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Nickel and Molybdenum-Ric h Black Shales of Southern Ch ina: New a re
Type with Possible Analogues in the Pennsylvanian of the USA

Since 1985, a Ni-Mo deposit located near Songlin near Zunyi, Guizho u,
China ha s been mined for molybdenum . Ores occur in a 2 m thick horizon
of black shale containing a 5-15 em nodular Ni- and Me-rich sulfide lens
which averages 2-4% Mo, but also contains up to 4% Ni , 2% Zn, 0.7 ppm
Au, 50 ppm Ag, 0.3 ppm Pt, ad 30 ppb Ir (Chen et al. , 1982; Fan, 1983; Fan
et al., 1984; Chen , 1988; Chen and Coveney, 1988). Although the Songlin
mine currently pro tuces only 1000 tons of ore per year, the deposit is note­
worthy as the only nine in the world from which Mo is recovered from
black shale. Tailings are sto ckpiled for future recovery of Ni and precious
metals.

Metal-rich Cambrian black shales occur in nine o ther provinces in south­
ern China (Chen et al . , 1982). For example, - 350 km east of Songlin, in
Hunam, Cambrian shales contain similar nodular Ni- and Mo -sulfides
with enrichments o f Pt group elements (Fan, 1983). Nodular textures ,
no ted by Fan (I983) and ot her fac tors imply that submarine hyd rothermal
springs related to basement fau lts de pos ited meta ls du ring sedimentation
(Ch en, 1988). T he Ca mbrian deposits of China were only discovered in the
1970' s and possi bly sim ilar de posits have been ove rloo ked elsewhere . For
exa mple, the exte nsive Me -rich sha les in the Pennsylvan ian of the midwest-
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rims , radiating cracks, periphera l radial pip e vesicles (2 mm thick) , text ura l
and mineralogical variations , etc . O n top of the pillow lava flows occurs a
pile of enti tely weathered banded material formed by greenstones evo lved ,
presumably, from ir-rerbedded tuffs, breccias, and flows . At the border line
of the PBJ gree nstone area , several carbonatic occurrences have been
mapped . Some of them expose stro ma tolitic struc tur es printed in breccia
fragments.

Modal analyses in 10 PBJ greenstone samples of indiscriminate der iva­
tion (flow, sill, or dike) gave the following averages and ranges: actinolite,
37 .5 (28-46); albite, 23 .5 (16-32); epidote, 20 .0 (8-32); chlorite , 12.5 (5­
21); titanite, 3.5 (3-5); calcite, 1.5 (0-5); biotite, quartz, pyrite, and hema­
tite in minor amounts « I) . With such compositions, the greenstones can
be petrographically described as chlor ite-epidote- albite sch ists (if schis­
tose) or fels (if massive) . They are mostly fine grained, thus reflecting
somewhat the former basaltic grain size. Intrusive dikes and sills ma y be
coarser grained . Unoriented Ielty or decussate textures are common, but
nematoblastic, porphyroblastic, and blastoporphyritic textures ar e also
found . The basic rocks un derwent phases of deformation during low-grade
regional metamorphism, but structures and igneous textures have been

. partially preserved .
Five thin sections were also made in an individual 21 m large, semi­

weat hered pillow. The microscopic study showed that the former pa la­
go nitic crust is now trans formed into a clay-limonite -epidote mass, the
epidote blasts replacing shards and preserv ing sma ll-sca le ban din g. In ter­
nall y, the metamorphic asse mblage is ac tinolite-rich in the slightly schistose
an d crenulated border zone and more a lbit ic in the coarser mass ive co re
sa mples. It may be inferred tha t the basalt ic pillow cores should have been
somewhat "spilitic" (high in NajO, low in CaO and MgO) as compared
with the rims (lowe r SiOz, NajO, higher Fe, MgO, Ca O).

Chemical analyses in the foregoing 10 PB J samples furnished the aver­
age and range results : In 0/0: SiOz, 48.2 (45.9-50.5) ; T iOz, 1.39 (1.18- 1.53);
A IZO), 14.6 (13 .8-15.4); total Fe as FeO, 11.1 (10.5 1- 11.94); MnO, 0. 14
(0 .1 1-0.15); MgO, 8.0 (7.07-9.47); Ca O, 9.8 (7.14-12.33); Na zO, 1.88
(1.66-1.99); KzO, 0.41 (0.30-0.66); I.L. , 3.35 (2.50-4.42) . In ppm: Cu, 173
(80-239); Ni, 189 (167-215); Co, I II (80-120); Cr, 166 (117-263).

The average major element composition, after correction for I.L. , com­
pares well with oceanic tholeiites . Selected elements when plotted in con­
venient diagrams (Pearce, 1975; Pearce et al., 1977) indicate that the PBJ
metavolcanics evolved from seafloor tholeiitic basalts probably raised in
an ocean island . Geological and petrographical data shape of the body,
stromatolitic talus fragments, distribution and size of pillow vesicles are
suggestive in that the body was once a submarine volcano emerged, in
warm waters, from depth shallower than 700 m.

