly in Paleozoic mectasediments, apparently not associated with ore.,

than Figure 10 have been drilled with negative results and anomalics smaller
in area and of lower zinc content than Figure 11 were found to be associated
with ore.

ANOMALIES IN PALEOZOIC METASEDIMENTS

An anomaely associated with known ore in Paleozoic metasediments is shown
in Figure 12. It is elengate in the direction of strike of foilation, being at least
2000 ft long and varying from 200 to 400 ft in width. Within the 200 pp' 2
area is a discontinuous core of values over 400 ppm, which also appears elon-
gate parallel to strike. The exact length of the natural anomaly is not now de-
terminable because of mine dump contamination at one end.
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An anomaly which is apparently not associated with ore is shown in Figure
13. It is similar in shape and size to the anomaly associated with known ore,
Figure 12, described in the preceding paragraph. It is about 2400 it long,
with its long axis parallel to strike, and ranges in width from 150 to 350 ft.
It, too, hes areas higher than 400 ppm, but they are less extensive than those
in Figure 12.

The two anomalies are in the same lithologic enviroment and are less than
3000 £t apart. The similarity of the two maps illustrates the difficulty in inter-
pretation of anomalies as guides in ore search. Apparently simple areal distri-
bution of the most prominent base metal values is not the only criterion necessary

to evaluate anomalies.

CONCLUSIONS

Study of the data leads to the following conclusions:

1—Background metal content is lower in both residual and glacial soils
which are derived primarily from non-carbonate rocks, than in soils derived
from carbonate rocks.

92— PBackground metal conlent in both glacial and residual soils in areas of
carbonate vocks is approximately the same in the six carbonate areas sampled.
of mineralization in a particular region; hence, greater skew would indicate a

region having greater mineral potential.

3—Background metal content in both glacial and residual soils in areas of
non-carbonate rocks is approximately the same in the three metamorphic areas
sampled.

4—Study of frequency distribution of soil metal values provides a means
of distinguishing background from anomalous metal content, and permits the
determination of that value marking the threshold of interest in exploration.
This latter value may vary with geologic environment. Such factors as ore habit,
structure, rock-type, climate and topography must be considered.

5Tt is possible that compilation of frequency disiribution histograms may
be an aid to classification of regions with respect to exploration potential. The
amount of skew of distribution toward the high side may be related to the amount

6-—Comparison of frequency distribution data with geographic distribution
indicates a pronounced areal concentration of high values. While the histograms
show only a small percentage of the soils to be high in metal content, the maps
show that the high values are concentrated in limited areas which form targets
for exploration.

7—The distribution data on the four maps shows that conceniration of me-
tal values is not a definitive guide to ore. Geographic distribution of soil meai
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values may appear similar in two cases, yet one may be related to ors and
the other may not be obviously so associated. E*;ploration of soil anomalies
should be based on further study of the geologic origin of the anomaly.
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ETUDE STATISTIQUE DE LA DISPERSION GEOQCHIMIQUE DE
DURANIUM DANS LES SOLS

R. Couromn

ABSTRACT

The gecchemical prospecting in soils has reached at the CEA a high degree of technical
improvement in its tactical use,
The statistical study of ancmalies and the fitting of distributions to a lognormal law

H
{ defining objective numerical pa-

cive valuahle qualitative information and the ability o
rameiers, comparable {rom a district to ancther.
Strategical prospecting, with large sample interval, in unknown areas, can be undesr-

taken with those studies as a basis.
GENERALITES

La prospection géochimique dans les sols a atteint au CEA un degré de
perfectionnement technique trés élévé dans son emploi tactique, e’est-d-dire
a une maille de prélévements de quelques dizaines de métres.

Cependant, un progrés décisif serait encore fait si Von pouvait généraliser
cette méthode & un emploi stratégique.

Mais, alors que dans le cas de préldvements serrés, le choix de certaines
valeurs critiques (teneur fondamentale, teneur limite des isogradss, eic...)
est intuitif, seule la définition de pa.amétres statisiiques objectifs, compara-

bles de région & végzion, peut donmer une solution valable aux prospections

g

L’éade statistique que nous avons faite sur les résultats déja acquis montre
que Uon peut définir {acilement des parameétres numériques ayant un sens
statistique et géochimique précis.

L’¢tude des histogrammes de distribution des teneurs et Pajustement dans
la plupart des cas a une loi lognormale fournissent des remseignements qua-
Litaiifs précieux sur le mécanisme physico-chimique de migration et de distri-

-

bution de Paranium dans les sols des régions granitiques,

O

Nous essayons de dégager un certain nombre de régles permettant d’envisa-
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ger des prospections a grandes mailles (& Péchelle d'une formation géologique)
ne démarrant plus obligatoirement sur des points comnus
Nous donnons en annexe quelques élémenis de statistique. Ce rapport ne

fait intervenir pratiquement que des notions simples et classiques.

HISTOCCRAMMES DE DISTRIBUTION

Nous avons travaillé sur des résultats fournis par six campagnes de pros-
pection. Les derniéres campagnes exécutées par la section de M. Grimbert
comperlent un nombre considérable de prélévements

Le tableau 1 donne la repartition des Lifecginﬁ par tranche de teneur de
i ppm.

~ Les histogrammes de fréquence de 1 & 6 résument ce tableaw.

Nous avous classé les courbes de friguences d& la Crume & Vernsix par
ordre de déformation croissante, la courbe de la Crume étant en cloche, sy-
méltrique et trés pointue, la courbe de Verneix élant trés dissymétrique et
€tirée vers les fories teneurs. L'allure générale des courbes autres que la

Crume suggdre une loi legnormale.

AJUSTEMENT A UNE LOI LOCNORMALE.

Nous avions d’abord ajusié trés grossidrement sur papier semi-logarithmi-
cue les distributions, cela paraissant plus commode et plus représentatif.

Nous avons éité amenés par des considérations de géochimie & sttribuer a
colte lol de disivibution une imporiance particuliére et méme une valeur de
eritére de lexistence d'un phénomene de dispersion géochimigue.

Pratiquement, nous avons découpé les logarithmes des teneurs en classes
d’emplitade 0,260,

Nous avens wvérifié Tajustement des cing campagnes (La Crume mise a
part) & une loi de Gauss par le test de la droite de Hem:y {(Fig. 7},

\
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TABLEAU 1
‘ . La Chapelle . Arfeuille Asfeuills .
1 ime L aPeBs T e Bala = Fima Jerneix
ppm a Crume Larecau e i [ i Verneix
) pour . bowr . pour .. pour pour .. pour
off, ent il rent i, cent et cent elf gent et rent
1 2 24 15 2.3 30 1.9 2 1.6 13 7,6 8 1.1
2 15 184 188 292 23 144 40 33 38 22 72 9,6
3 48 58,5 195 502 345 213 33 27 41 56,5 56 114
4 12 146 128 189 340 212 16 132 21 12 02 135
5 2 24 3 67 210 152 12 9.9 25 14,6 79 10,5
& 2 28 43 115 7.7 & 6.6 9 5.2 47 0,2
7 1 14 2.1 85 53 2 1.6 5 3 53 7
8 2 O 0,9 45 2,8 1 5 3 45 6
Q 8 1.2 22 1,4 2 5 B 31 4,1
10 G 15 2 3 2 36 4.8
11 & 18 1 25 4,7
12 1 10 2 1 29 3.8
13 1 20 152 2 3
14 ] 6 1 14
15 2 12 21
16 47 7 B
17 18 H
18 10 U
19 3 1 g
20 7 173 10
21 3 6
22 b
24 5 H
25 6
26 24, 6
27 14 O

0
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Tapreau I

EXEMPLE SUR VERNEIX

Linlxite« de Effectils Eifcc;ifs Fréqu@{:ce Classe;s c~01‘respm’1’dan.t a
classe cumulés cuamulée  la loi normal: réduite

- 00 8 3 0,0104 — 8

0,130 72 80 0,1045 — 233

0,590 188 263 (,3469 —— 120

0,650 224 492 0,6423 — (.35

0,910 168 660 0,8620 — 0357

1,170 82 742 0,9687 109

1,430 17 759 0,9910 1.85

1,690 7 766 1,00 2,33

-+ 00 00

Seul P'ajustement de la distribuiion des teneurs du “Balai” n’est pas excel-
lent, mais i} semble qu’il ¥ ait superposition de deux populations lognormales
s A E ]
de parameétres différents dont nous verrons I'explication plus loin.

ANALYSE DES DISTRIBUTIONS.

Loi lognormale.
Si x est la teneur, son logarithme Lx est distribué suivant la loi de Gauss,
ce qui veut dive qu'nn échantillon prélevé au hasard a la probabilité d'avoir

(Lx — Lp)*

A

1

AT [E—
“ Iy

(22 Ay

d {Ix)

,.,,
)
1
{1
e

On définit: la médiane p qui est aussi la moyenne géométrique des teneurs:

une teneur dont le logarithme est compris entre Lx et Lx + dx.

1
L,u, TE L m—— LX

1

50 pour cent des teneurs soni inférieures & p, 50 pour cent supérieurcs.
La varignce ¢°.
(est la variance des logarithmes des teneurs.




SYMPOSIUM DE ExPLORAcION Groguimica 103

) 2
1

Lécart 1ype o.

Tapreap III

EXEMPLE DE CALCUL SUR LA CHAPELLE LARGEAU

cerjsiél x Effectif nx X — X (x—x)2 nix — x)2
0,260 203 52,6 0,255 0,065 13,145
0,520 325 169 0,003 0.00003 0.,0065
0,780 111 86.6 0,265 0.070 7,76
1,040 21 21,3 0,525 0,274 5,66
. 1200 2 2.6 0.735 2,63 126
647 382,06 27.88
x = {641 B 3.27
o = 0,431 M = 2,96
o = 0,204

-

Le tableau suivant peut ainsi élre dressé.

TasrLeau IV

puandiy 5

{-ampagne n. ::m* w }S D a;n ' G
La Crume 308 0,480 3,02 0,134
La Chapelle 3,61 4,515 3,27 0,204
Arfenille 1 3,60 0517 3,29 0,244
Arfeuille 11 3,50 0.560 3,65 0,284
Le Balal 6,35 0,641 4,37 0,290
Vernelx 111 0,863 6,31 0,330

INTERPRETATION GEOCHIMIQUE

TMPORTANCE DES VALEURS TYPIQUES.

Nous voyons davs le tablean IV des centaines de résultats des prospections
gtochimiques synthétisés par un petit nombre de valeurs dont il faut com-
prendre le sens géochimique.

Les moyennes: La dissyméirie des courbes introduit deux moyennes im-
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portantes: la moyenne arithmétique classique (am) et la moyenue géoméiri-
que {gm = p).

—La moyenne géométrique représente la valeur la plus fréquente.

~—La moyenne arithmétique représente I'abondance de I'U dans le secteur
considaré.

La teneur en U a Torigine n'est pas nulle. En fait il existe une ieneur
fondamentale & Vechelle d'une formation géologique qui depend de la nature
de la roche sous-jacente et non de la présence de gisements. Si plusienrs cam.
pagnes sont faites sur les mémes formations, on peut admetire que les courbes
théoriques ot un point commun & lorigine qui passe par cette teneur fon-

Nous considérons la moyenne géoméirique comme un paramétre de réfé-
rence de chaque campagne locale qui nous sert & la détermination du premier
isograde.

L’ecart type o est un indice de dispersion siatistique mais également est
un indice de la mobilité géochimique de I'U pour chaque secteur géographique
focal.

Il apparait une relation qui n’était absolument ni évidente, ni cbligatoire
a priori et que nous navions pas vue.

En effet, en général p (gm), et o sont deux paramétres indépendanis qui
suffisent & définir une loi lognormale. Mais si diverses campagnes ont lieu
sur des végions & teneur fondamentale constante comme celles que nous
avons étudiées, u et ¢ varient alors dans le méme sens.

Ceci veut dire que, dans une méme région géologique, les anomalies fortes
en tenéur ont aussi une grande dispersion, c’esi-d-dire une large auréole.

Ainsi, un quadrillage beaucoup plus lache que celui que nous employons
ne peut pas manquer les anomalies importantes (alors que nous avions peur
de laisser passer des anomalies fortes en teneur et faibles en surface).

Nous avons cherché une cxplication théorique & ce phénomeéne.

SIGNIFICATION GEOCHIMIQUE DE LA FORME
DE LA LOI DE REPARTITION

Nous venons de définir un certain nombre dindices statistiques et géo-
chimiques.

Il est intéressani également d’interpréter la normalité ou la lognormalité
de la courbe de fréquence.

La Crume, par cxemple, donne une répartition en premiére approximation

normale et peu dispersée,
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Ceite forme de courbe est le critére de labsence de phénoméne de disper-
. f ; . S ezt
stor. géochimique d'uranium dans le cycle d'altération.

L'étude de la répartition et de la dispersion de Uuranium dans les roches
elies-mémes est en cours. Les phénomeénes de migration donnent Leu égale-
ment & des lois lognormales, mzis Pamplitude des dispersions dans les roches
faible devant Yamplitude des dispersions dans le eycle d'al-

En effet, sur une roche gui contient un peu d’uranivm comme le granite,

le sol dérivé
également un peu d’uranium, mais selon une distribution au hasard. Mais, de

(en Vabsence de transport mécanique important) contiendra

plus, la fluctuation de teneur de la roche d'un batholite par exemple n’étant
pas cosidérable et Puranium se trouvant sous une forme chimiquement peu
mobile, la dispersion sera faille.

Au contraire, nous considérons tout histogramime dissymétrique éHré vers
les fortes temeurs et ajustable & une loi lognormale comme la preuve d'u
phénomeéne de circulation chimique de Puranium et de fixation par echanga
d’ions dans les sols.

En effet, si P'on découpe des tranches dans une colonne de sol sur laguelle
on a fait passer de 'eau contenant de 'uranium, la teneur de chaque tranche
donne une courbe dont P'allure est donnée par le schéma ci-joint.

. £ .
0 5@:{?;?1&%}“ feau e Fixe
rax [ [
//

¥ x
La forme exacte de la courbe dépend de la nature du sol et de la teneur
en uranium de Veau qui circale (de son pH, de sa température, etc...).

de Tallure de la courbe zur colonne élémen-

~

La transposidon a l'esp
taire peut faire saisir intuitivement Uintervention d’une loi logarthmique.

On comprend également que, si dans un méme secteur on a plusieurs sys-
témes de circulation d'eau & différentes teneurs dans le méme sol, on obiient
plusieurs populations lognormales de paramétres différents dont lu superpo-
gition n’est pas fognormales (cas du Balai}.
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Nous sommes ici dans un cas ol vraiment la lognormalité est expliquée
parfaitement par Papplication de la loi d’action de masse entre les variations
de concentrations entre chaque tranche de la colonne échangeuse.

La forme des anomalies, Pabsence de niveaux pédologiques préférentiels,
Pallure des courbes de répartitions ne pourraient s'expliquer par des phé-
noménes de précipilation ou de transport mécanique. Blles seralent difficile-
ment explicables par un phénoméne déchange cations dans le sol. Au con-

.

traire échange anion beaucoup moins brutal donne une solution saisial-
sante. Or U est un élément irés mobile dans le cycle d'altération sous Ia
valence VI, et il circule dans la nature le plus souvent sous forme de com-
plese anion soit complexe carbonate, soit complexe sulfaie. Nous voyons done
qutn bon accord peut étre ainsi établi entre les données expérimentales et

inéoriques.
CONCLUSIONS PRATIQUES

Dans les espaces non prospectés mais de structures aéologigues analogues
i celles que nous avons rencontrées, Iordre du travail pourrait 8tre le suivant:
19) Détermination de lo teneur fondumeniale géologique par 56 ou 100
prélévements au hasard dans toute la formation.
Les prélévements tombant dans une zone uranifere ont peu de chance
éire nombreux.
On obtient donc une courbe do dispersion analogue & celle de la Crume

i

d

ot on définit la teneur fondamentale par la moyenne arithmétique M et la
dispersion o par V'écari type des teneurs (pas de logarithmes dans ce cas).

90) Recherche dun fil directeur. On offeciue alors des quadrillages ou des
p1ofils systématiques & grande maille (pius de 500 m) en utilisant au mieux
ce que Ion peut connaitre de la ciologie régionale et ce que Uon sait des
propriétés générales de i'uranium (conceniration dans les creux, dtirement
des anomalies dans le sens de civculation des eaux, ete.. .

Tout point dont la teneur est M + 2 ¢" a en gros 95 pour cent de chance
’Eire une anomalie géochimique valeble (au moins aussi valable gu'un point
“fort” au compleur) ct des prélévemenis complémentaircs s’imposeni.

la radioactivité, un

On gardera présent d lesprit que, contrairement a
“noint” géochimique anormal a plus de chance de faire partie d'une ano-

malic “forte” (en teneur ei en surface) que d’une “petite” anomalie puisque
ifére sont liées.

A partir des points anor-

tereur, surface et importance de I'injection uran
3°) Recherche des secteurs les plus favorables.
maux, le quadrillages s’orieniera par panneaux de 50 & 100 prélevements 3

maille toujours assez lache.
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Les histogrammes de chaque panneau et les moyennes géométriques seront
alors les guides principaux.

Les histogrammes symétriques a moyenne géoméirique proche de la teneur
fondamentale seront rejetés. Au contraire, le quadrillage sera orienté vers
une dissvméirie maximale.

4°) Carte d’anomalie. Lorsque les secteurs favorables auront été dégrossis,

le quadriliege taciique permetira le tracé des anomalies. Il sera cependant

e
intéressant de voir si les anomalies s

ajustent a une loi de dispersion lognor-
niale ou si un découpage convenable ne fait pas apparaiire plusieurs popu-
lations pouvant éire interprétées par des systémes de circulation d'uranium
différents,

Ln résumé: les idées suggérées par Pétude statistique d’un nombre déja
important de campagnes oni besoin d’étre essayées concrétement sur le terrain,
ce qui, a la cadence de travail de la section de prospection géochimique, peut
élre fait trés vite.

Bien guazudacicuse en apparence, cette conception de la prospection de
grands espaces repose sur des bases statisiiques et géochimiques beaucoup
moins hasardeuses que la découverte en prospection volante d’'un point radio-
actif dans une région pauvre en affleurements.

Ce procédé de prospection ne peut &tre envisagé que parce que le C.E.A.
esi actuellement le seul organisme au monde a disposer d'une méthode de
dosage de terrsin gardant. malgeé son haut rendement et son bas prix, une

bonne nrécision.

S

ANNEXE
MATERIEL STATISTIQOUY ELEMENTAIRE

Nous avons largement emprunté & [Uouviage de J. Mothes auquel nous

renvoyons pour une théorie plus complete.

1—TERMIMNOLOGIE

1.1 —POPULATION LT INDIVIDU.

On entend par population U'ensemble des individus soumis a examen, par

individu, chaque unité de la population qu'on est amené a considérer isolé-
ment lorsqu’on se propose de procéder effectivement & une observation.
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Les deux termes ont un sens beaucoup pilas large que dans le langage com-
mun. Nous parlons ici de population de prélévements,

Une population n’est définie qu’aprés détermination de ce que I'on se pro-
pose d’observer, cest-d-dire qu’aprés définition du cercelére 3 cxaminer, ici
la teneur en uranium du prélévement.

1 2—XOTION DE CARACTERE

(Quand on examine un groupe d'objets, la propriéié qu’on décide d'observer

est généralement dﬁci‘f’(‘@@ sous le nom de caractére. I faut que ce caractére
puisse prendre des valeurs variables.

Les valeurs du caraciére sont mesurées par une technique convenable (me-
sure physique ou analyse chimique).

Ceci pose le probléme délicat de Perveur de mesuve, Chague résuliat de
mesure x étant la résultante de 3 termes: ,

[ > i
X - }XO T i

[0}

Xg étant la valeur wvrate

Eg étant la part d’erreur systémalique

E, étant la part d’erreur accidentelle.

Une mesure doit donc éive examinée sous angle de sa jusiesse (accuracy)
et de sa précision.

Les valeurs que nous donnons dans ce rapport sont los valeurs observées x.

2—PRESENTATION DES DONNEES

Lorsque les N individus soumis & Uobservation ont éié observés, il ¢agit
de présenter correctement les résultais.

. 1—0TION DE DISTRIBUTION STATISTIQUE.

La premiére opération consiste & grouper ensemble les individus qui ont
les mémes valeurs du caraciére examing.

On obtient ainsi une “distribution statistique”, ou "distribu{i(m empirique”

Il est commode d’effectuer un “groupage en classe

On divize Pintervalle dans lequel varie le caractére étudié en classes el
on groupe ensemble les veleurs observées tombant dans la méme classe. Nous
avons donc des “frontiéres de classes” et une “valeur centrale” pour chaque
classe.

e e e

o
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»

Un tableau tel que le tablean I peut étre dressé, ol nous avons porté a la

hj
fois les effectifs par closse et également la fréguence: f; : N
L
{; = fréquence dans la classe i
n; = effectif de la classe i
N = nombre total d’observations.

2.2~ EPRESENTATION GRAPHIQUE DES DISTRIBUTIONS.

.

2.2, 1—ITISTOCRAMDIE.

L

On porie en abscisse les frontidres de classe et cn ovdonnée les effectifs

ou, mieux, la f{réquence.
On construit ainsi une succession de reciangles accolés appelée histo-

gramme.

2.2.2—COURBE DE FREQUENCE

La courbe de fréquence vient d'un “polissage” de 'histogramme.

Le concept de courbe de fréquence d’une série statistique est de la plus
hizute importance.

Celie-ci est considérée comme la représentation géométrique d’une loi

idéale de disiribution du caractére étudic.

2.3—-DESCRIPTION DES DISTRIBUTIONS STATISTIQUES.

Les distributions ainsi obtenues se présentent sous forme de tableaux nu-
mériques comprenant un grand nombre de chiffres

Il sagit de synthétisar ces z‘éssuhats avec un pelit nombre de paramétres

2.3, 1—CARACTERISTI GUES DE TEXNDANCE CENTRALE

2.3.1.1—Le mode.

et ) 1 1 REPR

Clest 1a valeur du caraciére (uwﬂ)()uddn au plus grand nombre d’obser-
Voli0ns,

La médiane est la valeur du coractére awiour de laquelle se partagent par
I

cdiane.

moitié les valeurs observées.
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2.3.1.4—La moyenne géométrique.

La moyenne géoméirique de n données est la racine iéme de leur produit.

Le logarithme de la moyenne géoméirique de plusicurs données est la
movenne arithmétique des logarithmes de ces données.

Lorsque une série de données présente une grande dissymétrie, la moyvenne
céométrique est plus viile que la moyenne arithmétique,

2.3.2—LES CARACTERISTIQUES DE DISPERSI

2.3.2.1—L écart moyen.

On forme pour chague observation la différence en valeur absolue entre
sa valeur et la moyenne de la distribution, puis on divise la somme des dif-
férences obtenues par le nombre total d’observaiions.

C’est une valeur difiicile & manier et peu utilisée.

2.3.2.2—La variance et I’écart type.

On remplace dans la formule précédente les |x7j — m'j| par leurs carrés.
T Ty Sy L)
O |x; m';]|
a - paet ) P
N

o est Pécart type. Cest U'ndice le plus utilisé.

—ATUSTEMENT D'UNE COURBE A DES DOINNEES

jsM]

Nous n'entrerons pas dans le détail; disons sculement que l'examen de &

U‘

courbe de fréquence suggére des “permanences statistiques” apparaissant dan
des phénoménes les plus divers.

Ceci conduit & penser que le caractére étudié s’ajuste a une “loi stalis-
tique”.

Parmi ces lois, deux sont particuliérement importantes

3.1—Lo1 NORMALE,

ou loi de Gauss-Laplace, ou courbe en cloche, c’est la loi la plus connue
mais ce serait une erreur de croire que c’est la seule loi du hasard. Clest |a loi
que Yon obt'ent lorsque les causes initiales jouent de maniére indépendante
en s’ajoutant.




SymposivM pE ExrronraciON GEoQuimica 111

3.2—1.01 LOGNORMALE,

ou loi logarithmo-normale. Clest une généralisation de la loi normale ont
Pon a fait un changement de variable. La loi redevient normale en partant des
logarithmes du caractére en abscisse.

‘eite loi est générale lorsque les causes initiales indépendantes agissent
le maniére multiplicative.

Cette loi est probablement plus répandue que la loi normale. Elle est en
fait Pexpression de la loi d’action de masse.

Signalons que:

— le revenu des individus compcxvmt une nation,

— la taille des grains dans les échantillons de roches sédimeniaives,
a taille des grains d’argent dans une émulsion photographique,
sensibilité des animaux d’une méme espéces aux produits chm“qnes
quantité d’électricité utilisée aux U.5.A. dans les maisons de clas-

[ETO -
fav]

]
i

-

L

;\

es MOyennes,
s teneurs en or dans les mines du Rand,

!
!
}-«4

-

— les teneurs des métaux dans une roche,
— le nembre de mots dans les phrases de Poeuvre de G. B. Shaw,
— la dispersion du tir des mortiers,
rent une loi lognormale.
Seuvent une loi parait normale lorsque Uimprécision des mesures est du
méme ordre que Uamplitude du phénoméne de dispersion étudié.

3.3—TEST DE LA DROITE DE HENRY.

Fey

C’est un moyen commode de vérifier si une distribudon peut, ou non, étre
assimilée & une loi normale ou lognormale.
On utilise des tables ou mieux du papier spécial, dit gausso-legarithmique

ou gausso-arithmétique,
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THE BEHAVIOR OF SELENIUM IN THE ZONE OF OXIDATION

H. W. LakiN and A. R. Trites, Jr. * *

ABSTRACT

The selenium released during the oxidation of seleniferous sulfide minerals is in a less
mobile form than the sulfur, and tends to be concentrated in the oxidized zone. Studies of
some of the seleniferous pyrite-bearing sandstone type uranium deposits in Wyoming have
shown that secondary selenium minerals are concentrated either in mantles overlying the
unoxidized ore bodies, or in haloes enclosing these bodies. The highest grade seleniferous
rock in the oxidized zone is commonly sandstone containing red elemental selenium with
varying amounts of hydrous iron oxide that is believed to contain basic ferric selenite. In
conirast sulfate-sulfur occurs in abundant quantities in gypsum and jarosite.

The separation of sulfur and selenium in the zone of oxidation can be explained by the
differences in the oxidation potentials for the various reactions of these elements. The
magnitude of the oxidation potential (—0.17 v) of sulfur to sulfate is such that moist air
readily oxidizes sulfur to sulfate, whereas the magnitude of the potential of selenium to
selenite (—1.15 v) is such that the reaction proceeds very slowly, if at all.

