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ABSTRACT

In en attempt bo‘astablish the abundance and the general
behaviour of molybdenum in various earth materlials of the
Bathurst distriot, rocks, ores, gossans, and soils were sampled
and analyzed for moldeonum. A modification of the thlocyanate-
stannous ohloride method of analysis was used.

The molybdenum oontent of all types of igneous, sediment-
ary, and metamorphic rooks enalyzed ranges from 0.3 to 3.0
P.p.m. with the higher values oococurring in the Nigadoo quartz-
feldspar porphyry and black schist of the Tetagouche Group.

High molybdenum values are attributed to the presence of
disseminated sulphides and a high carbon'and manganese content.,

While there 1s only a small variation in the molybdenum
content of the rooks, substantial differences were encountered
between ores of the four sulphide deposits investigated. The
velues range from 1.0 to as high as 112 p.p.m. Thia‘rango is
also reflected in the gossan zones developed over fh; ore
bodies.

Normal podzolio soils of the district contained from
less than 0.2 to 4.0 p.p.m. molybdenum with an average value of
1.2 p.p.m. In most cases the highest concentrations of
molybdenum in the soil profiles were found in the B and C
horizons, with the B horizons having the greatest frequency of
bigh values. Soil pH and the abundance of sesquioxides and ‘

clay minerals govern the relative amounts of molybdenum in the

different horizons.
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From a geochemical prospecting viewpoint this study
indlcates that a random geochemical sampling of granites ocan
be effectively used in deolding whether the granites are
molybdenum=-bearing or not. Similarly, the results of soil and
stream sediment sampling may indicate anomalous areas that mark
abnormal concentrations of molybdenum in the underlying rock

formations.,
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CHAPTBR I

INTRODUCTION

An extensive study of the geochemigtry, mineralogy,
petrology, and areal geology of the Bathurst - Newcastle Mlneral
Belt by the Geological Survey of Canada has been in progress
since 1958. The purpose of thls projeoct is to give a complete
pPloture of the distribution of major and trace elements in
various earth materisls of the district. This, combined with
other geologlcsl evidence avallable, it is hoped will give an
acourate idea of the origin of the various polymetallic sulphide
deposits present in the area.

The present study of the geoohemistry of molybdenum in
the Bathurst distriot is only a small fraoction of the overall
geologlo investigation. The aims of the study were (1) to
select the best and most practical analytioal method for the
determination of small quantities of molybdenum in a variety
of eart’ materials; (2) to establish the general distribution
of the element in solls, rocks, sulphides, and to offer a
logioal explanations for any abnormalities found; and (3) to
investigate the appliocabllity of pedogeocshemical teochniques,
and stream-sediment sampling utilizing molybdenum as an indi-
cator in searohing for molybdenum}&neralization and other base

metal deposits.
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To achieve these aims samples were collected from soil
profiles representative of the whole district, from the common
rook unitas, and from the different materials constituting
mineralized zones. Two stream systems draining known mineral-
12zed areas were also sampled in considerable detail.

All semples were analyzed for molybdenum by the writer
using the thioocyanate method both in the fleld laboratories
and in the geochemical laboratory of the Geologlcal Survey of
Canada in Ottawa. J. J. Lynch and G. Mihallov analyzed some
of the samples for Cu, Pb, Zn, As, and Sb using methods as
described in GSC Papers 59-3, 63-8, and 63-29.

Previous geochemical studies in the area 1lnclude those
by Davies (1960)", Presant (1963), and Mitehell (1960).

A number of studies bearing on the geochemistry of
molybdenum have been published. A disoussion of these 1is
presented in Appendix I. '

1 See Bibliography
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CIAPTER II
1. GEOMORPHOLOGY

The area investigated (figure 1) is typical of an
uplifted glaciated peneplain. It is an irregularly rolling
land surfsace sloping gently to the east. The highest elevation
of about 900 feet above ses level is found in the southwestern
corner of the area.

With the exception of the river systems north of the
Tetagouche River, there is no apparent relation between the
drainage pattern and the underlying geologlcal structure. All
of the systems have a general flow perpendiocular to the coast
line. Evidence of valley re juvenation, due to post glacial
uplifrt, is olearly indicated by most of the major river in the
district in the form of steep canyons, narrow gorges, falls and
rapids.

The past existence of extensive glaciation is shown by
thick glacial drift covering most of the area. Glacial striae
on & few of the outorops indicate an east to northeasterly
direction of loe movements. The irregularities on the otherwise
flat topography are mainly due to the presence of drumlins,

kames, eskers and other glaclal or glacio-fluvial deposits.




2. GENBERAL GROLOGY

The lack of outorop comblned with the highly deformed
nature of the roock formations oreates diffioculties in construoct-
ing the sequence of geological events in the distriot. For
this reason disagreement among several 1ﬂvestigators working in
different sections of the distrioct is readlly understandable.

Barly geologloal reports of the area are by Young (1911)
and Alocok (1935, 1951). More recent investigations, prior to
as well as after the mining boom of 1953, include works by:
Skinner and MoAlary (1952); Skinner (1953, 1955, 1956); Holyk
(1956); Smith (1957), and Skinner (1958); Davies (1960); and
Boyle and Davies (1964).

Information for the following brief geologloal descript-
105;-Here taken mainly from Smith and Skinner (1958).

Smith and Skinner recognized three regional geologloal
units in the Bathurst area as follows: the Ordoviclan folded
belt; the Silurian folded belt, and the Pennsylvanlan cover.
The Ordovician folded belt is more highly deformed than the
Silurian folded belt. They are separated by a regibnal fault

system known loocally as the Rooky Brook-Mlllstream "Break" .

Middle Ordovioian -y

The oldest rooks exposed in the Bathurst area comprise
the Middle Ordoviecian Tetagouche Group which consists of highly

deformed metamorphic rocks of sedimentary and voloanloc origin.
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Table 1
Table of Formation

ERA PERIOD ROCK UNIT LITHOLOGY
CENOZOIC Pleistonene - [stratifled gravels, glacial
drift
unconformity
Clifton Fm. - sandstone, shale
on fm [grey oonglomer;te, grit
Pennsylvanian dst hal
sandstone, shale
Bathurat Fm. red conglomerate, grit
unoonf ormity
diabase, diabasic gsbbro, !
Basic intrusives Hgabbro,’diorite, serpen-’
tinite
Devonlian
blotite granlte, granite
Acid intrusives porphyry, aplite, gnelssic
» granite
PALAEOZOIC intrusive contact:
- ocalecareous slate, subgrey
Silurisn Chaleur Bay Group waoke, liwestone, minor
basalt
- basalt, trachyte
unoonformity
- argillaceous meta-
sedimentary roocks
basioc meta-volnanio rooksk
Ordovician Tetagouahe Group quartz-feldspar "porphyry

aoid voleanio rocks
slliceous sedimentary
rooks
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Figuro 2. Geology and prineipal base metal deposits, Bathurst-Newcastle area, New Brunswick

(After Smith, 1857)
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Figure 2. Geology and principal base metal deposits, Bathurst-Newcastle area, New Brunswick

(After Smith, 1957)
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The group is divided into five lithologio units, though their
stratigraphio order 1s not well established. The most widely
acocepted succession from oldest to youngest is as follows:
sllioeocus metasedimentary rooks, acid volocanles, quartz-feldspar
augen schist, basic voloaniocs and argillaceous metasedimentary
rooks.

Silloecus mstasedimentary rooks are abundant in the
weetern and southern part of the distrioct. They consist mainly
of feldapathiec quartzite, quartz-seriocite sochist, and inter-
bedded slate.

As shown in Figure 2, the scid volocaniec division of this
group clearly represents "part of the core" of the folded belt.
This metamorphic unit is represented by quartz-sericite sohist,
quartz-chlorite schist, meta-porphyries, meta-rhyolite, meta-
tuff, and loocally meta-agglomerate and breccias.

The quartz-feldspar augen sochist is characterized by
large porphyroblasts of glassy quartz and pink alkali feldspar
up to helf an inch iong. Minor layers of meta-rhyolite and
ochlorite schist are also inocluded in this division.

The basic meta-voloanic rooks of the Tetagouche Group
are mainly schistose, fine grained spilitic meta-basalts, with
amygdaloldal structure in places, rarely pillowed. The

assoclation of jJasper and magnetite-bearing cherts with the

unit is common.
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Argillaceous metasedimentary rooks predominant in the
eastern part of the distriot. They consist of varicoloured |
slates, schistose siliceous argillites, phyllites, grey
quartzite and greywacke. Thin graphitio layers usually with

disseminated sulphides are also commorn: iz this division.

Middle Silurian

The Silurian rocks comprise the Chaleur Bay Group and
can be divided into two members: (1) Foasiliferous sedimentary
rooks, whiok consist mainly of argillite, oaloarsous slate,
fine grained greywacke, limestone and minor conglomerate; and

(2) a volcanio member consisting of basaltic and trachytio rock
types.

Devonian (?) Intrusives

Both the Tetagouche and Cheleur Bay Groups are out by
acid and basic intrusives, preauﬁably of Devonlan age.

The acid intrusives are mainly coarse granular to
semiporphyritic granite, gneissic granite and quartz-feldspar
porphyry dykes and stocks. Smith and Skinner (1958) report
oontact aureoles, some over a mile wide, whioch can be observed
around the large granitic bodies. From avallable reports and
recent observations, a olose relation between molybdenite
ooourrences and the existing granite bodies (Bathurst and

Nioholas Dénys granites, see Map 1) is indiocated.
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Diabasioc dykes and sil;s with ophitic to semiophitic
texture are sbundant in the northern part of the distrioct.

These ere associated with diorites and serpentinites in places.

Pennsylvanian

Lylng unconformably over most of the older formation are
flat lying Pennsylvanian rooks. These are found almost
exclusively east of Nepisiguit River. Erosional remnants are
also found near Beresford and further inland near Tetagouche
Lakes. It is therefore reasonable to assume that at one time
these rooks covered the entire area.

The lower part of the Pennsylvanian group of rocks is
represented by the Bathurst formation which consists mainly of
red sandstone, ahgle, and fine conglomerate. The upper part is
known as the Clifton formation. Although lithologiocally
similar to the Bathurst formation, it can be distingulshed by

i1ts predominantly grey color and the presence of plant remalns.

Plsistooene

Two types of unconsolidated sediments are known in the
area: (1) stratified marine oclays, sands, and gravels with
shells and plant remains dietributed in small areas bordering
Bathurst harbor, (2) glscial deposits which cover the greater
part of the district and whioch are recognized in the field as
tills, stratified sands and gravels, as well as loose angular

boulders having diamsters up to 10 to 20 feet.
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CHAPTER III
MINERAL DEPOSITS

General Statement

Deposits of varlous types ocour in the district. These
inolude massive lead-zinc-copper-silver sulphide deposits
mainly in Ordoviolan rocks; lead-zinc-copper-silver sulphide
vein deposits prinoipally in Silurian rocks; magnetite-hematite
iron deposite, and a manganese deposit near Tetagouche Falls,

Only the sulphlde deposits are exploited at the present time.

Sulphide Deposits

MoAlliaterl(19Sh. 1959) divided the sulphide deposits
of the Bathurast area 1nto two different struotural types:
those occocurring in north-south striking structures and those in
east-west and northwest struotures. The first are fine grained,
low grade replacement bodies, whereas the second are fissure
fillings or smell replacement bodles, with coarser grained and
higher grade ores.

- Two types of mineralizations are recognized in the first
structural group:

a) MNassive pyrite with galena, sphalerite, minor

chaloopyrite, and appreciable values in silver.

b) Pyrrhotite-chaloopyrite type with minor zino, lead,

and sllver values.,




The two types sometimes ocour together as at the Brunsawiock No. 6
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and Brunswiock No. 12 deposits, with indicetions that type (b)
1s a younger phase of minerelization.
In the seocond group, a sequence of high to low temper-

ature mineralization is recognized by MaoKenzie (1952) es
follows:

8) Quartz-arsenopyrite

b) Pyrite-arsenopyrite-sphalerite«galena-nhalnopyrite-

tetrahedrite

©) Quartz-chaloopyrite

d) Chaloopyrite-pyrrhotite

e) Sphalerite-chlloopyrite-pjrrhotite-galena with

values in silver

f) Galena-sphelerite-caloite with high contents of

o ailverA .

Ih.oonnootion gftb.the present study, of notable interest
1s the oocurrence of mdlybdenite assoolated with tﬁélB;thurst
batholith, as well as in a number of other new ocaurrences
recently discovered in the Nicholas anys area. In the
Bathurst granito,_polybdenite is found as flakes and fine
orystals dlsseminated throughoqtiﬁhe host rock and rarely also
elong minor joints. Tho'dineral appears to favour aplitio phase
of the granite. Along the Rookf‘Brook -~ Millstream "Break"
several small sulphide deposits with minor molybdenite are
reported to ocour. In 1963 drilling by one of the companies

working in the area, revealed molybdenite-bearing garnet-
diopside skarn with minor scheelite. . ‘ d

t
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The presence of the mineral in parts of the Nioholas Denys
granite has also been proven by drilling in 1964.

Iron Formation

Banded iron formation c¢onsisting mainly of alternating
layers of magnetite, hematlite, chert, and chlorite ocours at
numerous points in the area. It is partiocularly abundant 1in
the Brunswick No. 6 deposit where it is traceable southward
to the Austin Brook Iron deposit. Boyle and Davies (194;)
recognigzed three faclies within the formation as follows: a
magnetite-rich oxlde fascles; a hematite-rioch oxide facles;
and & chlorite facles.

In the vacinity of the Roocky Brook - Millstream "Break"
there are magnetite deposits which have been described by
Young (1911) and Skinner (1953). These are long, narrow contact
metamorphic lentiocular bodiles oconsisting of banded magnetite

and skarn minerals.

Manganese

According to Skinner (1953, p. ) "Manganese occurs as
narrow seams and plates of manganlte in quartz veins and as
veinlets in red slate at Tetagouche Falls, and a depcsit of

bog manganese of unknown dimensions ocours on Middle River,

about 5 miles west of the granite batholith".
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CHAPTER IV
SAMPLING PROCEIURE
General Statement

Samples of different materials were collected for the
following purposes:

1. To establish the general distribution of molybdenum
in 80l1l profiles, and the different rock types of the
distriot,

2. To make a detalled study of the behaviour of moly-
bdenum in the polymetallic sulphide deposits.

3. To investigate the possibility of using stream
sediments in prospeoting for molybdenum as an
indlocator.

The péeparation of soils and stream sediments were done
in the field. Rocks and other oonsolidated materials were
prepared in the sample preparation room of the Geologisal
Survey of Canada in Ottawa. All precautions were taken against
external contamination during the caourse of the sample
preparations.

Megascoplc description of each sample is given elsewhere
in the thesis. For the extremely fine grained materials,
mineralogical determinations were done by means of X-ray

diffraotion.

The %Gistributlon of samples and groups of samples i

colleoted is shown on Map 1 (in pocket).
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Soils

Ninety-two 801l profiles were collected from relatively
scattered localitles over the district. In addition to this,
twelve profiles were obtained from a collection made by Presant
(1963). Sixty-four of these represent the normal soil of the
district, and the other forty were colleocted from known
minerallized areas.

Profiles were channel sampled from holes of about two
to three square feet in area and ten to forty inches deep,
specifically dug for the purpose. Incomplete soll profiles
wére obtained from some areas because diffioculties were encount-
ered due to water seepages or large boulders. Approximately
one half pound of easch soil horizon was collected in a water-
proof paper envelope. A small portion was used for pH measure-
ment immediately after sampling, following the method desoribed
by Atkinson et. al. (1958), Samples were then dried in the sun
or in a drying oven, followed by sieving through an 80 mesh
soreen. The =80 mesh fraotions were retained for ansalyses,
and the coarser fractions, after determining their rock
composition, were disocarded.

All samples were analyzed for their molybdenum content,

using the method descoribed in Chapter V.
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Rocks

Beoause of the large area covered by this investigation
only the common rocks could be sampled and these only sporadic-
ally since outorope are sparse. However, the samples taken are
deemed to be representative of the specific rock types.
Thirty-six samples were taken to represent the various rocks in
the formations and minor intrusives in the area. These include
20 samples from the Tetegouche Group, of which 4 are graphitic
schlst, 5 from the Chaleur Baey group, and 2 from the Penn-
sylvanian rocks. Basic dykes and sills are represented by 9
samples. Because of their close association with molybdenlte
ogcourrences speolal emphasis was glven to the granitiec rocks of
the district. With this consideration in mind, 79 speocimens
representing the different faciles of the granitic bodles were
collected. Of these, Ll are from the Bathurst batholith, 13
from the Nicholas Dénys granite, and 22 are of quartz-feldspar
porphyry from the Nigadoo stook.

After belng orushed and sieved, the ~150 mesh fractions
of the samples were analyzed for molybdenum. Most of the
granitio rooks were also analyzed for Cu, Pb, Zn, As and Sb.

Four graphitic schilsts of the Tetagouche group were analyzed

for sulphur and total carbon.
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Ores snd Gossans

Twenty samples of sulphide ores were collected from the
Brunswiok No. 6, New Larder "U", Sturgeon River, and Nigadoo
deposits. Although most of the samples were relatively fresh,
there were several which have been highly oxidized. With the
exoception of the Nigadoo ore, the massive, finely crystalline
nature of the sulphldes prevented separation of the different
mineral phases.

Samples of gossan material and recent iron hydroxide
precipitates were collected from a number of sulphide deposits
including the New Larder "U", Sturgeon River, and the Brunswick
No. 6 deposits. Detalled sampling of the various phases of the
gossan were done on the latter deposit. In this gossan a
profile (Pigure 5) generally consists, from top to bottom of
hard cap, leached till, residual gossan, and altered sulphldes.
A detalled study of the nature and origin of the Brunswick No.
6 gossan has been described by Rajah (1963) and Boyle and
Davies (194;).

Other than gossans and sulphldes, three samples of iron
formation and two of manganites from the Tetagouche Falls were
also ocollested.

Some of the samples, aside from analyses of their
molybdenum content, were also subjected to qualitative X-ray
spectrochemical analysis with confirmation by wet chemlocal

methods.
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Stream Sediments

Work on stream sediments of the Millstream system, in
the northern part of the district, was initiated by A.Y. Smith,
then of the Geologloal Survey of Canada (see G.S.C. Paper 63-1,
pp. 52=53), in an attempt to study the methods of sampling and
sample treatment in a known environment where a number of
deposits ocour., The faot that the Millstreem Rlver system
drains an area containing several small deposits representing
concentrations of Cu, Pb, Zn, Ag, As, Sb, Au, and probably also
Mo, offers an 1deal situation to conduct a pllot study on the
appliocability of stream sedimentas for mineral exploration. The
writer undertook the project, mainly in the lnterest of study-
ing molybdenum distribution in relation to polymetallic sulphide
deposits (Tauchid, 1964).

The presence of boulders with molybdenlte 1in the area
underlain by the Bathurst granite presents a good case for the
study of the use of stream sediments 1n molybdenum prospecting.
This area was sampled, therefore, at 2l selected sites.

Stream sediment sampling siltes were chosen on the bgsis
of their accessibility to roads snd tralls, and whenever
possible at the junoctlon of two lntersecting stireams.

After being dried and sleved, the -80 mesh fraoctions of -
the stream sediments were retained for analysis. All seamples

were analyzed for their Mo, Zn, Pb, and Cu contents.,
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CHAPTER V

LABORATORY PROCEIURE

General Statement

The different earth materials collected were prepared
according to thelr nature and composition as described below.
The -80 mesh fraction of soils and stream sediments were used
in the analysls, and the rooks, sulphides, and gossans were
ground to =150 to =200 mesh prior to analysis.

Several analytical methods for the determination of
small quantities of molybdenum are known. Sandell (1959)
desoribes and reviews several of these In conslderable detail.
Among those avallable, modifliocations of the thlocyanate-stannous
chloride and the dithlol methods are commonly used in geochemlioal
work. The potassium ethyl xanthate method, according to Perry
(1960), has advantages for samples with high values, but is
relatively less sultable for samples with molybdenum oconcen-
trations less than 5 p.p.m.

The thiocyanate-stannous chlorlde method 1s based on the
reaction between quinquevalent molybdenum and thiooyanate in an
acldic reducing solution. Amber-colored molybdenum thyoocyanate
is produced, possibly Mo(CNS)S (Sandell, 1959). The immiscible
organioc solvent for extraction of the amber-colored compound
most commonly employed is isoamyl alcohol or isopropyl ether.

Dithiol (toluene =3, 4= dithiol), in a dilute mineral

acid medium ylelds a slightly soluble dark green product with
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hexavalent molybdenum whioch is extraoctable with butyl acetate.
In this particular study, the thiocyanate-stannous
ochloride method was chosen beocsusge of its high sensitivity,
selectivity, and practioslity. A detailed discussion on a
comparative study of the analytioal procedures triled is

presented later in this Chapter, -

Experimental

Geologlcal materiais;of different types, including soils,
stream sediments, roocks, auiphidee,'and some lron and mangahese
hydroxides and oxides were collected and analyzed for molybdenum
as well as for other elementﬁ. Anélyaia for elements othér than
molybdenum were done. by Mr, J.J. Lyﬁfoh and his staff of the
Geochemical Seotion, Geologiohl SurVéy of Canada., Hence the
following discussion 1s limited to{the determination of
molybdenum only. - '

The thiooyanate=-stannous ohlériﬂe method used in geo-
chemiocal analysis for molybde@um was. originally described by
Ward (1951a). To obtain more reliable results énd to improve
the sensitivity required for the pr§aent study, the following
modifications were adopted.

1. A large sample wpight was uged. This inoreased the

sensitivity of the'mqthod, especlally in samples
where only a low ﬁohtent ofimolybdqnnm is present.

2. Different sample decomposition methods were tried.

This ensured the liberation of all molybdenum in » ‘
tbe samples. j~‘ S - . p—
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3. A new standard oolor series for low contents of
molybdenum were prepared.

. Larger amounts of l1sopropyl ether were employed as
extractant for the molybdenum thiooyanate. This
permitted easier reading of the colored organlo
layers. In the analysis 0,6 ml. of isopropyl ether
was used instead of 0.3 ml. as originally suggested
by Ward (1951a).

5. Iron in the form of ferrous ammonium sulphate was
added to the standard end blank solutions. This
procedure gilves standards and blanks similar to the
composition of the sample extracts which usually
contaln much iron. It also tends to intensify the
golor of the molybdenum thiocyanate as suggested by
Sandell (1959).

Although these modifications give rise to a number of

problems, eepeclally in the fusions of the samples, the greater
sensitivity achleved outweighs the disadvantages.

Analytical Procedure
Brlefly the method can be desoribed as follows., After

the sample 18 fused and leached, molybdenum in the aolutién is
reacted with potassium thloocyanate in an ascidic solution in the
presence of a reducing reagent. Iron, commonly present in all
samples, reacts with (CNS)™ in the ferric state to form deep

red Fe(CNS); . This oolor inhibits the reading of the less

prominent amber colored Mo(CNS)g . Addition of stannous d
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chloride reduces the iron to ferrous thioocyanate which 1is
colorless and soluble. The amber colored molybdenum thio-
oyanate 1s then extracted into isopropyl ether. Interference
by tungsten, which commonly exists 16 oclose associatlon with
molybdenum in nature, is prevented by addition of 80lid sodium
tartrate to the solution. According to Ward (195la), moderate
amounts of fluorlde and phospate do not interfere with the
method. This 1s also true for small amounts of gold, selenium
and tellurlum. Large amounts of rhenium interfere with the
method but since this element oocurs in nature in very low

concentrations the interference is negligible.

Sample Desomposition
To seleot the best decomposition method for the materials
collected, the followlng were tried:
I. Fusion with equal weights of Na2003 and KN03.
IT. Fuslon with a mixture of Naaco3, NaCl, and KNOB.
III. Digestion by Hasou.
IV. Digestlon by a mixture of HN03 and HCl.
V. Fusion with potassium pyrosulphate.
Procedure: |‘
I. Fusion with NajC0 4 and KNO 4

i
H

Ia this procedure the flux conslists of equal weights of
finely ground (-80 mesh) KN03 and Na2003. 0.1 g of each sample
was ground together with 0.5 g flux in a mullite mortar and
transfered to a clean pyrex test tube (16 x 150 mm)., The test

tube was then heated over a gas burner until fusion was complete;
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each fusion usually required i to 5 minutes. After ocooling,

L ml of metal free water was added to the test tube, and the
tubi;::s pPlaced in a hot water bath for about 5 minutes. The
test) was then removed from the water bath and Placed in a rack.
One milliliter of the clear supernatant solution was used for

analysis. This decomposition method was successfully used by
Ward (1951a).

II. Fusion with a mixture of Na2003, NaCl, and KNOB

This fusion method is fully described by Stanton and
Gilbert (1956).

