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ABSTRACT  

The outcrops, petrography and geochemistry of  manganese deposits were 

studied at  several sites on the Cape Peninsula  (Skeleton Gorge, Kasteelpoort 

Path, Kommetjie and Hout Bay) as wel l  as at Rooi Els on the opposite side of 

False Bay. The purpose of this study was to understand the origin and 

depositional history of these manganese deposits. Manganese ore samples 

contain between 16 and 86 wt% MnO, 0.3 to 29 wt% Fe 2O3, 1.2 and 5.6 wt% 

K2O and a P2O5 content of 0.3 to 1.8 wt%. The primary  manganese oxide 

mineral present is cryptomelane (KMn 8O16). The iron and quartz content of bulk 

rock samples have a positive correlation,  and a negative correlation to 

manganese. From the field data, petrography and chemistry by electron 

microprobe analysis, i t was establ ished that the method of deposition was  

lateral secretion and the deposits fi t into Harrison’s (1998) manganese 

classification as a Type 1 deposit. Lateral secretion involves the reduction of 

manganese and iron oxides within the soi l  profi le by acidified rain water, further 

leaching of oxides as reducing groundwaters flow through regol ith and bedrock, 

and the eventual precip itation as oxides at groundwater seeps and springs.  

Field observations and the chemistry of water and rock samples support the 

lateral secretion model in which the manganese and i ron are chemical ly leached 

from the Peninsula Formation quartz arenite sandst one bedrock and transported 

along fractures and faults to be deposited as oxides upon emergence at the 

surface. Minor surface coatings of iron and manganese oxides are ubiquitous in 

the study area but can become concentrated in local ly historic economic 

deposits where the groundwater flow is focused by topography, aquitards and 

faults. Trace element composition of the manganese-rich deposits indicates that 

they are low-temperature, hydrogenous freshwater deposits. The proposed Eh -

pH evolution of surface and ground water flow paths is consistent with the 

reduction of manganese and iron within the soi l  profi le, and the precipitation of 

first iron and then manganese at springs and seeps. The Rare Earth Element 

(REE) patterns suggest variable sources and transpo rt of the manganese and 

iron. The manganese deposits of the Cape Peninsula are no longer economic but 

do provide insights into the remobi l isation of metals by low temperature 

groundwaters during the process of lateral secretion.  

  

Manganese , Skeleton Gorge  , Latera l Secret ion ,  Cape Peninsula  
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1. INTRODUCTION 

1.1 Manganese in the Cape Peninsula 

Manganese deposits are common throughout the Cape Peninsula. The vast 

majority of these are superficial  staining of rock outcrops. In some  locations, 

Rooi Els and Hout Bay, old artisanal manganese mines exist where deep vein 

deposits of high grade manganese were mined. Rooi Els also hosts a talus slope 

style of manganese deposit which can be seen for a long section of the road. 

These three unique styles of manganese deposition,  surface, veined and talus, 

were suggested, by Compton (2004), to have formed through groundwater being 

reduced within the soi l  profi le and then leaching out of the metals (manganese 

and iron) contained in the bedrock.  The mountainous terrain then faci l i tates 

springs and seeps which upon exiting the mountain re -oxygenate these reduced 

fluids and al low for the precipitation of these metals on the surface of the rocks 

(Figure 1). This suggestion has not been proven in any  studies of the Cape 

Peninsula. The presence of hot springs throughout the Cape Peninsula (Diamond 

and Harris, 2000) and the lack of a source rock for the manganese raise 

questions concerning Compton’s model.  

The manganese-rich deposits found in the Cape Peninsula are local ly of high-

grade, and are highly variable and inconsistent deposits which were mined at 

the turn of the 20 t h century (Welsh, 1917). However, due to their highly 

variable nature and their high content of the deleterious element  phosphorus, 

the economic extraction of  manganese from these deposits was stopped once 

they were mined out at Hout Bay and Rooi Els and no further mining activity of 

similar type deposits was carried out in the region.  

The variations in the major oxide composition of sandstone surrounding the 

Hout Bay manganese mine were documented by Duncan et al. (1978), but there 

is no existing body of work that looks specifical ly into the  manganese deposits 

found throughout the Cape Peninsula. The reason for the lack of work on the se 

deposits is twofold. The economic viabi l ity of these deposits currently in relation 

to the other types of deposits is very low. Another reason why l i tt le information 

exists on this deposit is to do with the deleterious elements which are elevated 

in this deposit making it uneconomic. The main deleterious element documented 

in these deposits is phosphorus, which negates the affect that  manganese has 

on steel, making the steel brittle. The general accepted maximum phosphorus 

content of a manganese ore is 0.2 wt% P (Tangstad et al., 2004) whi le deposits 

on the Cape Peninsula have a phosphorus content of between 0.13 wt% and 

0.88wt% P with an average of 0.38wt% P which is outside the acceptable range 

for phosphorous.  

However, this in no way means that the knowledge gained from this deposit is 

of no value. Understanding the genesis of the manganese not only adds to the 

body of work around manganese deposits, but could also add to the 

understanding of the mechanisms of the formation of the Cape Peninsula. If 

necessary, the high phosphorus content could be blended out with a low 
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phosphorus material  making this a saleable manganese product to be used in 

the manufacture of manganese al loys and steel.  

 

  

Figure 1: Diagram showing an idealised cross section through TMG bedrock and 

the flow of groundwater in the lateral secretion model of iron and manganese 
deposition in the Cape Peninsula (Compton, 2004).  
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1.2 Geological Setting 

Stratigraphy 

The geology of the Cape Peninsula consists of three major rock groups, the 

Malmesbury Group, the Cape Granite Suite, and the Table Mountain Group 

(TMG) (Figure 2, Table 1) with a variable thickness of Quaternary sediment 

cover. The Malmesbury Group is a 550 Ma interbedded shale and turbidite 

formed on the continental shelf and slope. The Malmesbury Group has been 

local ly metamorphosed by the intrusion of the Cape Granite Suite at 540 Ma. 

The area then underwent erosion and upli ft, which was fol lowed by the 

subsidence and deposition of the TMG rocks between 520 and 450 Ma. The 

Graafwater and Peninsula formations constitute the base of the TMG in the 

study area. 

The Graafwater Fm is interbedded maroon (red bed) mudstone and sandstone 

which is overlain by quartz arenite sandstone of the Peninsula Fm. Extensional 

tectonic forces during the Cretaceous break up of Gondwana caused multiple 

faults throughout the region (Anhaeusser et al., 2006).  

 

 

Figure 2: Stratigraphic column of South Africa (Anhaeusser et al. , 2006), the 

highlighted formation is the formation within which the Cape Peninsula 
manganese deposits are formed.  
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Table 1: Stratigraphic succession of the Table Mountain Group (Jia et al, 2009).  

 

 

Topography and Fluvial Characteristics of the Cape Peninsula 

The Cape Peninsula is a faulted, deeply incised mountainous region that is part 

of the larger Cape Fold Belt. The mountains are mainly capped by Peninsula Fm 

sandstone (in the Cape Peninsula) and this hard rock weathers very slow ly 

which helps to faci l itate the formation of the mountains in the region (Figure 3). 

The Cape Peninsula is located along the South African coast l ine and has a 

Mediterranean-type cl imate. This means that most rainfal l  occurs in winter 

(Burgers et al., 2010). Water is channel led into multiple streams and rivers 

which flow perennially or seasonal ly. These rivers have a large impact on the 

topography of the Cape Peninsula by incising steep gorges and canyons.  
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Figure 3: Topography of the Cape Peninsula area (far left) and areas 
surrounding and to the east of False Bay (image courtesy of Computamaps).  

 

Not only does local topography assist with the fluvial system of the Cape 

Peninsula, the varying rock formations have different effect ive porosities 

making them excel lent aquifers or aquitards. These mountains, slopes and 

gorges coupled with the cl imate and the effective porosity of the bedrock results 

in springs throughout the region. The presence of aquifers and aquitards either 

promote the formation of springs sourced from groundwater or surface flow over 

the soi l  regol ith. Table 2 shows the summary of g lobal est imates of porosity for 

typical samples of the l i thology’s found within the Cape Peninsula. Figure 4 

shows the effect that these varying porosities have on the fluvial conditions of 

the Cape Peninsula, where the highly fractured Peninsula Fm sandst one acts as 

an aquifer, and the faults, granite and Malmesbury shale’s act as aquitards.  

Many of the springs which exist within the greater Cape Peninsula are thermal 

springs. Isotope compositions show that these springs are sourced from 

groundwater, and their oxygen isotope values suggest that these springs 

recharge at significantly higher alti tudes than the level of the spring (Diamond 

and Harris, 2000). Figure 4 shows how these springs can move from high 

alti tudes to great depths, heat up, and then return as hydrothermal springs.  
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In summary, the Cape Peninsula is a folded and faulted mountainous region 

which has been incised by rivers and streams with many natural low-

temperature and hydrothermal springs and seeps.  

 

Table 2: Effective porosity of rock types found in the Cape Peninsula (WEB2) .  

 

 

 

Figure 4: Lithology and structural controlled aquifers, a) Syncline, the Baths 
hot spring model, b) Fault and basement bounded outcrop model (Jia et al. , 
2009). In both images the Peninsula Fm acts as the aquifer and the other 

formations act as aquitards.  
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1.3 Manganese deposit classifications 

Manganese deposits occur in sedimentary, volcanic and metamorphic rocks. 

Most manganese occurrences around the world are hydrothermal or volcanic in 

origin, but most economic deposits are not, the largest contributing  manganese 

deposit type by volume is sedimentary diagenetic , chemical  sedimentary 

deposits (Schaefer et al., 2001) (Figure 5). Multiple classification systems exist 

for manganese deposits, and multiple authors have created their own 

classification systems for various portions of these manganese deposits. The 

primary authors and classification systems used fol low below.  

Roy (1981, 1988, 1992, 1997) covers most manganese deposits, from terrestrial  

to marine and volcanogenic deposits. Roy divided these deposits based on their 

process of formation and age of deposit , hydrothermal, sedimentary or 

superficial  deposits. Within these three broad genetic types occur sub types 

such as sedimentary volcanogenic and sedimentary non volcanogenic deposits 

and then their sedimentary metamorphic equivalents. Due to this broad 

classification system some of the subtleties of the different depositional 

environments are lost.  

Machamer (1987) came up with a 5 fold classification system of economic 

manganese deposits. This was based on the host rocks, and the manganese 

minerals themselves (IE manganese carbonate within pi l low lavas or intrusives, 

or schists).  Al l  non-economic deposits were excluded from this classification 

system, thus any small  scale manganese deposit which might be of academic 

interest does not fal l  into this classificat ion system. 

Laznicka (1992) discussed 322 terrestrial  manganese deposits throughout the 

world, and the need for a comprehensive singular classification system which 

covers al l  the existing classification systems. It was stated that this 

classification system needs to be dependent on three factors, the genesis of the 

deposit, the l i thological association, and the geotechnical and environmental 

setting. Laznicka did not create a classi fication system, but l isted al l  the 

requirements that the classification system would need to cover, from 

mineralogy through to age of the deposits.  

Cox and Singer (1986) put together a comprehensive document for the 

classification of al l  non-fuel minerals, not only manganese. They based their 

classification primarily on the mechanism of formation, IE mafic and ultra maffic 

intrusions into a stable environment. They did not come  up with their own 

classification system for any of the minerals, but rather l isted al l  the possible 

depositional environments and depositional models.  

The problem with al l  these classification systems is that there are multiple ways 

to classify a single deposit. For example a manganese deposits which was 

formed within a shallow marine non volcanogenic environment during an anoxic 

transgression would be classified as fol lows. Roy, Phanerozoic sedimentary; 

Machamer, Type V –  Bedded to Nodular Manganese Oxide, Mixed Oxide-

Carbonate and Carbonate hosted by Sands and Sandstones, Clays and 

Claystones, poorly consol idated l imy sediments; Laznicka, marine sedimentary, 

non-volcanogenic, dominantly carbonate; Cox and Singer, Canon and Force 
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Model. In some of the classification systems the description is concise and fi ts 

the depositional model, and in others it  is too broad.  

Harrison (1998) summarised the various classification systems into a single 

comprehensive classification system for exploration and exploitation purposes. 

This summary has eight manganese types encompassing al l  potential  economic 

or sub economic manganese deposits found throughout the world. Under this 

classification system a shal low marine non volcanogenic environment during an 

anoxic transgression would be classified as a Type 8A deposit. A summary of 

each type can be found below in Table 3 fol lowed by a discussion on each type. 

All  of this information was sourced from Harrison’s comprehensive study.  

 

 

Figure 5: Scale of manganese deposits based on Harrison’s classification, Type 

8F is a sedimentary diagenetic (chemical) deposit. On this scale individual 
volcanic and hydrothermal deposits do not feature. Adapted from Schaefer et al.  

(2001).  

 
Table 3: Classification system compiled by Harrison (1998).  
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Type 1 

Type 1 deposits are general ly hydrothermal vein deposits but include low 

temperature metasomatic and other hydrogenous processes. While this covers a 

large range of deposit styles, the majority of these deposits are sub economic. 

Those that are economic are only viable as local artisanal mining due to their 

smal l  size, irregular nature, l imited depth, and many of the associated elements 

within these deposits (sulphur, phosphorus) are deleteriou s to the smelting 

process. While the host rock varies, the tectonic system is usual ly an orogenic 

belt where faulting is present, the hydrothermal fluids are usual ly volcanic in 

origin, but can be from any source. Faults provide the ore control process, 

al lowing the movement of the hydrothermal or groundwater fluids. In some 

cases permeabi l i ty in the regol ith can al low for sufficient fluid flow to form 

these deposits. Due to the hydrothermal nature of these deposits zonation is 

common as is alteration of the host rocks, however it is not a necessary factor. 

Essential ly, the presence of faults and a hydrogenous source are the only 

common factors of these deposits.  

These deposits have massive variations internal ly of the  manganese type, but 

are dominated by manganese oxides. In relation to size and grade these 

deposits are usual ly 0.025 Mil l ion tonnes (Mt) with only 10% being greater than 

0.26 Mt and 10% being less than 0.0024 Mt. The average grade is 30% Mn with 

only 10% being greater than 42% Mn and 10% being less than 20% Mn. There is 

no correlation between grade and size of deposit. Examples include the South 

western USA, Dzhezda (Russia), and Tarapaca Province (Chile).  

 

Type 2 

Type 2 deposits occur when the host rock is a carbonate and a volcanic 

intrusion occurs into the host rock, such as a small  granite pluton intruding into 

a dolomite sequence. The intrusion either forms pathways through faulting and 

fracture formation or makes use of exist ing fractures in the host rock. The high 

temperature of the intrusion forms hydrothermal fluids, these fluids react with 

the host rock and a replacement process begins of different orders of 

hydrothermal minerals. The manganese occurs predominantly as a carbonate 

and due to its hydrothermal nature deleterious elements are general ly high. 

Similar to Type 1 deposits there is a large variation in  manganese grade and the 

scale of the deposit and as such they are only suitable for small  scale artisanal 

mining. The mean size of these deposits is 0.022Mt with only 10% being gr eater 

than 0.53Mt and 10% being less than 0.0009Mt. Examples of these deposits 

include Phi l l ipsburg (Montana, USA) and Janggun (Korea).  

 

Type 3 

Type 3 deposits occur in carbonatite volcanic intrusions which are rich in 

multiple trace elements (thorium, uranium, molybdenum, copper, lead, zinc, 

barium, etc.). The host rocks are general ly Precambrian in age whi le the 
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intrusion is general ly younger and occurs during the early stages of continental 

ri ft ing. The ore body general ly occurs within or alongside the carbonatite 

volcanic intrusion as steeply dipping dykes of manganiferrous sideritic soviet 

(manganese and i ron rich siderite occurring within a course grained variety of 

the carbonate intrusion, soviet) which can get up to a few meters thick. The  

manganese is carbonate in origin and high in deleterious elements. The grade of 

these deposits is low, whi le the scale is large enough for small  scale mining. 

The mean deposit is taken to be l ike the Mrima deposits in Kenya which contain 

0.6 Mt of ore at a grade of  20 wt% Mn. The major examples include Mrima and 

Kiwara (Kenya) and Chi lwa and Tundulu (Malawi).  

 

Type 4 

There are six subtypes within volcanogenic Type 4  manganese deposits. Al l  six 

of these volcanogenic manganese types are formed due to submarine exhalat ive 

processes or ‘Black Smokers’ (Robb, 2005). The six different types are based 

around the volcanic source, or the tectonic setting. Franciscan Type is oceanic 

ridges and ri fted marginal basins being obducted onto a continental margin. 

Cuban Type is an is land arc being obducted onto a continental margin. Olympic 

Peninsula Type is a deep or shal low ocean basin with seamounts and volcanic 

islands being obducted onto a continental margin. Cyprus Type is an interarc 

basin and a mid-oceanic ridge being obducted  onto a continental margin. 

Terrestrial  or Shal low Water Acid Volcanic Type involves no obduction, but 

occurs within continental sediments on a continental margin. The Submarine 

Acid to Intermediate Volcanic Type is associated with very shal low volcanism 

which can be explosive within a continental setting.  

The common denominator between al l  six types is that they involve a 

continental setting and sub marine exhalative processes. The variation comes 

from the depth, type of tectonic setting and the chemistry of the exhalative 

process. These are general ly small  scale deposits smaller than Type 2 deposits, 

but they occur in easi ly definable lenses and are therefore extractable. Not al l  

subtypes are economic in terms of grade and the presence of deleterious 

elements. Examples of mines and deposits exist for al l  subtypes. Ladd Mines 

(Cal i fornia, USA) is a Franciscan Type; Quinto and Ponupo Mines (Cuba) are 

Cuban Type; Crescent Mine (Washington, USA) is an Olympic Peninsula Type; 

Troul i i , Drapia, and Skouriotissa  (Cyprus) are Cyprus Type; El Arrayan, Corral 

Quemado and Fragua (Chi le) are Terrestrial  or Shal low Water Acid Volcanic Type  

and Gl ib en Nam (Morocco) is a Submarine Water Acid Volcanic Type 

 

Type 5 

Two subtypes exist for volcanogenic sedimentary Type 5  manganese deposits. 