INTRODUCTION

Studies of seleniferous pyrite-bearing sandstone-type uranium deposits in
the Gas Hills and Baggs aveas, Wyoming, have shown that red elemental selenium
is concentrated either in a discontinuous mantle overlying the uncxidized ore
or in haloes enclosing the bodies. These haloes impart a violet-pink color io
the weatlered uncemented sandstones adjacent to seleniferous pyritic lenses and
contain as much as 2.4 percent selenium. Selenium is also enriched in gossa
of former pyrite lenses, and held as basic ferric selenites. In contrast suhm is
exidized to sulfate as shown by the abundance of gypsum and jarosite in the
oxidized zone. Small quanti‘ties of selenium are found with the sulfates. These
observations on the behavior of selenium, as compared to sulfur, in the zone of
oxidation in the Wyoming deposiis are amenable to explanation as a function
of the oxidation potentials of the various reactions of these two elements.

A distinctive, penetrating, garlic-like odor is evident when the seleniferous
pyritic uranium ore is exposed by mining operations, and persons studying

Publzcazwn authorized by the Director, U. S. Geological Survey.
* U. 8. Geological Survey.
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these deposits have ascribed the odor to selenium but without verification.
Experimental evidence that the selenium is present in a volatile form in the
ore has been obtained but the composition is unknown.

LOCATION OF OXIDIZED SELENIUM DEPOSITS IN THE
WESTERN UNITED STATES

Two areas in Wyoming, the Gas Hills area in the ceniral part and the
Baggs area on the Wyoming-Colorado border, contain seleniferous pyritic sand-
stone-type uranium deposits that illustrate the oxidation pattern of selenium.
Similar patierns of selenium oxidation can be seen in the uranium deposits of
the Colorado Platean, but the relationships of these deposits to the water table
are not as evident.

GAS HILLS AREA:

The uranium deposits in the Gas Hills area are in the coarse-grained upper
part of the Wind River formation of early Eocene age. The relationship of the
Wind River to the other formations in the area is shown in Figure 1. The upper
part of the Wind River formation is composed primarily of coarse-grained
arkosic sandstone, conglomerate, siltstone, and shale. Uraninite, coffinite, and
pyrite are disseminated in interbedded siltstone and sandstone about 50 fest
below the surface and in lenses of caleareous sandstone scattered throughout
the overlying beds. The main siltstone-sandstone ore body ranges from 5 to
20 feet in thickness; the top of this ore body is nearly coincident with the
water table. Some of the uraniferous lenses in the oxidized zone above the
water table contain material of ore grade; these lenses are as much as 100 feet
across and 3 feet thick. Many of the uraniferous lenses have been partiaily
oxidized and contain sccondary uranium minerals, jarosite, iron oxides, and
ilsemannite, in addition o the uraninite, coffinite, and pyrite. The sandstone
beds enclosing the uraniferous lenses contain iron oxides, jarosite, gypsum,
and secondary uranium phosphates, silicates, and carbonates. A diagramatic
cross-section of the general distribution of selenium in the selenium deposits
is shown in Figure 2.

Although selenium is disseminated through most of the upper part of the
Wind River formation, it is most highly concentrated in some of the pyrite
bearing uraniferous sandstone lenses, at or slightly below the water table, and
in 1 to 3 feet wide, violet-pink haloes surrounding some of these lenses in the
oxidized zone. These haloes and sandstone lenses contain from 0.1 to 2.7 per-
cent selenium. The second greatest concentrations, 0.01 to 0.1 percent selenium,
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are found in a discontinuous mantle, slightly less than a foot thick, at the
water table; in some of the pyrite-bearing sandstone lenses of the oxidized
zone; and in local concentrations of iron oxides in the oxidized zone. The third
greatest concentration of selenium, 0.001 to 0.01 percent, occurs in most of the
enclosing sandstones and siltstone above the water table.

The selenium in the pyrite-bearing sandstone, both above and below the
water table is contained in pyrite and possibly in small quantities of marcasite.
Robert Coleman (1956) of the U. S. Geological Survey has found as much
as 14 percent selenium in pyrite concentrates. The selenium seems to be
most highly concentrated in pyrite in lenses above to slightly below the water
table. A single sample of a pyrite-bearing lens at about six feet below the
water table contained only 0.001 percent selenium, suggesting that the selenium
content of the pyrite is small in the sandstone at depths below the water table;
the pyrite in the interbedded silistone contains insignificant amounts of sele-
nium.

Red elemental sclenium imparts a violet-pink color to the haloes surround-
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ing the pyrite-bearing sandstone lenses in the oxidized zone and in the thin
zone mantling the water table. Some of the selenium contained in the concen-
trations of iron oxides is believed to be in the form of basic ferric selenite.
Areas in the oxidized zone that contain abundant sulfates, such as gypsum and
jarosite, contain only small quantities of selenium, suggesting the separation of
sulfur and selenium by oxidation of the pyrite and redistribution in the zone

of oxidation.

BAGSGS AREAC

Somewhat analogous occurences of selenium have been found in the sand-
stone-type uranium deposits in Poison Basin, near Baggs, Wycming. Here the
selenifercus uranium deposiis are in sandstone of the Browns Park formation
of Miocene age. A diagramatic cross-section of the distribution of the selenium
is shown in Figure 3. The contact between the pyritic zone and the overlying
oxidized zone may represent a fossil water table,

 Selenium occurs in the main oxidized ore horvizon in the underlying gray
pyrite-bearing beds, and in the overlying limonitic sandstone. The highest con-
centration, 0.1 to 0.4 percent selenium, is contained in pyriiic sandstone in the
uppermost part of the unoxidized zone and in small lenses of disseminated
red elemental selenium in the uranium ore zone. Intermediate concentrations,
0.01 to 0.1 percent, are coniained in the ore body and in some lenses and
irregular masses of iron oxide in the oxidized zone. Lower grade selenium
concentrations, 0.001 to 0.01 percent, occur generally throughout the oxidized
zone and in the pyrite-bearing sandstone and siltstone below the unoxidized

ore.

COLORADD PLATEAU:

Selenium is known to occur in the uranium deposits of at least ten areas
of the Colorado Plateau where native selenium, selenium-bearing pyrite and
mareasite, and clausthalite, the lead selenide have been identified. The de-
posits of the Temple Mountain and the Henry Mountain areas seem to
contain the highest grade seleniferous rock. The general observations of the
selenium in the uranium deposits previously discussed appear to hold for the
occurrence in the Colorado Plateau except that the red clemental form occurs
more in an envelope surrounding the uraniferous deposits, and the relation-
ships of the water table to the deposits ave less evident.




SymrosiuMm pE Exproracion GeooQuinica 119

COMPARISON OF OXIDATION POTENTIALS OF SELENIUM
AND SULFUR

n an oxygea-deficlent environment selenium is associated with sulfur; it
is found enriched in magmatic sulfides and volcanic sulfur. However, in the
zone of oxidation the greater affinity of sulfur for oxygen results in the sep-
aration of these clements. A study of the oxidation potentials of various reac-
tions for selenium and sulfur (see table 1) clarifies the behavior of selenium

[~

and sulfur in the zone of oxidation.

The oxidation poteniials of selenium for various reactions in 1. N acidic
and 1. N basic solutions are given in the second and 4th columns of table 1.
Columns 3 and 5 show the oxidation potentials for analogous reactions of
sulfur. These oxidation potentials are those given by Latimer (1852) and follow
his sign conveation.

A study of these oxidation potentials reveals some striking differences be-
tween the two elements. The oxidation potentials lead one to expect that Ly
drogen sulfide would be stable in aqueous solutions, whereas hydrogen selenide
would reduce water to give hydrogen gas. Actually, due to overvoliage eifects
and in the absence of air, agueous solutions of hydrogen selenide can be pre-
pared. Hydrogen selenide, similarly to hydrogen sulflide, can be prepared by
adding hydrochloric acid to a ferrous selenide but the gas, unlike hydrogen
sulfide, decomposes in the moist air above the acid.

TaBLE 1

COMPARISON OF OXIDATION POTENTIALS OF VARIOUS REACTIONS OF
SELENIUM AND SULFUR

1 N acid 1 N base
Reaction
Se S Se S
volts volis volis volts
H X*—=>XE° + 2H" 4 2Ze- +{.40 —0.14
X+ 310 —H X0, + 48" - 4o —0.74 —0.4%
HZRXC + HO —>%0 4:" -+ 4H* 4 2e” —1.15 —0.17
peo £y e
X7 — X° —32e +0.92
XO 4 g0H- —X0,” + 3H 0 + 4de” -+0.37 +0.65
X077 4+ 20H —X0 [” 4 H O -+ Ze” —0.65 +0.93

* = Be or 3.
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Although hydrogen selenide is much more casily oxidized to selenium than
hydrogen sulfide to sulfur, a comparison of the oxidation potentials for the

oxidation of selenium to selenium dioxide (E = —0.74 volts) and sulfur to
sulfur dioxide (E = —0.45 volts) shows that sulfur is more casily oxidized than

selenium to the dioxide. The quantitative reduction of selenous acid by sulfurous
acid in dilute hydrochloride acid solutions is illustrative of this difference.

The difference between the oxidation potentials for selenous acid to selenic
and sulfurous to sulfuric acid is even more pronounced. Sulfur is oxidized
slowly by moist air to sulfuric acid; whereas, selenium is oxidized less easily
to selenium diaxide, and hot concentrated nitric acid is not a sufficiently strong
oxidizing agent to oxidize selenium to selenic acid.

BEHAVIOR OF SELENIUM IN THE OXIDATION
OF PYRITE IN WYOMING

HALOES OF RED ELEMENTAL SELENIUM:

The oxidaticn of pyrite by moist air resulis in the production of dilute
sulfuric acid and the evolution of heat. In this environment the selenide-selenium
in the pyrite may be released as hydrogen selenide, oxidized to elemental
selenium, or even to selenivm dioxide. In the absence of a continuous aqueous
phase, hydvogen selenide may be evolved and travel short distances before
being oxidized by moist air to selenium and water. This behavior is more
likely in an open structure, such as exists in the weathered uncemented sand-
stones at Gas Hills and Baggs, Wyoming. A sample of pyritic sandstone from
the Gas Hills area was heated with dilute sulfuric acid and the evolved gases
passed through a sodium hydroxide solution. Thirty micrograms of selenium
were found in the alkaline solution. Neither selenium nor selenium dioxide
are volatile under the conditions of this experiment. In another experimment a
sample of ferrous selenide was placed in a flask connected to a itrain contain-
ing moist glass beads and finally a water trap, dilute hydrockloric acid was
added and the flask warmed. Red elemental selenium precipitated on the sides
of the flask, coated the connecting tmbes of the train, imparted a pink color
to the glass beads, and finally formed a pink precipitate which colored the
water in the trap. In addition to these observed facts, the oxidation potentials
indicate that hydrogen selenide would be easily oxidized to seleninm but
relatively difficult to oxidize to selenium dioxide. One may conclude that the
red elemental selenium observed in the Gas Hills and other areas is the result
of the evolution of hydrogen selenide during the oxidation of pyrite and its
subgequent oxidation by moist air to seleninm and water.
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VOLATILE SELENIUM:

The distinctive penetrating garlic-like odor observed when seleniferous py-
ritic uranium ore is exposed by mining operations is due to a selenium comi-
pound of unknown composition. In an experiment to determine the possible
presence of selenium in the volatile substance, 4 kilograms of this odoriferous
ore was placed in a desiccator and moist air passed slowly through the desic-
cator into a hydrobromic acid-bromine trap for a period of 3 weeks; 22 mi-
crograms of selenium were found in the trap. The odor is not evident in the
moist pink seleniferous sandstones containing omne percent selenium. but is
distinctly evident in a moist light gray pyritic sandstone containing only 0.025
percent selenium. This odor does not closely resemble the odor of hydrogen
selenide but is similar to that obtained by slowly bubbling air through a sus-
pension of ferrous selenide in water. According to Mellor (1930) J. J. Berzelius
stated that sulfur will reduce selenicus acid in acid solution to selenium mon-
oxide. He described selenium monexide as a colorless gas with an odor like
that of horse-radish, and so strong that one-fiftieth of a grain is sufficient to
fill a room with its odor. Several chemists have attempted to repeat Berzelius’
experiments and finally V. Lenher concluded that selenium monoxide does
not exist. The material Berzelius described as selenium monoxide fits the
description given to the odors encountered in the Wyoming selenium rich sand-
stones. One cannot, with the information available, deny the possibility of the
existence of selenium monoxide in these deposits. The odoriferous gas given
off by the ores at Gas Hills and Baggs, Wyoming may be selenium monoxide,
hydrogen selenide, or an organic selenide, but most certainly, it contains sel-

enium.

SELENIUM IN IRON OXIDLS:

Selenium is oxidized by moist air t¢ selenicus acid. Very dilute solutions
of its salts will react with ferric chloride to form an extremely insoluble pre-
cipitate whose composition is approximately that of basic ferric selenite,
Fe,{OH),Se0; (Williams and Byers 1936). These authors report that the
selenite ion can be removed from sclution by shaking over night with a ferru-
ginous soil; selenates are not guantitatively removed by the same treatment.
Further evidence of the stzbility of the complex iron selenite is the report that
ferruginous soils of Hawail under an annual rainfall of 100 inches contain
20 to 26 ppm of selenium (Byers and others, 1936). Ii is therefore reasonable
to assume that the selenium in the concentrated iron oxide lenses at Gas Hills
is held as a complex iron selenite.



122 ConerESO GEOLOGICO INTERNACIONAL

SELENIUM IN GCYPSUM AND JAROSITE:

The lack of a measurable quantity of selenium in the gypsum and jarosite
at Gas Hills is readily explained by the extremely high oxidation potential
for the formation of selenate ions, but the reported occurrence of selenates in
the zone of oxidation requires more careful consideration, Williams and Byers
(1936) demonstrated the presence of minute quantities of selenates, probably
calcium selenate, in the soils of South Dakota. Olson and others (1942) state
that during weathering of seleniferous rock to soil in South Dakota a large
part of the selenium is oxidized to the selenate form. Beath and others (1946)
report the occurrence of selenates in various localities in Utah and Wyoming
and essentially all of the selenium (173 ppm out of a total of 187 ppm) occurred
as selenate in volcanic tuffs of Tertiary age in Fremont County, Wyoming.
These tuffs overlie the Wind River formation in the Gas Hills area.

Delahay and others (1952) published an equilibrium diagram showing the
variation of oxidation potential with pH for the various ionic species of selenium.
According to this data at a pH of 7.5 the oxidation potential for the couple
Se0,” —5e0,” is —0.4 volts and for H,O — O, is —0.77 volts. On the
basis of these oxidation potentials it is possible for moist air to oxidize the
selenite to selenate in slightly basic solutions; the selenate ion, once formed, is
very stable, thus favoring the reaction. Selenates are not reduced by hydrogen
sulfide, sulfur dioxide, or ferrous iron, all of which reduce the selenite to sele-
aium. The evidence of the existence of the selenate form of seleninm in Wyom-
ing is sufficient to warrant the stalement that selenites are oxidized to selenates
in the zone of oxidation. The reaction probably is accomplished by moist air
in slightly alkaline solutions. Lipman and Waksman (1923) described a bac-
terium capable of oxidizing elemental selenium to selenic acid; this provides
another possible mechanism for the formation of selenates.

BEHAVIOR OF SELENIUM IN THI ZONME OF REDUCTION

The seleniferous pyrite overlain by a mantle of red selenium near a fossil
water table in the Baggs area, Wyoming may be the result of enrichment by
downward leaching of selenites and subsequent reduction to elemental selenium
and selenides. Under sufficiently reducing conditions selenides are formed and
the ionic radii of the selenide ion (1.91) and sulfide ion (1.74) are sufficiently
alike to permit the replacement of sulfur by selenium in pyrite. Thus the sele-
nium rich pyrites may be formed by downward leaching of selenium from oxidiz-
ed bodics above the ore and subsequent reduction below the water table.
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The observed pattern at the fossil water table in Baggs is also explained
by the simple oxidation of the seleniferous pyrite but such explanation does
not account for the presence of the seleniferous pyrite in a narrow band just
below the water table.

CONCLUSIONS

This study of the behavior of selenium in the zone of oxidation observed
in Wyoming permits some observations regarding the general behavior of
seleninm: In an oxygen defficient environment selenium is associated with
sulfur; it is found enriched in magmatic sulfides and volcanic sulfur. However,
in the zone of oxidation the greater affinity of sulfur for oxygen results in the
separation of these elements. Sulfides are readily oxidized to sulfates and
travel long distances in the ground waters and streams; selenides are readily
oxidized to elemental selenium and eventually oxidized to selenites. These form
insoluble complex iron salts and are concentrated in hydrolyzates. In this respect
selenium behaves like arsenic.

In the semiarid regions of the western United States appreciable quantities
of selenium are oxidized to the selenaie form. The selenates resemble the sul-
fates in stability and solubility. Once formed, they may move great distances
in the ground and surface waters as shown by the presence of selenium
in the water of wells, springs, and streams in the Western United States.

Finally, we may assume that small amounts of selenium are being removed
from seleniferous suliide deposits by surface and underground waters and is
eventually discharged into the ocean and inland basins, some is locally retained
in the rock and soil by precipitation as basic ferric selenite, some may be
leached downward are reduced to selenides, some is retained temporarily by
absorption in certain plants, and a small amount enters the atmosphere as a gas.
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MOVEMENT OF METALLIC ELEMENTS IN SHALLOW COLLUVIUM *
F. B. LorspricH * ¥

ABSTRACT

As part of an investigation of the effects of the biogeochemical environment on the
movement of various clements in the zone of weathering, trenches were cut through colluvium
and into the phosphate beds of the Phosphoria formation, which is known to contain
several metals in greater than normal amounis for sedimentary rocks. Somples of the
phosphate beds and the colluvial soils were collected and analyzed for Cr, Cu, Ni, P, V,
and Zn by colorimetric or spectographic methods, or both. These analyses provide data
to evaluate the degree of enrichment of the colluvium with metals from the underlying
phosphate beds by biological, chemical, and physical processes.

Varicus elements behave differently: copper and nickel tend to be immobile, whereas
zine and phosphorous tend to move into the colluvial soil, Vanadium tends to become
concentrated in the upper humus layer; in conirast, zinc in this layer is at a minimum
and gradually increases with depth, reflecting its high mobility in the near-surface
environment. Chromivm behaves similarly to vanadium,

INTRODUCTION

The behavior of metallic elements in the zone of weathering is controlled bv
environmental conditions such as climate, plant assemblages, soil chemisiry, and
character of the parent rock. These affect strongly the potential of geochemical
methods for mineral exploration. The inter-relationships of plant cover and
soil to the underlying substratum is of the utmost importance. This investigation
is an attempt to obtain answers to the following three queslions:

1—How do dry and moist climates affect the metal content of a s0il?

9__What mechanisms operate to enrich a barren colluvial soil over a metal
rich substratum?

S What is the minimum quantity of a particular metal in the substraturm
that will yield enough in the overlying soil to be significant in geochemical
exploration?

The Phosphoria formation of Permian age near Montpelier in southeastern
Idaho appears to be well suited to such an investigation for four reasons: First,

= Pyllication authorized by the Director, U. 8. Geological Survey.
¥ % 778, Geological Survey.
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the Phosphoria formation contains several metals in appreciable quantity;
second, the beds are remarkably persistent and uniform in chemical composition
for tens of miles; third, a climatic range from semiarid to subhumid is avail-
able; fourth, many outcrops arve covered with a metal-deficient colluvium not
derived from the Phosphoria formation.

To evaluate the effects of climatic differences on the metal content of the
soil, two sites were chosen in the Monipelier area where the Phosphoria form-
ation attains its maximum thickness. The Dingle site is about 20 miles south
of Montpelier, Idaho, in a semiarid location where annual mean precipitation
is about 15 inches. The East Georgelown site is on the western slope of Snow-
drift Mountain 20 miles north of Montpelier in a subhumid location where
the mean annual precipitation is 23 inches (Fig. 1). At the Dingle site, 6,200
feet above sea level, the temperature ranges from -34°F to 102°F, and at the
East Georgetown site, 8,300 feet above sea level, the temperature averages 6°
cooler.

The Phosphoria formation in scutheastern Idaho has two members: the
Rex chert member, or upper one, about 250 feet thick; and the lower one,
the phosphatic shale member, consisting of about 180 feet of phosphate rock,
mudstone, and massive carbonate rock (Fig. 2). The Phosphoria formation
is underlain by the Wells formation of Pennsylvaman age, a series of lime-
stones, dolomites, and sandstones more than 5,000 feet thick. The Phosphoria
formation is overlain by the Dinwoody formation of Triassic age at the East
Georgetown site and by the Tertiary Wasatch formation at the Dingle site

Snowdrift Mountain is near the axis of an anticline, and the outcrop o{ the
phosphatic shale member of the Phesphoria sampled in this study lies on
the western limb. The beds strike N 10° E. and dip 70° to the west. Although
the general topography is mountainous with steep slopes, the land surface of the
phosphatic shale member slopes only 10° westward, and on the Wells forma-
tion only about 25° westward. The land surface on the phosphatic shales slopes
eastward at 10°, and on the Wasatch formation about 20° eastward.

The cooler, more moist environment at the East Georgetown site is reflect-
ed by an open mesophytic forest and shrubby vegetation. Aspen (Populus
tremuloides) is the most conspicuous tree. Douglas fir (Pseudotsuge taxifolia),
Engelmann spruce {(Picea Engelmanni), lodgepole pine (Pinus contorta), and
subalpine fir (Abies lasiocarpa) ave the most abundant conifers mixed with
the aspen. The common shrubs arve snowberry (Symphoricarpus oreoplilus),
mountain mahogany (Cercocarpus ledifolius), buckbrush {Ceanothus velutinus),
and mountain lover (Pachistima myrsinites). In conirast, vegeiation at the
Dingle site is xerophytic. Overgrazing has seriously depleted the orviginal srasses,

=
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and shrubby species are now dominant. The chief shrubs are sagebrush (Arze-
misia iridentata) and rabbitbrush (Chrysothamnus nauseosus).

EFFECT OF SEMIARID VERSUS SUBHUMID CLIMATES ON THE
METAL CONTENT OF SOIL

To test the effects of a dry versus a moist climate on the metal content of
colluvial soil, samples were analyzed for vanadium, chromium, copper, zinc,
nickel, and phosphorus. The colluvium at the East Georgetown site originates
from the Wells formation, whereas that at the Dingle site originates from the
red Wasatch material. In the East Georgetown trench, the soil developed from
the Wells formation and now overlying the Wells will be called the Wells
residual soil, and the soil developed from the Wells formation and now overly-

{after Mansfield, [927)

FIGURE 2--GENERALIZED E-W CROSS SECTION OF SNOWODRIFT MOUNTAIN, EAST
GEORGETOWN AREA, IDAHO

ing the Phosphoria, the Wells colluvial soil. Similarly for the Dingle trench,
the soil developed from the Wasatch formaiion and now overlying the Wasatch
will be called the Wasaich residual soil, and the soil developed from the
Wasaich formation and now overlying the Phosphoria formation the Wasatch
colluvial soil.

The main sampling emphasis was at the East Georgetown trench where
samples of the phosphatic shale member and of the soils were collected (Figs. Z
and 3). Twenty-seven soil profiles were sampled in detail from the surface to
the underlying phosphatic shale member. Sampling at the Dingle site was
restricted to two soil profiles, one over the phosphatic shale member and one
over the Wasatch residual soil. Samples of the phosphatic shale member were
not collected at Dingle.
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All samples were anaiyzed for mincr elements by wet chemical or spectro-

graphic methods. In addition to the minor elements, pH was determined on ail

soil samples, and selected soil Sam*ﬂeﬂ" were analyzed for exchangeable bases

and exchange capacity. On 5 soil profiles the relative sand, silt, and clay
content of the soil overlying the phosphatic shales was determined by particle

size analysis.

S011, PROPERTIES

6.2 in conirast to 7.5 ov higher

The Wells colluvial soil has a pH of about 6.2
for the Wasaich colluvial soil at the Dingle trench where the presence of free
caleim carhonate at all depths below the surface was verified with acid. Alth-
ough the Wells colluvial soil was derived from limestones and dolomites, it did

indicates a lack of calcium carbonaie

not effervesce when acid was applied, this
ich caused leaching of iree calcium

and reflects the more humid climate wh
carbonate from the profile. Base-exchange studies of the Welis colluvial soil
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The lack of horizon differentiation, the poor structure, and the high percent
of base saturation indicate a low intensity of soil forming processes. The main
oil forming process that has been operating at either site is that of calcifica-
tlonj which cycles calcium within the profile by plant processes and maintains
a high degree of calcium saturation. The process of podzoliation (a soil-forming
process that results in a bleached zone near the surface and the accumulation
of iron and aluminum below this zone to give a red or brown color) is also
probably operating under the present climatic regimen at the East George-
town site,

METAL CONTENT OF PHOSPHORIA TORMATION

Some beds of the Phosphoria formation are low in phosphorus and may
contain only 1,000 ppm; some of the higher grade beds contain 150,000 ppm
of phosphorus (15 percent P = 35 percent P:0Os). The vanadium and cHrom—
ium content reaches a maximum of 5,000 ppm, but averages about 750 ppm V
and 1,000 ppm Cr in the phosphatic shale member. There are two zones in
which the vanadium content is high, one near the upper and one near the
lower end of the seciion. The chromium content is restricted to definite beds,
randomly scattered throughout the section. The zinc content has a maximum
value of 3,500 ppm and a minimum value of 750 ppm in the phosphatic shale
member. Although in most beds it does not exceed 100 ppm, the maximum
cooper content is 500 ppm. Nickel never exceeds 350 ppm and most beds contain

only a few ppm.

DESCRIPTION OF THE KAsT GEORGETOWN SITE

The buildozer trench at East Georgetown revealed some interesting surface
geology (Fig. 4). Despite the relatively gentle surface slope of 10°, the phos-
phatic shale member is covered by colluvium, 1 1/2 to 4 feet deep that is
derived from the Wells formation. A particle-size disivibuiion study, which
revealed a high sand content, and the presence of large limestone and dolomite
fragments within the colluvium, eliminates the possibility that the colluvium
was derived from the Phosphoria formation by weathering and slumping. Alth-

ough the shale beds of the Phosphoria formation dip 70° to the west, they
have been dragged and smeared downslope by the overlying colluvium. Some
of these beds, however, retain their characteristic colors and may be traced
for distances of 40 to 50 feet. Despiie the transport of colluvium across the
Phosphoria Formation, there has bef’n little or no mixing of the Wells colluvium
with the colluvial phosphate material except at the contact. None of the soil
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profiles coniain phosphatic maierial above the contact of the Phosphoria and
Wells colluvium.

The soil formed from the Wells colluvium at'the trench is poorly developed
as is shown by the weak structure and lack of distinct horizons. Addition of
organic matter has caused some darkening of the upper 6 to 9 inches; other-
wise, the soil is little different from the yellow-colored colluvium from which
it has developed.