A mixture of Na2003, NaCl, and KN03 in the ratio 5:4:1
comprised the fusion mixture. 0.25 g of finely sieved sample
was mlixed together with 1.25 g of flux, and this mixture was
fused 1n a niokel crucible until frothing had ceased. After
cooling, 2 ml of metal free water was added, and the slurry
allowed to stand overnight. The aqueous solution was trans-
ferred into a clean test tube and adjusted to 10 ml (a
modification) with metal free water. The solution was brought
to a boil over a gas flame and was then allowed to cool and

settle. 8 ml of the oclear supernatant solution was used for

analysis.

IXII. Digestion by st°h

This test tube method was formulated and used at the

Geology Department, Carleton University, Otbaual. One gram of

Maloolm Clegg =~ personal communiocation.




25

the finely sleved sample was digested with 2 ml, 9N H280u
solution in a hot water bath for about one hour. After cooling,
the volume was adjusted to 10 ml with metal free water, A 2 ml

aliquot was then used for the molybdenum determination.

IV, Digestion by a mixture of HNO., and HCl

3
An acid digestion by means of a mixture of HCl end HNO3
is desoribed by Ginburg (1960, pp. 267 - 269). This decom-

positlon method is intended for the extraction of available Pb,
Cu, Zn, W, Mo, and Ag 1n rooks.

For this method, a 0.5 g of sample was placed in a 100
ml beaker and moistened with 10 ml of metal free water. Ten
milliliters of 1:1 HCl and 5 ml of 1:1 HNO3 solutions were
added and the mixture was evaporated nearly to dryness. About
I} ml of 1:1 HNO3 and 10 ml of metal free water were added to
the beaksr. After boiling the mixture, 1t was filtered through
a filter paper into a 50 ml volumetric flask. The residue was
then washed 5 or 7 times with hot metal free water. Thils
solution contained the availlable Pb, Cu, Zn, Mo, and Ag. Ten

milliliter aliquots were used for the molybdenum determinations.

V. PFusion with KZSZOZ

The use of potassium pyrosulphate was suggested by A.Y.
Smith, formerly of the Geological Survey of Canada. Thils
fusion 1s thought to be particularly effective for secondary
materials, as well as for sulphides.

0.5 g of the finely sieved sample was mlxed well with d

2.5 g of potassium pyrosulphate in a clean pyrex test tube .
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(18 x 150 mm). The sample was then fused over a gas f1ame

until frothing ceased. Five orp 8ix minutes were usually
required for a single fusion. After the melt was allowed to
cool, 1t was leached with | ml of 2N HCl and heated on a low
gas flame or hot sand tray until all of the melt had disinte-
grated. The volume was then adjusted to 10 ml with metal free
water and allowed to settle until s clear solution was obtained.

AL} ml sliquot was used for the analysis.

Result of Decomposition Experiments

Three soil and leached ti1l1l samples were used for the
experiments employing methods I, II, ITII, and IV. Another set
of elight leached tills were also subjected to decomposition
methods II, III, and V. Allquots obtalned from the above
decompositions were then analyzed for their molybdenum content
using the thiooyanate-stannous chloride method. The results

of the analysis are tabulated in Table 2.

Disocussion:

Method I
Experiments using this method were unsuoccessful. Cooling

and adherence of the melt around the inside bottom walls of
the test tubes oaused cracks in the lower part of all teat
tubes used for these fusions. When metal free water was
added to the cool melt, leaks commonly occurred. This
caused 1lnacocuracies in the analytical results. Several

attempts to refuse the samples gave simllar results.
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Table 2

METHOD * II III Iv v
gsgggg Mo oconeentration in p.p.m. 3
BH-5004 o 11. L.o 9.0 :
BH-500} d 17. 8.0 14. |
BH-5005 a 23. 11. 16.
BH-5005 b 12. 6.5 { 10.
BH-5005 o Dig- 2l1. 5.5 ' Dig- 27.
BH-5006 b continu- 10. 11. | contimu-| 11.
BH=-5006 o ed. 7.5 5.5 ed. 5.0
BH-5006 d 9.5 9.0 10.
BH-5007 b 12, 7.5 -
BH-5011 4 8.5 2.5 -
BH-5011 e 19. 13. ' -
* I. Fusion with a mixture of sodium carbonate and potasslium
nitrate.

II. Fuasion with a mixture of sodium carbonate, sodium
ohloride, and potassium nitrate.

IXII. Sulphuriec acid digestion.

IV. Digestion with a mixture of hydrochlorie and nitrie acid.

V. Fusion with potassium pyrosulphate.
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Method II

Fusion with a mixture of Na2003, NaCl, and KNQ3 is
considered the most satisfactory of all the methods tried. As
shown 1n Table 2, the results of aenalysis of samples decomposed
by thlis technlque gave the highest range of values and thus the
most complete extraction of the available molybdenum. The only
disadvantage of this method i1s the time consumed, especially 1if
a large number of samples are to be analyzed. A white silicious
resldue which sometimes formed around the interface of the

aqueous solution and the organic phase could concelvably result

in erroneous readings.

Method III

Of all the methods, this was the simplest to manage and
although an intense color of Fe(CNS)3 was observed, addition of
Sn012 solution was not required. In Table 2, the relatively
low range of values‘obtained as compared to the other methods
1s apparent. However, they are all in the right proportion.
Attempts to improve the method, by increasing the concentration
and amount of Hasoh solution, did not produce significant

changes.

Method 1V

Acld leaching using a mixture of 1:1 HCl and 1:1 HNOB
solution, followed by the thiooyanaté-stannous chloride method
of determination is desoribed as successful by Ginzburg (1960).
This oould be true for materials with negligible amounts of 4
iron. But in materials suoh as were used in this investigation il

the abundance of iron in the samples required an impractioal
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amount of SnCl, solution (over 7 ml) for the reduction of Fet3
to Fe*2 +» The use of an oxldizing acid, HN03, in the flnal step
of the decomposition method amccentuates the problem. The long
lnvolved steps only add to the impracticality of this method

for a large number of determlnations, especially when the

samples are high in iron.

Method V

Pyrosulphate fusions have been successfully used for
sample attack where Ph, Cu, Zn, Ni, and Co are to be determined.
For materials where molybdenum is present in hydroxides, oxldes,
sulphldes; and in an absorbed or interstitial form, this type
of sample attack was found to be effeotive.

Diffiocultles were encountered when the sample contalned
a high amounts of organic matter. After several attempts, 1t
was deoided that samples high in organic materials should be
ashed first before fusing.

Method Employed

As mentioned earlier, the.thiocyanate-stannous chloride
method was used to determine the molybdenum content of the
samples investigated in this pro ject. Experiments on the
decomposition of samples, combined with a knowledge of the
nature and approximate chemical composition of the materials to
be analyzed, led to the selection of the following technique.,

1. Fuslon with K23207 for solls, stream sediments,

gossans, oxides, hydroxides, and sulphldes.
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2. Fusion with a mixture of NachB, NaCl, and KNO3 in
Stli:1 ratio for rooks with silicates as thelr major
constituents. -
To ensure the relisbility of some analysis, about 25 per
cent of the samples were subjeoted to both fusion methods.
One large advantage in using potassium pyrosulphate as flux 1s
that the resulting solution can also be used in the deter-
mination of Pb, Cu, Zn, Ni, and Co.
The tabulatlon of the ocomplete analytical data for
molybdenum and other elements, 1s presented in a separate

seotion of the thesis, as Appendix II.

SAMPLE PREPARATION

A. Unconsolidated Materials

Equipment Reguired :

- Kraft paper sample envelopes made with water resistant

glue, approximately 6 x 3 inoches.

Oven for drylng samples.

Porcelain mortar and pestle 3 1/2 inches in diameter.

Non contaiminating sleves with 20 and 80 mesh soreen
(these can be made from two plastic sandwich boxes f

end balting oloth).

Stiff brush, for cleanling sieves.

Plastlio vials, 10 g capaclty. '

Procedure ¢

1, Dry sampleé in air or in an oven at about 100° C in

thelr original envelopes.
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2. Break soll lumps using the porcelain mortar and

pestle.

3. Sleve the loose material first through the 20 mesh
soreen and then through the 80 mesh screen. Retain
the -80 mesh fraction and place in a aumbered visl.

4o Clean all equipment with brush after each sample.

B. Consolidated Materials

Additional Equipment Required :

- Chlpmunk jaw orusher.
- Braun pulverlzer fltted with ceramic plates.

- Small ceramlc ball-mill whioch can be attached to a
paint shaker,

- Stalnless steel sleves.

Procedure :

1. Break a 2 or 3 pound sample into pleces about 2
inches in dlameter.

2. Pass the pleces through the Chipmunk Jjaw erusher to
produce pleces about 1/} inch in diameter.

3. Pass the sample through a ceramlc disc pulverlzer,
This ylelds a powder of about =-60 mesh.

4. Place the samples on a large sheet of paper. Roll
and mix thoroughly.

5. Place a scooped sample of about 10 g in a oefamio
ball-mill attached to a paint shaker for about 1/2
hour.

6. Transfer sample to a vial and mix thoroughly by q

shaking.
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7. Clean orusher, grinder, and ball-mill with stifr
brush and finally remove any small partiocles by

direoting a stream of compressed air at the jaws,

plates, eto.
ANALYTICAL PROCEIURE

Equipment Reguired :

- Torslon balance, 500 mg capacity,sensitive to 1 mg.

- Reagent balance, 1 kg ocapacity.

- Fluorescent tltration illuminator.

- Water still and mixed resin demineralizing unit.

- Eleotric hot plate, 10" x 12" equipped with a sand tray with
al/2 to 1 inoh layer of sand and rasks to support 50
test tubes (18 x 150 mm) on the tray.

- Electric furnace, for ashing.

- }4 Bunsen burners, equipped with rings and triangles.

2 racks to hold 10 test tubes (16 x 150 mm).

Luoite spoons, 1 g, 0.5 g, and 0.2 g capacity.

2 aspirator bottles, polyethylene, 5 gal. capacity.

2 reagent bottles, polyethylene, 500 ml.

4 reagent bottles, polyethylene, 125 ml.

2 wash bottles, polyethylene, 500 ml.

2 reagent bottles, pyrex, 500 ml.

6 reagent bottles, pyrex, 250 ml.

100 test-tubes, pyrex, rimless, 18 x 150 mm.

200 test-tubes, pyrex, rimless, 16 x 150 mm.

1 graduated oylinder, pyrex, 500 ml.
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graduated oylinder, pyrex, 100 ml.

graduated oylinder, pyrex, stoppered, 100 ml.
graduated oylinder, pyrex, 25 ml.

automatio pipgtbea, graduated, S ml

automatio pipettes, graduated, 2 ml.
pipettes, graduated, serological, pyrex, 10 x 0,1 ml.
pipettes, graduated, serologiocal, pyrex, 5 x 0.1 ml,
pipettes, graduated, serological, pyrex, 2 x 0.1 ml.

1
LB | I\ T U VI I

flaak, volumetrioc, pyrex, 500 ml.

- 2 beakers, pyrex, 600 ml.

= l4 dropping bottles, 30 ml capaocity.

- 50 niockel orucibles, 20 ml capacity.

- 20 oombustion boats, porcelain, 60 x 10 mm.

- 2 spatulas, stainless steel, length 7 inches.

- 2 spatulas, stainless steel, l inch blade.

= Miscellaneous items such as : glass writing diamond,
wax penocils, magliec marker, 1abels, tripods, wire gauze,
tongs, clamps, safety lighters, corks (# 5), porcelain
plpette supports, pyrex glass rods, test tube brushes,
tygon tubing, stop-cloocks, palr of scissors, absorbent

tissues, pH paper, eto.

Preparation of Equipment and Reagents
1. Number 50 teat tubes, 18 x 150 mm, and oalibrate at

10 ml.
2., Calibrate 70 test tubes, 16 x 150 mm, at 10 ml.
3. Mark the tops of 13 corks (# 5) 0, 0.2, 0.4, 0.6, 0.8,

1.0, 1.2, 1.4, 1.6, 1.8, 2.0, 3.0, and 5.0. 4
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4. Prepare a 10%f stannous chloride solution by dissolving
10 g of SnCIZ.ZHZO in 100 ml of 2N HCl, Add tin metal

|
|
e
P

(mossy) to ald in dissolution. Prepare fresh solution
at weekly intervals.

S. Prepare a 5% potassium thioocyante solution by dissolv-
ing 10 g of KCNS 1in 200 ml of waterl.

6. Prepare a 1% ferrous ammonium sulphate solution by
dissolving 1 g Fo(NHh) a(soh)z.éazo in 100 ml 0.2N
sulphurio acid.

7. Prepare a 0.01% standard molybdenum solution by

dlssolving 0.075 g of pure MoO. in 20 ml 1N NeOH. ?

Make the solution just acid uiih 1N HC1 and dilute to
500 ml with water. This solution contalnes 100
miorograms of Mo per ml.

8. Prepare a 0.0001% standard molybdenum solution by
diluting 1 ml of the 0.01% Mo standard solution to 100
ml with water. Prepare a fresh solution dally, at
lecast one hour before using.

9. Prepare a 1% phenolphthalein soluticn by dissolving

1 g of phenolphthalein in 100 ml ethyl alcohol
(absolute).

10, Prepare a 1N NeOH solution by dissolving 2 g of NaOH
pellets with 50 ml water.

11. Prepare 2N HCl solution by diluting 17 ml of ooncen-

trated HC1 (sp.gr. 1.19) to 100 ml with water.

1 - water = metal free water. In all references hereafter 4

"water" means ~ metal free water.
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12. Prepare 0.2N HZSoh solution by adding 0.6 ml of
concentrated stoh (sp.gr. 1.835) to 50 ml water
end diluting to 100 ml with water.

13. Prepare a fusion mixture by mixing thoroughly 200 g
of Na2003, 160 g of NaCl, and 4O g of KN03 and

sleve through a 20 mesh soreen.

Prooedure
Ashing @

Samples from the A, and A,y horlzons of soil profiles,
because of their high organioc ocontent, are difflcult to deal
with if fused with potassium pyrosulphate. They require larger
amounts of flux and take a long time to fuse. For thls reason,
ashing previous to fusion 1s recommended.

Procedure :
1. Weigh 0.5 g of the finely ground sample and place
in a combuation boat.
2. Place the combustion boat in a furnace preheated to
450 C. for about an hour.
3. Transfer the ashed sample to a fusion test tube
(18 x 150 mm).

4. Follow steps for fusion with potassium pyrosulphate.

Sample Extraction @

A. Pusion with potessium pyrosulphate
1. PFuse 0.5 g of the finely sieved sample with 2.5 g

of potassium pyrosulphate in a pyrex test tube
(18 x 150 mm). Complete fusion usually requires
5 to 6 minutes.
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2. MAllow the tube to 000l and leach with L ml of
2N HC1 solution,

3. Heat the tube until all the melt is broken up

(on heated sand tray).

. Make the volume up to the 10 ml mark, mix, and let
it settle.

5. Proceed with the molybdenum determination as below.

B. Fusion with a mixture of sodium carbonate, sodlum

cshloride, and potassium nitrate in a 5:l4:1 ratio.

l. In a nickel orucible thoroughly mix 0.5 g of
sleved sample with 2.5 g flux.

2. Fuse on gas burner until frothing has ceased.

3. Allow the melt to cool and add about 4 ml of water. ;

. Allow to stand overnight.

S. Transfer the ocontents of the ocrucible into a clean
teat tube. Use glass rod to facilitate pouring
into the tube.

6. Adjust the volume to the 10 ml mark with the water
washings from the oruoible,

7. Bring to a boll over low heat, allow to cool and
settle. |

8. Proceed with molybdenum determination as below.

Molybdenum Determination @

1. Pipette (use automatic pipette) L ml of the olear
solution into a clean test tube (16 x 150 mm).

2. Add one drop of 1% phenolphthalein indloator. q
f -

tt
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3 a, For samples fused with potassium pyrosulphate. Add
concentrated NH,OH drop by drop until violet-red color
starts to appear.

3 b. For samples fused with a mixture of sodium carbonate,
sodium ohloride, and potassium nitrate. Add 2N HCl1
drop by drop until the red color starts to disappear.

li. Add sbout 10 mg sodium tartrate powder (use scoop)
and dilute the sample solution to 10 ml with water.

5. Add 1 ml oonocentrated HC1 and shake until a olear
solutlion is obtalned.

6. Add 0.6 ml of 5% KCNS solution and shake.

7. Add 1 ml of 10% SnCl, solution and shake until all the
ferrio ion (red or yellow color) is reduced (colorless).

8. Allow to stand for at least one minute.

9. Add 0,6 ml isopropyl-ether and shake for 90 seconds.

10. Compare the colored isopropyl-ether layer to that of

the standard.

Preparation of Stendards :

1. Into 13 olean calibrated test tubes (16 x 150 mm)
pipette 0.0, 0.2, 0.4, 0.6, 0.8, 1.0, 1.2, 1.k, 1.6,
1.8, 2.0, 3.0 and 5.0 ml of 0.0001% standard
molybdenum solution.

2. Add to each test tube 2 drops of 1% ferrous ammonium
sulphate solution.

3. Follow steps li to 9 of the procedure for the

molybdenum determination.
li. Prepare a new set of standards each day. q
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Estimation of Molybdenum Content

The molybdenum content of the sample can be caloulated

from the following equation:
Mo in PPelle =

final volume (ml)
welght of sample(g) x aliquot used(ml) Xfig of matohing standard

AN

4 4 ~ Y]

A B

Since the final volume, weight of sample, and aliquot are always
the same, A 1s a constant for this partioular case. Hence B is

the only variable.

Followlng the previously desoribed analytical prosedure

0.5 x 4

Hence the original equation can be wrlitten :

i
5
[
]
8
i
e
i
i
;

;

A= 10 _5

Mo in p.p.m. = 5 x Al g of matohing standard
If a high value is expeoted, however, the weight of the
sample and/or the amount of the aliquot can be adjusted
acoordingly. The original equation should then be applied for

purpose of caloulation.

Productivity

If semples are fused in batohes of 25 (in nickel
crucibles) or 50 (in test tubes), 25 to 50 determinations per
man day (8 hours) can be performed. Organlc matter in the
samples may reduce the speed of the fusions in test tubes if

potassium pyrosulphate is used for flux.
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Precision
To ensure the precision of the gnalyses, several groups

of samples were analyzed more than once using the same method of %»

extraction (potassium pyrosulphate fusion) and molybdenum determ—

SO = it R

ination (thiocyanate-stannous chloride method). Some of the results

are listed below.

It is generally observed that low values have higher. reproducibi-

lity as compared to the high ones. The differences in the results

is probably due to the inhomogeneity of the samples and to some

extent were operative errors.

Sample Date of Mo in Date of Mo in
number analysis DeDeoln. analysis P.p.m, Lz
BH~5502 12-06~163 2.0 6-11-163 1.8 ‘
BH-5503 " 1.2 " 1.4 %ﬁ
BH~5511 " 0.5 " 0.5 ?%
BH-5512 " 0.4 " 0.5 i
BH-5513 " 1.0 " 0.7
BH-5516 " 1.7 " 1.4 |
BE-5517 " 1.2 " 0.7
BH~5518 " 0.5 " 0.5
BH-5520 " 0.5 " 0.5
BH-~5528 " 0.7 " 0.9
BH-5529 " 2.0 " 2.8
BH-5530 " 1.5 " 1.8
BH-5531 " 1.2 " 1.2
BHE~5532 " 1.5 " 1.6
BE-5535 " 0.5 " 0.5
BH~-5537 " 1.0 n 1.2 ;
BH-5662 14-11-'63 40. 20--11-'63 36. g
BH-5669 19-11-163 9.5 " 7.5 |
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heagents Regquired for 1,000 Determinations

All chemicals 1isted below should be of highest purilty

(ACS reagent grade where possible).

EEEiE e

- 500 ml Ammonium hydroxide, ooncentrated.

e ni el A S,

—
R

- 200 ml Ethyl-aloohol (absolute).
- 20 g Ferrous ammonium sulphate,

- 4,000 m1 Hudrochlorio acid, eoncentrated.

T

L

- },000 m1 Isopropyl-ether, peroxide-free.

T

SRR LAt

- 5 g Molybdic anhydride. %
-5 g Phenolphthalein. %
- 200 g ©Potassium nitrate, fine granular. ?
- 1,000 g ©Potassium pyrosulphate, fused, powder. :
-100 g Potassium thlooyanate.

- 500 g Sodium carbonate, anhydrous, powder.

- 400 g Sodium chloride.

-10 g8 Sodium hydroxide, pellet.

- 500 g Sodium tartrate.

- 100 g Stannous chloride.

- 10 ml Sulphuric acid, oconcentrated.

- 20 g Tin, mossy.
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CHAPTER VI

2. THE GEOCHEMISTRY OF MOLYBIENUM IN THE ROCKS

General Statement

Work by Kuroda and Sandell (195)) provides some funda=
mental data on the distribution of molybdenum in various types
of rooks., Additional data, mainly for igneous rooks, are found
in the works of Vinogradov, et. al. (1958); Rabinovich, et,. al.
(1958); and Tauson and Studenikova (1959). These data, together
with other scattered data for igneous as well as for sedimentary
and metamorphic rooks, are complled in Appendix I (see
Geochemlstry of Molybdenum - in Igneous and Igneous-type rooks,
in Sedimentary rooks, and in Metamorphie rooks, pp.I-13 -TI-19 ).
The latest eastimate of the orustal abundance of molybdenum as
given by Kuroda and Sandell (1958) and Vinogradov, et. al.(1958)
is 1.0 + 0.5 p.p. m.

The molybdenum content of all types of lgneous, sediment-
ary, and metamorphic rocks within the area ocovered by this
investigation 1s given in the Tables and Figures that follow.:
The Tetagouche @roup rocks are discussed first, followed by the
Chaleur Bay Group,the various acid and basic intrusives, and

the Pennsylvanian rocks. Values for some mlscellaneous rooks

and minerals such as iron formation and manganese nodulgs and N

ores are also includod. ' ?
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The Mode of Occurrences of Molybdenum in Rocks

In igneous rooks, between 50 to 85% of the bulk of the
molybdenum content is reported to oocour in feldspar. The .
remainder 1s found in bilotite, hornblende, accessory minerals
(sphene, 1lmenite, magnetite, and zircon), pyroxenes, olivines,
and minor amounts In quartz (see Table 1k, Appendix I).
Although 1t 1s known that ocertain accessory minerals have high
concentrations of this element, the total amount in all of
accessory minerals of a rook may only oconstitute 1% of the
molybdenum ocontent of the rock. The presence of molybdenum in
the minerals of igneous rooks 1s generally explalned by the

replaceablility of T1**

Si+4 by Md*4. Because of its ohalcophilic character, the

» Fe">, 417>, and probably also Mg*? and

molybdenum in igneous rocks may also be present as the sulphide,
molybdenite, or as a minor constituent of other sulphide :
minerals, ?5
The manner in which molybdenum ocours in sedimentary
rocks has not been clearly established. Initially, the element f‘
may have been deposited as 1) an adsorbed oonstituent of clay i
minerals and manganese and iron hydroxide colloids; 2) a
component of organiec compunds, 3) a co-precipltate with iron
sulphide, or l4) as a constituent of certain resistant molybdemm
bearing minerals. The environment of deposition and the manner

in whioh the molybdenum reached the site of deposition decide

whioh of thmse would predominate. Abnormal conditions may

brevall in some cases, giving rise to higher than average

enriohments, or vice versa very low amounts in some facles of

sedimentary rooks.
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The mode of occurrence of molybdenum in metamorphlc roocks
depends on the origin of the roocks. Mobilization and reoon-
stitution during metamorphism may affect the state in uhioh
molybdenum is present in these rocks. The absence of atudies
on the distribution of molybdenum in the different minerals and
facles of metamorphlo roocks makes it difficult for one to trace

the history of the element during metamorphism.

Result of Analysis and Discussion

General

Table 3 summarizes date on the molybdenum content of the
various roock units in the Bathurst district. Data on individ-
ual rook samples are presented in Appendix II, pp. II-2 - II-7.
A glance through these data indlocates little variation in the
molybdenum contents. Values higher than 3.0 p.p.m. are found
mainly in the Nigadoo quartg-feldspar porphyry and black schists
of the Tetagouche Group.

Tetagouche Group

Twenty rook samples of the 5 principal rock types were
collected and analyzed for their molybdenum content. Despite
the variations in rook types, the analysis exhibit 1little
difference from one rock type to another.