Both of these subtypes involve supergene enrichment of an existing  manganese 

deposit. It is this supergene enrichment which makes these deposits 

economical. The difference between the two subtypes has nothing to do with the 

supergene process, but rather the formation of the original proto ore.  
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The first subtype (5A) is Supergene Enriched Metamorphosed Volcanogenic 

Sedimentary Associated with Greenstone Belts. The origin of this deposit is a 

sedimentary exhalat ive process similar to Type 4, but Archean in age. Post the 

exhalative deposition of the ore there has been metamorphism which makes the 

categorization of the exact exhalative process impossible, and final ly within the 

last mil l ion years (Quaternary Period) a supergene enrichment proces s has 

upgraded the deposit to be highly economic. This results in a zoned  manganese 

deposit with the original lower grade metamorphosed ore, the protore, a 

supergene depleted zone, and an upper supergene enriched zone. Not only is 

the supergene process cri t ical to this subtype of deposit, but also the 

metamorphism, as Type 4 deposits are small  scale, and the metamorphic 

process concentrates the individual lenses of Type 4 ore into single larger 

deposit, either through remobi l isation or faulting and folding.  

The second subtype is Supergene Enriched Metamorphosed Sedimentary 

Deposits (5B). These deposits are identical to the subtype 5A deposits except 

for the origin of the protore. In subtype 5A the basis of formation is that of 

Type 4 deposits. Subtype 5B more closely resembles Type 8 deposits, 

specifical ly chemical sedimentary precipitates in a shal low marine euxinic 

environment. Post the deposition of these protores in the Archean there is 

metamorphism fol lowed by supergene enrichment during the Quaternary P eriod. 

In this subtype the original protore is already on a large enough scale to be 

classified as a large low grade deposit; i t is the secondary enrichment which is 

crit ical to the economic viabi l i ty of the deposit by high grading a section of the 

ore.  

The size of both of these subtypes depends on the extent of the protore, and 

the grade depends on the supergene enrichment process. There appear to be 

two classes of deposits: those of 3Mt (majority of deposits) and those of 8Mt 

and greater. The protore is general ly low grade, 20-30% Mn whi le the 

supergene enriched cap is 35-55% Mn.  

There are many examples of world class operations throughout the world of both 

subtypes. Subtype 5A includes carbonate protore examples Nsuta (Ghana), 

Tambao (Burkina Faso) and si l icate protore examples are Ansongo (Mal i) and 

Montiambo, Naniango and Ziemougoula (Ivory Coast). Subtype 5B includes 

Kisenge (DRC), Matthews Ridge (Guyana), Serra do Navio and Morro da Mina 

(Brazi l). 

 

Type 6 

Two subtypes exist for Type 6 sedimentary exhalative (SEDEX) manganese 

deposits. The two subtypes are Highly Metamorphosed Polymetal l ic SEDEX Type 

(Broken Hi l l  Type Deposits) and Classical SEDEX or Shale Hosted Massive 

Sulphide Deposits. Both types start with a shal low marine or lacust rine 

environment at sufficient water depths to promote anoxia,  but the first subtype 

involves metamorphism which changes the overal l  geology and geochemistry of 

the deposit. The host rock is general ly a series of euxinic marine sediments, 

black shale, si l tstone, sandstone, chert, dolomite, micrit ic l imestone and 
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turbidites. The main host of the ore is laminated carbonate with a high organic 

component. The mineral ization is secondary to the formation of the host rock 

through digenesis or epigenesis resulting  in the formation of sulphides with 

zinc, lead and si lver in dominance and iron and  manganese secondary. 

As in both cases the dominant mineral is not  manganese, but rather lead, zinc 

and si lver. These deposits are not real ly economic  manganese deposits; as such 

they do not have an associated grade or size component. Examples of the non -

metamorphosed SEDEX deposits are Meggen and Ramelsberg (Germany) and 

Sul l ivan (Austral ia). Examples of the metamorphosed SEDEX deposits include 

Cannington and Broken Hi l l  (Austral ia) and Aggeneys (South Africa).  

 

Type 7 

Type 7 karstic deposits are manganese rich carbonates which are enriched 

through the natural sub aerial  weathering process of the carbonate. As the 

deposit is weathered by rain water, the actual carbonate is di ssolved and the 

other minerals occurring within the carbonate, including  manganese, are left 

behind. This results in a pocketed ore body with remnant hi l ls or unweathered 

carbonates and depressions with  manganese and other detrital  material  

occurring in these depressions. Due to the nature of the formation of these 

deposits, the ore bodies are irregular in size, continuity and grade, and lend 

themselves to small scale artisanal mining. Grades within a single deposit can 

vary between 20-50% and can contain varying amounts of si l ica and iron. 

Examples include Woodie-Woodie (Austral ia) and the Postmansburg  manganese 

fields (South Africa).  

 

Type 8 

There are 7 subtypes of the sedimentary diagenetic Type 8  manganese deposit. 

These subtypes of deposit are al l  di ffe rent sedimentary marine or sub marine 

processes resulting in some form of  manganese deposition. Al l  of them involve 

some oxic and anoxic transition, resulting in the reduction and oxidation of 

precipitates, namely manganese and iron within the marine environment. They 

are also divided between supergene enriched, and not supergene enriched and 

final ly between the host rock type. This results in the fol lowing subtypes, 

Sandstone Claystone, Supergene Enriched Sandstone Clayston e, Black Shale, 

Supergene Enriched Black Shale, Carbonate Type, Banded Iron Formation Type 

and Supergene Enriched Banded Iron Formation Type. The reason that no 

supergene enriched carbonate exists, is that this would become a Type 7 

deposit.  

There are four distinct host rocks each occurring within an oxic/anoxic 

transition zone. The oxic/anoxic boundary either faci l i tates the precipitation of  

manganese and iron during the entire deposition of the host rock, which means 

that the manganese and iron are part of the host rock (Black Shale and Banded 

Iron Formation Type), or the oxic/anoxic boundary shifts during the deposition 
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of the host rock resulting in a layer of  manganese and iron precipitation 

(Sandstone Claystone and Carbonate) within the host rock.  

Due to the nature of the deposits (large marine basins) and the interface (the 

oxic / anoxic transition) these deposits represent the largest scale and highest 

grade deposits out of al l  of the different types, and account for 70% of al l  the 

terrestrial  manganese deposits in the world (Beukes et al., 2001). The 

Sandstone Claystone Type average size is 7.3 Mt with 10% greater than 280 Mt 

and 10% less than 0.19 Mt. The average grade of these deposits is around 20 – 

40% Mn. Examples include Nikopol and Bolshoi Tokmak (Ukraine) and Chiatura 

(Georgia). The Supergene Enriched Sandstone Claystone is similar in scale to 

the Sandstone Claystone Type but with a supergene influenced higher grade. An 

example of this deposit is Groot Eylandt (Austral ia).  

Black Shale Type deposits are large size deposits, but without the supergene 

enrichment they are general ly too low grade for economic purposes. This 

coupled with the fact that the manganese is locked up within the shale means 

that without supergene enrichment the extraction of the manganese is nearly 

impossible. The scale of both the supergene and non-supergene deposits is 

similar to Sandstone Claystone deposits, whi le the grade of the non -supergene 

is around 10-20% Mn and the supergene enriched deposits grade is around 35 -

45% Mn. An example of a non-supergene Black Shale Type deposit is Ziangstan 

(China) and an example of a Supergene Black Shale Type deposit is Moanda 

(Gabon) and the Azul deposits (Brazi l).  

The Carbonate Type deposit is general ly low grade, similar to the Black Shale 

type, however in some instances the lenses of  manganese can be high grade 

and the added benefit of the deposit is that due to the high carbon content 

these ores can be calcined easi ly to produce a metal lurgical product. They are 

the same scale as Sandstone Claystone deposits, with similar grades as Black 

Shale deposits. Examples include Imini (Morocco), Molango (Mexico) and Ulu 

Telyak (Russia).  

Banded Iron Formation type deposits are higher grade as they are chemical 

sedimentary deposits of alternating manganese and i ron. The Supergene 

Enriched Banded Iron Formation type results in a ‘super grade’  manganese 

deposit. This type is of the same size as the Sandstone Claystone deposit but, 

the largest known deposit fal ls within this category, the Kalahari  Manganese 

Field accounts for 56% of the world’s total terrestrial  manganese resources. 

These deposits have an average grade of between 20-40% while the supergene 

deposits are between 35-50% Mn. Examples of this deposit type include the 

Kalahari  Manganese Field (South Africa), Morro du Urucum (Brazi l), Otjosondu 

(Namibia). An example of Supergene Enriched Banded iron Formation type is Rio 

das Velhas Series (Brazi l).  

 

Summary 

Based on the host rock of the Cape Peninsula, the general nature of the deposi t, 

and the suggested method of deposition by Compton (2004) there are two 
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possible Type categories into which the Cape Peninsula deposits could fal l . Due 

to the hosting of the manganese deposits within the Peninsula Fm Sandstone it 

is possible that the manganese deposits within the Cape Peninsula are low 

tonnage versions of the Type 8 sandstone claystone deposit style, with the 

manganese being supergene enriched and concentrated in isolated locations.  It 

is also possible that these are a Type 1 deposit which could  either be a 

hydrothermal metasomatic process or a low temperature metasomatic 

groundwater formation process and the fact that they are hosted in a sandstone 

material  is coincidental.  

 

1.4 Manganese, its purposes and applications 

Manganese is the 25 t h element on the periodic table and the 12 t h most abundant 

element in Earth’s crust, although it only has an average concentration within 

Earth’s crust of 0.1% (Cunat, 2004; Lindstad et al., 2007). While manganese is 

the 12 t h most abundant metal in the crust, i t is  the 4 th  most used metal in terms 

of tonnes mined (Lindstad et al., 2007). Manganese has many different 

appl ications and throughout history manganese has been used by many cultures 

for many different purposes. Paintings using  manganese date back 17000 years, 

in Greece the Spartans used manganese in their steel weapons resulting in them 

being superior whi le the Egyptians and Romans used  manganese in glass 

(Lindstad et al., 2007).  

In the 1700’s  manganese was used in some chemicals, namely potassium 

permanganate and in the production of chlorine. In 1774  manganese was 

recognised by Carl Wilhelm Scheele as a separate chemical element. In the 19 t h 

century various experiments were conducted on an iron  manganese al loy. In 

1860 Sir Henry Bessemer came up with the self-named Bessemer process of the 

production of the current form of ferromanganese, where the  manganese makes 

the iron harder and less brittle by bonding with the excess sulphur and oxygen 

(Lindstad et al ., 2007).  

The reason that ferromanganese is such an  important metal is due to its 

relationship with iron in the production of steel. Almost 90% of al l  

ferromanganese produced is used in the production of steel because  manganese 

can replace nickel (Cunat, 2004; Lindstad et al., 2007). Nickel is harder to find 

and extract being the 28 t h element on the periodic table and only the 24 t h  most 

abundant mineral in Earth’s crust (Cunat, 2004) making it much more costly. 

Nickel, and its substitute manganese, gives steel i ts ducti l i ty, toughness, 

corrosion resistance and causes steel to be non-magnetic. With 90% of 

manganese being used in steel there is a very strong l ink to the steel demand 

global ly and manganese demand global ly. Due to modern advances in 

steelmaking an average of 7.5 kg of  manganese is required per tonne of steel 

produced (Lindstad et al., 2007). According to World Steel Association (WEB7) 

there is a forecast growth of 6% for steel demand in 2012, this forecast can 

also be appl ied to manganese.  



Univ
ers

ity
 of

 C
ap

e T
ow

n

15 
 

Table 4 shows the world production of  manganese between 1970 and 2010. The 

tonnes produced are represented by ores and concentrates. An ore represents 

the actual tonnes of rock removed from earth whi le a concentrate requires a 

secondary process,  such as washing, sieving or sintering, to extract or 

beneficiate the manganese which usual ly results in an enrichment of the ore. 

For example, Australia’s GEMCO mines low grade ore (20% Mn) with many 

impurities. A simple sieving process based on the natural size fractionation of 

the ore results in a larger grain sized fraction (>1mm) concentrate with a 

substantial ly higher grade (47% Mn) than the original ore (Bryant and Hope, 

2012). While reporting a concentrate as opposed to an ore wi l l  result in a lower 

reported tonnage figure, a higher manganese grade is reported. I t is up to the 

prerogative of the company reporting the resource as to how they wish to 

represent the resource, as long as it is in l ine with an acceptable reporting 

standard such as Joint Ore Reserves Committee’s (JORC) code (JORC, 2004). 

The supply percentage of Table 4 shows how much of the world’s  manganese is 

suppl ied by the main manganese producing countries (South Africa, Gabon, 

Ukraine, Austral ia and Brazi l) as a percentage of global  manganese production. 

China is excluded from these main manganese producers as their manganese is 

of a lower grade qual ity and none of i ts manganese reaches the seaborne 

market and is al l  sold internal ly.  

 
Table 4: World production of  manganese ores and concentrates 1970 – 2010 

(tons·103) (United Nations, 2003; WEB 1).  

 

 

As manganese is used with i ron to create hardened steel and  manganese ores 

contain iron, a premium is paid for ores containing more  manganese and less 

iron as less volume of manganese ore can be purchased to be added to the raw 

iron ore to produce steel. A higher grade manganese ore results in a higher 

price paid for that ore. Similarly the deleterious elements (such as phosphorus) 

negatively affect the price of the manganese ores. Due to the wide range of  

manganese deposit types and the wide range of steel appl ications, there are 
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many kinds of ferromanganese al loys, in some cases some suppl iers l ist up to 

20 different products.  

These al loys need to be smelted from various  manganese ores and from various 

manganese deposits around the world. Table 5 l ists the most common 

metal lurgical ores, ores containing >35% Mn, from around the world. This is a 

l ist of the products produced by the world’s main  manganese producers which 

make up roughly 40 –  70% of the world’s  manganese ore supply (depending on 

year of measure) but importantly these manganese resources make up 80% of 

the known global manganese resources. These l isted metal lurgical ores give a 

good indication as to what a competitive product on the  manganese market 

would look l ike.  

 

Table 5: Typical compositions in weight  percent of metallurgical  manganese 

ores representative of the various different sedimentary diagenetic types 8A, 
8B, 8D and 8F defined by Harrison (1998) (Tangstad et al.  2004). 

 

 

The average cut-off grade for manganese ore is 27% (Maynard, 2010)  whi le the 

average crustal concentration of manganese is 0.1% (Cunat, 2004) . This large 

increase in manganese content to an acceptable product grade is caused 

through multiple enrichment scenarios l inked to the depositional environment. 

Even in the case where the depositional environment forms a manganese rich 

ore body, i t often does not have a high enough natural grade to be economical ly 

viable (Maynard, 2010). In this instance a secondary  enrichment factor is 

necessary in order to further enrich the manganese to an acceptable product 

(Maynard, 2010). Processes that lead to this secondary enrichment normally 

take the form of hydrothermal fluids remobi l izing the manganese or surface 

weathering enrichment of the manganese.  

It is an understanding of the secondary weathering enrichment processes which 

is the focus of this thesis, particularly the impact of ground water flow and 

surface weathering on the transformation a low grade deposit into a high grade 

deposit.  
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1.5 Study Objectives 

The primary objective of this study is to determine the origin of the manganese 

deposits of the Cape Peninsula and to test the hypothesis that they are Type 1 

metasomatic deposi ts. It wi l l  also be shown that they are neither a Type 8 

Sandstone Claystone Supergene Enriched deposit nor  a Type 1 hydrothermal 

deposit.  

This primary objective ties into a number of other questions:  

What is the geochemistry of these deposits and what does it reveal about their 

origin? 

What is the source of the manganese? 

How was the manganese transported and deposited at the sites studied?  

Was the formation of these manganese deposits control led by groundwater flow, 

hydrothermal activity or bedrock structures and faults?  

 

To answer these questions several of the major  manganese deposits of the Cape 

Peninsula were studied. Field mapping of the existing deposits was conducted 

where the physical characteristics of the deposits was noted. Hand specimens 

were then col lected for analysis in the lab including petrography, microprobe, 

and elemental (XRF and ICP-MS) analysis. Integration of field, petrographic and 

geochemical analysis provides detai led data to better understand many of the 

aspects of the deposits and to propose a model of their formation. 
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2 METHODS 

2.1 Field Work and Sampling 

A total of six sites were selected for study based on the known or hypothesised 

occurrence of significant amounts of  manganese in the greater Cape Town area. 

The occurrence of manganese was described at the outcrop and representative 

rock samples were col lected from each of the six sites (Figure 6) (Table 6). This 

initial  batch of rock sampling was conducted along the noticeable manganese 

and iron precipitations, except for the Contour Path sample site. As such there 

were three groupings of samples col lected, unmineral ised samples, transitional 

samples (where iron and manganese precipitates are first apparent) and metal 

rich samples (Table 7). The Contour Path sample site was selected due  to the 

presence of a recent rock fal l  and acted as a control group of unmineral ised and 

unweathered and un-depleted host rock. The Contour Path samples were 

Peninsula Fm sandstone, and Graafwater Fm sandstone and si l tstone.  

A second round of samples were then col lected from the Skeleton Gorge site as 

this was identi fied as the most extensive and best preserved site (Figure 7). 

While the initial  sampling program was aimed at highl ighting the transitional 

nature of the deposi ts, the second sampling program along Skeleton Gorge was 

conducted in order to document variations within the style of manganese 

deposition which had been noticed between the different sites throughout the 

Cape Peninsula. Certain hypotheses were also tested during this secondary 

phase of sampling through the gorge, so the positioning of the samples sites 

became crucial (Table 8). The variations within the manganese deposition were 

grouped into veined, surface, and talus slope styled mineral ization (Table 9). 

While this second batch of samples had its own sample grouping, i t could sti l l  f i t 

within the overarching sample grouping described in Table 7. Al l  samples 

col lected within the Skeleton Gorge were hosted by the Peninsula Fm, however 

samples 10 to 14 and sample 30 occurred within a si l t stone layer within the 

Peninsula Fm and seemed to be crit ical to the formation of the extensive 

manganese deposit within the gorge.  

Wherever possible insitu rock samples were taken and the weathered surface 

was removed. GPS co-ordinates were taken at the sample sites, and notes were 

made about the locations geomorphology.  
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Figure 6: Geological  Map adapted from Compton (2004), showing the location 
(yellow stars) and names of sites  sampled for this study.  

 

Table 6: Sample numbers and GPS location of the different localities sampled in 
the Cape Peninsula area.  

Sample Numbers GPS Coordinates of Site Sample Locality  

A1 –  A7 

1 –  31 (Table 8) 

S –  33 o  58.822’  
E –  018 o  25.240’  

Skeleton Gorge 

B1 –  B7 S –  34 o  16.052’  

E –  018 o  50.962’  
Rooi Els  

C1 –  C7 S –  33 o  58.385’  

E –  018 o  23.519’  
Kasteelpoort  Path 

D1 –  D10 S –  33 o  56.790’  

E –  018 o  26.836’  
Contour Path 

E1 –  E6 S –  34 o  02.803’  
E –  018 o  22.048’  

Hout Bay 

E7 –  E8 S –  34 o08.326’  
E –  018 o  22.572’  

Kommetjie  
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Table 7: Samples classified by sample type, rock type (SST = sandstone) and 
sample number.  