METAL CONTENT OF THE SOILS AT THE LAST GEORCETOWN SiTi

Several interesting relationships become evident when the metal content for
the three uppermost horizons of the collucial soil above the phosphatic shale
member is compared with similar horizons of the residual soil at the East
Georgetown trench (table 1). Copper concentrations in the Wells colluvial
soil are actually less than for the Wells residual soil, 30 to 45 ppm compared to
o0 to 75 ppm. The values for the Wells colluvial soil are the averages of 20
profiles along the trench, and although some horizons may contain as much
as 150 ppm, most samples are of the order of 20 to 30 ppm. The Wells forma-
tion contains as much copper as this weakly developed soil, and even some
of the colluvial phosphate contains 150 to 200 ppm copper and may be traced
40 to 50 feet downslope by its metal content. The copper content of the phos-
phate rock richest in copper is so low (150 to 200 ppm) that, when it is

Tapre 1

METAL CONTENT OF PHOSPHATE ROCK AND SOIL AT THE EAST
GEOQRCETOWN TRENCH

MATERIAL Cu Ni vV Cr Zn P
ppm ppm ppm ppm ppm ppm
Phosphoria
formation 500 350 5000 5000 3500 10,0007
Wells 00— 6 in. 30 by 120 150 520 10,000
colluvial
soi] 6 — 12 in. 35 20 165 210 520 11,0600
horizons
12 - 16 in. 45 20 170 215 430 14,600
Wells 0 - 6 in. 50 20 75 35 140 1,000
residual
soil 6 ~ 15 in, 50 10 50 35 100 250
horizons

i5 - 28 in. 75 20 50 35 140 250
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diluted by other phosphate beds lower in this metal, it is little different from
ordinary soils; therefore, there has been no geochemically significant copper
enrichment of the soil.

The nickel content is nearly identical, 8, 20, and 20 ppm nickel in the
Wells colluvial soil compared to 20, 10, and 20 ppm in the barren Wells residual
soil. Aithough the maximum nickel concentration in the phosphatic shale member
is 350 ppm, it never excceds 150 ppm in the colluvium from these shales im-
mediately beneath the Wells colluvial scil. Under the conditions at Fast George-
town, the overlying soil is not being szgmflcanﬂy enriched with nickel. This
may be because of the low concentration of nickel in the substratum or the effect
of the high phosphate content on the mobility of nickel in the soil.

The vanadium content of the Wells colluvial soil is 2 to 3 times greater than
the Wells residual soil, 120, 165, and 170 ppm compared to 75, 50, and 50 {ox
the uppermost horizons. The soil above the phosphates is, therefore, being enrich-
ed with vanadium from the underlying vanadium-rich shales.

The behavior of chromium closely parallels that of vanadium, but its con-
centration is higher than vanadium in the Wells colluvial soil and lower than
vanadium in the Wells residual soil. Concentrations of chromium are 160, 210,
and 215 ppm in the colluvial soil, compared to 35 ppm in all horizons of the
residual soil, a five-to sixfold increase in the colluvial soil.

Zinc concentration of the Wells colluvial soil is at least double that of vana-
dium and chromium, even though its maximum concentration in the phosphatic
shale is 3,500 ppm. In comparing the soils it is evident that the Wells colluvia!
s0il has three or four times the zinc conient of the Wells residual soil, 525, 529,
and 430 ppm as against 140, 100, and 140 ppm. This evidence strongly suggests
that zinc is more mobile in the surface environment than are chromium va-
nadium.

Although phosphorus is not used in geochemical exploration, it behaves
similarly to the metals already described. Thus, the phosphorus content for the
upper three soil horizons of the Wells colluvium exceeds 10,00 ppm, whereas
in the Wells residual soil it is 1,000 ppm in the surface horizon and decreases
to 250 ppm in the deeper horizons (250 ppm of phosphorus is the amount 1o
be expected in normal agricultural soils). This ten— to fortyfold increase in
phosphorus conceniration over the phosphatic shales must be due to enrichment
from below.

In summary, the Wells colluvial soil is not being enriched with copper and
nickel from the metal-rich Phosphoria formation at the Lasi Georgetown site.
On the other hand, chromium, vanadium, zinc, and phosphorus have been added
to the Wells colluvial soil in significant quantities compared to those found in

the Wells residual soils.
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DescriprioN or THE DINGLE SITE AND COMPARISON OF THE METAL CONTENT OF
THE SOILS AT DINCLE AND EAST GEORGETOWN

The concentrations of certain metals in the soil at the Dingle site are some-
what different from those in the soil at East Georgetown (table 2). This may
be expected when the soil properties and climates are considered: The soil at
Dingle has a higher pH; there is less precipiiation; and the entire profile is
saturated with calcium carbonate. The Phosphoria formation at the Dingle site,
however, is assumed to have a similar mstal content as at the Last Georgetown
site.

Copper content of the Wasatch colluvial soil is nearly twice that of the Wells
colluvial soil, although this increase may not be significant at these low concen-
trations — 75 ppm versus 45 ppm, respectively. The Wasatch residual soil and
the Wells residual soil contain nearly identical quantities of copper. The nickel
content of the soils at Dingle is not significantly greater than at the East George-
town, although the residual Wasatch contains less nickel than the residual
Wells — 20, 10, and 20 compared to 10, 10, and 5 ppm, respectively. The con-
cenirations of vanadium and chromium in the Wasatch and Wells residual soils
are closely similar. Vanadium is, however, about 5 times and chrominm nearly
3 times as concentrated in the Wasatch colluvial soil as in the Wells colluvial
soil; thercfore, the degree of enrichment under the drier environment is more
‘pronounced. Evidently under semiarid conditions, these metals are less mobile
once they enter the soil than under subhumid.

Tasre 2

METAL CONTENT OF PHOSPHATE ROCK AND SOIL AT THE DINGLE TRENCH

MATERIAL Cu Ni vV Cr Zn r
ppm PpIn ppm ppm Ppm ppm
Phosphoria
{formation 500 350 5000 5000 3500 10,0007
Wasatch 0~ 2in. 73 20 750 500 540 50,000
colluvial
_soil 2~ 6 in. 75 35 1000 500 625 100,000
5 = 12 in. 50 20 750 500 500 50,000
Wasatch 0 - 2in. 50 10 75 35 75 3,000
residual
soil 2 - 12 in, 50 10 5 3 IG; 1,000
horizons '

1,000
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Zinc concentration in the Wasateh colluvial soil is little different from similar
borizons in the Wells colluvial soil, although the Wells residual soil is nearly
twice as high in zinc as the corresponding Wasatch residual soil. The zinc
content has been raised from 75 ppm in the Wasatch residual soil o 500 to
600 ppm in the Wasatch colluvial soil to give an enrichment factor of 6 or 7.

Phosphorus concentration of the soil overlying the phosphates is 5 1o 10
times as high at Dingle as at East Georgetown. The higher phosphorus content
of the Wasatch residual soil, compared to the Wells residual soil may be the
direct result of the drier environment, or the Wasatch formation may contain
more phosphorus than the Wells formation. The latter possibility was not in-
vestigated.

A comparison of the metal concenirations of the soils under a subhumid
with a semiarid climate illustrattes that caution must be used in evaluating geo-
chemical data from contrasting climatic envirouments. Thus, the colluvial soil
under both climates is not being significantly enriched with copper and nickel
from the underlying Phosphoria. However, under the semiarid climate,
chromium, vanadium, zinc, and phosphorus are added to the colluvial soil in
lar

7er quantities than under a wmore subhumid climate.

MECHANISM OF ENRICHMENT

To evaluate the operative mechanisms of enrichment, the following must be
considered: (1) the importance of mechanical mixing of the metal-deficiente col-
luvial material; and (2) the cause of a metallic gradient in the soil profiles, if
one exists.

At the East Georgetown trench, portions of the phosphatic shale member
beneath the Wells colluvial material ave displaced for distances of 40 to 50 feet
on a 10° slope without any observable mixing of ithese contrasting materials.
The absence of such mixing prevents the metaliferous phosphates from enrich-
ing the relatively barren Wells residual colluvium by mechanical means. The-
refore, the only way by which the colluvial soil could be enriched from beneath
is by diffusion upward (capillarity) or by plant processes operating {rom the
surface downward.

Detailed sampling and analysis of the colluvial soil and phosphatic shale
at the East Georgetown sile permits an evaluation of the probable mechanism
of enrichment. These analyses should distinguish whether plant processes enrich
the soil from the surface downward or if capillarity is enriching the soil from
below. A gradient in metal content of the soil downward from the surface
should suggest that plant processes are dominant, whercas a gradient upward
from the bottom of the colluvium would indicate that capillarity is the process

of enrichment.
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DETAILED DESCRIPTION OF THE METAL CONTENT OF THE SOIL AT
FasT GEORGETOWN

T

At the East Georgetown site, concentration of phosphorus in all the profi
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over the phosphatic shale member is unusually high for mineral soils. Figure

5 compares the zinc aud phosphorus content in the three top horizons of the
Wells colluvium. Although most of the profiles contain less than 10,000 ppm

m have up to 50,000 ppm of this element. All horizons of
profiles No. 1 next to the chert, and No. 8, a very shallow profile approximately
30 feet from the Rex Chert member {the total depth of this soil is 12 inches) are
high in p"ms‘yhoruﬁ. Total phosphorus content of the uppermost horizon, the
A, ., is greater than the two horizons beneath. Furthermore, the A, is some-
whot ‘mghe in phosphorus than the AC. This gradual decrease in *Jhosphﬂrus

phosphorus, three of the

content with depth sirongly suggests envichment from above through the phy-
siologic processes of plants.

The phosphorus content of the soil, especially the surface horizon (A,,).
decreases upsiope toward the Wells residual soil. Continuing upslope (profiles
22 through 27, fig 5) to the soil farthest from the Phosphoria formation, the
phosphorus content decreases gradually until & minimum is reached, 1,000 ppm
for the surface and 250 ppm for the deeper horizons. The decrease in phos-
phorus content of the soil away from the phosphatic shales may indicate that
there is insufficient phesphorus in the Wells formation to permit significant
envichment by plants of the upper soil horizons.

Zinc content of the Wells colluvial soil overlving the phosphatic shale mem-
ber is of the order of 400 to 800 ppm in the three uppev horizons of all
(fig 5). Unlike phosphorus, zinc content for the surface herizon (Aa_) is
nearly constant across the entire section; however, the zinc gradually decreases
away from the phosphatic shale member to a low of about 100 ppm. A s
peak for zinc also occurs in the No. 8 profile that gave the phesphorus peak.
The Aln horizon is somewhat lower in total zinc with slight peaks at the
same points as the A,,, otherwise the zinc content is nearly identical swith the
surface horizon. The AC horizon has a total zine content lower than for the

A

., and A, horizons, and there are several peaks on this curve.

Generally, zinc behaves similarly to r)hosphorus with plant enrichment of

the Wells colluvium from the zinc-rich phosphatic beds beneath. This enrich-
ment 1ig, therefore, from the surface downward. Movement within different
profiles does not proceed at the same rate; this results in some deeper horizons
being lower in zinc content than the same horizon for other profiles. The
phosphatic shale coiluvium bencath the Wells colluvium has a nearly constant
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zinc content, and therefore, the peaks of the zinc curves are not velated to the
zinc content of the phosphate rocks immediately beneath these peaks.

The copper and nickel content of these soils (fig. 6) is low, as hight be
expected when one considers that the maximum copper and nickel content of
the phosphatic shales does not exceed 500 and 350 ppm, respectively. The
oopper concentration of the A,, horizons less than 25 ppm profiles 1 to 12
There is an increase in the copper content of this horizon near the middle
of the section, with a maximum of 100 ppm. The A , and AC horizons show 2
similar trend. There are a few profiles where copper content reaches 150 ppm.
These copper peaks are not related to the underlying phosphat beds because they
do not occur in profiles over high-copper material. Moreover, several profiles
containing low copper are over colluvial phosphate rock containing 150 to 200
ppm copper. The Wells residual soil contains nearly as much copper as the
Wells colluvial soil; it may, therefore, be concluded that the soil is not being
materiallv enriched with copper.

Less nickel is present in the Phosphoria formation than copper, imr
behaves like copper (fig 6). There is less than 20 ppm nickel in mest e
colluvial soil.

Evidently the concenirations of copper and nickel in the Phosphoria forma-
tion are less than the minimum amount necessary to cause a significant enrich-
ment of the overlying soil. Furthermore, the effects of the high phophorus content
of these =oils on the chemical properties of copper and nickel in these soils
has not been evaluated.

Chromium and vanadium closely paralle]l one another in the series of p!‘oﬁics
both in behavior and concentrations in the three horizons as shown on fig
7. The total quantity of chromium is slightly higher than vanadium for Lhe,
Wells colluvial soil but is exceeded by vanadium in the Wells residual soil.
The chromium content in the A, horizon of profile 14 is 1,000 ppm and in the
AC horizon of profile 9,750 ppm; most horizons, however, contain less than
200 ppm chromium. Although most profiles contain about 100 to 150 ppm
vanadium, profile No. 1 in the AC horizon contains a maximum of 200 ppm
for the section. Chromium and vanadium concentrations in the Wells residual
soil are 35 and 50 ppm, respectively.

Although the concentrations of these two metals in the phosphate rocks is
nearly the same, the Wells colluvial soil over the phosphates is enriched with
chromium to a greater degree than with vanadium. Because the vanadium and
charomium content is, with exceptions noted above, nearly constant across the
entire section, maximum concentration of these elements do not appear to be

related to the material immediately beneath the soils,
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CONCLUSIONS

There is a definite gradient from the surface downward for zinc and phos-
phorus. This strongly suggests that the plants are taking up thesc elements
through their roots from the phosphatic shales and following the descomposi-
tion of the plant leaves and twings, enriching the surface of the Wells colluvial
soil. Although this mechanism may also be operative for copper and nickel,
there is no significant enrichment of the Wells colluvium with these elements.
Either the copper and nickel content of the phosphatic shales is too low to
permit enrichment, or the high phosphate content of the profiles may hinder
the movement of copper and nickel.

There is a definite enrichment of the Wells colluvial soil with vanadium
and chromium, but the data do not permit clear-cui conclusions to be drawn
regarding the mechanism of enrichment. There is no gradient either upward
or dawnward fer vanadium and chromium. Either capillarity is as effective
as plant processes for vanadium and chromium. Either capillarity is as effective
as plant processes for vanadium and chromium enrichment, or these elements
meve readily through the profile once they are deposited on the surface. If
the latter is true. capillarity would be ineffective as a mechanism of enrichment
becauvse it would have to operate in opposition to dawnward percolating ground
water.

There must be & minimum quantity of a give metal present in the substratum
before enrichment from the underlying material is significant in geochemical
exploration. In this study, 200 to 250 ppm copper and 100 to 150 ppm nickel
in the substratum were insufficient to cause significant envichment of the
overlying colluvial soil although several profiles were less than twe feet thick.
Zinc, on the other hand, did show a significant increase in metal content in
the surface horizon even though its maximum concentration is only 3,500 ppm
in the substratum. The vanadium and chromium content of the subsiratum, an
average of 750 ppm for vanadium and 1,000 ppm for Cr, was also high enough
to cause enrichment of the overlying soil.

SUMMARY

These data have answered, at least in part, the questions posed in the
introduction, namely: How does a dry versus a moist climate affect the metal
content of a soil? What mechanims operate to enrich a barren colluvial soil
over a metal-rich substratum? and what is the minimum quantity of a metal in
the substratum that will enable this metal to be present in the overlying soil
in sufficient amounts to be significant in geochemical exploration?
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There is a higher degree of enrichment of phosphorus, vanadium, chromium,
and zinc in the surface soils under a dry than a moist climate. The higher
content of these metals in a semiarid climate may be because capillarity is
more effective in a dry climate. The limited rainfall of a semiarid region
prevents deep penetration of moisture, and subsequent evaporation of capillary
water in the soil horizons leaves the metals. Enrichment by plant processes in
a semiarid region would not be effective because of the sparse plant cover
which is active only during rainy periods.

In a subhumid climate, however, both p
be effective agents of metallic enrichment of a barren residual soil. The plant
processes would be more effective than capillarity because the downward per-
colating would tend to nullify the upward movement of capillary water. The
plant cover is also dense and would be effective accumulators of the substratum

lant processes and capillarity would

metals.

In both the arid and subhumid areas the Phosphoria formation contains
at least a sufficient quantity of phosphorus, vanadium, chromium, and zinc to
enable these metals to occur in abnormal quantities in the overlying soils. The
substratum may not, however, contain sufficient guantities of copper and nickel
to enrich the overying soils, or phosphorus may inhibit the movement of these
metals; therefore, they are not significantly higher in the overlying soils.




OBSERVATIONS ON GEOCHEMICAL EXPLORATION IN
TROPICAL TERRAINS

J. S. WeBn

ABSTRACT

L

West and South-Central Africa, have demonstrated a wide {field of application {or geo-

A number of preliminary examinations and some detailed studies, principally in East,

chemical exploration techniques in trepieal terrain.

Examples are given, mainly from unpublished material, covering s variety of mineral-
izations and conditions, including copper-cobalt, lead-zine, gold-arsenic-antimony, molyb-

enum, tungsten, tin, nicbium, chromium and diamond-bearing kimberlite. Certain fcatures
of the ohserved metal dispersion are briefly discussed, with scpecial relerence to the
influence of soil type, climate, topography, vegetation and bedrock geology.

From the practical point of view, the results illustrate (a) the applicability of systematic
soil sampling In many areas, (b) the use that may sometimes be made of geochemical data

in geologic mapping, and (c) the potential value of systematic drainage sampling in
regional reconnalssance surveys.

In recent years, the application of geochemical prospecting in difficult tropical terrain
has attracted a growing interest, and in some areas geochemical methods are now established
as an integral part of prospecting procedure. Although a considerable amocunt of research
and actual exploration has now been done in such terrain, little has heen published apart
{rcm the early work of Roberts (1953), Webb and N illman (1950, 1951), and Hawkes

(1954), in an area of lead-zinc mineralization in Nigeria. Subsequent activities by the
:‘*«‘Izmng Geology Department and, latterly, the Geochemical Prospecting Research Centre,
at Traperial College have covered a breader ficld and, although many of the investigations
are still in progress, a brief review of come of the results so far obtained may have a
general interest at this stage.

The contonts of this paper are drawn largely from the work of the lollowing post-
graduate students and stalf at Imperial College, to whom all eredit is due for their individual
coniributions to the programme of research directed by the writer under the aegis of
Professor 13, Williame, Head of Department: J. S. Tooms (1955) (Northern Rhodesia and
Sierra Leone), R. H. C. Holman (1936) (Uganda and Sierra Leone), J. D. Jacobson
{1956) (Uganda), C. H. James (Southern Rhodesia}, G. J. Govett (Northern Rhodesia)
and A. L. Mather (Sierra Leone) ; supporied by R. E. Stanten, Mrs. M. A. Gilbert and

¢ Reader in Applied Geochemistry, Mining Geclogy Department, Imperial College,

lon.
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other members of the analytical staff in London. In addition to this research, the wriker
has alse been conecerned with geochemical examinations in other tropical territories,

mostly in Afriea.
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SELECTED EXAMPLES ILLUSTRATING METAL DISPERSION
UNDER TROPICAL C NDITIONS

About one half of our work has been concerned with metal dispersion in
areas of copper mineralization, and data for other metals, including lead, zinc,
arsenic, antimony, cobalt, nickel, chromium, tungsten, melybdenum, tin and
niobium are generally less comprehensive and, in some instances, {ragmentary.
In general terms, therefore, the results musi be considered as more or less pro-
visional.

Of necessity, the following review is based on much abbreviated and ex-
iremely selective extracts from a large volume of information. As a resulf,
it is inevitable that only some of the more important general features have been
touched upon, and many important local variations have had to be omitted alto-
gether.

Primary metal dispersion patterns, being the result of deep-seated ccological
phenomena, do not {all within the scope of this paper, which is mainly con-
cerned with dispersion in the zone of weathering and the influence of climatic
conditions. The tesults of primary dispersion studies are, however, included
where the distribution of trace metals in the bedrock has contributed to the

local pattern of secondary metal dispersion.
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SEcoNDARY DISPERSION 1IN SOIL

A characteristic combination of deep weathering and thick soil covering
constitutes one of the major difficulties commonly encountered in mineral ex-
ploration under tropical conditions. In consequence, the possibility of apply-
ing systematic geochemical soil surveys attracted first attention in our research
programme.

(1) COPPER AND COBALT

By virtue of extreme contrasts in physical environment, results obtained
in the Rhodesian Copperbelt* and in the Ruwenzori area of Uganda serve to
llustrate several features of metal dispersion in seil (and, later, in sediments)
related to flat peneplain conditions on the one hand and rugged mountainous
terrain on the other.

With some exceptions, the Northern Rhodesian copper-cobalt deposits occur
as sulphide disseminations in stratigraphic horizons near the base of a folded
sedimentary succession. The sediments form synclinal inliers in the granite and
schists of the Basement Complex; gabbros occur as local intrusives. Bornite,
chalcocite, chalcopyrite and pyrite with minor amounts of cobali-bearing mi-
nerals, are disseminated in both argillaceous and arenaceous host-rocks, the aver-
age tenor in the study area being about 2.5% Cu and 0.29 Co.

The ore is intensely leached and oxidized to 300 fi. or more from the surface
and, together with the highly weathered bedrock, is nearly everywhere overlain
by a deep persistent overburden.

The topography and dendritic drainage is that of a typical peneplain. Freely
drained areas of deep residual lateritic soil slope gently toward shallow drainage
depressions occupied by seasonal swamps. Here, organic-rich glei soils, charac-
teristic of impeded drainage conditions, are developed in an overburden which
is a variable mixture of residual material and transported (colluvial) soil derived
from the adjoining ground. The climate is markediy seasonal, with an average
annual rainfall of 50 in., and the vegetation is relatively thin, forest savannah,
except in the seasonal swamps which support only grasses. These seasonal swamps
occupy but a small proportion of the total area. The technical problem of locat-
ing individual mineral deposiis is, therefore, largely concerned with prospecting
in ground covered by the residual lateritic soil.

1 Geochemical prospecting on the Rhodesian Copperbelt was initiated by Messrs.
Rhodesian Selection Trust Services, Lid. The results given in this paper refer to our
own investigations carried out with the Company’s support but using distinctly different
methods to these originally empleved by them. (8)
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The overburden may attain thicknesses of up to 20 ft and more, and there is
a marked development of well differentiated horizons in the soil profiles (Table
I). Study of metal distribution within these profiles shows that, with the
exception of enrichment in ferruginous nodules and sporadic manganiferous
material in the lower horizons, copper tends to increase in the finer size
fractions throughout the profile. However, the metal content in the minus
80-mesh fraction gives adequate contrast for prospecting purposes.

Copper also increases progressively with depth in lateritic overburden. The
effect of leaching in the upper horizons is more pronounced in anomalous than
in barren profiles, and is particularly marked over mineralization in arena-
ceous bedrock. However, the metal content in the A horizon is always anomalous
over mineralization, irrespective of the nature of the host-rock. Consequently,
a depih of 12-18 in. is normally used in prospecting. The same depth is ideally
suited to seasonal swamp soils where there is a very strong contrast between
barren and anomalous profiles in all horizons.

Typical anomalies obtained by near-surface sampling in the A horizon
are shown in Fig. 1. Gver argillaceous host-rock, relatively sharp peak values
mark the sub-outcrop of mineralization, and the broad base of the anomaly
extends for at leasi several hundreds of feet on either side of the sub-outcrop
in flat terrain. Lower values and more irregular metal distribution patterns
appear to be characteristic in arenaceous areas, although the anomalies are
nonctheless extensive. The reliable detection of relatively weak “statistical”
anomalies of this type require more careful analysis, and the collection of an
appropriately larger number of samples within the anomalous zone.

In both argillaceous and arenaccous arcas, particularly the latter, more

intense and better defined anomalies are obtained by sampling in the B and C
horizons. The depth at which these horizons occur, however, is usually too great
and too variable for the purposes of routine prospecting, although deep sampl-
ing across a near-surface anomaly may help to pin-point the sub.outcrop of
mineralization more closely.
_ QOver much of the area the ground is rarely inclined at more than 1-2 degrees,
yet even on these genile slopes there is often a very considerable downslope ex-
tension of the anomalies (Fig. 2). Although some lateral dispersion of metal
undoubtedly takes place in the upper soil horizons near the sub-outcrop of the
ore, the even tenor of the anomaly for 2,000 ft or more downslope indicates
some further} dispersion process. It seems probable that deep-rooted plants may
assist in this respect by taking up copper from the metal-bearing ground-waters
draining the mineralized area and subsequently returning the metal to the soil,
where a proportion may be fixed in near-surface horizons.

B
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Fixation of copper by organic matter is undoubtedly responsible for the
very intense ancmalies developed in swamp soils (Fig. 1). The seasonal rise-
and-fall of groundwater readily accounts for the translocation of copper from
bedrock up into the transported or partially transported overburden.

Table I and Fig. 1 include some preliminary data for readily-soluble copper

as distinct from “total” metal. Contrast between barren and anomalous soils
and the ratio of readily-soluble to total metal content is very variable and
dependent on soil horizon, soil type and the nature of the host-rock. Never-
theless, the data indicate that, whereas it would be dangerous in prospecting
to rely on the distribution of readily soluble metal in lateritic soils, simple
cold-extraction methods may be usefully employed for on-the-spot field tests,
particularly for reconnaissance work in seasonal swamp soils.

By comparison with the volume of data cn copper, rather less information
is available concerning cobalt. In general terms, however, cobalt tends to
follow copper, maintaining in the soil approximately similar ratios to those in
the primary ore. Over mineralization the Co:Ni ratio is generally > 1, and
this criterion assists in distinguishing between small significant anomalies (150
ppm Cu.) related to mineralization and apparent anomalies reflecting gabbro
bedrock (Co:Ni ratio < 1).

Termitaries are a common feature in Northern Rhodesia, and the possibility
of using termitary samples in prospecting has been considered on a number
of occasions. Although the termites undoubtedly move a considerable amount
of material below 12 in. from surface, probably even to ground-water level,
the greater part of their activity is restricted to the A horizon. It is considered
that the observed patchy distribution of high values within the termitary and
the need to survey the position of each sampling point more than offset any
advantage due to some material being brought up from deeper levels in the
soil where anomalous copper contents are usually higher than at surface.

In Uganda, the mineralization at Kilembe in the Ruwenzori Mountains has
some features in common with the Rhodesian occurrences, although the phys-
ical conditions are entirely different. At Kilembe, the deposits take the form
of sulphide disseminations or massive bands which, broadly speaking, follow
the structure in a folded metamorphic complex. The average tenor of the
known ore is about 29, copper and 0.29; cobalt. At the surface the ore
body is gossanized, but oxidation extends only to relatively shallow depths of
about 60 ft.

