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ABSTRACT
Major and trace element compositions of samples of Banded
Iron Formations (BIF) from the Neoarchaean Sukumaland
Greenstone Belt of Geita in northern Tanzania reveal that the
BIF precipitated from hydrothermal solutions. Fe-Ti-Al-Mn
systematics suggest that the hydrothermal deposits have been
contaminated, by up to 20% by weight, with detrital material
having a composition similar to modern deep-sea pelagic
clays. SiO; and Fe,0; contents are 48.2 to 88.5% and 8.9 to
49.1% respectively. Al,O; contents lie between 0.33 and 2.1%
and show no correlation with either Fe;Oj;or SiO,. AlLL,O; is,
however, positively correlated with Ti, Ga, Hf, Rb,Th, Zr and
Sr but not with CaO, the alkalies and the total Rare Earth
Elements (REE). The other major element oxides are
generally present in negligible amounts. The samples are
characterised by mean Zr/Hf and "ISm/ P Nd ratios of 48+ 5
(2 SE) and 0.10£0.01 (2 SE) respectively, similar to mean
upper continental crustal values. Shale-normalised REE
patterns are nearly flat, except for small positive Eu and very
slight negative Ce anomalies and reveal that, compared to
average upper crust, the abundances of the REE in the BIF
are up to an order of magnitude lower. Chondrite-normalised
patterns are characterised by light (L) REE enrichment, flat to
slightly depleted heavy (H) REE, slightly positive Eu
anomalies and very small negative Ce anomalies. The HREE-
depleted patterns are similar to patterns derived from granite-
dominated upper continental crust and indicate that the bulk
of the REE in the Geita BIF can not have been derived from a
mixture of Neoarchaean sea water and bottom hydrothermal
solutions. The trace element data, and the REE in particular,
indicate that, despite their relatively low proportions, granitic
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detritus probably derived from contemporaneous felsic flows
and pyroclastics are the cause of the dominant trace element
geochemical signature of the BIF.

INTRODUCTION

Banded Iron Formations (BIF) are marine chemical precipitates that form an
integral part of the preserved Archaean to Proterozoic sedimentary succession
in different parts of the world. In general, two main types of BIF can be
distinguished. The Superior-type BIF, which are dominant in the Proterozoic,
are characterised by shallow continental shelf sedimentary associations
whereas Algoma-type BIF occur in close association with mafic and felsic
volcanic rocks, graywackes and carbonaceous shales in small sedimentary
basins in many Mesoarchaean greenstone belts (Klemm 2000).

The origin of the Fe and Si that constitute the bulk of the BIF remains
contentious. Some researchers contend that the Fe and Si are of terrigenous
origin, having been derived from land by weathering processes (James 1954,
Lepp & Goldich 1973, Garrels 1987, Holland 1984, Halbich ef al. 1993). Two
variants of the terrigenous origin are generally advocated. The first variant
assumes that these elements are carried directly into the oceans as dissolved
matter in river water (James 1954). The second variant assumes that the
elements are leached from the suspended load of rivers after deposition in the
deeper, more reducing part of the ocean (Holland 1984). Other workers,
however, favour a volcanogenic hydrothermal origin for most of the elements
in BIF (Goodwin 1962, Jacobsen & Pimentel-Klose 1988, Barley et al.
1997). The hydrothermal origin, an analogue of which are the hydrothermal
systems operating along modern mid-ocean ridges, is particularly favoured for
the Algoma - type BIF because of their strong association with volcanic and/or
volcanoclastics rocks (Jacobsen & Pimentel-Klose 1988).

Regardless of the ultimate source of the constituent chemical elements,
detritus-poor BIF are useful indicators of the temporal evolution of sea water
chemistry and the physico-chemical conditions that have influenced its
composition from Archaean to Proterozoic times. In particular, REE
geochemistry has been used to put some constraints on the various
geochemical fluxes that have influenced seawater chemistry in the past
(Jacobsen & Pimentel-Klose 1988, Derry & Jacobsen 1990, Bau & Moller
1993). This in turn has allowed researchers to infer the physical-chemical
processes that had controlled marine chemistry during Precambrian time
(Derry & Jacobsen 1990, Bau & Moller 1993).