Sample Type Rock Type  Sample Numbers  

Unmineralised 
Samples 

Peninsula Fm Quartz 
Arenite Sandstone  

A1,B1,D3,D4,D7,D8  

Graafwater Fm 
mudst/SST  

D1,D2,D5,D6,D9,D10  

Transitional 
Samples 

Sandstone, 
Manganese and Iron  

A2,A3,A5,A7,B2,B6, 
B7,C1,C3,C4,C6,C7,E6,E7  

Metal Rich 
Samples 

Manganese Rich  A4,A6,B4,C5,E3,E5,E8 

Iron Rich  B3,C2,E1,E2,E4  

 

 

Figure 7: Satellite images from Google Maps showing the sites sampled along 
Skeleton Gorge.  
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Table 8: Site, location, numbers and locality of Skeleton Gorge samples.  

Site 

Number 

GPS Coordinates 

of Site 

Sample 

Numbers 

Sample Locality  

1 S –  33 o  58.767 ’ 
E –  018 o  24.947’  

1 –  2  Top of the Gorge  

2 S –  33 o  58.823’  
E –  018 o  25.011’  

3 –  5 
First  manganese deposit,  South of 

the Fault  

3 S –  33 o  58.797’  
E –  018 o  25.084’  

6 –  18,30,31 
Main Skeleton Gorge Deposit,  North 

of the Fault  
4 S –  33 o  58.755’  

E –  018 o  25.097’  

5 S –  33 o  58.911’  
E –  018 o  25.107’  

19 - 23 Old deposit ,  Far North of the Fault  

6 S –  33 o  58.456’  

E –  018 o  25.137’  
24 –  26 

Seasonal  Deposit,  South of the 

Fault  

7 S –  33 o  58.891’  
E –  018 o  25.344’  

NA 
Current Seep (crystal l ine  

manganese) North of  the Fault  

8 S –  33 o  58.896’  
E –  018 o  25.367’  

27 –  29 Breccia Material ,  in the Fault  

 

 

Table 9: Samples classified by sample type, depositional setting and sample 
number.  

 Sample Type Depositional Setting Sample Numbers  

Unmineralised 
Samples 

NA 1,2,30,31,A1 

Transitional 
Samples 

Veined 10,11,12,13,14,16,27,28,29,A2 

Surface 3,4,5,9,24,26,A3,A5,A7 

Talus 19,23 

Metal Rich 
samples 

Veined 15,17,18 

Surface 6,7,8,25,A4,A6 

Talus 20,21,22 

 

Water samples were col lected from Skeleton Gorge to determine how water 

chemistry (manganese content) relates to the features of the  manganese 

deposit (Figure 8) (Table 10). Water samples were taken at springs, seeps, 

dams, and streams f lowing on or nearby the deposit, and final ly at water 

sources far downstream of the source of the water and the  manganese deposits. 

A and B samples represent samples taken in a similar area. The water was  

col lected in 500 ml polyurethane bottles and treated with 5ml of nitric acid to 

prevent the precipitation of any sol ids. The water sampling was conducted 
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during the winter of 2007. A complete elemental analysis was conducted on 

these water samples. GPS co-ordinates were taken at each water sample point.  

 

 

Figure 8: Satellite image from Google Maps showing water sampling locations.  
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Table 10: Water sample site numbers and locations.  

Site 

Number 
Sample Locality  

Water 

Sample 

Numbers 

Coordinates of 

Site 

1 
Natural  seep of water from the top of 

Kasteelpoort  Path 
1 S –  33 o  58.421 ’ 

E –  018 o  23.684 ’ 

2 Hely-Huchinson Dam 

2a 
S –  33 o  58.751 ’ 
E –  018 o  24.471 ’ 

2b 

3 
First  crossing of stream along descent of 

Skeleton Gorge Path between rock sites 2 and 3  
3a S –  33 o  58.814 ’ 

E –  018 o  25.086 ’ 

4 
Stream of water found at  f i rst  manganese 

deposit (North of fault and rock site  3) 
3b S –  33 o  58.82’  

E –  018 o  25.013 ’ 

5 Stream of water found at  rock site  8 

4a 
S –  33 o  58.896’  
E –  018 o  25.367’  

4b 

6 

 

Stream of water found at  the waterfal l  at  the 

crossing of the Skeleton Gorge Path and the 

Contour Path.  

5a 
S –  33 o  58.982 ’ 
E –  018 o  25.563 ’ 

5b 

7 Stream within Kirstenbosch Gardens 6 S –  33 o  59.257 ’ 
E –  018 o  25.879 ’ 

 

2.2 Petrography 

Rock hand specimens col lected in the field were examined in the lab. Based on 

the nature of their apparent  manganese, iron and si l ica contents (unmineral ised 

through to metal rich) as wel l  as the  apparent nature of deposition (talus slope, 

veined deposit, surface deposit), they were selected for petrographic and 

chemical analysis. A total of 50 of the 70 hand samples from the field were cut 

into pol ished sections (Table 11) for the dual purpose of  both transmitted l ight 

petroscopy and microprobe analysis. The petrographic descriptions were done 

using transmitted l ight on a Nikon microscope. As many of the samples had a 

very low metal content and were highly friable due to extensive weathering of 

the host rock, cutting and pol ishing of mounted thin sections for the purpose of 

reflective l ight was not conducted. Mineral identi fication was conducted using 

XRD. 
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Table 11: Samples used for petrographic analysis.  

Sample Numbers Coordinates of 

Site 

Sample Locality  

A1 –  A7 

1-3,5,7,8,10,11,14,16,19,20,23,25,27,29-31 

S –  33 o  58.822’  
E –  018 o  25.240’  

Skeleton Gorge 

B1 –  B7 S –  34 o  16.052’  
E –  018 o  50.962’  

Rooi Els  

C1 –  C7 S –  33 o  58.385’  
E –  018 o  23.519’  

Kasteelpoort  Path 

D1 –  D4 S –  33 o  56.790’  
E –  018 o  26.836’  

Contour Path 

E1 –  E6 S –  34 o  02.803’  
E –  018 o  22.048’  

Hout Bay 

E7 S –  34 o08.326’  
E –  018 o  22.572’  

Kommetjie  

 

Microprobe analysis of the thin sections was done on a JEOL JXA -8000. Primary 

analysis was done in the form of elemental maps (80µm by 80µm) and l ine 

scans. The elements analysed were s i l icon, manganese and iron. Secondary 

analysis was done on a larger map scale size (150µm by 150µm) for si l icon, 

manganese, iron, aluminium and potassium. The primary analysis was done on 

the initial  regional deposits (Table 12). The purpose of this was to determine 

the microscopic relationships between the known bulk minerals and the 

elements si l ica, manganese and i ron between different sites. The secondary 

analysis was carried out on the samples taken exclusively from Skeleton Gorge, 

a total of 75 maps and 19 l ine scans were done. Appendix A  contains a 

complete l ist of samples analysed by microprobe and their maps and l ine scans.  

 

Table 12: Number of primary microprobe maps and element (Mn, Fe, Si) l ine 
scans completed for the different sample localities.  

Sample Locality  
Number of maps constructed 

(80µm by 80µm) 

Number of l ine scans 

done 

Skeleton Gorge 5 1 

Rooi Els  23 3 

Kasteelpoort  Path 19 11 

Contour Path 8 0 

Hout Bay 6 5 

Kommetjie  0 0 
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2.3 Mineral and Chemical Analysis 

Samples were selected for geochemical analysis  (Table 13) based on 

petrography and the two classification systems. Bulk rock samples were crushed 

to a fine powder using a Siebtechnik vibratory disc mill . Homogeneous spl i ts of 

the bulk sample powders were then analysed. Al l  analyses were done at the 

University of Cape Town (UCT). The elemental composition of the powders was 

determined by X-ray fluorescence spectroscopy (XRF) using the XRF faci l i ty at 

UCT. Dupl icate XRF analyses (rock samples 10 and 11) indicate an error of 

3.13% for manganese, 3.57% for iron, 2.90% for si l ica, 2.93% for aluminium 

and 2.86% for potassium (Figure 9).  

 

Table 13: Rock samples analysed by XRF and ICP-MS analysis.  

XRF Analysis Sample Local ity ICP-MS Analysis 

A1;A4;A5;A6;1;2;3;5;6;7;8;9;10;

11;12;13;14;15;16;18;19;20;21;

22;23;25;27;29;30;31 

Skeleton Gorge 

A1;A4;A5;A6;1;2;3;5;25;  

30;31 

B1;B2;B3;B4;B6 Rooi Els  B1;B2;B3;B4;B6 

C2;C5;C6;C7 Kasteelpoort  Path C2;C5;C6;C7 

D1;D2;D3;D4;D7;D8;D9;D10 Contour Path D1;D2;D3;D4;D9;D10 

E2;E3;E4;E5;E6 Hout Bay E2;E3;E4;E5;E6 

E7;E8 Kommetjie  E7;E8 

 

 

Figure 9: The absolute differences between duplicate samples for element oxide 

analysis by XRF.  
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Based on the results of the XRF, the samples with the highest  manganese and 

si l ica contents were analysed for mineralogy  using X-Ray Diffraction (XRD). The 

XRD instrument used was a Phi l ips PW1390 Powder X-Ray Diffractometer, which 

uses a Copper K-α X-ray tube with wavelength of 1.542 Å . Bulk sample powders 

A4, B6 and E6 were run through the XRD. Quartz was used as an internal 

standard on the XRD profi les. The manganese minerals present were determined 

by combining bulk rock chemistry (XRF data) and the XRD profi les and by 

comparison to reported manganese minerals (Fleischer and Hewett, 1960).  

Trace element analysis was conducted for both rock (Table 13) and al l  water 

samples using Inductively Coupled Plasma Mass Spectrophotometry (ICP-MS) on 

a Thermo-Fisher X Series2 instrument. For ICP-MS analysis 50 mg of the sample 

powder was dissolved in a 4:1 HF/HNO 3 acid mixture in a sealed Savi lex beaker 

on a hotplate for 48 hours. This was fol lowed by evaporation of the sample to 

incipient dryness and then two treatments of 2 mL concentrated HNO 3. The final 

dried product was then taken up in 5% HNO 3 solution containing 10 ppb 

Rhenium (Re), Indium (In), Rhodium (Rh), and Bismuth (Bi) as internal 

standards. Standardisation was against arti ficial  multi -element standards. Along 

with the internal standard, a blank sample was included to determine the shift 

in readings. Figure 10 shows the average total procedural blank (tpb) achieved 

for both ICP-MS runs and the average percentage relative standard deviation 

(%RSD) achieved for each element tested. Some of the samples which were 

intended for ICP-MS did not completely dissolve and could not be analysed.  
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Figure 10: Average percentage relative standard deviation (%RSD) and total procedural blank (tpb) achieved for 
both ICP-MS runs for the rock samples.  
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3 RESULTS 

3.1  Field Analysis 

Multiple manganese rich sites were found during the field survey. Some sites 

were known deposits such as Hout Bay and Rooi Els which had been mined for  

manganese (Welsh, 1917); and others were previously not described or were 

unknown. Three sample types were col lected: samp les containing no obvious 

iron or manganese mineral isation from the Peninsula Fm sandstone and 

Graafwater Fm sandstone and si l tstone, samples containing a variable and 

transitional mix of iron and manganese mineral isation, and samples enriched in  

manganese and iron.  

 

Six Sites were investigated. The Contour Path site provided rocks which had no 

evidence of manganese or iron mineral isation. The Skeleton Gorge site was the 

largest and most extensive manganese deposit sampled, containing surface, 

veined and talus slope style of deposition. The Kasteelpoort Path site is l inked 

to the Skeleton Gorge site by a fault and was a previously unknown, small  and 

iron-rich talus slope style of deposit. The Rooi Els site occurs within a talus 

slope, with the manganese “rubifying” the slopes and also has a veined deposit 

which was mined in the past. The Kommetjie site is an old erosional remnant 

consisting of manganese boulders. The Hout Bay manganese site is a veined 

deposit and was mined in the past.  

 

3.1.1  Contour Path Site 

Samples from the Contour Path site are the least  manganese or iron mineral ised 

and is considered to represent the general or background composition of TMG 

bedrock. Peninsula Fm sandstone samples were col lected from a recent rock fal l  

to obtain fresh samples. The rock fal l  sampled occurs along the Contour Path 

near the cableway station (Figure 11 – point 3). The rocks in this area showed 

some surface weathering, thus boulders were broken up to get unweathered 

samples from the interior of the rocks for analysis . Graafwater Fm samples were 

col lected from an in situ, outcrop exposure near to the rock fal l  site.  

 

3.1.2  Skeleton Gorge Site 

Rock Samples 

There are multiple deposits of  manganese along Skeleton Gorge from thin, 

surface coatings to massive vein and nodular  manganese deposits. The gorge is 

situated along a fault (Figure 11 –  point 1), and manganese deposits occur on 

either side of the fault. The largest  manganese deposits occur on the northern 

side of the fault, while smaller  manganese deposits occur on the southern side 

of the fault. The manganese deposits are hosted in Peninsula Fm sandstone with 
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beds dipping sl ightly (3-6 degrees) to the south west. The northern gorge 

outcrops had multiple seeps and springs flowing into the gorge (Figure 12).  

 

 

Figure 11: Geological map showing the sample location sites on Table Mountain 

(Council for Geoscience Cape Town Geological Map 1:50 000). 1 = Skeleton 
Gorge; 2 = Kasteelpoort Path; 3 = Contour Path.  

 

Table 8 l ists al l  the sites from which rock samples were taken from Skeleton 

Gorge. Additional deposits were found throughout the gorge but were not 

sampled due to inaccessibi l i ty or being similar in nature to already col lected 

samples. Moving from the top of the gorge down, the fi rst observed occur rence 

of manganese or iron mineral isation was a large boulder of Peninsula Fm 

sandstone not in situ (site 1 –  735 m). Iron staining was observed within small  

fractures (Figure 13) too recessed in the rock to sample.  
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Figure 12: Sketch of the Skeleton Gorge deposit. Facing North West looking up 

towards sample site 3&4, with sample site 5 in the foreground and sample site 

2 in the background. The trail is indicated by the rectangular blocks.  Vertical 
Exaggeration (VE) of 1:1.  
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Site 2 occurs at the highest elevation within the gorge (690 m) where an in situ 

deposit of manganese was observed. This site is south of the fault and is 

associated with a small  seep which flowed al l  year round. The  manganese occurs 

in rock joints and as thin surface coatings. The host rock is Peninsula Fm 

sandstone and the site is along a small , steep cl i ff face, approximately 15 m 

wide and 4 m high. The surface coating of  manganese is approximately 1 mm 

thick and local ised along areas of active fluid flow (F igure 12). In between Site 

2 and Sites 3 & 4, a deposit of  manganese (not sampled) associated with a large 

seep was observed on the north side of the fault. The site was along a sloped 

rock face covered by a large amount of plant  and moss growth which made it 

di fficult to determine the extent of the deposit.  

 

 

Figure 13: Iron staining within the veins of a loose boulder found at the top of 
Skeleton Gorge.  
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Figure 14: Manganese coating found at Site 2 associated with a perennial seep. 
Photo on left is of the outcrop face and on the right of a close up of the exposed 

rock face with deep orange (iron) and black (manganese) stained Peninsula Fm 
sandstone.  

 

Sites 3 & 4 span the most  extensive manganese deposit observed in Skeleton 

Gorge with Site 3 occurring at the highest elevation (550 m) of the  manganese 

deposit and Site 4 occurring at the lowest elevation (531 m). The deposit occurs 

along a small  water seep on the north side of the fault. The geology of this site 

is unique within Skeleton Gorge. The host rock is Peninsula Fm sandstone, 

however at the base of the deposit is a unit of fine grained si l tstone, below 

which no manganese is found (Figure 15). The si l tstone is softer than  the 

sandstone, and resulted in an overhang forming. The  manganese deposit 

extends lateral ly for at least 150 m along the overhang cl i ff  face 30 m high.  
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Figure 15: The siltstone layer (spray painted orange) below the overhang at 

Skeleton Gorge with a black manganese surface coating along a groundwater 
seep (immediately below the hammer) slightly south of Sample Site 4.  

 

The manganese deposit of sites 3 & 4 varied. Along the cl i ff face the  manganese 

and iron fi l l  cracks, joints, and veins within the host rock. In some locations 

layers of surface coating up to 5 cm thick have formed. Overhang drip 

structures of manganese were observed, and on the floor below are smaller drip 

structures. Moving lateral ly away from the overhang the amount of  manganese 

diminished, but al l  along the sheer cl i ff  face is a  manganese surface coating. 

Toward the north away from the overhang and away from the gorge, the  

manganese deposit varies between weathered and fresh exposures with the 

fresh manganese deposits associated with active water seeps.  

Seeps between sites 3 and 4 varied in their flow intensity and seasonal variation 

in flow. The southernmost seep, nearest to Site 3 had no water flow in the 

summer and minimal water flow in the winter season which resulted in 

weathering and moss growth in the areas with less water flow (Figure 16). The 

middle portion between sites 3 and 4, under the overhang, had fluid flow 

throughout the year with an increase in the winter season; t his constant water 

flow resulted in drip structures (Figure 17). The northernmost point of the 

deposit, Site 4, is seasonal, dry in the summer and wet in the winter.  
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Figure 16: The “dry” southernmost portion of Site 3. Photo on  left is of moss 
overgrown manganese and on the right the weathered and crumbling 
manganese and iron exposure.  

 

 

Figure 17: Manganese drip structures on the overhang in the “wet” portion of 

the Site 4.  

 

Below sites 3 & 4 is site 5 on the northern side of the fault and not associated 

with a water seep. Site 5 showed extensive weathering, and similar to the  

manganese found in between sites 2 and 3, the manganese was covered in 

l ichen and moss. As opposed to being in an exposed bedrock face, site 5 is 

along a talus slope at the base of the cl i ff of sites 3 & 4 (Figure 18). Based on 

the elevation difference this slope extended for approximately 50 m and 

consisted of manganese covered sandstone boulders, sandstone boulders 

without manganese, and a few centimetres thick layer of quartz -rich soi l . There 

was significant plant growth covering the entire slope. At the point where in situ  

manganese occurs (site 5) there is a small  overhang present which exposes a 

soi l  profi le. The manganese is being deposited in the soi l  along the slope giving 

the manganese a granular texture with abundant included quartz grains. If the  
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manganese rocks are broken open, then loose soi l  is found trapped in voids in 

the rock. The moss and plants bind the soi l  as wel l  as the manganese cement.  

 

 

Figure 18: The extent of the talus slope (left) and green moss and fern coating 

the exposed surface of the deposit (right).  