Despite mountainous topography, the ground is often poorly exposed, even
on 20-40 degree slopes. The depth of overburden is variable, but averages about
4 {t thick. The soil is residual in origin, consisting of a red loam with pooxly-
differentiated horizons (Table II). Soil creep is active and, locally, there is
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evidence of land slip, but in general a shallow-rooted grass vegelation keeps
the surface relatively stable. The study area is situated at an altitade of 7,000 fi,
where the original forest cover has mostly been destroyed by former native
agriculture. The climate is seasonal, but not so well-defined as in Northern
Rhodesia, and although the total annual precipitation is similar, 50 inches, it is
spread rather more evenly over the yeur.

As in Northern Rhodesia, metal dispersion patierns in soil were examined
in the vicinity of known, but virgin, mineralization. Analysis of the different
size iractions again showed the copper content to increase with decreasing
particle size. The distribution of copper in the minus 80-mesh fraction through-
out the soil profile over the barren and mineralized rocks is given in Table il
Characteristic relationships were noted between the metal content and bedrock
type in barren areas, the copper content increasing from acid to basic parent
material. Over mineralized bedrock the metal content tends to increase progres--
sively with depth, and the effect of leaching is particularly marked in the top
0-12 inches. Downslope from mineralization, however, peak values are recorded
in the B horizon 20-30 inches from the surface, reflecting downslope migration
of metal in the zone of lateral sub-surface drainage and soil creep.

Unlike the lateritic profile in Northern Rhodesia, the B horizon in the
Uganda area lies within 2 {t of the surface, and is readily available for system-
atic sampling. The pattern of lateral metal distribution obtained by analysis
of B horizon samples taken at 18 inches depth is illustrated in F ig. 3.

At the 200 ppm level, the anomalies are several hundreds of feet wide,
and show sharp peaks rising to 400-1,500 ppm over mineralized bedrock.
Although there is undoubted downslope migration of metal in the soil, the
anomalies are not always so markedly asymmetrical as might be expected on
such steep slopes. This must be due in part to primary dispersion aureoles in
the bedrocl, since the appreciable upslope extension of some anomalies can only
be explained in this way. High rates of mechanical dilution and chemical leach-
ing can be expected to accompany soil creep under tropical conditions of
weathering, and this factor probably contributes to the relatively symmetrical
form of the anomalies by militating against the fixation of high values in the
soil downslope from mineralization.

Fig. 3 also shows the characteristically high nickel-cobalt ratio accompany-
ing a small copper anomaly related to dolerite, while over significant sulphide
mineralization the ratio is usually reversed. As in Rhodesia, cobalt tends to
follow copper during dispersion and againsthe ratio of these metals in the ore
is usually similar to that in the soil.

In B horizon soils, the proporiion of readily-soluble copper, although variable,
is more consistenly reliable than in the lateritic soils of Nothern Rhodesia. The
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correspondence betwveen copper dispersion patterns for both forms of the metal
is indicated in Fig. 3, from which it would scem that simple cold-extraction
analysis could be usefully employed for the rapid preliminary “scanning”
of routine soil samples.

Whereas geochemical soil surveys for copper are relatively straightforward
in their application and interpretation in the Rhodesian and Uganda field areas,
preliminary work 2 in an area of copper mineralization in Bechuanaland has in-
dicated a number of problems not previously encountered to the same degree
elsewhere. The area lies on the fringe of the Kalahari basin, whare the low sea-
sonal rainfall (av. 17 inches) has caused the development ol well-differentiated
calcified soil profiles, very different from the ferruginous lateritic profiles devel-
oped from similar parent material in Rhodesia and elsewhere.

The essentially flat topography is that of an ancient peneplain, and the bed-
rock geology is largely concealed beneath a persistent overburden. The cover,
which is often several fect thick, is clearly residual in the freely drained areas,
where pale brown, sandy, calcareous soils are the rule. The origin of the black
calcareous clay profiles, typically found in the broad aveas of slightly lower
ground, is more obscure, but it is probable that the clay is a variable mixture of
colluvial and residual material.

Mineralization occurs as veins and disseminations of copper sulphides in a
steeply-dipping shear zone coinciding with a raft of metamorphosed sediments
in granitic gneiss. The ore is intensely oxidized to a considerable depth.

Over non-mineralized rock, background values lie in the range 20-50 ppm,
and there is very little change down the profile. The distribution of metal in
near-surface residual soils around a zone of probably feceble mineralization is
shown in Fig. 4. The ground slopes very gently to the west but, unlike the
Rhodesian anomalies, there is much less downslope extension of the anomalies,
due no doubt to the deeper groundwater level and the much higher soil pH
(8.0-9.2, cf. 4.5-6.5 in Rhodesia) which must considerably vestrict sub-surface
dispersion of copper in aqueous solution. Further evidence for this assumption
is given in Table III, which shows the distribution of metal in the profile in an
area of suspected surface contamination. The fact that copper is mobile to a
degree, however, is shown by the high values obtained in occasional, saucer-
shaped drainage ‘pans’ some distance from mineralization.

No definitely positive results have been obtained from exploratory sampling
in the black clay soil areas, but it is not yet known whether this is due to in-
hibited metal dispersion in this soil type or to failure of the known mineralization
to continue along the sirike towards the sample traverses.

2 In collaberation with C. C. Boocock, Geological Survey, Bechuanaland Pretectorate.
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(2) Leap AnD zINC

The only detailed information available on base metal dispersions in trop-
ical soils is that obtained by Hawkes (1954) in Nigeriz. In slightly undulating
terrain, surface anomalies up to 500 ft and more wide, with values ranging up
to 500-1,000 ppm Pb and 100-200 ppm Zn were observed in a residual lateritic
overburden concealing lead.zinc.siderite veins in shale host-rock; background
values are 30 ppm for lead and 50 ppm for zinc.

In freely drained ground, the overburden comsists of strongly degraded
lateritic rubble, rarely more than 18 inches deep, that has been disturbed by
native cultivation. However, similar geochemical results (Millman, 1953) have
been obtained from samples collected by the writer in an area some 300 miles
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to the north-east, where the degraded lateriiic seil cover may be several feet
thick. In both areas, the rubble zone may occasionally be separated from the
thick weathered bedrock by a few feet of consclidated lateritic clay.

In contrast to the lateritic soils, seasonal swamp profiles, similar to those
noted under comparable conditions in Northern Rhodesia, develop in poorly
drained areas. Change in soil type, however, has little effect on the anomalies
for lead and zinc where the overburden is definitely residual. On the other
hand, where the cover is essentially transported alluvium, the dispersions of zinc
and, especially, lead is greatly restricted (Hawkes, 1954). Nevertheless, a nar-
row dispersion pattern was detected over a vein concealed beneath 6-8 it of
alluvium, the inferred age of which is 400 years.

Very different soil conditions prevail in areas recently sampled in Tangan-
yika,® where low grade lead-copper mineralization in shear zones is concealed
by at least three types of cover. Preliminary examinations have demonstrated
strong near-surface lead anomalies in the residual overburden that occurs on
freely drained areas of moderate relief. Where studied, the soil profile is es-
sentially a poocrly-differentiated red loam with more or less rubble, grading
downwards into highly decomposed granite gneiss. The depth of cover is var-
iable, being shallow on the crests of low ridges and increasing to over 7 ft
towards the base of the slopes. Decreasing metal values in the soil extend be-
yond the slopes for at least 300 ft into the broad areas of surrounding flat-
lying ground, where a stiff lateritic clay horizon is encountered beneath scveral
feet of red loam.

It has not yet been possible to find out whether metal dispersions are
detectable over mineralization concealed under the very thick overburden of
the flat-lying areas, where freely drained colluvial and typical seasonal swamp
soils also occur.

An interesting featurs in the disiribution of lead is its variable tendency
towards enrichment in one or more soil horizons. This feature is not at all
uicommon in temperate climates, where surface enrichment up to one-hundred-
fold and more may provide a major difficulty in interpreting the results of
systematic geochemical soil surveys. The apparently inconsistent behaviour of
lead in this respect is also borne out by experience under tropical conditions.
In Tanganyika, for instance, the anomalous metal content increases more or
less uniformly with depth, while in Sierra Leone there is evidence of surface
enrichment (Table V). As an exireme example, a profile taken from the centre
of a strong anomaly over a lead vein in South Africa shows marked preferential
enrichment of lead in the topsoil, and even more sirongly in a sub-surface nod-

3 In collaboraticn with A. P. Fawley, Geological Survey of Tanganyika.
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ular horizon (Table IV). In this prefile, there is also an accompanying
tendency towards enrichment in the coarser as well as the finest size frac-

Zinc, on the other hand, rarely shows any marked preferential enrichment
and, where studied, the concentration generally increases with depth and in

contrast to lead, both zinc and copper are at

tropical soils and may then require a fusion /.

reliable extraction in analysis.

i i

(3) ARSENIC AND ANTIMONY

In a number of areas in Africa, notably Southern Rhodesic and West Africa,
gold occurs in association with arsenic and, occasionally, antimony. In the
absence of a rapid field test for gold and because, in some areas, gold is
subiject to leaching and redisiribution near the surface, arsenic and antimony
have been examined as “pathfinder” elements for gold. It will be appreciated
that although the existence of arsenic and antimony anomalies in the soil do
not necessarily imply the presence of auriferous mineralization, they may assist
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the tracing of mineralized structures and provide focal points for direct ex-
ploration by drilling or other means. Current investigations in Southern Rho-
desia and Sierra Leone have yielded encouraging results in this respect.

In the Rhodesian study areas, gold occurs associated with arsenopyrite and
occasionally stibnite, in mineralized shear zones and quariz veins traversing
greenstone or sandstone host-rocks. The terrain is flat to undulating, with oc-
casional hills and ridges, and the solid rocks are, as a rule, concealed by a resid-
ual lateritic overburden varying from 2-8 ft deep. In many areas the profile
is degraded and rubbly, but may sometimes be well-differentiated into red
Ioam and ferruginous nodular horizons grading into decomposed bedrock.

In highly ferruginous soils developed over basic bedrock, there does not
seem to be any very marked variation in arsenic content with depth, apart from
a slight tendency towards enrichment in the topsoil and possibly in zones of
maximum iron accumulation. Good anomalies are developed over mineralization
in the soil at about 12 inches depth. There appears to be little leaching of arsenic
during weathering, and such lateral dispersion as does take place is probably
largely mechanical. This is consistent with experience elsewhere (in Idaho,
U.S.A.; H. E. Hawkes, pers. comm.) and is well brought out by comparing
the distributions of arsenic in lateritic soil and in mineralized rock below
the zone of weathering observed in one of the Rhodesian study areas (Fig. 5)
The relative immobility of arsenic is further illustrated by its retention in
the upper part of the soil in an area affected by arsenical smelier smoke
{Table III).

In contrast to this relatively restricted dispersion in highly ferruginous soils,
due no doubt to the formation of insoluble iron arsenates, there is evidence that
arsenic may be appreciably more mobile in soils developed over sandstones and
other rocks possessing a relatively low iron content.

Similar results are being obtained in Sierra Leone, where lenticular gold-
quartz veins with associated arsenopyrite and base metal sulphides occur in
sheared talc-carbonate schists. The overburden, on the higher ground, consists
of several feet of indurated laterite (duricrust) overlying 2-3 ft of nodular red
loam grading into weathered bedrock. The area is being actively dissected and
the duricrust horizon is missing on the youthful valley slopes. There is consi-
derable contrast between the metal content in background and anomalous pro-
files (Table V) and strong anomalies up to 500 feet wide and rising to 600 ppm.
As are detectable in valley slope soils, whilst current work indicates that near-
surface anomalies are also developed in the duricrust horizen.

The few samples thus far analyzed for antimony provisionally indicate
that only under special circumstances will this element prove to be a better
indicator than arsenic. The reasons for this lie in the more sporadic distribution
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of antimony in the primary ore, and in the more tedious analytical procedure
required for its determination.

(4) TUNGSTEN AND MOLYBDENUM

Preliminary soil studies in Uganda and Sierra Leone have given encour-
aging results for tungsten and molybdenum respectively.

In the Kigezi distvict of Ugenda, low-grade ferberite deposits occur as
veins and disseminations in shear-zones in phyllites. The youthful topography
is hilly and covered by tropical forest except for aress disturbed by native cul-
tivation. Bedrock is concealed by a persistent overburden averaging 4-10 feet
in thickness, the soil being residual and dominantly composed of red loam, in
which moderately well-defined horizons are often developed.

The regional background content is < 5 ppm W but rises to 5 - 10 ppm in
the vicinity of mineralization; the extent of this high local back ground is not
known. The sub-ouicrop of the broad mineralized zone is reflected in the soil
by anomalous areas several hundreds of feet wide, in wich the values range
from 12 - 100 ppm W (Fig. 6(b) in samples collecied at 1 foot depth. The
metal is erraticaily disiributed in the bedrock and this is responsible for a
similar uneven distribution of high values in the soil. No preferential enrich-
ment has been noted in particular seil horizons.

TasrLe V

DISTRIBUTION OF METAL IN AN AREA OF ARSENICAL GOLD MINERALIZATION,
SIERRA LEONE

Background profile Anomalsus profile
Depth Descriptien Ca Pb Zn As Cu Pbh Zn  As
it. ppm  ppm  ppm  Pppm  ppm  ppm  ppm ppm
0-1 Red loam with numerous
bedrock frags., with
some huinus < 5 50 L1000 160 400 8D 300
1-3  Red leam with bedrock
fragments W <5 65 L0 20 55 165 300
3-5  Soft, decomposed :
tale schist 20 10 50 <10 50 100 170 250

Note: All metal contents refer to minus 80-mesh fraction.
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Dispersion patterns for molybdenums are currently being investigated in
Sierra Leone, where molybdenite occurs disseminated in granite or in pegma-
titic deposits injected into amphibolite. As previounsly described, the lateritic
overburden is residual and an indurated (duricrust) horizon figures promi-’
nently in the profile developed on the higher ground. Irregular anomalies with
values up to 1,000 ppm Mo have been noted in near-surfaces samples collected
at 6 - 12 inches depth in both red loam and duricrust soils. The peak values
rise erratically from a broad anomalous zone in which the molybdenum content
of the soil ranges from 30 - 200 ppm (Fig. 6(a), whereas the regional back-
ground concentration is <10 ppm.

(5) Tin, NioBrum

Only a few preliminary soil samples have been analyzed from vein and
pegmatite areas in SW Uganda, but the results indicate the existence of (a)
anomalous values for Sn and Nb over mineralization in areas of residual over-
burden and (b) erratic high values in outwash fans and in accumulations of
colluvial soil at the base of slopes, downhili from sub-outcropping deposits.

(6) KiMBERLITE AND GEOLOGICAL MAPPING GENERALLY

The summary of background data for tropical soils given in Table VI
shows that, given sufficient chemical contrast in bedrock lithology, geological
trends may be reflected in the soil by minor variations in the pattern of trace
metal distrvibution. Soils derived from ulirabasic bedrock are readily distin-
suished as a rule by a high nickel content in both temperate and tropical areas.
Mention has already been made of the moderate copper and nickel contents,
with Ni:Co >1, that may characterize soils derived from gabbro and dolerite
bedrock. A high chromium content is another useful criterion of soils derived
from basic rocks which have mapped geochemically during the course of work
in a number of areas in Africa.

In passing, it may be mentioned that chromium has aiso been found to
give strong anomalies over the sub-outcrop of chromite seams in serpentine
(Great Dyke area of Southern Rhodesia), the maximum contrast occurring 1n
the 80 - 135 mesh fraction of the soil.

Examination of Sierra Leone soils derived from kimberlite, basic schist,
acid schist and granite show that kimberlite and basic schist can be readily
distinguished from acid bedrock by the above-mentioned criteria. Furthermore,
the kimberlite soils examined had a characteristically high base exchange
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capacity and, in depth, contained 50 per cent montmorillonite 4. This probably
accounts for the fact that only these soils give ancmalous values by the rapid
cold-extraction test for “exchangeable” zinc (Table VII). As the formation
of montmorillonite is influenced not only by a higher magnesia content in
parent rock, but also by pH and drainage conditions, it is not yet possible
to say to what extent the Sierra Leone results are generally applicable to
kimberlite occurrences elsewhere.

Tapre Vil

METAL CONTENT OF RESIDUAL OVERBURDEN (MINUS 200-MESH FRACTION)
DERIVED FROM KIMBERLITE AND OTHER ROCKS, SIERRA LEONE

Depth Kimberlite Basic Acid Granite

ft. schist schist

2 150 160 30 20

Nickel 4 260 180 30 20
ppm 8 500 200 30

2 20 10 < 10 10

Cobalt 4 60 80 <10 <10
ppm 8 50 10 <10

2 340 900 60 50

Chromium 4 400 1050 110 55
ppm 8 1000 1650 35

Exchangeable 2 7 1 2 1

zine 4 5 1 1 1
ppm 3 12 1 <1

Base exchange 2 8.4 3.6 2.1 6.8

capacity 4 12.0 2.0 1.5 5.7
m.e/100y clay 8 28.8 2.9 0.5

2 6.2 5.0 5.2 5.2

pH 4 6.2 5.7 5.5 5.6
8 5.5 5.9 6.1

4 Determined by X-ray analysis of clay-size fraction kindly undertaken by Mr. G.
Brown of Rothamsted Experimental Station,
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CHEMICAL DISPERSION IN PLANTS

Many instances are known where the metal content of plants growing in
the vicinity of sub-outcropping mineralization is greater than in similar species
in non- mineralized areas. The question has {requently arisen as to the relative
usefulness in prospecting of systematic plant analysis as compared with soil
analysis. In Nigeria, comparison of the ancmalies obtained by plant and soil
samples along the same traverse line (Hawkes, 1954) shows that, whereas there
is little correspondence for zinc, the anomalies given by lead are similar for
both types of sample material. Subsequently, a number of soil/plant traverses
in areas of copper, lead and arsenic mineralization showed that, ahhoug?z
there is sometimes a degree of similarity in the metal distribution patterns,
the plant anomalies are less reliable and more erratic than those detected
in the supporting soil. This is particularly true for copper and zine, and it
is interesting to note that elements, such as lead, which arve usually considered
as toxic to plants, show the closer relationship in their distribution hetween
the plant and the soil.

The fact that a relationship sometimes exists, however, draws attention to
the part played by plants in metal dispersion. On old land surfaces in particular,
the total amount of metal that has passed through the biochemical cycle must
be considerable, and in areas of thick cover and deep-rooted vegetation plants
may well influence the development of dispersion paiterns in the soil to an
important degree. This is particularly so in areas where sub-outcropping
mineralization is covered by non-residual overburden (vide. the vertical “pipe-
like” lead anomaly developed in alluvium above a lead-zinc vein in Nigeria

(Hawkes, 1954).

GEOCHEMICAL DISPERSION IN THE DRAINAGE SYSTEM

Relatively litile information is available concerning the applicability in
tropical terrain of geochemical methods suited to regional mineral reconnais-
sance. These methods usually involve the systematic analysis of water and/or
stream sediment samples with a view to detecting significant metal distribution
patterns in streams draining mineralized areas.

Considering water analysis first, one of the major problems is the extremely
pronounced temporal variation in the metal content of surface waters related
to the characteristic seasonal nature of tropical climates. In Nigeria, the anom-
alous zinc content of streams draining mineralized ground may be subject to
diurnal variations up to six-fold, when sampled early in the wet season (Webb
and Millman, 1950). Entirely negative results were obtained, however, when
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further sampling was carried out in the dry season (Hawkes, 1954). A recent
detailed study of the copper content of stream water in Angola (D. J. Atkinson,
persenal comunication) demonstrated a progressive decline in (a) the metal
content, (b) the diurnal variation and (c¢) the contrast beiween anomalous
and background values from maxima at the start of the rains to minima in the
dry season.

Tapre VIIT

DISPERSION OF COPPER IN SWAMP SOILS AND STREAM SEDIMENTS DOWN-
' DRAINAGE FROM A COPPER MINERALIZATION, NORTHERN RHODESIA

Distance Minus 80-mesh Minus Z00-mesh
drown-~drainags Total Readily  Tetal Readily
Remarks {rom Cnu soluble Cu soluble
mineralization Cn Cu
{{x.) ppm ppm ppa ppm
- 360 90 12
- 160 250 100
0 4,500 1,100
Dispersion down-drainage ,
in jeas»ona] swamp soilg 1’00Q 1,760 SQO
2,000 500 325
4,500 600 90
5,000 475 120
5,500 750 200
Dispersion train in the 5,700 750 120 750 145
active sediment of the 6,000 400 40 450 110
outflow siream from the 6,500 160 i2 250 100
swamp 7,600 440 35 70 180
8,000 120 25 400 130
10,000 110 15 275 0
[Confluence with main stream]
12,000 55 6 135 50
13,000 50 8 160 8
Backgound copper content in the sediment 55 4 105 14
of streams draining barren (or feebbly 40 4 105 24
‘ . 5 95 22

mineralizad ?) greund 50
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The resulis of these studies support the view that the best time of year for
water surveys is the period following the early rains, while surface flow remains
active and rising groundwater conditions are more constant. It is also evident
from the results of the above investigations, and also from a limited number
of samples taken in copper-bearing areas in Northern Rhodesia and Uganda,
that a more discriminatory field test is required for the reliable detection of
significant variations in copper within the range 0.0001 to 0.01 ppm Cu.

Significant metal dispersion trains have also been detected in the sediment
of streams and swamps draining mineralized areas in a number of areas in
Africa. b

Preliminary examinations in Northern Rhodesia have shown that the or-
ganic-rich soils of swamps in the vicinity of mineralization often contain abuor-
mally high amounts of cooper and cobalt. The pattern of metal distribution
indicates that the metals are precipitated from groundwaters draining deposits
situated some thousands of feet away from the swamp (¥Fig. 2). A high
proportion - up to 80 per cent - of the total metal content is readily soluble
and very marked contrast between anomalous and barren swamp soils can be
obtained by simple, rapid, cold-extraction analysis for copper (Table I(b), see
also ¥igs. 1(a) and 2). The test employed is similar to that previously devel.
oped for heavy metals.

Streams usually vise in these “headwater” swamps and anomalous metal
contenis may continue in the siream sediment for several thousands of fest
downstream (Table VIII). Anomalous copper is also detected in the correzpond-
ing alluvial bank scils, but the distribution is there more erratic than in the
sediments and values decrease away from the present siream channel. Recent
work has shown a complex relationship between the meial content of the water
and the sediment in the same stream. It seems probable that this relationship is
influenced to a large extent by pH, the paths followed by groundwaters before
joining the stream, and by the action of bacteria which flourish under tropical
conditions. The extent to which these factors and their seasonal variations may
affect the interpretation of systematic geochemical data remains to be investig-
ated.

As previously mentioned, the above results refer to drainage dispersions in
an area of peneplain topography. By contrast, investigations in the Ruwenzori
Mountains in Ugenda have shown that the detectable train of dispersed copper
in the siream sediments downstream from mineralization is shorter (Fig. 7),

5 The writer wishes to acknowledge his indebtedness to Dr. II. E. Hawkes and Mr. H.
Bloom for information given in advance of publication concerning the results of their
experiments with stream sediment sampling in base-metal areas in North America, which
~ are an important contribution to geochemical prospecting technique,
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despite the mountainous terrain and the absence of major swamps such as those
which restrict metal dispersion in Rhodesia. The reason lies, no doubt, in the
fact that erosion is so active -that (a) oxidation and leaching extend only to
shallow depths, (b) the sediment is kept moving at a high rate, and (c) the
stream banks are essentially composed of the neighbouring valley-slope soil.
Anomalous sediments are largely eroded andmalous soils, and only part of
the metal has been absorbed from metal bearing surface water. Downstream
{from mineralization, therefore, the metal content of anomalous sediment is
rapidly diluted as it descends, by the incorporation of “barren” bank material.

Comparison of the resulis obtained in Norithern Rhodesia and Uganda
clearly shows that the balance between topographic relief and the rates of
oxidation, leaching and erosion is a critical one. Furthermore, in areas where
leaching is effective, the physical and chemical environment, through which
the metal-bearing waters move, also constitutes an important factor in determin-
ing the form of the metal dispersion pattern. Thus, longer sediment “trains”
can be expected (a) in Rhodesia, if streams receive metal-bearing waters that
have not passed throungh an organic-rich swamp; and (b) in Uganda, if less
steeply graded streams drain areas of relatively deeply oxidized ore.

The distribution of total and readily soluble metal in Uganda and Rhodesian
sediments is given in Table IX. These data show a number of significant dif-
ferences which cannot be discussed in this short paper but which illustrate (a)
the greater effectiveness of determining the readily soluble metal content as
compared to total metal and (b) some of the variations which can be expected
as a resull of changes in conditions of environment.

CONCLUSIONS

1—1Iu residual soil areas, geochemical soil surveys can generally be expect:
ed to give reliable indications of sub-outcropping mineralization despite the
deep overburden and intense leaching commonly encountered under tropical
conditions. This conclusion has been demonstrated for copper-cobalt, lead-zinc,
arsenic-antimony (gold ores) tungsten and molybdenum, and is probably also
true for tin, niobium and chromium.

Geochemical soil data may also be useful as an aid to geological mapping,
particularly in distinguishing between acid and basic bedrock.

2—Although some instances are known where lead-zinc and copper miner-
alizations can be detected by near-surface soil analysis in areas of transported
or colluvial overburden, not enough data is yet available to draw any general
conc'usions regarding the efficacy of geochemical methods under these condi-

tions.
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3—In every area so far examined, soil analysis has proved superior to plant
analysis.

4—Preliminary studies of copper dispersion in swamp soils and stream
sediments, using simple methods of analysis, strongly support the view that
these methods, judicially combined with water analysis, have a considerable
potential application in regional mineral reconnaissance.

5—Topography, bedrock lithology, the composition, type and maturity
of the soil, the presence of organic matter, activity of the biochemical cycle
and pH have all been noted as modifying influences in the development of
metal dispersion patterns in soil. Metal dispersion in stream sediments aund
water is also influenced by many of the above factors aud, in particular, by the
critical balance between the relative rates of leaching and erosion, the maturity
of the drainage system, seasonal climatic changes, accumulation of organic
matter and pH. The role of bacteria, though probably important, remains to
be investigated. -

Groups of the above mentioned factors are usually intricately inter-related
and stem from local features of the geology, geomorphology and climate.

6—>5Standard geochemical methods of analysis have been found generally
satisfactory for field use under tropical conditions, but in almost every area,
some degree of modification has been necessary to meet fully the requirements
of the local problem.