The early Proterozoic (1800 m.y.) Sao Roque schist belt , 200 km long
and 20 km broad, ru ns east-no rtheast-west-southwest and abuts the north­
rnoutskirts o f Sao Paul o City. It co nsists of metapelitic rocks (phyllites

sud mica schists) and subor dina te a mo unts o f quartzite , metasandstone,
metaco nglomerate , metabasitic , carbo natic, and calcs ilica tic rocks. The
belt is speckled by man y synki nematic gra nitic int rus io ns, some of them
RlIaining ba tho litic dimensio ns . Transc urrent dextral fa ult s mark its north
and south limits aga inst gneiss -granitic terrains.

Inside th e schist belt, a lower st ratigraphic un it-the Itaberaba volcano­
sedimenta ry sequence-is enr iched in metabasic components . P irapora do
110m Jes us (P BJ) is one local ity 30 km northwest of Sao Paulo where green­
uone outcrops show at its best the evidences of a ba sa ltic volcanism . In
Ipite of a commonly deep weathering and deformation in at least three
stages that frequent ly obscure primary features , it was always possible to
observe isolated structured expositions a nd to co llect a number of fresh
samples for chemical and microscopic analyses . As a matter of fact, in road
cuts in and ncar PBJ , pillow structures are even enhanced by moderate
weathering .

The PBJ green stones make up what seems to have been a Proterozoic
tholeiitic volcano or volcanic complex. Its deformed a nd metamorphosed
equivalent covers a 1.5 x 3.0 km elliptical area at the crest end of an east­
northeast-plunging low-angle syncline. The PBJ volca no is surrounded by
clastic metasedimentary rocks whose strata define th e fold limb s. l\vo
Additional metabasitic areas, a large one outcropping along the fold axial
plane and a smaller one at the outer crest, seem to outline ot her not yet
studied vo lcanic centers.

Geological survey in the PBJ volcano makes it likely th at its former hori­
zontal base did not change more than 30 0 duri ng deformation , fo lding, and
metam orphism . The Tiete river rapids cut the structure from northeast to
southwest through its center. At this poi nt, the river bed rock is an assem­
hlage of d isordered greenstone bod ies probably representing a swarm of
sills and feedi ng dikes . Over it lies a successi on of somew hat inclined lava
flows with pillows in way up position . Some features described: arc hed
upper surface, downward-pointing pr otrusions, brow n " pa lagonitic"
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Di il" i, . : lhe no nmetall ic and corr-bustib e deposits and manifestations scale

I no,ooo previously prepared by the Institute. For the expression of the
_wmaterials, specia l symbols are used : the form of the symbol expresses
lie genetic type; the abbreviations expla in the typ e of the raw material,
hilethe color inside the symbol distinguishes the ma in usage. l\vo sizes of

Ihesymbol are used: the greater on e for the deposits , the smaller one for the
Ipression of the manifestations . The item situated on the corner of the

Iymbol makes it poss ible to find more information about the typical
eposit in the explanation part of the map .
The min erogenic analysis of the country has been rea lized by the form of

IIIl lIerogenic regionalization of structural-formational basi s, taking out a
Yllem of the minerogenic zones and subzones. Th e min erogenic zones are

I ken out from the structural-form at ional complexes, while the subzones
re separated from the geologic formations . In bo th minerogenic units, the
utlines ar e expressed by means of differ ent colors and graphic forms of

Ihc lines. For the verified areas, the lines are in solid while for the supposed
leas int errupted lines are used . For the expression of the minerogenic
hurgeof each zone and subzone, the abbreviations of the raw materials are

uled (the same as in the symbols of raw material deposits) , situating them
Inside the bo rder o f the zone or subzone. To distinguish the syngenetic and
•plgenetic type of the mine ra l, two forms of lett ers are used: boldfaced and

gular weight.
The exp lanation pa rt of the map incl udes the scheme of the geo logic

omplexesand forma tions with the general view ab out all prin cipal aspec ts
rthe co unt ry's reg iona liza tion. In thi s scheme, the typ ical raw ma terials

presented in different zo nes and subzones a re expressed by the same abbre­
~llIl ions of raw materials as in the map .

Specia l attention has been paid to the development of the young deposits
II the Plio-Quaternary period, for the reas on that becau se o f intense
weathering processes in Cuba, there is a high number of useful dep os its in
thealtered and redeposited rocks that have not bee n sufficiently explained
bythe traditional form of the geologic map .

The main purpose of this minerogenic map is to serve to the nonmetallic
law materials pronostic maps to different scales; to give perspectives and
Jeneral directions for the orientation of the strategy and the tactics of the
,cologica l prospecting labors , to be used as consulting material for all spe ­

alistsof the geological branch and of the institutes related, and finally to
uffer data of reference and comparison of the minerogeny studies of the
territories located on the tropic and subtropic zones and more specificall y
In regions of act ivCJf extinct volcanic ,iSland arcs .
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