The Neoarchaean Sukumaland Greenstone Belt (Borg 1992, Borg &
Shackleton 1997) of northern Tanzania contains a well developed sequence of
typical Algoma-type BIF that occur in close association with metabasalts,
carbonaceous shales, felsic flows and pyroclastics. This paper presents the
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first ever-published geochemical data on samples of BIF from the
Sukumaland Greenstone Belt in the northern part of the Tanzania craton (Fig.
1). Because of problems with getting easily accessible fresh exposures
sampling was restricted to a relatively small area surrounding the old Geita
Mine were unaltered samples could be obtained from mine addits, quarries,
artisanal miners’ pits and road cuts. The data are used to place some
constraints on the sources contributing to the major and trace element
geochemical budget of the late Archaean sea from which the BIF were
deposited. The term iron formation as used in this paper includes samples
with Fe concentrations below the 5% lower limit proposed by James (1954).

GEOLOGICAL SETTING

The Sukumaland Greenstone Belt consists of two intermittently exposed arcs
of metavolcanic and metasedimentary rocks which are cored and flanked by
granitoids and gneisses in the area south of Lake Victoria (Fig. 1). In terms of
the local stratigraphy, rocks of the Sukumaland Greenstone Belt belong to the
Nyanzian Supergroup (Grantham et al. 1945). The Nyanzian has been
subdivided into a Lower part consisting predominantly of mafic metavolcanics
and an Upper part consisting of chemical metasediments, including chert and
BIF, felsic tuffs and flows, agglomerates and graphitic shales (Barth 1990).
The Upper Nyanzian is uncomformably overlain by coarse clastic
metasediments of the Kavirondian Group (Barth 1990).
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Fig. 1: Geological sketch map of the Sukumaland Greenstone Belt showing sampling
localities (modified from Borg and Krogh 1999). Sampling localities are indicated
by dots and numbers.
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The geological setting and lithostratigraphical subdivisions of the Sukumaland
Greenstone Belt has been reviewed by Barth (1990), Borg (1992) and Borg
and Shackleton (1997). These workers demonstrated that the inner arc of the
Sukumaland Greenstone Belt is representative of the Lower Nyanzian whereas
the outer arc, from where the samples studied herein were obtained, represents
the Upper Nyanzian (Fig. 1). Walraven ef al. (1994) described the BIF at
Geita as belonging to the oxide facies and recognised three distinct lithofacies:
a basal magnetite-haematite-chert lithofacies consisting of micro- and meso-
banded magnetite-haematite and chert with Fe-Si oxide ratios ranging from

- ~4:1 at the base to ~1:3 at the top. This lithofacies grades into an overlying
banded chert lithofacies with rare mafic to intermediate tuffaceous interlayers
separating the two units locally. The chert lithofacies consists of banded chert
interbedded with up to 50 cm thick layers of white and red felsic tuffs. Only
minor magnetite-rich layers or laminae occur in the chert beds. The upper
most lithofacies is a transitional unit in which chemical and pyroclastic
metasediments alternate. The tuff layers become more abundant and thicker
towards the top of the unit.

Drilling at Nyamulilima Hill (Fig. 1) has established a local stratigraphy
consisting of an upper unit of felsic tuff underlain by BIF (Manya pers.
comm.). The BIF, which attains a maximum thickness of ~70 m, overlies
graphitic shales consisting of coarse nodules of pyrite. The BIF forms
prominent crests and ridges overlying the more easily weathered shales and
pyroclastics and consists of rhythmically alternating fine bands of Fe-oxide
and metachert metamorphosed into the greenschist facies. The metachert
layers consist of a fine-grained granoblastic mosaic of quartz interspersed
with varying proportions of Fe oxide whereas the oxide layers consists of a
mixture of magnetite and haematite with no silicate minerals. The presence of
oxide even in the nominally chert layers and the absence of quartz in the
haematite-magnetite layers suggest that the rhythmic banding represents
repeated cycles of Si deposition superimposed on a more or less constant flux
of Fe oxide deposition. Carbonates and sulphides are generally absent except
in a few samples where they occur as secondary minerals mostly in cross
cutting veins. Massive sulphide-rich layers, up to 4 m thick and thin sulphide
rich tuffaceous horizons are, however, locally interbedded with the BIF.
Observations in drill cores reveal the presence in the massive sulphide layers
of BIF fragments, lapilli and detrital pyrite cores, often overgrown with
secondary pyrite, suggesting a pyroclastic origin for the layers. The BIF beds
show tight isoclinal folding, very steep (= 70°) dips and along strike
orientations, which are controlled by the local geometrical pattern of the
folding.