7—The complexity and variable influence of the many factors influencing
metal dispersion patterns and the choice of methods for detecting them, em-
phasize the importance of comprehensive field and analytical orientation as
essential prerequisites in any new application of geochemical surveys and in
the interpretation of their results.

8—Outstanding problems for future investigation include (a) metal dis-
persion in colluvial soils, (b) further evaluation of the controls influencing metal
dispersion in drainage systems and the significance of this dispersion in terms
of mineral reconnaissance, and (c) the investigation of methods aimed at
delimiting regional geochemical provinces.
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GEOCHEMICAL PROSPECTING IN PERMAFROST REGIONS
OF YUKON, CANADA

R W. Boyrg * *

ABSTRACT

Four areas have been tested in the Yukon to determine the applicability of geochemical
prospecting methods where permafrost is present. The areas differ geologically and contain
deposits of four different types.

The Keno Hill-Galena Hill area contains lead-zinc-silver lodes in quarizites, schists, and
greenstone lenses. The area is underlain by permafrost. A detailed hydregeochemical survey
of springs and streams using zinc as an indicator showed that the mineralized belt could
be outlined. Several anomalies were found in virgin territory suggesting the presence of
sndiscovered deposits, Analyses of residual soils using lead as an indicator were effective
for tracing the faults in which the lodes occur and to outline the lodes, Analyses of glacial
soils and till samples near the surface were not effective for tracing faults or locating
lodes, but analyses of glacial material sampled near bedrock gave fair results. Biogeo-
chemical surveys conducted lodes overlain hy glacial till showed that certain plants
coniain more zine in the vicinity of the lodes, but {ew anomalies with significant contrast
were obtained.

The Vangorda Creek area contains zinc-lead deposits in quartzite, sericite schist, and
graphite schist. The area is underlain by permafrost. Springs and streams in the area
contain ligh concentrations of zine, and hydrogeochemical prospecting metheds have been.
found to be applicable in the area, Soil analyses have also been found to be effective in
ouilining mineralized zones.

The Quill Creek area contains nickel-copper deposits in basic and ultrabasic rocks.
Permafrost is generally present. A hydrogecchemical survey of the stream draining the
area in which the principal deposit occurs showed that the deposit coul be located by
following the copper in the water to its source in an outcrop of the deposit in the rocks
walls of the stream.

The Whitchorse area contains copper deposits in skarn zones at the contact of grano-
diorite and limestone, Permafrost is absent in this area except at high elevations. A hydro-
geochemical survey of streams draining the copper belt was unsuccessful in outlining the
mineralized area because copper is relatively immobile in the area, and zine is absent
in the water.

* Published by permission of the Acting Deputy Minister, Depariment of Mines and
Technical Surveys, Ottawa Canada.
** Ceological Survey of Canada.
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INTRODUCTION

The Geological Survey of Canada has recently conducted research on geo-
chemical prospecting with a view to extending the various methods to areas
underlain by permafrost. The geochemical investigations included analyses of
stream and spring water, residual and glacial soils, till, and gravel for lead,
zinc, and copper using dithizone (diphenylthiocarbazone) as reagent. Geo-
chemical worl has been done in three areas differing geologically and containing
metal deposits of three different types. Most of the research work was carried
out in the Keno Hill-Galena Hill area, but limited investigations were also
made in the Quill Creek, and Whitchorse areas (See Figure 1).

Two private mining companies have also done geochemical exploration in
the Yukon. United Keno Hill Mines have conducted biogeochemical surveys
in the Keno Hill arca and Prospectors Airways Company Limited has done
both soil and water surveys in the Vangorda Creek area. The results of these
investigations are summarized in the sections to follow.

KENO HILL-GALENA HILL AREA

TorocraruY, GENERAL GEOLOGY, aAND CLIMATE

The detailed investigations carried out by the Geological Survey in this
area are covered by five reporis (Boyle, R. W., C. T. Illsley and R. N. Green.
1955a, 1955b; Boyle, R. W., 1956; Boyle, R. W. e al., 1956, in press). In this
paper limited space will allow only a brief summary of the result obtained.

The Keno Hill-Galena Hill area is in central Yukon, thirty-five miles north-
east of Mayo and some 220 miles due north of Whitehorse. The present economic
interest in the area centres chiefly about the lead-zincsilver deposits which
have been worked since 1915 and have produced more than $ 75,000,000 in
silver, lead, zinc, and cadmium. The present producing mines in the area are
the Hector-Calumet Mine operated by United Keno Hill Mines Limited and the
Mackeno Mine, both situated on Galena Hill. Former producing mines were
the Silver King, Elsa, and Bermingham on Galena Hill, the Onek, Ladue-Sadie-
Friendship, Lucky Queen, Shamrock, and No. 9 on Keno Hill, and the Bel-
lekeno on Sourdough Hill.

The topography of the area is mountainous with elevations ranging from
2,500 feet to 6,750 feet. Areas above 4,200 feet are flat topped with a rolling
hilly topography. South-facing slopes are gentle to moderately steep, whereas
north-facing slopes, especially on Keno Hill, are precipitous.
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The consolidated rocks underlying the area belong to the Yukon group and
may be Precambrian or Paleozoic in age. They consist of sericitic, chloritic,
and graphitic schists, thick-and thin-bedded quarizites, and conformable green-
stone sills and lenses. On Keno and Galena Hills the rocks have an average
aip of 25 degrees to the south and appear to form the southern limb of a large
anticline.

The silver-lead-zinc lodes of the area are localized in brecciated fault zones
where these zones intersect thick-bedded quarizites and greenstones, Two types
of lodes are recognized; an carly type containing quartz, pyrite, arsenopyrite
and smalil amounts of galena and sphalerite, and a late type mineralized with
siderite, pyrite, galena, sphalerite, and freibergite. Each type may occur
separately, but it is general to find hybrid lodes consisting of the early type
which has been fractured and mineralized with minerals characteristic of the
late type. The lodes seldom exceed 200 feet in length and 500 feet on the rake;
in width they average 3 feel.

Most lodes are oxidized to depths of 250 feet or mere. The minerals de-

1

veloped in the oxidized zones include limonite hydrous manganese oxides,
calcite, gypsum, anglesite, smithsonite, cerussite, quartz, malachite, and azurite.
Much of the oxidation in the veins preceded the formation of the present per-

mafrost, because ice veins occupy the solution channels which were the former
courses of underground oxidizing waters. In areas where permafrost is absent
and below the lower limit of the permafrost, underground waters are flowing,
and oxidation is active at the present time.

In ledes the metallic content of the ore varies with depth, desending upon
the extent of oxidation. Unoxidized ore averages about 40 ounces of silver per
ton. and coniains from 6 to 10 per cent lead, 5 to 9 per cent zinc, and 0.01 o
0.1 per cent copper. Oxidized ove is lower in zinc and generally higher in lead
and silver. The silver values range from 60 to 250 ounces or greater per iton,
the lead content may increase to 25 per cent or more, and the zinc content may
drop io 1 per cent or lees. In most lodes the copper content of the oxidized
zone remains relatively unchanged {rom that of the unoxidized zone.

The area was severely glaciated during Pleistocene time, and the terrain
below 3,500 feet is covered by a mantle of glacial till and gravel varying in
thickness from 10 to 20 feet. Soils developed on the glacial deposits vary from
3 inches to a foet in thickness, exhibit a poorly developed profile, and are
characierized by their high organic content. They are very poorly drained and
arve waler-saturated thOLghout the summer months. Their pH varies from
6.5 to 7.0.

Above the elevation reached in the latest glacial period the soils developed
on the bedrocks are predominantly residual, but some intermixed loess and
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decomposed till representing an old glaciation are present in places. The thick-
ness of residual soils is variable, depending upon the slope of the hills. On the
tops of the hills soils are seldom more than 3 {feet in thickness and may he
entirely absent in places. On the lower slopes they are thickened by slope wash
and land creep and in places may exceed ten fect in depth. Good profiles are
rarely developed, and in most areas the soil has been highly disturbed by frost
beiling, which brings rnck float, vein material, and bottom soil to the surface.
In the areas covered with residual soil and in places in glacial terrain a marked
downhill mechanical dispersion of primary and secondary ore minerals and
mineralized lode material has been produced by land creep, slope wash, and
frost action on steep slopes. The residual type soils are moderately well drained
to poorly drained and vary in pH frem 5.5 to 6.5.

Although the area is in a region of permanently {rozen ground, the perma-
frost is patchy in its distribution. Factors promoling permafrost include a
northern hillside exposure, high elevation, and the presence of a thick insulating
layer of moss and muskeg. Flowing surface and underground water thaws the
ground, and in many places frost-free strips occur in the vicinity of surface and
underground water channels, Irozen ground and ice veins have been encount-
ered in the mines down to depths of 300 feet or more. Below the permafrost,
underground water are circulating freely through the lodes and along faults,
fractures, and bedding planes.

The climate of the area is rigorous. The mean annual temperature is 26°F,
the average minimum 14°F, and the average maximum 37°I". Temperatures
as low as —80°F, and as high as 90°F have been recorded. The winters are
long and cold with only a few hours daylight each day, and the summers are
short and warm with nearly continuous daylight.

The average annual precipitation at Mayo is 11.23 inches. The rainfall in
the Keno Hill-Galena Hill area is greater than at Mayo owing to the influence
of the high mountains to the north and west. The snowfall is moderate and
usually commences in mid-September or early October. Most of the snow has
melted by the end of May, but local patches and small snowficlds remain in
sheltered places on northern slopes until late August.

RESULTS OF GEOCHEMICAL INVESTIGATION IN KENO HILL AREA

STREAMS AND SPRINGS

The streams in the area have two origins; some drain small lakes which
act as reservoirs, providing a regular flow throughout the summer months;
others are fed by a network of iributaries which derive their water from normal

runoff and numerous springs.




cLrc1rirey utdara ur AJewout ue Jo o[dwrexs uy Ar0jIm[,

WO ‘BROID [[IH 0USY ‘WBISAR WIRINS Haall) judivg M1 UI SoTjewioue [elewr AAeaj] ‘¢ ‘I

S5 a
M m 1 i i JH O 2000 wdd 0100 uBy; ssa) jRew Anesy 0 voszRnUBILOT)
Safiy 10 Bje0g & 5200 wdd sa10816 16 010°0 ‘jRIBW AAp3Y JO UOLRIUBIUOT)
aNzn3a"
\ A\
/ \
P ~

TN, ~ ooco

/ a

- 0s1'0

ouoa/mﬂ@l)\mmﬂw 050°0

QQM.Q&\ 0080 i

~. aow.‘w B:]
, 000°6% gy /
C oo oW 8CE0 F003°0 e
Mmu,‘e@mmd " /7
020G . .o 50 250 40 S
pet0 ey W S e
Ty LE e
07 G0 st -
CUY B pd
~ \
i)é
~— /
e




i82 CongresD GEOLOGICO INTERNACIONAL

The springs have several origins. Some, at the heads of tributaries of the
main streams, are situated in wet muskeg and drift and consist of a small pool
of water fed by seepage from rainwater and the meliing of the active layer of
the surrounding permafrost. The water in other springs issues f{rom the base
of accumulations of rock float and is derived principally {from rainwater and
the meliing of small snowfields and the active layer of the permafrost. This
water in some cases percolates through several hundred feet of loese rock which
may contain vein fleat. Certain springs issue from ifractures and faults in the
underground workings and in the headwalls of gulches and along rock biuifs.
These springs are clearly distinguished by their high zine, iron, manganese,
and sulphate content and are marked by red or chocolate coloured precipitates
which form at their orifices or the slream bottoms into which they flow.
Locally these precipitates cement gravel, rock fragments, and vegetaticn aud
form characteristic limonitic conglomerates.

The detailed hydrogeochemical investigation of sitreams and springs show
that zinc is markedly dispersed from the deposits, lead is relatively immobile,
and the migration of copper is restricted to a few hundred feet. Other cations
dispersed from the deposits in solution include Mg, Ca, Al, Si. Fe, Mn, Ni,
Na, ¥, Cs, Co, and Sr. Sulphate is the principal anion, but carbonate is also
present in some springs.

Several zine anomalies were outlined in the strcam systems draining the
area underlain by a favourable guarizite formation in which most of the
economic lead-zinc-silver loder occur. Some of the anomalies are obviously
related io known veins and lodes (Figure 2); others occur in virgin territory
{Figure 3) and are probably related to deposils that are covered by drift or lie
at depth. Two of the anomalous areas in unprospected territory were investigated
by private companies by ordinary methods of prospecting and by soil and plant
analyses. At the time of writing the results of these investigations have been
negative, but work is expecied to continue in the avea where the anomalies occur.

S01L. ANALYSES

Samples of residual soil, glacial till, and soils developed on till were obtained
by hend auger, shovel, and bulldozer along traverse lines across known lodes
and vein faults. The results of analyses of these samples show that the zinc
content is erratic, owing to its high dispersion by ground and surface water,
and that this element is not reliable as an indicator for accurately locating lodes
or vein {aults, Copper, owing to the generai low content in the deposits, is also
not a scuitable indicator in the soils and till. Lead, however, has a limited
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chemical dispersion and is enriched in residual sails in the vecinity of the lode
deposits, making it an ideal indicator.

The vesults of analyses of residual soil along traverses across known mine-
ralized vein faulis indicate that the lead content of the soil rises several times
over the background, and produces an anomaly with a strong contrast over or
in the immediate vicinity of the vein faults. Where lead-zinc-silver lodes are
present the anomaly is marked and values tens, and in places hundred, of times
greater than background occur. Near surface sampling of residual soil is
gencrally effective in tracing vein faults, but where slope wash has produced
a thick layer of soil, deep sampling near bedrock is necessary.

Analyses of near-surface glacial soil, ill, muck, and peat along traverses
across known vein faults are generally unsatisfactory for tracing vein {aulis
or indicating the location of lodes. Samples of glacial material taken a foot
or so above the bedrock, however, may give good anomalies with strong contrast
over the vein faults and lodes.

BIOGECCHEMICAL INVESTIGATIONS

‘Biogeochemical surveys in the Keno Hill-Galena Hill area have been con-
ducted by United Keno Hill mines in an effort to trace vein faults and lodes
mainly in areas covered by glacial drift. Twigs and leaves of Labrador Tea
(Ledum sp.), black spruce {Picea mariana) and dwarf birch (Betula glandu-
loset) were sampled along traverses at right angles to known vein faults and in
arveas where vein faults and lodes were suspected. Zine is the principal heavy
metal concentrated in the plants and served as the indicator element.

The results of the work were inconclusive. The plants in the vicinity of
some vein faults and lodes contained slighily higher values in zinc than those
over a terrain where mineralization was absent, but anomalies with significant
contrast were obtained in only a few places. However, further research is being
carried out by United Keno Hill Mines using both soils and plants in an
effort to determine the best method of geochemical prospecting for locating

new deposiis.

WHITEHORSE AREA

The topography of the Whitehorse area is mountainous, and the climate is
cimilar to that at Keno Hill The general geology has been described by
Wheeler (1952).

The area is underlain by Mesozoic limestones and schists of sedimentary
origin, These are intruded by granites, diosites, and svyenites, all of which are
probably related to the Cretaceous Coast Range granites. The youngest rocks
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are basalts of Tertiary age. Boulder clays and till are concentrated in the main
vaileys of the area, and the permafrost is patchy and restricted to the higher
elevations.

Contact metamorphic copper orebodies, containing bornite, chalcopyrite,
tetrakedrite, and chalcocite in lenses and irregular masses of magnetile and
hematite, occur in skarn zones at or near the contacts of the limestones and
granitic rocks. Sphalerite and pyrite are vare in the deposits. The minerals
composing the skarn zones include garnet, pyroxenes, tremolite, epidote, caicite,
serpentine and quariz. The main oxidation products of the copper minerals are
malachite and azurite. Most of the deposits outcrop or are covered by only a
foot or so of scil. Permafrost is absent in the areas containing the copper
deposits.

All of the mines of the area have been inactive for many years, and recent
exploration along the copper belt has been unrewarding.

The sireams draining the copper helt were tested in the spring and fall of
1954 and 1955, but the results were disappointing. No heavy metal anomalies
were detected in the streams despite the fact that in two cases the old mine
dumps are lcached by small streams. In one case an analysis of the water in
an open pit on a former copper orehody gave only 0.015 p.p.m. copper.

The reasons for the failure of hydrogeochemistry in the Whitehorse area
may be attributed to two factors, the low dispersion of copper in the water
draining the area containing the deposits, and the virtual ahsence of sphalerite
in the deposits, resuiting in the lack or scluble zinc salts as indicators in the
water. The mobility of copper seems to be influenced by the alkaline character
of the water which gave consistent pH values of 8 and by the presence of an
abundance of limestone. Thus, it would appear that any copper dissolved from
the deposits is rapidly precipitated from solution by the limestone to form
carbonate (azurite or malachite) and that only small amounts migrate in
alkaline waters.

In the Whitchorse area the low dispersion of copper from the deposits sug-
gests that pedogecchemical methods would be applicable in the area, and in
certain places analyses of the limestones may be effective for locating lodes
because fractures and scams in these rocks are coated with copper stain for
several tens of feet away from the lodes.

QuiL. CrEEK Arsa

The Quill Creek area is located 200 miles northwest of Whitehorse on the
Alaska Highway. The topography is mountainous and the climate is similar
to that at Keno Hill. Permafrost underlies most of the area.
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The general geology has been described by Muller (1954). The country
rocks are Paleozoic sediments intruded by large peridotite masses with as-
sogiated gabbro and diovite bodies. The principal ore deposit under active
xploration by the Hudson Bay Mining and Exploration Company is a high-
grade nickel-copper deposit containing nickeliferous pyrrhotite and chalcopyrite
in a shear zone near the contact of a peridotite mass and siliceous sediments.
The crebody outcrops on the sides of a small mountain stream forming a
tributary of Quill Creek. The surface outcrop is oxidized, and limonite with
intermixed malachite are the principal secondary minerals. The cutcrop has
not been significantly disturbed except for a few small prospect pils.

During the summer of 1955 water samples from Quill Creck and the
tributary stream crossing the high-grade orebody were analyzed for copper.
The samples taken from Quill Creek contained less than 0.002 p.p.m. copper,
but those in the tributary stream contained relatively high copper values, which
increased towards the nickel-copper orebody outcropping in the rock walls of
the stream. These results indicate that hydrogeochemistry is suitable for locating
copper deposits of the Quill Creck type and should be applicable to the long
belt of favourable rocks northwest and southeast of Quill Creek.

VaNGorDA CREEK AREA

The geology of the Vangorda Creek area and the geochemical methods
used in this ares have been summarized by Chisholm (1956).

The topography and climate are similar to that at Keno Hill, and perma-
frost underlies much of the area. The underlying rocks are quartzite, phyllite,
sericite schist, and graphitic schist. An orebody consisting of finegrained
pyrrhotite and pyrite, containing galena and sphalerite in a siliceous ground-
mass was discovered in 1953 on Vangorda Creek. Most of the ore zone is
covered with a 50-foot deep mantle of glacial drift, and several geophysical
methods and a geochemica' survey were used by Prospeciors Airways Company
Limited in a attempt to outline the mineralized zone.

According to Chisholm, electro-magnetic and self-potential methods were
first tried but were found to be ineffective owing to the presence of graphitic
schist. A magnetometer survey likewise gave unsatisfactory results owing to
the erratic distribution of pyrrhotite and the presence of basic intrusive plugs
which obscured the picture. The zone was finally outlined by a gravimetric
survey and geochemical soil survey.

The geochemical soil survey, using dithizone as reagent, showed a relatively
censtant heavy metal content over the ore zone but gave distinct anomalies on
the low ground on either side owing to the heavy metal content precipitated
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from down-slope drainage water. The heavy metal content of the water in
Vangorda Creek, which cuts through the deposit, also increased significantly
as the ore zone was approached, and in the vicinity of the ore zone there are
springs precipitating iron compounds and carrying high values in zine. These
features suggest that this deposit could have been easily located by hydre-
geochemical methods, and Chisholm has concluded that the best preliminary
method of exploration in the Vangorda Creek area is a geocliemical reconnais-

sance, followed by detailed magnetometer, electro-magnetic, and gravity surveys.

CONCLUSIONS

The presence of permafrost in the areas investigated does not seriously
affect the application of geochemical methods except in obtaining soil samples.
Thus, deep sampling of soils is impossible by hand methods in many cases, and
the use of a mechanical drill may be necessary. In residual and some glacial
soils frost action is actually an advantage because pieces of vein float and
secondary ore minerals have been brought to the surface by frost boiling,
and surface samples reflect the presence of buried vein faults and lodes.

Oxidation of the lodes in most cases is not inhibited by permafrost because
there are sufficient windows in the permafrost to allow oxidizing waters to
cn‘ﬂ} the veins and faults at higher elevaiions and to issue at lower elevations
with their dissolved heavy metal. In some areas, however, the veins and lodes
are sealed by permafrost, and do not yield heavy metals to surface waters. In
other areas underlain by permafrost there is usually sufficient thawing near
the surface to expose veins and vein float to circulating near-surface waters

ern

hat carry traces of the heavy metals.

In the Keno Hill are zinc has the highest dispersion of the three elements
(Cu, Pb, Zn) detected by the dithizone reaction. Zinc can be detecied in many
streams miles from its source, and since it is generally abundant in most of
the lode deposits of the area it is a good indicator element for tracing mine-
ralizatoin by hydrogeochemical prespecting methods. The high dispersion of
zinc may produce erratic values in residual soils and in vegetation, and it is,
thercfore not suitable as an indicator element in soil and biogeochemical
methods for accurately locating vein faults and lodes, Zinc may, however, be
usefu] to indicate the presence of mineralization in a general area.

Lead is relatively immobile and has a limited dispersion from the Keno
Hill-Galena Hill deposits. The element is enriched in residual soil in the
vicinity of the lead deposits, and it is, therefore, an excellent indicator for
iocating vein faults and ledes, using soils analyses. Experience sho»vs that it
cannot be used in hydrogeochemical methods.
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The copper content of the lodes in the Keno Hill area is too low to produce
significant anomalies in either the stream system or in the soils, and hence
copper cannot be used successfully in any of the geochemical methods.

The hydrogeochemical investigations in the Keno Hill-Galena Hill area
indicate that most of the heavy metal anomalies in the stream systems are
vestricted to a belt centered on the area underlain by a favourable quartzite
formation in which most of the imporiant lead-zine-silver deposits occur. This
evidence suggests that hydrogeochemical prospeciing is suitable for outlining
the extent of mineralized belts in the Yukon and hence should isolate the area
in which the prospector can concenirate his efforis to find deposits by means
of ordinary prospecting techniques, geophysical metheds, and biogeochemical
methods and soil analyses.

Some of the anomalies found in the sireams of the Keno Hill area are
undoubtedly due to oxidation of old mine dumps and mines, but a large part
of the geochemical research was carried out in areas where mining activity is
absent; several significant anomalies were found. In view of this it seems
highly probable that the mineralized belt of the Keno Hill and Galena Hill area
could have been ocutlined by hydrogeochemical methods before any of the
deposits were disturbed.

Analyses of residual soils in the Keno Hill area using lead as indicator
show that it is possible to trace vein faults and locate lead-zinc-silver lodes.
Analyses of glacial soils and till sampled near the surface are not effeciive in
iracing vein faults or locating lodes, but analyses of glacial material a foot or
0 above bedrock yield better results.

Aoth soils and water analyses are effective methods of geochemical explo-
ration in the Vangorda Creek avea and may be used in conjunction with geo-
physical methods. '

Hydrogeochemical methods do not appear to be applicable to copper deposils
of the Whitchorse type owing, it is thought, to the precipitating effect of
limestone on the copper. On the other hand, water analyeses may be a valuable
exiﬂé?atian method in locating copper-nickel deposits in the Quill Creek area.
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METAL CONTENT OF MINE WATERS

W. H. Brown ¥ and B. B. Furton ¥ %

ABSTRACY

Data are presented regarding the pH and the metal content of mine water, plotted
for the gallons per minute pumped from the Austinville, Virginia, mine and from the
recently unwatered Arminius mine at Mineral, Virginia. At Austinville a lead-zinc deposit
in lower Cambrian dolomite is being mined. Data for this propeity cover a six year
period. At Mineral, a massive sulphide orebody in metamorphic rocks was mined during
the period 1890 to 1918 when the mine was allowed to fill with water. Dewatering started
in late 1954 and was completed in about a year. Pumpage from this mine is now equivalent
t0 the natural inflow. The acid mine water pumped from the remnants of massive sulphide
ore at Mineral has a high metal content whereas the alkaline water pumped {rom the
disseminated lead-zine deposit at Austinville has a low metal content.

INTRODUCTION

Work in soil prospecting for zine in recent years has shown very definitely
that geochemical anomalies can be divided into two types; residual anomalies
and dispersion anomalies. The formation of the latter involves solution, trans-
portation and redeposition of the soil zine, Since mine waters most nearly re-
present the type which could accomplish this transportation; a study of mine
waters is in order.

Analytical data on mine water from two diffevent types of mines in Vir-
ginia are presented, showing pH of the mine waters, their metal content and
the gallonage pumped. One case is the Austinville mine where sphalerite, galena
and pyrite mineralization occur disseminated in dolomite. The other is the
Arminius mine where sphalerite, galena and less commonly chalco-pyrite are
constituents of a massive pyrite body in sericite quartzite.

CASE I

The Austinville mine of The New Jersey Zinc Company, located in Wythe
County in southwestern Virginia, lies in the valley of the New River in the Ap-

* Chief Geologist, Bertha Mineral Division, The New Jersey Zinc Company.
# % gesistant Chicf Geologist, Berthe Mineral Division, The New Jersey Zinc Company.
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palachian Valley and Ridge physiographic province. The mine is within a few
hundred fect of the river and its lowest level is about 900 feei below the sur-
face of the river. The country rock is fractured and faulted limestone and dolo-
mite with numercus solution cavities. Fluorescein dyeing of the river and its
tributaries demonstrates that some surfaces water flows into the mine. One trib-
utary has been flumed to minimize its contribution to the mine.

The mine has been kept unwatered by continuous pumping for about 30
years. The accompanying pumping record for the period 1950 to 1956 indicates
the rate that is required to keep the mine dewatered.

Quarterly tests of the water pumped from the mine are made to determine
its content of zinc, lead, copper, and iron, and its pH. Resulis of zine, lead,
copper and pH determinations are reported for the period from the first quarter
of 1950 through the first quarter of 1956. Iron is reported from the first quarter
of 1954 onward. Table I lists these data and Figure 1 shows them in graph form.
Median values for the metals and pH are:

pt 8.2
Zinc 0.10 ppm
Lead 0.05 ppm
Copper nil
Iron 3.2 ppm.