 

Further down the gorge the trai l  path is made up of multiple boulders of  

manganese, and manganese stained sandstone. It was not always possible to 

determine which boulders containing manganese were in situ, and which were 

part of the talus slope. Manganese deposits were observed wherever there were 

visible water seeps flowing into the gorge. The majority of these seep deposits 

occur on the north side of the fault. However, two additional deposits to site 2 

were found south of the fault. One was site 6, the other was at a sl ightly higher 

elevation than site 6, but inaccessible t o sampling. In both cases the 

geomorphology was the same, a sl ightly sloped cl i ff  face of Peninsula Fm 

sandstone which had a wide but thin water flow down the width of the 

manganese deposit. The water flow was seasonal, and the  manganese deposit 

forms only a thin surface coating along the flow path of the water (Figure 19).  
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Figure 19: Deposit of  manganese occurring south of the Skeleton Gorge fault 
associated with a seasonal seep.  

 

Significant manganese deposition appears to stop at an elevation of 

approximately 430 m within Skeleton Gorge. The water flow of the stream within 

the gorge at this point increases to form a constant flow. Along the cl i ff faces 

thin manganese surface coatings occur, and in one local i ty, site 7, where th ere 

was a constant slow flow of water over the surface of the rock, a thin crystal l ine 

botryoidal  manganese deposit was found but not sampled (Figure 20). Site 8 at 

410 m occurs where the stream cuts down deep into the bedrock and exposes 

bedrock fault breccia’s ful l  of i ron stained joints and cracks, but with no 

significant manganese deposits.  

In summary, deposits of  manganese occur throughout Skeleton Gorge general ly 

on the northern side of the fault and along seeps. There were 3 types of  

manganese deposits found, surface coating, vein deposits and intergranular 

talus slope deposits.  
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Figure 20: The botryoidal  manganese crystal habit found at site 7.  

 

Water Samples 

Water was sampled from al l  possible sources along Skeleton Gorge  to compare 

the trace element composition of the water to that of the rocks and to 

determine i f the water transports sufficient  manganese and iron to form the 

deposits to which they are associated. Water was taken from the top of the 

mountain down through the river val ley to track the changes that occur to the 

water as it flows from the top of the mountain down through the rocks, out the 

seeps and into the streams. During subsequent rock sampling in different 

seasons the flow of water through the gorge was monitored.  

The flow of water in summer was low and many seeps were inactive. The water 

in summer was darker in colour than in winter. The colour of the water is 

attributed to soluble organic tannins that are leached from the fynbos biome 

soi ls. The flow of water in winter was high with a large number of active seeps 

flowing in places where deposits of  manganese were not noted. Water sampled 

during the winter season from seeps and the dam at the top of the mountain 

was dark in colour. The water during either season from the seeps where the 

most manganese was found (sites 3 & 4) was clear. The water from lower down 

in the gorge was a darker brown colour than waters higher in the gorge during 

either season. 
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3.1.3  Kasteelpoort Path 

Based on one of the hypotheses, that manganese deposits may be fault 

control led, the fault through Skeleton Gorge was fol lowed to the other side of 

Table Mountain to Kasteelpoort Path (Figure 11 –  point 2). This resulted in the 

discovery of a new manganese deposit within the Kasteelpoort Path gorge. 

There are however a couple of significant differences between this depositional 

site and Skeleton Gorge. The overal l  gorge is far narrower and steeper than 

Skeleton Gorge. The dip of the strata is to the south east, away from the 

deposit, and there was no fluid flow visible at any point along the gorge during 

the summer season. The manganese deposit also differed from that of Skeleton 

Gorge. The manganese is vertical ly extensive, but the deposit is at most 2 m 

wide, whereas in the Skeleton Gorge deposit is up to 150 m wide. The 

Kasteelpoort Path deposit also appears to be episodic, with sites having fresh 

deposits of manganese over weathered deposits and vice versa (Figure 21). The 

deposits are red in colour suggesting high iron content. Some  manganese 

deposition occurs along fracture zones and elsewhere into unconsol idated 

sediments. None of the manganese deposits appears to be very thick in 

comparison to the deposits at Skeleton Gorge.  

 

 

Figure 21: Heavily weathered manganese and iron deposits along the 

Kasteelpoort Path cementing loose slope talus.  
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Figure 22: Sketch of the Kasteelpoort Path depositional site. The iron and 
manganese are deposited in the centre of gorge as part of the seasonal  river 

and talus slope. VE of 1:1.  

 

3.1.4  Rooi Els 

The Rooi Els manganese deposit occurs along the road (R45) to the coastal town 

of Rooi Els, and is located between two large faults (Figure 23 –  Point 1). The 

manganese deposit is not in a gorge, but rather  occurs in the talus slope off of 

an exposed spur of Peninsula Fm sandstone. The Peninsula Fm beds dip to the 

east away from the depositional site into the mountain. Water was observed in 

summer to percolate through the loose sediment that makes up the talus sl ope. 

The deposit extends from Koeë l  Baai ti l l  Rooi Els Baai (2 km). Throughout most 

of the deposit, boulders and sediment which make up the talus slope, have been 

cemented together by manganese and iron oxides, in a process similar to 

“rubified slopes” described by Hutcheson (2004) (Figure 24 & 25).  
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Figure 23: Geological map of the Rooi Els sampling site (Council for Geoscience 
Cape Town Geological Map 1:50 000). Point 1 shows the ful l extent of the 

manganese and iron occurrence, and Point 2 shows the manganese rich addit 
where the sampling was conducted.

1 
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Figure 24: Sketch of the total Rooi Els depositional site as exposed along the R45 road cuts.  VE of 1:1.  
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Figure 25: The manganese “rubified” talus slopes on the R45 road 3 km north of 
Rooi Els.  

 

There is one location within the deposit where massive  manganese deposition is 

observed (Figure 23 –  Point 2). This is the only location in the road cutting 

where in situ Peninsula Fm sandstone bedrock is exposed. This location is where 

an addit was dug into the rock face in order to extract  manganese rich ore 

(Welsh, 1917). This addit exploits a natural vein, within which massive 

manganese precipitated. While the manganese within this vein is no longer 

present, having been mined out, the remaining rock face is covered in veins of  

manganese and iron (Figure 26). From the entrance of the addit moving deeper 

into the bedrock the size and frequency of the fractures decreases and the 

occurrence of manganese decreases whi le the occurrence of iron increases 

(Figure 27). Moving lateral ly away from the deposit, the veins of  manganese 

disappear within the exposed outcrop of Peninsula Fm sandstone which becomes 

covered by sandstone talus slope material  cemented together by  manganese and 

iron. 
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Figure 26: Veins fil led with manganese oxides found in the Peninsula Fm 
bedrock near the addit at the Rooi Els site.  

 

Above the addit there are large remnant eroded boulders of what appears to be 

primari ly manganese with a matrix of fine grained to pebble sized quartz grains 

(Figure 28). The majority of the talus slope has cobble sized Peninsula Fm 

sandstone with the manganese acting as a matrix (Figure 25). In both cases the 

manganese acts as cement holding the loose particles together.  
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Figure 27: Cross section of the addit in Rooi Els showing the fracture frequency, 
size, and the dominant mineral being precipitated out.  VE of 1:5.  

 

 

Figure 28: A massive manganese boulder above the addit  at the Rooi Els site.  
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3.1.5  Kommetjie 

The deposit at Kommetjie consists of a couple of large boulders of massive  

manganese. None of these boulders are in situ. The massive  manganese 

boulders appear to be remnants of  manganese infi l l ing of cracks between 

Peninsula Fm sandstone blocks (Figure 29 –  point 1). The largest of these 

boulders is 10m wide, 20m long and 4m thick. There is sti l l  some sandstone 

present within the rock, but the majority of the sandstone has either been 

replaced by manganese or weathered away. The manganese is cracked and 

flaking which suggests that i t is slowly weathering away (Figure 30). The 

bedrock in the Kommetjie area is Peninsula Formation sandstone with a surficial  

cover of Quaternary sand (Figure 31).  

 

 

Figure 29: Geological map of the Kommetjie site (Council for Geoscience Cape 

Town Geological Map 1:50 000) showing the location of the Site (1) and a 
nearby fault (2).  
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Figure 30: The weathered surface texture of manganese-rich boulders found at 

the Kommetjie site where the visible ridges are rich in manganese.  

 

 

Figure 31: Sketch of the Kommetjie deposit. The boulders are not in situ but 
appear old and highly weathered.  VE of 1:1.  



Univ
ers

ity
 of

 C
ap

e T
ow

n

47 
 

3.1.6  Hout Bay Manganese Mine 

The Hout Bay manganese mine deposit was heavi ly exploited for i ts  manganese 

in the late 19 t h  and early 20 t h century thus most of the manganese has been 

removed (Welsh, 1917). This meant that samples could only be col lected from 

the dumps that occur in the area, making analysis of in situ samples difficult. 

This site occurs along a small  fault, below an anticl ine and an old thrust fault 

with the Peninsula Fm bedrock dipping towards the site (Figure 32 & 33). The 

site is not in a gorge but on a mountain  spur. The point where manganese was 

extracted is similar to that of Rooi Els, a thick vein of  manganese which cuts 

through the Peninsula Fm. The addit exposes a similar view into the bedrock, 

with fracture frequency and size and manganese increasing towards the opening 

of the addit, and with iron being in more abundance deeper into the bedrock 

and a decrease in fracture frequency and size.  

Al l  the large veins have been exploited. No significant fluid f low was noticed 

during multiple visits to the site. This si te was extensive enough for small  scale 

mining, but there appears to be l i tt le to no recent  manganese deposition, even 

within the soi l  profi le.  

 

 

Figure 32: Sketch of the Hout Bay deposit. VE of 1:1.5.  

 

N 
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Figure 33: Geological map showing the location (1) of one of the addits of the 
Hout Bay manganese mine (Council for Geoscience Cape Town Geological Map 

1:50 000).  

 

3.1.7  Physical Variations among Depositional 

Sites 

Three unique depositional settings were observed at multiple sample sites. In 

al l  cases, but Kommetjie where the boulders weren’t in situ, the deposits were 

hosted by Peninsula Fm sandstone. The deposits can be spl it into active deposits 

where manganese and iron is sti l l  accumulating and deposits which are no 
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longer active. The contributing factor to the activity at the depositional site 

appears to be presence of water. Skeleton Gorge, Kasteelpoort and Rooi Els are 

active sites whi le Hout Bay and Kommetjie are no longer active. The fol lowing 

section summarizes the physical propert ies of the three depositional settings, 

veined, surface and talus slope deposits.  

 

Veining 

This appears to be the precursor to al l  of the deposits, regardless of type. The 

deeper, narrower veins are coated with iron, whi le the wider, shal lower veins 

are coated with manganese. There appears to be a correlation with the size of 

the fracture, and the degree of manganese precipitation. For this reason the 

exceptional ly large veins, Hout Bay and Rooi Els, formed massive 30m deep by 

2-3m high by 2m wide manganese rich deposits which were suitable for 

artisanal mining. These large scale veined deposits are rare however and the 

majority of vein deposits are small  scale along the joints and fr actures of the 

bedrock as seen in Figure 13. For this reason it is difficult to quantify the ful l  

extent of these vein deposits as they mostly occur within the bedrock.  

The position of the vein defines the next depositional setting. A vein beneath 

the soi l  profi le would result in a talus slope style of deposit and a vein beneath 

an exposed rock surface would results in a surface coating of manganese and 

iron. 

 

Surface Coating 

Surface coatings can be divided into two categories, massive and minor. Minor 

surface coatings of manganese and iron are common throughout the entire Cape 

Peninsula with most rock outcrops  having a thin, several mil l imetres thick 

surficial  coating evident as orange (iron oxide) and black (manganese oxide) 

stains. The surface coating is the end result of the veined style of deposit with 

the manganese and iron coming out of the rock and precipitating on the surface 

of the rock.  

In general the volumes of  water seeping from the bedrock are so low or only 

seasonal that the surface coating is  only noticeable as a surf icial  staining 

restricted to the uppermost several mil l imetres of the rock (Figure 14 –  right 

hand image). In the event that the volumes of water and  manganese are 

increased, layer upon layer of  manganese can be deposited resulting in a 

potential ly thick deposit of  manganese (Figure 17). The only reason that these 

deposits would not be economic is owing to the l imited lateral extent and 

inconsistency of the thickness of the layer of deposited  manganese. In some 

instances the manganese layer could be up to 10 cm thick, and in other 

instances it reverts back to a superficial  mil l imetre thick surface coating.  It is 

the combination of specific geomorphological controls that create the necessary 

environment to form massive surface coatings as found, for example, at the 

Kommetjie and Skeleton Gorge sites.  
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To preserve the surface coatings, the erosion rate of Peninsula Fm sandstone 

needs to be slower than the accumulation rate of the manganese. Similarly to 

bui ld up a massive surface coating then the accumulation rate of the manganese 

would have to far exceed the erosion rate of the Peninsula Fm sandstone. In 

most areas of the Cape Peninsula the erosion is fast enough in comparison to 

manganese deposition that only thin, mil l imetre scale su rface coatings exist at 

any given time.  

 

Talus Slopes 

This is the final type noticed in the field and occurred when there was no 

bedrock but rather only loose unconsol idated sediment. The fluids moving 

through the regol ith seep out into this loosely conso l idated talus slope which 

wi l l  have a highly porous nature. As this talus slope is so porous it wi l l  act as 

an exposed rock surface and causes the formation of manganese within the soi l  

profi le which cements the unconsol idated sediment together, as seen in  Rooi 

Els, Kasteelpoort Path and site 5 of Skeleton Gorge.  

 

3.2 Chemical Analysis 

3.2.1  X-Ray Fluorescence Results  

The major and trace element composition of bulk rock samples determined by  X-

Ray Fluorescence is presented for si l ica rich rocks (Table 14), Transitional 

manganese rich rocks (Table 15), Transitional iron rich rocks (Table 16),  

manganese rich rocks and iron rich rocks (Table 17). The colouration in the 

tables is l inked to the l ine colours for all  the graphs. Si l ica content is 

highlighted in yel low, aluminium in blue, iron in red, manganese in green and 

potassium in purple. The results are ordered based on decreasing si l ica content.  

Unmineral ised samples were sandstone, except for sample 30 a si l tstone from 

Skeleton Gorge. Samples D1, D2, D9 and D10 are Graafwater Fm sandstone 

exclusively from the Contour Path Site and the remaining samples are Peninsula 

Fm sandstone from various sites. The aluminium and potassium are very low in 

the Peninsula Fm sandstone, sl ightly increased in the Graafwater Fm sandstone  

and significantly increased in the Peninsula Fm si l tstone.  

In both the transitional iron and manganese rocks, a steady increase of iron and 

manganese is noticed, with either iron or  manganese becoming more 

predominant and associated with a decl ine in si l ica and an increase in 

aluminium and potassium. Aluminium shows a sl ight positive correlation to iron 

and a sl ight negative correlation to manganese. Potassium shows a sl ight 

positive correlation to manganese. There is a sl ight negative correlation 

between the i ron and manganese. In the metal rich iron and manganese samples 

(as defined by the high concentrations of either iron or manganese), the iron 

and manganese show a negative correlation. Aluminium and iron show a better 

correlation as do potassium and manganese, whereas aluminium and potassium 
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show a completely negative correlation and aluminium and manganese a flat 

correlation (Figures 34 – 38).  

From the field analysis and the microscopy work some observations into the 

correlations of the different major elements can be made. The potassium and 

manganese’s positive correlation is due to the manganese mineral which is 

being formed, Cryptomelane (Chapter 3.2.2). Similarly the flat to negative 

correlation between the aluminium and manganese is due to the r eplacement of 

manganese by aluminium within the Cryptomelane mineral. The positive 

correlation between the i ron and aluminium is more than l ikely due to the 

presence of micaceous minerals in the region where the iron is being deposited. 

The correlation between potassium and aluminium is dependent on the region 

within the deposit that the sample occurs. Manganese rich samples wi l l  show 

poor correlation between the potassium and aluminium with elevated potassium 

(within the Cryptomelane) and depleted micaceous minerals (containing 

aluminium). High correlations between potassium and aluminium in the 

transition samples are due to the high amount of micaceous minerals containing 

aluminium and potassium. 

The correlations of the minor elements are as fol lows, phosphorus has a positive 

correlation with manganese. Calcium and strontium are correlated as are 

potassium and rubidium. Among the trace elements, molybdenum has a strong 

positive correlation (0.59) with  manganese. The remaining elements show no 

strong correlation to iron or manganese content.  
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Table 14: The major (wt%) and trace (ppm) element composition of unmineralised samples by XRF.  
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Table 15: The major (wt %) and trace (ppm) element composition of  transitional manganese rocks by XRF.  
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Table 16: The major (wt %) and trace (ppm) element composition of transitional iron rocks by XRF.  
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Table 17: The major (wt %) and trace (ppm) element composition of  manganese and iron rich rocks by XRF.  
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Figure 34: Variations in sil ica, iron and manganese content across all rock types.  
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Figure 35: Correlation between aluminium and iron across all enriched 
rock types.  

 

 

Figure 36: Correlation between aluminium and manganese across all 
enriched rock types.  
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Figure 37: Correlation between manganese and potassium across all 
enriched rock types.   

 

 

Figure 38: Correlation between potassium and aluminium across all rock 
types. 
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3.2.2  X-Ray Diffraction Results 

Post the XRF results, three samples (A4, B6 and E6) were analysed by 

XRD to determine the mineralogy of these manganese rich rocks. The 

quartz was used as an internal standard from which to compare peaks of 

the XRD profi le (Fleischer and Hewett, 1960). From the combined 

knowledge of the bulk mineral chemistry  (XRF data) and the correlations 

of the various elements to the manganese,  and the probable type of 

deposit (Type 1) it was possible to narrow down the possible manganese 

minerals. The studies done by Fleischer and Hewett (1960) and Nicholson 

(1992) were used to establ ish i f any manganese minerals fi t  the chemical 

signature, the depositional environment, and the XRD profi le.  From the 

chemical data it was establ ished that  manganese and potassium content 

correlate (R2 = 0.92 in Mn rich rocks, Figure 37) . The XRD profi les confirm 

that the manganese rich samples contain the minerals quartz and 

cryptomelane (KMn 8O16) (Figure 39). Other common manganese minerals 

were also tested against the scans to ensure that other minerals weren’t 

present, and none of them correlated with the peaks in the profi le. The 

remaining relatively minor peaks are probably related to unidenti fied iron 

and aluminium minerals present. In the other XRD scans done (Appendix 

C) the same mineral  composition was noticed.  

