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Abstract

The Handeni area on the eastern edge of the Tanzanian Craton is within the
Neoproterozoic Pan African Orogeny Mozambique Belt has been considered
the area to be part of the “Sumukuland Corridor”. In this paper, it is postulated
to be Sediment Hosted Vein Deposits. Tanzania is the third-largest gold pro-
ducer in Africa with an annual production at 60 tonnes. The Archaean Tan-
zanian Craton is surrounding Proterozoic Usagaran and Ubendian mobile
belts. Outside of the Craton in the Ubendian only one mine is operating, to
the southwest and one deposit in the “Kilindi Handeni Superterrane” to the
east. The Pan-African Mozambique Metamorphic Belt to the east stretches
from the south of Mozambique to Sudan and Ethiopia contain significant
amount of gold in the Handeni-Morogoro-Dodoma area. The high metamor-
phic terrane between Morogoro and Handeni, has “cooked” the original rocks
so identifying their origins is tenuous, but has copious amounts of garnets as-
sociated with regional metamorphism of sediments and volcanic. The
Mozambique Metamorphic Belt represents one of the major sites of Gond-
wana amalgamation related to the Pan African Orogen, where two major
orogenies are superimposed on each other. The Asian SHVs are at major Cra-
tonic collisions part of the Central Asian Orogenic Belt with the Siberian Cra-
ton to the north and three Cratons to its south. This belt was the structural
preparation of the Tien Shan Area with many deep sutures and thrusts for the
deposition of the SHV deposits. These Cratonic collisions of the Asian Conti-
nent would be analagous to Gondwana’s “collision” of East and West Gond-
wana. Sediment-Hosted Vein deposits are the largest gold-bearing vein depos-
its, along paleoTethyan margins of central Asia. The key features of passive
margin settings that control mineralization include: 1) an unstable substrate
of extended continental crust (comparable to the Tanzanian Craton); 2) a
thick sedimentary sequence with associated syn- to post-depositional exten-
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sion and contraction structures; and 3) reactivation and interplay between
these components during fold-thrust deformation to provide pathways for
deep-sourced hydrothermal fluids and magma. This south Siberian Craton
(SSC) region has deposits and mineralization related to hydrothermal breccias
and veins into the Paleozoic sediments as definitive models of SHV deposits.
Major “sutures” are present. The Usagaran and Ubendian formations could
be in an analogous tectonic zone. In the SSC region, the Central Asian Oro-
genic belt has identified oceanic assemblages, analogous to the opening and
closing of the Mozambique Ocean similar assemblages, southeast and east of
the Tanzanian Craton, as opposed to being reworked Archaeon Sumukuland
Corridor. The Muruntau gold deposit is situated in Uzbekistan, have several
structures, controlling the localization of the ore bodies in metasedimentary
units, related to the bedding and schistosity, located sub-parallel to flat-dip-
ping zones of thrust, shear and mylonitization and controlled by brittle defor-
mation behavior of the rocks after metamorphism (not discordant with the
Pan African Orogeny). SHV deposits have placer gold deposits and in the
Handeni Morogoro area many placer have been found by the locals including
the Magambazi deposit. Instead of the overprinting of the Archaean terrane,
an accreting sequences of oceanic volcanics and sediments during the closure
of the Mozambique Ocean with the formation of Gondwana being subse-
quently metamorphosed and “thrust” faulted against the Tanzanian Craton
with the introduction of “fluid granitic magmas” is suggested. Island arcs are
extremely prolific in mineralization. The “Mozambique Ocean” amphibolites
as island arc remnants would be natural hosts and structurally “available” to
enable mineralization in the Pan African Orogeny. There are oceanic assem-
blages in the Tien [Tian} Shan Accretionary Belt with less metamorphic inten-
sity. The alternate Sediment Hosted Vein model, is proposed for the Kilindi
Handeni Superterrane hydrothermal Orogenic gold deposits with metamor-
phism and deposition of gold along the continental collision structures. The
parameters for a SHV deposit are present in the Handeni area. An “older”
North American example of this level of metamorphism, associated with con-
tinental “accretion and/or collision” is the Adirondacks and the Grenville ge-
ologic province. Comparing the SHV and Archaean Overprint model, for the
Orogenic gold mineralization, the SHV model fits.
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Gondwana, Mozambique Ocean, Sediment Hosted Vein Deposits (SHV),
Orogenic Gold Deposits, Neoproterozoic Mozambique Metamorphic Belt,
Usagaran Belt, Pan African Orogeny, Tanzanian Craton, Siberian Craton,
Central Asian Orogenic Belt, Tien [Tian] Shan Belt, Magambazi Deposit,
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1. Introduction

The author has been conducting mineral exploration in Tanzania for almost 20
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years and was one of the first geologists to see the new Magambazi discovery in
2005 (Figure 1). Although the author’s exploration experience in Tanzania cov-
ered lots of area, with the 2009 discovery by Canaco (now East Africa Metals—
“EAM”) of the Magambazi deposit, he increased his focus on the Handeni area.
With the exploration knowledge gained the author feels compelled to jump into
the fray of speculating on the source of the wide spread occurrences of gold in

what would commonly be a terrain that is passed over by geologists.
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Figure 1. Location map of Tanzania—highlighting the Magambezi deposit area.

Some initial postulating has drawn on the proximity of the Tanzanian Archean
Craton, its related greenstones belts and the significant and large gold deposits
there (Barrick’s Bulyanhulu deposit which has been in operation since the late
1990s and Anglo Ashanti’s Geita Mine which has had been in operations since the
early 2000s, both have a remaining mine life of, at least, 10 additional years) then
projecting them into the terrain to the east, subjecting them to the Mozambique
Orogeny that metamorphosed them to amphibolites to granulite facies to match
what is present on the ground. Although some possible age dating by Kabete [1]
is cited as possible confirmation that the Kilindi Handeni Superterrane is the east-
ern extension of the “Sukumaland Corridor” (Figure 2, Tectonic schematic of

Tanzania [2]), the author’s experience in the region, the lack of definable Ar-
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chaeon greenstone remnants or altered equivalents and the 250 - 300 km distance
to the lower metamorphosed craton severely limits this postulation.

There has been little research done on the “justification of this postulation.”
Groves and Kabete proposed it in 2012 but as the lack of active exploration and
development of the Magambazi deposit lessen, the interest in the area waned. The
author has been recently involved in the area and his observations of the geology

kindled a re-interest in their conclusions which he felt needed to be re-evaluated.

Figure 2
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Figure 2. Schematic map of Tanzania craton.

The position of the Handeni area (Figure 3, [3]) along the eastern edge of the
Tanzanian Craton is within the Neoproterozoic orogeny, related to the Pan Afri-
can Orogeny, as part of the Mozambique Belt between ~620 - 603 Mya in age.
However, Groves et al. [1] considered the area to be part of the “Sumukuland Cor-
ridor” (Figure 2) though to my opinion, this seem to be very unlikely as the area
is far from the Sumukuland and the rocks types of the two terrains do not have
any geological features [4], resembling it at all, apart from hosting significant
amounts of gold. Gold in the Kilindi Handeni Superterrane is postulated by
Groves et al. [1] to be of metamorphosed, Archean greenstones, orogenic type
whereas it is postulated by the author to be to be Sediment Hosted Vein Deposits,
based on Paul Klipfel’s outline, in his discussion in the 2005 Geological Society of
Nevada 2005 Symposium [5].

This paper is intended to flesh out that postulating origin of the copious
amounts of placer and hard rock gold showings throughout the area and inject
more discussion into the origin of this mineralization in a terrane that is often if
not almost always ignored by mineral explorationists.

Andy Smith of Canaco Resources (Now EAM) in one of his 2005 initial visits
to this region stated, profoundly, “We are in an area of geology that according to
our theoretic model should have had all the gold and other metals boiled out of it

by the grade of metamorphism, yet we see significantly more value from gold pro-
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duction emanating from this region than exploration dollars have gone into it”

[6].
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Figure 3. Regional geology of Tanzania.

The author in approaching the first showing in 2005 had to address the contrary
impression from the high-grade metamorphic schists and gneisses outcrops
passed en route, to the significant workings in this “leverite [leave her right there]”
rock type.

Since then, more discoveries have been made in these high-grade metamorphic

terranes (e.g. Plutonic and Tropicana in Western Australia, Groves ef al [1]) alt-

DOI: 10.4236/nr.2025.164006

99 Natural Resources


https://doi.org/10.4236/nr.2025.164006

L. Stephenson

hough as Dr. Ian Groves states” [most] Proterozoic mobile belts are typically de-
void of gold deposits” (p. 241 [2]). Relating the Handeni District to these new
emerging genera of gold deposits, is a worthy issue of discussion that might ex-

pand the continuing search for new and expanding resources.

2. Gold Production History of Tanzania
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Figure 4. Annual gold production For Tanzania 2012 - 2023; worldwide gold producing countries 2022.

Gold was exported from Tanzania following the penetration of Arab traders
during the 16th to 19th centuries. However, the first commercial mines were de-
veloped in 1909 by German colonists at Sekenke in the Lake Victoria goldfields of
the Tanzanian Craton. Following World War I, gold production grew steadily for
about 30 years, but then declined. By 1967 output had all but ended as a result of
the fixed gold price. There has been a strong revival in gold mining recently, based
on changes in economic policies of the country, modern geological models, and
technologically advanced recovery methods and strategic investment. Gold pro-

duction reached 1.75 Moz in 2008, making Tanzania the third-largest gold pro-
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ducer in Africa [7]. Today it is rated as the 3" largest gold producing country in
Africa with an annual production at 60 tonnes (Figure 4— Annual gold produc-
tion For Tanzania) and Worldwide as the 16" largest Gold producing country [8].
As noted above, Barrick operates two mines (Bulyanhulu and North Mara) and
Anglo Ashanti one (Geita) that are located in the greenstone belts of the Lake
Victoria Greenstone Belts (LVGB) within the Tanzanian Craton. As well, Resolute
Mining (Australia) recovered over 2 million ounces from its Golden Pride Mine
(1999-2013), and Barrick recovered an estimated 3 million ounces at its Buzwagi
Mine (2007-2022) and from several other operations gold was or is being recov-
ered (Buckreef Mine, Singida Mine). All these operations are in the LVGB (Figure
2).

Only one mine, the New Luika Mine (Shanta Gold) is operating in the Lupa
gold area of the Ubendian orogeny rocks southwest of the Craton and one deposit
(Magambazi) east of the Craton in the “Kilindi Handeni Superterrane” are, to
date, located outside of the Craton. The Mpanda area had minor operations
around 2000 and is actively being explored is west of the Craton (Figure 1).

The Magambazi area was first investigated by the author in 2005 when he was
following up on the Ashanti Gold exploration work [9]. The artisanal gold miners
there, were following up the placer gold in the river alluvium from the rivers
draining the area which led to the discovery of the hard rock artisanal mining area.
From that discovery by the artisanal miners, the Canaco Magambazi deposit was

revealed.