The deposition age of the BIF is constrained by a zircon U-Pb age of 2699 +

9 Ma reported by Borg and Krogh (1999) from a porphyritic trachyandesite
flow intercalated with BIF at the Geita mine.
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Analytical Methods

Ten BIF samples collected from the area around Geita (see Fig. 1 for
sampling localities), were analysed for major and trace elements at the ACME
Analytical Laboratories in Vancouver, Canada. Aliquots of the pulverised
samples, mixed with LiBOj; flux, were melted prior to acid digestion. The
major elements, were analysed using Inductively Coupled Plasma-Optical
Emmission Spectrometry (ICP-OES) whereas the trace elements were
determined using Inductively Coupled Plasma-Mass Spectrometry (ICP-MS).
The analytical reproducibility as determined from duplicate analyses i$ better
than 4% and typically ~2.5% for trace elements and better than 0.2% for
major elements. The accuracy of the ICP-MS measurements as calibrated
against standard samples was better than 2%.

RESULTS
The analytical data for the BIF samples are presented in Table 1. As expected
from the petrography, the BIF are almost pure SiO, - Fe,O5 (all Fe expressed

as Fe’ "y mixtures with (SiO, + Fe,O;) ranging from 92.9 to 98.9%. SiO, and
Fe,O; contents are 48.2 to 88.5% and 8.9 to 49.1% respectively. Al,O;
contents lie between 0.33 and 2.1% and show no correlation with either Fe,O3
or Si0,. AlL,Os is, however, positively correlated with Ti, Ga, Hf, Rb,Th, Zr and
Sr but not with CaO, the alkalies and the total REE. The lack of correlation of
AL Oy with CaO and the alkalies suggests little input of detrital feldspar in the
BIF. The other major element oxides are generally present in negligible
amounts except in sample R-51 which contains 0.9% and 1.9% of MgO and
CaO respectively (Table 1). In the latter sample, the CaO and MgO most
likely reside in carbonate, which is present as a minor phase in the mode.

Table 1:  Major (in oxide weight %) and trace element (in ppm)
composition of the Geita Banded Iron Formations

Oxide/ Rl R49 RS0  RS5I R52 R33  RS4 R55 RS56  RS6% RS7 MEAN
Element

Si07  88.52 63.55 65.11 62.2381.52 67.07 48.79 59.41 80.88 80.76 48.23 67.82
AlbO3 119 1.42 2.1 1.79 0.9 1.24 0.89 1.1 034 0.33 082 1.10
FeoO3g0r 8.91 32.85 30.82 30.71 16.87 30.3549.08 36.517.94 18.11 48.7529.17
MnO 0.0 0.02 0.01 0.05 0.01 0.01 0.01 0.01 0.0l 0.0 0.01 0.01
MgO 0.13  0.04 <0.01  0.92 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.36
CaO 0.07 0.09 0.03 1.9 0.07 0.03 0.03 0.02 0.05 0.05 0.09 0.22
NapO  0.02 <0.01 <0.01  0.37 <0.01 <001 <0.01 <0.01 <0.01 <0.01 <0.01 0.20
K->0O 0.21 0.39 <0.04 0.96 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 0.13 0.42
TiO2 0.02 0.05 0.08 0.06 0.02 0.03 0.03 0.04 0.0 0.01 0.02 0.03
PoOs  0.05 0.11 0.18 0.15 0.02 0.06 0.1 0.2 0.04 0.11 0.18 0.11
LOI 0.7 1.5 1.5 0.8 0.5 I 08 2.5 0.6 04 1.5 107
Total  99.92100.07 99.89 100.01 100 99.89 99.82 99.86 99.97 99.89 99.79 99.92
Ba 56 115 39 89 9 13 22 62 40 40  7450.82
Ni 146 6.6 6.5 142 169 104 11.1 10 13.1 12.3 510.97

* Duplicate analysis
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Table 1 (Continued)