If the molar mass of manganese and potassium in KMn 8O16 is taken into 

account then the molar ratio of manganese to potassium in cryptomelane 

is 8:1 whi le the slope of the l ine in Figure 51 (in moles Mn:K) is 11.76. 

Thus there is insufficient potassium to supply al l  the required potassium 

to form pure KMn 8O16. It is important to note that the psi lomelane 

minerals, cryptomelane, hol landite and coronadite, are isostructural and 

can form isomorphous structures (Gruner, 1943) within the formula  

Mn4+
8- (x/ 2+y/4+z/2)  (Mn2+/R2+)x  (K,Na)y  (Ba,Pb) z O16·(H2O)2- ( y+z)  

where R2 represents Cu, Co, Zn, Al and Fe. While hol landite (barium 

variation) and coronadite (lead variation) have very similar XRD profi les 

to cryptomelane (potassium variation), i t is the strong correlation of 

potassium to the manganese coupled with the XRD profi le  which suggests 

that cryptomelane is the main mineral occurring within these manganese 

deposits. It is possible that coronadite and hol landite also occur along 

with cryptomelane, but in very small  quantities.  

The average chemical formula for cryptomelane samples analysed by 

Gruner (1943) is:  

Mn4+
7.42(Mn2+,R2+)0. 81(K,Na)0 .70Ba0.02O16·(H2O)1. 31  

This shows that whi le there may be insufficient potassium to account for 

al l  the manganese being precipitated out, the inclusion of minor amounts 

of sodium, barium and other elements (as represented by R) wi l l  make up 

for the lack of potassium and sti l l  al low for the formation of the mineral 

cryptomelane. 
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Figure 39: The XRD profile (blue line) of sample B6 from Rooi Els. The peaks associated with green spikes are attributed 
to cryptomelane and peaks associated with the red spikes to quartz.  
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3.2.3  Inductively Coupled Plasma Mass 

Spectrophotometer Results 

The ICP-MS results are shown below for unmineral ised samples (Table 18), 

transitional  manganese and transitional iron (Table 19), as wel l  as  manganese 

and iron rich rocks (Table 20). The resul ts are ordered by decreasing si l ica 

content. For evaluation purposes the ICP-MS results were normalised to Post 

Archean Austral ian Shale (PAAS) (McLennan and Taylor, 1985) because the TMG 

rocks are early Palaeozoic in age and sedimentary in origin. Figure 40 shows the 

average REE pattern relative to PAAS for al l  the rock samples analysed based on 

sample type and Figure 41 shows the average REE pattern relative to PAAS 

based on sample local i ty. Due to low concentrations of REE being present in the 

water samples only some of the elements were within the detection l imit in all  

the samples, Table 21 shows the raw ICP-MS results for the water samples.  

 

Table 18: ICP-MS results for the unmineralised samples (ppm).  
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Table 19: ICP-MS results for the iron and manganese transition samples (ppm).  
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Table 20: ICP-MS results for manganese and iron rich samples (ppm).  
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Figure 40: Average REE profiles normalised to PAAS for each sample type.  

 

 

Figure 41: Average REE profiles normalised to PAAS for each sample locality.  
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Table 21: ICP-MS results for the water samples (ppm), nd = not detected.  
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3.2.4  Chemical Variations between 

Depositional Setting 

The physical characteristics of the three depositional settings may result in 

quantifiable chemical differences. For this reason the chemical samples were 

divided into the different depositional settings and compared. Table 22 shows 

this division of the samples into their different depositional  settings and Figures 

42 and 43 show box plots of the XRF results for the major elements based on 

these groupings. Because Hout Bay and Rooi Els have examples of massive vein 

deposition, and there being both minor and  major surface coatings recovered in 

Skeleton Gorge, this resulted in 5 different box plots: Deep Vein, Massive Vein, 

Minor Surface Coating, Massive Surface Coating and Talus Slope deposits.  

 

Table 22: Samples analysed by XRF and ICP-MS and Microprobe sorted by type 
of manganese deposit.  

 

 

It is apparent that there is no chemical difference between the deep vein and 

minor surface coating deposits except in the absolute amounts of manganese 

and iron. The highly elevated si l ica content is l inked to the extremely l imited 

amount of iron and manganese precipitated out. The iron content of the deep 

veins is sl ightly elevated to the minor surface coatings and this fi ts with the 

overal l  physical observations where the iron is dominant in the narrow veins. 

The physical characteristics of the talus slope results in the  manganese and iron 

cementing together soi l  and thus talus slope deposits have relatively high si l ica 

content from included quartz grains in comparison to the more massive surfac e 

and vein deposits. The iron and manganese are lowered as a result of the high 

si l ica, but importantly the values are more constrained than the other 

mechanisms. This could be due to the fact that only l imited talus slope samples 

were taken, or due to the fact that as opposed to having a single point of 

precipitation resulting in either a massive deposit, or a minor deposit, the 

entire slope becomes a deposit resulting in a more blended deposit averaging 

out and constraining the values. With the massive su rface mechanism the iron is 

tightly constrained, but the manganese varies hugely. This large variance is 

small  in comparison to the massive vein deposits. Within the massive vein 

deposits the total variation is huge; large si l ica, iron and  manganese variations. 

The manganese to iron ratios reflect this, with the deep vein and minor surface 

deposits having low ratios whi le the massive vein and massive surface deposits 

have a high ratio. The talus slope has a ratio of around 1:1.  
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Figure 42: Box plots showing the range of manganese, sil ica and iron content 
(wt%) in the different types of manganese deposits studied. The black dots 

represent the outliers. The black outlined sections the 1 s t  and 4 th  interquartile 

range, and the grey shaded blocks the 2 nd  and 3 rd  interquartile range. The black 
line in the middle represents the mean of the data.  

 

In the second set of box plots, potassium and aluminium show a similar and 

invariant content for al l  the types except for mass ive vein deposits. Within the 

massive vein deposi ts the potassium and aluminium vary considerably, and they 

are overal l  sl ightly more enriched suggesting the presence of other unknown 

aluminium and potassium rich elements within the deposit. The ratio of 

potassium to aluminium shows that where the manganese to iron ratio is high 

(massive vein and massive surface deposits) the potassium to aluminium ratio 

is high, indicative of elevated potassium from an increase in cryptomelane.  

ICP-MS analysis was done, but once again ordering the data in this format 

showed no real difference between the different types of deposits. Thus on a 

REE spectrum there is no difference between the mechanisms, and apart from 
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the expected differences in  manganese, iron and si l ica between the different 

mechanisms, the only real chemical difference noted was the elevated 

aluminium and potassium of the massive vein deposits.  

 

  

Figure 43: Box plots showing the ranges of aluminium and potassium in the 

different types of manganese deposits studied.  
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3.3 Thin Section Analysis 

3.3.1  Petrographic Descriptions 

Samples were cut into thin sections for petrographic analysis (Table 11). Three 

types of samples were selected (Table 7). Fresh unaltered and unmineral ised 

rocks were cut perpendicular to bedding. Samples containing a transitional mix 

between si l ica, i ron and manganese, were cut along the transitional contact. 

Samples highly enriched in manganese and iron was cut to best expose visible 

transitional features. At the microscopic level no real differences were noticed 

between the individual sample sites or the depositional settings suggesting that 

the mechanics which governed the deposits where similar across al l  depositional 

sites and the different depositional settings. It is  possible at the microscopic 

level to see the interactions between the iron, manganese and si l ica, and to 

start to gain an understanding into the process of precipitation of the metals 

(unmineral ised, transitional, metal rich samples). Appendix B l ists al l  the 

petrographic descriptions.  

Thin section analysis identi fied multiple minerals present within the samples, 

namely quartz, micaceous minerals, apatite and a red isotropic mineral and a 

black isotropic mineral and detrital  black isotropic minerals. The r ed isotropic 

mineral was identi fied as iron, the black isotropic mineral was identi fied as 

manganese through the microprobe analysis whi le the detrital  black isotropic 

mineral was shown to have sl ight occurrences of iron and manganese but the 

actual mineral was not identi fied.  

 

Unmineralised Samples 

Rocks showing no signs of  manganese or iron mineral isation were sampled from 

the Peninsula Fm and Graafwater Fm. Samples were taken from the Contour 

Path site and from non-mineral ised zones within depositional s ites, for example, 

the si l tstone found in the Peninsula Fm overhang of Skeleton Gorge (Figure 15).  

Samples D3 and D4 are representative examples of unmineral ised Peninsula Fm 

sandstone. In these samples quartz is dominant, making up 98% of the rock, 

with trace amounts of mica and rest of the thin sections is made up of detrital  

grains of an unidenti fied isotropic mineral. The quartz grains are equigranular, 

rounded to sub rounded, and medium to coarse grained. The micaceous material  

occurs between the grains and is not always present (Figure 44). The minor 

isotropic minerals were general ly detrital  in origin, fine sand sized and rounded. 

In the unmineral ised Graafwater Fm samples (D1 and D2) mica is more 

abundant and the quartz grains are fine to medium rounded to sub rounded. 

Similar amounts of detrital  isotropic minerals were found as with the Peninsula 

Fm (Figure 45).  
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Figure 44: Thin Section of sample D3 of Peninsula Fm sandstone. Equigranular 
medium to coarse sub round quartz grains, minor micaceous material and some 
small sub rounded detrital isotropic minerals cemented by quartz. Polarised 
light (left) and plane light (right).  

 

 

Figure 45: Thin Section of sample D1 of Graafwater Fm sandstone. Note th e 
reduced grain size of the quartz and the increase in micaceous material as 
opposed to sample D3, Figure 27.  Polarised light (left) and plane light (right).  

 

There were additional samples of unmineral ised Peninsula Fm sandstone rocks 

that were taken close to manganese rich deposits, such as samples A1, B1 and 

31. These samples showed extensive weathering in hand specimen, when broken 

open the outer layers were a different colour to the inner layers and the outer 

layers were friable. Weathering was evident in the thin sect ion as wel l  as a 

sl ight increase in micaceous material, and greater intergranular porosity.  
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Figure 46: Thin Section of sample B1 (plane light). In comparison to Figure 27 
there is more micaceous material in between the grain boundaries.  

 

Transitional Rocks 

Transitional rocks are those showing partial  manganese and iron enrichment. 

The petrographic relationship between sil ica, manganese and iron is similar in 

the transitional rocks regardless of the sample location or depositional setting. 

The modal proportions of the different minerals (iron, manganese and quartz) 

are highly variable, but the deposition of the  manganese and the iron appeared 

to be the same throughout the thin sect ions studied. General ly the quart z grains 

were sub rounded to sub angular, and had a bimodal coarse to fine grain size 

(Figure 47). The coarse grains were more tightly cemented, and no  manganese 

was present, but partial  iron staining was visible in places. The fine quartz 

grains are not as tightly cemented and are more angular than the coarse grains. 

Mineral ised areas contained finer grained quartz with both iron and  manganese 

occurring in between the quartz grains. The iron general ly appeared to coat the 

edges of the quartz grains and the manganese fi l led the intergranular pore 

spaces or the larger fractures between the quartz grains.  

In the majority of the samples the fine quartz grains coincide with fractures. 

Iron or manganese f i l ls in the fractures of the grains, and then mainly  

manganese fi l led in the larger void spaces between the quartz grains. In al l  

samples the fractures share the same orientation. Iron precipitates within the 

smallest fractures of the quartz, propagating along porous zones occasional ly 

causing what appeared to be embayment’s into the quartz. These embayments 

suggest the iron is replacing the quartz.  
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Figure 47: Thin Section of sample C3 on the left, showing manganese (black) 
and iron (red) cements surrounding quartz. Thin section o f B4 on the right, 
shows fil led fractures of quartz grains, both images in plane light.  

 

The quartz-manganese boundary was less complicated, with the  manganese 

infi l l ing fractures in the quartz  and some minor embayment’s into the quartz 

grains. In sample B7 the manganese occurs adjacent to mica in between the 

quartz grains, with no replacement of the mica by the  manganese. Some 

samples (B4, B6, B7, C2, C3, and C4) showed trace amounts of secondary 

veining. These veins were establ ished to be highly concentra ted manganese 

material  (as determined by microprobe) are si lver in hand specimen and 

completely isotropic under the microscope and cut through both the iron and the 

quartz grains. The textural relationships suggest that these veins are secondary 

to the iron (Figure 48). It only appears to occur in sites where massive vein 

deposits exist, such as at Rooi Els and Hout Bay.  

 

 

Figure 48: Thin section of B4, showing the vein of manganese material in plane 
light.  
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Manganese Rich Rocks 

Manganese rich rocks contain greater than 50% modal proportions of  

manganese as determined by petrography. The manganese is isotropic, such 

that nothing is revealed when looking at  manganese with transmitted l ight. 

Although nothing could be revealed about the inner textures of the manganese, 

the relationship between the manganese and the iron or quartz could sti l l  be 

studied. The iron and manganese share a sharp contact whi lst the quartz and  

manganese have a more transitional contact. Initial ly the quartz is coarse 

grained and wel l  cemented with few fractures. As the sandstone becomes less 

wel l  cemented and the fractures increase, the  manganese content increases and 

the quartz content decreases, as show in Figure 47, sample C3. This continues 

unti l  the manganese could be classified as massive. Figure 49 shows how the 

manganese is completely separate from the iron and quartz, whi le the iron and 

quartz share the same space during larger scale precipitation of manganese.  

 

 

Figure 49: Thin section images of sample A4 (left) and B4 (right) showing the 

high grade manganese relationship with quartz and iron.  

 

Iron Rich Rocks 

Similar to the manganese rich rocks, iron rich rocks represent samples that 

have greater than 50% modal proportions of  iron as determined by petrography. 

The iron had weak isotropy which and slight variations in the chemistry of the 

iron resulted in visible colour variations (Figure 50). These colour variations 

al low for visible zonation of the i ron deposition which is l i nked to the variations 

in the fluids depositing the iron, and suggests multiple fluid phases.  
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Figure 50: Thin section of sample B6 on the left, and B2 on the right in plane 
light showing the patterns developed through the deposi tion of the iron by 

chemical variations within the fluids.  

 

The manganese and iron have a wel l -defined sharp contact, whi le the quartz and 

iron have a transitional contact. The iron initial ly occurs as a yel lowish stain in 

between the grain boundaries of the quartz. As the grains of quartz become 

further apart the iron becomes a deeper red colour. Along the edges of some of 

the quartz grains with yel low staining were embayments of iron oxide. The 

progressive change from yel low to deep red colour did not onl y occur alongside 

the quartz grains, but also independent to the quartz grains. In this case the 

progression of colour was assumed to reflect changes in iron concentration 

related to different depositional fluids. In some samples concentrical ly banded 

grains occur (Figure 51). Formation of these grains may begin at a single point 

(potential ly coating a quartz grain), and then grow as each successive ring is 

deposited over the previous ring, and as the concentration of iron within the 

fluids changes, so too does the concentration of the iron and the colour of the 

ring deposited. 

 

 

Figure 51: Thin section of sample B2, showing the zonation of the iron in plane 
light.  
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3.3.2  Microprobe Analysis  

Similar to the objectives of the thin section analysis, the microprobe analysis 

attempted to generate information which would help in understanding the 

transitions from unmineral ised rock to  metal rich rock and the differences and 

similarit ies between the different depositional settings. The microprobe maps 

which were taken are essential ly maps showing the spread of the element within 

the mapped area. While this does not give an absolute value of the element, i t 

does al low for textural and basic chemical relationships to be establ ished 

between the elements mapped. The analysis done on the unmineral ised rocks 

was aimed to determine the location and relative concentration of  manganese 

and iron in the rocks hosting the manganese deposits. The transitional rocks 

were analysed to determine the transitional changes between si l ica, i ron, 

aluminium, potassium and manganese. Samples of metal rich manganese and 

iron were analysed to determine the elemental variations between iron,  

manganese, aluminium, potassium and si l ica.  

Microprobe images were taken under refl ected l ight, thus quartz appears clear, 

and iron has a sl ight yel low tint and manganese a sl ight blue tint whi le the 

isotropic minerals represent mica (potassium and aluminium rich) and oxide 

minerals (gangue). In al l  the images, a photo of the area being investigated is 

attached and the white block indicates the approximate area scanned.  

 

Unmineralised Samples 

As the majority of the host rocks were unmineral ised quartz sandstone, the 

areas over which maps were produced were areas in between the quartz grai ns 

where minerals other than quartz were noticed. Figure 52 shows sample 1 from 

the top of Skeleton Gorge having very fine contacts between individual quartz 

grains and intergranular mica minerals which have low iron contents. In sample 

D4 (Figure 53) an isotropic mineral was found to have a high iron but low  

manganese content (5 counts maximum per pixel). The other potential  source 

rock and host rock, the Graafwater Fm, had more mica minerals and more iron 

than the Peninsula Fm, but the petrographic fabric  is the same. The si l tstone 

sample 30, had no manganese present, but aluminium, potassium and iron were 

present (Figure 54).  
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Figure 52: Peninsula Fm sandstone sample 1. Note the slight occurrence of iron with in the potassium and 

aluminium mineral, potentially mica. Reflected light image shown in lower right -hand corner with dark mineral 
interpreted to be a mica grain rich in K, Al, Si and some Fe but no appreciable Mn. Colours relate to counts per 
pixel ranging from blue (low) to red (high) shown on the far right scales. The dark lines in the reflective light 
image represent fractures or grain boundaries between the quartz grains.  
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Figure 53: Peninsula Fm sandstone sample D4. The occur rence of iron and some manganese is associated with the 
darker grain in the lower right-hand image. The dark mark in the lower right hand quadrant of the reflected light 

image is a blemish formed on the carbon coating post the laser burn.  
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Figure 54: Graafwater Fm siltstone sample D1. Iron is concentrated with the dark mineral, which is similar to 
sample 1 (Figure 53), suggesting the dark mineral is potassium and aluminium rich. Manganese is slightly more 

concentrated along with iron but also occurs homogeneously throughout the image.  
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Figure 55: Peninsula Fm siltstone sample 30, from the overhang in Skeleton Gorge. Relatively high concentrations 
of the aluminium and potassium rich mineral, most probably mi ca, occur within this siltstone, the iron follows the 

potassium while the manganese shows a homogenous distribution.  



Univ
ers

ity
 of

 C
ap

e T
ow

n

80 
 

Transitional Samples 

Transitional samples al l  show the progression from the unmineral ised quartz 

rich samples to the metal rich manganese and iron samples. Iron occurs along 

the grain boundaries of the quartz (Figure 56) with more i ron occurring in the 

interstit ial  spaces of the quartz grains. In some rare instances  manganese was 

observed along grain boundaries (Figure 57), but at significantly lower 

concentrations than the i ron (68 counts per pixel for i ron vs. 25 counts per 

pixel for manganese). As the interstit ial void space increases, the textures of 

the iron and manganese precipitates become more variable. In some samples  

manganese is dominant and iron secondary (Figure 58). Figure 59 shows two 

scans from sample A5. In the bottom scan iron and  manganese precipitated out 

at the same time, occupying the same space. In the top scan the manganese 

precipitated out along the grain boundaries first, fol lowed by the iron. Iron 

appears to be more dominant in the transitional samples than  manganese. In al l  

of these transitional samples the iron and the  manganese co-exist. As the 

intergranular space occupied by iron and manganese increases, this co -

existence ends, and the i ron and manganese exist completely separate from 

each other.  