3. Regional Geologic Setting

The Archaean Tanzanian Craton and its surrounding Proterozoic mobile belts
underlie much of the Central Plateau of Tanzania (Figure 3). The southeast limit
of the craton is marked by the Paleoproterozoic Usagaran belt, dated at 2000 Ma,
while the eastern part is bounded by the Neoproterozoic (900 - 500 Ma) Mozam-
bique collisional belt. To the southwest, the 2000 Ma Ubendian belt marks the
edge of the craton, whereas to the west the boundary is marked by the Mesopro-
terozoic Karagwe-Ankolean belt and the Neoproterozoic to early Paleozoic Mala-
garsi Supergroup. Completing the boundary in the northwest is the Ruwenzorian
belt of Uganda.

The main part of the Archaean craton has two main components. The Dodo-
man System comprising of migmatites, biotite gneisses, gneissic granites and local
massifs of biotite granites located in the southern portion of the Craton and the
Nyanzian greenstone belts (the “Sumukuland Corridor”) to the south and east of
Lake Victoria, in the northern part of the Craton.

The eastern arm of the East Africa Rift system, with its Kilimanjaro related Ter-
tiary mafic to intermediate volcanics including carbonatites, occurs mainly in the
north of the country “flowing” on the east side of the craton and the western East
Africa Rift system with its deep lakes (Tanganyika and Nyasa) related to the Paleo-

zoic sediments and volcanic of the Malagarasi (Gagwe) system “flowing” on the
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west side of the Craton.

Wrapping around the Tanzanian Craton on the southwest south and most of
the east and affected by the East Africa Rift System are the Proterozoic Usagaran
and Ubendian systems. These systems are postulated by Groves and Kabete [1] as
being the metamorphosed edge of the Archean Craton affected by the Mozam-
bique orogeny. However, Fritz et al [10] suggested that “the Usagaran Belt was
strike-slip tectonics in an Island arc regime” while the Mozambique Belt was re-
lated to the westward thrusting of east Gondwana onto west Gondwana.

South east of the Craton and its surrounding fold belts is found the Paleo-
zoic/Mesozoic Karroo System of mainly continental clastic sediments succeeded
towards the coast by continental shelf and marine sediments of the breaking apart
of Pangaea in the Mid Jurassic to recent.

Until the Canaco Magambazi discovery in 2009, the Archean greenstone belts
of the Lake Victoria Region hosted the major gold deposits in Tanzania. However,
there have been related gold discoveries in similar Proterozoic rocks to the south
and west (New Luika Mine) of the Archean Craton.

4. The Structural History of the Tanzanian Proterozoic Rocks

Proterozoic rocks in Tanzania include the Palaeoproterozoic Ubendian and Us-
agaran Belt to the southwest and southeast of the Craton, the Mesoproterozoic
Karagwe Ankolean Belt to the northwest of the Craton and the Neoproterozoic
Mozambique Belt (the Pan African Belt) to the east of the Craton.

Of note to the discussion is that both Belts represent earlier continental colli-
sions with the Tanzanian Craton, prior to the younger Mozambique Metasedi-
mentary Belt formation.

The Ubendian Belt borders with the Usagaran Belt to the south-east. Together,
they surround the southern margin of the Tanzania Craton. The Usagaran Belt
strikes to NE-SW to E-W and is composed of continent-continent collision related
metamorphic suites; subduction related eclogites and back arc related pillow bas-
alts. The Usagaran subduction event dates between 2.05 and 1.99 Ga indicating
that it is slightly older than the 1.9 - 1.86 Ga Ubendian subduction.

The Usagaran belt sinistral transpression deformation took place between 2000
+ 1 Ma and 1877 + 7 Ma with an indicated post 1877 Ma reactivation of the Isi-
mani Suite (to the south east of the Craton, see Figure 5). This reactivation may
have taken place during Paleoproterozoic exhumation of the Usagaran Orogen or
may be the result of deformation associated with the Neoproterozoic East African
Orogen [11].

The age data indicate that the Isimani Suite of the Usagaran Orogen reflects
reworking of Archaean continental crust, with subsequent greenschist facies de-
formation, localized as shear zones on the boundaries.

One explanation is the belt was formed by the collision of two continents if the
continents fortuitously had the same protolith ages. A second, more likely sce-

nario is that the protoliths of the mafic eclogites were erupted in a marginal basin
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setting as either oceanic crust, or as limited extrusions along the rifted margin of
the Tanzanian Craton [11]. The Usagaran Orogen may therefore reflect the mid-
Paleoproterozoic reassembly of a continental ribbon partially or completely rifted

off the craton and separated from it by a marginal basin.
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Figure 5. Simplified geological map of eastern Tanzania.

However, there is little structural data published from the Usagaran Orogen,
and what data there is, does not constrain the kinematic evolution of the Usagaran
rocks.

The Ubendian Belt, further to the west, between the Archean Tanzania Craton
and the Bangweulu Block, represents a Paleoproterozoic orogeny of these two
constituents of the Congo Craton assembled at ~1.8 Ga, forming the Central Af-
rican Shield, during the Columbia Supercontinent cycle and consolidated during
the Gondwana assembly [12].

All evidences suggest that the Bangweulu Block and the Ubendian Belt partici-

pated in the amalgamation of the Central African Shield as separated continents
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surrounded by oceanic crusts during the Paleoproterozoic Eburnean and the Ne-
oproterozoic Pan-African orogenies. Subduction and accretion in the Ubendian
Belt to the Tanzania Craton apparently initiated within the Katuma and Lupa Ter-
ranes, and proceeded by fusion of the Upangwa and Nyika Terranes as they rec-
orded the oldest magmatism. The activation of subduction culminated between
1.89 and 1.86 Ga, associated with crustal thickening and gold mineralization

Subsequent collision and accretion between the Tanzania Craton and the Bang-
weulu Block occurred at ~1.83 - 1.82 Ga. The Ubendian Belt together with the
Usagaran Belt evidences an important tectonothermal event: assembly of the Tan-
zania Craton and the Bangweulu Block with the Congo Craton and forming the
Central African Shield as long-lived convergent margin of Archean craton frag-
ments during Paleoproterozoic period and their participation to the Columbia su-
percontinent amalgamation.

The final continent-continent collision is marked by 530 and 520 Ma eclogites.
The 590 - 520 Ma regional tectonothermal event of the Ubendian Belt contempo-
raneous with Neoproterozoic consolidation of the Central African Shield and final
Gondwana assembly by the Pan-African orogeny, and the formation of the
Mozambique Metasedimentary Belt.

At least five major magmatic events connected to the assemblage of supercon-
tinents has been observed in this region that would have affected the eastward
“continuation” of the Sumukuland Corridor: ~250 Ma (Pangea), ~560 Ma (Gond-
wana), ~1 Ga (Rodinia), ~1.8 Ga (Columbia/Nuna) and ~2.6 Ga (Kenorland?).

The Bangweulu Block and the Ubendian Belt participated in amalgamation of
the Central African Shield as separated continents, surrounding oceanic crusts
during the Paleoproterozoic Eburnean orogeny and the Neoproterozoic Pan-Af-
rican orogeny. The Usagaran Belt possibly a bit older, could be a similar accretion
as outlined above, or mid-Paleoproterozoic reassembly of a continental ribbon
partially or completely rifted off the craton and separated from it by a marginal
basin.

The relationship that the Mozambique Metasedimentary Belt is separate from
the Usagaran Belt suggests that the Kilindi Handeni Superterrane units are dis-
crete. Thus, a more pertinent relationship to the younger closing of the Mozam-
bique Ocean should be considered.

The Pan-African belt of metamorphic rocks is a major orogenic belt known as
the Mozambique Metamorphic Belt that is along the east coast of Africa, stretch-
ing from the south of Mozambique to Sudan and Ethiopia (Figure 5, [13] [14]).
Old literature wrongly, refer the Mozambique Belt as part of the Usagaran Belt
but this usage is not acceptable at present. The age of the Pan-African metamor-
phic event in Tanzania has been dated at 615 - 650 Ma on the basis of U-Pb mon-
azite geochronology [13]. In addition to the well-known Lake Victoria Goldfields
in the Archean greenstone belts, several significant gold targets have been revealed
in Early Proterozoic (Ubendian) rocks in Tanzania to the west and south of the

Archaean Craton. In some cases, the host rocks are Archaean in age and have been
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subsequently overprinted by Proterozoic metamorphism. These areas represent
areas long established, as potentially viable for gold deposits, with several decades
of mineral exploration. The Neoproterozoic Mozambique Belt also contain signif-
icant amount of gold mainly in the Handeni-Morogoro-Dodoma area (referred to
on Figure 5 as “Magambazi” (Negero et al area, Najim-Sahani-Mkurmu) area
and the “Morogoro” (Melela-Matombo) area and to a small amount, in the Usam-
bara and Pare Mountains to the north.

To the southwest of the Tanzania Archean Craton at Mpanda (Figure 1 and
Figure 3), gold deposits occur in Early Proterozoic (Ubendian) rocks, within a
suite of metamorphosed sediments intruded by granites and stockworks. The
mineralisation is found within northwest-trending shear zones adjacent to the
granites. At nearby Lupa, gold is found in shear zones near acid and basic intru-
sions. The Lupa area mineralisation in lodes and secondary deposits is of
greenschist-amphibolite metamorphic grade, considerably lower than the major-
ity of the Ubendian, and may be considered to be reworked Archaean greenstones
(1] [2].

I have not seen these rocks but the description and conclusion of Archaean
Parenthood is plausible but the proximity of the intrusives and shear zones sug-
gests a typical structural intrusive related interaction not necessarily dependent
on the parenthood of the host rocks. Two major mainly E-W shear zones investi-
gated by Fritz et al [10] just south of the two gold areas cited (The Kiboriani and
Central Tanzanian Figure 5) are referred to as being “oblique crustal scale” which
suggests significant structural activity from the unification of Gondwana which
tends to negate the “in place metamorphism” required for the Kilindi-Handeni
Superterrane to be a continuation of the Sumukuland corridor. As well, it con-
firms the “deep sutures” are present just as they are in the tectonics of the Asian
SHV.

In eastern Tanzania, the newly recognized region of gold deposits associated
with the Magambazi deposit in higher grade metamorphic Proterozoic (Mozam-
bique) rocks has been referred to as the Sumukuland Corridor extension to the
east (the Kilindi Handeni Superterrane, Figure 2) by Groves et al. [2] It suggests
this southeastern extension of the greenstone belts of the Lake Victoria Gold
Fields may host additional gold deposits that may be re-worked Archean deposits.