Lead and zinc, the ore metals, occur as sulphides which replace the dolomite
and fill fractures in it. Oxidation of the sulphides produces lead and zinc silicates
and carbonates in overlying soils, mainly at the soil-rock interface. The occur-
rence of the soil zinc in the district has been studied by Fulton (1950). The sul-
phide ore bodies contain some pyrite and locally have pronounced pyritic roots.
Mineral zoning in the mine is described by Brown (1935). Mining has reached

the pyritic roots in places.

CASE I

The Arminius mine is located in the Virginia Piedmont in Louisa County
near the headwaters of a small tributary of the North Anna River. The lowest
level of the mine is about 1000 feet below the small creek’s surface. Country
rocks are metamorphic sericite quartzite, chlorite amphibele quartzite and felds-
pathic chlorite biotite schist, impermeable rocks which do not permit ready
deep circulation of surface waters.
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Main production of the mine was pyrite during the period 1890 to 1918
The mine was allowed by the last operators to {ill with water in the early 1920s.
The New Jersey Zinc Company started dewatering operations in December 1954,
completing them in September 1955, and since then has maintained the de-
watered condition. The accompanying pumping record indicates the rate during
the dewatering process and the markedly lower rate to keep it dewatered, the
latter essentially being equal to the rate of inflow.

For a time, daily tests were made of pH, combined zinc-lead-copper content
and iron content of the mine water. Combined zine-lead-copper is determined
by a dithizone titraticn at pH 8.3, and the value is reported as zinc equivalent.
Frequency of the metal tests was reduced later to two tests per week and finally

Tapre 1

AUSTINVILLE MINE

PPM PPM PPM PPM  Pumping rate

Date pH Zn Pb Cu Fe Gallons/minute
4/11/50 8.4 0.10 nil nil 2450
7/1/50 7.8 0.10 nil nil 2450
10/7/50 7.7 G.35 0.04 nil 2600
12/16/50 8.2 nil 5.06 nil 2450
3/31/51 8.2 nil 0.05 nil 2550
6/21/51 8.0 2.0 0.01 nil 2650
9/25/51 8.2 0.04 nil nil 2450
12/29/51 3.3 tr G.005 nil 2456
3/21/52 8.3 tr 0.05 nil 2550
6/30/52 3.0 1.0 0.05 nil 2800
8/27/52 8.1 0.10 .80 nil 2690
12/22/52 8.3 nil tr nil 2800
3/13/53 8.0 8.16 .03 G.005 3250
7/2/53 8.1 0.35 nil nil 335
9/29/53 8.1 0.1 nii nil 3050
12/28/53 7.9 0.19 0.1 .10 3360
4/1/54 8.1 0.10 nil nil 2.4 3575
6/29/54 8.2 0.16 tr nil 2.0 4025
10/1/54 8.3 0.35 0.07 .30 4.0 3750
12/30/54 7.5 nil 0.09 nil 4.8 4100
4/1/55 8.2 618 nil nil 5.6 4250
7/6/55 8.2 ir 0.05 0.05 3.2 3890
10/10/55 8.4 0.1 0.02 nil 5.6 4150
12/3G/55 e.5 0.21 0.04 0.08 2.00 4225
3/30/56 8.8 0.05 0.04 0.08 1.60 4440
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to one per week. Determination of pH has been kept on a daily basis. Because
of the variation in irequency of testing, results are listed as biweekly averages
in Table II, and these values are used in the graphic presentation in Figure 2.
Median values determined from all of the biweekly averages are:

pH 5.0
Zinc-lead-copper 146 ppm (expressed as zine equivaient)
Iron 114 ppm

Median values of biweekly averages since the mine was dewalered are:

pH 4.8
Zinc-lead-copper 172 ppm
Iron 21 ppm

The ore mineralization is massive pyrite with disseminated sphalerite, galena
and less common chalcopyrite. The pyrite body is in sericite quartzite. Some
carbonate is present as calcite or ankerite, but the volume is relatively small.
The sulphides weather to form a gossan cap which has a zone of typical copper
enrichment beneath it.

The present shaft is inclined under the ore with its collar about 100 feet in
the footwall. There is a pronounced dripping of water into the shaft at the
soil-rock interface which is actually gradational, making a drip zone in the
shaft several feet thick at about 150 feet below the collar. At this zone metal
rungs on the shaft ladders are dissolving by action of the dripping water, a
phenomenon not observable elsewhere in the shaft. Observation of water flow
in ditches on the several levels shows the 200" level to be wetiest, with water
obvicusly running in {rom old stopes which extended nearly to the surface.

COMPARISON OF CASES I AND 1I

Case [ is in predominantly limestone and dolomite lerrain whereas Case
Il iz in an arvea of relatively litile carbonate. In the former case pyrite occurs
disseminated and as fracture fillings; in the latter it forms a large, massive
body many times the former in concentration. Lead and zinc content of the
ore bodies in the two cases are within a few percent of each other.

The rate of pumping required to keep the mine in limestone unwatered is
shout thirty-five times that required for the mine in metamorphics. This is 2
reflection of the degree of natural underflow of water in the two terrains. The
former area is in a large valley next to a major river. The latter is at the head-
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Tasre II
ARMINIUS MINE

Biweckly PPM PPM Pumping rate

Pericds pH Zn* Fe Gallons/minute

Dewateving operation

12/13/54--32/25/54 4.0 130 154 00
12/25/54—1/8/55 5.0 — — —
1/9/55—1/29/55 5.0 142 180 338
1/23/55--2/5/55 4.8 165 281 298
2/6/55—2/19/55 3.9 135 218 92276
2/20/55—3/5/55 4.2 134 176 265
3/6/55—3/19/55 4.7 140 165 © 326
3/20/55—4/2/55 5.0 129 147 348
4/4/55—4/16,/55 4.7 121 129 356
4/17/55—4/30/55 5.4 173 292 337
5/1/55--5/14/55 5.5 186 288 414
5/15/55—5/28/55 5.5 144 258 461
5/29/55—6/11/55 5.6 120 216 485
6/12/55-5/25/55 5.5 146 183 380
6/26/55-7/9/55 5.9 136 250 362
7/10/55—7/23/55 5.8 138 114 386.5
7/24/56—8/6/55 5.5 88 94 266
8/7/55~8/20/55 5.4 147 232 312
8/21/55--9/3/55 5.4 113 116 316
9/4/55—8/17/55 5.7 141 149 207
Dewatering compleied
8/18/55—10/1/55 52 148 85 120.6
10/2/55—10/15/55 4.9 163 21 119.8
10/16/55—10/29/55 4.7 146 12 108.5
10/30/55--11/12/55 4.3 171 3 113.6
11/13/55—11/26/55 4.5 172 11 118.3
11/27/55—12/10/55 4.6 184 11 110.8.
12/11/55—12/24/55 4.7 152 7 108.8
12/25/55-1/1/56 5.1 13 7.5 106
1/8/56—1/21/56 4.7 170 31.2
1/22/56—2/4/56 4.6 200 20.5
2/5/56—2/18/56 5.2 204 31 94
2/19/56—5/3/56 4.8 263 26.1 97
3/4/56—3/17/56 5 4 252.5 18 91
3/18/56—3/31/56 4.9 235.5 23.1 96
4/1/56-—4/14/56 5.2 186 24.6 95

* Combined zinc-lead-copper are expressed as zinc equivalent,
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waters of a small ereek near a divide several miles away from the nearest river.
The former is in relatively soluble limestone-dolomite rocks where solution
cavities are common; the latter is in relatively insoluble siliceous rock which
is highly impermeable.

Median values of pH and metal conient of the mine waters are compared
below:

Case I Case IT (since dewatering)
pH 8.2 4.8
Zinc 0.10 ppm
Lead 0.03 ppm
Copper nil
Combined zinc-lead-copper 0.13 ppm 172 ppm
Iron 3.2 ppm 21 ppm

Mine water in Case I is alkaline; in Case II it is acid. Zinc-lead-copper con-
tent of Case II is 1000 times that of Case I. Iron content of Case I is seven

times Case 1.

CONCLUSIONS

The two cases cited show a marked difference in the pH and metal content
of the mine waters. Decomposition of the sulphides in the limestone-dolomite ter-
rain of Case I does not result in an acid water. The acid character of their
oxidation product is ameliorated by reaction with the enclosing carbonate rock
and with its natural alkaline waters, The massive sulphides of Case II oxidize to
produce acid waters which are not sufficiently neutralized by the minor car-
bonate present to raise their pH to the alkaline range.

This relationship of sulphides in dolomite resulting in alkaline mine waters
and sulphides in schist resulting in acid waters is not universally true. In The
New Jersey Zinc Mine at Gilman, Colorado deposits of massive sulphides in dolo-
mite have very acid minewaters. It is believed that the presence of massive
iron sulphides at Mineral and Gilman is responsible for producing the acid
mine waters.

‘he outstanding conclusion is that acid waters of Case II carry many
times the amount of heavy metals in solution than the alkaline waters of Case
1. This is atiributed mainly to the greater solubility of the metals in acid water;
though the greater volume of water flowing through the mine in Case I would
also tend to produce smaller concentration through its greater dilution.
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II—GEOCHEMICAL AND BIOGEOCHEMICAL
METHODS OF PROSPECTING






BHOTEOXHMHYECERH METOJ IHOHCREOB H PASBEJRH PYJ

A. T Bumorpagos u [J. I. Maaora

ABSTRACT

1—The biogeochemical methods of prospecting for ore are based on a knowledge of
the normal chemical concentration of an element in soils and plants. The chief guide in
prospecting for ore is the increasing content of the chemical element in plants, then the
formation of peculiar biocoenoses within certain soil-climatic zones, the appearancé of
plant-concentrators, and finally, the appearance of a morphological variability among the
local vegetation,

9. The chief migration pattern, which is dependent on the hydrogeological and soil-
climatic conditions of the territery, is considered for the chemical elements over the
mineralized zone.

3—The sampling technique and the field methods of analysis are described.

4—The results are given for biogeochemical prospecting {or nickel, cobalt, copper,
lead, zine, molybdenum, chromium, and other elements in the southern part of the Ural
Mountains, the Transbaikal, the Caucasus, and other territories of the USSR.

5—Comparisons are made between the biogeochemical methods in ore search and
prospecting and the metallometric survey, the hydrochemical method, and other water halo
methods, The possible depth of bedding disclosed by the biogeochemical methods is dis-
cussed, and the faults and the advantages of the methods are given.

I—OCHOBAHRSA

TlomeRM PYABL 110 COJEPIRAHII0 T0TO HIH HHOTO XUMUTSCROIO SIEMENTd b
[OUERX HIH B PACTONEAX, IPONSPACTAIONIAX HAJl PYA0H, 0CHOBHBAI0IC H X0-
POII0 W AABHO HZBECTHELX MEOTOUHCIENHEX (panrax SHAUNTEILHOH ROHIEH-
TPANI B DTEX CIYIAAX TOTBAMIL I DPACTEHIINE PYAHBIX DICHEHTOD. Momuo
DABIMIATH JBa OCHOBELIX THIA PACTERNA-KOHIEHTDATOPOB. Tleppsiii THI KOH-
TEATPATOPOB — BTO KOTA BCe DACTEHNS JAamHOH MeCTHOCTH C IORLUIICHHBN
CORePIRARICH TOTO I APYTOT0 XHMIUECKOTO bIEMEHTA B I0UBAX, MHOPOJAX
KORTICHTDHpYOT ero B Toff WM MHOE CTENEeRH I B DACTHISILHHX TRAHLIX.
Bropoit BHJ ROHIPHTPATOPOB — BIi0Bofl (mim pojioBoil), KOTEA TOTBEO OUpe-
jiexermbrl BAyL (WIE POJi) CETERTHREO CPEJH BCeX JPYTHX BHAOB JAHHOTO pacti-
TeTHHOTO COOONICCTRA HCRIITHTEILHO BHCOK0 KONIeHTPUPYET JARIEIL DaeNent.

N
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MOKHO HAHOMHHTD B HT0M OTHOWEHUT BRI HHHL0BON, IHTHEB0H. aT0VANHesOi
I Jp. aHaJOTHYHEX (uop (Bmmorpagon, 1938, 1949).

Ho pamgame BHCOKOH KOHUGHTDAIMH B Cpejle TOTO Wl ADPYTOTO XHMI-
YeCKOT0 HIEMEHTA Ha DACTEHHA HE OTPAHHUHBALTCS TOABRO BEICORHM COJeD-
KOHHEM B JaHHBIX DPACTCHRAX HTOTO XHMUUCCROTO bIeMeHta. DBaugmue ma
DaCcTEEHA B BTHX CAYYafix BHAUATEALHO MEOTO0OpasHee. I3 paliowax pyuamx
MECTODOMTCEHT Hepefiko MOHo HadIwiaTs cBoeobpasueril wogdop u pacipe-
geledne DAcTEHIH, IOSBISHNEe XAPaRICDHLIX MECTHBIX PACTHTeABHEIX OHOIe-
HO30B H THOHYHBIX PACTEHHH — KOHIEHTPATOPOB. SaTeM I0ABICHHC BHeITHel
MOD(OIOTHUCCKOH HBMEOHUHBOCTI MECTHHIX BHIOB pacicHuit, IOABIeHHe IIX
MOP®, TOABHIOB, QUSNOIOTHUCCKAX pac, “HPHBHEMHX” K BIKAHED PYIHOTO
pIeMenTa W T.O. MBI MOKeN B KadecIBe HILIOCTPAIHH MPOeMOHCTPUPOBATE 154
piia Linosyris villesa L. 1 Pulsatilla patens L, Mill. w pag napyrus Bmios,
KOTODHE Ha IMepHJOTHTOBEIX MaccHsax ¢ Mecropomjgenmem Ni wa IOmuoMm n
Cpejmen Ypaie gawnr cBocoOpasHbie MeD(HL, SBIADIIAECT DacTeHEANI-THH-
raropayu (Tpyasl Broreox, 1932-1954).

Hofo0HEX IPAMEPOB MOKHO OBLA0 OB HPEBECTH JOCTATOYRO MHO0TO (DHHO-
rpajos, 1954; Tpysu Bioreox, 1832, 1954). Tarun obpasoy upn Smoreexu-
MIMYECKUX IOWCKAX DY MH 00panfacM BHAMAHIE Ha XMMETECKVI) DROJIOTHI
( Bumorpajos, 1949, 1954).

Obaacru, rie mabaogaercd mog00Had SHOIOTHUECKAS PERRINI PACTHTEN:-
HOTO (M JKHBOTHOTO) JIORDPOBA BCICACTBHE BAMAHHA HBOBITOYHOTO (IMIH HegoCTa-
TOYHOTO) COACp:EAHUA B HOUBAX H [IODOJAX TOTO HAH WHOTO XHMHYECKOTO Die-
MEHTQ, MBL HasbBaCM OHOTEOXHMUUCCEHMY UPOBHHIEANH. I3 Tpejeiax »THX
IPOBUHIHA 00BIYHO HaOJOAA0TCS OHOTCOXUMAULCREE SHICMIYCCRES HIMeROHILI
(roper (¥ (payHHl) H jake NX saloieBaHud.

TooroMy HpE HOHCKAX OHOTCOXHMEYCCEEN METOZOM MH He OIPAHHUMBAEMCS
onpoboBamueM pacTeHufl (I HOYB) Ha COfepiEaHHe B HUX TOTO MAH HHOTO XT-
MHYECKOTO HAEMEHTA, @ IOJAB3YEMCSA Beed COBOKYIHOCTLIO IOBEJEHHS (AODHI
NaHHEOH npoBHaoud. B 8T0M, TIpesie BCeTo, OTANUIe OHOTEOXHENHTLCLOTO METOL
HOUCKOE PYAEL OT METAJIOMETPHUCCKOH CHEeMEH.

CHeTeMaTHUCCROe HBYUEHHEe COCTaBa DAcTeHHH W DPASHBIX NOYB W KX OT-
AEIbHEIX TOPH3OHTOB, & TAXKe H3YUeHNe MOZBIKHOCTH HOHOB PABIHYHEX XIMH-
YeCKHX BIEMEHTOB B (HOc{epe MOKABAI0 HAM, YTO IIOHCEH OII0TCOXEMHULCKIM
METOXOM MOrYT OHITH ¢ YeuexoM nemoapsonadel 1ia Ni, Co, Cu, Cr, Mo n p.
MECTOPOLICHU 11 He NPecTaBIIonT IPARTHISCKOTO SHATCHUS TId Pala APYrax
vrenenToB. Ilociemee HTHOCHTCA K OUEHb PACHPOCTPAHEOHHBIM DIEMEHTAM, HA-
upumep, Mg, Si ¥ 7.1, & B TeM DJIeMeHTAM, ROTODHE B YCIOBHAX OHocdeps,
Kak OpasBiio, He JaloT HCTUHHLX (HOHHEEX) pacTBOPOB — Hampumep, Zr, Th, Ti
I [p. H, TO2TOMY, He YeBarpalorcd pactenuamu. Hauboxee nddertunasie pe-
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ByapTarel gaer GHOTeOXMMUYCCKHH MeTof moHckos Mecropomgenuit Se, Cr, Co,
Ni, Cu, Zr, Mo, Ag, Sn, Au, Pb, U, Hg u pp., BeaejeTsne o06pasoBanus
MU HeTKOMOJBIEKENX UDOCTRIX H KOMILEKCHBIX HOHOB.

Pasmsre pactennsg ¥ pasHEe HX YacTH — KODHH, BETBH, ANHCTLA H T.JI. He-

PEIRO e PASHOMY HARAIUIHBAIOT 10T Wil HE0R xmunveckufl srement. Hosrtomy,
Tpedyercs HEeROTOpCe IPeiBapUTelsbHOE HCCIeHOBAHNEC, BHACHCHHE Haubozee
xaparrepusx npod vactefl pacrenull. Kag odmee mpasmiao — pacreHus ¢ -
TEHCHBHLIN BOJ000OMCHOM M ¢ TAYOORHMH KODPHAME ABASIOTCS HAHIYINEM MaTe-
paaney. GOLIYHC ML HOALBOBAIMCH BeleHOH UaeThl TPABAHHCTOH paCTHTEIH-
HOCTH, WIH JHCThsINMH, XBoed JepespeB. Hepepro B s30me pacremnfl wommen-
TPALHA PYJHOTO DJCMEHTa BHAYUTEILHO BLIIe, YeM B MecTHOH House.
Fag Oyfer BHAHO jadblle, HAKOIIEHHS TOTO HIH HHEOTO XHMIUSCKOTO die-
MeHTA B DACTOHUAX M HOUBAX HIET MapaliedbHo. B paBHCHMOCTH 0T THIA 1I0UB,
HAu00ALIIAS ROKIPETPAINA HePeRo Haliogaerca B 07HOM M3 HOUBEHHLX I0-
puzonTos. Hax UPHXOAMIOCH MPOHSBOJLHTL ONPETeNCHAS B DASHEX 30HAJLHEIX
TUIAX HOYB — IOAB0IHCTHIX, LAIUTAHOBHIX, 9epHOSEMHHIX, OYDHIX JECHEIX, Ce-
PO3eMHEY M ¢yHTPONHILCREX JHEATO3eMAX U KpeMHezenaX ( Burorpagos, 1952;
Maamora, 1956 r.)

Ha vTHX HPUMEDaX MBl OCTaHABIHBaeMcs Huxe. Ho, Kar UDaswno, MOKEHO
CRABATE, YTO MOUBH apUAEEX o0xacTelt — MOYBET cepo3eMHNE, OYDHIe, YACTHUHO
RAITTQHOBBIe B JP. IOYBH CYXUX crenell Mano uposursanrcd. ITostomMy BEIHOC
U3 BEPXHUX HOYSCHHKX TOPHU3OHTOB MAJX0 BRPa:KeH U 0IpoboBaHUe MOKHO BECTH
B BepXHeM cloe, o0BIYHO MOMHOCTHI0 OR. 15-20 cu.

Tloussr YepHOZCMIBIE UPONBIBAIOTCA O0JDIIe, HO He JAIT PEBKOT0 Pasauvdid
B PACHpefeIeHul 0170 LHNY XENIYeCKHEX DACMCHTOB TI0 BEPTURAXLHOMY IIpO-
duae 1 neeToMy MuI GepeM 1Ipo0y W3 BEPXHET0, CHIALHO TYMYCHDPOBAHHOTO I'0-
PHZ0HTE.

Yro racaercs uous u3 o0JacTH TYMEAHOTO KINMATA, B 9aCTHOCTH, IOJ-
BOJAHCTHIX THOUB, CEPLIX H OYPHIX JAECHBIX TI0UB, ¥ IOMHEX JKEITOBEMOB — TO
BCHCACTBHE MHTCHCHBHOTO IPOMBBAHES BePXHEe (HETYMYCHPOBAHHBIE) TO-
PHBORTHL MOTYT OHTh OO€IMEHEL, a Ha060pOT, TOPHBOHT BMHIBAHUS — HII0-
BHaALEBI 000TaneH MEOTHMI XUMUYECKHMN saeMeHTaMH. Hostony, mpody mous
cIeiveT B 9TOM crvyae OpaTh W H3 TOPHBOHTA BMUIBAHEA (HINBHAILHOTO).
JefiersrTeanno, we toapko Ha Hmweonm Vpaxe, o # B Tyne, Ra Kasrase Hayu
OBLIG OOHAPYEEHO, UTO OPe0d paceeaHusa pyiaunx mectopomgeruit Co, Ni, Cu,
Mo, Cr, U u zp. 0c00fHHO UYBCTBYCTCS UPH aHAINBE fpod H3 BEPXHEIO IY-
MYCHPOBAHHOTO TODHB0HTA TOYB ¥ B HIIBHAILHOM TOPHB0HTE, TOTIa KAK IPO-
MEKYTOUHEIE HOUBCHABLE TOPUBOHTEL HTHX HOYB 00eJHEHE! MeTaINaMa BCIe/[CTRIe
BEHHOCS, METeOPHBIMH BOJAAMU H HHTCHCHBHOTO H3BIEYCHUSA HX KOPHAMU pac-

TeHK.
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I—-MUATPAOMA XUMNHUECRHX 3JIEMEHTOB HAX 30HOU
OPY JEHEHUS

Tipuunmofl TOBEIDICHHOTO COEPIRAHIA PYAUBIX BIEMEHTOB B IOUBAX H pacTe-
AWAT SBITIOTCS OPEOAB DACCESHIS BORPYT PYAHLIX JTeI H MCCTODOLAeHnil.

QOBIYEO PasInyaioT MePBIYHLEe ¥ BIOPHUHLIE OPEOIH DACCeSHHL. Llepbuie
CBABAHEL ¢ THIOTERTBINT MPOMECCAN, MPHYCA IPOHEKHOBEHIE B 8THX CIYYadx
PYAHHX BICMEHTOR HO BMEITAIONIHE IOPOAL I 00pasoBalne 0peoioB DacCesHnd,
Kak XODOINO MBBECTHO, HE BEIHRO.

Hanboxee 0OMHPER BTOPHYABIE OPEOABL PRCCESHIA — HAUP. B 30HE ORIC-
JeHES PYAHEIX MecTOpomfeHnil. $opua opeoda paccestiiig 3aBUCHT 0T MHOIHX
OPHUKH — TIYOHHEL 3aJeTAHNST JRIALL, MON[HOCTHE IPIKPLBAMINX DYAHEE Tela
APEBHUX HAHOCOB, TOUB, IHAPOTEOJNOTHICCKHX VCIOBLA MecTHOCTH, ee peaneda
o T.J.

Mexamnveckuil cnocod pacceaunsd (CHOC) HEPCARO HIPAeT CYUISCTBEHIYIO
poib. Ha Hero HaRIAfPIBRIOTCS XuUMHUCCKHE I (HOPeOXHMIUYeCKue WDOIeCCHL,
BHEIBHIBAIONEE MHTPANNI0 TeX WAH APYIUX DICMEHTOR B BHe PacTBODOB I
12308, 1IpH GJAaTOTPHATHHEX TEOZOTHUCCKUX H EIMMATHYCCRIX YCIOBHAX DAc-
TBOPH TPOHUKAIT B TPEIMUHOBATH I HOPHCTHE IIOPOJEL H JOCTHTANT MOBepX-
mocri. Hozoduoro poga opeoasl paccesBAS MH 00HaDWRIIN B pafiogax Hure-
AEBHX T XpOMOBHX MecTopomieniil Ha IOmuoM Ypade u Ap. Wr0 OUHCHIBALTCS
nagee. OOUIpHBIE OPEOAR. PACCEAHHS 20T Te XHMHYCCKHE DICMEHTH, HOHH
EOTOPHY Hamfozee MOABEAHBL B YCAOBHAS OHOCQEpsl 11 0CODEHHO Te H3 HHX,
KOTODHe 00pasyIoT BTOPUYHLIC MecTopompennd, maip. UO*, Ni¥, Lo, Zn™,
Cu, Se m xp. TI'ecoxmumuecroe IOBEJCHNE OTHGILIBIX BIEMENTOB HIH HX Iap
Ni/Co, Zn/Cd, Th/U u T.I. B 30HG THIEDPIeHesa JBIAETCA OCHOBHBIM I
THOUCKCB DPYAL OHOTEOXHMHYCCKHM METOJOM.

OxHaxo, BaJI0 IOMUHTS, UTO MOABIAHOCTL OTJCABHBIX HOHOB H XUMHYCCKHX
coepumenuil B 6uocdepe ROUTPOAUPYETCS 0ULHL NEOTHME (JHBHKO-XMMHYCCKEMHI
parropanu i°, pH, red/oxy, ODTaHNUYCCKEM BeumjecTBoM # T.4. Pasimumsie
COUCTANNA DTUX YCIOBHH VCIORHAOT KApTHHY MHIPAUUE OTHeIBHBIX XHMH-
YECRNAX DACMEHTOR B NPeeiaX PHXIBX 0CaA0UHBIX HOPoR GHOC(pEpHL.

[II—O0TBOP IPOB 1 HOJIEBDBIE METOIHI AHAIHSA

Haubonee OJaroUpuaTHRL JFid UPHMEHEHHS OHOTCOXHMHUECROTO METOXR
MOUCKOB PYAE — 001aCTH €0 CHOKOHHBIM peapeoi — ILIaTo, JOAMHELL, IOIOTHE
CEJIOHBL TOP H XOJMOB, IOEDHITHE COBDEMEHHBIMH ADEBHEMH 0CaJRaMH.