At this level of deposition the correlation between the potassium and 

manganese becomes evident, showing the  formation of Cryptomelane.  
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Figure 56: Iron precipitating around quartz grains, sample C6. As in earlier images some of the grain boundaries 
and fractures occurring within the Si grains are not associated with  Mn or Fe precipitation.  
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Figure 57: Iron and manganese precipitation between quartz grains , sample C2.  
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Figure 58: Dominant manganese and secondary iron precipitation in sample B4.
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Figure 59: Two scans of Transitional sample A5 showing transitional deposition 
of manganese and iron.  
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Iron and Manganese Rich Samples  

As the manganese and iron content of the rock increases, the  manganese and 

iron no longer co-precipitate but occur in separate areas having sharp contacts 

(Figure 60). There are trace amounts of  manganese in the i ron and vice versa, 

but due to the high concentrations of these metal rich  manganese or iron 

regions of the map, these trace amounts are not visible in the microprobe maps. 

Figure 61 shows an example where no manganese was found during the scan, 

but trace amounts manganese can be seen within the i ron. The concentration of 

this manganese is at maximum 8 counts per pixel, compared to a maximum of 

278 counts per pixel in Figure 60. Sample C5 suggests three periods of 

chemical ly different fluids moving through the voids resulting in different 

minerals being crystal l ised. The initial  fluid phase deposited iron, the second 

fluid phase manganese and the final flu id iron and manganese together (Figure 

62). In sample 8 (Figure 63), there are four visible stages in  manganese 

deposition. While there is no appreciable iron present, variations in potass ium 

and aluminium and manganese show four different phases of precipitation. 

Figure 64 shows only 3 phases, but the one phase shows potassium, 

manganese, and aluminium precipitating out together.  

The XRD results showed that cryptomelane was the only minera l being 

precipitated out, and the accepted formula for cryptomelane (Gruner, 1943) has 

been shown to include aluminium as a substitute for manganese. Thus the drop 

in the manganese correlating with a rise in the aluminium content can sti l l  be 

explained within the mineral cryptomelane. It is important to note that the 

observation in Figure 63 where manganese is replaced by aluminium is common 

occurrence, but in general the manganese is associated with potassium.  

Additional to the visible chemical differences  on the maps, there are textural 

di fferences. Sample C5 shows chemical differences with no visible textural 

di fferences (Figure 62), but sample B6 shows visible textural di fferences in the 

photo image, but no chemical differences in the elemental map  (Figure 65). It is 

important to note that iron precipitating with the manganese in sample C5 is not 

an isolated case, but it is a rare case at this level of the deposit. General ly at 

this level of deposition (metal rich) the iron and manganese precipitate out 

separately, the dual precipitation of iron and manganese is more noticed during 

the transition phase of deposition.  

A si l tstone from the Skeleton Gorge overhang (Sites 3&4) with visible iron and  

manganese staining in hand specimen has elemental maps which show similar 

behaviour of the iron and manganese precipitates (Figure 66).  

Figure 67 shows an example of an occurrence where the iron and si l ica shared 

the same precipitation region. As this sample contained mostly metals (73%), 

this si l ica formed during the precipitation of the iron.  
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Figure 60: Sample E4 from Hout Bay displays a mixture of nearly highly concentrated but separate precipitation of  
manganese and iron. 
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Figure 61: Sample C6 from Kasteelpoort Path consists of very rich iron having traces of  manganese. 
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Figure 62: Sample C5 from Kasteelpoort Path shows evidence for multiple iron and manganese precipitates which 
are not defined in the homogeneous texture of the reflected light image.  
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Figure 63: Four compositionally different precipitates of high concentrate manganese in sample 8 from Skeleton 
Gorge Site 3 and 4.  
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Figure 64: Three compositionally different precipitates of high concentrate manganese in sample 10 from Skeleton 
Gorge Site 3 and 4.  
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Figure 65: Textural variations shown in lower right image that do not correspond to chemical differences , sample 
B6 from Skeleton Gorge. 
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Figure 66: Sample 10 from Skeleton Gorge Site 3 and 4, showing nearly iron deposition surrounded by quartz and 
mica, and manganese deposition isolated in the centre. Note that high manganese area is also enriched in 

potassium which is reflecting the composition of the manganese mineral (refer to following section).  
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Figure 67: Sample E4 from Hout Bay, showing silica sharing precipitation space with the iron.  
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4 DISCUSSION 

Based on Harrison’s classification system (Harrison, 1998) and the results 

presented in this thesis, the deposits of  manganese found throughout the Cape 

Peninsula are hypothesised to be Type 1 low-temperature hydrogenous deposits, 

where the manganese is sourced from the reduction of manganese in Peninsula 

Fm soi l  profi les and bedrock. Joint sets and faults throughout the bedrock act as 

conduits and focusing mechanisms for the flow of reduced groundwaters. When 

these groundwaters seep out of the bedrock their reduced iron and manganese 

are oxidised resulting in the precipitation of the  iron and manganese oxide 

cements. The discussion which fol lows presents the evidence to support the 

above hypothesis that the Cape Peninsula manganese deposits are Type 1.  

 

4.1 Lateral Secretion as a Depositional Model 

Lateral secretion, as part of Type 1 deposits, is proposed here as the l ikely 

mechanism for the deposition of the Cape Peninsula manganese deposits. The 

low-temperature fluid flow of lateral secretion starts with rain water. The rain 

water fal ls to ground and gets reduced as it percolates through the organic-rich 

upper layers of the soi l . The humic-rich horizon of the soi l  is reducing as a 

result of microbial degradation of the organic material  which consumes oxygen 

and releases CO2. The oxygen-depleted water becomes more acidic from the CO 2 

generated in the organic rich soi l  waters by forming carbonic acid from the 

elevated soi l  pCO2 measured to be 100 times greater than atmospheric pCO 2 in 

some soi ls (Compton, 2004; Graham et al., 1988; Karberg  et al., 2005; Sparks, 

2003). Because the TMG contains no carbonate and few other acid neutral ising 

minerals, such as feldspar, the soi l  waters are acidic with stream waters 

draining the TMG having measured pH values of between 3.5 and 4 .5 (Bergh, 

2012; Neti l i , 2007;  Smit, 2003). The microbial degradation of soi l  organic 

matter reduces the oxygen content of soi l  and ground waters and t hese acidic, 

reducing waters then leach out metals from the soi l  and underlying bedrock as 

it flows through the soi l  and into the fractures of the underlying bedrock . These 

metals migrate along the hydrologic flow paths within the soi l  and bedrock unti l  

these fluids emerge at the surface and the metals precipitate out as the waters 

equi l ibrate with the oxygen-rich atmosphere. Points of oxidation are where the 

water intersects oxygen again, primari ly when it  comes into contact with the 

atmosphere as it exits springs and seeps. The metals wi l l  precipitate from the 

water as it flows out of the bedrock, adding layer upon layer of metal oxides.  

Compton (2004) proposed a basic lateral secretion model occurring within the 

Cape Peninsula (Figure 1). He proposed a reduction-oxidation (redox) reaction 

which included the release of potassium ion from the dissolution of m inerals. 

The mineral depicted in Figure 1 is potassium feldspar but because l i tt le i f any 

potassium feldspar was observed in the Peninsula Formation sandstone, i t is 

here proposed that most of the potassium is released from the dissolution of 

mica minerals which were described in Chapter 3. The dissolution of mica and 

release of potassium is the most l ikely source of the potassium required for the 
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formation of the principal manganese mineral found on the Cape Peninsula, 

cryptomelane. 

There are three crit ica l aspects to the lateral secretion depositional model in the 

Cape Peninsula: finding a redox reaction to fi t the lateral secretion model, 

showing the l ink between the fluids and the  manganese and, final ly, showing 

that the redox reaction and the fluid flow paths are consistent with field 

observations. 

It is also possible that the lateral secretion model is just the secondary process 

to the formation of the manganese, and that these are Type 8 supergene 

enriched sandstone claystone deposits, where the supergene enrichment is 

caused through lateral secretion.  

 

4.1.1  Field Evidence Supporting the Lateral 

Secretion Model 

The discussion above focuses on establ ishing a l ink between the water and the 

manganese rich deposits, and in outl ining how that a redox reaction can be fi t 

to the depositional environment. What has not been shown is evidence of the 

redox reaction in the f ield. The fol lowing discussion shows that field mapping, 

and thin section and microprobe analysis support the redox, lateral secretion 

model of manganese deposition.  

In the field, iron staining was commonly observed to extend deeply recessed 

into the rocks (Figure 13) and in heavi ly weathered exposures where the surface 

material  had been removed (Figure 16 – right hand image). At the scale of thin 

section analysis, minor iron staining was commonly observed within tightly 

cemented and only sl ightly weathered sandstone (Figure 46) whereas 

manganese staining was not. Microprobe analysis shows that iron staining tends 

to occur along very narrow veins in the rocks, including relatively unweathered 

sandstone samples (Figures 56 and 57). These observations suggest  that, in 

comparison to manganese, the iron staining occurs deep within the bedrock. 

This suggests that during periods when the area had active fluid flow, and was 

unweathered, the iron staining would have occurred deep within the rock in a 

then narrow void within the rock where oxygen penetration from the surface 

would have been minimal.  

The road cut at the Rooi Els site has revealed the deep interior nature of the 

manganese deposit (Figure 27). Massive, thick deposits of manganese occur at 

the surface and diminish into the bedrock. The number and width of fractures 

within the Peninsula Fm bedrock decrease from the surface to the interior of the 

cut exposure and reveal that iron tends to occur within the fine fractures of the 

interior whereas manganese tends to occur in the outermost, larger fractures 

near the surface. For example, Figure 47 (right hand image) was taken of 

sample B4 from the Rooi Els site. This sample was col lected from the sol id rock 

portion of the Rooi Els  manganese exposure, near to where the addit is. Whi le 

manganese deposition is prominent in this exposure, i t is mainly concentrated in 

large bedrock void spaces whi le the iron occurs in small  fractures and void 
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spaces located on the edge of the large voids (Figure 47 –  left hand image). 

This same pattern is reflected in the microprobe images of samples C6 and C2 

(Figures 56 & 57), with the i ron occupying minor void spaces along grain 

boundaries where no manganese is found. From these observations it can be 

concluded that the iron is precip itating out fi rst within small  void spaces deep 

within the bedrock.  

The lateral secretion model proposes that as the fracture dimensions increase 

with proximity to the exposed bedrock face, the bedrock void spaces increase 

and the degree of iron precipitat ion increases, unti l  a cross over point is 

reached where significant manganese precipitation occurs with the iron and then 

becomes dominant approaching the surface. This crossover from iron to 

manganese is the point where fluids become saturated with suffi cient oxygen to 

raise the Eh to precipitate the manganese out of solution. The observations in 

the field agree with this, between the addits in Hout Bay and Rooi Els, and the 

massive surface precipitation in Skeleton Gorge, al l  three sites concur with the 

increase in precipitation of the manganese and decrease in iron precipitation 

with an increase in bedrock void space approaching the exposed bedrock face. 

Figure 58 of sample B4 which was col lected from Rooi Els along the addit shows 

that as the void space increases, the amount of i ron precipitating tai ls off, w hi le 

the manganese precipitation increases.  

 

4.1.2  Redox Reaction of Manganese and Iron 

Supporting the idea that the manganese within these deposits is formed through 

a redox reaction is the correlation of molybdenum and manganese (Figure 68). 

From Adelson et al .  (1999) and Drahota et al. (2010), the presence of enriched 

molybdenum within a marine or fluvial environment is attributed to molybdenum 

fol lowing manganese during manganese reduction and oxidation through the 

natural anoxic/oxic boundaries. The redox reaction affects the manganese 

contained within these fluvial or marine environments,  with the molybdenum 

fol lowing the manganese throughout the cycle. Molybdenum only leaves the 

redox cycle during the reduced phase when it interacts with organic thiols or 

concentrated H2S and then gets taken up within the sediment profi le. 

Decreasing oxygen within the marine or fluvial environment results in a large 

anoxic region, and more free molybdenum is taken up within the sediment 

profi le (Adelson et al., 1999). The correlation of molybdenum and manganese 

within the Cape Peninsula suggests a similar redox process, albeit in a different 

environment and reversed order. Without significant amounts of H 2S or organic 

thiols, the reduced molybdenum remains in solution and combines with the 

manganese during the oxidation of the manganese.  
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Figure 68: Correlation of molybdenum and manganese suggesting the presence 
of a redox reaction.  

 

Along with the positive correlation of the molybdenum and manganese, is the 

fact that the dissolution of  manganese in shal low soi l  profi les and iron in deeper 

soi l  profi les (Figure 69) is commonly observed (Martin, 2003). The dissolution of 

manganese coupled with the correlation between molybdenum and manganese 

suggests that a redox reaction is taking place within the Cape Peninsula.  

 

 

Figure 69: Dissolution pattern within an average soil profile with depth. 
Adapted from Martin (2003).  
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Redox reactions of  manganese and iron hinge around the reduction of Mn(IV) 

and Fe(III) to Mn(II) and Fe(II) and then the oxidation back to Mn(IV) and 

Fe(III). Redox reactions involving manganese and iron are common in the 

natural environment with soluble manganese and iron occurring in ground 

water. In the event that this soluble manganese and i ron in the anaerobic 

ground water encounters oxygen, the manganese and iron come out of the 

solution as highly insoluble oxides (Lovley, 1991; Graham et al., 1988). Based 

on the fact that the water flows through an organic ri ch soi l horizon where 

carbonic acid is formed, Figure 70 shows the assumed redox reactions, with the 

formate (the anion in the formation of formic acid) being CO 2. 

 

 

Figure 70: Redox equations of the reduction of manganese and iron within the 
soil horizon (Lovley, 1991).  

 

Whi le this is an appl icable redox reaction to fi t the environment, this does not 

necessari ly mean that the environment is conducive to the reduction of the sol id 

Mn(IV) into soluble Mn(II) and or the solid Fe(III) into soluble Fe(II), or that a 

redox reaction could form cryptomelane, the manganese mineral associated with 

the deposits. Synthesis of cryptomelane in a laboratory is carried out through 

redox reactions involving potassium permanganate and adjustments made to the 

pH of the fluids (Barrio et al., 2007; Banerjee et al., 2009; Feng et al., 2011), 

whi le in the natural environment the alteration sequence of manganese oxides, 

Mn(II), to higher order more stable oxides, Mn(IV), goes through a 

cryptomelane phase through a natural redox reaction (Nahon et al., 1989). Al l  

of this indicates that the formation of cryptomelane through a redox reaction is 

possible.  

The reduction of manganese and i ron wi l l  depend on the location of the 

manganese and iron redox reactions within the Eh-pH space of the environment.  

Eh-pH diagrams show the stabi l i ty of different compounds at specific 

temperatures and pressures given changing proton states (pH) and changing 

electron states, or the state of the free voltage of the environment (Eh). The pH 

measure is between 0 (acidic) and 14 (basic) and where 7 represents a neutral 

environment. A lower pH means that there is an excess of free protons and a 

higher pH means that there is a shortage of free protons. The Eh measure is 

between 1.2 (oxidised) and -0.8 (reduced) where 0 denotes an environment 
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with no electron potential. A low Eh means the environment is reducing 

resulting in the loss of electrons, whi le a high Eh means the environment is 

oxidising resulting in the gain of electrons (Martin, 2003). Simpli fied this means 

that the Eh-pH of the environment is dependent on the activity level of oxygen 

(Eh) and the activity of the hydrogen ion (pH) of the fluids within which the  

manganese and iron occur (Martin, 2003).  

Whi le pH testing of the water was not conducted in this study, th e pH of the 

fynbos dominated catchment areas of the Western Cape has been shown in other 

studies to be 3.5 – 4.5 versus the rainwater pH in the same region of 5.6 

(Bergh, 2012; Compton, 2004; Neti l i , 2007;  Smit, 2003). The relatively low pH 

of streams draining the TMG supports the initial  phase of the lateral secretion 

model where the combination of the soi ls and rain water form a weak carbonic 

acid within the ground water system that general ly lacks minerals to neutral ise 

the acidic (low pH) waters. The measured values of pH reported in the l i terature 

of 3.5 to 4.5 give a range to predict the position of a typical fynbos TMG 

environment similar to the study area on the Eh-pH diagram. The Eh wi l l  depend 

on what stage within the lateral secretion model the fl uid is in. At the initial  

reducing stage when the manganese is being dissolved, the Eh wi l l  be very low 

and when the fluids reach the seeps and springs and the fluids are re -

oxygenated the Eh wi l l  be high.  

Below are two Eh-pH diagrams (Figure 71) representing the thermodynamic 

properties of manganese and iron at 1 atm and 25 OC (Di l l  et al., 2010). The 

yel low shaded areas represent sol id phases, the red l ines boundaries between 

the sol id phases, the blue shaded areas represent aqueous phases and the 

dashed l ines show the boundaries of stabi l i ty of water. Hematite represents the 

sol id oxide of Fe (III) and pyrolusite represents the sol id phase of Mn(IV).  

Of the manganese occurring within the compound cryptomelane, 90% of i t is 

Mn(IV) (Gruner, 1943) which is pyrolusite (Mn 4+O2, WEB4), making the 

pyrolusite stabi l i ty f ield a good indicator of the cryptomelane stabi l i ty field. 

Based on a starting pH of 5.6 (rainwater) and a final pH of 3.5 (rivers flowing in 

streams off Table Mountain fed by surface and groundwater flow) and a Eh 

pattern reflecting the entry into the soi l profi le and exiting at the seeps of the 

fluids, the green l ine would represent a possible evolution of the fluids within 

Table Mountain on their flow path from the surface soi l  cover through the  

bedrock and then exiting out of a seep.  

This redox process also affects the si l ica, this was noticed in the iron 

embayments within quartz of the thin sections (Figure 47) and the shared 

precipitation of iron and si l ica in the microprobe images (Figure 67) . Harder 

(1976) and Bennet et al. (1988) both showed how low temperature dissolution 

of quartz fol lowed by the formation of iron alumino-si l icate minerals was 

possible. It is suggested that this is the methodology by which the embayments 

are being formed, and by which the iron and si l ica are sharing the same void 

space.  
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Figure 71: Eh-pH diagrams for manganese and iron (Dill  et al., 2010). The blue represents aqueous phases, the 
yellow solid phases and the red li nes boundaries between the different compounds. The white represents where 
the fluid would become unstable. The green line shows the suggested evolution of the fluids moving through the 
TMG as rainwater forms subsurface groundwater which eventually emerge at surface seeps.  
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The flow path and changing redox conditions are depicted in Figure 72. 