The author has had recent and extensive exposure to various localities from
Morogoro to Handeni in these rocks and it is hard to confirm the original rock
type in any shape or form in sufficient surety to broach the 250 - 300 kilometre
distance to the greenstone belts of the Lake Victoria Goldfields. Along with Fritz’s
[10] observations cited above, it makes the conclusion of Archaean Parenthood,
less plausible and the lack of notable intrusives and shear zones suggests a differ-
ent structural environment again, not necessarily dependent on the parenthood
of the host rocks. This area was structurally impacted by the 630 - 650 Mya Pan
East African Orogeny but the metamorphosed sediments, amphibolites, gneisses

also fits with a continental shelf margin to the craton parenthood with associated
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“Island arc assemblages” that were developed and added during the formation of
the Gondwana paleocontinent, related to the closure of the “Mozambique Ocean
(Figure 6, [10]).”

w Palinspastic reconstruction Flgu re 6 E
The "Mozambigue Ocean
Usagaran Margin Eastern Granulites Margin
(West Gondwana) (East Gondwana)
Shallow Water Sediments Greywacke Shallow Water Sediments
Island arc

magmatism

1.8 Ga Tonalites deformed Tonalites 850 Ma Anorthosites

——————— Usagaran Crust il Pan-African Crust —
F————Usagaran Metamorphism ———— Pan-African Metamorphic Overprint—i

Figure 6. Palinspastic reconstruction (east meets west Gondwana).

The conclusion that the high metamorphic grade Kilindi-Handeni Superter-
rane, on the east-southeastern edge of the Tanzanian Craton (the LGVB Craton)
and on strike to the ESE of the Lake Nyanza Superterrane (the Sumukuland Cor-
ridor) is overprinted by Neoproterozoic orogeny comprised of curvilinear meta-
morphosed supracrustal sequences, including amphibolites, within granitic
gneisses which are transected by ENE trending shear zones [1] is an unmoved
metamorphic continuation, becomes less tangible and, in my opinion, from the

geology observed, not an obvious conclusion.

5. Local Geology

The author observed the high metamorphic terrane between Morogoro and
Handeni. What is consistent is that the grade of metamorphism has “cooked” the
original rocks to a point that identifying their origins is very tenuous. Little to no
petrographic work has been done on the immediate area rocks of the Kilindi
Handeni Superterrane. The grade of metamorphism is cited by Kabete [15] who
was intimately involved in the Magambazi deposit area. The High grade meta-
morphism is also cited by Groves et al [1] and extensively by Bitesigirwe [16].
Bitesigirwe did extensive petrographic work and analysis but summarized it as
being “high grade metamorphism,” namely amphibolite and granulite facies, with
garnets associated with both. Fritz [10] also described the metamorphism as
Greenschist to Granulite in an area farther to the south.

However, the presence of copious amounts of garnets in almost the whole re-
gion associated with mainly the more mafic amphibolitic units is an area trait.
Little to no garnet chemistry has been done on them and they are present through-
out the region.

Garnets are most common in metamorphic rocks including sedimentary rocks
with a high aluminum content (Schists and gneisses) and igneous Basaltic rocks

(some Ca-bearing) as Amphibolite [17].
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They represent a Metamorphic Environment as a Middle grade regional meta-
morphism along a convergent plate boundary which was present in the formation
of Gondwana. That garnets are associated with regional metamorphism of sedi-

ments and volcanic, suggests the original rock type in this area has that affinity

(marine sediments, island arc assemblages and ophiolites).

~ Sahani Strata

Figure 8

Flat lying strata of
Mafic schists

Figure 8. Flat lying strata of Mafic Schists.

In the Morogoro West area (Melela) geological mapping by Charles Mnguto
outlined the high-grade metamorphism of the rocks in low angle “bedding” for-
mations (Figure 7, [18] [19]). Similarly, to the southeast of Morogoro area (Ma-
tombo) and also to the north east, similar low angle formations were observed.

Garnets were again ubiquitous to the rock units [19] [20]. The author also ob-
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served these same characteristics in the Kilindi area southwest of Handeni associ-
ated with the Najim “Mine” and the Sahani Area (Figure 8) and in several other
locations in the immediate area of Handeni (south and southwest). However,
there appears to be less garnets associated with the Sahani area.

Granulites of the western Uluguru Mountains which form a backdrop to the
city of Morogoro and a topographical barrier between the Melela area (west) and
the Matombo area (east) have composition indicating possible derivation from
cratonic and/or Usagaran material, reworked and mixed with a small proportion
of younger Proterozoic material during the Pan East African orogeny. This could
indicate a suture zone between a western Archean-Proterozoic continental mass
(Tanzanian Craton) and juvenile arc-terranes docking on from the east during
subduction of the Mozambique Ocean.

A possible boundary between two of these crustal domains lies within the Ulu-
guru Mountains granulite complex and may be marked by an apparent lithologi-
cal contrast between the eastern and western Uluguru Mountains. The eastern
Uluguru Mountains (Matombo) consisting of a supracrustal sequence with dom-
inant marbles and metapelites, whereas the western part (Melela) consists of the
granulite complex, is a lithological boundary that may coincide with the age prov-
ince boundary. Moller based this on Nd model ages: “Granulites of the W Uluguru
Mountains have Nd model ages between 2.1 and 2.6 Ga, and highly variable feld-
spar Pb isotope composition indicating possible derivation from cratonic and/or
Usagaran material, reworked and mixed with a small proportion of younger Pro-
terozoic material during the Pan-African orogeny. This could indicate the suture
zone between a western Archean-Proterozoic continental mass and juvenile
arcterranes docking on from the east during subduction of the Mozambique
Ocean” [14].

Continental sediments of the Karoo abut the mountains to the east in a typical
flat-floored African Rift environment. Both this, and the Mkata Plains to the north
are covered by extensive tracts of mbuga (marshy ground), recent alluvium and
thick residual soils.

Many of these rocks in the eastern Uluguru Mountains are of apparent sedi-
mentary origin that have been metamorphosed to upper amphibolite and granu-
lite facies (Part of the Mozambique Ocean, Figure 6). Garnet quartzo-feldspathic
granulites and marble, generally resistant to weathering, tend to cap the main hills.
These rocks overlie garnet-biotite gneisses, amphibolites and mafic granulites.
The metamorphic rocks are intruded by pegmatites, pegmatitic quartz and quartz-
microcline dykes and veins of Mozambique Metamorphic and post-Mozambique
Metamorphic age [20].

The author found it was hard to identify any physical difference between the
Garnet quartzo-feldspathic granulite in east or west although a general observa-
tion, that the west is more felsic, can be made. In the area of Matombo the units
were mostly sub-horizontal, there are steeper dips near the sole thrust zone iden-

tified, at the current level of erosion. The general strike of the regional foliation is
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north-south. In the east, the Matombo Formation marbles lie in a series of gently
folded thrusts which have been thrust faulted over the Lukwangule granulites. To-
gether they comprise what is known as the Ruvu Nappe, comprising a northwest-
southeast striking open syncline pair. The sole thrust of the nappe strikes north-
south for most of its 60 km length. The rift fault between the up-thrown Mozam-
biquian gneisses and the downthrown Karoo sandstones is exposed in road cut-
tings on the Matombo-Mvuha road.

Although very little research has been done on structures, folding and dips and
their timing relationship (Fritz et al [10] has done some “age dating” to the south)
most references attribute it to the Pan African Orogeny. The strikes dips and other
structures reported below are from Mnguto’s [18] Musira’s ef al [20] and the au-
thor’s observations.

The Ruvu Nappe shows the area was under regional deformation as a major
tectonic facies, that it is associated with both artisanal alluvial and hard rock min-
ing at various locations along 45 km of its length, in the Dodoma Morogoro
Handeni area, suggests that: “a large, sheet-shaped body of rock that has been
moved from its original position by folding or faulting. Nappes are a fundamental
unit in tectonostratigraphical classification” [21]. It suggests that parts of the
Mozambique Metamorphic belt have been “moved” ergo the continuation of the
Sumukuland corridor continuing as the Kilindi Handeni Superterrane is suspect.

Evidence of two periods of folding that might have some relevance to the min-
eralization, dips to the east in the range 20° - 40” for the north south striking units.
Mnguto in his mapping outlined the formational extent and characteristics of the
Melela area with the shallow dipping foliation in the 10° - 15° range (strikes are
NE and SE) and shears in the 20° - 40° range [18]. Two major structures of the
interpreted shears, associated with gold mineralisation (at Matambo) are trending
WNW-ESE and NNE-SSW. Steeply dipping faults cutting these, trends in a N/S
and NE/SW fashion [20].

At the Sahani area the author observed the “strataform” amphibolites striking
WNW ESE and dipping 30° - 40° S or N (A gentile syncline in the area was ob-
served), while at the Najim area the same general characteristic was seen (shallow
south dip).

Both areas demonstrate lots of structural interaction that would be expected
during the continental formation of Gondwana. It suggests lots of potential tec-

tonic movement.

6. Structural History of the Region

The Mozambique Metamorphic Belt represents one of the major sites of Gond-
wana amalgamation related to the East African Orogen [22], where two major
orogenies are superimposed on each other (Figure 9, [22]). The East African
Orogeny (as later defined) at ~650 - 630 Mya affected a large part of Arabia,
North-Eastern Africa, East Africa and Madagascar. Collins and Windley [23] pro-

pose that in this orogeny, Azania, collided with the Congo-Tanzania-Bangweulu
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Block. The later Malagasy orogeny at ~550 - 515 Mya affected Madagascar, eastern
East Africa and southern India. In it, Neoproterozoic India collided with the al-
ready combined Azania and Congo-Tanzania-Bangweulu Block. At the same
time, in the Kuunga Orogeny, Neoproterozoic India collided with the Australia/Maw-

son continent [24] [25].

) > Eastern Gondwana
N = . Lagid
40N~ Pal based Pal Q) (750 Ma)
Western % Referance lationg
Gondwana = Proposed Sulure or Shear Zone

Past-Callisional Extension
630-550 Ma: Easl Alrica
Orogen
Kuunga Caollisional Metamorphism
<580 Ma (dashes where inferred)

Uhwinirat

~550 Post-orogenic ages
=615 Orogenic nges

Figure 9

—
Gondwana Splits Apart|

ROSS DELAME AMERIAN Be(T <-500 Ma)

Figure 9. Gondwana splits apart.

This amalgamation continued to grow to the Pangaea supercontinent but in
effect after this collision period the pressures were on the splitting of the land
masses in this region so that most of the structural preparation had to be complete.

As the proposed collision course of the Indian block would have been from the
south east and then the secondary collision of the Australian block (like a multiple
rear end collision in traffic), the area between the Tanzanian Archaean Craton
and the Azania Block should develop northwest and northeast conjugate struc-
tures related to these collisions.

Thus the Mozambique belt as it was being prepared, faced eons of depositional
sedimentation as the continental foreland shelf (Figure 6) then with the Gond-
wana continental collision, prepared structurally and as the super continent broke
apart with the Australian and Indian blocks, having done the smashing damage,
going on their way, leaving the Mozambique Belt at its current placement on the
west side of the Indian Ocean.