The volcanics of the group are represented by : aoid
volcanics with rhyolitic composition, basio volcanliocs, and
quartz-feldspar augen schists. The molybdenum content in these
rooks is 4.0, 0.5, and 0.7 p.p.m. respectively. The aocid
voloanis roock, which shows rusty weathered surfaces, had the d‘-ll
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Table 3
Molybdenum Content in Rooks of the Bathurst Distriot

Number of Mo in p.p.m.
i analysls Range Average y
Tetagouche Group ‘;
- Acid voloanlos, rusty weathering 1 - L.o i
- Quartz-feldspar augen schiasts ‘ 3 0.7 - 3.0} 1.5 i
- Basio volocanioecs, basaltie i 1 - 0.5
B8 . - Metasedimentary roeks: argillite,
i - phyllite, and quartzite ¢ 11 0.3 - 3.0f 1.2
: = Metasedimentary rocks: b !
black sochist L 1.5 - 15.0: 6.5
| . 1
 Chaleur Bay Group
' - Argillite, greywacke, and slate by 0.5 - 1.5 1.1
' - Mineralized argillite near vein 1 - 7.0
1A0Ld Intrusives :
.- Bathurst porphyritic granite Ll 0.2 - 29.0 1.7 !
- Bathurst porphyritiec granite less ! f
L higher than average samples Lo 20-2 - 2.5 0.7 !
.= Nicholas Dényas granite 12 0.3 - 28.0 2.9
'~ Nicholas Denys granite less 1 o
~ higher than average sample 11 0.3 = 2.5 0.7 |
‘- Nigadoo quartz-feldapar porphyry 22 h'a - 8.0 La i
! v ¢
: ' |
‘Basle Intrusives : :
.= Diabase and gabbro 9 0.2 - 1‘72 1.0 :
:Pennaxlvanian Rooks !
| - Red sandstone and conglomerate 2 0.3 - °°7) 0.5 l
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highest molybdenum content. This is probably due to the bresence
of finely disseminated sulphides in the rock. It is of interest
to note, that several rhyolites from Texas, Montana, and
Minnesota also oontaln from 3.2 to l};.3 p.p.m. molybdenum

{Kuroda and Sandell, 195h).

The ocourrence of molybdenum in volcanlc rooke is the
same as that of intruslve rocks, that is, if it is not present
in sulphides, it ocours principally in feldspar or in small
amounts in the accessory minerals, biotite, hornblende, and
pyroxenes.

The quartz-feldspar augen schists or "porphyries" of
the Tetagouche Group are represented by three samples of whioh
one 1s distinctly pyro-clastioc, and hence was included under
the volcanlecgs in the earlier discussion. The two remaining
samples are quartz-feldspar augen schist and phyllite with
disseminated sulphidea. Their molybdenum values are 0.8, and
3.0 p.pem. respectively. It is reasonable then to assumoe that
the high value in the phyllite 1s attrlbuted to the presence of
sulphide minerals. w1thout'know1ng the origin of these rooks,
explanations on the molybdenum occurrences in these rooks will
not be attempted.

Metasediments of the Tetagouche Group are represented
by eleven samples of varicolored argii;tes and slates,
phyllitea, quartz-chlorite schists, and grey quartzites. The
molybdenum content of these rocks ranges from 0.3 to 3.0 p.peni.,
with an average value of 1.2 p.p.m. (see Table 3). Three of

these samples contain disseminated sulphlides and one contains
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some manganitu velnlets. It is of particular intereat that
these four rocks have molybdenum contents that are higher than
average.

The molybdenum in the metasediments of the Tetagouche
Group was probably deposited as a sorbed constituent on the
original oclay minerals. In the red argillites and slabtes, 1t
may also have besn soprecipltated by iron hydroxides. The
association of high molybdenum contents with sulphide-and
manganite-bearing rooks suggests that this element 1s oconcen=-
trated in these minerals. Thls 1s partly supported by the fact
that an analysis of a orystalline manganite from the'sqﬁé
locality gave 13 p.p.m. molybdenum (see Table 5). |

The enrichment of molybdenum and several other e;émgnts
in black shales and their derivatives 1s common. A prime
example 1s the Kupferschiefer of central Europe. Four black
achists of the Tetagouche Group have an average molybdenuﬁ‘
content of 6.5 p.p.m., the highest for any rock type in thy
distriot. The results of hulpbur and total carbon analysia
on the same samples indicate a close sympathetic relation
between the three elements (see Table ). The presence of
disseminated sulphides, combined with the fact that the moly-
bdenum and sulphur contents of these rocks are proportional,
suggests, that molybdenum 1s concentrated in the aulphidea,
possibly as a sorbed constituen%. The results of experiments
by Korolev (1956) and Sugawara, st. al. (1961) on copreoip%-
tation of molybdenum with iron sulphide support this apaouidtion.

However, the relation of molybdenum w%th carbon in the rooks

T
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Table 4
Mo, 8, and C Content in Black Schists
SAMFLE DESCRIPTION Mo in | '8 . C
# PeP.m in% | in %
Black sohist with quartz
BH-552l4 -62 stringers, near Sturgeon 15.0 1.37) 1.1,
River deposit.
: Black schist disseminated
' {
. BH=5666-63 ! with sulphides, near New ' 2.0 0.48' 0.15
| Larder "U" deposit. |
- S s
Blaok schist disseminated E
" ,
BH-5667 63 with sulphides, near New 1.5 0.60 0.65
| Larder "U" deposit.
Blaok sohist dissemlnated
BH-5668~63 with sulphides, near New 7.5 1.64 1.69

Larder "U" deposit.

e

-
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suggests that molybdenum also have bqep enriched by biogenio
process. Experiments by Krauskopf (1956) falled to find a
oonclusive answeer as to how molybdenum is concentrated in
marine sediments. He favors, however, the idea that blologic
processes play an important role. Wedepohl (1964), in discuss-
ing elemental ooncentratlons in the Kupferschiefer, observed a
relation between molybdenum and oarbon content, but less so
between molybdenum and sulphur. High concentrations of moly -
bdenum together with vanadium and uranium have also been reported
by Almassy (1956) in ocoal measures. He 1is of thé opinion that
these elements were originally oontained in the sapropel.

Boyle (personal communication 196l) also found as high as 110
P.p.m. molybdenum in Pennsylvanlan coal from Cape Breton Island,
N.S. These observations point to an important conneotion
between molybdenum and biogenib ocarbon, bearing in mind, however,
that most coals contaln some sulphur (aulphidea) wlth which some
of the molybdenum may be assocliated. The writer 1s of the
oplnion that certain organisms, ln marine as well as continental
environments, are capable of conocentrating molybdenum from thelir
surroundings. Once the element 1s concentrated, i1t may be
sedimented directly in the bodies of the dead organisams, or it
may be released into the surrounding aqueous media. In a
reducing environment chemiocal prodipitation as sulphide and/or
adsorption and ooprecipitation by iron sulphldes may then follow.
Suoch mechanisms seem to ascount for the relatively high contents

of molybdenum in the black schists of the Tetagouche Group.
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Chaleur Bay Group

This Group 1s repressnted by S speciments of dark grey
arglllite, greywacke, metaconglomerate, grey slate, and cherty
argillite. From Table 3 it 1s seen that the molybdenum ocontent
of these rooks varies from 0.5 to 1.5 P.pP.m., with one value of
7+0 p.pem. This high value was obtained from a densge dark grey
sulphide~bearing argillite whioh constitutes the wall rook of
the Nigadoo sulphide deposit. Discounting this mineralized
specimen, the average molybdenum content of the Chaleur Bay
Group is 1.1 p.p.m.

As in the Tgtagouohe Group, the molybdenum in these
sediments 1s probably bound on the olay minerals as a sorbed
constituent, or it may also be in ofiginal unweathered primary
mineral constituents., The only high value encountered in the
Group is that from the sulphide-bearing rock, and hence most of
the element probably ooccurs as a minor oenaﬁituent of the
sulphides.

A small replacement and frasture filling molybdenite
deposit was recently discovered (end of 1963) by one of the
companies working in the Nioholas Dénys area. This ooccurs in
a thin band of contact metamorphic garnet-diopside skarn of the
Chaleur Bay Group. The fact that molybdenite orystals also
oocur in the granite immediately north of this deposit,
suggests, that the intrusive may have been the source of the

molybdenum in the skarn.

P N M RIS il
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BATHURST GRANITE

5 ]

% /4 1774 [Z77A A A 77/

1 2 3 4 5 6 17 8 9 271 28 29 130

Molybdenum in p.p.m,
10
8
’

5 NICHOLAS DENYS GRANITE

§

I /.

1é34567891027282§50
Molybdenum in p.p.m,

Numrer of sample

NIGADOO QUARTZ-FELDSPAR PORPHYRY
77 B
1 2 3 4 5 6 71 8

9 10 t
Molybdenum in p.p.m,

DIABASE

1 2 3 4 5 6 1
Molybdenum in p.p.m.

FIGURE 3. Prequency distribution of molybdenum in
diabase and granitic rocks,
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Acld Intrusives

Bathurst Granite

Table 3 gives the range and average values of the Ll
samples of granlte analyzed (see Appendix II, pp. II-3 - II-l).
Of these, only L (9%) have values equal to or higher than 5.0
p.p.m. molybdenum; the remaining 91% of the samples contain
from 0.2 to 2.5 p.p.m. molybdenum, with an average value of 0.7
p.p.m. The average for all 4l samples is 1.7 p.p.m. molybdenum.
The average derived from the LO analysis (0.7 p.p.m.), exeluding
the I} high values, is probsbly a close approximation of the
average molybdenum content of the granites.

The frequency distribution of molybdenum for the Bathurst
granite 1s presented in Figure 3. From this diagram it is
evident that there are probably two modes of ocourrence of
molybdenum. First, there is a group with molybdenum values
lower than 3.0 p.p.m. and second, there is a grouping around
5.0 p.pem. Mo. In the first group, the bulk of molybdenum
presumably occurs malnly in the feldspars and in blotite and
hornblende in that order. Very samll amounts may also be
present in the accessory minerals and quartz. For the second
group the fact that molybdenite is found in over 6 different
localities in the area leads to the oconclusion that the bulk of
the molybdenum probably occurs as disseminated molybdenite or
in other sulphide minerals in the rocks.

The majority of the Bathurst granite samples were also
analyzed for Zn, Cu, Pb, As, and Sb (see Appendix II, pp. II-3 -
II-4). There is no apparent relation between molybdenum and

these elements in this granite. In one sample (BH-5599-62)
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for example, where the Zn, Cu, Pb, and Sb content is normal,

the highest Mo (29 p.p.m.) and As (26 p.p.m.) values are present.

Nicholas Dénys Granite: i
The trace element distribution of Cu, Pb, Zn, As, Sb,

and Mo 1in the Niecholas Dénys granite does not vary much from ’f

that in the Bathurst batholith. A comparison of the frequenny

distribution for molybdenum between the two intrusives, despite

a much smaller number of analysis from the Nioholas Dénys
granlte, lndicates a olose similarity (Figure 3). From 12
analyslis, only one sample ylelds 28.0 p.p.m. molybdenum, and
the remainder contain from 0.3 to 2.5 p.p.m. molybdenum (see
Table 3). The form in which molybdenum 1s present in this rock,
based on the previously mentioned data, is presumably the same ':
as it 1s in the Bathurst granite. 5?
Up to the time when the writer completed his fileld work

(summer 1963), there had not been any report with respect to

the occurrence of molybdenite in the Nicholas Déhys granite,

although J.L. Davies (personal communication, 1963) had observed o
two molybdenite showings north and south of the body. The f?
results of the molybdenum analysls, a similar frequency distri- g%
bution pattern to that of the Bathurst granite, and the results ‘
of a stream sediment survey in the area (Tauchid, 1964),

suggested that molybdenite should be assoclated with this granite

body. This speculation was verified by the recent discovery of

minor amounts of molybdenite and other sulphide minerals in some

of the diamond drill cores obtalned from the granite (A.B.
Baldwin, personal communication, 1964). To ascertain the

economis possibllities of the granlite as a molybdenite source, P
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the company involved is carrying out further detailed surveys.

Nigadoo Quartz-Feldspar Porphyry:

Among all acld igenous rocks of the Bathurat district,
(Figure 20)

the Nigadoo quartz-feldspar porphyryVis unlque in that it 1is

greatly enriched in diaseminated sulphides (Martin, 1963).
Analysis of this rock also reveal abnormally high Mo, Zn, Cu,
Pb, As, and Sb contents (see Appendix II, pp II-5 - II-6).

The range and average values of these elements are as follows:

t
. No. of | Range AE;erage '
. El t - :
j emen Analysis | in p.p.m.
F ‘ !
i Mo 22 1.2 - 8.0 .1
! Zn 19 4o - 5200 1232
Cu 19 65 - L0o 161
Pb 19 : 25 - L4000 905
; ,
As 19 ' 25 - L4200 522 |
- , % '
Sb : 19 [ 2.5 - 23 . 7.8 !
{ ;

As shown in Figure 3, the frequenoy distribution for

molybdenum in the Nigadoo porphyry is entirely different from
that of the Bathurst and Nicholas Dénys granites. Thls is
probably due to the different manner of occurrence of molybdenum

in these various granitic bodies. The abnormal molybdenum

|
|
conoentration in the Nigadoo porphyry is probsbly the result of %i
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an enriochment proocess which was active during the emplacement
of the Nigadoo sulphide deposit. Hence the bulk of the moly-
bdenum 1& probably present as a minor constituent of the

disseminated sulphides.

Basic Intrusives

The basic intrusives of the distriot are represented by
dense, fine to coarsely orystalline diabase, generally with
ophitic or semiophitic texture. In the Nicholas Denys area,
there is a tendenoy for thease rocks to be serpentinized as one
proceeds westward. Some of the samples analyzed contain minor
amounts of sulphides. The molybdenum content of the diabase
ranges from 0.2 to 1.7 p.p.m.; the average value from 9
analysls is 1.0 p.p.m. In contrast to the granites, the indivi-
dual analysis of the diabase show a rather uniform trend
(Appendix II, p. II-7). Furthermore, in Figure 3, 1t is
noticed that the frequenoy distribution for molybdenum in the
dlebase of the district, is different from that for granilte.
This 1s contrary tc the results reported by Kuroda and Sandell
(1954) who found the distributions to be the same in both basic
and acidic roocks. A slightly different mode of occurrence of
this element in the two roock types is thought to be the most
plausible reason. Other than feldspars, magnetlte presumably
plays an important role as the mineral ocarrier for molybdenum
in the basie intrusives. The remainder may be 1ln pyroxenes,

olivine, and sulphide minerals.

PR -~
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Pennsylvanian Cover

Only two oomﬁ%ite samples of greenish yellow sandstone
and red oconglomerate and sandstone from this formation were
analyzed for molybdenum. The molybdenum contents of these rocks
are, 0.7 and 0.3 p.p.m. respectively. The higher of the two
was obtalned from greenish yellow sandstone with some plant
remains. Molybdenum in these rocks was probably adsorbed and
copreclpltated with iron oxide and in less amounts with the
clay constituent of the roocks. The plant remains may also have

had an lnfluence on concentrating molybdenum by reduction from

1ts soluble salts.

Miscell aneous

Iron Formation:

The iron formation of the Tetagouche Group is represented
by banded hematite, megnetite, jasper, and ohlorite. Adjacent
to the sulphide bodies, these are generally partly replaced or
contain disseminated sulphides. Analysis of 3 samples from the
Brunswiok No. 6 and the Austin Brook Iron deposlts gave an
average value of 1.l p.p.m. molybdenum (see Table 5). This is
relatively low when compared to most known values reported for
iron ores. The general belief is, that molybdenum was
precipitated together with iron oxides. The writer 1s of the
opinion, that the amounts of molybdenum coprecipitated in an
iron rich environment is dependant on the avallability of the

element.
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Manganese Ore:

Manganese oxide concretions and mangenite orystals in l
the red arglilllites of the Tetagouche Group contein, 11.5 and %
13.0 p.p.m. molybdenum (see Table 5). Hydroxide of manganese
is a well known scavenger for a number of metals, among which |

is molybdenum. Hence 1t is thought that molybdenum was

enriched through adsorption and coprecipltation by the manganese

hydroxide ocollold, and later partly remobllized together with
the oxide.
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Table 5
Mo Content in Manganese and Iron Ores

SAMPLE Mo in

LOCATION DESCRIPTION
Number PsDeMe

Non erystalline manganese

BH~5533a~-62| Tetagouche Palls oxides; spherical balls in : 11.5

red argillite

' Fine to medium orystalline
'BH-55330-62! Tetagouche Falls ' manganite; veinlets in red 13.0

| § arglillite ‘ ; %%
; ; B
H " ) . il
f Finely banded hematite and \ ;L
BH-5538-62 !Brunswiok No. 6 magnetite . 1.0 ; F
| i il
‘ . — b
. ” 1 1
. Cherty iron ore with disse- . | ;ﬂ
. ) i
{BH-5539-62 |Brunswick No. 6 minated sulphides 2.2 ! i

i |
| |
!

' Banded magnetite and hema- ; :
: l : :
%53-55h5-62 Augtin Brook tite with disseminated . 1.0

i gsulphides
L

f P
|
|
|
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2. THE GEOCHEMISTRY OF MOLYBIENUM IN THE
POLYMETALLIC SULPHIIE DEPOSITS

General Statement

Molybdenum is one of the ohaloophilic elements oommohly
concentrated in sulphides. Previous work, mainly by the
Noddacks (1931), Grip (1951), Fleischer (1955), and Michalek
(1958) provide us with data on the distribution of molybdenum
in various sulphide minerals. A summary of these 1s presented
in Appendlx I, pp.I1-12 -1-13.It is generally thought that moly-
bdenum 1s particularly enriched in chalcopyrits and copper-rich
pyrite. However, the results of the lnvestigatlon by Michalek
do not seem to support this view.

The ocourrence of molybdenum in sulphide minerals is
probably due to 1somorphous substitution and adsorption. The
first is probably the most slgnlficant ln high temperature
sulphides, where Mo+u (0.70 R) probably replanes Fe*3 (0.64 ﬂ),
Fe*2 (0.7 3), Cu*? (0.72 3), and also N1*? (0.69 1). The
second is more important in low temperature processes.

Where molybdenum is present in the supergene 2zone 1t is
oxidized to Mot® which forms readily soluble complexes wlth
noxygen and sulphate lons. In these forms the molybdenum mlg-
rates 1n ground and surfaoce waters and is ultimately adsorbed
by various hydrates, precipitated as secondary molybdate (if it
18 plentiful in the environment), or coprecipitated as a minor

oonstituent of a number of secondary basloc salts.

et

o

: e e
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Result of Analysis and Dlsoussion

Sulphides

The results of molybdenum analysis on the sulphlde ores

of the Brunswlok No. 6, New Larder "U", Sturgeon Rivef, and

Nigadoo deposits are presented in Table 6. These data indlcate
apparent differences in the molybdenum content of the various
deposite. These differences may be due to the varied mineral-
oglocal oomposition of the various ores, but the major governing
factor leading to the observed distribution was probably the
result of a difference in the avallablility of the element in
the mineralizing solutions.

The ore of the Brunswick No. 6 deposit consists mainly
of pyrite (+ 75%), sphalerite, galena, and smaller amounts of
chalcopyrite and pyrrhotite. Arsenopyrite, bornite, tetrahed-
rite, stannite, boulangerite, cassiterite, and domeykite are
also reported (Boyle and Davies, 1964). Of the 5 samples
analyzed, L were collected from just below the gossan zone.
These were highly weathered, loose sandy sulphides and yielded
from 8.0 to 26.0 p.p.m. Mo with an average value of 16.5 p.p.m.
The molybdenum ocontent of one fresh massive sulphide sample
was 5,0 p.p.m. These results seem to indicate a slight near
surraoe:enrlohment of molybdenum in the ore body.

The New Larder "U" deposit 1s represented by 5 samples
taken from a number of diamond drill cores and one (BH-5521-62)
c6ollected from the mine dump. Mineralogiocally, the deposit
conslsts of pyrite, sphalerite, galena, chalcopyrite, pyrrhot-

ite, and minor arsenopyrite. The results of the molybdenum

13
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Table 6

Molybdenum Content in Sulphides

gv :ﬁ:::i DESCRIPTION (main oonstituents) ﬁ?pfz.
[
: Brunswiok No., 6
BH-5005d-62 | Malnly pyrite, soft altered | 16.0
BH-5007£-62 | Mainly pyrite, soft altered L 16,0
BH-5008d-62 | Mainly pyrite, soft altered " 26.0
BH-5009f -62 Mainly pyrite, soft altered - 8.0
BH-5550-62 Mainly pyrite, dense orystalline 5.0
! Average = 12.2
;New Larder "y" 1
BH-5521 -62 ! Pyrite, arsenopyrite, ohaleopyrite 3.5 i
BH-5660-63 & Mainly pyrite and chalecopyrite 12.0 |
BH-5661-63 | Mainly galena, sphalerite, and pyrite . 52.0 f
BH-5662=63 E Pyrrhotite, chalocopyrite, and galena 36.0
BH-5663~63 f Pyrrhotite, pyrite, and galena 4.0 |
BH-5664-63 § Pyrrhotite, pyrite, galena, and chalcopyrite 112.0 ;
f Average 38.2 5
! }
' Sturgeon River 1
BH-5506~62 é Mainly pyrite and galena, altered © 2.0 ;
?Nigadoo ;
BH-5501-62 | Arsenopyrite, sphalerite, and galena, 5.0
{ altered {
BE-5504-62 ; Pyrite, arsenopyrite, and sphalerite 2.0 |
.BH=565);-63 Galena 1.0 :,
BH-5655-63 | Sphalerite 1.2
BH-5656-63 | Pyrrhotite 1.k 5
BH-5657-63 Arsenopyrite 3.8 .
BH-5658-63 Chaloopyri te b3
‘BH-5659-63 Chalcopyrite 2.8
Average 2.8
e, i
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analysis on the 6 samples show a range of 3.5 to 112.0 p.p.m.

with an average value of 38,2 P.p.m. Of these only one sample

contains less than 10.0 Pspem. Mo. As shown in Table 6, the

New Larder "U" sulphides have the highest range and average é é

molybdenum velues of the four sulphide bodies investigated. i ;
Only one composite sample was collected from the dump of % é

the Sturgeon River Mine. It consaisted mainly of fine-grained

pyrite and galena. The molybdenum oontent of this sample is
2.0 PeDPelle

The coarse orystalline nature of the Nigadoo sulphldes :
enabled separation of the different mineral phases present. ; %
The deposit consists of pyrrhotite, pyrite, sphalerite, galena, Sf?
chalcopyrite, arsenopyrite, and stannite in a multi-generation
caloite gangue (Kalllokoski, 1961). The average molybdenum
content of 6 individual and 2 composite samples of sulphides,
is 2.8 p.p.m. As shown in Table 6, ohalcopyrite had the highest
content of the sulphides analyzed. It is of interest to note
that the average molybdenum content of the quartz-feldspar :
porphyry at the Nigadoo mine is higher than the molybdenum ;

content of the ore (compare Tables 3 and 6).

dossans . !
The general profile of the gossan overlying the Brunswick

No. 6 deposit is 1llustrated in Figure 5. It consists of well

cemented, brecciated, and laminated hardcap at the top, under-

lain 1n turn by unconsolidated clayey leached till and porous

residual gossan. Direotly beneath this profile the sulphides
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have been weathered to soft, unconsolidated, sandy to silty
material. The profiles differ from one location to the other
in their mineralogical compositions. A general ldea of the
mineralogy of the various zones in the profile is given in
Figure 6.

The gossan of the Brunswick No. 6 deposit 1s enriched
in molybdenum (see Tables 7, 8, and Appendix II, pp. II-7 -
II-8). In Teble 7, the results of molybdenum analysis on 5
gossan profiles (Figure ) is summarized. Two of these profiles,
BE-5007 and BH-5008, show a similar pattern of molybdenum distri-
bution in the different zones of the gossan. In general,
molybdenum is depleted in the hardcap, increases downward, and
reaches a maximum in the residual gossan. In both profiles, the
altered sulphides contain less molybdenum than the overlying
residual gossan. Rajah (1963) reported a similar pattern for
the distribution of lead and silver. The reverse is true for
iron.

The small amounte of molybdenum in the gossan zones dis-
ocunt the possibility that it 1s present as a secondary moly-
bdenum minersl. The inverse relationship of molybdenum content
with 1lron distribution in the gossan profiles also suggests
that the amount of the element fixed by iron hydroxide and
oxlde are not too signifioant. It is probable, therefore, that

molybdenum as Mo 9;2 replaces As 0£3 in beudantite and/or

Soiz in anglesite and jarosite. The high values 1n some of the
leached tills (pH= 2.8) are probably due to the adsorption of

molybdenum by clay minerals and sesquioxides, ag'orfect which
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Table 7
Molybdenum Distribution in the Gossan
of the Brunswiock No. 6 Deposit.