Oxide/ R1 R49 R50 R51 RS2 R53 RS54 R55 R56 R56% R57 MEAN
Element

Cu 8.55 14.4 214 21.1 7.59 364 36.7 36.5 7.5 7.49 3.9818.33
Ga 2.1 2.8 3.5 3.5 2 2.2 2.4 4 1.7 1.8 1.2 2.47
Hf 0.2 0.3 0.4 0.3 0.1 0.2 0.2 03 0.1 0.1 0.1 0.21
Nb 0.55 0.37 0.67 0.58 0.51 0.42 0.48 0.6! 0.31 0.34 0.26 0.46
Rb 1858 21.19 1.67 30.86 0.97 0.97 1.32 1.02 0.61 (.53 13.98 8.34
Sr 74.3  29.5 6.3 106 4.1 4. 4.8 88.1 13.7 14 20.7 33.23
Th 0.6 0.5 0.8 0.6 0.5 0.3 0.2 06 0.6 0.6 0.2 0.50
U 2.2 0.2 0.6 0.3 7 0.5 0.6 1.5 0.6 0.6 0.1 1.29
Zr 8.2 124 18.2 15.2 6.4 g.1 8.9 11.7 5.9 6.2 5.5 9.70
Y 2.5 2.2 3.8 4.8 1.3 2.7 2.4 7.8 2 2.1 2.8 3.13
La 19 6.3 6.2 3.5 2.8 4.1 6.6 21.9 16 15.9 2.4 9.52
Ce 11 6.9 9.6 6.4 3.8 5.5 8.8 38.8 23.8 24.3 2.8 12.88
Pr 2.28 076 1.35 0.71 0.54 0.77 0.99 7.37 2.89 291 0.52 1.92
Nd 6.7 2.7 5.5 3.4 2 2.9 3.3 37.3 10.2 9.3 2.1 7.76
Sm 0.9 0.4 1 0.6 04 0.6 0.5 7.4 ] 1.1 0.4 1.30
Eu 0.3 0.18 0.32 0.37 0.12 0.28 0.24 1.67 0.36 0.36 0.2 0.40
Gd 0.85 0.39 0.85 0.73 0.3 0.59 0.56 3.98 0.97 0.94 0.38 0.96
Tb 0.1 <0.05 0.11 0.11<0.05 0.07 0.07 0.38 0.08 0.08 <005 0.13
Dy 0.49 0.27 0.72 0.58 0.24 0.56 0.47 1.72 0.46 0.38 0.38 0.57
Ho 0.09 0.06 0.13 0.13<.05 0.1 0.08 0.29 0.07 0.06 0.08 0.11
Er 0.25 0.2 037 042 0.14 0.29 0.23 083 0.2 0.19 0.25 0.3
Tm <0.05 <0.05 0.06 <0.05 <0.05 <0.05 <0.05 0.1 <0.05<0.05 <0.05 0.08
Yb 0.22 0.2 0.38 0.37 0.13 0.31 0.24 0.57 0.17 0.18 0.23 0.27
Lu 0.04 0.04 0.06 0.04 0.02 0.05 0.04 0.09 0.03 0.03 0.04 0.04
As 1.2 3.0 7 3.9 7.5 4.5 5.8 2.3 2.4 2.4 4.4 4.09
Sb 0.4 2,13 1.94 207 1.13 237 .75 1.51 0.43 0.43 0.35 1.32
\Y 5 14 16 11 14 10 8 39 7 7 2 12.09
Zn 6.2 23.9 6.3 356 2.4 3.8 4.2 38.1 4 3.7 5.212.13
Co 1.3 1.9 1.9 3.9 2.2 2.5 1.5 29 2.5 2.3 I 2,17
Total 4222 18.4 26.65 17.3610.49 16.1222.12 122.456.23 55.73 9.78 36.14
REE

Fe/Ti 187.2 276.0 161.8 215.0354.4 425.0687.3 383.3753.7 760.81024.0 475.3
Al/Al+Fe 0.092 (0.032 0.049 0.042 0.038 0.0300.014 0.0220.014 0.014 0.013 0.033
+Mn

Zr/Hf 41.0 41.3 455 50.7 64.0 40.5 44.5 39.0 59.0 62.0 55.0 49.3
Co+Cu+ 24.5 229 29.8 39.226.69 493 493 49.4 23.1 22.1 9.9831.50
Ni