It is pretty commonly accepted that the Indian block was part of the formation
of Gondwana and left that area, swinging north to interact with the Siberian Con-
tinental block forming the Himalayas. The Indian Block having done its “colli-
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sional” damage on “Africa” would now smash into the Siberian Continental Block
to the north. Although that impact is significantly younger (~60 Mya) than the
formation of the Asian SHVs (~300 - 400 Mya) it illustrates the continuous (?)
northward tectonic plate movement that would not only create the Himalayas but
structurally prepare the ground that hosts the largest SHV deposits known to date
(part of the dynamism that created the Central Asian Orogeny?). A coincidence
that the Indian Block would be instrumental in creating two separate SHV arenas,
is purely speculative but an interesting “speculation!”

The structural preparation of the area has been completed. The presence of sig-
nificant carbonate formations, as a significant regional formational unit, north of
the Magambazi area (just south of Handeni) and in the area southeast and east of
Morogoro (Matombo Mkese areas) would be conformable to the SHV model. Ka-
bete and Groves identify the rocks of Songe Terrane of the Kilindi-Handeni area
as carbonaceous and graphitic overlying (?) the structural amphibolite formations
that extent west in the major structures identified by Groves associated with the
Magambazi deposit [1] [2] [26]. These conformable (?) probable shallow sea dep-
osition environment confirms the continental shelf nature of the area units as ma-
rine sediment +/— volcanic (Island Arc?) deposited formations.

The Sumukuland Corridor of the Tanzanian Craton is well established but it is
the continuation into the Mozambique Metasedimentary Belt, through a very tec-
tonically active area of the various orogenic periods that formed the distinctive
Ubendian and Usagaran Belts without geographic movement that is questioned.
The sharp contact between the Craton and the MMB (and Usagaran and Uben-
dian areas) suggests that the “Eastern MMB” rocks are a distinctive unit.

The tectonic model of the opening of the Mozambique Ocean to form Marine
sediments, island arc assemblages and ophiolites and then pushing and deforming
them to the west with the formation of Gondwana. These features are present in
the of the “younger” SHV model seen in the area of the Asian SHV deposits.

Although metallically similar, no research has been completed in this region on

the other identified showings or even the Magambazi.

7. The Structural History of the Asian SHV Deposits

The first notable feature of the Asian SHV's is their juxtaposition at the point of
major Cratonic collisions with the Siberian Craton being the central figure and
the Tamil Craton (to the east—part of or adjacent to the North China craton), the
Pamirs Craton, central and the Karakum Craton to the west. Notably all these
“collisions” were probably instrumental in the formation of the Central Asian
Orogenic Belt (Figure 10) and contribute to the structural preparation of the Tien
Shan Area for the deposition of the SHV deposits.

That these Cratons were being “subducted” under the Siberian Craton like the
Indian Craton is being under the Tibetan “Plateau” [27] that contributed to the
Tibetan Plateau mineralization is unknown but that relationship would be inter-

esting to develop.
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Figure 10. Tien Shan belt-major deposits.

This continental development of the current Asian Continent would be ana-
lagous to the formation of the Gondwana continent by the “collision” of East and
West Gondwana (Figure 9) in the structural preparation of the current East Afri-
can continent discussed above. The presence of the many gold occurences in the
Tien Shan belt would be homogolous to the many areas of gold in the Neoprote-
rozoic rocks of Eastern Tanzania. The 300 - 500 mya age difference and metamor-
phism of the Pan African Orogeny (from ~650 mya - ~530 mya) would be relevant
in the distortion, distribution and details of these Neoproterozoic gold occurences

compared to the “younger” Tien Shan manifestations.
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The Tien Shan belt of Asia is in a similar position between the three southerly

Cratons of the Indian plate and the northerly Siberian Craton (Aka: The Indian,
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Antarctica and Arabian cratons to the east and the westerly Congo/Tanzanian
Craton). The presence of identifiable Ophiolite and other volcanic formations in
the adjacent complexes (Figure 11) is indicated by Berhe [28] (Kenya and Ethio-
pia) and Kabete as present in the Mozambique Metasediment Belt suggests a sim-

ilar environment in the older Mozambique Ocean.

E ‘l:r?nhe :‘::art \'?'-.'{m

Schematic diagram showing development of passive margin settings and SHV
stvle mineralization. A) Continental crust is rifted, and extended. B) Mature
passive margin setting.  Thick sedimentary sequence owverlies attermated,
structurally unstable continental crust.  Growth faults propagate upward from
faulted basement as the sediment loading progresses. C) and D)) Different styles
of fold thrust deformation produce alternate sceparios. (Crustal thickening
produces granitic melts and hydrothermal fluids. E) Thickened erust follows a
path approximated by the yellow dashed line. If this path erosses a melting curve,
magma will be produced.

Figure 12 — schematic diagram of SHV environment
(after Klipfel 2005)

Figure 12. Schematic diagram of SHV environment.

The oceanic assemblages in the Mozambique Metamorphic Belt were noted by
Berhe and Kabete. They are illustrated as evidence of occurring in both the
Mozambique Ocean and the ancient Asian ocean that was between the Indian/Si-
berian Cratons. However, they do not appear to be integral in the deposits of that
Tien Shan region.

The question of how are they related to the formation of the SHV is suggested
by Klipfel’s Model as being “conduits” for mineralizing solutions.

The easterly-westerly Tien Shan belt has been actively structurally prepared
with many deep sutures, some thrust related (Figure 11—it should be noted that
the spelling in this figure is “Tianshan”), the rock units associated with this belt

are opholites, island arc volcanics and sediments (marine)—a intercontinental
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ocean?—not to disimilar to what is found in the northerly-southerly Mozambique
metasediments [10] [28]. That there are major sutures identified in the Tien Shen
Belt that have/or should be identified in Tanzania, although not obvious, would
allow the introduction of granitic magmas, due to this tectonic activity (as postu-
lated in Klipfel’s model Figure 12) is a characteristic associated with both regions
(See the “deep sutures” in—Figure 6 and compare to those identified in Figure
10 and Figure 11).

8. Sediment Hosted Vein Deposits

If we are going to propose the Handeni area as a Sediment Hosted Vein (SHV)
Deposit, we should look at what the deposit type is all about.

The main feature of large-volume gold deposits of Central Asia and Kazakhstan
(resources more than 100 tons, low gold grade) is their relation to the suture zones
created in the environment of subduction and collision of microplates during
amalgamation of Eurasia continent. This would conform to the amalgamation of
+500 Mya older Gondwana.

Sediment-Hosted Vein (SHV) and Sediment Hosted Disseminated (SHD) de-
posits are common in other parts of the world, particularly along paleo Tethyan
margins of central Asia. Considering SHD and SHV deposit types in this manner
offers a unifying concept that partially explains the location and origin of these
deposits. The key features of passive margin settings that appear to control min-
eralization include: 1) an unstable substrate of extended continental crust (com-
parable to the Tanzanian Craton); 2) a thick sedimentary sequence with associated
syn- to post-depositional extension and contraction structures (the formation and
splitting of the paleo continents of Rodinia and Gondwana); and 3) reactivation
and interplay between these components during fold-thrust deformation to pro-
vide pathways for deep-sourced hydrothermal fluids and magma (The Pan Afri-
can Orogeny for one). The major characteristics of both Sediment Hosted Vein
(SHV) and Sediment-Hosted Disseminated (SHD) deposits are nearly identical
although there are a few significant differences but we will focus on the SHVs.

These deposits have typically low grade gold (1 - 3 grams per ton) with some
high grade veins making the core but represent some of the largest deposits in the
world. Some possibly comparable examples include Muruntau (60-plus million
ounces gold), Natalka (40-plus million ounces gold) and Sukhoy Log (30-plus mil-
lion ounces gold) and the major prospect Kumtor (~8 million ounces) [5]. The
Muruntau, and Kumtor deposits are located south of the Siberian Craton in Cen-
tral Asia (Figure 12), while Sukhoy Log and Natalka are east of the Craton.

Klipfel outlined the description of SHV as follows [5]:

“Sediment Hosted Vein deposits constitute a family of gold-bearing vein de-
posits that occur worldwide, but are found primarily in Asia. This group includes
some of the world’s largest gold deposits such as Muruntau, Sukhoy Log,
Baleyskoe, Maysky and Kumtor among others in Asia and Bendigo and Ballarat

and many other smaller gold vein deposits of the Victorian gold fields in Victoria,
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Australia. Other smaller deposit examples occur in Nova Scotia, Canada; Nome,
Alaska, USA and in pre-Cordillera rocks of South America. These deposits are
united by common characteristics, which include Late Proterozoic to early Paleo-
zoic passive-margin shale-siltstone host rocks, extended crust as basement to the
host rocks, multiple episodes of deformation of which fold-thrust tectonism is the
most significant, Au + As, Sb, W metal suite, neutral, low to moderate salinity
hydrothermal fluid chemistry, minimal to moderate grade metamorphism, active
granitic magmatism in the crust at or near the time of mineralization, and occur-
rence within a field of multiple deposits commonly in association with large placer
fields.”

The SHV deposits in general are Orogenic vein deposits that are described as
similar to those found in the Western US and other areas (Klipfel [5]). Remarka-
bly, this list of characteristics is virtually identical to the major characteristics that
define Carlin type deposits.

He outlines the differences as: “If these distinctions are considered to be local
variations on a grander theme, Carlin and SHV type deposits share some im-
portant characteristics that may have contributed to their genesis.” and “Under-
standing the importance of these regional to local scale characteristics and the fact
that they are common to some of the greatest gold deposits in the world provides
a unique set of exploration criteria. The application of these criteria in the search
for both types of deposits may be important” [5].

The major characteristics of the South Siberian Craton (“SSC”) are interesting
compared to the Tanzanian premise being proffered. The first “coincidence” of
general note is that South of Siberian Craton SHVs are in rocks that have been
subjected 400 Mya of tectonic action between the Siberian Craton and the Tarim
Craton to the Southeast (Northern China), the Karakum Craton to the Southwest
and the Pamirs Craton to the south (Figure 11; Aka: The Congo (Tanzania) Cra-
ton and the Madagascar/Indian Cratons to the East, the West Antarctica Craton
to the Southeast and the Kalahari Craton to the Southwest (Figure 9), which are
responsible(?) for the Usagaran and Ubendian metamorphic zones (up to 800 Mya
of tectonics?)).

In the model in Figure 12, the left side of Section A would be the Tanzanian
Craton (with the Congo Craton abutting further west; Aka—The Siberian Craton)
while the right side would be the Madagascar/Indian? Continent (Aka—The Kara-
kum, Pamirs and Tarim Cratons) pulling away. The Mozambique Ocean (Aka—
the intra-Asian Ocean) would be formed in its Centre. In Sections B, C, and D,
Gondwana (Aka-Eurasia) is made, with the Madagascar/India “merger” and sub-
sequent Australian (Aka—the “Pre-Indian?”) “rear ender.” Although no “Island
Arcs” are in this model, the current East Africa Rift System (EARS) “forefather?”
could have been part of the sutures identified by Berthe [28], forming them.