Mo content in p.p.m.
Profile Number 4
Dessription AR
BE | B |BH | BH [ BH RANGE | AVERAGE
sool] 5006 |5007 5008 | 5009 H'%
Hardoap 12.0 | 10.0 | 1.6 | 1.0 | 4.0|1.0-12.0 | 5.7
i
Leached Till 17.8 © 9.0 | 9.0 |28.0 |19.0 | 9.0-28.0 | 16.6 |
} qon
: 0ol
Residual Gossan 16.2 11.2 |18.7 |33.0 | 4.0 | 4.0-33.0 16.6 :§'§
Enriohed Zon‘ 16.0 ‘ - 1600 2600 800 '800"26.0 16.5 ! }
(altered sulphides) o
:
i
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MINERALOGY Mo content in p.p.m, } :

o 3 10 15 20 25 %o 55 "

Limonite , b;c;v\l- E

[ F‘g' uarex, :‘ '

3 r.o;k &rnjmln&t ( i
Y T
Limonite , clays, ‘

rock *r;:mcn#s ! |
. |
1 |Anqlesite beudan :
€ | bile, barite, ;i
7 | Jarouite, limonite ‘
Allerad sulphi- o
f | des (sofdd ) | i
—_————— - i
'Pyr:&e. sphalerite, !; :
;‘ qalena, chalco - BH-5007-62 BM-B3008 - 62 i
pyrite, pyrrhetite ' j
FIGURE 6. Molybdenum distribution in idealized gossan Hol
profiles of Brunswick No. 6 deposit, ; ;

1
I




66

: ' Table 8
Holxhdegum Contents of Gossan
SAMPLE ‘LocATION | DESCRIPTION Mo in
Number : PeP.Me
Yellow to green breoc- o
BH-5552-62 | Brunawick No. 6 ciated gossan (trans- 30. ;;;
ported) % Q
Bright yellow gossan Pl
BH-5522-62 | New Larder "U" én sulphide diesemi- i 10, ‘i
z nated quartzite } :?
§ Yellow, red, dark - | é
BH~-5508~62 | Sturgeon River ' brown gossan ; 9.0 |
- i |
2 Yellowish red to dark ﬂ .
BH-5509-62 | Sturgeon River ; brown gossan, with un- g 2.0 5? g
| i altered sulphides zézé
Lo
IR
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i1s enhanced in an acld environment (see also page 78).

For comparison, analyais of individual gossan samples

from the Sturgeon River and New Larder "U" deposits are pre-

sented in Table 8. 1In general thdpé two gossans are not as

highly enrished in molybdenum as thaose at the Brunswieck No. 6
deposit. o

Iron Hydroxide Precipltates o
Reoent iron hydroxide prqoiﬁifatea at thé orifices of
springs and dlamond drill holes 1nytﬁo viclnlty of the sulphide
deposits, were sampled and analyzed?for Mo, Zn, Cu, Pb, As, and
Sb. The results of the oolorimeﬁfibland X-ray analysis are
presented in Table 9§, Of partiouiar interest are three
samples collected from the Brunauiok No. 6 area. These were .

sampled two feet, ten feet, and fifteen feet away from the

orifice of a diamond drill hole. As shown in Table 9, the three
samples show a decrease in thelr molybdenum content as the ;'
distance from the spring 1noroaa§s.‘ ‘;f
The nature of molybdenumiin these materials 1s probably
as a sorbed oonatituent_gn iron hydroxide, and/or, as suggested
earlier, the olone:2¥:2; replaoe"Asoz3 and ngz in some of the
seoondary salts. The phenomena of decrease with distance from
the orifice of the drill hols may, therefore, be due to the
rapid coprecipitation of the molybdonumvnﬂyiron hydroxides near
the orifice. Any molybdenum remaining 1n}solution 1} then
taken up either by iron hydroxides or by the basio sulphate -

arsenate of lead and ferric iron which ropn gsome dlstanne from

the drill hole.
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Three other iron hydroxide precipitates from the New
Larder "U" and Austin Brook Iron deposits were also investigated
(see Table 9). Despite the high molybdenum content in the
sulphides of the New Larder "U" deposit, the two iron hydroxides
from the area contain only 1.5 and 2.0 p.p.m. molybdenum.
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Table 9

Molybdenum Content in Iron Hydroxide Precipitates

SAMPLE Mo Zn Cu Pb As 8b |[Other con-
LOCATION
Number

in p.p.m. stituents

Brunswick No. 6 |16.0 560 140 3000 4600 270 [Fe - M*

b .
BH-5167 ~63|2 feet from ori- Y ,Zr - Tp Sk
fice of drill holsj

BH~5168-63iBruneuiok Fo. 6 14.0 480 80 3200 5700 3UO|Pe - M

10 feet from ori- Y,Zr - Tr

‘f1oe of drill hol

q

:
o
-

1

BH-5169-63 |Brunswiok No. 6 [13.0 520 110 7200 1200 160{Fe - M |

15 feet from ori-| iZp - Tp

© —an -

fioe of drill hole

! ;

| |

253'5170-63 Austin Brook ! 1.6 = - - - - |Pe -M i
| Zpr,T1- Tr

BH-5171-63 |New Larder "U" 1.5 - - - Tr - |Pe,Mn- M g i

T,Zr, [

BH-5172-63|New Larder "U" 2.0 - - - - - - i

#M - Major = 10%
Tr - Trace = 0.1%

- not determined




3. THE GEROCHEMISTRY OF MOLYBDENUM IN THE SOILS

The l011§ of the Bathurst diatriot are of the podzolie

type, developed under a heavy forest cover in the sool ﬁﬁmid‘
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@General Statement

oclimate, typloal of the Maritime provinces. The prooois:of soil

development in this environment leads to a gsneral acid condit-

lon whioch 1is

feature that

The pH‘of the normal solils of the distriot ranges from 4.2 to
6.8, whereas in mineralized areas it varies from 3.9 to 7.6.
In normal profiles the ﬁH generally increases downward, thé A

horizons being the most asidio.

A geheral s0ll profile for the distriot has the follow-

ing horizons

A

00

due to the leaching action of meteoric water, a

removes all bases from the soil surface 1ayérs. :

a1, T e e e e

(Figure 7, and also Plate 1): | %
Loose, undecomposed organic remains (mainly :
plants), 1ight to dark brown 1n eolor.

Dark brown to black humified organic materials.

Zone or«ﬁaximum leaohing, whitish to pinkish grey

in ocolor. Usually irregular in thickness.

Zone of anocumulation, malnly of iron and

aluminum bompounds, from the leached horizon as

well as from the layer underneath. Reddish brown

to yellowish red in ocolor.

Reddish féllou to yellowish brown transition zone .

Unoonsolidated parent material, generally t111,
gravel or aénd. Color variable. Till is gener-

8lly yellowlsh to dark brown.
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AOO LITTER
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BED-ROCK (at variable depth)

FIGURE T. General soil profile of the
Bathurst district, N.B.




T30 3n P A34Nui8s oul JO Selisodd S She l oo ZiVia
4 o LA o . T T - - i
oL cuy JleaAs) sout = - « L i TTOY Ll T a

BoUL g T R R R O U
GOew , Tlseaun TiuS Tl oLl




73

The A, and A,, horlzons, while oconstituting zones of organic

aoccunulation, are usually absent in grassland. The A, bleached

layer, ocharacteristio of the podzolis type of solls, 1s ococasion-

ally not well developed or 1s absent in areas where immature

soils oocour.

Since the climatic oonditions are the same within the !
area of study, the varlation in the nature of soil profiles is %
probably attributed to one or a combination of the following ]
faoctors: i

a. Types of parent materials. 3

b. Types of vegetative cover.

¢. Drainage.

In normal areas the parent materlals are glacial tills
or more rerely glaclal outwash deposits sush as sand, gravel

and till with mixed sand or gravel. Such materials generally

give a relatively uniform diastribution of molybdenum in thelr

derived solls. Soils overlying massive sulphide deposits as at

the Brunswick No. 6 deposit have much iron oxlde, and this has |

an influence on the chemistry of molybdenum. Likewlse profiles
with muoch manganese also effect the chemlstry of molybdenum in

a marked way.

Variations in the vegetative cover presumably could have

an effect on the shemistry of molybdenum, but the details are S
complex and not readily ascertained. Similarly the drainage

pattern is of importance sinae soluble molybdenum will follow
the gradient of the water tsble and will be flxed in the solls

down slope from the souroce of the molybdenum.

i
|
i
t
i
i
l
!
i
1
}




T4

Mineraelogy of Solls
Work by Preaant (1963) on the geochemistry of six typieal

soll proflles in the distriet provides an adequate knowledge of
the mineralogy of the soil. Those interested in the sub jert
should consult the original work.

A general oconolusion can be drawn from his study, namely
that the qualitiative mineraloglcal composition of any one
profile does not vary greatly from that of others. This is due
malnly to the similarity of the resistant minerals present in
the underlylng rooks, and is probably also the result of a
relétively good mlxing of the till durlng Plelstocene glaei-
atlon. However, a reflection of the underlying bedrocks oan
st11l be observed in the minor differences present in the various
soll profiles. For instence profiles from the Nigadoo Mine areé
differ from others by thelr latk of epldote and the presence of
sphalerite, pyrite, and galaga. Profiles developed over the
Bathurst batholith are characterized by the presence of apatite,
garnet, sphene, andalusite, and topaz. Like thoss over the
Nigadoo deposit, the profiles developed over the Brunswlck No. 6
deposit contain some sulphides, in addition to barite and steuro-
lite. Exocept for apatite, which 1a present in the A, horlzons,
the minerals just mentioned tend to oeour only in the B and C
horizons of the profiles,

The following minerals constitute the general mineral-
ogleal ocomposition of all soil horizons in the distrinet. In
addition there are the usual olay minerals and fragments of

undecomposed bedrosck.
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1. quartz 8. magnetite
2. feldspars 9. epidote

3. muscovite 10. hornblende
k. rutile 11. pyroxenes

5. zireon 12. ohlorite

6. biotite - 13. hematite
7. 1lmenite 1. goethite

These are arranged acocording to their degree of resistivity,
decreasing downward._ Of these minerals, hematite, and goethite
are thought to be sesondary. The solls over the Brunswisk No.
6 deposit are generally roated with the secondary #ise basin

salts, Jarosite and beudantite.

Result of Analysis
A general review of the geochemistry of molybdenum in

soils is presented in Appendix I, pp.I-19 ~-I-21 . There~1t is
noted that normal solls in different parts of the world eontain
from 0,08 p.p.m. to 73.8 p.p.m. molybdenum. Generally, however,
most soils contain elose to 2.0 p.p.m. Mo, the abundance figure
for soils quoted by Vinogradov (1959). §

The normal soils of the Bathurst distriet are represented
by a total of 266 analysis, with contents ranglng from less
than 02 p.p.m. (below the sensitivity limit of the analytical
method) to 4.0 p.p.m. Mo. The average 1s 1.2 p.p.m. The
frequenoy distribution and the averages rontent of the element

in the different soil horizons is generalized in Figure 8.
The highest concentration in the 63 ecomplete and insomplete
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normal soil profiles of the distrint is as follows : 16% in the

A horizons; 6% In the B horizons; and 38% in the C horizons.
Solls developed over mineralizqd areas and tpe one whioh gave
an sbnormal content are not inoluded in the romputations.
Higher than normal molybdenum ocontents were cbtained
from profile BH-508) and a group of solls over the Brunswink
No. 6 and Sturgeon River deposits. Analysis of solls developed
over the Nigadoo sulphide deposit gave rather erratie results,
with some high and some low values. The average is about the
same as for the normal soll of the distrist. Despite the high
molybdenum content in the sulphides of the New Larder "U"
deposlt, the solls from this area gave the lowest average value,
The following 1s a 1list of the molybdenum contents and pH of

the "abnormal®™ soils (see also Figure 12).

Table 10

Averags Molybdenum Content and pH of

"Abnormal” Soils from the Bathurst Distriet

Loeation of soil Molybdenum _ pH value

samples in p.p.m. Range Average
BE-508 - Uhﬂ’{’rﬁ;" 8.1 6.0 - 6.5 | v6.3
Brunswiok No. 6 5.4 3.9 - 6.1 'h-94
New Larder "U" | 1.1 4.9 -7.0 | 5.8
Sturgeon Kiver 1.9 5.0 = 6.2 5.5
Nigadoo ' 1.2 4.8 - 7.6 6.1




Nature of Onocurrence of Molybdenum and Disocussion

Our knowledge of the nature of molybdenum in different

horizons of soll profiles is uncertain. Most s0ll selentists

are oconnerned mainly with the avallability of the element and
the faotors and effeots of this on plant nutrition (see
Appendix I - Molybdenum in Soil and also the Blogeoochemistry
of Molybdenum). From the limited information available, it is
generally thought that molybdenum is nonocentrated in the B
horizons of normal soils. However, there are indinations that

it ancumulates in the humis and C horigzons as well.

In the zone of weathering, molybdenum is present in its
hexavalent state, probably as Mooi » whioh forms readily
goluble romplex molybdates with Wa, K, or Mg and less soluble
ones with Ca, Pb, Fe, or Al. The prooeﬁa by whieh molybdenum
18 oconoentrated in the various oconstituents of sotl is malnly
due to adsorption of molybdates by sesquioxides and rlay min-
erals as shown by Barshad (1951) and Jones (1957). The effent-
iveneas of the various adsorbents assording to the experiments
by Jones (1957) follows the order : hydrous ferrie oxide >
aluminum oxide > halloysite > nontrqnite > kaolinite. The
pH of the soil and the availability of molybdenum in the envir-
onment decide the amount of sorption. As the PH inocreases,
more molybdenum 1s adsorbed, and the reverse is so when the pH
deoreases. Henne in an alkaline soil more of the element
present will be available for plant nutrition. These findings
are significant in explaining some of the peculiarities found

in the solls of the Bathurst district.

t
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The results of the soil analysis of the distriect indi-
cates that, in most cases the highest soncentration of moly-
bdenum in the so0il profiles is found in the B and C horizons
(84%), with B having the highest percentage. The remaining 16%
of the cases favor the A horizons, of whish 12% are in the
organic layers (4, and Asp). The pH-Mo sonsentration graphs of
2l complets soil profiloat @s shown in Figure 9, indiocate the
following:

Graph 1. Exnept for two values, this graph suggests

that the asoumulation of molybdenum in the
A, and the A,, horizons innreases with
inareasing pH.

Graph 2. A similar tendensy to that in Graph 1 can be

~ obaerved for ths A, horizons, although the
points are somewhat more socattered.

Graph 3., For the B1 and B2 horizons an inverse relation
between the pH and molybdenum esontent seems
to hold.

Graph lj. For the C horizons the relationships are
similar to those in Graph 3 but more
pronounced.

The tendensies illustrated in Graphs 3 and L can be
oxplained as follows. As the pH of the soll deoreases, the
amount of molybdenum fixed by seaquioxides and rlay minerals
inoreases. The differences found in the B and C horizons are
probably related to the auoﬁnt of adsorbents present (see
Figurs 11 on the relation of the Mo and Fe contents 1in the
different soil horigons).

301l profiles marked with aéterisk sign in Appendix II

¥*
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81

Where molybdenum onours in some abundance in the AO and
Ay, borizons of the soil profiles, 1t probably onours as &
compound of the soil organioe matter. Plants are lmown consen~
trators of the element and are often enriched much in excess of
that present in the soil substrate. Inorease in the soil pH
lnsreases the available molybdenum taken up by the vegetation.
Hence the greater the pH the more molybdenum that will be taken
up by the vegetation. On the death of the plants they anscumu-
late in the Agy and Aoy bhorigons and sontribute their molybdenum
crontent to these horiszons.

The erratic values found are thought to be due mainly to
@ variation in the parent matertals, the effents of glaciation,
and the degree of maturity attained by the soil.

The relation of molybdenum to the ma jor and other trace
constituents of soils of the distriot is presented in Figures
10 and 11. Of particular interest is the parallel behaviour
of Mo, Zn, Fe, and Mn. This behaviour would seem to be related
to the fixation of molybdenum and zins by the nolloldal hydrated

oxides of iron and manganese in the soil.

Geologloal Control

The geological nontrol of molybdenum nonsentration 19
the soil 1s 1llustrated in Figure 13. As stated earlier, the
molybdenum ocontent in the various types of ronks of the dis-
trict do not vary greatly. However, slight variations can be
be detected. The area south of the 'Roeky Brook - Millatream
"Break", which is underlain by roaks of the Tetagouohe Group

and a variety of basie intrusives, with one exception, 1a
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charanterized by values ranging from 0.8 Pe.pem. to 1.3 p.p.m.

molybdenum. The soils developed over the Silurian rosks gave
lower values ranging from 0.3 pepem. to 1.0 P.p.m. molybdenunm.
The highest molybdenum values within the area are concentrated
in three zones - along the Rooky Brook - Millstream River fault
system, over the Nloholas Dénys granite, and in the area north-
west of this granitioe body. In the first nase the high values
probably reflect the numerous deposits that ocour along the
fault. In the second the bighest values are related to moly=
bdenite-bearing zones known to onour in the granite. In the
third the slightly anomalous values may be due to glanial trans-
port of molybdenum-bearing till from the granitiec area.

Profile BH-SOQ& contalns from 2.5 p.p.m. to 19.0 p.p.m.
molybdenum with an average nontent of 8.1 p.p.m. Thig anomaly
appears to be related to the manganese oxide noating on the soil
particles. In Table 5 it man be ssen that the Tetagoushe Falls
manganite 1s also high in molybdenum (average: 12 p.p.m.). The
lonal residents of the area, report that there 13 a similar
manganite oocurrence in red slate on the river bank, upstream
from where this profile was obtained. It should be also noted
that this soil profile was developed on the flood plain material
of this river.

The soils overlying the polymetallie sulphide deposits
do not always have high.nolybdonum values. Thls 1s probably
due to the fant that some sulphide bodies are low in molybdenum
and also that some are more deeply buried than others. The

molybdenum nontent in the soil profiles over most deposits,
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FIGURE 12, Molybdenum distribtitio_n in so0il profiles over
sulphide deposits.

SOIL Mo content in p.p.m,
HORIZONS %6 16 20 B30 40 so 60 70 o

A

B

c
Sulphide deposit N“’;‘:;Lz: Content (range in p.p.m.)

P A horizons| B horizons|C horizons

Brunswick No, 6 |—— [ 0.5 - 6.0{2.0 - 15,0 3.5 - 18,0
New larder "y» —— 6 0.2 - 1.110.5~ 1,8[{1.0 - 2.0
Sturgeon River — 8 0.2 - 7.001,0 - 4.0/1.0 - 3.8
Nigadoo — 17 0.0 - 14.0/ 0.5 - 2,5|0.,5 - 2,5
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the Nigadoo excluded, innreases downward with the C horizons

being the richest. Over the Nigadoo deposit and in its

vieinity this tendenoy is reversed. There, the A horizons have
the most molybdenum, and there 15 & decrease dounward¥toward the
C horisons (Figure 12)., This disocrepancy may be explained by
the differennes in the pH of the soils. Having an average pE
of 6.1 (sees Table 10), the soils of the Nigadoo Mine area

would permit more molybdenum to be faken up by rlants whieh

on ‘thelr death would enrieh the upper organle layers of the

profiles, a condition that obtains in the area.
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CHAPTER VII

GEOCHEMICAL PROSPECTING FOR MOLYBDENUM

General Statement

In the area investigated, numerous large and small
sulphide deposits are known, and among these are molybdenite
oocurrences in the Bathurst granite batholifh and Niocholas
Dénys area. This offers an 1deal situation for & trial study
of the appliocation of stream sediment methods using molybdenum
as an indicator both for molybdenum deposits and polymetallie
sulphide deposits.

The results of the investigation of the geochemlstry of
molybdenum in the various earth materisls of the distriet,
would also appear to be of considereble assistance in geo-

ochemloal exploration for molybdenum (see Figure 17).

Lithogeoohemi cal Prospecti
Molybdenum analysis of Ll samples of the Bathurst

granite turned up l samples whose contents equal or are higher
than 5.0 p.p.m. Of these, two were collected in the vieinity
of known molybdenite ocourrences. The other two are probebly
also indicative of molybdenite in the rocks. It would seem,
therefore, that a random geochemisal sampling of granites can
be used effectively in deoiding whether the granites are mély-
bdenum-bearing or not. Purthermore if the samples are taken
on & oclose grid it seems loglioal to expeot that molybdenum-

bearing zones can be outlined.
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A ocomparison of the frequency distribution diaegrems for
molybdenum in granitio stooks 18 also of conslderable help

(Figure 3). Thus the diagrams for the Bathurst granite and

Niecholas Dihys granite stook show similar distributions. Sinae
it is known tbat the Bathurst granite econtains molybdeniﬁe one
oould prediot that the Nisholas Dénys granite was 1ikewise
molybdenum-bearing. Such has proved to be the ocase.

The lithogeoshemical m: thod has an advantage, namely
that the sampling oan be done while doing geologlcal mapping.
The results of a 11tbogoochomioa1 aurvey should be regarded,
however, as proliminary in nature. Where warranted more detalled

survey should be done during the follow-up stage of exploration.

Pedogecchen oal Pro »cti

The geoohomiltry of molybdenun in the s0lls is discussed
in Chapter VI. Thoro 1t was shoun that the soils over poly-
motallio-dopoaita'ar; not ‘lwaya hiéhﬁin molybdenum, and it is
doubtful 1f some or}thé dgpositu aro;rgrleoted by abnormal
molybdenum ocontents in the scll. However, where molybdenite 1a
present in doposita pd in the lieholté°D‘hya granite higher
than average nmounb#for noiybdonun are present in the soll
(Figure 16). Prom'thia 1t'1a loglail Eq assume that zones
containing molybdon;te ean be outlined by soll analysis using
molybdenum as an 1ndioator. ' '

As shown in Figupqa 10 and 11‘ bho oontent of molybdenunm,
zino, : load, oopper,. and othor motnll variea somewhat in the

different soil horisons. Honne oqnaiatcnoy in the sampling of
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horizons for the different elements 1s important. For Mo, Zn,
and Pb in the podzolie soils of the dlstriet the B horizon is

preferable. For Cu, it ia advisable to sample the lower part
of the B and C horizons.

Stream Sediment Sampling

Miliatroan River System

The aystem was sampled in L2 places, and the results of
&nalysis for Mo, Zn, Cu, and Pb are shown oh Map 2 (in poocket)
togother‘with the looations of the known mineral ocourrences.
The normal background in the area 1s considered to be : Mo -
1.5 p.pevie 3 Zn - 170 p.pem. ; Cu - 15 pP.p.m. ; and Pb - 25 p.p.m.
Assumlng these background values a number of areas with higher
than normal values san be outlined. These, in general, are
related to the known mineral oococurrences. However, L new areas
of interest whioh are not related to the presently known
deposits are outlined on Map 2. These are numbered 1 to iy and
may be desoribed as followse :

1. Higher than normal molybdenum, zino, lead, and
copper values oocour in thia area. One sample
eontained up to 12 p.p.m. tungsten. Recent drill-
ing in the area revesled minor molybdenite and other
sulphides in the granite.

2. Slightly higher than normal copper values occur in
this area.

3. Higher than normal ocontents of molybdenum are

present in this area. Recent drilling in the area
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proved the exiastence of a gurnet-diopaida skarn

with molybdenite and minor scheelite.

. Slightly bigher than normal molybdenum and lead

sontents ocecur in this area.

All of these anomalies would seem to call for follow
up surveys to ascertain the possibility of the oeeurrence of
hidden molybdenum and polymetallis deposits.

From this survey, it can be concluded that almost all
molybdenum values higher than 2.0 Pep.m. correlate well with
anomalous values of other metals. It would 8eem, therefore,
that they reflect the presence of molybdenum-bearing poly-
metallio sulphide deposits. In some ocases, however, higher
than normal molybdenum contenta are not acobmpanied by higher
values of other metals as in the areas of interest 1 and 3.
These molybdenum values are generally higher than that of the

first group and probably reflect the presence of molybdenum

occurrences with few or no zino, eopper, and lead minerals.

Stream Systems Draining the Bathurst Granite

The results of a stream sediment survey over the
Bathurst granite batholith are presented in Figure 1l for Mo,
and in Figure 15 for Zn, Pb, and Cu. It will be noted that
there 1s a marked difference between the values for zine and f
copper in the stream sediments over the granite body and those
over its enclosing rocks. Hence, the normal background of
these two slements in the area is more or less arbitrary. It
is felt however, that values over 200 p.p.m. Zn and 20 p.p.m.

Cu are anomslous. The normal background for Mo is 2.0 p.p.m.
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and for Pp, 25 PePem.