MeTox TpeinoraraeT TpeiBapurelbroe 00Iee sHAKOMCTBO ¢ reoxorneil, ru-
aporeoxoruell, RIAMATOM, HOUBAMH H (acpofl pafioma. SarTed IPOHSBOZAT pe-
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KOTHOCI[UPOBOYHOE 0IpofoBanye NoYs U pacreruil. Bepered 2-5 upo@uia mous
I PACcTUTEILHOTO MOKPOBA. YUACTOR, HOAIeKATf 0XHONY 0NpoCoBANTD, Pas-
fuBaerca IPAMOYIOIbHOR cerrofl, KOTOpas HABOCHTCA HA LapTy Macmrada
1:10000. IIposojsrcs mapaiieIbuble JHEHI 0T00pa 1po0 (BL0JIb IPEIoN0-
EATETHHLLY (RILT MAN JEHE pasioMa # T.01.), 00B9HO B paccroguun 100-200 x
apyr ot apyra. OrGop mpoG mpomspogurea uyepes 5-20 merpos. HpoGsr mogs
fepyrcd 0 MOYBCHHRM TOPH30HTaM. Xaparrep Mpo0 DAcCTHTEILHOCTH OIpe-
NeddeTcs HPejBapHTeNbHBIM OTMPO0oBaHNes (IHCThI, BETBH, KOPHH H T.IL).
Jlrs moxessIx omnpegeleHAfl OBLIN HCUOALIOBAHE XUMUYECKHe METOMEL, TOLIPO-
rpaguueckie u cuexTpaipHne (Maaora, 1954; Buzorpazos, 1952; Tpymm
Broreox, 1932-1954).

I'V—OCHOBHBIE PE3YVIBTATHI ITIOUCEOB PYILI BHOTEOXHMU-
YECEUM METOIOM

3o TOCAEFHEE TOALL OHOTEOXAMATSCRH Moo OB HAMHE HCULITAH B PABHLIX
yeaosuss B rpex paffomax Cosercroro Comsama Cpenmmest u Iigmom Ypare, B
Tyse n ma Kasrase pag momcxos U, Ni, Co, Cu, Cr, Pb, Zn, Mo u Jp. DYA.
B macrosmeli pabore ocBemanTes THABHHM 00pasoM HCCIeZOBAHU, IIPOHS-
pefepame Ha mmon Ypaae u B Tyse.

F0weno-¥ pavecrkudt pyowsid paiior UPeICTABLILT HCRAOUNICILEOC IDARTH-
YecKOe BHAUEHHE. 3ilech Haxoudred Remmmpealickme muneieBHe (CHIHKEATH
Ni) MecTODOKIEHUS, saTeM XPOMETOBLIe, MejmcThe. MHOTHE 3 DTHX MECT0-
PORZeHIH XOpOmo pasBeJamE OypoBEIMI crBajuHamu. Ilosromy sjech B0s-
MOKHES OBLIA KOPPEIANI MeKy JAHHHME OHOTCOXHMHYECKOTO MeTONd W pas-
Gypusamng. Doran obcaegosamsl H. Tafirerxercroe, Uyraescnoe i LipoMemy-
TOYHOS HEKEIEBHE MeCTOPOIeHIL B Ipefetax ReMuupcaiicroro pyjHEOTO IOL,
sareM BHKTOpOBCKOe XpOMATOBOE Mecropoikgenue (JoHckoe) I MeCTOPORECHH
sein 10. T0ayk u Bagp-Yaar (paiion Cubas).

1——Rexnupeaiicroe pyonoe noae

MecTOpOM/ICHIS TPUYPOUCHS! & ApeBHell Kope BHBeTpUBaHMA Kemuupcafic-
ROTO HepHAOTHTOBOTO MAcCHpa. PasibITad MOBEPXHOCTH BEBETPHBAHHA Cep-
HeHTHHATOR B HOU3MEHEHHHIE 1OPOJH UPUEDHITH MeCTPONBETHHIME TIHHAME ¥
MepTeraMH pasantHofl MOIIHOCTH, 0T OjHOro 7o 15 M. PafioE MecTOpOXIeHRH
npHIoREAT K0 420-450 M mag yposHeM Mops. ['pyHTIOBEIE BOXH HaXOJATCI HA
riyonEe 20-30 MeTpOB OT LOBEDXHOCTI, HHOTAA HUIKE SAJETAHUS PYARL. Yib-
TPAOCHOBHLIE UOPOJE YACT0 TepeRpHTH rafOpo-amfuborurans, MOUTH IOI-
HOCTHI0 OGOXPEHHEIME WM KAOINHUSHPOBAHEHMIL. [IpucyrctBue Goxee eTOHRUX
I MeHee CTOAENX IOPOJ, HAPYIIAeT CILIONTHOS 3aJeradne PYAHOTO Tela, Hs-33
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4ero o0pasoBaInch KapMaH00OpasHEe A€kl PYAN pasiamumoll asompocri. B
cromennn RemmupcaficRiX HUREIOBHX MecTOPOAZeruil UPHEUMALT yyactne
0CQICUAbIe OTIOKEHHA MEI0BOTO H TDPETHUHOTO DORPACTA — IRCTDOIBCTHEIE
TAMHBL, MepTedy i HeCkH. Yepefyach ¢ Tab0pORLIMY OXpAMH U BRIEIOUeHIHIMH
CEPIeHTHHATAME OHH BJIATCA IOPOJAME, H3 KOTOPHX 00DpasoBajcs NOYBCH-
HEIf MORPOB — TEMHOKAIITAHOBEIE, RAIITAHOBEE COJOHUEBATHE H APYIHe TOUBEL.

Pacrurespairit I0KPOB B IPEeIax PYAHOTC 0AA 00dee DABPSIKEH, WeM BHE
PYAHHEX y9&CTROB. Opejn pacTHTeabHOCTH BCTPEYAlTCsA BTHOAWPOBAHHEIE Pac-
Tenida (Salvia dumertorum, Galatella punctata w Jp.).

O0paman? BEAMAHIE MHOTOUHCICHEHE BapHAHTH Mop{s Pulsatilia patens
(L.) Mill. ¢ pasuoff okpackofl useron ¥ pasuoll gopumoll amersen w T.IL (pEC
1, 2, 3).

VeraounTedpH0 CHABHEE HBMEHEHHA MOP(B TPOHCXOMAT Ha HIEEISBHIX
MecTOpoikieRnsIx ¥ Linosyris villosa, 9T0 pacreHue TIHPORO PACIPOCTPAHEHO
B IWEHOYPATHCRUX CTEHAR, cocTaBidd 1-109, pacTHTeILHOTO TORDORY, KO-
BELILHO THITUAROBOH cremm (pue. 4).

Hsnenerue (OPMEL PACTEEHH BMECTE ¢ TeM COAEDEAT 0TIeHb BHICOKIE KO-
anuecTBa Ni, a Takke Co # Cu. 113 Tadia. 1 Bugma cremens o00oTamenys MOUB
T pacrenuil, TPOUBPACTAIONINE HAJL MECTOD OO HILIMIL

Tadania 1

Cogepmanue Ni, Co n Cu B HOPMAIBHHX PACTHHIX H UX Mopdhax, ¢
wecropomgernit Ni (% Boxs)

Hasnamue Buia Ni Co Cu
Anemone paters (HOpMAILHA ) 7,810+  2,610* 1,3103
. (mopga ¢ Ni-
~ MECTOP O] CHEA ) 3,1-.10=  1,2-10°3 1162
Linosyris villosa ( BOpMAJILHAS ) 1-107% — —

(mopda ¢ Ni-

39 3%
- MECTOPOLIeHUST ) 2.2-.10%  2,6-10° 1.0-102
Pulsatillz patens (mopMaIbHAL) 6-10-4 e -
. . (mopda, bexad, ¢
Ni- mecropomaennd) 3,7-10* — —
Pulsatilla patens (mopda, YPOLINBAL, C

Ni- mectopomiennsa) 2,510 e e
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Pue. 1—Hopyaapgaa Qopua  Pulsatille patens (L.) Mill.
Pric. 9—Tlepexopuas Qopua . paiens.

Puc. 3—Pexynuposanned, fesrenecTROBasI (opua P, patens.

Puc. 4—Linosyris villosa L. Jepag — HOpEIbHAL (popua; mpasad — pejyni-
POBAHHAL HOPMA.
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a) Hoco-Tailxemuencuoe nuieieeoe Mecmoporcoenie

Iipuypoueno & KemnupcalickoMy HepHAOTHTOBOMY MACCHBY ¥ HAXOXHTCI B
cesepHOI YacTH AxTIOOMHCROM o0xacth. PafloE DpeuMyImIecTBERHO CIOKEH cep-
TeHTHHETAMY. ¥ ALTPAOCHOBHEE NOPOALL BO MHOTHX MECTaX NEPEEDHITH rad-
Opoam(ubonuramy, ROTOPbIE CIIOMDb O000XDEHLl NI RAOIHEUSEPOBaHH. Ha
9TEX MOPOJAx 00pasoBaHE IOYBH. Pyma saxeraer Ha raydmee 10-15 m. Ipym-
TOBEIE BOJSL IDOXOAAT Ha rayouse 10-30 M Hmre sazeramnd pyxsl. Baarogaps
BHICOKOH TPOHHIACMOCTH WOPOL CYMECTBYET IOCTOSHHAA CBASH C TOUBSHHHIM

<
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&
i

2.02.
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G005 S o cmtin o aobfpee=

1 3 3 i

A,

0 Ro £00 3o 400

o' ‘ebo
Paceromnus or paypesa ¥ER ke [addpo [ 8 a).

Puc. 5—Copepmarne Ni B mouax # pacreHusax (8oxe). H. TalikeTmercroro
MECTOPOILACHAL.
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cA0eM 33 CUeT KAIILLIIPHOTO IONHATHA pacTsopos. o mpoduin mous mpomc-
xopnt manomrenne Ni, Co, Cu a raxie ¥ B PACTCHILIX.

B pesyaprare MHOTOWHCHCHHBX oupepereniil Ni, Co m Cu B HOUBAX H
PACTeHRAX HTOI0 palioma BEHIACHEIOCH, 4T0 cofepikanue Ni, Co m Cu B pacte-
ITAX MOBHRITACTC TapalIelbH0 TOBHITEHHI0 UX COTCPAARNAL B HOUBAX (PHC. 5).

SaTeM BechbMa BARHHM IPUSHAKOM HQJINYHA HHEEIEBOTO MECTODOMTEHHS
apmioch oraomentue Ni/Co, jocrurasuiee go 20-27, rax B ImOYEaX, Tak U B
goxe pacrennit. ro ormomenne Ni/Co ~ 20 0THOCHTCA L HUKEICTEHIM PYIaM,
CBABGHHEIM ¢ VABTDAOCHOBHEIMF HOPOfaMm. B JpYroM ciydae, 0 9eM M To-
popmy mimke (Mecropomiesnd Tyssr), orromenna Ni/Co muste. Taxmy 00pasox,
cooTHOMmEHHe Tap OAMBRAX HACMEHTOB IPH OHOTEOXHMUTCCKIE IOKCKAX HMEeT
TakEe CYHICTBEEHOC BHAURNIC IS TPOTHOSHDOBAHHI

B hoide

.31

anue A & %
5

P
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V4
o
L

\ B pacresusy
AN e
N

) [ )

g & 33052 443599 8] A 739 Mo 41 142 M
// Tewwsess ovdopa npod. Cﬁf&mﬂcuﬁbi) .

Pue. 6-—Cogepmanue Ni B u0uBaX I pacteHEIx (301a). UyTagBeroro Mecro-
DOKICHH.
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6) Y yiaescroe 1ukele60e HeCmopoNoeHue

o cpoeny xaparrepy pafion MecTopomzemua OaMsko mHamoMuvaer Hopo-
Taifixerrencrul. PacTHTeIpHEE HORPOB COZEPIKal B CBOGM €0CTaBe BHUIEL, MOP-
(orormuecrn HBNeHeHRNe, OB HMEIU BHCOK0e cofepxanue Ni i Ip. MeTallo0B.
Cogepmanze Ni B OUBAX U PACTEHUAX B HTOM PalioHe TaKKe XOPOIIO KOPpPeln-
poBaIoch (pHC. 6).

Ha ocHOBe MHOTOUHCIEHHHIX oupefeleHuil OmId COCTABIEHH RapTH pac-
npeferenna B pToM pafione Ni, Co, Cu Kok B I0UBAX, Tak I PACIeHHAX (PHC. 7).

Oruomenzie Ni/Co gus mous woiebrerca or 9 fo 26 (B cpegmem ox. 20),
o B pacrennax (Linosyris villosa) or 4 no 16 (B cpepsen ox. 12) (pue. 8, 9.

W3 naHEEX 110 cojepiannio Ca B 30i¢ PACTEHHI Tagrme CIeL0BANO0, UTO
orHOomenne Ni/Cu H3MEHAIOCH B CTOPOHY (0ibIIET0 OTHOCHTEIDHO COAEPHAHML
B pacTenmax Cu 10 CPABHEHAN ¢ MouBaMn (B epefmed, B nousax Ni/Cu ~ 20,
a B pacrertax Ni/Cu ~ 3).

OUHTH 110 H3BICULHII M3 MECTHHX II0YB DPAsIHUYHBIMH PacTBOPHTENIMH
(H,0, 29% HCL 5% NH,CI) Ni, Co, Cu noxasar 0oapIIyI0 W3BIERAacMOCTs Cu,

!
3
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3 / 5 = )’5
'{, T = H1tD
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AErengr :

oo Cuboscuns: (rousu ordopa nped)
i ferdozobue Sadiu.

A ~08% B 0/%

I 47 or ./ 4.5 %

Pue. 7—Pacupegererue Ni B I0UB&Y UyraeBCROTC MECTODOMJEHHI.
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sarem Co m mMempmre apyrux Ni (0,019 or o6mero ero cOpepmaHus B 110UBaX ).
Bee 270 BMECTe YEABHBAET HA 0OXBIIYI0 HOABWEHOCT Cu H Co 1 foree IIPOTHYIO
PHUECAmAD MOYBAME H mopojayu Ni. PacTeHHA B CBOX 0UEPCAb CTHOCHTRDIO
gonrmre EakammmsalT Cu u Co, veMm Ni.

I i

Aezenba:
B8 (o or 0 &0 505 %
DO Sar > Libimstesus Fovesiarfops npod)
EH Y« Q0T I fudeasiue dovvy,

Puc. 8—Pacupegexenne Co B I0UBaX UyraeBcroro MECTOPOMCHHA.

AZrESR7:
B € or 00120005 %, 30 .2 0.005 % ) Oy Fvese 1062 25206
{70 Cu or 0095 2200/ 5% EE Lemdas obsse Sovi

Prc. 9—DPacnpejieieane Cu 3 mousax UyraeBCEOIO MECTODOMLICHML.

3) Hponercymounoe u Bennupeailcroe (Byrop) nureiecvie HeCnopoNOeHUA

Bran  0GCICIOBAHEL IepeleRruBEble Iiomagd. OfEaro pPexOTHOCIHPO-
BOUHEIE TPOSH VKAsaid B CDEfHEM Ha HHE3KOe cofiepiwamme Ni B IOYBAX

e
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(5-102%). CocrapneEmas napra cofepwarud Ni, Co, Cu Ha DTHX WIOMALIL
yEASBIBAJa HA OTCYTCTBHE IDOMBIICHHBIX DY, YI0 X OBUIO IOZTBELICHO

OypenuesL.

2—Bunmoposcroe xpoMumosoe Mecmopomdenue

. Urmocurest & xpoxmrosony paifomy IOmmoro Vpaaa (Arrtmofmmesas ofiL.,
“Nomcroe”). TIPOUCXOKNCHNE TPOMATOBEIY DY/ CBISAHO ¢ RAIATHENM sjrechk 6o~
TATHIS XPOMOM JYHATOBEIX CEPUEHTHHHTOB, NOUTH HA BCell MIOmANH IDHEPHTHI
croen Me3030ferux orromenuil. Mesosolickue ocagousEie MOpoEH (cyIIMHEN,
TUIMHEL ) ¥ BRIIEJI0YEHHEIE CePUCHTHNHTE JBIAHTCS Bremanmelt Tormmel 610503
ILIOTHOTO IOYTH HENSMEHEHHOTO XpOMHTa. MecTopoijienne myeeT COBepIICHHO
THAJRYI0 TOBEPXHOCID. CILIOMTOH TORPOB KAMTAIOBHX OB WPOUHO 32KPAILICH

Odosnawesys
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Puc, 12—Pacupegererne Cr 3 3016 PACICHAR 1 2JOUBAX B CBASH ¢ BAJETAHIEM
PYIBL BERTOPOBCROTO MECTODOM/ICHISL.
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EOBBLIBHO-THIYAK0BOH PACTHTEALHOCTEIO. YpoBenb TPYHTOBEX BOJ, B CPENHEM,
HoxoRuTed Ha TayomHe 20 M 0T MOBEPXHOUTH, 1.0, BEAUNTENHAL YACTH PYIHOR
TONMIHE HAXOJATCA B BOHE MHDRYAAMHI IOJ3EMERX Boj. OfEAko B PYSHHUEHX
BOAAX TOADEO OR. 1-10-%9% Cr.

BELt CHCTeMATHICCKH HBYUSHLI DACTOHHS X IIOTBH HA copepianne Cr.
Byeero MHOTOUHCECHHBIX OTEJIbHBIX ompegerernfi Cr B MOYBAX MEL IPHBOAUM
CBOJEYI0 EAPTOURY DACTpPeeleHi Cr B mousax proro patioma (pme. 10).

Hymuo OTMETHTH COREPIHAHIC TOBOALEO BSHAUHTEIPHHIX LKOIMIECTB Cr B
pacTenigx. [IPARITIeCEn B NOWBAL 1 sofe pacrennit HAXOJIINCH OJUHAROBHIC
rormaecTsa Cr, UeT0, KAR Mbl BHEI, 06 6mio B cayuae ¢ Ni (comepmanue
B MOUBQX INi BCEINQ BLIIIE H& mopapos) (pue. 11).

Mesny cogepaammen Cr B PACTETILIR. mouBax T pyLolt HADIIOAAIOCH

XOPOIIRs ROPPELALILT (puc. 12).

Weouemule secmopoudenua Bawp-Yaex u I0menpit 10y 6 poiione

g

Cubon (Ypar)

3

MeCTOPOIRACHIS MeHO-KOTIeamHbIX DY A YACTHUHO HAH TCAHOCTHIO H3Me-
wemH B EApGOHATH, KOTOPHIE BCTPETAIICA B BIAC prIoUenAil B cHAHTAX.

\raft HAXOTATCS ceBepHee HUEENEBBIX Palionos, B ADYIHX reorpadnIecEuX
VeIOBHESY. SAech clellh 0ueHb WACTO nepexopuT B xec (J0. I0ayr) ¢ OumOA30-
JTeHORMY HOUBAMH.

Tlpuss moJ, PyAol copepaii B CPEAEEM OF 1029, Cu u Taxoe ke CO-
aepmamae Cu OBLIO T B PACTOHIX cOOpRHEBIX € DTAX [OYB, T.6. MOXTBED-
MHI0CH TO TPABIIO O KOHEHTPAII Cu B PaCTeHNMAX 4 IOIBAX, KOTODOE MEL
qafmonaan B orgomenan Cu W A HARSIEDHX MOCTOD O ACHILIX.

Mecmopoxcoenua Tyeunctoll GemonoNott 0Gaacmu

Hsyueneil palion pRcIoIomed B faccelime CpefEET0 TCUEHNA D. SIETecTa
1 OPEYPOYEH K CeBEPHOI YacTH pesropuil v rpammE Bamanmoro # BocTou-
woro Tauxy-Oia.

B reomopOIOrHUCCEoN OTHOTICEHT DafioNEl MOEHEO 0XapArTePH30BaIL RAR
epeTHETODPHEL, B TPEALIax ROTOPOTO PACIONATACTCA MHOTO COTOR H rpebuel,
pasjeleHALX JOMIHAMYE H opparanu. Pafiom B foapmeil cBoell yacTH BaKPHIT
TeTOBEANGEEII I AXII0BHaIbHBINMI OTIORCHTAMA 0 TPVAHO IOJAETCH BA3YRIb-
FONMY TEOJOTHYSCRONY H8YUCHHIO.

B 1e0ioTHYecEOM CTPOCHHH paliora IPHHAMAIOT YIACTIS IPeBEHE TONII,
xaparTepEre 1id BocTouHoTo Tagmy-OraxemtpuicEie pthpysussr 1 “oPdy-
SIBHO-0CAJ0UELE’ TOPOAE. BEPXHETO CHLIYPA U WIKHETO AeBOHA. 13 Ipeferax
paftora PACHOAOREHO STAPO ARTHRIMHOPEA, CANKCHO HINRHER enOpuficRENE B~
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(ysmBaMil ¢ BECTyHALMEeHl Ha IOBEDXHOCTh IPAHATHON HETpYaHeH, orTmOCH-
melics B HIKHERATC0HCKOR CRIAUaTocTH. K HETPYSHAM KalefoHCKON chiaj-
YaTOCTH NPHYPOUCHO OCPABOBAHNE DAY CYAL(PUAHO-APCENUTHBIX MECTOpOME-
peanit Ni, Co, Cu. Mopcrne ocafioumsie ITOPOAB BEPXHET0 CHIYPA HECOTAACHO
82J1€TAI0T Ha HEKHeKeMOPHICREX sysusax. B mmrmell yacrn paspesa mpeo-
Oiagaio? IeCIAHERY ¢ NPOCIOANE 2JIeBPOJANTOB W KapOOHATHNX IODOJ, YacTo
NpeBPalleHENX B CKADHBI, B BepXHell KpACHOUBETHHIC [CCUAHHEE H KOHTIO-
MEPATH, Ha KOTOPHX 00pas0BalHch HOUBHL.

B cyxue mepuojst Bpeyenn roxa paiion Gessonen. IlogseMuEe Bojgs Ha-
XOAATCS Ha 3HAUHTEILHOH IuyOmHe H BHIXOAH WX HA IOBEPXHOCTD HOUTH I0J-
HOCTHI0 OTCYTCTBYIOT. B 80HE BEUHOH MePaNOTH, Ha CEBEDHBIX CEIOHAX €OIOK,
H20110JAI0TCA HAMePBIOTHNIE BOAE, BHXOJ/NINe WHOTAA HA TOBEDIHOCTh B
BHJ[@ KI0UEH.

BroreoxnMuveckne MCCAENOBAHNS UPOHBBOJILILCH HA TEPPHTOPHH IIOTHA-
EeHHoCTBI0 cBRIE 10 M ~ paffom p. Om -Kamaa npuroxa p. Dierecra. Ha-
AE9He THHEAH PasIoMOB M APYIUX JUSBOHKTHBELS IPONECCOB HA BTOM JIACTLE
TOBBOJXANO TPEINOI0ENTh HAIMYHE 37IeCh DYAHEX 000TalleH,

oussr pafiora HELOCTATOYHO H3YWeHE. OHH OIMYAITCS GOIBIINM pasHO-
00pasmeM — 0T TOP(PAHEX TOPHOTYHIPORHX N0 CBETIORAIITAHOBEX I0YB Creleir.
HeoRHOPOXHOCTD MOYB BHBBAHA TOPHEIM Pexbe(oM cTpam:sL. Ha MmuHY CRIOHAX
TOP BIMIOTH 10 GOIABINAX BEICOT PACHOAATAIOTCS CTCIHEE TOUBH, @ HA CEBEPHELX
CEPHE TODHOJICCHEE H IOX30JMCTHE ITOYBLL.

PacrareasHOCT Ha I0EHHIX CRIOHAX BiaK0BO-RADAralHUEOBAS, 2 HA Ce-
BEPHEIX —~ JHCTBSHNYHEE JXecd. Boupmasg wacts pafiora p. Om-Kamaa, Tje wi
Bexr paCoTHL, MOKPEITA CTeNbI0 ¢0 Stipa capillata, Caragana spinosa, C. pygmaea
" Ap.

Ouenp ¢BoeobpasHa DACTHTEILHOCTh HA JPEBHHX DYAHHX OTBAJIAX, BHE-
TANMAACT APRO-BEJACHBIMY MATHAMA Ha eITo-cepoM (ome cTenu. B ee coctas
HOCTOAEHO BXOAAT Gypsophila patrini, Silene Jeniseensis u jp. Dra mpuypo-
9eHHOCTh Gipsophilla i Ip. K MeJUCTEIM DYAaM OBLIA ¢ YCIEXOM HCIOIBZOBAHA
IpH IPOBEICEHM IOHCKOBHEIX pador Ha p. Om-Kamkaa.

Brranm msydYeHsl TpH yuacTha: a) FOmENH yIacToR Cyab(EIEO-apceuny-
HOTO MeCTODOEIEeHHS Ni ¥ Jp. MeTaq108. SRUI CeRYT KpyTofl 10EHEE cRioH
Topsl; 6) Cesepmsiil y9acTok ¢ cyIL(HAHO-APCEHNIHNM OPYIeHeRELM, TPHIeH
WKHIEL IPOX0NAT M0 OOPTY IOKPHITOTO JECOM CEBEPO-BOCTOTHOTO CRIOHA TOH iKe
TOPHL: B) yUYacTok zoab p. Or-Kamaa ¢ MEIHCTHIM OpYAeHeHREM.

HOpobrr xamramosex mous IOMHOTO yIacTRA WO PAXY mpodumiell MORasaii
sHaynreapHce comepmannme Ni, Co, Cu. Comepmanme Co B moUBax RoIe-
6axocn or 1-10-° go 1-101%, Ni or 4-10¢ g0 1,9-10% 1 Cu or 1-10%® xo
210
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Tamme GELI0 IMOBHIDEHEHNM WX COLCDIEAHTE B CTENHOR TPaBARHCTON pacTi-
peIBEOCTH — B cpepEen copepmaxocs Co 7-10°%, Ni 8:10% u Cu 4107 1, Kax
BHIEO T3 PHC. 13, HAPACTAX0 HApaliCIbHO C COREPHKANUEHM B MOUBAX. 910 yRa-
SEIBAN0 Ta CIJGHBLE OpEOX DPACCEsHns PyAHON mmal, He TIYOORO Bale-
rapomeft o7 mopepxHocTH 1-5 MerTpoB. O0paIar0 BHIMAHNKE OTHOMEHHE Ni/Co,
Gamsroe E 1.

CoBepmIeHH0 TAakiKke H B TEMHOCEPHX TODHOIECHHX I0UBAX CesepHOTO
TYACTER OKA3aJ0Ch BEICOKOE COJCPIRAHIE Ni, Co, Cu, cogepiwanre Co xoxe-
gasocs or 610 mo 1,9-10%, Ni or 6107 go 210% m Cu or 1-10% jo
2,510 %.

B gome IUCTheB H XBOH jepenbeB (eBepHOr0 yYacika B CPeRHEM HAX0-
mmnocs Co 38,8108, Ni 810 u Cu 4,7102 B 0001X CIyIAAX OTHOIIGHNA
Ni/Co TOBTOPSAM OTHOIIENIA i TOUB H PACTHTEILHOCTH HO:®HEOTO CTeIHOTO
yUACTRA H TAELe YKASHIBAIH HA OPYAEHEHNE (pme. 14).