This SSC region has numerous deposits and zones of mineralization related to
hydrothermal mineralizing events, which includes mineralized breccias and veins

into the definitive sediments of the Paleozoic era (Figure 10 and Figure 11). They
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stand out as definitive models of SHV deposits. Major “sutures”—conduits of the
mineralizing solutions?—are present in the well-defined sediments. The presence
of many mineral showings in the Morogoro-Handeni area and through to the west
(the New Luika Mine) suggests that this area of the Usagaran and Ubendian for-
mations could be in an analogous tectonic zone. The breccia veins of the Najim
and the presence of many mineralized veins (Magambazi, Negero, Benzu and oth-
ers) suggests that conduits of mineralization were present (Associated with the
forerunner of the EARS?).

The SSC region hosting these deposits et al, is part of the Central Asian Oro-
genic belt that has several identified Island Arc assemblages. This would be anal-
ogous to our discussion above, with respects to the opening and closing of the
ancient Mozambique Ocean. The identification of oceanic ophiolites, Island arc
assemblages in Kenya’s Mozambique Metamorphic Belt [10] [28]-[30] suggests
that amphibolites and other mafic assemblages in the area southeast and east of
the Tanzanian Craton are of this origin as opposed to the Sumukuland Corridor
extension as reworked Archaeon.

Little research has been done, not only in the Handeni area but on the SHV
deposits on the geological and geochemical character of the regions. The idea of
an Archean Overprint model would basically utilize the same process of mineral-
izing solutions being injected into the overlying rocks. In that case, the model for
both ideas would have a lot of the same data as evidence.

Although Kabete has done some work on the rocks but not to my knowledge
on the age of the mineralization source. Regardless, the Dodoma Handeni
Morogoro area has undergone significant tectonic disturbances around the for-
mation and destruction of the Paleo-continents in the Precambrian to current
time (recent reports of the “ongoing dissolve” of the African Continent, to wit)
that would not have affected the “unmoved” continuation of the Sumukuland
Corridor should not go unchallenged. There are remnants of Archean in the
Mozambique Metasedimentary Belt (the Pare (and Usambara) Mountains in
north Tanzania and the Uluguru Mountains south of Morogoro) but little re-
search has been done to relate them to any of the known Cratons (Tanzania? In-
dian? Madagascar? Or other?)

Although the age of the mineralization would be most additive information, but
given the tectonic activity—it would as likely be Pan African orogeny related.

The assertion of the SHV model over the Archean Model is based on the criteria
outlined: Oceanic sediments, volcanic assemblages, continental collisions, deep
sutures, thrusts etc., being thrust against the Tanzanian Craton during the closure
of the Mozambique Ocean not on the geochemical signatures. The lack of defina-
ble Archaeon greenstone remnants or altered equivalents in the Handeni area
raises further questions to the continuation of the Sumukuland Corridor into that
area.

A closer look at the “younger” SHV deposits adjacent to the SSC reveals that

the two main deposits (there are many additional zones—Figure 10), Muruntau
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and Kumtor are located in the South Tianshan Accretionary complex (South Tien
[Tian] Shan; Figures 10-11) in Paleozoic sediments with some Island arc and oph-
iolites units (Figure 11). As obvious from the numerous named major faults this
area was extremely tectonically active. This would be analogous to the Mozam-
bique Metasedimentary Belt (MMB) and its association with the “Ancient” EARS.
Although in SSC area the units have an E-W configuration their 2000 km length
would match that of the 2000+ Km length of the N-S EARS system. The Paleo
continental interaction as outlined above would also be consistent.

The difference in geology can be related to the metamorphic aging—The
Kilindi Handeni area being subjected to Late Precambrian to Cambrian “pressures
and events”—at least 500+ Mya—while the SSC area has a maximum 200 - 300
Mya of current activity!

8.1. A SHV Example—The Muruntau Deposit

In detail, the Muruntau deposit gold deposit is situated in the Qizilqum Desert of
Uzbekistan. It is being mined in the world’s largest open-pit gold mine with pro-
duction believed to be of the order of two million ounces per annum (56.7 tonnes).
The open pit measures about 3.5 by 2.5 km and extends to a depth of 560 m (2012).
The gold ore resource in the Muruntau deposit, including production, is about
170 million ounces of gold (4.819 tonnes). This gives the mine a reserves-to-pro-

duction ratio of 85 years [31].

[ Figure 13
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Figure 13. Muruntau deposit (simplified).

Continued study on the ore bodies revealed that there are several structures
controlling the localization of the ore zones [32]. One type of structural control is
related to the bedding and schistosity of the host rocks including the development
of parallel “metamorphic” quartz veins which are complicated by intense folding
and boudinage. Other controlling structures are located sub-parallel to the first
but relate to later flat-dipping zones of thrust, shear and mylonitization. A third
type of structure is controlled by brittle deformation behavior of the rocks after

regional and thermal metamorphism with both sub-parallel and cross-cutting

DOI: 10.4236/nr.2025.164006

117 Natural Resources


https://doi.org/10.4236/nr.2025.164006

L. Stephenson

vein structures and alteration zones (these would be expected in the Pan African
Orogeny and are present in the Kilindi Handeni Superterrane).

In the case where gold mineralization was mainly controlled by “flat” veins or
ore-bearing metasomatites, the ore bodies are stratiform-like. Around the “Cen-
tral” veins with cross-cutting stockwork veinlets the ore bodies are cone-like and
steeply dipping (Figure 13, [32]).

Although the rock units identified with this deposit are metasedimentary (Fig-
ure 14, [32]), the processes associated with its formation are not discordant with
what was occurring in the Pan African orogeny. As outlined above in the Tanza-
nian area we are discussing (Handeni-Morogoro-Dodoma) the metamorphic

grades tend to blur the rock types.

:

Metasiltstone Au
Au Al

N N ™
time doio
A Au, A osmanacm Metasand- and -siltstone =
A

Figure 14 - Geological Sketch of the Munurtau region

Showing the main Stratigraphic units and Au Deosits (Yellow) and occurances
(White):
Lower and Upper Taskazgan - ts1, ts2: Grey Besapan - bs1
Black Besapan - bs2
Variegated Besapan (Ore hosting) - bs3
Green Besapan - bs4

Meso- to Cenozoic Platform Cover - MZ-CZ
Redrawn after Kremensky written communication (1997)]

Figure 14. Geological sketch of the muruntau region.

8.2. The Placer Gold Factor

One of the important characteristics of SHV deposits is the presence of placer gold
deposits. The Handeni Morogoro area (including the Najim and Sahani areas) has
many placer areas including some to the east of Magambazi in very low relief
zones, found by the artisanal miners. Placer gold led to the discovery of the
Magambazi deposit, were part of the lead up to the Kwadijava prospect. In fact, in
that area in 2005, the whole river valley was dug up for placer gold (almost wholly
reclaimed by the vegetation it is totally unrecognizable). Placers and hard rock
workings (including the Benzu and Negero prospects) were observed, extending
to the west, to the north and to the east and south east.

Little to no research has been done on the presence of placer gold deposits in
the Handeni area with the high-grade metamorphic schists and gneisses.

In general in the Magambazi and east, the reliefis not that rugged, it is moderate
to low with only the occasional “knob” (such as at Magambazi) rising 200 metres

above the plain in the area of the Magambazi deposit. That low relief and the
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coarse nature of the placer gold suggest a very nearby source. To my knowledge
there has never been any glaciations (and the complete absence of flour gold con-
firms that) so a local source speculation not related to the Magambazi is valid [33].

In the Morogoro area, in the rugged Uluguru mountains to the southeast (Mat-
ambo) not only are their numerous workings throughout the area (mainly centred
on the Ruvu River) but there are probably undiscovered placers on some of the

side rivers if the Author’s experience on Matombo is an example.

Figure 15. Placer “free” gold.

There in August of 2010 a nugget of gold (supposedly on the root of a yam!) led
to an influx of upwards 3000 artisanal miners and a gold rush analogous to the
Klondike and any other gold rush (including stores, pubs etc.!).

In the western (Melela) area, whole areas have been demarcated for local Tan-
zanian miners and active placer and hard rock gold mining is present. North east
of Morogoro additional operations are observed and reported. In particular the
newly discovered Mazizi (Mananila) zone. Both these areas are in relatively low
relief. These low energy environments, that have developed free gold (Figure 15),
plus what was found in the Matombo (which was on a ridge area higher than the
main river systems of the area) suggest that there are several, if not, many sources
of gold throughout the region. Some that have been identified are associated with
veins but several areas have flat lying strata with identifiable quartz rich layers that
the local artisanal miners are active on. No geological mapping is done yet several

areas have had operations for several years.

9. Models for the Emplacement of Gold

Given this preponderance of gold occurrences over a wide area in a previously
deemed low potential geologic environment, some ideas of the source model to
help guide exploration and understanding of these prevalences, needs to be un-
derstood.

Groves and Kabete [1] have proposed that the mineralization is interpreted as
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an originally lower metamorphic grade orogenic gold deposit (a continuation of
the Sumukuland Corridor of the Tanzanian—Lake Victoria Greenstone Belts-
Craton) that has been overprinted by high-grade metamorphism. Magambazi
thus demonstrates the potential for discovery of world-class, overprinted, Ar-
chaean orogenic gold deposits in the Proterozoic non-traditional exploration ter-
ranes of Tanzania [1] [2].

The isotopic composition model ages reveals that Archean crustal material is
not restricted to the Tanzania Craton itself but prevails in the Usagaran-Ubendian
Belts and is also widespread in the eastern part of the Mozambique Belt (the
Usambara and Uluguru Mountains), which has been affected by granulite-facies
metamorphism during the Pan-African orogeny tends to support this interpreta-
tion. However, the combined isotope data provide strong evidence that parts of
the East African crust grew by lateral accretion of Early and Mid-Proterozoic seg-
ments onto an Archean nucleus (Moller [14]). As well, Siefe Berthe [28] identified
several “island arc” complexes associated with the East Africa Orogenic zone that
extends from Saudi Arabia to Mozambique as did Kabete [15] in his description
of the amphibolitic sequences. The associated “basalts” identified at Magambazi
and the amphibolites at Najim and Sahani (some copper is associated with them
as well) could be related to the “sutures” Berthe identified to the north of Tanza-
nia.

Instead of the overprinting of the Archaean terrane, an accreting sequences of
oceanic island arcs and sediments during the closure of the Mozambique Ocean
with the formation of Gondwana being subsequently metamorphosed and
“thrust” faulted against the Tanzanian Craton with the introduction of “fluid gra-
nitic magmas” is suggested.

The sharp edge of the Tanzanian Craton where it meets the Ubendian and the
Mozambique Metasediments, and the regional flat lying nature of these amphib-
olite formations of the Magambazi-Mangu, seen throughout the district tends to
counter the extension of the Sumukuland into the Kilindi-Handeni Superterrane.

The Magambazi deposit is a north south trending vein within the adjoining host
rocks which are possibly originally basalt. Several other veins with high grade gold
are present in the area with varying strikes but previous exploration was unable to
develop them (Kwandege, Negero and Mangu) [26]. Instead of being metamor-
phosed Archean greenstone belts, is it not more likely they are accreted and met-
amorphosed “island arc” or ophiolite volcanics?