Y/Pp0O5 50.0 20.0 21.1 32.0 65.0 45.0 24.0 39.0 50.0 19.1 15.6 34.6

* Duplicate analysis

When compared to post-Archaean average upper continental crust (Taylor
and McLennan 1981), the BIF are strongly depleted in the transition metals
(Sc and V), REE, High Field Strength Elements (Nb, U, Th, Zr, Hf, Pb),
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Large lon Lithophile Elements (Ba, Sr, Rb) and Y. The mean trace element
composition of the BIF (Table 1) is plotted in a Primitive Mantle
normalised (Normalising values after McDonough and Sun 1995) spidergram
in Figure 2. Apart from overall lower abundances and more pronounced
negative anomalies for Nb, Sr, Hf and Ti, the average BIF shows a pattern
that is very similar to that of the average upper crust. The only notable
differences between average upper crust and the BIF is the strong
enrichment of U relative to Th and K in the latter. The BIF pattern is also
characterised by positive Nd - P and negative Hf and Zr anomalies which
features are absent in the upper continental crust (Fig. 2). Nd is, however,
not correlated with P,Os indicating little influence of sedimentary apatite in
the REE budget of the BIF.
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Fig. 2: Primitive Mantle (PM) normalised diagrams indicating the trace element
geochemical similarity between the average Geita BIF (open triangles), average
upper continental crust (solid squares) and average Geita granite (open circles). The
upper crust data are from Taylor and McLennan (1981) whereas the granite data are
from Maboko and Manya (unpublished data). Normalizing values are from
Macdough and Sun (1995)

Figure 3 shows shale-normalised REE patterns for the BIF samples. The
samples are depleted by up to an order of magnitude in the REE relative to
average North American Shale (Gromet et al. 1984) and show nearly flat
patterns which are characterised by small positive Eu anomalies and very
slight negative Ce anomalies (Fig. 3). These patterns are in marked contrast to
the heavy (H)REE-enriched patterns of modern sea water (Sholkovitz &
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Szymczak 2000) and most other Precambrian iron formations (Bau and
Moller 1993).
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Fig. 3: North American Shale (NASC) normalised REE patterns for the Geita BIF. The
normalizing values are from Gromet er al. (1984)

The REE data are plotted in chondrite normatised (Normalising values after
Boynton 1984) diagrams in Figure 4. All samples are characterised by light
(L) REE-enriched ((La/Yb)y = 7-60: the subscript N indicates chondrite
normalised values) and nearly flat to slightly depleted HREE ((Tb/Yb)y = 0.95
~2.9) patterns on which are superposed slightly positive Eu anomalies and
very small negative Ce anomalies (Fig. 4). These patterns differ from the
HREE-enriched trends ((Sm/Yb)y < 1) which characterise most Archaean BIF
(see for example Bau and Moller 1993). Apart from the positive Eu anomalies,
however, the Geita BIF patterns are similar to the REE patterns of pelagic
clays (Barrett 1981).
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Fig. 4: Chondrite normalised REE patterns for the Geita BIF. The heavy dotted line
indicates the pattern for average Geita granite and is from Maboko and Manya
(unpublished data). Normalizing values are from Boynton (1984)

28



Maboko-The geochemistry of banded iron formations in the Sukumaland greenstone belt

DISCUSSION

Origin of the BIF

Metalliferous sediments, including BIF, can form as a result of hydrothermal
precipitation from seawater, diagenetic processes or physical accumulation of
metal-rich detritus. Bonatti (1975) suggested that hydrothermal metal-rich
deposits could be distinguished from hydrogenous deposits formed by
diagenetic processes on the basis of the relative abundances of SiO, and
Al,O5. On a plot of SiO, versus Al,Os, all the Geita BIF samples plot in the
field of hydrothermal deposits suggesting that they are chemical precipitates
with little or no detrital input (Fig. 5). The relative proportion of detrital, if any,
to hydrothermal input in such deposits can be inferred using Fe-Ti-Mn-Al
systematics (Bostrom 1973, Barret 1981, Wonder ef al. 1988). Pure
hydrothermal deposits contain very little Al and have high Fe/Ti ratios
(Bostrom 1973, Marchig er al. 1982). Contamination of such deposits by
pelagic and terrigenous deep-sea sediments enriches them in components
such as Ti and Al resulting in a drastic lowering of the Fe/Ti ratio and an
increase in the Al/(Al+Fe+Mn) ratio. On an Fe/Ti versus Al/(Al + Fe + Mn)
diagram (Bostrom 1973, Barret 1981, Wonder et al. 1988), the Geita samples
cluster on or close to the hydrothermal end of a mixing curve between
hydrothermal deposits, as represented by the metal-rich sediments of the East
Pacific Rise, and pelagic sediments (Fig. 6). This suggests that the major
elements in the BIF are predominantly (= ~80%) of hydrothermal origin. A
predominantly hydrothermal origin is also consistent with the low Y/P,Os
ratios which fall in the 15 — 65 range (mean = 36 & 10, 2 SE), similar to ratios
expected in pure hydrothermal deposits but lower than ratios of >100 found in
pelagic and hydrogenous deposits (Marchig et al. 1982). The major and trace
element data, therefore, suggest that the Geita BIF, like most other Archaecan
and Proterozoic iron formations, were deposited from hydrothermal solutions.
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represents mixing of East Pacific Rise hydrothermal deposits (EPR) with pelagic
sediments (PC) whereas the numbers indicate the approximate percentage of EPR in
the mixture (adopted from Barret 1981). Also indicated are compositions for mean
upper continental crust (UC, Taylor and McLennan 1981), Red Sea hydrothermal
deposits (RS, Marchig et al. 1982) and the Cyprus umbc. (CU, Bostrom 1973)
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Sources of the chemical components