Haromer, O5LI HYIeH YIACTOK IMHPOROH FOIUEEL D. On-Kamaa. Hpofuan
HpO6 MOTB EAHECEHEL HA KAPTOURY, D¢ Takme IPHBEJCHSL I OKOHTYPEHL 30HEI
¢ PAsHBIM GOJepikaHHEM B IOUBax D. Or-Kamaa Ni, Co u Cu. Ha pme. 15
npupofnTes pacupeferenie Cu B TOUBAX P. On-Kamaa. JamAbe yRa3add Ha
EAJWYHe B Ipeferax 00cIefoBaEHoro pafioHa paAfa HOBKIX 09ar0B OPYJEHEHHA.

Odo3HQURHUS
,’3'/5!- B’? {1257 Mﬁ.ﬂp(}{;.
" e gty C0 6 201e pact.
& — o~ —o 00 8 P0OYSE .
®
3
&_
&, "*‘“’%’
Rl 8
A
PL 2
[ oo D il =
2 F ¥ o8 8 BE aw 57 8 33 35 3043 &E &3 & 6368

Pme. 13—Conepmarue Co B moUBaX H PaCTeHHIX (some) IOwmmoro yyacrxa
(Tysa).
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Puc. 14—0Opeoa pacceszms Co 3 mpodmie, Haj muroff, CepepHpiit yuacTon
(Tyga).

V—OBCYEIEHIE PESYIDTATOB IPVMEHEHNE BUOTEOXAMI-
HECROTO METOJA I TTIOUCEOB 1 PASBEJEM HA PYIY

Mpr pyern BOSMOERHOCTS HPHMEHATL OHOTEOXAMATCCKHH METON IOWCEOB U
PasBeiRY HA PYAY B OUCHDL Pasuoo0pAsHEIX TEONOTHUCCKAX U KINMATHYCCKHX
yexosuax Opepmero u IOmmoro Ypasa, Boerounoro Sabaiinaxns, Kasrasa,
Tyser, mpuuey OHOTeOXMMHUECKRI MeTOX O0CO0SHHO NPUMEHEM B 001aCTIX
00OIEPHOTO PasBHTEA O0CAJOUHLIX IIOPOA, MODEHHBIX OCAK0B WIH OGMHPEOID
passuTHA LHeCKOB B IIYCTHHAY H HOAYNFCTHEAX. O00pasoBaHEE KODH BHBETPH-
BaHH HA HIATO, B JOIHHAX, HOJOTHE CRIOHEL TOD H YOIMOB, OEDHITHE JECOM
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~ 9T0 BCEG TEPPHTOPHHE, HA KOTOPLIX ¢ YCLUEXOM MOKHO UPHMEHSTL OHOTEOXMMI-
vecknil meron. Briam mocrasiennt momekm Ha Ni, Co, Cu, Cr, Pb, Mo. Bo
BCEX CIYYadAX ORa3aI0Ch NapaLledbHOe MOBLINICHNE COJEDIEAHI DTHX MeTALI0B
K3k B PACTCHHEAX, Tk U B II0UBAX, IpuueM yseanmyenwe B 10 pas B pacTeHmax
IIA B JecATKH Das B MOYBAX CORCPLANNT METaLia IPOTHB 00BITHOTO, HOPMAIE-
HOTO ero COJepHRaHud, YEashBal0 Ha 3HAUATEILHYID MEHepaimsaimo. Hau-
GoIpImas KOHOEHTpAId MeTalnon Bafinjarach B MHOTOJETHHX PACTOHUIX, C
TIy00LREMH KODHAMHE, ¢ HHTEHCUBHBN BofooOMenoM. Ipm Beex yeaoBmax Ha-
00Iee BBHITOLHO MOIb30BATHCA NIPH AHALH3E IIOUB — BEPXHEM TYMYCHDOBAHHBIM
TOPEBOHTOM HIH Ipo0aMI W3 PAsHBIX IOYBEHHLIX TOPHBOHTOB, B BABHCUMOCTH
0T Xapakrepa mous. Bo MuOTHX ciayuadx Opia o0HApykeHa H3MEHUHBOCT
MOP(EL PAf2 XaPAKTCPHHXE pacTeHull, TponspacTanmux B pailoHax MecTopos-
IZeHn#. Pyl

MerrounreisHoe sHAYEHUe IPELCTABIANT OTHOmWERHA, mojgoduse Ni/Co X
Ap., OCHApYXEHHEIe B PACTCHUAY U II0UBAX.

Cepressoe sEAUEHHE TPH HOAL3OBRHNN OHOTEOXEMHUTICCKHNM METOXOM IMeeT
BOIPOC, 50 KaKOf TIyOHHBI 9THM METO0M MOKHO 0CHADYMUTH MUHEDAIH3AMAIL.
Hweromuficd v HAC ONGIT HOKABHBAET, UTC HTHM METONOM B OIaTONPHATHELX
CIyYadxX MOMKHO OOHApYERHTH pYAY Ha Traydmume 3o 50 M. B cpegmen ime sra
raybuma cocrasidger ox. 10-15 meTpos.

ITOT METOJ CaefyeT PeROMEH0BATh B KOMILIERCE ¢ IPYTHMHE TOROTAICCKIMI
METOaMN TIOHCKOB PY/HL.
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HIDROGEOCHEMICAL METHOD FOR MINERAL DEPOSIT
PROSPECTING

A. A, Sauvkov ¥

ABSTRACT

Because it has become more and more difficult to find new depesits by the usual
geological methods during the last few years, geochemical methods have aitracted great
attention. Among them great significance must be attached to the hydrugeochemical
method based on the ability of chemical elements to dissolve in natural waters and to
mnigrate together with them.

As a result of investigations carried out in the USSR and in other countries it has
been proved that the chemical composition of natural waters is to a great extent determ-
ined by the composition of the rocks through which these waters circulate, and that
the waters passing through deposits of hydrogene elements as a rule are essentially en-
riched by them. As a result, water halos of dissemination arise with an anomalous high
content of elements typical for the deposit, considerably exceeding their natural hydro-
geochemical background for the given physical-geographical conditions.

With the aid of thorough investigations it has been proved that for copper, molyh-
denum, uranium, nickel, and some other elements, a tenfold, hundredfold and sometimes
also a thousandfold excess anomaly factor may be casily shown by the existing methods.

he detection of anomalous water halos of dissemination may be carried out in the
following way:

a) By sampling the water from suitable natural and artificial water sources;
b) By analyzing them for the desired elements;
c) By interpretation of the ohtained data.

Investigations carried out in the USSR have shown that in interpreting the water
anomalics it is mecessary also to take into consideration the following: the form in
which the elements are contained in the rocks and ores; the character of the agueous
golutions; the distance from the place of sampling to the deposit; the climatic condi-
tions; the seasonal and other variations of the water supply; and the geomorphologic
pecularities of the drainage areas.

‘The hydrogeochemical method is one of the most convenient for carrying out invest-
igations at a great depth, and permits under suitable conditions the detection of ore at
depths of over 100 m. It is applicable for a large number of hydrogene elemenis having
relatively high clarke concentrations and ocoefficients of water migration; among these
are copper, uranium, molybdenum, lead, potassium, boron, and many other elements,

* USSR Academy of Sciences.
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ON BIOCHEMICAL PROSPECTING FOR ORES

V. Marmo *

ABSTRACT

The products of disintegration of an ore-bearing rock may be used for ore prospecting.
These products can be used, begining with huge erratic boulders and progressing to
gravels and soils for prospecting based on the occurrence of the ore minerals themselves.
If disintegration is more advanced, the tracing of minerals becomes impossible, and instead,
ore prospecting will be based on the cations of economic metals. The latter is geochemical
prospecting.

Biogeochemical prospecting is a particular type of geochemical, and it is based on
cations which are fixed by the living organisms, particularly by plants. The plants obtain
dissolved cations from water in connection with their nutriments. Consequently the type
of cations obtained by the plants is governed by the circulation of ground or surface
waters; therefore, to interpret biogeochemical investigations the hydrological aspects of
an area have to be considered. Different cations have entively different distribution
patterns in water and soils, and this pattern must alse be known before the results of a
bicgeochemical study can be understood.

The physiology of plants is a necessary limiting factor in hiogecchemical ore pros-
peciing. Most plants take up copper in their cells to a definite limit, and abviously a
similar upper limit exists for some other cations as well. It has been experimentally
proved that different parts of the same plant accumulate certain cations in different
amounts. Consequently, for each pardeular cation the most suitable plant must be chosen,
This plant must be comparatively common, grow on any substratum occurring within the
area to be prospected, and have organs of the same age that can be collected casily.

INTRODUCTION

Unaltered primary ore in Precambrian areas usually forms a continuous
body which is enclosed by virtually barren rock. If the body is not sheared
or faulted, it is well protected against all types of weathering.

All rocks, however, are fissured and fractured to some extent. Thus the
circulating waters are able to affect hidden ore bodies, but the water moves too
slowly in minute fissures to bring enough dissolved metals to the surface for
geochemical prospecting. Sufficient amouts of cations of heavy metals, therefore,

* Geological Survey of Finland.
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may be detected in waters of wells, springs, rivers, soils, or ashes plants only
above ore bodies which either outcrop or are concealed by greaily fractured
and fissured vocks. If the ore body is entirely covered by solid rock or if it
occurs beneath a sufficiently thick layer of sediments, it cannot be detected
by either geochemical or biogeochemical methods. This fact is an important
limitation as the advance of mining has made it necessary to find deep-seated
ores.

Only ore bodies that outcrop from embracing barren rock can be detected
by geochemical or biogeochemical methods. In other words, there must be
places where the ore body occurs without any solid rock cover. It may be
covered by loose sediments or its rock cover must be comparatively thin and
extensively fractured; the ore will then be subjected to the processes of dis-
integration.

During the disintegration of the rock, first big boulders and blocks will
result which may be displaced or lie in situ. Upon meore extensive disintegra-
tion gravels result —the smaller particles going into clays, sands, and soils—
and with time part of the ore will be dissolved by water and go into solution.

From the point of view of the ore prospector, the ore minerals are of prim-
ary interest. They may be detected in the products of disintegration if they are
uot too finely dispersed. If the material is too finely dispersed, the heavy metals
of the ore may still be traced in the form of cations. These can be detected
by chemical analysis of soils, waters, and of plants which obtain their nutriment
from the circulating waters. Therefore, all products of disintegrated ores can
and have been used in ore prospecting.

In general, the coarse products of disintegration which contain preserved
ore minerals are not considered to belong in the geochemical field. Geochemical
methods are concerned with the finer products, and they are based on the tracing
of cations, not of minerals. The biogeochemical method is based on living
organisms or remnants of them. It traces the cations accumulated by them,
mainly using plants.

All these methods, however, are closely linked to each other, and roughly,
boulders, gravels, soils, waters, and plants form a series corresponding to the

increasing halos of dispersion.

TRACING OF BOULDERS, GRAVEL, SAND, AND SOILS

In most parts of the world big boulders or rocks occurring on or at the
surface of the earth are of more or less local origin. Hence, if a boulder rich
in ore is found, its parent rock may be found not far from the site of the boulder

itself.
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In countries which have been glaciated the problems are not as simple as
in countries which have not been glaciated. In glaciated areas the boulders
have been transported during glaciation far from their parent rock and may
be found several kilometers from their place of origin. In countries which have
not been glaciated, however, transperted boulders may also occur. There the
iransporting agents are gravity and sireams. In both of these areas the type
of transport and the direction have to be carefully considered. This method ot
ore prospecting is very well known, and vast amounts of ore have been found
in the above manner.

If the disintegration of ores is more complete, then the boulders will be
destroyed and gravels, sands, soils, and clays are produced. Under these condi-
tions only a few ore minerals survive, and most of the sulfides are disintegrated
by weathering because the cations of the sulfides go into solution easily.

These products of disintegration in most parts of the world are transported
only by gravity or running water. In the countries which have been glaciated
the gravels, sands, clays, and soils may be transported far away from the place
of their dervivation, and therefore, the glacial geology of these areas must be
considered when prospecting for ore. If these disintegration products are gener-
ally local as they are in tropical countries, the concentration of heavy metals
in the soils may directly indicate the outcrop of the ore body beneath the soils.

For ore minerals that are stable, ordinary panning is the most convenient
method of prospecting. It has been used very successfully for diamonds, gold,
platinum, cassiterite, columbite, tantalite, ilmenorutile, chromite, etc.

The chemical analysis of soils is based on the assumption that the soils
contain the cations of the disintegrated ore more abundantly on or near the
parent ore. Here we enter the fields of geochemical prospecting. This type
of prospecting, which is very well discussed in the literature, is not, however,
entirely dependent upon the remnants of ore minerals, but to a large extent
it also depends upon the cations brought into the soils from the surround-
ing area by circulating water. Thus the types of cations being dissolved by the
water are of utmost importance for interpretation of the results. I should say
that this factor is of more importance than the presence of mineral remnanis in
causing geochemical soil anomalies.

METAL CONTENT OF WATER

The dissolved heavy metal cations of ores are distributed further from the
original source in water than in soils. Thus by tracing the cations distributed

in the drainage systems, indications of ore may be detected over a larger area
than when using the other disintegration products discussed above. There are
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many rapid and good analytical methods for the determination of small amounts
of cations in soils and waters, which make this prospecting method comparativ-
ely easy to use. A close relationship betwsen the ore bodies and the cation
content of circulating waters has been found in most areas. On the other hand,
from a study of well waters of a limited and geologically well studied area at
Nokia, Finland (Marmo, 1953), it was found that small quantities of copper
and zinc in the rock are clearly reflected by the content of the corresponding
cations in well waters.

When water is used in prospecting, the direction of the flow must be exactly
determined. The direction of flow in small streams is, therefore, usually in-
sufficient for this purpose, and it must be determined from the topography
what are the sources of the river waters. Consequently, a complete picture of
the general hydrology of the area investigated must be well known. If a hilly
country is to be investigated the topography is considered to be of great import-
ance in interpreting the results of geochemical investigations. The determination
of the flow of the water in flat areas may sometimes involve a great deal of
difficulty.

BIOGEOCHEMICAL METHOD

Because there are several vast areas which are interesting from the geological
point of view for ore deposits but which contain very few streams, other means
of investigating the underground waters of these regions had to be found.
The plants growing in such areas may control variations in the heavy metal
content of sub-surface water. In many areas the study of plant ash may be the
best method to be used because plants actually concentrate the heavy metals
in their tissues, obtaining these metals from the circulating waters, the source
of their nutriment. Hence the cation content of the water and also of the bedrock
or soils. The biogeochemical method is concerned with plant ash.

In this connection the so-called geobotanical method will not be discussed.
It may only be mentioned that geobotanical ore prospeciing is much older
than biogeochemical. Geobotanical prospecting is based on the fact that some
plants will prefer soils which contain certain minor elements in unusual quant-
ities. The lime plants are well known. Some plants, such as Viola calaminaria
prefer soils rich in zinc. Some species indicate copper, and in Sierra Leone
it was observed that if in a granitic area sword grass occurred in exceptional
abundance, then invariably serpentinite or amphibolite was also found.

The biochemical method requires that acertain plant be common over the
entire area to be investigated. In comparing the analyses of some common plant
or herb  ashes, the higher contents, for example, of copper, may indicate a




Symprosivm pE Exproracion GrogQuiMica 227

biogeochemical anomaly which in turn may possibly indicate copper ore or at
least an unusually high copper concentration in the bedrock.

Most of the authors who have worked in the field of biogeochemical pros-
pecting report successful results. They have usually investigated known the
metal content in the ash of plants growing over these ores. So also did the
writer in regard to copper, lead, zinc, and nickel in the rock of Finland (Marmo,
1953), but he also Pointed out that there is so far no conclusive evidence which
would directly incate the value of the deposits found by this method. Furthermore,
the botanists have found that many planis concentrate certain metals, for
example copper, only to a definite limit. Until these limiting concentration
values for the plants which are to be used in an area are konwn, the method
is still insufficiently interpretable. The are still little data pertaining to biogeo-
chemical prospecting for unknown ores.

There is probaly litle doubt that the biogeochemical method is useful and
in the future will increase in value. Before this can happen, however there must
be more preliminary investigation in close collaboration with botanists experienc-

ed in the physiology of plants.

PROBLEMS CONCERNING THE BIOCHEMICAL METHOD

Plants obtain both their nutriment and their heavy metals from the circulat-
ing ground waters. Some of the economically significant metals are necessary
to maintain plant life; others may be poisonous if obtained in large amounts.
For example, an excess of vanadium, manganese, and molybdenum may cause
diseases in the plants and prevent their growing. As was mentioned above,
some plants accumulate certain elements to a definite limit, but not in excess
of that limit. Tn some herbs this limit may be below that necessary for indicat-
ing economic ores, and the maximum content of certain metals, for example
copper, may be obtained from ground waters leaching rocks which contain
sparsely disseminated chalcopyrite and then appear on the graphs as a definite
anomaly.

All the physiological aspects of the plants must be considered in choosing
a herb for prospecting for some particular ore. I have found for Ledum palustre
in Finland (Marmo, 1955) that this plant concentrates copper more in its
twigs than in its leaves; this type of distribution has not been observed for
molybdenum in this plant.

The second and much more important problem is deciding upon the type
of plant to sample in the area. There are two types of water circulating under-
neath the surface and supplying the plant with nutriment. They are ground
water and vadose water. Both of them are able to leach ores or ore minerals
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from the soils or dissolve the salts deposited secondarily in the interstices
of the soil grains. Ground water has a much greater circulation than vadose
water has a much greater circulation than vadose water. Depending upon the
capillarity of the soils, ground water may or may not reach the surface, but
there are plants which normally do not reach ground water with their roots;
others, on the contrary (irees, shrubs, and some herbs as for example Vacci-
nium vitis ideea) reach ground water if the water table is not at too great
a depth; therefore, different plants with different root systems will yield dif-
ferent records for the biogecchemical prospector within the same area.

From the previous discussion of the different stages of disintegration of
an ore body it can be seen that there are different patterns of distribution of
different disintegration products. These paiterns affect all the geochemical
methods, but they affect the biogeochmical method even more than the others.
In areas which have been glaciated, the direction of glacial transport affects

Fig. 1 Distribution of ore fragments due to glacial transportation. A and B are large
erratic boulders which due to more advanced disintegration produced new secondary

fans L and LL.
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all the stages of the disintegration of the ore because the coarsesi products like
boulders and blocks still continue desintegrating and produce new halos of
distribuition. This situation is illustrated in Fig. 1. The circulating waters
obtain their cations from the area surrounding an outcropping ore body, and
if the direction of flow of the ground water is the same as that of the ancient
glacier movement, the anomalous area will extend in the same direction but
remain a narrow train. If the ground water flows in the opposite direction
to the glacial movement, indications of the ore will be found on both sides
of the ore body (Fig. 2A). If the flow and ice movements make an angle,
the distribution pattern mey be rather complicated (Fig. 2B) and may fail
to indicate even large ore bodies.

Fig. 2 Distribution of actions due to glacial transport in a moraine and the subsequent
action of ground (or superficial) water. A: The directions are opposite; B: The direction
of water flow is subvertical to the direction of the ancient movement of ice.

In non-glaciated areas the distribution pattern is simpler; there it depends
on the topography. At Nokia in Finland I definitely found a shift of anomalies
in the direction of the flow of the ground water, and this shifting was greater
for plants than for well waters

The situation is much more complicated if the soil cover is thick, because
the heavy-metal-bearing soil may ther give rise to new biogeochemical anomal-
ies; this time in the direction of the flow of surface waters (Fig. 3). If plants
are used, the biogeochemical anomalies will apparently exiend over a much
larger area than the corresponding geochemical anomalies obtained from the

soils or streams.
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SAMPLING

The biogeochemical method has an advantage over the geochemical soil
method in that it is based on a larger halo of distribution, and over the sircam-
water geochemical method in allowing the sampling to he done on a network or
grid pattern.

Sampling along widely spaced lines, as mostly used by geochemical prospec-
tors, has severe disadvantages because it leaves open the areas on both sides of
the lines and does not show the form of the geochemical anomaly which is
helpful in showing the pattern of distribution. If the biogeochemical method
is used, a much more elaborate sampling procedure is necessary. One must

Gnomaliics OF Soris

gpomelrss of waiers

Fig. 3 Distribution of cations, derived from an ore, in soils and in water due to topo-

graphical features. The ore is on the slop above a windgap. In soils the anomalies arve

mainly found between the ore body and the windgap, but in water they extend in the
direction of streams on both sides of the windgap.

set up grid of samples covering the entire area in question. The density of the
network of samples depends upon the accuracy desired. If the metals to be
used in prospecting are not easily soluble and the size of their economic ore
bodies are small, the density of samples must be greater than if metals are used
which are easily soluble and the size of their economic ore bodies are large
(for ecxample, copper and zinc). For soils a more dense sampling grid is
required than for water or plants.

A convenient sampling pattern can be made by placing several parallel
lines across the sirike of th estrata. If the dip of the rocks is very flat and
the ores tend to be concordant with the siraia, the direction of the lines is
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of less importance. The distance between the adjacent lines should not be
more than the minimum length of economic ore body for the metal being
sought. If we were prospecting for nickel, cooper, or zinc, we found the approp-
riate distance between each line to be about 100 meters. The interval of sampl-
ing along each line is determined by the minimum breadth of an economic ore
body. Furthermore, the sampling interval depends upon the lopography of the
area to be prospecied. On slopes dipping in the direction of the lines the
interval may be longer than on flat areas. The author has used intervals of 50
to 80 meters, and in his opinion the results obtained have been rather satisfact-
ory.
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Fig. 4 Relationship between magnetic geochemical and biegeochemical anemalies in a
portion of the Nokia Region, Finland. The arrows indicate the flow of ground waters,
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The chemical treatment ol plant samples involves considerable expense
because the samples have to be ashed. The size of a hiogeochemical sample
depends upon the plant used. In general the plants contain 3 to 8 percent
ash, that means from 100 grams of air dried plant, 3 to 8 grams of ash can
be obtained. Rarely the ash may contain 2 to 3 percent zinc; the ash usually
contains about 50 ppm of zinc or less than 20 ppm copper. Both values would
indicate an anomaly. In 10 grams of ash of leaves or twings there may be
fess than 0.5 mg Zn or less than 0.1 mg Cu. The sensitivity of the chemical
method to be used also determines the size of the sample. If spectrochemical
methods are used, about 30 grams of air dried sample is sufficient.

The selection of suitable planis is of importance. The same plant must be
common throughout the area to be investigated. If the area in question is
large, it is often difficult to find such a plant. Then two plants may be used,
each typical of a separate part of the district, for example savannah, secondary-
bush country, and marsh. At some place in the arca beth plants should be
collected from the same sampling points and thus obtain a comparison of the
results of sampling the two different plants.

INTERPRETATION OF GEOCHEMICAL AND BIOGEOCHEMICAL DATA

If all the sampling points are indicated on a map and the points of equa-
metal values are comnected, a system of curves is obtained. Such a map is
the best way of clearly showing the distribution of desired elements and usually
gives at once an idea of the possible concentrations of metals within the
area. In fig. 4 such curves bave been drawn for the distribution of copper in
both well water and plants of the same area. Fig. 4 also showns the magnetic
anomalies caused by the dissemination of pyrrhotite and chalcopyrite in the
schists. The magnetic curves also show a more or less accurate distribution of
the sulfides. Both geo- and biogeochemical anomalies are distinetly displaced
in the direction of the ground water flow in this area.

If biogeochemical anomalies are obtained in geologically wmknown areas,
ore concentrations would not normally be expected under the maximum anoma-
lies. The ground water flow must be taken into account in a unknown area.
Thus before biogeochemical anomalies can be interpreted, a study of the topo-
graphy and hydrology of the area is necessary. This also applies to geochemical
anomalies found in such an area.

An important question is what is the magnitude of an anomaly which indie-
ates ore? This question cannot be answered: It is not possible to answer th's
guestion for geochemical prospecting because the answer depends on many
factors: the thickness of the soil cover, the sorting of soils, the presence of
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boulders in the soils, the presence or absence of gossans, the velocity and

amount of circulating water, and the amount of metals being carried by the
water. In biogecchemical prospecting the physiological characieristics, as
mentioned above, of the plants must also be considered.

USE OF THE BIOGEOCHEMICAL METHOD

Biogeochemical prospecting is rather expensive and slow. In this respect it
cannot be compared with geochemical methods which are now comparatively
rapid, but still quite expensive.

In my opinion neither geo— nor bhiogeochemical methods can compete which
the modern and rapid geophysical methods, but they both may be, and in cer-
tain cases they virtually are, of great importance as a supplementary means of
ore prospecting. Some examples may explain this statement.

Tn Scandinavia pyrrhotite and graphite in the form of thin but rich dissemi-
nations in schists is rather common. Both magnetic and electrical geophysical
methods are used there widely and successfully. The aforementioned minerals
always appear as the source of strong geophysical anomalies. As a means of
testing whether the strong anomalies caused by pyrrhotite and graphite also in-
dicate a conceniration of economically important sulfides, the present author
proposed that geo- and biogeochemical methods be used. I think that for such
purposes these methods are very useful indeed, and they have already been
used there to determin the pattern for diamond drilling.

Even in economically important ores some metals occur in such small amounts
that they cannot be detecied by geophysical methods, If the minerals of these
metals, in addition, are very unstable during weathering (for example, molyb-
denum), the geo- and biogeochemical methods are obviously very useful.

These methods may also be very useful in studying areas covered by drift
or laterite, which are very interesting geologically but for some reason cannot
be studied geophysically. Examples of such areas may be seen in plateaus covered
by thick clay leyers or by thick laterites rich in hematite, which cause strong
geophysical anomalies.

Geo- and biogeochemical methods may be very useful in prospeciing laterite-
covered areas of the tropics, but before these areas can be prospected, studies
of laterites will have to be carried out. I do not believe that good results can
be obtained except by accident if men are sent to the tropics to collect and
analyse samples without first carefully studying the topography, hydrology,
and geologic conditions of the areas. In my opinion geo- and biogeochemical
prospecting are not matters of good chemists and then blind collecting of sam-~
ples, but a matier of field research in close collaboration with able analysis.
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The suitability of a laterite for geo- and biogeochemical prospecting is inte-
resting, but it is not a simple question. Dealing with soils, we are working with
cations of the circulating waters and with those metals retained or precipitated
by the soils. However, in prospecting a laterite it is of less importance to find
residual laterittes. The transported laterites, or lateritized gravels and soils which
metals are being leached from the laterites. This particularly applies to the
residual laterittes. The transported laterites, or lateritized gravels an dsoils which
are not uncommon in the tropics, involve entirely different problems that may
be of such a character they make these laterites useless for prospecting by the

methods considered above.
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