Outlined by Kabete [15] for gold in the Magambazi area (Figure 16) show many
of the geological features and structural relationships of the Proterozoic rocks in
the Magambazi area, the “Re-worked Greenstone belts” in the Kilindi-Handeni
Superterrane. These amphibolite gneisses and schists “blebs” as they are shown
could represent island arcs or ophiolites that were present in the Mozambique
Ocean that have been metamorphosed and thrust up against the Tanzanian Cra-
ton. Of note, is that the general trend of the Sumukuland Corridor (Figure 2) was

a pronounced NW-SE orientation while the Kilindi Handeni Superterrane (Fig-
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ure 16) was slightly north of EW.
Most of these have veins that were or are being, mined by artisanal miners and

little to no geological information related to them being recorded.
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Figure 16. Geology of the east of Tanzanian craton.

Island arcs are extremely prolific in mineralization. Over fifty of the principal
gold deposits of the Western Pacific region are associated with them [34] and in
the Indonesia archipelago alone are fifteen with six having orebodies or major
prospects [35]. The Archean greenstone belts (Ancient Island arcs) worldwide are
also prolific.

These “Mozambique Ocean” amphibolites as island arc remnants would be nat-
ural hosts and structurally “available” to enable mineralization in the Pan African
Orogeny be emplaced. It would not need to survive the prior ~2 billion years of
tectonic activity.

An alternate possible model suggested for the Handeni-Morogoro-Dodoma
area’s hydrothermal Orogenic gold deposits is the Sediment Hosted Vein model
as described by Klipfel [5]. It allows for the metamorphism and later solution gen-
erating intrusives to deposit the gold along the continental collision structures. It
does not require the mineralization associated with the Archaean Greenstones to
remain intact, as it introduces them with the “younger” geological history of the

area.
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The presence of Island arcs and ophiolites in the Tien [Tian] Shan Accretionary
Belt (Figure 11) with less metamorphic intensity would tend to confirm this
model of the Kilindi Handeni Superterrane.

To summarize Klipfel [5] from above parameters for a SHV deposit, he outlines
an area of continental shelf sediment emplacement (the Mozambique Ocean) fol-
lowed by significant tectonic accretion activity related to continental collision (in
our case, Gondwana formation) that deformed and metamorphosed the continen-
tal shelf sediments creating structural breaks that allow the emplacement of min-
eralizing magmas along regional structures (Figure 12 and Figure 6).

The structures are present and from our observations, although the gold min-
eralization has a tendency to be associated with the amphibolites (mafic) rocks
that could be originally volcanic. Are they associated with the Archaean Craton
250 kilometres to the west or with the Proterozoic or later, island arc systems that
were developed in the “Ancient Mozambique Ocean” and subjected to the tec-
tonism associated with the Mozambique Metamorphic Belt formation?

In favour of the SHV model from Klipfel is the presence of significant carbonate
formations, the cap to his model, present as a significant regional formational unit
north of the Magambazi and the identified the carbonaceous and graphitic rocks
of Songe Terrane (Figure 16) of the Kilindi-Handeni area, as described above.

The author has also identified potential intrusive equivalents (Quartz feld-
spathic gneiss and silica altered porphyry) that hold a central part of the area just
north of the Magambazi zone and somewhat similarly distant to the Benzu zone
to the west and zones to the north. From previous observations, other intrusives
exist at the Canaco Kwadijava zone (granitic porphyry) and possible around the
Kwandege area.

These fit Klipfel’s model of SHV deposits quite nicely.

All five aspects are present in the Handeni area, with maybe “oceanic-character
substrata” amphibolites, the Island Arcs suggested by Berthe. The active EARS
and the collision area of the Gondwana fulfill the other aspects outlined. Again,
no imprint is needed but the structural preparation and intrusive (metamorphic)
generated fluids in Klipfel’s model are present.

An aside construct is the durability of the EARS—is this system seen today part
of an ancient Precambrian rift system that has been an “unmoving,” major factor
in ancient continental formation and breaking apart for over 1 Ga? Not unlike the
constant “hot spot” that gives rise to the formation of the 2500 km long Hawaiian
Islands Archipelago. A question I leave for others to discover!

An “older” North American example of this level of metamorphism, associated
with continental “accretion and/or collision” is the Adirondacks and the Grenville
geologic province of Southern Ontario, Canada. The Adirondack Mountains are
part of the Grenville Province, [36] a large belt of basement rock that almost with-
out exception, are metamorphic-metasedimentary or metavolcanic—that have
been subjected to high temperatures and pressures at depths of up to 30 km and

have a complex history. The meta plutonic; granitic gneiss; meta-anorthosite; oli-
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vine metagabbro; marble and other metamorphic rocks have been folded and
sheared by ductile deformation and shattered by brittle deformation, leaving long,
straight valleys that run north-northeast marking the most brittle deformation
along major faults and fracture zones with an abundance of joints. The Adiron-
dack deformation happened when the comparable to the present Himalayas [23].
This mountain range would have crust of the region was severely compressed dur-
ing the Grenville Orogeny (continental collision?).

The Grenville Province represents the footprint of the last tectonic event (oro-
genesis) to shape the Canadian Shield. The Grenville was built step by step along
the eastern margin of the Laurentia continent (continental core of North Amer-
ica). It is the root of an ancient mountain range resulted from a continental-con-
tinental collision between Laurentia and Amazonia (1090 - 980 Ma; e.g. Rivers et
al, 1989, 2012), during the assembly of the supercontinent Rodinia.

Outside the Canadian Shield, the Grenville Province stretches southwest to
Texas and Mexico and northeast into Newfoundland. Beyond North America, the
Grenville Province has been recognized in and according to several authors, it
would continue from Central America to Antarctica, and from India to Australia.

Except in the Central Metasedimentary Belt, located about 300 km south of the
Grenville/Laurentia contact where some small mineral deposits (referred to be-
low), the 300 - 400+ km between that contact and the southern extent of the Gren-
ville Province (The Adirondacks Mountain) is almost devoid of mineral (base and
precious metal) deposits. The particular area between these contacts is highly met-
amorphosed (“the root of an ancient mountain range”) with little recognizable
rock type.

Its location on the south east side of the North American Craton (Canadian
Shield) is analogous to the Mozambique Belt position and has suffered from sig-
nificant collision damage. There is little attempt to outline the potential of or iden-
tify any reworked or overprinted Archaean terranes which are similarly distant
(the Sudbury Timmins greenstones are 400 km to the north). Having spent some
time doing mineral exploration on a potential Grenville (Archaean overprint?)
volcanic belt, the reasons for this disconnect are clear, it is impossible to identify
with certainty the original rock type.

There are gold deposits in the southern Grenville (away from the most intense
metamorphism) that are numerous with lots of visible gold but small, associated
with metamorphic fluids or intrusive related fluids in most treatises on the area
[37]-[41].

The intense deformation Adirondacks/Grenville occurs at Continental/Conti-
nental collision tends to obliterate the original rock type identification. We see a
lot of that in the Handeni area. That it is not to that level in the Handeni area
suggest less pressure and temperature (duration?) in the Handeni area (the colli-
sion of East and West Gondwana). A result of the younger age of the Pan African
orogeny? The Gondwana Continent soon after formation moving over the Paleo-
lithic EARS and being rendered apart?
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However, the sharp contact between the Tanzanian Craton and the Mozam-
bique Metamorphic Belt would be analogous to the Grenville front (Grenville and
Laurentia contact). Ergo the continuation of the Sumukuland from the Craton
into the MMB is less convincing.

The heavily metamorphosed edge of the northern contact of the Amazonia
Continent (the Adirondacks) suggest that significant deformation of the interven-
ing rock units would occur. We don’t see that in the Handeni Area, which suggests
less intense deformation, consequently, the Lake Victoria greenstone Belts
(LVGB) should be observable in the Kilindi Handeni Superterrane. That they are
represented by “blobs” (Figure 16) suggests an alternative—Mozambique Ocean

Island arcs, ophiolites, and marine sediments?

Rodinia Figure 17
reconstruction Rodinia Paleo-Continent
at ca. 1.0Ga

Greater

Now present in North
American Continent

B ca. 1.0 Ga orogenic belts
and continental-margin arcs

. ca. 1.0 Ga collisions unknowr

Figure 17. Rodinia Paleo-Continent.

An interesting aside is the Mid Continental Rift (MCR) to the West of the Ap-
palachian Mountains and identified as a possible continuation of the Grenville
Front (Stein et al. [42]) represented a zone of extension (1.3 - 0.9 Ga). That at that
time (ca. 1 Ga) it was part of the Rodinia ancient continental province of Laurentia
(Figure 17) adjacent to the major orogenic belt between the Congo (plus Tanza-
nia) and Kalahari Cratons which would become the “Mozambique Ocean” and
possibly resembles the EARS, suggests that the resulting Mozambique Metamor-
phic amphibolites could be a result of subsequent Island Arc systems and could
have developed and then metamorphosed during the later formation of Gond-
wana with the Indian Craton collision with them.

Further example of SHV regimes cited above, again on the east coast of Canada,
the South Eastern part of Australia and the South Island, New Zealand are the
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Meguma Terrane, the Lachian Orogen and Buller Terrane, respectively (does this
east side preference have any more meaning than coincidence?), have some simi-
lar age and characteristics to the Mozambique belt (also some differences) that
support a more active SHV model [43].

Aspects that stand out as potentially playing a critical role in the generation of
a Phanerozoic world-class orogenic gold province include 1) the presence of a hy-
drated, oceanic-character substrate that can provide a fertile “source” rock for
both fluids and metals, 2) asthenospheric thermal input to trigger and sustain
crustal devolatilisation and melting, 3) the existence of a number of near-vertical,
deep-seated faults, 4) substantial transcurrent movement, and 5) evolution of an
accretionary-subduction system that promotes development of an extensive fore-
arc system with prolonged fluid generation and circulation [42]. These character-
istics conforms more to the SHV depositional model than the overprinted Ar-

chaean one.

10. Discussion & Conclusion

The Magambazi Discovery in 2009 created a lot of interest in the East African
Proterozoic mobile belt which according to the prevailing geologic thought were
typically devoid of gold deposits. The “plateauing” of the gold price in 2012/13
and lowering of expectations of the deposit dampened if not completely limited
that interest. Except for Groves et al. very little research on the region had been
conducted during that short window of attentiveness and even less since then.

SHV deposits in Asia have been known for many decades but only since the end
of the 20™ Century have they been open to extensive “development” by western
interests and research.

Klipfel outlined numerous characteristics of them but one of the major similar-
ities between the two regions, not noted is that the Mineralized zones are located
in Orogenic areas between the formation of Paleo-Continent (Asia for the Tien
Shan Area and Gondwana and later Pangea in the Mozambique Metasedimentary
Belt). In reviewing the data, it was revealed that the massive Carlin Trend of the
SWUS is at a similar juncture.