From this survey, 1t 1s olear that most molybdenun
values higher then the norlalvblckground are associated with
known oeenrrences of uolybdoniti. 8ome ocoinoide with higher
than normal zine values, and henes are Probably related to
polymetallic ceourrences. The high molybdenum content obtained
from the sediment of Little River 1s thought to be related to
manganese whioch appeers in quantity in a manganese bog upstreanm.
One stream sediment sample from s tribhtary of Nepisiguit
River contained 9.0 p.p.m. Mo. Up to the present the eause of

thia anomalous value is unknown.
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CHAPTER VITI T ‘

SUMMARY AND CONCLUSIONS

The dirrof;nt types of earth materials in the Bathurst
distriet were sampled and analyzed for their molybdenum, as wall
as other elemental ocontents. These samples, depending on their
bulk ohemioal composition, were fused with either petassium
pyroaulphate or a mixture of godium oarbonate, sodium ochloride,
and potassium nitrate. The melt was then leached with elther
HCl solutlion or water, and the molybdonni‘in the resulting
solution was reacted with potassium thilooyanate in an acidio
solution in the presence of a redusing reagent (SnCl ).

The results of the study on the geochemi stry of moly-
bdenum in the Bathurst distriot ia diagrammatlically summarized
in Figure 17. Of notable interest are the following points :
l. The molybdenum scontent in the rocks of the Tetﬁgouoho Group,

the Chaleur Basy Group, and the Pennsylvanian sandstones and
conglomerates ranges from 0.3 to 3.0 p.p.m. The average for
the argiilaoooua ssdiments 1s generally higher than that for
sandatones and oonglomerates. High molybdenum econtents are
related to the presence of disseminated sulphides, and high
carbon and manganese eontents.

2. Four black schistas of the Tetagouche Group contained from
1.5 to 15.0 p.p.m. molybdenum with an average of 6.5 p.p.m.
The molybdenum content of these rocks 1s proportional to
the sulphur and total oarbon sontents. This suggéata that
the molybdenum in the roocks probably originated by two
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agenocles - organisms whioh on their death aontributed their
molybdenum to the sediments and by coprecipitation processes
during the formation of 1iron sulphides.

An aold voleanio rock of the Tetagouohe Group contained l.0
Pe.p.m. molybdenum which is higher than the average for the
roecks of the distrioct. This is thought to be due to the
pressnce of disseminated sulphides in the aoid roak.

The abundance and the pattern of distribution of molybdenum
in the Bathurst batholith and the Nicholas Denys granitio
stook are similar. The average molybdenum content of these
granitie rooks, exoluding the anomalous values, is 0.7 p.p.m.
The basis intrusives in the northern part of the distriet
contained an average of 1.0 p.p.m. molybdenum, a value
higher than that of the granitie roeks.

The Nigadoo quartz-feldspar porphyry, which forms the wall
rooks of the Nigadoo sulphide deposit in places, contained
abnormally high contents of Mo, Zn, Cu, Pb, As, and Sb.

Thia abnorﬁality is probably due to the presence of diss-
eminated sulphides of some of these elements, such as
sphalerite, galena, arsenopyrite, eto.

The iron formations of the Tetagouche Group sontained
normal amounts of molybdenum, whereas the mangansse ores in
the group have an average molybdenum content of 12.0 p.p.m.
The average molybdenum econtent of the sulphide ores of the
Brunswiek No. 6, New Larder "U", Sturgeon River, and Nigadoo
deposits are - 12.2 p.p.m. ; 38.2 p.pem. ; 2.0 p.p.m. ; and
2.8 p.p.m. respectively. The molybdenum content in the
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oxidlzed zones of the Brunswiok No. 6 deposit reflects the

amount of molybdenum in the ore. Binding of molybdenum by
clay minerals, iron hydroxide, and seoondary salts such as
beudantite (in whioh Hoolz replaces Aaq;3 and/or 89;2)

explaina the presence of molybdenum in the supsrgene zone
of the Brunswick Wo. 6 deposit., |
The normal podsols of the district contalned an average of
1.2 p.p.m. molybdenum (from 266 analyais). In 84% of the
801l profiles investigated the molybdenum oontent is highest
in the B and © horizons, with B having the higheat percent-
age frequenoy (4L6%). In a few ocaaes, however, molybdenum
1s also oconcentrated in the organioc layers of the soil
profiles (12%).

The pH of the soll, the abundance of sdsorbents in the
different soil horizons (elay minerals and sesquioxides),
801l maturity, and the avallability of molybdenum in the
environment are important rautbra whioh govern the amounts
of molybdenum taken up by the different horizons of a soll
profile.

In a number of cases higher than normal molybdenum contents
in the soils were observed. These were found in solls
developed over soms of the sulphide depnsalts, in an area
underlain by molybdenum~bearing granite, and in soils with
bigh manganese ocontents.

The results of a stream sediment survey in part of the
distrioet proied successful in locating anomalous zones that
are related to the presence of abnormal molybdenum conecen-

trations in the underlying rook formations. q
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THE GENERAL GEOCHEMISTRY OF
MOLYBDENRUM T

FORWARD

The purpose of this paper is to provide a baskground

knowledge o? the geochemistry of molybdenum. In addltion the

writer hasa commented on the various data and opinions and added

some of hia own.

Molybdenum : Mo ; Atomie No. : L2 ; Atomiec weight : 95.95 ;

Sp. gr. : 10.28 ; M. P. : 2622° + 10° C ; Valence : 2, 3, k4, 5,
and 6

History

From Ariastotle's time (350 B.C.) to the 17th eentury,
the term molybdaena together with plumbago, graphite, and galena
were used interchangeably for all naturally ocecurring minerals
with a dark grey metallio luster. Molybdaena is a latinized
form derived from the Greek word "molybdos", meaning lead. 1In
the seventeenth century it was recognized that molybdaena and
graphite do not contain lead, and in 1778 C.W. Soheele showed
that when molybdaena 1s heated with nitriec acid a white residue,
molybdenum trioxide, is formed. Graphite on the other hand
roemains unaltered under a similar treatment. By heating the
white residue with eharcoal, P.J. Hjelm in 1782 produced a
metal whioch he ealled molybdenum. The term molybdenite was
then applied to the metal sulphide by A. Brongniart.
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Chemioal Charasteristic

Hoiybdonum together with chromium, and tungsten belong
to subgroup VI B of the Periodic Table.:  This famlly of elements
is oharaotgrisod by varieshble valences, and they form numerous
types of uféblq compounds, Of these the hexavalent compounds
are the moat steble. The trioxides of the family possess
powsrful a@idlo properties and yleld well defined salts, namely,
chromates, no}jbdntoa. and tungstates. Amphoterioc properties
are alaO»oha;aoﬁorlatic of these oxides. The lower oxides of
the group ari however predominantly basloe.

Holyb@pndm 13 @& typioal metallio element with many
valences. It has six oxidation states, viz. 0, +2, +3, +i, +5,
and +6. In nature molybdenum is known only 1in its tetravalent
and hexavalent states, the first charaoterizes hypogene min&rala
and the seoond ohieéfly mﬁporgono minerals. Hexavalent moly-
bdenum forma 1ti most stable oompounds with oxygen and fluorine.
The prineipal stable pentavalent molybdenum compound ls the
ochloride. Mo8> and HqBrh are the stable sulphide and bromlde
with tetravalent molybdenum. The simple molybdate ilon, Hooi ’
is generally believed to be the prinecipal molybdenum specles in
alkaline solution. In ;oid solution ocondensation of molybdate
ions reaults in the formation of polymolybdate ions. The
following sequence has been proposed by Lindqvist (1951) :

Mooiz ———— 307056 ———— MOBOQ% w=== larger complexes.

There are three kinds of known eomplex anions of molybdenum
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Table 11

Molybdenum Isotnpes

(Source : "Table of Isotopes", D. Strominger, et. al., 1958)

MASS | ABUNDANCE HALF L IFE %
number in % s(eaond), m(inute) !
h(our), d(ay), y(ear”
90 - S.7 h
9 - 66 8 --- 15.5m
92 15.86 stable
93 - 6.8 h =--- 1047y
9L 9.12 stable
95 15.70 stable
96 16.50 stable
97 9.45 stable
98 23.75 stable
99 - 67 h
100 9.62 stable
101 - 1.6 m
102 - 12 m
108 - 2 m
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(Killeffer and Linz, 1952). The isopolymolybdates are mostly
acld varieties, whereas basie molybdates are rare. The hetero-
polyaclds are highly polymerized complexes of molybdie acid with
other acids. Typloal are the heteropolyacids of molybdie with
phosphoric and sllicle aeids. Complexes of molybdenum in one
of 1ts lower valence states with an element or radical having

a pronounced tendenocy to form anlons inelude the halogen,
oyanide, and thiocyanate complexes of molybdenum. Other groups
are the complexes or compounds with many organic substances,
such as oxalle aold, oltric acid, thioglycollie aecid, phenyl
hydrazine, catechol, EDTA, 1-10 phenantrdline, eta.

Seven stable and seven radioactive isotopes of molybdenum
and thelr relative abunéannee and half llves are listed 1in
Table 11. An eighth stable isotope of relative natural abund-
anoce of 2 to 3 per cent has also been claimed (Northeott, 1956).

Molybdenum Compounds

Acocording to Killeffer and Linz (1952), there are only
two molybdenum oxides, MoOp and M003, whose exlstence has been
oconfirmed as chemlosl compounds. Molybdenum trioxlide 1s one
the most important of the molybdenum compounds. It behaves as
the anhydrite of molybdiec aclid, and also poassesses the power
of oombining with aclds, not as a base, but in a ocomplex way,
forming ocomplex heteropolyaclds. As regards the famillar
molybdenum blue, there has not been any definlite answer about

i1ts actual nature. Its molybdenum - oxygen ratlo suggests the

combination of several molybdenum oxides, namely Moy0g and Mo05.
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overvwhelming evidenne indicating the o0olloidal nature of the blue
material 1s also pointed out by Killeffer and Linz.

Although several hydroxides of molybdenum have been
mentioned in the literature, only two, Mo(OH)3 and MoO(OH)3,
have been 1solated. These compounds are precipltated by adding
a base to a molybdenum solution. Both hydroxides give up thelr
water readily to form hydrous oxides. By heating, Mo(OH)3 is
oxidized and loses 1ts water to form molybdenum trioxide, Moo3 .

Molybdenum forms binary compounds with the halogens.

In contact with water these yleld oxy- and hydroxy-halldes.
Molybdenum hexafluoride, MoFG, is the only fluoride known with
certainty; other lower blnary fluorides are also reported but
laock confirmation. The well known ohloride of molybdenum is

the pentachloride, but MoClh, MoCl3, and ﬁoCIZ are also sald

to exist. Bromine forms a stable compound with tetravalent
molybdenum, whereas the lower bromides are considered tc be less
significant. There is no certainty as to the exlistence of a
binary compound of molybdenum with iodine.

There are four known sulphides of molybdenum : sesqui-
sulphide, disulphide, dimolybdenum pentasulphide, and tri-
sulphide. Of these, molybdenum dlsulphide, molybdenite, 1s the
most importeant, since it 1a the prinolpal sommercial source of
molybdenum. Molybdenite, in general, 1s considered to be
stable ohemiecally, but on weathering‘(oxidation) hydrated
molybdenum oxide is formed. Sulphur vapour does not react

with MoS; to form higher sulphides. Aqua regia will dissolve
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3 will

oxidize 1t to MoO, . |

No carbonate of molybdenum has been reported.

the mineral, and both hot concentrated Hasou and HNO

Geochemical Characteristies

Early data on the crustal abundance of molybdenum varies,
Clarke and Washington (192l;), though among the earliest contrib-
utors to the data, gave a reasonsble value of 1 p.p.m. Higher
values were given by Noddack and Noddack (1931), who reported
14 p.pe.m. for average igneous rocks. Von Hevesey and Hobble
(1933) gave 15 p.p.m. for igneous roocks, and Fersman proposed
10 p.pem. for the earth's orust. More recent data indicate
more oconsistent figures, though these are much lower than what
were given in the past. In 1943, Sandell and Goldiech gave 2.5
p.p.m. a8 the average for igneous rocks, and Vinogradov in 1949
suggested 3 p.p.m. as the figure for the earth's orust. The
sbundance figure given by Kuroda and Sandell (1954) for the
lithosphere (1 + 0.5 p.p.m.) 18 in agreement with Vinogradov,
et.al., (1958) who quote a value of 1.5 p.p.m. The latter is
the generslly accepted average for the ocrustal abundance of
molybdenum.

Molybdenum does not oocur in the elemental form in
nature, and its compounds are among the rarest oconstituents of
the earth's crust. It 1s siderophilic in nature, with a strong
chalocophilic tendensy. As a mieronutrient, molybdenum 1is

considered essential for living organisms.




$9° = ne T8 16° - g+%
TINCRCY Y IR T] spracniy
01" 1= 2424 S2°1 = 44O opiudng
Y ‘TIP8d
26° - ge8d 90°1 = fe3 b° = geh 96° = 1o%8]  €0°1 = gt ° enos
*pTI0 ~UsT190BTH
087 = gadS | 06° = 5,98 | S8 - o1 [ €0°1- g W ST 1= 5ol - heht 00" 1 = po
(91957 5(Mes* s
(9)08° [(5)29° (763" (9)29°F(M63* 94
seR
(mon (9189° (8)18°1£(9) 26" [CH A [CREIY {310L° e
(9)M9* 9IS H(M6T (9)5L" ({8)91°1¢{9)2T" ]
(saexoraq UY
(919" e UoTqRUTPIOCD)
¥ ‘snIpsa ojucr
66" 1 K
(21)0E°1 (2n izt (2UEN°1 {zusn1 (ot (2u-t (z1)om°1
(s3o%3mag
{gy92°1 {8)e" 1 (g16E°1 (gytnt () 1 (8)€E° 1 (839¢°1 Uy UCTIeUTRIOED)
m.-sav-u otwosy
(mirt (mer1 (M1
05271 = g+ = G $08ES =~ LeOW 0E6M = geoR
GOSE - ne¥5 | 0821 —¢40d STZ ~ne¥3 | OOB1 = nel| &M891 = meil 10051 = ga®d]|  0LIC - ns¢H
300T0T3390)
085S -z40d | 0821 =f.1¢ 0911 ~g+3d a1 - £R3eug eo13397
032 g4 11 051 = 44l ste - gt 092 = ;4% sle - 9+%H
mojr-uvsH/ceTd 23z
olz - SR - gze - 0E2 ~[+TI (wes »uu»uummww“wuwoﬂw
S6°M = 5,78 99° 1M =4, T2 W - geh  (8)6L - 440 8L = oo
w291 2474 gz - cal¥ TR 1eT3ne3cd uoTIeITUOY
2% zst 297 gPE 166 et 281 vt 25L 1P9 €35 259 4Ps 2% sPS 185 $PM | geyavanBiyucs ucazoes Jezng
() (se) (€7) (ee) (26) (L) (SL) (em £3aedoag
woe IS Beay wnutEnly ENTURATL waTERag ue3sBuny ERToeqy cnuepqi1eH
811 = L2117 *dd ‘gl *1ca "Ting
cwy *gog *108g ‘6G6T 07 SITETSTR O3 JO SIQVI EOTEOYuosp ‘G561 ‘AW ‘TEedp :evanog

T3UoLe1y POIPIOOREy UCWLO, PUW WNUSBPQALON JO Ga13d

cielqey

g 9330Tdeuy




I-8

Table 12 lists the energetic propsrties of molybdenum
and other elements with which it is olosely associated in
nature. In the earth, as already mentioned eariier, molybdenum
1s generally found in the l and 6 oxidation states. The first
is typloal of hypogene minerals and the 1a€§r of minerals formed
under weathering conditions or in the zone of hyper-genesis.

It 1s gonerally believed, based on its energetic proper-
ties (see Table 12), that molybdenum substitutes for Ti+h in
the mineral lattloces of ilmenite, titano-magnetite, and sphene,
for Fe+3 in magnetite, blotite, amphiboles, and pyroxenes, and
for Al+3 and Si+u in feldspars and other alumino silicates.

It has also been considered that the element may substitute for
magnesium. Isomorphioc relationships between molybdenite and
other sulphides explains the notieceable amounts in selenolinne-
ite (5%) and colusite (8.8%) (Fersman, 1939). Rhenium is
commonly found in the mineral molybdenite, where it replaces
molybdenum. This is verified by the experiments of Noddack and
Noddack (1931) who found unlimited isomorphism between MoS, and
Rosa +» Other elements whioch have been mentioned as being
commonly associated with molybdenum are the remalning elements
in the VI B subgroup of the Periodis Table. Thus, it i1s thought
that molybdenum may substitute for ohromlum in mariposite and

for tungsten in scheelite (variety seyrigite).

Molybdenum Einerals

The prinocipal minerals of molybdenum, as well as a

number of other complex minerals containing relatively large




I-9

Table 13

Molxbdenum-bearing Minerals

NAME COMPOSITION -EOURCE
Molybdenite MoS»> 1
Wulfenite PbMoOJ; 1
Powellite CaMoO); 1
Ferrimolybdite |Fep(Mo0))3. n Hp0 2
Lindgrenite Cu 3(MoO}, ) 2(0H )2 1
Ilsemannite Mo {08. n Hp0 (?) 1
Jordisite Colloidal MoSp or M003.303.5320 1
Chillagite Tungstenian wulfenite (7?) 1
Eosite Vanadian wulfenite (?7) 1
Koeohlinite (B10) 2(Mo0},) 1
Pateraite Cobalt molybdate (?) 1
Achrematlte Mixture of mimetite & wulfenite (?) 1
Molybdo-sodalite {Sodalite containing ¥ 2.9 % MoO j 3

1. Palace, C.; Berman, H. and Prondel, C. 194k, 1951,

"Dana's System of Mineralogy", Vol. I and II.

2. Kerr, P,F.; Thomas, A.W. and Langer, A.M., 1963,
"Phe nature and synthesis of Ferrimolybdite",
The Am. Min. Vol. 48, pp. 14 - 32.

3. Hey, M.H., 1955,
"An Index of Mineral Specles and Varieties",

Seocond Edition, London.
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amounts of the element, are listed in Table 13 in the approxi-
mate order of their importance. Molybdenite and wulfenite are
the only two which are of economins interest. The rest of the
minerals listed in the table are rare, on acocount of their
metastability and/or their ocourrenae only as secondary alter-
ation products in molybdenum and polymetallic deposits.

In addition to the minerals mentioned above, molybdenum
also ooours in varlious other minerals in trace amounts. Signifi-
cant amounts have been reported in alkalic and caloloc feldspars,
biotites, amphiboles, pyroxenes, olivines, and especlally 1in
acnessory minerals, namely 1lmenite, magnetite, sphene, and
zircon. A minute amount of molybdenum may also ocour in quartz,
although Studenikova et. al. (1957) report as muoh as 5.5 p.p.m.
in this mineral. It should be noted that the amounts of moly-
bdenum reported in any particular mineral seems to vary with
the investigator. This makes any generalization about the
distribution of molybdenum in minerals rather diffioult (see
Table 1l).

To explain the present of molybdenum in the minerals
mentioned above, it is generally suggested that molybdenum
substitutea for trivalent aluminum, trivalent iron, tetravalent
titanium, and possibly also for magnesium in the mlneral
lattlces because of similar ionic radii (see Table 12). It may
also substitute for siliocon as a result of other energetlc
properties. (Kuroda and Sandell, 1954; Studenikova, et. al.
1957; Malyuga, 1958).




Molybdenum in Other Minerals
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Table 1l

Mo oontent in p.p.m.

MINERAL ROCK TYPE Renge Average Reported by
Quartz Granite (min)#{ 0.01 - 5.5} 2.66 BStudenikova, et.al.(1957)
Igneous rook 0.0 - 0.1 - uroda & Sandell, (195k4)
Feldspar |Aecld intrusive - 0.5 |Rabinovinh, et.al. (1958)
Granite (min)#| 1.2 - 22.5{ 7.5 tudenikova, et.al.{(1957)
Igneous rook 0.3 = 2.5} 0.9 uroda & Sandell, (1954)
Biotite Granite (min)#{ 1.8 - 5.8 3.3 Etudenikova, et.sl.(1957)
Igneous rock - 3.1 uroda & Sandell, (1954)
Blotlte + |p0t4 intrusive: 0.5 - L4.0| -  [Rebinovieh, et. al. (1958)
Hornblende [
Pyroxene {Igneous rock 2. - 3. - ager & Mitochell, (1951)
! Igneous rook 0.1 - 0.5 - uroda & Sandell, (1954)
'
iOlivine Igneous rook - 10. bager & Mitohell, (1951)
%
;A000880rY |Gpranite (min)#| 9.63 - L49.2| 18.05 [Studenikova, et.al.(1957)
iMinerala -
| 28 Rabinovich t.al. (1958)
‘Tlmenit Acld intrusive| trace - 328. - abinovich, et.al.
" ° Igneous rook - 3. Wager & MiboheII,{(1951)
Magnetite {Aeid intrusive| 1. - 10. -  [Rebinovich, et.al. (1958)
Igneous roock - 3. JWagor & Mitchell, (1951)
Magnetite+|1gnaous rook |15. - 16. -  [Kuroda & Baadell, (1954)
Ilmenite
. - Loo. -  |Rabinovich, et.al. (1958)
Sphens  1Aotd dntrusive|fy. T MEC: | T oekords & Mitoheil,(1951.
ifiroon Igneous rook - 15. ookolds & Mitechell, (1951,

# min

mineraligzed.
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Another group of minerals in which molybdenum is usually %
enriched 1s the sulphides. Noddack and Noddack (1931) report
an average value of 20 p.p.m. for primary sulphides (pyrrhotite,
pyrite, pentlandite, and nickeliferous pyrite). Michalek (19585.
in bls investigation of the distribution of molybdenun in iron

sulphlde ores, gave the results given in Table 15.

Table 15
Molybdenum in Iron Sulphide Minerals (after Z. Michalek, 1958)

Maximum | Number of samples showing Mo oontent]
Mo in p.p.m. Rumber
content of
Hinoral in 500 [100 | 50 |20 |10 2 analysig
PePofie }1000 —_— > | ]
1000 |4991]199 {49 |19 |9
Pyrite 1664 1 - 5 ]2 6 |18 {41 7?
Marocasite sl - - - |1 30 L4 j14n 23
Pyrrhotite 10 - - - - - 1l 1l
Arsenopyrite 10 - - - | - -1 1] Li2
Chaloopyrite 1 - - - |- - - 3 L

Acocording to Michalek, there are two dlfferent types of pyrite :
high temperature pyrite, characterized by 1ts low molybdenum
content averaging 2 p.p.m.; and low temperature pyrite having
the higheast concentration of molybdenum (exneeding 100 p.p.m.):
Additional data on the distribution of molybdenum in
sulphide minerals 1s given by Fleischer (1955), as follows:
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Misplokel (arsenopyrite) 60 p.p.me.
Pyrrhotite 20 and 4O p.p.m.
Pyrite 5 and 20 p.p.m.
Chalcopyrite 70 and 900 p.p.m.
Galena 20 p.p.m.

Grip (1951), from an investigation of the sulphide
minerals in northern Sweden, gives the molybdenum contents of

various sulphides as follows:

Copper rich pyrite 340 p.p.m.
Pyrite mineral 13 p.pem.
Zino mineral 8 p.p.m.

A number of minerals of sedimentary origin contaln traces
of molybdenum as follows: glauconite, with 3.5 p.p.m. Mo;
bauxites, with values ranging from 2.0 to 15.0 p.p.m.; and
unspecified amounts in some titaniferous iron ores and manganese

ores of sedimentary origin.

Molybdenum in Igneous and Igneous type Rooks

The molybdenum content of 1gneous rocks are tabulated
in Table 16. It will be noted that the values given by
Vinogradov et. al. (1956) are slightly higher than those by
Kuroda and Sandell (1954). Both, however, have the same elemental
distribution pattern in the various type of roocks.

It is generally thought that the molybdenum content of

igneous rocks, like that of tungsten, inoreases parallel with
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Table 16

Molybdenum in Igneous Rooks

No. of Mo content in p.p.m.
ROCK TYFPE Reference
enalysils Range Average
Ultramafio 2 0.0 <-1.3 0.4 !Kuroda & Sandell, (195})
rocks 1 0.05 - 0.7 0.23 |Vinogradov, et.al.(1958)
Mafic rooks 2L - 0.7 |Kuroda & Sandell, (195L)
11 0.78 - L4 2.2 |Vinogradov, et.al.(1958)
Gabbros 21 0.1 =-1.5 0.6 |Kuroda & Sandell, (1954)
Basalts and 10 - 1.0 |Ishimori, (1951)
diebases 37 0.2 = 3.1 1.0 |Kuroda & Sandell, (1954)
Intermediate 10 - 1.2 |Ishimori, (1951)
rocks 29 0.0 =-1.5 0.7 |Kuroda & Sandell, (195l)
8 0.66 =- 1.5 1.1 |Vinogradov, et.al.(1958)
Graniti k 10 - 3.3 |Ishimori, (1951)
rantite rooks 7% 0.1 = 6.7 1.1 |Kuroda &’Sandzlli 2{3? ;
0.95 =~ 2.3 1.6 |Vinogradov, et.al.
| - 0.5 =~ 3.0 - Rabinovioh, et.sl.(1958)

Note-T.Ishimori's results are of Japanese volcanle roeks.
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the Sio2 content. Basalts and diabases do not appear to follow
this rule and show a much higher eontent ocompared with the inter-
mediate and even the acidioc types of igneous rocks. Rablnovich
et. al. (1958) investigated the Eastern Transbalkal intrusives
and concluded that within the boundaries of every magmatic
complex the younger rocks generally contain more molybdenum than
the older ones. However, Studenikova et.al. (1957) indloate

that the molybdenum content of acidiec intrusives does not depend
on thelr age.