Trace elements, and REE in particular, have been successfully used to put
constraints on the relative importance of terrigenous and volcanogenic
components in BIF and other Fe-rich sediments (Dymek & Klein 1988,
Manikyamba & Naqvi 1995, Lottermoser & Ashley 2000). While variable, the
REE patterns of BIF from different parts of the world share some important
similarities. Most of them show patterns characterised by HREE enrichment
(Sm/Yb)y < 1), (La/Nd)y > | and positive Eu anomalies. These characteristics
are also shared by modern deep-sea metalliferous sediments found on mid-
ocean ridge flanks (Ruhlin & Owen 1986) and have been interpreted as
indicating precipitation of BIF from multi-component systems consisting of
variable mixtures of hydrothermal fluids containing REE leached from the
basalts of the sea floor and surface marine waters, the REE signature of which
resemble modern sea water (Jacobsen & Pimentel-Klose 1988, Derry &
Jacobsen 1990, Bau & Moller 1993, Bau & Dulski 1996). Thus, the positive
Eu anomalies are generally interpreted as reflecting the hydrothermal
component whereas the HREE-enrichment reflects the influence of surface
marine waters (Derry & Jacobsen 1990, Bau & Moller 1993). Similar to other
Precambrian BIF, the Geita samples are characterised by slightly positive Eu
anomalies ((Ew/Eu* = 1.3 — 2.0, mean = 1.6) and (La/Nd)y > 1 (1.1 - 5.5,
mean = 3.0) which features reflect the hydrothermal influence. In contrast to
most other BIF, however, the Geita samples show strong HREE depletion
((Sm/Yb)x = 1.9 - 6.6, mean = 4.1). The HREE-depleted patterns of the BIF
can not be explained by precipitation from a mixture of hydrothermal
solutions similar to those found along modern mid-oceanic ridges or back-arc
spreading centres and modern marine surface waters. Modern hydrothermal
solutions are characterised by low REE abundances (pg/g levels) and patterns
with large positive Eu anomalies, LREE enrichment and nearly flat to depleted
HREE (Michard ez al. 1984, Fouquet e al. 1993). On the other hand, modern
seawater is dominated by REE from the dissolved fraction carried into the
ocean by rivers. This fraction is usually characterised by HREE-enriched
patterns due to fractionation processes occurring in the estuarine environment
which preferentially scavenge the LREE relative to the HREE (Bau & Moller
1993, Sholkovitz & Szymczak 2000). The REE patterns of most BIF can be
explained by precipitation from hydrothermal solutions that have been
strongly diluted by seawater (Dymek & Klein 1988, Derry & Jacobsen 1990,
Bau & Moller 1993). The seawater imparts the strong HREE enrichment
(Dymek & Klein 1988) whereas the hydrothermal component is reflected in
the positive Eu anomalies and the LREE enrichment. Depletion in the HREE
in chemical sediments, as reflected in elevated (Sm/Yb)y ratios have been
attributed to an increased contribution of particulate and colloidal components
in the total REE budget (Bau & Moller 1993). The HREE-depletion in the
Geita samples is similarly interpreted as indicating a detrital influence on their
trace element geochemistry. A comparison of the REE patterns of samples
with differing degrees of detrital contamination, as measured by different
Fe/Ti ratios, suggests that an increase in the detrital component results in
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higher relative abundances of the light and middle REE (Fig. 7). A detrital
influence on the trace element geochemistry of the BIF is also supported by
ratios of the High Field Strength Elements Zr and Hf whereby the BIF have
Zr/Hf ratios (41 - 64, mean 48%5, 2 SE) which are similar to the crustal
average of ~40 (Dymek & Klein 1988). A positive correlation between Al,O4,
a known indicator of detrital contamination in chemical sediments, with some
trace elements (Ti, Ga, Hf, Rb, Th and Zr) provides further evidence for a
terrigenous influence on these BIF geochemistry. SiO, and Fe,05, however,
show no correlation with the trace elements possibly because the SiO; and
FeO3 are of mixed hydrothermal and detrital parentage.
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Fig. 7: Chondrite normalised REE patterns for samples with different degrees of detrital
contamination as measured by different Fe/Ti ratios (187.2 for sample R1, 637.3
for sample RS54 and 1024.0 for sample R57). Note the enrichment in the light and
middle REE as the detrital component increases