The Carlin Trend is characterized by a collision between a tectonic crustal block
(terrane, which would be in the African case the Indian and Antarctica Plates—
“Crustal blocks”) and the North American Plate (the Congo Tanzanian Cratons)
during the Mississippian period, known as the Antler Orogeny—a key geological
feature associated with the gold mineralization; this collision led to increased crus-
tal temperatures and pressures, facilitating the migration of gold-bearing hydro-
thermal fluids that deposited the gold within the sedimentary [and volcanic?]
rocks of the region. This would not be unlike the Asian SHV Area and possibly
the East African Area.

With little incentive (after 2013) minimal research has been completed on the
East Africa Proterozoic mobile belts especially in respects to the Magambazi de-

posit. Berhe noted ophiolites in the Kenya area to the north and Kabete [1] [15]
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referred to the “volcanic amphibolites” in the Handeni Kilindi as Island arcs
which also were present in the Tien Shan Accretionary belt assemblages suggest-
ing that as part of the inter-Cratonic ocean would have been present in Asia (the
Central Asian Orogenic Belt Ocean). Their relationship to the Asian SHV has not
been established but their presence fits Klipfel’s model for the development of
“Marine sediments.”

With little to no research being done on the granitic magmas in the Asian SHV
area, the existence of “fluid granitic magmas” related in Klipfel’s model to the clo-
sure of the Paleo oceans (Figure 6 and Figure 12) is developing. It remains to be
done on the East African Geology. The geochemical signature of the granitic mag-
mas and their role in the formation of the SHV deposit is still being developed but
has not been subject to extensive research.

No obvious granitic bodies were found near the Muruntau deposit (Asian SHV)
until recent drilling intersected one (the previous known occurrence was over 15
km way).

The “interpretation” of other Areas with similar geologic “histories” separated
by hundreds of million years of time that might have relevance to explaining the
geology separated by thousands of miles! The comparison of the Grenville et al.
to the Handeni area demonstrated that the metamorphism seen in Handeni area
was not consistent to continental collusions seen in other areas of the world’s ge-
ology and thus the continuation of the Sumukuland Corridor to the east a less
viable theory. The presence of the “blobs” would better fit the closure of the
Mozambique Ocean with their assemblages including younger conduits of min-
eralizing solutions through the structures associated with the Pan African Orog-
eny.

The Tanzania Craton is older than the surrounding units. The main implication
is that the Proterozoic mobile Orogenic Gold deposits (Magambazi et al) are not
a reworked Archean gold deposit that has remained relatively in place for 2+ bil-
lion years, although being in an active tectonic area (with the creation and disso-
lution of the Precambrian Rodina and Paleozoic Gondwana continents to name a
few) in an area of the active EARS (current and ancient?). Acknowledging the
similarity to the Asian et al SHV deposits to this setting of Klipfel’s SHV model
could be a possible explanation for the copious amount of gold “showings” in the
Dodoma Handeni Morogoro region. An area which has been vastly under re-
searched.

The initial assessment that the mineralization is interpreted as an originally
lower metamorphic grade orogenic gold deposit is possible but as an eastward
extension of Archean greenstone belts (300 km to the west) overprinted by high-
grade metamorphism of the Neoproterozoic orogeny is less likely in light of the
evidence of Oceanic assemblages (Ophiolites and Island Arcs) that have been
thrust against the Tanzanian Craton during the closing of the Mozambique
Ocean. That event that occurred from 950 - 530 Mya, could be analogous to the
“ongoing” development of the area of Southern Siberian Craton’s Sediment
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Hosted Vein deposits as found in several areas in the mid to late Paleozoic thrust-
ing and intrusions as exemplified by Klipfel’s SHV model. The Late Proterozoic—
early Paleozoic rocks south of the Tanzanian Craton could represents a higher
grade metamorphic terrane (deeper buried origin?) member of that deposit type.
The 400 - 500 Mya age difference subjects the still active Tanzanian area (the
EARS) to more metamorphism and conversion of the sediments to more undis-
tinguishable units.

In conclusion, the pros and cons of the SHV and Archaean Overprint being
responsible for the Orogenic gold mineralization present in the Handeni-
Morogoro-Dodoma region and mainly represented by the Magambazi deposit
have been outlined. The interpretation is that the area is more likely to fit in the

SHV models (Figure 18) with the implications for exploration and development.
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Figure 18. SHV Deposit Models (some potential demarcations).

The previously unknown Mazizi gold deposit, in a mineralized shear zone over
intensely leached and schistosed migmatites, gneisses, amphibolites, penetrated
by echelon systems of quartz veins and veinlet, steeply dipping bodies of quartz
breccia up to 1.0 - 1.5 m thick, an average content is 2.5 - 3.0 g/t, gold could be an
example of the SHV deposit.

With the wide extent of mineralization in placer and hard rock of the Handeni-
Morogoro-Dodoma district, we have to look at this area as a potential new mineral
deposit SHV camp. The numerous free gold showings in this area that, in its short
period of Tanzanian gold exploration (from the year 2000 +/-), is more than most
or all geologists would see in several lifetimes. An analogy would be the South
West USA in the 1850s - 1870s as it was being discovered by “artisanal” miners
with little or no geological input (The USGS was not incorporated until 1879!)

The size of the deposits associated with SHV warrants further investigation and
research on the Pan African Proterozoic mobile belts.

In Table 1, the Klipfel’s and Bierlein’s characteristics outlined above are com-
pared to the Handeni-Morogoro-Dodoma area and that area is also linked to the

Archaeon Metamorphic overprint model.
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Table 1. Characteristics of Sediment Hosted Vein Deposits (SHV) and Archaean Overprinted Greenstone Belt Deposits
(Arch OP)—as to their Presence in Morogoro-Handeni Area, Tanzania.

Characteristic SHV Arch OP Comments
. Not enough mafic (meta-volcanics?) observed to suggest a
Presence of Volcanics K1 Yes Yes?
greenstone belt
. Would gold remain in Archaean Rocks at intensity of
Vein Gold K5 Yes Yes?

Metamorphism observed?

Late Proterozoic-Paleozoic

Y NN
Age K1 s
Passive Margin Yes NN Presence of Marble confirms
Extended Crust as
Basement to Host Rock K1, Yes NN Grade of Metamorphism suggest roots of Mountains
K5 CCl1
Multiple Episodes of Gondwana Formation, collision with India & Australia Sub
deformation (fold Thrusts Yes NN continents; The Siberian Craton with the Tarim, Karakum
tectonism) K2 CCl1 and Pamirs Cratons to the South

Not a necessary Characteristic for Archaean—Significant
Au +/— As (Sb & W) K3 Yes Yes? 1:1 correlation in Handeni area of As:Au
In Areas to the west some suggestion of only Au.

Neutral Low to Moderate N NA Any trace of this characteristic—Destroyed by granulite
o

Salinity K4 Metamorphism

Minimum to Moderate N NN Any trace of this characteristic—Destroyed by granulite
o

Metamorphism K5 Metamorphism

Active Granitic magmatism v Ves? Not a necessary Characteristic for Archaean—observed just
es es?

K5, CCl1 north of deposit

Placer gold Fields K6 Yes ?NN Plus, mineralized showings at both TZ and SSC

SSC—South Siberian Craton; TZ—Tanzanian Craton; NN—Not a Necessary Characteristic; NA—Not an Applicable Char-
acteristic.

They are (“K number” represents Klipfel’s (Bierlein’s) Criteria outlined above):

K1: Late Proterozoic to early Paleozoic passive-margin shale-siltstone host
rocks, extended crust as,

K2: multiple episodes of deformation of which fold-thrust tectonism is the most
significant,

K2A: Presence of major “sutures” Although not directly identified by Klipfel,
they are present in most of the areas identified by him especially in the SSC area.
The oceanic nature of these rocks suggests that Island Arc and Ophiolites would
not be out of place to be rafted up in the closure of these “oceans.”

K3: Au £ As, Sb, W metal suite,

K4: neutral, low to moderate salinity hydrothermal fluid chemistry,

K5: minimal to moderate grade metamorphism, active granitic magmatism in
the crust at or near the time of mineralization, and

K6: occurrence within a field of multiple deposits commonly in association with

large placer fields.
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Figure Another factor (CC 1) not identified by Klipfel but present at the SSC
area—Continental collision—this would drive K2; K2A; and K5 and is also pre-

sent in Tanzania (TZ).

Acknowledgements

Over the years, I have worked with and had many discussions with geologists with
respects to the geology of the areas of Tanzania cited in this paper. Their insights
and contribution to my understanding is appreciated and acknowledged.

As a North American Geologist quite familiar with the major mineral deposits
throughout Canada and the US for over 50 years, I hope to bring a different per-
spective to this region. Throughout this paper I have acknowledged that research
is absent. In that opinion, I stress the value of research in developing geologic
theories and ideas.

The British Geological survey (Founded in 1835) the Canadian Geological Sur-
vey (founded in 1842) and the United States Geological Survey (founded in 1879)
have been doing research and geological interpretation for over 140 years, leading
to the development of Britain’s, Canada’s and the US’s world leading mining in-
dustries. That has not been reproduced anywhere else in the world.

The Gold mining industry in Tanzania has only been initiated in the last 25 -
30 years (Vis a vis the BGS; CGS; & USGS 140 - 180 plus years!), yet as indicated
the amount of gold seen in this region, specifically, is “more than most or all ge-

ologists would see in several lifetimes.”

Conflicts of Interest

The author declares no conflicts of interest regarding the publication of this paper.

References

[1] Kabete, J.M., Groves, D.I., McNaughton, N.J. and Mruma, A.H. (2008) A New Tec-
tonic Subdivision of the Archean Craton of Tanzanian and Its Significance to Gold
Metallogeny. SEG-GSSA Abstracts, 21-23.

[2] Groves, D.I, Groves, LM., Smith, A.L., Dillip, D. and Mnguto, C.X. (2008) Magam-
bazi Gold: A Potentially New Orogenic Gold Deposit Style in the Handeni District of
Tanzania. SEG-GSSA Abstracts, 241-242.

[3] A Summary of the Solid Mineral Occurrences and Mineral Potential of Tanzania.

[4] Quarter Sheet Maps 147-Mziha, 148-Mkata, 182-Kimamba, 183-Morogoro 200-
Doma and 201-Uluguru.
[5] Klipfel, P. (2005) Carlin and Sediment Hosted Vein Deposits—An Intriguing Case of

Common Characteristics. Geological Society of Nevada 2005 Symposium: Window
to the World, May 2005, Reno, 79-91.

[6] Smith, A.L. Personal Communication.