As mentloned preyiously, the bulk of the molybdenum in
igneous rocks is concentrated in feldspar, but there masy also be
signiflecant amounts of the element in biotite and the various
accessory minerals (ilmenite, magnetite, sphene and ziroon).
Contents as high as 400 p.p.m. in sphenes are reported by
Rabinovich et. al. (1958). Traoces of molybdenum may also be
found in amphiboles, pyroxenes, olivines, and quartz.

In contrast to most trace elements in igneous rocks,
molybdenum does not follow any ma jJor constituent olosely 1n its
distribution. It tends to concentrate in the late stages of a
differentiating magma particularly in pegmatites and pneumatol-
itie deposits. Due to 1ts high affinity for sulphur, molybdenum
binds the available sulphur to form molybdenite. Replacement
of trivaslent iron, trivalent aluminum, and tetravalent titanium
during the fractional orystallization process, explains the
presence of traces of molybdenum in the minerals of lgneous

roocks.
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Molybdenum in Sedimentary Rooks

The general abundance of molybdenum in sedimentary rocks
as given by Vinogradov (1956), is 2 p.p.m., a value slightliy
higher than the average for igneous roaks.

Table 17 glves the distribution of molybdenum in the
various types of sediments. Sandstones and earbonate rooks in
contrast to shales, contain only minute amounts of the element.
High contents of molybdenum are generally reocorded for shales
rich in organlic matter and sulphides. Based on experiments,
Korolev (1958) concluded that molybdenum enriochment in shales
was the result of coprecipitation with finely disperaed iron
sulphide - melnikovite in the form of a sorbed sulphide
compound. He 1s also of the opinion, that an association be-
tween organic matter and the content of molybdénum 1s indirect.
A direct precipitation of molybdenum sulphide can be expeanted
where molybdenum-bearing solutions enter a reducing environment,
such as in stagnant lakes and shallow seas, especially where
muds and sapropelites were being deposited. The Permian
Kupferschiefer of central Europe is consldered to be one of the
best examples of this mode of concentration. In these rocks
the content of molybdenum ranges from 100 to 200 p.p.m. over
great distances (Goldsohmidt, 1954). Other types of sediment-
ary rooks may oontaln a oconslderable amount of molybdenum.
Phosphate roocks, for instance, may contain up to 208 p.p.m.
Mo0., (samples from Wyoming), but in other case the Moo3 content
1s only 1 or 2 p.p.m. (samples from Tennessee).

Copreoipitation of molybdenumwith iron and especlally
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Table 17

Molybdenum in Sedimentary Roocks N '
ROCK TYPE No. of Mo ocontent in p.p.m. Reference
analysi s| Range Average
Shale and clay 32 0.0 - 87 - uroda & Sandell,(195})
S | shele, black - 10. - 300 - rauskopf, (1955)
{{Shale, light grey - - 0.5 Kuroda & Sandell,(195L)
Shale, grey 10 - 2.9 uroda & Sandell,(195l)
Shale, dark grey 36 - 4.5 uroda & Sandell,(195})
, Sandstone and
Arkoase 6 0.0 - 1.6] 0.75 Kuroda & Sandell,(195})
Limestone and
Dolomi te 12 ¢ 0.1 - 1.2} 0.4 urods & Sandell,(195L)
)
Cherts 7 0.0 - 0.9! 0.23 [Kuroda & Sandell,(1954)
i
Radiolarian chert 1 - L.h (Cressman, (1962)
Bedded chert 9 !Av.l.O;ll.h;B.Z - Cressman, (1962)
Nodular chert 7 - 34| 2.4 [Cressman, (1962)
Deep sea sediment 10 0.0 - 29. 9.0 Wedepohl, (1960)
" - - 4j5.0 Goldberg & Arrhenius,
%1958) ,
" 6 2. - 5. 3.3 ﬁxuroda & Sandell,(1954)
" - 2, = 100. -  |Sugawara, et.al. (1961)
Phosphatio rook - 2; 62;208 - Robinson, (1948)
B8 | Asphalt and
B | Petroleum ash - 50. - 1500. - Krauskopf, (1955)
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mangenese hydroxides during the sedimentary proocess exblaina

the high molybdenum contents of certain gedimentary manganese

and iron deposits.

Molybdenum in Metamorphie Rooks

Data on the abundance of molybdenum in metamorphic rocks
are scarce. In Table 18 are 1isted the molybdenum eontents of
various types of metamorphiec rocks as reported by Kuroda and
Sandell (1954). The metamorphio rock types are more econsistent
in their contents than are sedimentary rocks. Some contact
metamorphie hornfels and skarns are greatly enriched in the
element.

Analysis of rocks from the different metamorphic faciles
of the regionally metamorphosed Thomson Formation in eastern
Minnesota, show that there is no apparent parallelism between
the degree of metamorphism and molybdenum content (Kuroda and

Sandell, 1954).

Table 18

Molybdenum in Metamorphic Rocks

Rumber | Mo content in p.p.m.
Rock type of Reference
analysis Range Average
Slate 7 0.2 - 1.7 0.6 Kurod?£;53§ndoll,
Graywaocke 1 - 0.l
L
Quartzite 2 - 0.6 )
Graphitio gneiss 1 - 0.8 .
Granite gneiss 2 0.5 ; 1.0 - .
Phyllito 2 0.2 ; 1.2 - "
Sohists 3 0.2; 0.3; Ok 0.3 . ;
= 5 Nookolds ,
Hornfels t Mitohell,(1948) |
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From Table 18, 1t can be seen that the average ocontent
of molybdenum in metamorphio rocks is lower than that of both
igneous and sedimentary rooks. Migration of the element during
metamorphism, followed by concentration 1n zones of dilation
may be the answer to the above diserepancy. On this theory
Lombard (1958) postulated, that the molybdenum in deposits

probably came from sedimentary rocks that were me tamorphosed.

Molybdenum in Soils

Ordinary solls generally ocontain from 1 p.p.b. up to
seversl p.p.m. molybdenum. The average value is thought to be
about 2 p.p.m., which ;s slightly higher than that for roocks in
general (Vinogradov, 1959).

The distribution of molybdenum in the soils of different
reglons of the world is generally considered to be uniforn,
although there are variations as shown in Table 19. These (
varlations are thought to refleect differences in the oontentlof
the element in the various types of rocks underlying the soils.

The molybdenum dlstribution in soll profiles 1s not well
known. Fixation of the element by organic matter (decayed
plants) explains the high ocontent in some humic horizons.
Similarly the enrichment in the B horizon of ocertain podzolie
soils, may result from fixation by iron and aluminam hydroxides.
In some soils, however, an increase of molybdenum near the
bottom of the profiles (C horizon) is often noted. Galego and
Jolin (1959), from their study on the soils of Spaln, stats

that high contents of molybdenum ocour in horlzons rioch in
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Table 19

Molybdenum in Soils

o e | Tange—[hrs] | Meforenos
California, U.S. 36 0.1 - 9.7 2.2 |Barshad, (1948)
Wyoming, U.S. 8 0.08 - 20.0 6.0 |Stanfield, (1935)

New Jersey, U.S.| 18 0.8 - 3.3 1.99 |[Evans, et. al. (1951)
Hawaili, U.S. 79 7.9 -173.8 25.8 |Fujimoto & Sherman
(1948)
Hawaii, U.S. 6 1.8 - 18.6 9.1 |EBdgington, ( )
Europe 20 k.3 - 69.0 27.8 |Bertrand, (1940)
France 8 0.3 - 1.0 0.5 |Bdgington, ( )
Russia 52 1.0 - 12.0 2.6 gi:gggzg:z‘f(19u6)
Aberdsenshire, 161 1.0 - 20. 2.0 |Swalne, (1955)

(England)

Scotland - 0.0 - 2.0 1.0 |Mitohell, (1948)
Ireland - - 2.0 |walsh, et.al. (1953)
Spain s 0.08 - 3.0 1.01 (Galego & Jolin (1959)
Italy - 0.1 - 7.0 2.0 |Giovonnini, (1954)
Argentina 238 0.2 =~ 24.0 2.0 |[Trelles & Amato, (19,9)
New Zealand 20 0.7 =~ 6.9 1.7 lGrigg, (1953)
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orgenioc matter, olay, lron, aluminum and manganese oxides.

A defiolenoy or a high oconcentration of molybdenum in
soll ocan have a serious effect on the 1ife processes of plants
and animals (see Biogeoochemistry).

On the nature of molybdenum in soils, Amin and Joham
(1958) classified the avallable molybdenum as follows :

a) Water soluble molybdenum oonsisting largely of

soluble =alts of molybdenum that are available
to plants.

b) Ammonium hydroxide soluble or readily complexible
molybdenum which is not available as such but can
become easily avallable by reacting with the catlioéns
present in the soil.

o) Oxidizable molybdenum whioch 18 not available to
plants as such but must be oxidized before it 1s
converted to a ready avallsble form.

Decomposition of a molybdenum mineral leads to the
formation of complex molybdenum-oxygen ions, viz. Hoo£2 . It
is in this form that molybdenum is thought to be adsorbed on
the clay particles of solls. From hls study on molybdenum
sorption by the varioﬁa constituents of soll ocolloids, Jones
(1957) concluded that hydrous ferriec oxide plays a more import-
ant roles than any other oconatituent. The sorption effect 1s
dependent on pH and molybdenum adsorbed into the erystal lattlce
of the olay. At pHs below 7.5 molybdenum 1s adsorbed in small
amounts; at pH 7.5 virtually no molybdenum 1s adsorbed (Barshad,
1951). When the pH exceeds 7.5, however, molybdenum 1s again

adsorbed, but in smaller amounts.
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Molybdenum in Natural Waters

Our knowledge of the hydrogeochemistry of molybdenum is
limited. The reason for this is the lack of an accurate ana-
lytical method for determining the minute amount of molybdenum
present in most natural waters.

In Table 20 data on the distribution of molybdenum in
various natural waters are tabulated. With the exseption of
the values given by Ernet and Hormann the molybdenum content of
oocean and sea water is rather uniform, although a few explain-
able exoceptions ocour. The same situation also obtains for
river waters in whioch the ocontents generally vary from 0.2 ug/1
to 0.6 ug/l1. More varlable amounts, however, oocur in fresh
water lakes, where the eontents range from 0.05 ug/l to 1.2 ug/l
Mo,

According to Goldberg (1961) the molybdenum species in

gsea water is MoO ™2 .

Aooordlnghbo Sugawara et. al. (1960, 1961) there is a
slight but indefinite tendency for molybdenum to increase
toward the bottom of the sea. Thus the surface layers are
often less enriched by molybdenum than the underlylng layers.
This vertical distribution is more marked in lakes during the
period of stagnation, when the inorease of molybdenum 1sa
parallel with the deorease of oxygen. This phenomenon ocan be
explained by the copreosipltation of molybdenum by floes of
iron, aluminum, and manganese hydroxldes. When the floos sink
and reach the reducing anaerobioc layers, the ocolloids llberate

molybdenum to the surrounding water as shown by the experiments

conduoted by Sugawara, et. al. (1961).
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Table 20

Molybdenum in Natural Waters

Looallty and hoo of Mo ocontent in p.p.mJ
type of water lanalysis Range Pverage Referenne
ERIX%fag::c Ocean % 0.3 - 0.7 - EBrnst & Hormann, (1936)
{
221?:§3:n3:§n;§z;3 2 12, -16. | - Blaok & Mitohell,(1952)
ggfr:gg;:’ Japan 1 - 110.6 (Ishibashl et.al. (19 )
»
Pacifle Oocean
Northern part ;- 8.9 -10.0! 9.3 |Sugawara & Okabe,(1960)
Temperate & tropio ! - 9.8 =-11.6:10.6 "
i
1
Indian Ocean —_— 1l.h - 12.2 {11.8 "
Antarotic Ocean - 9.8 -10.6(10.2 | "
T T T
Ariake Bay, Japen .  _ 9.6 - 12.7 {11.3 | "
Omura Bay, Japan '
Rivers and lakes, : 1o 0.05 - 0.5 0.2} "
Japun '
River waters, Japanf 10 : 0.2 - 0.6 - Sugawara et.al. (1961)
- +
t
Fresh-water lakes, : - - "
Japan 19 i 0.05 1.2
' +
; ! "
Thermal springs .- 8 } 0.8 -22.9 7.5
Raln waters ' 8 io0.02- 0a1] - "
M "
Snows ool 0.12 - 0.3 =~
Sea waters i - - 10.0 |Goldberg, (1961)
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Blogeochemistry of Molybdenum

The importance of molybdenum in 1ife processes of both

plants and animals is well established. However, clarification

as to how this element behaves in 1ife processes requires
further investigation.

Molybdenum belongs to the essential groups of trace
elements required by animals (Underwood, 1958). In excessive
quantities the element is, however, toxia. Concerning its
essentlal qualitles, 1t 1s known that molybdenum 1s a component
of the following metalloenzymes : xanthine oxidase, aldehyde
oxidase, and nltrate reductase (Richert and Westerfeld, 1953;
De Renzo, et. al., 1953). A few writers, however, have quest-
loned whether these enzymes are really essential for the well-
being and growth of animals. A number of experiments prove that
molybdenum 1s essential for poultry growth (Read, et.al., 1956;
Higgins, et. al., 1956; Norris, 1957; and Kurniok, et. al., 1957).
Westerfeld, et. al. (1957) have shown that most of the enzymes
in rat tissues capable of reducing the nitro group of p-nitro-
benzene sulfonamide are molybdenum enzymes.

There 1s more agreement among experts with respect to
toxiclity to animals resulting from high eoncentration of
molybdenum. Several cattle diseases are caused by excess
molybdenum, especially in Great Britain (Somerset distriot), '
United States of America, Canada, New Zealand, Sweden, and
Australia. The most common disease reported, called "teart"

or molybdenosis, ocours in areas with molybdenum riech solls




I-25

(15 to 300 p.p.m. dry weight). The copper-molybdenum ratio is
important in the dlet of cattle suffering from "peat socours"
and oopper polsoning (Cunningham, 1950; Bull, 1951; Dieck, i952,
1953, 1954). "Peat snours" develop in cattle confined to
pastures which are high in molybdenum and low in copper. THis
can be controlled merely by rising the copper intake of the
animals to normal levels. Copper poisoning of sheep may develop
in an area where the pastures are normal or above normal in
copper aontent but exceedingly low in molybdenum (lower than
0.2 p.p.m.). All investigators agree that the effects of
molybdenum toxioity are intimately tied up with the copper and
inorganic sulphate intake in the dlet.

There 1s good evidence to suggest that molybdenum 1s
esgsential ea a micronutrient in plant growth. However, the
only identified role of molybdenum in higher plants, fungl, and
algae 18 1ts presence in nitrate reductase (as molybdoflavoprotein).
There 1s some evidence to indicate that molybdegnum may be
replaced by vanadium in 1ts role in nitrogen fixation by bacteria
(Burk, 1934). There are, however, cases where the requirement
of molybdenum for nltrate reduction 18 specifiec and not replace-
able by other elements, as in Anabaena (Arnon, 1958) and
Neurospora (Nicholas and Mason, 1945a, b). The work of
Steinberg (1937) and Nicholas and MoElroy (1954) on fungl, and
Mulder (1948) and Hewitt and MoGready (1954) on higher plants,
pointed out that even though the molybdenum requirement was
greatly reduced it could not be completely abollshed when

nitrate reduction is not necessary (where ammonium i1s used as
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the sole source of nitrogen). o ‘

A deflelency of molybdenum in plants (less than 0.0.1
p.p.m.) produces a variety of effects, such as yellow leaf spot
of cltrus trees (Stewart and Leonard, 1952), whiptail in cauli-
flower and broccoli (Davies, 1945; Mitohell, 1945), falluré to
produce fruit, ete. - conditions that can be norrected by adding
trace amounts of molybdenum to the soil.

There is no definite evidence that high connentrations
of molybdenum produce toxic effects in plants. A number of
investigations show that for concentrations up to at least 300
p.p.m., there ia no apparent toxic effect. This is exemplified
by corn - 46.8 p.p.m., alfalfa - 20.7 p.p.m., sunflower - 15.9
p.p.m., tomato - 34.0 p.p.m., and cow-peas - 281 p.p.m.
(Barahaﬁ, 1948). 8tiles (1946) also reported the following
molybdenum econcentrations in plants : olover - 156 p.p.m.,
timothy - 30 p.p.m., rye-grass - st p.p.m., and yorkshire fog -
83 p.p.m.

According to Barshad, the highest molybdenum contents
are generally found in the leaves and stems of plants, though
in a few exceptional ocases molybdenum concentrates in the roots.
In legumes, accumulation is centered in the seed pods
(Killeffer and Linz, 1952).

Goldschmidt (1954) reported high molybdenum contentis in
forest 1itter, whioch he thinks could be the answer to the high
amounts of the element in certain ooal ashes. Northumberliand
cosl ashes for instance contaln up to 0.05% molybdenum. In
addition Goldschmidt also mentioned the high MoO 4 concentration

in dammer resin, with 100 p.p.m., and in ambers with values

from 80 to 400 p.p.m. MO4 © ‘
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Deposits of Molybdenum
Molybdenite, MoS, (59.9% Mo), 1s the principal mineral
in the deposits of the element, although in some places the
secondary mineral wulfenite, PbMoOu (26.4% Mo) has been mined.
The following 1s a classification of deposits modified
from Vokes (1963) and is modelled after that of Klepper and
Wyant's olassifiocation for uranium debosita (1957).

I. Deposits formed by Lgenous and Metamorphioc Processes:

A. Syngenetioc deposits: In this ocategory belong the
occurrences of disseminated molybdenite in acidlo and
alkalio igneous rocks. These are not commercially
important.

B. Pegmatitic and aplitiec deposits: These are known mainly
in Precambrian terrains.

C.1.Epigenetic deposits:

a. Pegmatitic quartz veins: These are a transition
between feldspar-free qusartz veing and normal
pegmatites. The Lacoone deposit, Quebec, 1s a good
example for this class.

b. Simple quartz veins: The velns are composed mainly of
massive quartz and minor amounts of molybdenite.

In addition there may be some pyrite, chaleopyrite,
galena, and sphalerite.

a. Gold-bearing velns: Molybdenlte oococurs as an accessory
mineral. These are oommon in Precambrian terrains.

d. Veins of base-metal sulphides: Molybdenlte oaours

as an acocessory mineral with the other suphides.
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2. Disseminations and Impregnations: In this case molybden-

The last three groups of veins, as a whole, are not

commerclally important.

1te 18 often present as the chief eaonomio mineral as
in the Climax Mine, Colorado and the Moly Mine in B.C.
or as an accessory mineral in the porphyry-copper type
of deposit (Bingham, Utah; Braden, Chile; and Cananea,
Mexloco). The second type are large mineralized bodies
of aold to intermediate hypabyssal intrusive rocks. The
surrounding country rocks are likewlse often mineralized.
Molybdenum is won from the porphyry-copper deposits
mainly as a by-produant.

3. Metasomatic deposits: Two types of deposits are included
"in this group, the skarn type which consists mainly of
garnet, diopside, quartz, magnetite, copper sulphide
and molybdenite, and the molybdenite-bearing pyroxenite
type common in the Granville rocks of the Canadian Shield.

II. Deposits formed by Sedimentary Proocesses:

This olass is exemplified by the well known Permian
Kupferschiefer of Germany. Molybdenum is generally recov-
ered as a by-product of copper smelting. An assoolation
with vanadium is also common in some deposlts. 1

III. Deposits formed by Weathering Processes:
Wulfenite is the common mineral in this olass of deposlts.

It oocours as extenslve impregnations in limestones or as
£i1l1ings in vugs and fractures (Central Europe, Arizona).
Of the three major classes I 1s the most important at the

present time. Moat of the known world resources of molybdenum

belong to this group. «
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Oxidation of Deposits

Oxidation ot molybdenite-bearing deposits leads to the
formation ln some places of ferrymolybdite and powellite, in
others to wulfenlte, lindgrenite, and molybdenum-bearing lim-
onite. Other secondary minerals of molybdenum are rare. ‘
Blanchard and Boswell (1935) desoribed two "limonite" products
of molybdonite derivation, which can be distinguished from
limonlte derived from rock disseminated with copper sulphides.
One has a foliated boxwork struoture and the other 15 granular,
Dolukhanova (1960) states that among the secondary minerals
wulfenite is characterlistically found in polymetalliec deposits,
whereas ferrymolybdite and powellite are most common in eopper
deposits contalning molybdenum.

Oxidation of molybdenite yields a molybdenum sulphate
complex, from whioch various molybdates may be derived. The
processes, as suggested by Khitarov and Ivanov (1937), and
Smirnov (195S) can be illustrated by tho following reaction:

2 MoS; + 9 0p + 2 Hy0 === 2 (Mo0,80),) + 2 Hp80)
Where carbonates or bilscarbonates are present in the environment,
the mineral powelllite may be formed, '

2 CHCOB + MOOZSOu === g!ﬂggh + ggggh + 2 GO,

or
03(3003)2 + MOOZSOh === gggggh + stoh + 2 Co,
Ca(HCO4), + HpS0), === CaS0) + 2 Hx0 + 2 €0, ,

In addition to the molybdenum sulphate ocomplex, the

oxide ion, Mool';2 , may also ocour. Both ocomplexes are readily
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soluble in water and are stable in the absence of redueclng ﬁ

agents. The molybdate of lead, wulfenite, is the first to form
in the presence of lead ions. In the presence of soluble
copper lons it 1s followed by lindgrenite, Cu3(Mooh)2(OH)2.
Insufficlent amounts of lead and copper in the environment give
rise to the formation of molybdates of other metals. Stoherbina
(1956) points out that, in the molybdate group, copper 1is able
to displace caleium from powellite to form lindgrenite. The
socarolty of lindgrenite in the oxidized zones of copper-
molybdenum and polymetallio deposits 1s explained by the replane-
ability of copper by ferric ion, which in general is very
abundant in such environménts. Thls gives rise to the formation
of ferrymolybdite and malachite. Ferrymolybdite 1s unstable
where lead ions are available, and wulfenite and limonite are
formed in its place.

The high mobility of molybdenum in the supergene zone
of molybdenum deposits 1stproven by the relatively large amounts
of the element present in the ground and surface waters leaching
the deposits. Contenta‘ranging from n x 10~° g/l ton x 1072 gl
of molybdenum has been reported by Vinogradov (1957), whioch is
much above the general ocontent of n x 10"6 g/1 in natural
waters distant from the deposits. Chukrov (1945) 1lists the
following factors whiech determine the removal and migration of
molybdenum from deposits:

1. The type of mineralization.

2. The acidity of the percolating solutlions.

3. The presence of neutralizers (such as carbonates)

in the ore, gangue, and wall rocks.
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4+ The amount of pPrecipltates such as iron hydroxides

which form in the environment. "
5. The length of time during which the distriot has d
been exposed to weathering processes.
In Figure 18 are shown the solubility of ferrymolybdite
and powellite as a function of the pH wvalue of the.initial é
solution. Wulfenlte is highly insoluble, but as the pH of the |

solutlon approaches 1 or lower, econsiderable amounts are dissolved.

Prospecting for Molybdenum
In prospecting for molybdenum it is important to realize

that whereas molybdenlte 1s known as a rather nrommon constituent
of many rock types, it is rather rare in high connentraetions.
Lombart (1958) gives the following geologiral environments as
favorable areas in which to find molybdenite deposits. 1)
Metamorphic complexes of granites of Precambrian type, 2)
Regional areas where an orogenlc phase has given rise to intrus-
ions of the monzonitic or dioritie types, 3) Evidence of intense
potassic metasomatism together with looal siliclfiecatlon, and L)
Breobiated areas within any favorable environment. Other environ-
ments which have been overlooked are : oxidized zones of low
grade deposits, where connentrations of wulfenlite or other
secondary molybdenum minerals may oococur, and sedimentary rooks
of the Kupferschiefer and black shale types.