Rainwater wi l l  have an initial  pH of around 5.6 and a relatively high Eh from 

dissolved free oxygen in equi l ibrium with the oxygen-rich atmosphere.  Iron and 

manganese oxide minerals wi l l  both be stable in the sol id form in contact with 

surface rainwaters. The bacterial  degradation of soi l  organic matter removes 

free oxygen and releases CO 2 in subsurface, organic-rich soi ls. As the rain water 

percolates into such soi ls i t wi l l  re-equi l ibrate with the CO 2-rich and O2-depleted 

soi l  atmosphere, taking up CO 2 and losing O2 to become more acidic with a 

lower pH and more reducing with a lower Eh than rainwater. The loss of O 2 and 

drop in Eh causes the manganese oxide, Mn (IV), to become unstable and react 

with the excess electrons to form Mn (II) which is soluble in acidic water. As the 

fluids move deeper into the soi l  profi le the low Eh results in the Fe (III) no 

longer being stable and it too gains an electron and becomes soluble Fe(II).  

These metal rich fluids then move through the regol ith and bedrock fractures as 

groundwater where the low Eh and pH is maintained and the Mn(II) and Fe(II) 

remain in solution. These fluids, with their low pH and low Eh, wi l l  alter mica 

minerals encountered along their flow path through the Peninsula Formation 

bedrock and other ions such as potassium, sodium and magnesium wil l  be 

introduced into the fluid. These waters may also leach more iron and manganese 

from minerals present in the bedrock. As the fluids flow lateral ly and approach a 

seepage point they wi l l  encounter oxygen that has penetrated into the cracks 

and open pores of the bedrock resulting in an increase in Eh unti l  the Fe(II) 

becomes unstable and precipitates out as Fe(III) within the open cracks and 

pores of the bedrock. The Eh wi l l  continue to increase as these fluids approach 

the surface with a sudden increase in Eh as the fluids exit the bedrock and 

encounter free oxygen present in the atmosphere.  

The increasing Eh wil l  result in an increase in precipitation of Fe(III) within the 

increased open pore space associated with the proximity to the weathered 

portion of the outcrop face and the seepage point. As these fluids exit the 

bedrock and the Eh increases dramatically, the Mn(II) wi l l  become unstable and 

precipitate out as Mn(IV) on the surface of the rocks, bonding with the avai lable 

potassium to form cryptomelane. Most of the manganese in the cryptomelane 

wi l l  be Mn(IV) but some wil l  occur as Mn(II). It  is assumed that due to the 

preferential  precipitation of the Fe(III) within the bedrock at relatively low 

oxygen levels most of the iron comes out of the fluid before the manganese. By 

the time the fluid reaches the bedrock face, most of the iron has already been 

removed and manganese remains to precipitate out near or upon the surface 

exposure of the bedrock. The above would explain the field observation of iron 

rich early precipitation fol lowed by more massive manganese precipitation seen 

in this study. This same phenomenon has been seen more commonly in 

volcanogenic sources of lateral secretion deposited manganese (Harrison, 

1998), but also shown to exist in sedimentary processes (Krauskopf, 1957).  

As the fluids exit the surface seeps and  join the streams flowing off the 

mountain the Eh wi l l  stabi l ise and remain high, but some of the remaining Fe(II) 

and Mn (II) stays in solution as seen in the water ICP-MS results (Table 21).
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Figure 72: Schematic showing the change in Eh-pH for Mn and Fe during the flow path of the fluids with the lateral 

secretion model. Rainfall (A) percolates through the soil profile and becomes acidic and reducing and leaches Mn 

and Fe from the soil  into solution (B).  The fluid continues to move through the regolith and bedrock fracture fluid 
pathways dissolving additional Mn and Fe as well as K from mica mineral dissolution (C). When the fluid 
eventually flows laterally to an oxidation front where first Fe and then Mn  are precipitated out as oxides Mn(IV) 
and Fe(III) (D) and finally the fluids stabilise with streams carrying the remaining Mn(II) and Fe (II) in solution.
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4.1.3  Environment of Manganese Deposition 

The hypothesis above impl ies that the manganese and iron were deposited in a 

low-temperature fresh water seep environment. Manganese can be deposited 

under multiple fluid environments, low or high temperature, and marine or fresh 

water. To test which of these environments apply to the  manganese deposits of 

this study, various elemental comparisons and ternary plots were bui lt in order 

to isolate the environment. As this was designed to test the manganese and iron 

rich deposits, the results from the unmineral ised source rocks were excluded 

from al l  graphs (Table 23). Figure 73 differentiates between fresh water, 

shal low marine and marine waters (Nicholson, 1992; Gültekin, 1998). The basic 

definition of marine water is water containing more than 1000 ppm of dissolved 

sol ids and fresh water has less than 1000 ppm of dissolved sol ids (Brookhart et 

al., 1958). Nicholson’s (1992) classification of manganese ores forming within a 

fresh or sal ine environment is dependent on the natural salts present in the 

fluids. The most common salts are magnesium and sodium (Swenson, 2012) and  

higher portions of these salts wi l l  result in the fluid being classified a marine 

fluid. Al l  samples fall  into the fresh water category (Figure 73).  

 

Table 23: Element composition of highly enriched manganese rocks plotted in 
Figures 73-75. 
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Figure 73: Environment classification of the  manganese deposits of this study 
based on Nicholson (1992). Na content of the ores is plotted against the Mg 

content to differentiate between fresh, shallow marine and ma rine deposits.  

 

Nicholson’s (1992) work also showed the most rel iant method of differentiating 

between hydrothermal and hydrogenous deposits across al l depositional 

environments. Hydrothermal refers to hot water (>25 OC); hydrogenous 

(supergene) refers to cold (<25OC) water, as described by Lindgren (1933). To 

differentiate between the two, Nicolson (1992) plotted As+Cu+Mo+Pb+V+Zn 

against Co+Ni. As zinc and arsenic were not evaluated in this study, two sets of 

graphs from Bonatti  et al. (1972) were used instead.  

The graphs from Bonatti  et al. (1972) are commonly appl ied to deep water 

formations of manganese such as manganese nodules but are sti l l  useful in 

differentiating between hydrothermal and hydrogenous manganese. Bonatti  et 

al. (1972) showed that the ratio between U/Th could be used to determine i f 

manganese nodules formed through hydrogenous or hydrothermal means, as 

higher contents of thorium in a nodule would suggest a slower rate of growth 

and thus a hydrogenous component (Brink et al., 1996). The uranium and 

thorium contents of the samples from this study indicate that the deposits are 

predominantly hydrogenous rather than hydrothermal in origin (Figure 74).   

As per Nicholson’s (1992) work, the presence of additional cobalt is an 

indication of a hydrogenous origin to the manganese (Balaram et al., 2012). The 

ternary diagram in Figure 75 shows that the half of the points l ies convincingly 

within the hydrogenous field. It is important to bear in mind that these plots 

are designed for a marine manganese deposit, however, with the combined U/Th 

and the ternary diagram it can be stated that the fluvial environment is 

hydrogenous.   
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These results are consistent with the lateral secretion depositional model as 

outl ined in the previous section with manganese and i ron oxide deposited from 

low-temperature (hydrogenous) fresh waters.  Thus these deposits are not Type 

1 hydrothermal deposits.  

 

 

Figure 74: Uranium vs. thorium content of samples from Table 23 compare d to 

fields of manganese formation defined by Bonatti et al . (1972).  

 

 

Figure 75: Ternary plot as devised by Bonatti et al. (1972) differentiating 
between hydrothermal and hydrogenous manganese formation. Samples from 
this study (Table 23) plotted as red points.  
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4.2 Fluid Flow Dynamics 

The fol lowing section discusses how the fracture porosity of the rocks, the faults 

within the depositional sites, and final ly the overal l  fluid dynamics of the 

depositional sites influence the location and degree of manganese and i ron 

deposition.  

 

4.2.1  Porosity of the Rocks 

The lateral secretion model requires that the bedrock (including soi l  and 

regol ith) be sufficiently porous and permeable to al low the flow of fluids. In 

some of the depositional sites there appeared to be aquitards or aquicludes, the 

si l tstone layer within the Skeleton Gorge site for example (Figure 15), which 

restrict and influence the flow of groundwater to seep sites. Porosity and 

permeabi l i ty tests were not conducted as part of this study, but through a 

l i terature review and the field observations it is possible to come to the 

fol lowing conclusions about the aquifers and aquitards that affect the flow 

paths.  

 

Aquifers 

Of the five rock formations on the Cape Peninsula only the fractured Peninsula 

Fm and unconsol idated Quaternary sediments have the potential  to be aquifers. 

Based on field observations, al l  of the  manganese rich deposits occur within the 

Peninsula Fm sandstone or in Quaternary al luvium overlying the Peninsula Fm, 

so this impl ies the Peninsula Fm is the best aquifer through wh ich to transport 

the manganese rich fluids. At Rooi Els the manganese deposit occurs within the 

talus slope. The talus slope is a Quaternary sedimentary deposit, the material  in 

the talus slope is made up of Peninsula Fm sandstone, but its effective porosi ty 

wi l l  be completely different from that of bedrock Peninsula Fm sandstone being 

made up of unconsolidated gravel and sand sized material.  

Porosity is the measure of the pore spaces in a rock. Permeabi l i ty is the 

measure of how easily a fluid can move though a rock. A rock might have a high 

porosity, but a low permeabi l i ty, making it a poor aquifer. It is the combination 

of both porosity and permeabi l i ty, the effective porosity, which makes a good 

aquifer (WEB2). Table 2 shows the effective permeabi l i ty b ased on averages 

from global samples. Aeol ian sand was included in this table in order to give 

some sort of frame of reference for comparison. As can be seen the aeol ian 

sand, which is a loose unconsol idated sediment, has an effective porosity of 

0.38, which, when compared to the other mediums is close to the medium 

grained sandstone of 0.27.  

From these global estimates it is possible to see that the sandstone is a much 

better aquifer than even the unconsol idated sediments of the talus slope. This 

makes it l ikely that the Peninsula Fm is an aquifer through which the fluids are 

moving. It is important to note however, that the Peninsula Fm sandstone has 
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lower porosity than shown above as it is tightly cemented; but that this is offset 

by additional fracture porosity as these rigid hard rocks are highly fractured in 

places al lowing for the effective through flow and storage of water (Jia et al. , 

2009). Based on Jia et al. (2009) the effect of the cementation is marginal ly 

offset by the fractures occurring in the Peninsula Fm sandstone, the end result 

being that the unconsol idated talus slope wi l l  have a higher effective porosity 

than the Peninsula Fm sandstone. Out of the potential  aquifers existing in the 

bed rock, the studies from Jia et al.  (2009) and Blake et al. (2010) show that 

the only plausible bed rock aquifer in the study area is the fractured Peninsula 

Fm, with the Cape Granite Suite, and Malmesbury Group acting as aquitards 

(Figure 76).  

 

 

Figure 76: Groundwater flow paths through aquifers and around aquitards 
within Table Mountain, from Jia et al. (2009).  

 

Aquitards 

While the aquifers allow for the flow of the fluids, the faults which bound the 

deposits could either be aquitards or aquifers. From observations in Skeleton 

Gorge it was noticed that the fault which runs along the gorge val ley separates  

manganese rich deposits on the northern slopes from relatively minor  

manganese deposits on the southern slopes. Within the faul t breccia, Site 8, 

only minor iron staining was noticed. Due to overgrowth and rock fal ls i t was 

not possible to fol low the bedrock lateral ly away from the val ley floor breccia.  

Not only did the fault appear to influence the distribution of manganese within 

Skeleton Gorge, but within Site 3 & 4 of Skeleton Gorge there is a si l tstone 

layer (Figure 15) inside the overhang within the Peninsula Fm sandstone. The 

thin section analysis of the si l tstone layer showed that i t is rich in clays and 

highly cemented, the field observations showed very l i tt le fracturing wi thin the 

si l tstone and that there is  no manganese below it, suggesting that i t acts as an 

aquitard forcing groundwater to flow lateral ly to the manganese rich seeps 

above it. Table 2 shows the effective porosity of the proposed aquitards in the 

study areas.  

By reviewing these potential  aquitards against  the proposed aquifer, Peninsula 

Fm sandstone, i t is possible that the uncommon and discontinuous si l tstone 

layers within the Peninsula Fm and the underlying Graafwater Fm, Cape Granite 
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Suite and Malmesbury Group would al l  act to retard the flow of water, and could 

potential ly act as aquitards, forcing groundwater flowing through the Peninsula 

Fm to flow lateral ly along the contact to exit eventual ly at surface seeps. It is 

proposed that fault breccia would act as an aquitard and retard the flow across 

the fault and instead guide the fluids along the fault surface unti l  the waters 

exit at the surface. This would make faults a key factor in the large scale 

precipitation of manganese and i ron oxides. 

 

4.2.2  Fault Bounded Deposits 

Most faults in the study area are normal faults that formed during the 

extensional breakup of Gondwana circa 130 Ma (Anhaeusser et al., 2006). The 

offset on the faults is moderate but they define the occurrence of most of the 

mountain gorges and val leys in the study area. From the field descriptions and 

the geological maps it is known that deposits occur around areas where there 

are faults. The proposed influence of faults on the deposition of manganese rich 

deposits is represented schematical ly in Figure 78, model led on the case of the 

Skeleton Gorge site. The faults create areas of weakness in the competent rock, 

and as such these areas of weakness are exploited with weathering and 

erosional processes and gorges are created. Thus the faults create a physical 

focal point in the topography where the manganese deposits can occur and 

assist in the channell ing of groundwater flow through the highly fractured rock 

surrounding the fault.  

Not only are the effects of the faults visible on a macro scale (with the 

formation of the gorges) but also within the microscopic scale (Figure 79). The 

rock samples from the control group showed the typical Peninsula Fm quartz 

grains un-fractured, sub rounded to rounded grains whi le the samples taken 

from the Sample Sites showed quartz grains with fractured sub angular grains. 

The shape of the grain changes to angular and the fracture intensity increases 

closer to the faults which occur within the sample sites.  



Univ
ers

ity
 of

 C
ap

e T
ow

n

109 
 

 

Figure 77: Cross section of the Skeleton Gorge deposit (as shown in the geological map insert, A -B) showing the 

influence of the fault on the fluid dynamics of the deposit. The blue arrows indicate the ap proximate fluid flow 
paths. Rainwater moves into the aquifer (Peninsula Fm) and then flows along dip above the less porous 
Graafwater Fm and Cape Granite Suite Fm, towards the more porous faulted bedrock which allows for faster and 
higher levels of fluid f low. Finally the fluids reach the fault zone which acts as an aquitard forcing the fluids to 

seep out of the rock.  
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Figure 78: Thin Section of sample D3 of Peninsula Fm sandstone (left) sample 
B6 (right) in plane l ight. Sample D3 shows the typical rounded to subrounded 
quartz grains, while B6 shows more subangular quartz grains with a higher 
degree of fractures.  

 

The hypothesis that faults bound these deposits was only tested once during the 

field mapping by fol lowing the fault l ine of Skeleton Gorge to the other side of 

Table Mountain. This resulted in the discovery of the Kasteelpoort Gorge  

manganese and iron deposit. Whi le i t is not as extensive as the Skeleton Gorge 

deposit, the fact that i t exists along the same fault suggests that the fault in 

some manner assists in the precipitation of the manganese. This suggests that 

at every fault location within Peninsula Fm sandstone, where there is a gorge, 

some large scale manganese and i ron deposit, larger than just  the normal 

superficial  surface coating, should be found.  

Apart from Skeleton Gorge and Kasteelpoort Path, Hout Bay was the only other 

deposit where a faul t could definitively be seen at the depositional site (Figure 

32). The Kommetjie manganese deposit is not in place and therefore difficult to 

determine the influence of the local faults on its deposition, and the Rooi Els 

deposit was too lateral ly extensive and covered in talus  slope material . For 

Kommetjie however, at point 2 of Figure 29 a fault l ine can be seen that i f 

continued would run through the location of the Kommetjie deposit, suggesting 

a potential  l ink to the fault structure during the deposition of the deposit.  

The Skeleton Gorge and Kasteelpoort Path manganese deposits appear to be 

recent, with unweathered surfaces over weathered surfaces , and are clearly 

al igned with a fault. The deposits were both concentrated to the northern, up 

dip portion of the gorges, with the fault running through the centre of the 

gorge. The southern, down dip portion of the gorge had no major manganese or 

iron precipitation with the exception of thin coatings on some boulders . The 

fault therefore appears to control where major  manganese precipitation occurs 

with most manganese concentrated on the northern (down dip) rather than 

southern (up dip) side of the fault.  

In summary, whi le the faults may become a weak point within the overal l  

geology, and form a topographical feature in terms of a gorge, most imp ortantly 
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they do not al low the manganese rich fluids to flow further down dip because of 

the low effective porosity of the fault breccia. Instead, the fault breccia forces 

flow along the fault surface where the rock is fractured and more porous, 

concentrating the fluids into a single location, unti l  the fluids exit the rock, 

general ly at a topographical feature (e.g., a val ley) formed by the fault.  

 

4.2.3  Mass Balance 

Is there sufficient  manganese and iron within the water that feeds some of 

these sites to form the deposits observed? The manganese and iron 

concentrations, determined by ICP-MS analysis of waters associated with the 

sites, were compared to the size of the manganese and iron deposits at 

Skeleton Gorge to try and answer this question.  

The concentrat ions of manganese and i ron (Table 21) show that water found 

along the Skeleton Gorge is above the standard average for water around the 

world. For example, the manganese concentration in river waters in the USA 

ranges from 11 –  51 µg.l -1 (WHO, 2011) which is 0.011 –  0.051 ppm and the 

iron concentration in river waters in USA is 0.7 mg.l -1 (WHO, 1996) which is 0.7 

ppm. This means that the iron and  manganese concentrations across the gorge 

are between 100 –  100000 times greater than average river waters from the 

USA.  

Table 24 shows a rough calculation used to determine i f the flow rates of the 

seeps and streams coupled with the high concentration of  manganese in the 

water would be sufficient over time to form the deposits. This calculation does 

not take into account erosion of the deposits and does not include iron. The size 

of the iron deposit in Skeleton Gorge is difficult to estimate as most of the iron 

is not exposed in Skeleton Gorge. By analogy with other sites such as Rooi Els i t 

is assumed that the iron in Skeleton Gorge occurs deeper into the bedrock than 

the surface manganese deposits.  