[7] Mining Journal (2008) Tanzania. Supplement to Mining Journal, Chris Hinde, Edi-
tor.
https://www.miningjournal.com/ data/assets/supplement file attach-
ment/0005/123296/Tanzania-scr.pdf

DOI: 10.4236/nr.2025.164006

129 Natural Resources


https://doi.org/10.4236/nr.2025.164006
https://www.miningjournal.com/_data/assets/supplement_file_attachment/0005/123296/Tanzania-scr.pdf
https://www.miningjournal.com/_data/assets/supplement_file_attachment/0005/123296/Tanzania-scr.pdf

L. Stephenson

(9]
(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]
(18]

(19]

(20]

(21]

[22]

(23]

(24]

Wikipedia (2023) United States Geological Survey: Mineral Commodities Summary.
http://www.ceicdata.com/

Ashanti Gold Mines; Various Geology Notes and Map, Personal Communications.
Fritz, H., Tenczer, V., Hauzenberger, C.A., Wallbrecher, E., Hoinkes, G., Muhongo,
S., et al. (2005) Central Tanzanian Tectonic Map: A Step Forward to Decipher Prote-
rozoic Structural Events in the East African Orogen. Tectonics, 24, 1-26.
https://doi.org/10.1029/2005tc001796

Reddy, S.M., Collins, A.S. and Mruma, A. (2003) Complex High-Strain Deformation
in the Usagaran Orogen, Tanzania: Structural Setting of Palaeoproterozoic Eclogites.
Tectonophysics, 375, 101-123. https://doi.org/10.1016/s0040-1951(03)00335-4
Ganbat, A., Tsujimori, T., Boniface, N., Pastor-Galan, D., Aoki, S. and Aoki, K. (2021)
Crustal Evolution of the Paleoproterozoic Ubendian Belt (SW Tanzania) Western
Margin: A Central African Shield Amalgamation Tale. Gondwana Research, 91, 286-
306. https://doi.org/10.1016/j.gr.2020.12.009

Maboko, M. (2000) Preliminary Evidence for a Second -525-545 Ma Old Event of
Granilate Facies Metamorphism in the Mozambique Belt of Tanzania and Its Impli-

cation for a Two-Stage Model for Gondwana Assembly. Tanzania Journal of Science,
26, 51-65. https://doi.org/10.4314/tjs.v26i1.18328

Moller, A., Mezger, K. and Schenk, V. (1998) Crustal Age Domains and the Evolution
of the Continental Crust in the Mozambique Belt of Tanzania: Combined Sm-Nd,
Rb-Sr, and Pb-Pb Isotopic Evidence. Journal of Petrology, 39, 749-783.
https://doi.org/10.1093/petroj/39.4.749

Kabete, ].M. (2021) The Tectonic Front and Southern East African Orogen of Tanza-
nia: High-Grade Metamorphic Belts with Potential for Hosting Significant Au and
Ni, Cu, Pge Commodities. Tanzania Geological Society (TGS) 2021 Annual Confer-
ence, Morogoro, 26-30 October 2021.

Bitesigirwe, G.S. (2014) Gold Mineralization in a High Grade Metamorphic Terrane
in the Handeni District, Eastern Tanzania. Master’s Thesis, Rhodes University.

Wikipedia (n.d.) Various Sources on Garnets.

Mnguto, C. (2007) Morogoro Project—Mapping Program Report. Internal Report of
Douglas Lake Minerals Inc.

Smith, A.L. (2006) 43-101 Report on Initial Technical Assessment of the Morogoro
Property, Morogoro Region, Kilosa District, Tanzania. Canaco Resources Inc.
Musira, P., Maganga, Z., Maulid, H. and Ndege, L. (2011) Geological Mapping Report
PL 6927. Internal Company Memo AFGF (Tanzania) Ltd.

Koykka, J., Kohonen, J. and Strand, K. (2024) Guidelines and Procedures for Naming
Bedrock Units in Finland (Fully Revised 2nd edition). Bulletin of the Geological Sur-
vey of Finland.

Stern, R.J. (1994) Arc Assembly and Continental Collision in the Neoproterozoic East
African Orogen: Implications for the Consolidation of Gondwanaland. Annual Re-
view of Earth and Planetary Sciences, 22, 319-351.
https://doi.org/10.1146/annurev.ea.22.050194.001535

Collins, A.S. and Windley, B.F. (2002) The Tectonic Evolution of Central and North-
ern Madagascar and Its Place in the Final Assembly of Gondwana. The Journal of
Geology, 110, 325-339. https://doi.org/10.1086/339535

Kroner, A. and Stern, R.J. (2005) Pan-African Orogeny. In: Alderton, D. and Elias,
S.A., Eds., Encyclopedia of Geology, Elsevier, 259-270.
https://doi.org/10.1016/b978-0-08-102908-4.00431-8

DOI: 10.4236/nr.2025.164006

130 Natural Resources


https://doi.org/10.4236/nr.2025.164006
http://www.ceicdata.com/
https://doi.org/10.1029/2005tc001796
https://doi.org/10.1016/s0040-1951(03)00335-4
https://doi.org/10.1016/j.gr.2020.12.009
https://doi.org/10.4314/tjs.v26i1.18328
https://doi.org/10.1093/petroj/39.4.749
https://doi.org/10.1146/annurev.ea.22.050194.001535
https://doi.org/10.1086/339535
https://doi.org/10.1016/b978-0-08-102908-4.00431-8

L. Stephenson

(25]

[26]
(27]

(28]

(29]

(30]

(31]
(32]

(33]

(34]

(35]

(36]

(371

(38]

(39]
(40]
[41]

[42]

(43]

Meert, J.G. (2003) A Synopsis of Events Related to the Assembly of Eastern Gond-
wana. Tectonophysics, 362, 1-40. https://doi.org/10.1016/S0040-1951(02)00629-7

Canaco Web Site. Project Description—Interview with Dr. Groves, et al.

Stephenson, L. (2023) Tectonic Related Lithium Deposits Another Major Region
Found North East Tanzania—A New Area with Close Association to the Dominant
Areas: The Fourth of Four. Natural Resources, 14, 161-191.
https://doi.org/10.4236/nr.2023.149012

Berhe, S. (1988) The Geologic and Tectonic Evolution of the Pan-African/Mozam-
bique Belt in East Africa. Open University Press. https://www.academia.edu/

Bauernhofer, A.H., Hauzenberger, C.A., Wallbrecher, E., Muhongo, S., Hoinkes, G.,
Mogessie, A., et al. (2008) Geochemistry of Basement Rocks from SE Kenya and NE
Tanzania: Indications for Rifting and Early Pan-African Subduction. International
Journal of Earth Sciences, 98, 1809-1834. https://doi.org/10.1007/s00531-008-0345-9

Asrat, A., Helmy, H., Liegeois, J., Vasconcelos, L. and Woldai, T. (2014) Editorial:
Special Volume of the 24th Colloquium of African Geology. Journal of African Earth
Sciences, 99, 211-214. https://doi.org/10.1016/j.jafrearsci.2014.08.002

Wikipedia (n.d.) The Muruntau Deposit.

Kempe, U., Graupner, T., Seltmann, R., de Boorder, H., Dolgopolova, A. and
Zeylmans van Emmichoven, M. (2016) The Muruntau Gold Deposit (Uzbekistan) —
A Unique Ancient Hydrothermal System in the Southern Tien Shan. Geoscience
Frontiers, 7, 495-528. https://doi.org/10.1016/j.gs£.2015.09.005

Stephenson, L. (2010) Mid-Green Hills Property Handeni District, Tanzania. Internal
Company Report, Brookemont Capital Inc.

Sillitoe, R.H. (1989) Geotectonic Setting of Western Pacific Gold Deposits. Interna-
tional Basement Tectonics Association Publication NO. 8.

Carlile, J.C. and Mitchell, A.H.G. (1994) Magmatic Arcs and Associated Gold and
Copper Mineralization in Indonesia. Journal of Geochemical Exploration, 50, 91-142.
https://doi.org/10.1016/0375-6742(94)90022-1

New York State Geological Survey. The Adirondack Mountains: New Mountains
from Old Rocks adapted from Chapter 4 of “The Geology of New York: A Simplified
Account”.

Tracy, RJ., Jaffe, HW. and Robinson, P. (1978) Monticellite Marble at Cascade
Mountain, Adirondack Mountains, New York. American Mineralogist, 63, 991-999.

Lapointe, B. and Chown, E.H. (1993) Gold-Bearing Iron-Formation in a Granulite
Terrane of the Canadian Shield: A Possible Deep-Level Expression of an Archean
Gold-Mineralizing System. Mineralium Deposita, 28, 191-197.
https://doi.org/10.1007/bf00204042

Gold Mines in Madoc Area. https://bob.bredberg.net/geo/madocgm.html
Wikipedia (n.d.) Grenville Front.
Harnois, L. and Moore, ].M. (1989) Geochemistry and Genesis of Two Unconform-

ity-Associated Gold Deposits at the Base of the Flinton Group, Grenville Province,
Southeastern Ontario, Canada. Economic Geology, 84, 676-693.

https://doi.org/10.2113/gsecongeo.84.3.676

Stein, C.A., Stein, S.A., Merino, M., Keller, R.G. and Flesch, L.M. (2012) Plate-Tec-
tonic Setting of the Mid-Continent Rift. American Geophysical Union, Fall Meeting
2012, San Francisco, 3-7 December 2012.

Bierlein, F.P., Christie, A.B. and Smith, P.K. (2004) A Comparison of Orogenic Gold

DOI: 10.4236/nr.2025.164006

131 Natural Resources


https://doi.org/10.4236/nr.2025.164006
https://doi.org/10.1016/S0040-1951(02)00629-7
https://doi.org/10.4236/nr.2023.149012
https://www.academia.edu/
https://doi.org/10.1007/s00531-008-0345-9
https://doi.org/10.1016/j.jafrearsci.2014.08.002
https://doi.org/10.1016/j.gsf.2015.09.005
https://doi.org/10.1016/0375-6742(94)90022-1
https://doi.org/10.1007/bf00204042
https://bob.bredberg.net/geo/madocgm.html
https://doi.org/10.2113/gsecongeo.84.3.676

L. Stephenson

Mineralisation in Central Victoria (AUS), Western South Island (NZ) and Nova Sco-
tia (CAN): Implications for Variations in the Endowment of Palaeozoic Metamorphic
Terrains. Ore Geology Reviews, 25, 125-168.
https://doi.org/10.1016/j.oregeorev.2003.09.002

DOI: 10.4236/nr.2025.164006 132 Natural Resources


https://doi.org/10.4236/nr.2025.164006
https://doi.org/10.1016/j.oregeorev.2003.09.002

	The Dodoma Morogoro Handeni-Magambazi Area, Eastern Tanzania
	—A Proterozoic Sediment Hosted Vein Deposit
	Abstract
	Keywords
	1. Introduction
	2. Gold Production History of Tanzania
	3. Regional Geologic Setting
	4. The Structural History of the Tanzanian Proterozoic Rocks 
	5. Local Geology 
	6. Structural History of the Region
	7. The Structural History of the Asian SHV Deposits
	8. Sediment Hosted Vein Deposits
	8.1. A SHV Example—The Muruntau Deposit 
	8.2. The Placer Gold Factor

	9. Models for the Emplacement of Gold
	10. Discussion & Conclusion
	Acknowledgements
	Conflicts of Interest
	References