Molybdenum has a high mobility in ground and surface
water in the oxldized zones of molybdenum and other polymetallie
deposits. Hence hydrogeochemical prospeeting for the element as

well as for other less mobile metals with whinh 1t 1s of ten
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assoclated, such as tungsten and copper, has proven to be o
effeotive in locating molybdenum-bearing zones (Vinogradov, ﬂ
1957; Belyakova, 1957, 1958; Dolukhanova, 1960). The paralle-
lism of the molybdenum aontent with sulphate ions as well as

an inverse relationship with carbonate lons may be of importanne

i
|
x
1

in using thie method.

The effectiveness of using pedogeochemlcal methods in
prospecting for molybdenum has been demonstrated by the following
investigators: Tikhamirov and Miller (1946), Baranova (1957),
Malyuga (1958), Mather (1959), and Dolukhanova (1960). Another
important method is the use of stream sediments (Kvashnevskaya,
1957; Mather, 1959; Tauchid, 196}). The fact that plants
generally ooncentrate more molybdenum than the underlying soil
suggests that blogeochemlical prospecting for molybdenum deposits
may be a more effective method than methods based on analysis
of residual and other types of soll. The metal concentration 1n
plants is determined by the soll pH, the content of exchangeable
and other 1ons; the plant type, the age of the plant and organ,
transloecation phenomena, the season of the year when sampling 1s
done, and the molybdenum content in the soils (Carlisle and
Cleveland, 1958; Warren, et. al., 1953; Baranova, 1957; Malyuga,
1958; Malyuga, et. al., 1959).

Streém gsediment and water sampling 1s probably the best
approach in éooohemioal regional reconnalssance prospecting for
molybdenum, T?hoao methods should then be followed by blogeo-
chemiocal andipodogeonhomioal methods if higher than normal

contents of molybdenum are found in any given area.
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Production and Uses of Molybdenum “

Over seventy per oent of the world's molybdenum produect-

ion oomes from the Unlted States. Of this Climax, Colorado,
suppllies more than two thirds. Other prineipal molybdenum

producing countries are : Russia, Chile, China, Canada, Japan,

and Norway (see Table 21).

Table 21
Prineipal Produsing Countries in Molybdenum

Countires 1258 1;59
U.8.A. 71.2 72.1
(Climax) (43.0) (60.0)
Russla 16.1 14.0
Chile 5.2 5.4
China 3.8 L.6
Canada 1.5 1.2
Japan 1.2 1.2
Norway .8 .6
Total 99.8 99.4

About 90 per cent of the world's produstion of molybdenum
1s used in the manutaoturoeiof‘iron and steel. The melting
point of molybdenum 18 exceeded only by that of rhenium, tantalum,
and tungsten. This fact makes molybdenum one of the best alloy-
ing elements in the manufacture of steel. Some of the advantages

are i the 1htonaifiaation of the effect of other alloying elements
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such as niokel, ohromium, and vanadium; inecreasing the tensile
and torsional strength and elasticity of steel without decreasing
the ductillty; and the avoidance of temper-brittleness gnd the
maintenance of high temperature properties. Molybdenum
compounds used in the steel industries are molybdenum oxide,
ferro~molybdenum, and calnium molybdate. These compounds con-
stitute about 70 per aent of the total molybdenum used in
industry.

Sheet molybdenum is used in radio and power valves, in
eleotrodes 1in mercury vapour lamps, in heating elements in
electric furnaces, in dry cells as anodes, and in parts of X-ray

tubes.

The following are some of the chemical uses of molybdenum
compounds:?

1. Aes chemlcal reagents for the determinations of phosphorous,
alkelolds, urlec aclds, xanthine, ereatinine, ete.; also as
oxldation-reduction indiocators.

2. In vitreous enamel, for coating iron and steel.

3. Ammonium molybdates are used in disinfecting and fire-
proofing textiles. |

. Sodium molyhdates are used as.blua dye for silk and wool.

5. Molybdenite powder is used as a dry lubricant under high
temperature condltlons.

6. A combination of sodium molybdate with oithophosphate is
used as a ocorrosion lnhibltor.

7. As a catalyst.

8., In medicines.

9. In fertilizers.
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data of the roocksa, gossans, solls, and stream sediments colleat-

Genersl Statement

The following is a tabulation of the complete analytical

ed during the inveastigation. To avold dupliecation, the data
presented in the main text 1s not repeated. The 1limited space
in the tables prevents the writer from ineluding available
information on any partiocular sample. Should anyone be inter-
ested in the detalls of the samples, he ocan obtain these from
the files of the Geochemlcal Section, Geological Survey of
Canada, Ottawa.

The molybdenum analysis were done by the author using
the method described in Chapter V of this thesis. Messrs J.J.
Lynoh and G. Mihallov of the Geologioeal Survéy of Canada
determined the Cu, Pb, Zn, As, and Sb in the samples. The
results of the analysis on soils done by E.W. Presant are taken
direoctly from his thesis. These are numbered from BH-1847 to
BH-1866.

The sample locations are shown on Map FNo. 1 (in pooket).
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ROCKS
SAMPLE
4 DESCRIPTION Mo in
Pep.Mm,
Tetagoushe Group
BH-5515-62| - grey slate 0.3
BH-5517~-62| - light grey phyllite 1.2
BH-5518-62| - maroon argillite 0.5
BH-5519-62( - 1ight grey phyllite 0.5
BH-5520-62| -~ basalt smdewbde porphyry 0.5
BH-5533~62| - red slate to argillite 1.8
BH-5535-62| - dark grey siliceous argillite 0.5
BH-5537-62| - siliceous argillite, disseminated pyrite 1.1
BH-55L0-62| = quartz-feldspar augsn schist 0.8
BH-5541~62| = quartz chlorite schist 1.0
BH-55,2-62| - meta-voleaniocs, with feldspar and minor 0.7
quartz phenoorysts
BH-55)3-62| - acid volcanics, rusty weathering L.o
BH-5544-62| - yellowish grey phyllite, dissemlnated 3.0
with sulphides
BH-5551-62| - quartz chlorite schiat 1.2
BH-5523-62| - dark grey quartzite, disseminated with 2.0
sulphides
BH~5665-63| - grey quartzite, disseminated with 3.0
sulphides
Chaleur Fay Group
BH-5507-62{ - dark grey argillite, disseminated with 7.0
sulphides
BH-5525-62| - greenish grey greywacke 0.5
BH~-5526~-62| - meta-conglomerate 1.0
BH-5527-62| - grey salate 1.5
BH-5530-62| - cherty argillite 1.5
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ROCKS
SAMPLE
# DESCRIPTION CONTENT IN P,P.M,
Mo Zn Cul Pb| As i Sb
Bathurst Granite

BH-5546-62| - blotite granite; ocoarse 0.5| = - N

to medium grained -
BH-5547-62| - pink aplities granite 04| - - - -] -
BH-5549-62| = pink blotite granite 1.1] - - -l | -
BH-55684-62| - pink porphyritie granite |0.5| 30 h{ mnd{ naf 1
BH~-5565-62| - xenolith; ocomp: feldspar, |0

hornblonao, and quarbg ’ i >| nd|nd
BH=5566-62| - pink biotite granite 1.0

coarse g ’ 4o nd S| nd| nd
BH=-5567-62| - pink porphyritie biotite | O. 30

granite T3 b 5| nd) 1
BH-5568-62| - pink aplite dykes in 0.5/ 20| nd Sl nd| 1

granite
BH-5569-62| ~ pink syenite (dyke) 0.5 80| nd| nd{ nd| 1
BH-5570-62| - pink aplite (dyke) O.4| 30| ndf 10| 1| nd
BH-5571-62| - porphyritiec granite 0.4| 30 L| nd| nd| nd
BH-5572-62| - porphyritie granite (al- | 0.5 20 4| nd| nd| 1

tered, greenish)
BH-5573-62| - pink, fine orystalline 0.7| 20| nd] 10| nd| 1

granlte
BH-5574-62| - pink, medium grained 0.5/ 30 4| nd| nd| nd

granite
BH-55765-62| - pegmatite 0.5| 20 L| nd| S| nd
BH-5576-62| - pink porphyritic granite |1.5| 50 L 5| nd| nd
BH-5577-62| - pink porphyritic granite |0.7| LO 4| 25| nd| nd
BH-5578-62| - altered granite 0.3| 50| 12| nd| nd| 1
BH-5579-62| - pink blotite granite 0.6/ 30| ndl nd{ nd| nd
BH~5580~62| - pink blotite granite 0.8/ 40| 40| nd| nd| nd
BE-5581-62| - grey biotite granite 2.0/ 30 L nd| nd| nd
BH-5582-62| - pink porphyritie granite | 1.0/ 30| nd nd nd| nd
BH-5583-62| - aplite (dyke) 0.5 20| L4 10 nd| nd
BH-5584-62| - pink porphyritic granite 0.5 20 N 5! nd{ nd
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ROCKS
CONTENT IN P.P.M.
S“;’GPLE DESCRIPTION M
Mo n Cu Pb As Sb
Bathurst Granite (eont'd)
BH-5585-62| - light grey biotite granite| 1.7 30 | nd | nd| nd | nd
BH-5586=62| ~ pink granite (boulder) 9.0{ 30 [ nd} 15| nd | 1
BH-5587-62| -~ pink bilotite granite 1.0f 20 | nd | nd| 22 | nd
BH-5588-62| - porphyritic blotite 0.5/ 30 { nd| nd| nd | na
granite
BH~5589-62| = pink porphyritic blotite 0.6{ 4O | nd S{nd | nd
granlte
BH-5590-62 | - pink porphyritic greanite 0.3| 50 4| 10| nd |nd
BH-5501-62| ~ pink granite (boulder) 5.0{ 30 L{ 10} 1 |nd
BH-5592-62| - grey granite (boulder) 1.5/ 30 | nd 5| nd |nd
BH-5593-62| = pink porphyritic granite 0.5/ 30 | nd| nd| nd [nd
BH-559)-62| - semi porphyritic granite 0.3/ 40 | nd 5| nd | nd
BH-5595-62| - pink porphyritic biotite 0.3} 60 L | nd| nd | nd
granlte
BH~-5596-62| - pink porphyritio granite 0.2| 140 L| nd| nd |nd
BH-5597-62 | - pink ocoarse orystalline 0.5/ 40 | nd| 15| 1 {nd
granite
BH-5598-62 | = pink, semiporphyritio 0.5/ 50 L1 15 nd |nd
granlte
BH-5599-62| - pink aplite 29.0| 30 8| 15| 26 |nd
BH-5600-62 | - pink porphyritic granlte 0.3 30 | nd 5| 3|nd
BH-5601-62| - pink porphyritic granite 2.5 20 L | nd| nd [nd
BH-5669-63| - grey medium crystalline 8.5 = - - = -
granlite
BH-5670-63| - medium grained granite 0.5 -~ - - =] -
and granodiorite
BH-5671-63| - semi-porphyritiec blotite 2.0/ - - -l -] -
granite
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1 - Q-F = Quartz-reldspar

ROCKS
SA;H'E DESCRIPTION T o T e
Nioholas Dénys Granite
BH-5528-62 medium erystalline 0.7 - - - - -
granite
BH=-5529=-62 grey altered granite,
disseminated with pyrite| 2.5 - - - - -
BH-5553-62 greylish biotite granite | 0.6 - - - - -
BH-555 - 62 fine grained biotite 0.6 - - - - -
granite '
BH-5556-62 coarse oryst. granite 8.0} 30 | na nd nd nd
BH-5567 =62 biotite granite,med.gr. | 0.7 30 | nd nd nd nd
BH~-5558-62 hornblende granite 0.3] 30 |nd nd nd nd
BH~5559=-62 biotite granite,med.gr. | 0.3 30 | nd nd nd nd
BH~5560~-62 biotite granite,med.gr. | 0.7 30 | nd nd nd nd
BH~5561 =62 biotite granite,med.gr. | 0.5| 30 |nd nd nd nd
BH-5562~62 | = pinkish aplite 0.5/ 4O 60| nd | nd| nd
BH-5563=-62 porph. biotite granite | 0.6 LO | nd nd nd nd
Nigadoo Porphyry
BH-5502-62 Q-Fl porphyry, dissemi-
nated with sulphldes 2.0 - - - - -
BH-5503-62 Q-F porphyry, altered 1.l - - - - -
BH-5500 - 62 dark grey Q-F porphyry | 1.2 - - - - -
BH-5602-62 Q-F porphyry, weathered | 3.0[+1200|140(+1000 51| 2.5
BH-5603-62 | - Q-F porphyry, fractured | 3.0(+1100|120|+4000 | +170+15.0
BH-5604-62 | - Q-F porphyry L.o|+1600[100 150| 25|+ 2.5
BH-5605-62 Q-F porphyry .5 +1100{150(+ 600 [ +150]+ 2.5
Bi-5606-62 | - Q-F porphyry + pyrite 5.5/ Lo[130| 25| B4+ 2.5
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MMLA P.P.M,
n Cu

Pb As Sb

SAMPLE
4 TESCRIPTION o

Z

Nigadoo Porphyry - cont:'dl

BH-5607~62 |- Q-F porphyry, dissemi-
nated with sulphides 7.0f 130 | 180 90 31{+ 7.5

BH~-5608-62|~- Q~-F porphyry, weathered |[8.0|+ 300 | 110|+ 320|+1100|+13.0
BH-5609-62 |~ Q=F porphyry + hematite [7.5|+4800 | LOO|+ 380 |+4200{+ 7.5
BH-5610-62 |- Q-F porphyry + pyrite,

altered 5.0 |+ 620 | 120{+ 720+ 180(+ 7.5
BH-5611=62 |- Q~F porphyry 3.5|+5200 | 170|+4000 |+ 230|+15.0
BH-5612=-62|= Q-F porphyry, disseml-

nated with sulphides g.0|+ 320 | 68|+ 200+ 170|+ 7.5
BE~5613=-62 |- Q-F porphyry, coarse 5.0 150 | 210|+ L50 |+ 270|+ 5.0

BH-561L4-62|~- Q~F porphyry, altered 3.0 |+2100 | 190(+2500 |+ 360|+10.0
BH-5615-62 |- Q-F porphyry, altered 3.3| 370 | 240|+ 240 |+ 150|+ 5.0
BH-5616-62 |- Q~-F porphyry 3.7 [+1000 | 200{+1100 Lh|+ 2.5

BH~5617-62 |- Q-F porph disseml -
>eH gltogouftgr;yrito 2,2 80 70 LO |+ 200{+10.0

BH-5618-62 |- Q-F h dissemi -
g . 3ateg°:€t¥xr%yrite 2.7+ 700 | 1L40|+ L420 |+ 360|+23.0

BH-5619-62 |- Q-F porphyry, sltered 2.51 290 | 110{+ 240 39| 2.5

BH-5620-62| - Q-F h dissemi~-
g 2 2ate§°:!1)t¥;r§u1pmdoa 6.5|+2300 | 210|+ 420 |+2100{+ 7.5
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ROCKS
SAMPLE DESCRIPTION Mo in
# p.p.m
Basle Intrusive
BH-5510-62 | - fine orystalline diabase, with semi-
ophlitiec texture 0.2
BH-5511-62 | - serpentinlzed dlabase, disseminated
with pyrite 0.5
BH-5512-62 | - highly serpentinized diabase 0.4
BH-5513-62 | - medium to coarse orystalline diabase
with ophitie texture 1.0
BH-551L4-62 | - medium to coarse orystalline diabase 1.2
BH-5516=62 | - dense to fine crystalline dlabase 1.7
BH-5531-62 | - ocoarse orystalline diabase, disseml-
nated with pyrite 1.2
BH-5532-62 | - fine orystalline diabase, with semi-
ophitic texture 1.6
BH~5536-62 | - medium orystalline diabase 1.2
Pennsylvanian Rooks
BH-5534~62 | - greenish yellow sandstone 0.7
BH-5548-62 | - red conglomerate, not well cemented 0.3
Gossan Proflle Sdet3112 ‘
BH-5004a-62| - red to brownish brecciated gossan .
(transported) 12.
BH-5004b~62| - brown leached till (unoonsolidated) 19.5
BE-500La-62| - yellow leached till, brecoliated 11.0
(uneconsolidated) .
BH-5004,d-62| - yellow brecciated leached till 17.5
(unconsolidated) .
BH-5005a~62| - reddish yellow leached till 23.0
(unconsolidated) *
BH-5005b-62| - grey, sandy residual gossan 12.0
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ROCKS
SAMPLE DESCRIPTION o in

4 PepP.m.

Gossan Profile (detall) ocont'd
BH-5005¢-62| - black residual gossan 20.5
BH-5006a-62| - maroon, yellow, and brown breceiated
gossan (transported) 10.5
BH-5006b~-62| - yellowish brown, conglomeratin leached
till (unconsolidated% 10.0
BH-5006c-62| - grey, yellow, conglomeratic leached
t11l (unconsolidated) 7.5
BH-5006d-62| - light brown leached till 9.5
BH-5006e-62|~ yellow conglomeratie residual gossan 9.5
BH-5006f-62 |~ greyish yellow residual gossan, con-
glomeratic (unconsolidated) 13.0
BH-5007Ta=-62 |~ maroon, yellow and brown, brecciated
goasan (transported) 1.6
BH-5007b-62 |~ brown leached till (unconsolidated) 9.0
BH-5007¢-62|- yellow residual gosgan 8.6
BH-5007d-62|~ yellowish brown residual gossan 14.5
BH-5007e~62| - maroon residual gossan 33.0
BH-5008a-62| - yellow, maroon and brown, brecciated gossan 1.0
BH-5008b-62| - red leached gossan | 28.0
BH-5008¢-62| - maroon residual gossan 33.0
BH-5009a~62| - maroon, yellow and brown, brecclated
gossan (transported) | Y

BH~-5009b-62 | - brown leached till (unconsolidated) 11.0
BH~5009¢-62| - red leached till (unconsolidated) 15.0
BH-5009d-62| ~ yellowish brown leached till 31.0
BH-5009e-62 4.0

yellow, conglomeratic residual gossan
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II-11 q

SAMPLE # LOCATION HORIZON| pH ;Z“t°;: 1“c§'P'm;b
* BH-188~a | Road to Brunawleck # 6 A, 4.7 |11.2 80 30 50
-b " A, L.7| .8 30 8 25

-0 " B, 4.7 11.0 70 15 20

-d " B, k.5{1.2 60 20 ND

-8 " c h.9}|1.5 60 20 15
BH-1850-a | Austin Bk. area Ao 3.911.0 120 S Lo
-b " A, 3.7|.5 20 10 15

-0 " B, h.3/1.7 50 10 20

-d " B, 4L.5|1.5 60 8 20

- " c 4.5|1.7 50 10 20
BH-1856-a | Road to Brunswiock # 6 B, 4.9 (1.8 140 5 20
-b " c 4.9 |1.7 70 25 20
BH-1857 -a " A, 3.7| 7T 30 5 20
-b " A, 4.2| .5 10 5 10

- " B, L.y|1.h 60 5 10

-d n c L.8[1.0 70 15 20
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SAMPLE # LOCATION HORIZON| pH ;:ntezz 1ncz'p'2;
BH-1861-a | Near Brunswiock # 12 Ao 3. .5 50 5 25
-b " A2 3.6 .5 20 5 10
-0 " Bl h.2 1.2 90 5 20
-d " B, h.6 2.0 100 8 20
-8 " c L.7}(2.0 90 25 20
BH-1863=a | Road to Brunswiok # 6 Ao 3.7(1.0 60 10 20
-b " A, 3.5/1.1 20 8 25
-0 " B L.1|2.2 110 20 110
-d " 32 5.0(2.4 150 30 90
-e " c 5.0/1.8 150 55 105
BH-1865-a | Road to Brunawiok # 6 A, 3.8{1.0 60 15 35
-b " A, 3.8/ .5 10 5 5
-0 " Bl L.81{1.7 80 5 15
-a " B, 4.7]2.0 50 20 20
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S0ILS
SAMPLE IEPTH Mo 1in
# LOCATION in inches HORIZON | pH Pep.m.
BH-5001 a Sigzawiok No. 6 0- 1 Aoo 4.8 1.7
b " 1 - 7 Ao ut'? 2.0
0 " - A L.8 | 1.4
d " 7 - 705 00&1 L|..6 2-0
e " 7.5 - 905 A2 ,.I.-7 2.0
f " 905 - 1’.'.05 Bl 5.2 2.0
g " 14.5 - 20.5 32 6.1 7.8
h " 20.5 - 2705 Cl 5.7 3.5
i " 2705 - CZ 5'5 3'5 :
BH-5002 a | Brunswick No. 6 o- 8 Ay .6 2.5
Mine
b " 8 - 8.5 Al 5.0 1.0
o " 8.5 - 9 A2 L7 1.2
d " 9 - 15 Bl '.|.09 hol‘.
° n 15 - 21 B2 5.2 l|..0
r " 21 - 29 33 4.9 | 15.0
g " 29 - c 4.8 -
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S0ILS
| SA:?LE LOCATION 1nn:::i.s HORIZON| pH :ﬁp':f
BH-5003 a giggawiok No. 6 0 -7 Aq L.6 i 1.0
b " T-9 A, L.y ; 0.5 |
" 9 - 17 By |47 | Lo
‘ a n 17 - 25 B2 5.9 % 2.0
| o " 25 - 6, [5.6 | 5.8
EBH-SOlO a ﬁ{ﬁﬁ'"“k Wo. 6 - Ay i:h.? 6.0 l
| b " 0 -1 coal 4.9 | 2.0
0 " 1 -5 i A, ‘u.9 § 3.0
d " : ‘ 5§ =12 By ) é 10.0
® " t12 - 20 | B, 5.2 | 9.5
£ " , 20 - % c 5.6 3 8.7
BH-5011 agg:::awiok Wo. 6 1 0-4 | Ayo b.6 E 2.0 :
b " b -6 ' Aq L.6 . 1.5 g
¢ n 6 - 15 By Iy .7 ! 5.0
d " ; 15 - 2 ; B, 4.7 é 7.0
o " i 2l - ; ¢ L.y 18.0
BH-5012 ..Bv::unsui.ok Wo. 6 | 0-6 { Ay h.o .6
e, . s, b3 5
o " 6 - 9 A, ‘h.l .5
d " 9 -19 By %u.o S
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SOILS
SAMFLE IEBPTH Mo in
LOCATION H
# in inoches ORIZON | pH PepPoM.
BH-5012 e Smsuiok No. 6 19 - 26 B, 3.9 3.5
£ " 26 - c 3.9 1.0
BH-5013 a ai'\;:swiok No. 6 0 -1 ‘oo 4.8 4.0
b " 1 - 2 Ao hl? 3.5
o " 0 -2 A, L.6 | 6.0
d " 2 - 8 B 5.5 ,.L.O
s " 8 -13 c 5.6 7.5
BH-501L a| Road to Brumswick |0 -2 Ay b7 | 0.5
No. 6 Mine (see Map)
b " 2 -5 Aa 5.0 0.2
[+ " 5 - 10 B 5.7 0.8
d " 10 - 20 5.8 008
BH-5015 a| Road to Brunswiok 0 -2 Ay 5.2 1.9
No. 6 Mine(esee Map)
b " 2 - h. AZ ,4.2 0.5
e " h - 7 Bl 506 0.8
‘ d " - 14 B, 5.7 1.0
° " 1'_'_ - c 507 1.2
BE-5016 a| Youghell Beach 0-6 A 6.2 | 1.5
A
b rea 6 - lh Bl 5.8 005
¢ " 1h - BZ 6.0 0.6
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SO ILS
SAMPLE LOGATI DEPTH ' Mo 1in
# ON in inohes HORIZON| pH Pep.m.

BH-5017 a | Nigadoo Mine Area 0-3 Ay 7.1 o5
b " 3-10 A, 7.4 1.0

0 " 10 - 18 A, 7.5 .5

d " 18 - 21 Bl 705 05

° " 21 - 29 B, |7.5] .5

r " 29 - c 7.6 uS
BH-5018 a | Nigadoo Mine Area 0 -3 Ao 7.0 .5
) " 3-9 A, 6.8 3.0

) " 9 - 11 A 6.8 1.0

d " 11 - lh AZ 6.9 05

o " il - 19 B 7.3 -5

by " 19 = Cl 7.6 o7
BH-5019 a| Nigadoo Mine Ares 0 -4 Aoo 5.0 0.0
b " h - S Ao '.I,QB 05

) ”n 5 - 6 A2 5.1 .0

a " 6 -13 B, 5.7 1.0

o " 13 - 19 B, 6.2 .5

f ” 19 - C 60,4, '5
BH-5020 a| Nigadoo Mine Area 0-6 Ay 5.9 1.0
b " 6 - 11 Ay | 55| -5

" 11 - 19 B 508 105

d " 19 - 23 cl 5.8 1.0




II-17

S0IL8

SAMPLE TEPTH Mo 1in
# LOCATION in inohes HORIZON | pH p.p.m.