Major rock types exposed in and around the Sukumaland Greenstone Belt
that could potentially contribute detritus to the BIF depository during
Neoarchaean time include metabasalts, felsic volcanics and granites. The
crustal-like Zr/Hf ratios observed in the BIF, together with the lack of
enrichment in Ni, Co and Sc relative to average shale preclude a significant
contribution of detritus from the metabasalts (Manikyamba & Naqvi 1995).
This is also consistent with the fact that the BIF have a mean '’Sm/'*Nd ratio
of 0.10 = 0.01 (2 SE), indistinguishable from the ~0.11 mean value of detritus
produced by the weathering of typical upper continental crustal rocks
(Jacobsen & Pimentel-Klose 1988). Weathering of predominantly mafic
volcanic rocks would result in significantly higher “TSm/'**Nd ratios of ~0.15
(Jacobsen & Pimentel-Klose 1988). Instead, the BIF show trace element
characteristics that closely resemble those of typical Archaean granites, similar
to those intruding the Nyanzian succession in the Sukumaland Greenstone
Belt. This similarity, which is revealed by the parallelism of the REE and
primitive mantle-normalised patterns of the BIF and granites (Figs. 2 and 4),
suggests that the trace elements in the BIF were derived from detritus with
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geochemical characteristics similar to that of the granites. As the granites in
the Nyanzian clearly post-date BIF deposition, it is suggested that the felsic
flows and pyroclastics which preceded the granitic magmatism supplied the
sediments. This interpretation is supported by the presence of numerous
tuffaceous horizons in the BIF (Walraven er al. 1994) and the fact that a
trachyandesite sample interbedded with the BIF has an REE pattern that is
very similar to that of both the granites and the BIF (Fig. 8). Since even
samples like R57, which show minimal contamination by detrital material as
revealed by their high Fe/Ti ratios (Table 1), also show HREE-depleted
patterns (Fig. 7), it is proposed that some of the REE might have been derived
from the hydrothermal leaching of the felsic volcanics and pyroclastics. The
interbedding of the iron formations with volcanic flows provides evidence of
active volcanism during the BIF deposition that could have facilitated
hydrothermal leaching. Al,Oj3 is considered relatively immobile during
hydrothermal leaching (Mottl & Holland 1978, Seyfried & Bischoff 1981).
Thus, derivation of some of the REE by hydrothermal leaching could also
explain the de-coupling of Al,O5 and the REE as indicated by the lack of
correlation between Al,O5 and the total REE. The leached fraction would only
contribute the REE and other trace elements to the hydrothermal solutions but

not Al,Os.
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Fig. 8: Comparison of the chondrite normalised patterns for average Geita granite, least
contaminated BIF (R54) and trachyandesite flow interbedded with the BIF., Even the
uncontaminated BIF sample shows an REE pattern that parallels the patterns for
granite and trachyandesite

CONCLUSION
The Geita BIF were precipitated from hydrothermal solutions with a

maximum contamination by detrital material of ~20% by weight. The BIF are
characterised by crustal-like Zr/Hf and "**Sm/'**Nd ratios and REE patterns

which, apart from positive Eu anomalies, are similar to those of typical
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Archaean granites. This shows that, despite their lower proportions, granitic
detritus probably derived from contemporaneous felsic flows and pyroclastics
provided the dominant trace element geochemical characteristics of the BIF.
However, even apparently detritus-free samples show the crustal geochemical
signature suggesting that some of the chemical elements were derived from the
hydrothermal leaching of the interbedded felsic volcanics and pyroclastics.
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