BH-5021 a | Nigadoo Hino. Area 0-1 Ay 5.3 .0

b " 1 -2 AZ S.l .0

o " 2 - B 5.5 2.0

d " 5-8 cy 5.7 .5

) " 8 - 16 C, 5.7 .5

BH-5022 a | Nigadoo Mine Area 0-5 Ago 5.5 A

b " 5 «.12 AO 5.6 o7

o " 12 - 14 Ay 5.9 2.0

d " 14 - 18 B 6.3 2.0

° " 18 - c 6.4 .5

BH-5023 a | Nigadoo Mine Area 0-3 Ao S.h ol

b " 3 -6 A2 5.6 A

I 0 " 6 - 10 B 6.3 | 1.0

| d " 10 - 20 6.2 1.5

BE-502); a | Nigadoo Mine Area 0-6 Ao 5.l 1.0

b " 6 -8 A, 5.4 .0

o " 8 - 16 B 6.1 2.0

BH-5025 a | Nigadoo Mine Area 0-5 Ao 4.8 5

b " 5 =9 Ay 6.0 2.6

o " 9 - 15 - 6.2 4.5

4 " 15 - 18 A, 6.4 | 1L4.0

" 18 - B 6.8 2.0




I1-18

SO ILS
SAMPLE IBPTH HOR Mo in
0
# LOCATION in inches ORIZON| pH Pepem.

BH-5026 a | Nigadoo Mine Area 0 -3 Ao 7.3 1.0
b " 3-6 A, |75 .9
o " 6 - 10 B 7.1 .9
d " 10 - 7.1 .6
BH-5027 a | Nigadoo Mine Area -5 A 6.3 2.8
4] " 9 - 15 Bz 6'8 2.1
BH-5028 a | Nigadoo Mine Area 0 -4 Al 5.5 2.0
b " ,-l. - 6 A2 5.5 2.1
o " -16 B 5.6 2.5
d " 16 - Y 5.7 2.5
BH~5029 a | Nigadoo Mine Area 0 - Ay 5.6 2.8
b " h - Al 5.7 2.2
» 4} " S - 8 Az 5.9 1.0
| q " 8 - 15 B 6.2 | 2.2
% ° " 15 - 5.8 1.1
EBH-5030 a | Nigadoo Mine Area 0-2 Ao 5.1 .8
f b " 2 - 3 Az 5.1 06
. .9

o " 3 -10 Bl 5.6
4 " 10 - 15 32 5.7 .8
n 15 - 21 c 5.9 .8
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SOILS
. SAMPLE TEPTH Mo in
# LOCATION. in inohes EORIZON | pH —
BH-5031 a | Nigadoo Mine Area 0-5 Aoo 6.1 1.8
b " 5-8 4, |6 5.
0 " 8 -11 A 6.3 1.2
d " 11 - 0 B 6.5 1.4
BE-5032 a | Nigadoo Mine Area- 0 - 3.5 Ao S.7 1.0
b " 3.5 - 5.5 A, 6.1 .5
0 " 5.5 -11.5 By 6.1 1.3
d " 11.5 -18.5 B2 6.2 l.1
o n 18.5 =-25.5 c, 6.7 N
£ " 25.5 =33.5 c, 7.0 7
BH-5033 a | Nigadoo Mine Area 0-3 A, 5.5 1.0
b " 3-7 A, |5.8 5
o " 7 -12 By 5.8 1.5
d " 12 - 16 B, 5.6 1.4
e " 16 - 21 c 5.6 1.4
BH-5034 a | Sturgeon River Ming o-8 A 5. N
Area
b " 8 - 12 A2 5.5 .5
o " 12 - 16 B 5.4 1.6
a " 16 - 21. c 5.4 1.5
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SO ILS
SAMPLE IRPTH Mo 1in|
LOCATION HOR
# in inches ORIZON| pH pPep.m.
BH-5035 a | Sturgeon River Mine 0 -5 A 5.2 1.0
Area 0
b " 5-7 A, 5.2 .3
° " T -15 B 5.4 1.0
d " 15 - 22 5.5 1.0
BH-5036 a | Sturgeon River Mine 0 -3 A 5.8 1.5
Area .
b " 3 =12 B 6.2 1.5
L] " 12 - 17 c 5.7 2.5
BH-5037 a| Sturgeon River Mine 0 -4 Ay 6.0 0.5
Area
b " '.'. - 8 ‘1 6.0 1.0
o " 8 - 11 A, 6.9 0.5
d " 11 - 17 B 5.9 1.0
[-] " 17 - 21 5-8 1-5
BH-5038 a | Sturgeon River Mine 0 -2 A, 5.6 3.5
Area
b " 2 - 3 sth 7.0
[+} " 3 - 11 5.7 uoo
BH-5039 a| Sturgeon River Mine 0-5 A, 5.2 2.0
Area
b " 0 - 0 A 502 1.5
o " 0 -3 B 5.3 1.5
4 n 3 -10 c 5.7 2.0
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SOILS
SAMFLE DEPTH Mo 1in
LOCATION HORIZON| pH

# in ineches PePome

BH-5040 a i:\‘:igoon River Mine| 0 - 2 A 5.0 2.5

b " 2 =17 B 5.4 3.0

o " 7T -13 C |5.7 3.8

BH=-5041 a iturgeon River Mine| 0 - 2 A 5.2 3.4

rea

b " 2 -13 B 5.5 3.8

o " 13 - 22 c 5.6 3.7

BH-5042 a| Nigadoo =~ Nlcholas 0 -5 A |5.7 1.5
Daﬁnys Road

b " 5 - 10 Bl 5.7 205

o " 10 - 15 32 5.7 3.0

a " 15 - 21 ¢ 5.4 3.5

o U 21 - C, |55 3.5

BH-5043 a| Nigadoo - Nieholas 0-17 Ao S 0.5
Dénya Road

b " 7 =10 A, |5.2 1.5

Q " 10 - 1,4. Bl 5.5 1.5

a " 1l - 18 B, |5.6 2.5

] n 18 - 23 C 5-6 2.0

BH-504Y a| Nigadoo - Niocholas | 0 -2 A |59 1.0

W Dérsxys Road 0
b no 2 -4 A, |5 1.0
0 n L -8 B, |5-6 1.5
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SOILS
SAMPLE BPTH Mo 1in
LOCAT HOR
# ATIoN in inches TZ0N | pH Pe.pPoMme.

"| BE-504); 4 | Nigadoo - Nisholas 8 - 15 B 5.8 1.3
Dénys Road

. ] " 15 - 20 Cl 5.8 305

b g " 20 - CZ 5.8 1.5

*| BE=5045 a Nigadoo - Nicholas 0 -2 Ay 5.5 1.7
Dénys Road

b " 2 - L|. Az 5.5 105

[} " ,.'. - 10 B 508 3.0

d " 10 - 17 C1 5.8 2.0

e n 17 -~ 02 5.8 2.0

* | BH=5046 a | Nigadoo - Nicholas 0-0 A 5.8 1.0
Dénys Road

b " 0 -1 A2 5.3 0.7

] " l - h Bl 5'3 3’5

d " L -10 B, 5.5 2.5

) " 10 - 15 c 5.6 1.7

| BE~5047 a | Nicholas Dénys Road| O -2 Ay 5.9 2.5

b " 2 - 5 Aa 5-9 2-5

) " 5 =11 B 5.7 1.5

d " 11 - 17 c 6-0 1.1

BE-5048 a| Nicholas Dénys Road| 0 - 0 Ao 6.0 2.5

b " 0 -1U Ay |L.8 1.2

o " L -7 B 5.5 L.0

4 " 7 - 12 c 5.5 3.0
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SOILS
SAMPLE DEPTH Mo in
LOCATIONR HORIZON| pH
# in inoches PePeMe
BH-5049 a | Nioholas Dénys Area| O - L Ay |6:3 1.8
(4} " 8 - 11 Bl 6.6 1.7
d " 11 - 16 B2 6.6 1.0
BH-5050 a | Nicholas Dénys - 0 -2 Ay 6.8 .5
Sturgeon River Road
b " 2 - 5 Az 509 .0
(¢} " 5 - 10 Bl 6.1 .’4
d " 10 - 16 B, 6.0 o
() " 16 - 20 C 509 02
BH-5051 a | Nicholas Dénys - 0-3 A, 5.4 «3
Sturgeon River Road
b " 3 - ’-l» Az 5-7 05
1] n u - 8 B.l 509 uh.
a " 8 -15 B, [5.9 | 7
o n 15 - 19 ¢ |6 .3
BH-5052 a | Nieholas Dénys = 0 -4 A 6.7 1.5
Messabielle ad
b " h - 6 Az 6.6 1.0
(4] " 6 - 11 B 6.8 l3
d " 11 - 17 c 6.8 A
BH-5053 a| Massabielle Area 0 -2 A, 6.2 3.0
b " 2 - 6 5-6 3'5
6 ” 6 - 11 B 6.0 3'2
d " 11 - 17 c 5.8 1.0
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SO0 ILS
SAMFLE LOCATION DEPTH HORIZON H o in
# in inoches P Pepem,
BH-505L a | Massablielle Area 0 -3 A2 5.4 .5
b " 3-7 B, |[5.8 1.2
V] " T =13 B2 5.9 1.1
d " 13 - 20 c 5.9 .3
BH-5055 a | Masaablelle Area 0~ 3 Ao 6.2 1.0
b " 3 - 5 Az 6-2 08
[} " 5 - 10 B 6.1 07
d n 1.0 -16 C1 6.0 .6
[ n 16 - 02 6.2 .8
BH-5056 a | Fres Grant Road 0 -2 A 5.2 1.0
b " 2 - 6 B 5.3 1.0
o " 6 - 10 ¢ 5.5 5
d " 10 - 02 505 1'5
BH-5057 a| Free Grant Road 0-3 5.0 .3
b " 3-8 5.2 o7
[\ " 8 - 16 503 ‘5
d " 16 - 23 5.4 N1
° L 23 - 30 5.6 07




II-25
SOILS
SAMELE LOCATION EPTH HORIZON| pH o in
# in inches P PP,
BH-5058 a | Free Grant Road 0 -3 A 5.9 1.0
b " 3-17 By [5.9 A
(o} " 7 - 12 Ba 508 .9
d " 12 - c 5.9 3
BH~5059 a | Free Grant Road 0 -4 A, 5.7 W2
b " b -9 By 5.9 1.0
o " 9 - 14 B, 6.0 .9
d " ll‘. - C 6-0 1.6
BH-5060 a| Nicholas Dénys - 0-2 Ay, |5.5 .5
Free Grant Road
b 1] - 5 A 6.1 1’3
(4] " 5 - 10 Bl 6.0 05
d n 10 - 15 Bz 6.0 .9
o " 16 - c 6.1 .9
BH-5061 a| Free Grant Road 0 -2 Ay 6.2 1.3
b n 2 -8 A2 5.9 1.0
o " 8 -13 B 6.1 1.3
BH-5062 a| Free Grant Road 0-1 5.7 .8




II-26

S0ILS
SAMPLE ' DEPTH Mo in
LOCATION
# in inches HORIZON) pH P.p.m.

BH-5062 ¢ | Free Grant Road 5 =12 Bl 5.6 1.2
d " 12 - 18 c, |5.6 1.5
BH-5063 a| Free Grant Road 0 -6 A 5.8 1.2
b n 6 - 10 B, |5.9 1.5
(4] n 10 - 13 Bz 5.9 108
d " 13 - c 5.9 1.7
BH-5064 a| Madisco Road 0-5 A 5.7 1.2
b " 5 -8 By 5T 1.4
o n 8 -12 B, 5.8 1.7
4 " 12 = c 5.8 1.2
BH~-5065 a| Nigadoo Mine Road 0 -4 A, 5.8 1.0
b " h - 9 Bl 5.6 1.5
a " 13 - Cc 5.9 1.3
BH~5066 & | Madisco Road 0 -4 A, |5.8 .5
b " L -8 B, |6.0 1.7
4 " 12 - c, |61 1.5
L A 6.0 1.8

BH-506] a| Robertville Road 0 -
b " L - 10 B 6.0 1.5
o " 10 - 1L C1 5.8 1.5




SO ILS
ik | Mo 1
SAMFLE . LOCATION erTe HORIZON! pH ° "
# : in inoches . ;| Pepem.
‘BH-5068 ai St. Rosette Road 0 ~3 A E5‘2 l.5
b " 3-6 B 5.4 1.5
0 " 6 -9 G 5.4 1.2
| a " 9 - 1l ¢, 5.5 | 11
, ' , | '
BE-5069 a| Robertville Road . 0 - 2 5.5 | 1.0 |
' b " . 2-8 A, 18T 1.2 |
_ e " 5-9 i B 5.5 | 1.5
' . { . :
'l d " 9 -1 i B, (5.6 . 1.5 ‘
! ' .
:‘ [ " - 1'.'. - ; C 5.6 105 ‘
| | i |
* %BH-SO’IO a, Sormany Road 0 -2 ' Ay S.h 8
! bs " 2 - h !, AZ ;505 . 1.0
' :
0! " b - 10 B 5.5 1.3
d| n 10 - lu c 5.8 1.7
" . ; :
* -BE~5071 a| Nicholas Dénys Road = Ay 5.8 .6
b n 0 -3 Aa 3;5.6 .5
l o " ; 3= Bl 5.6 1.1
| 4 " L -9 B, 5.7 1.2
|
| . " L9 -1y ¢ 5.8 1.3
, 5 _
|
* ‘iBH-SOTZ a | Sormany Road }l 0-1 - Ay ‘6.14 -8
j }
J ! - ‘, A 6.0 1.1
‘ b " 3, 1-b ; 2 i i




II-28

SOILS
| SAMPLE LOCATION - DBPM HORIZON| pH Yo in
# ; in inoches PP popem.
*' BH=50T2 0| Sormany Road 2 hj - 8 B, 5.9 1.2 |
d " 8 - 13 B, |6.3 1.2 |
(-] " 13 - 18 c 5.8 1.5
! !
BH-5073 a| Sormany Road 0 -1 Ao 5.0 i
b n 1-5 A, 5.3 ' .5
02 " 5 - 10 B 5.7 i 1.0
a " 10 -~ 15 ¢ i5,7 1.2
. |
BH-507L4 a{ 1.5 miles South 0-5 A {641 1.2
: East of Sormany !
g b " 5 - 10 By 6.2 1.7
’ o n 10-1 | B, 63 14
! i ! ! ‘
dy " ’: lh - 18 c }6.3 2.0 ’
' : ' ! !
'BH-5075 a. Ste Loulse Road | 0 -5 A 57 | .5
b " | 5 -10 B, 58 1.6 |
o " .10 - 14 B, 5.5 1.6
t ,, ; - |
d n : lh - 19 ‘, C .[5.5 105 {
BH-5076 a° 1 mile South East | 0 - 3 © A 5.3 5
. of Ste Loulae i ; :
: b. " ; 3 - 8 ' B {500 1.’.'.
o" " i 8 - 12 . Cl '506 1.2
q " '12 - 17 ¢, 5.9 1.1

BH-5077 a: 8t. George !
b% " g 6 - 10
PR A




.

Q
——

(-]

[+ 1)

v

" 2 - 11 Bl 5.5 1.0
" 11 - 14 Gravel 5.6 1.1

19 - cl 5.6

[}

*. BH-5082 a' West of Ste Anne = 0 -2 A, 5.8 |
b| " 2-5 A. 5.3, .8

II-29
SOILS
Mo 1in
SAMFLE DEPTH
4 LOCATION in inches | HORIZON| pH —
BE-5077 St George 10 - 1L B, 6.1 | 1l.h
a " 14 - 18 c 6.0 ; 1.2
« | BE=5078 a| Sormany 0 -2 ’ Ag 5.1 .8
b " 2 - 5 Aa 505 1-1
[ " 5 - 10 B 5.8 103
; d " 10 - 15 . cl 6.0 ‘ 1.h
: : i E
| BH-5079 a| Tetagouche North 0-3 A 15.5 - .6
Side ' ‘ ‘
b! " 3-9 1 B |55 Lo
| J " 9 -13 B, ;5.4 1.
| .. N
_ d " 13 - 18 . c 5.7 | 1.3
BH-5080 a! Robertville 0-3 | A |58 .3
| f :
L : 7 - 11 , Ba 508 1.2 .
; " 1 -16 = C 5.9 1.1
BH-5081 a! North West of 0 -2 A 6.0 .6
- Bathurst N ,



1I-30

SOILS
SAMPLE COCATION . DEPTH l Mo 1in
# n inches HORIZON%l pH PeDoM.
BH-5082 o| West of Ste Anne | 5 - 11 B 5.6 .8
d " 11- 18 25.9 .9
BH-5083 a| Tetagouche Falls 0-8 Transp. 16.0 .7
.! top soll f
b " : 8 bl 11 A 602 .9
{
0 " 111 - 15 B |6.1 .8
d " 15 - 20 c el 1.1
: . t
BH-5084 a| Upper Rosehill Road 0 - 5 A 16.0 2.5
(River Bank) ' ‘
b " » 5 - 10 B i6oh Sou.
i o " 10 - 14 c, 6.l 5.6
| d " 14 - 18 ¢ (6.5 18 -19
' § ' : I
‘ .
*Ean-soes a‘ Upper Rosehill Road 0 -1 Ay 5.3 . .5
; b " 1-6 A, 5. ! 1.0
o! " 6 - 10 By S | 1.3
a: " 10 - 14 B, 5.2 | 1.
o " 1l - c By ) 1.l
f i
'BH-5086 a! West of Imhoff 0-1 by, 5T 2.0
bl " 1 -2 AZ S.4 } 0
| o n 2 -12 B 5.5 | 1.l
_ i !
| d 1] , 12 - 17 c 506 “ 1.‘4
t . }
|
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SO ILS
SAMPLE IRPTH | Mo 1n |
_ LOCATION HORIZON| pH |
#
in inches , PepP.m.
BH-5087 a | New Larder "U" 0 -7 A 6.1 o7
Mine Area
b " 7 - 12 Bl 5.8 05
e " 12 - 17 B2 6.1 1.1
d " 17 - o 6.4 1.0
BH-5088 a | New Larder "U" 0 -3 A 5.8 .5
Mine Area
b " 3 - 9 B 6.7 1.0
[+ " 9 - 23 C]_ 700 1.1
BH-5089 a | New Larder "U" 0-3 A 5.9 .3
' lHine Area _ 4
b " 3-8 Bl 6.0 1.2
ci " 8 - 14 B, |6.2 1.2
dl n | lh - C 6.2 1.0
: |
BH-5090 a ; New Larder "U" = 0 -2 Ay | 6:2 1.0
{ Mine Area
[}
b; " . 2 - ‘.‘. Aa 509 02
o " L -8 By |61 | 1.3
|
- . 1.
E " ¢ - C 5.9 1.6
; | 13 |
‘ ! ' :
BH-5001 a!| New Larder "U" 0 -2 By 155
! Mine Area - ;
. H o
" " L7 -12 B | 5.6 ] 1.
) '. ‘
- c 5.8 1.2 -
u d " 12 l :
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SOILS
SAMPLE DEPTH Mo 1in
# LOCATION lh inohes HORIZON| pH Pepets
BH-5092 a| New Larder "U" 0 -3 Ay L.9 .6
Mine Area
b " 3 -9 A2 5.2 1.0
c " 9 - B 5.2 1.5
BH-5093 a| New Larder "U" 0-3 A .9 )
Mine Area
b " 3 -5 B1 5.3 1.6
o " 5 - 13 BZ 50'.]. 108
d " 13 =~ C1 5.8 2.0
BH-5094 a| Brunswick No. 6 - A2 - .5
Road
b n - B - 3.5
i |
BH-5095 a| Little River Area 0-3 Ao - 1.0
i
b " 3 - 6 Az - 200
0 " 6 - 10 B - | 2.0
a " 10 - 17 B - 2.3
l
BH-5096 a| Legresley Road 0-3 A - - %
b " 3-8 By - -6
l ¢ " 8 - 11 i Bg - 06 ;
* s
d L 11 - 17 } (o] - 1l3
!BH-5097 a| Legresley 0-3 Ay - - - .
' {
b " 3 - 7 Bl - -6 {
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SOILS
SAMPLE DEPTH ’ Mo 1in
LOCATION HORIZON | pH
# in inches pPepeme
BH-5097 ¢ | Legresley 7 -11 B, - h
d n 1l - c - A
BH-5098 a| East of Legresley| 0 - 1 Aq - -
b " 1 - 3 Az - 03
(4] " 3 - e Bl - 1.3
d " 8 -12 B, - 1.5
e " 12 - c - 1.5
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STREAM SEDIMENTS

METAL CONTENT IN P.P.M.

SAMPLE # LOCATION o P T
BH-5101-62| Millstream Rlver System 1.0 70 6 10
BH-5102-62 " 1., 120 8 15
BH-5103=-62 " 1.5 160 10 20
BH-5104 =62 " 1.0 70 6 15
BH-5105~-62 " 3.3 190 36 35
BH=5106=-62 " 2.6 170 16 30
BH-5107 =62 E " 1.8 190 18 35
BH-5108-62%- " 1., 250 3 30
BH=-5109-62 ; " 2.3 180 20 30
Bn-sno-ezi " 2.6 180 18 25
BH-5111-62l " | 5.0 190 16 LS
BH-5112-62 | " L1y 230 22 50
BH-5113-62§ " | I 2.5 190 18 15
BH-S11l-62 " 1.8 240 16 35
BH-5115-62 " t2.3 350 28 75
BH-5116-62 | " , 2.1 650 34 130
BH-5117-62' " 9.0 260 24 25
BH-5118-62 " ' 9.0 23 12 20
BH-5119-62. n 1.0 160 26 20
BH-120-62| n 1.0 120 12 15




STREAM SEDIMERTS

SAMPLE # LOGATION METAL CONTENT IN P.P.M.
Mo Zn Cu Pb
BH-5121-62 | Millstream Rlver System 1.7 120 I 15
BH-5122-62 " .5 120 1 15
BH-5123-62 " 32.0 220 52 25
BH-512L~-62 " 20.0 800 36 280
BH-5125-62 " 3.0 170 16 15
BH-5126-62 " .5 120 10 15
é BH-5127-62 " . 1.5 120 1l 15
BH-5128-62 " 1.2 110 10 15
BH-5129-62 " 3.0 1200 170 1200
BH-5130=-62 " 4.0 1200 38 160
{ BH-S131=-62 " 1.5  L6o 2L 50
BH=-51 32-62 " 1.0 220 sl 50
BH-5133-62 " 1.5 180 20 25
 BH-51 34 -62 " .5 1450 b2 170
%BH'5135'62 " | 7.0 260 82 25
133-5136-62 " i = No fine fraction =~
| BH-5137-62 n 3.0 180 20 35
| BH-51 38-62 n 1.8 160 6 20
BH-51139-62 " 1.3 220 10 30

BH-5140~62 " 2.0 140 1l 20

BH-5141-62 " 5 90 12 15

II-35 T ——————
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STREAM SEDIMENTS

SAMPLE # LOCATION , |METAL CONTENT TN P.P.M.
Mo Zn Cu Pb
BE-5142-62 | Millstream River System 1.5 120 1l 15
BH-51443-63 | Middle River 1.5 130 12 20
BH-514L4 -63 | Cherry Brook 1.4 140 10 20
BH-5145-63 | Six Mile Brook 1.7 180 16 20
BH-51L46-63 " 2.3 190 16 15
BH-5147-63 | Middle River 2.0 160 20 20
BH-5148~63 | Little River 4.0 160 16 20
BH-5149-63 | South Little Rlver 1.8 1450 18 35
BH-5150-63 | Pablneau River 3.0 120 20 30
BH-5151-63 " 6.0 220 12 35 !
BH-5152-63 " L.o 150 10 30 |
BH-5163-63 | Sugary Brook 4.0 80 L 25 !
BH-5154-63 | Roughwater Brook 7.0 130 8 45 ‘i
BE-5155-63 | Pabineau River 3.0 90 8 20 1
BH-5156-63 | Trib. of Neplsiguit River 9.0 60 L 30
| BH-5157-63 n § L.0 50 L 35 ’
| BE-5158-63 " ' 1.6 230 22 35
| BH-5159-63 | " L 17 80 L 20
%BH—5160-63 Pabineau Rlver ! 2.5 120 L 20 %
! BH-5161-63 Roughwater Brook 3.5 40 ly 15 ;
E BH-5162-63| Little River 2.5 250 i, 30 i
\
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STREAM SEDIMENTS

6 8 G e e A A i i

METAL CONTENT IN P.P.M.
SAMPLE # LOCATION o o T
BH-5163-63 | Trib. of Little River | 10.0 120 L 35
BH-5164-63 | Middle River , 3.0 170 16 25
BE-5165-63 | Little River 2.5 240 12 25
BH-5166-63 " 2.0 260 16 25