 

Table 24: Calculation of time required to form the Skeleton Gorge  manganese 
deposit from present-day waters.  
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The size of the manganese deposit was estimated from Sites 3 & 4 as this was 

the largest establ ished site within the area where water was analysed. The 

manganese deposit at Sites 3 & 4 was estimated to be 150 m wide x 30 m high 

x 0.02 m thick giving a total of 90 m 3  of manganese rich rock. This volume was 

converted to tonnes using a cryptomelane density of 4.36 g.cm - 3 (WEB3) as this 

was determined through XRD to be the dominant manganese mineral, giving 392 

tonnes of cryptomelane ore. An assumption was then made that the entire 

deposit is cryptomelane and the cryptomelane tonnes were converted to pure 

manganese tonnes by determining the weight percentage of manganese within 

cryptomelane. The f low rate at the deposit site was an average of both the 

summer and winter flow rates as establ ished from seeps coming out of the rock 

face near to site 3, this was determined to be 4 l i tres per minute. It is not 

possible to determine the concentration of the  manganese in the water prior to 

it exiting the face (concentration of  manganese in the ground water), so the 

manganese concentration was based on three possibi l i t ies, the lowest 

concentration, the highest and the average from al l  the water samples taken 

(Table 24). Knowing the amount of manganese in the water, the rate of flow, 

and the amount of manganese within the deposit gave the time taken to form 

the deposit.  

Based on these calculations the Skeleton Gorge deposit could have formed 

between 110 and 43 000 years using the highest and lowest manganese ion 

concentration, respectively. While at  the lowest concentrations this is a long 

period, both the average and maximum concentrations form the deposit in an 

exceptional ly short period of geological time less than a thousand years. The 

rate of manganese deposition is much faster than the rate of rock face erosion 

which is probably on the order of 10 m/myr (Brown et al., 2008) and it is the 

relatively slow rate of erosion compared to deposition that al low for the 

formation of these large scale manganese deposits.  

This shows that present-day waters have enough dissolved manganese to 

potential ly account for the historical and on-going regional deposition of the 

manganese deposits. There is sti l l  a question as to what causes certain areas to 

be high in manganese, and others not considering that the Cape Peninsula is full  

of smal l  streams, seeps and springs the majority of which are not associated 

with significant  manganese deposition. Thus whi le the water studied in Skeleton 

Gorge shows that the flow of water is a cont ributing factor in del ivering the 

manganese to the site, i t is not the only factor in the formation of a relatively 

large scale deposit.   

 

4.3 Type 1 or Type 8 Deposit 

It has now been shown that the fluvial environment supports the lateral 

secretion model, and would supply sufficient volumes of manganese to form the 

deposits. It can thus be conclusively stated that lateral secretion plays a role in 

these manganese deposits. However, whether lateral secretion (Type 1) is the 

classification of these deposits or i f supergene enriched sandstone claystone 

(Type 8) through a lateral secretion process is the classification of these 
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deposits, has not been shown. The fol lowing section wi l l  define whether or not 

these are Type 1, or Type 8 deposits.  

 

4.3.1  Source of the Manganese 

One of the crit ical components to the formation of these deposits is the source 

of the manganese. If the source l ies outside of the sandstone then that would 

immediately point to this not being a Type 1 deposit. It has been shown that the  

manganese is mobi l ised during reduction in the soi l  profi le and extending into 

the bedrock below; however, which of the avai lable bedrock types present in the 

Cape Peninsula is the most l ikely to supply the manganese that ends up in the 

manganese deposits? Graham et al .  (1988) reported on the amount of  

manganese locked up in common mineral assemblages and then, based on the 

mineral data, shows the amount of manganese expected to occur within common 

rock types. This does not discuss the ease with which the di fferent mine ral 

assemblages could release the captured manganese and purely looked at the 

amount of captured manganese. Table 25 shows the common minerals which 

occur in Cape Granite, Peninsula Fm sandstone and the Graafwater Fm 

sandstone and mudstone and Malmesbury Group shale. 

In terms of total manganese content the most l ikely source rock for manganese 

would be shale of the Malmesbury Group, then granite typical of the Cape 

Granite, then muddy sandstone of the Graafwater Fm, then quartz arenite 

sandstone of the Peninsula Fm. The other factor in addition to how much 

manganese is contained in these different rock types is how easi ly the 

manganese is released and potential ly mobi l ised to the reducing groundwater 

flow. Because both the Cape Granite Suite and the Malmesbu ry Group shale 

bedrock have low effective porosity, the manganese contained within these rock 

types can only be released in weathered soi l  profi les and leaching from their 

much larger bedrock manganese reservoir would be l imited by the extent to 

which groundwaters can penetrate and leach them of manganese. This suggests 

that either the Graafwater Fm or the Peninsula Fm is the primary source rock 

for manganese.  
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Table 25: Manganese abundance in common rocks based on manganese content 
of common mineral assemblages. Adapted from Graham et al. (1988).  

Rock Type 

Mineral 

Assemblages 

(ABUNDANT) 

(subordinate) 

Manganese Concentrations of 

Minerals(mg.kg - 1) 
Manganese 

Concentrations of 

Rock (mg.kg -1) 
Range Average 

Granite 

K – Feldspar 4-100 15 

400 

Quartz <100 10 

Ca – Feldspar 10-400 60 

Biotite 100-100000 2000 

Amphibole 100-6500 2000 

Sandstone 

Quartz <100 10 

170 

K – Feldspar 4-100 15 

Ca – Feldspar 10-400 60 

Muscovite 80-400 200 

Shale 

Quartz <100 10 

600 

K – Feldspar 4-100 15 

Muscovite 80-400 200 

Biotite 100-100000 2000 

 

The field observations confirm this assessment of effective bedrock 

porosity/permeabi l i ty with no manganese deposits associated with granite or 

Malmesbury Group shale exposures; manganese deposits are al l  associated with 

the Peninsula Fm quartz arenite sandstone. Figure 79 and Table 26 show the 

bulk rock chemistry for Peninsula Fm and Graafwater Fm samples. From these 

data it appears that the concentrations of  manganese in the Peninsula Fm and 

Graafwater Fm are too low to be the source of  manganese deposits which have 

concentrations as high as 86wt% MnO. The Peninsula Fm and Graafwater Fm 

have similar bulk rock manganese contents of 0.038 wt% MnO. While this 

concentration is low, this is higher than the expected amount of manganese 

present in quartz arenite sandstone of 0.023 wt% MnO as suggested by Graham 

et al.  (1988). The iron, aluminium and potassium values show a noticeable 

increase from Peninsula Fm to the Graafwater Fm reflecting the muddier content 

of the Graafwater Fm. The greater potassium content of the Graafwater Fm may 
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be important as a source of potassium in the manganese mineral cryptomelane 

which makes up the deposits. Despite their low bulk rock manganese 

concentrations, the volume of water rock interaction of the Peninsula Fm and 

Graafwater Fm needs to be taken into consideration as reflected in their 

effective bedrock porosity.  

 

Table 26: Major elements of unmineralised TMG rocks (wt%).  

 

 

 

Figure 79: Concentrations of the key elements within possible source rocks of 
the manganese deposits. Due to the low concentrations of the  manganese (MnO) 
it was multiplied by a factor of ten in order to show the variations on the graph.  

 

Table 27 shows a rough calculation of the potential  volumes of  manganese that 

could be produced from the concentrations of  manganese and iron in Table 

Mountain rocks of the Peninsula and Graafwater formations. It is important to 

note that i f the Peninsula Fm and Graafwater Fm are the source of the 

manganese, then the values that were found during the sampling were already 

depleted, and that this calculation assumes that al l  the  bedrock wi l l  act as a 

source. However, this is dependent on the fracture porosity which wi l l  determine 

the water to rock ratio or the extent to which the groundwater interacts with 

the bedrock. However, even with these potential ly depleted values and 

assuming 1% exposure of the bedrock to the groundwater f luids there are more 
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than sufficient amounts of manganese remaining within Table Mountain bedrock 

to supply al l  the manganese deposits found throughout the Cape Peninsula. 

Therefore, the amount of manganese in the bedrock of the Peninsula Fm and 

Graafwater Fm are sufficient as a source of manganese for the deposits, but due 

to the field observations placing al l  of the deposits within the Peninsula Fm and 

the better effective porosity of the Peninsula Fm, i t is concluded that the 

Peninsula Fm sandstone is the source rock. This suggests that i t is sti l l  possible 

for these deposits to be a Type 8 deposit.  

 
Table 27: Approximate volume calculations of potential  total manganese in the 

Peninsula Fm and Graafwater Fm.  

 

 

4.3.2  Type 8 Deposit 

A sandstone claystone Type 8 deposit was described by Harrison (1998) as a 

shal low marine deposit formed on the rims of an anoxic basin during a 

transgression. The common rock formations are sandstone, si l tstone, claystone 

and some marls, general ly representing a transgressive cycle. The host rock 

contains the manganese in thick strati form layers, and occasional ly multiple thin 

strati form layers or lenses, in both cases these layers are lateral ly extensive.   

The manganese itself is commonly cryptomelane and can have an abnormally 

high phosphorus content. The average grade of the in situ manganese is 20 -

40%, with the average size being 7.3 Mt.  

The supergene enriched sandstone claystone deposit fol lows the same 

principles, except that i t has been supergene enriched post the formation of the 

sandstone claystone host rock. Long term laterit ic process wi l l  produce the 

highest yielding and highest grade ores. The grade of these ores is not 

specified. 

The Peninsula Fm sandstone deposit was formed during a marine regression, in 

a fluvial environment (Anhaeusser et al., 2006) and the in situ grade of the 

manganese is only 0.038% MnO. So whi le the Peninsula Fm sandstone is the 

source of these deposits, this is coincidenta l to the type classification. As these 

cannot be classified as Type 8 deposits, i t is possible to state that they are 

Type 1 deposits.  
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4.4 REE Analysis 

The REE analyses can provide signatures of the source (si l ica rich) and 

mineral ised (manganese rich) rocks to help assess the source of the manganese 

and how variable the REE signatures are among the different sample types and 

areas studied. Figures 40 and 41 show the PAAS normalised REE patterns from 

ICP-MS analyses for the different types, and for different s ites, respectively. 

From these results a large amount of variation within the REE patterns is seen.  

The iron and manganese transition samples have enriched LREE and depleted 

HREE relative to the source rock (si l ica rich samples and Contour site) samples. 

Conversely the iron and manganese rich samples have depleted LREE and 

enriched HREE relative to the source rocks. Kasteelpoort Path, Skeleton Gorge, 

the Contour Path and Rooi Els have similar REE patterns whereas Hout Bay and 

Kommetjie have distinct patterns. Hout Bay has depleted LREE and enriched 

HREE. Kommetjie has enriched HREE.  

Kasteelpoort Path and Skeleton Gorge samples were compared against the 

proposed source rock samples (Peninsula Fm samples D3 & D4). This revealed 

that there is a significant di fference between the REE patterns for the 

manganese enriched samples whi le the i ron rich samples are significantly 

enriched, specifical ly in the LREE (Figure 80).  

This preferential  uptake of LREE by iron, coupled with the iron precipitating out 

of solution first, results in a LREE depleted fluid during the precipitation of the 

manganese and LREE relative depleted manganese. Based on the individual iron 

and manganese rich plots, i t is the presence of iron which causes the major 

LREE enrichment within the deposits, similar to the results seen by Compton et 

al. (2003).  

 



Univ
ers

ity
 of

 C
ap

e T
ow

n

118 
 

 

Figure 80: PAAS normalised REE plots of the Table Mountain Region Sites.  



Univ
ers

ity
 of

 C
ap

e T
ow

n

119 
 

The variation in REE patterns may be attributable to variations in the REE 

signature of the source (si l ica rich) rocks of the different Sites, to variations 

over time of the fluids involved in the deposition of the manganese and 

potential ly the different lateral secretion types. The source rocks of Hout Bay 

and Kasteelpoort are similar but different from the similar source rock REE 

patterns of the Contour Path, Rooi Els and Skeleton Gorge (Figure 81). The 

major difference is the Hout Bay and Kasteelpoort source rocks are less 

depleted in the LREE compared to the other sites.  

 

 

Figure 81: Source (silica rich) rock PAAS normalised REE patterns from ICP -MS 

analyses.  

 

In summary the REE patterns show that many of the manganese deposits have a 

similar REE pattern to the proposed Peninsula Fm si l ica rich rocks but have a 

greater REE content than the source rock. In some of the sites however the 

manganese samples are not enriched relative to the source rocks and this may 

reflect the modificat ion of the REE pattern during the deposition of the 

manganese deposits as indicated by the variable REE patterns related to the 

amount of iron and manganese content. Ultimately the variable source rocks 

REE and changes in the fluids involved, and in the lateral secretion mechanism 

results in variations in the REE pattern.  
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5 CONCLUSION 

Harrison (1998) defined 8 different types of manganese deposits based on the 

depositional environment; the study did not differentiate between the 

manganese textural ly or chemical ly. Al l  of these deposit types are economic in 

some form, either as large scale mining, or as small  artisanal mining. Most 

studies of manganese are focused on the large scale economic deposit types 

(Types 4, 7 and 8) but the other types of manganese deposition are important 

in terms of understanding the geochemical behaviour of manganese in  different 

environments. The manganese deposits within the Cape Peninsula were 

economic in the early 1900’s (Welsh, 1917) but because of their smal l  size and 

varying grades the mining of these deposits soon stopped. While no longer 

economic they are of interest, especial ly as no work has focused on the origin, 

type or the regional geological setting  of the Cape’s manganese deposits.  

This study focused on the Cape Peninsula and its many small  scale superficial  

vein and surface coatings of  manganese and iron. Five relatively large deposits 

were analysed at Skeleton Gorge, Kommetjie, Hout Bay and Rooi Els, and one 

previously unknown deposit at Kasteelpoort Path. Not only are there chemical 

variations among the sites, both in bulk rock chemistry and the REE patt erns, 

but there are also variations to the depositional setting. Three depositional 

settings were establ ished, veined deposi ts, surface deposits and talus slope 

deposits. It was shown that chemical ly there are subtle differences between the 

depositional settings but that the mechanism control l ing the deposition was the 

same. The differences came from variat ions within the local geology.  

Vein deposits occur throughout the region, but are mainly recessed deep within 

the rock, where the fracture spacing increases substantial ly then large scale 

manganese deposition can occur, resulting in feasible artisanal mining of the 

manganese. Both surface and talus slope deposits occur once the fluids exit the 

bedrock. Thus al l  sample sites had a component of vein deposits . 

The surface deposit occurs when the fluids exit the bedrock onto a rocky 

outcrop, whi le the talus slope deposit occurs when the fluids exit the bedrock 

into loose unconsol idated sediment, a talus slope off of the edge of a mountain. 

In both cases the size of the deposit is dependent on the amount of fluid flow, 

the concentrating mechanism and the rate of erosion.  

The primary manganese mineral is cryptomelane, establ ished through conclusive 

XRD profi les and the strong correlation of potassium and manganese . The 

manganese to potassium molar ratio of the samples from this study is higher 

than that predicted for ideal cryptomelane (KMn 8O16) and is most l ikely the 

result of substitution of sodium and other elements for potassium in the 

mineral.  

Whi le i t was shown that there is plenty of manganese and i ron in the major rock 

types in the Cape Peninsula, to act as the source of the iron and manganese in 

the deposits fluids need to be able to access this manganese and iron and 

transport i t away. Through analysis of  the estimated porosi ty of the different 

rock formations in the study area, the Peninsula Fm sandstone is the only one 
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that could act as an aquifer al lowing the movement of groundwater to leach the 

manganese and iron locked up within the rock matrix. Based  on the manganese 

present within the unmineral ised Peninsula Fm sandstone there is sufficient 

manganese to form the deposits found even assuming water to rock ratios of 

1%. 

Based on elemental plots and the elemental ratios it was establ ished that the 

manganese was deposited in a hydrogenous fresh water environment. Not al l  of 

the manganese deposits had flowing water, but those that did showed signs of 

fresh deposition of manganese, and al l  of the Sites were down dip of a potential  

water source. By sampling the water within the Skeleton Gorge Site it was 

possible to conclusively show that the water has sufficient volumes of 

manganese to form the deposits in a relatively short space of time, 110 –  43 

000 years. 

While the Cape Peninsula is covered in Peninsula Fm rocks, and multiple 

streams, the occurrence of large manganese deposits are rare. This is where the 

third factor becomes important, a concentrating mechanism. This was mostly in 

the form of a fault; the fault gauge has a very low porosity, acting as an 

aquitard, whi le the rocks adjacent to the fault have a higher porosity due to 

increased fracture spaces. This results in increased fluid flow along the fault 

structure unti l  the groundwater exits at a spring.  

The formation of these deposits is dependent on  three factors, being hosted by 

the Peninsula Fm sandstone, occurring on a down dip slope and having a 

concentrating mechanism. Being hosted by the Peninsula Fm sandstone speaks 

to three factors, mobi l i ty of the manganese within the sandstone due to its hi gh 

porosity, the fact that the Peninsula Fm acts as a rel ief feature, and the fact 

that the manganese is leached out of the Peninsula Fm. Thus the Peninsula Fm 

is the start of the formation of these deposits with reduced fluids flowing into 

the Peninsula Fm, leaching out manganese, then moving through the Peninsula 

Fm and then final ly exit ing out of the Peninsula Fm at  seeps or springs at a 

gorge or cl i ff face.  

The requirement of the deposit to occur on a down dip slope is purely to assist 

with the flow of the fluids through the Peninsula Fm, this also helps to 

concentrate the fluids and bui ld up the scale of the manganese deposit. Whi le i t 

is possible for deposits to occur against the dip of the bedrock (southern side of 

Skeleton Gorge) these deposits wi l l  be minor deposits. Al l  other deposits occur 

on a down dip slope. Even Kasteelpoort Path and Rooi  Els where the bedrock 

dips away are considered to be down dip deposits, as they occur within the talus 

slope which has formed on the flanks of the mountain and are natural down dip 

features. 

Kasteelpoort Path, most of Rooi Els and most of Skeleton Gorge are small  scale 

deposits. It takes the addition of the third factor to form large scale deposits, a 

concentrating mechanism. This concentrating mechanism forces  al l  the fluids to 

seep out at a single point, increase the amount of fluids containing manganese 

and iron, and in turn increasing the amount of manganese and iron deposited.  
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It is the combination of these three factors which creates the large scale 

deposits, a faulted up dip Peninsula formation may sti l l  create manganese or 

iron deposit, but i t wi l l  be small .  

The geomorphology of the sites is important in understanding the overal l  

dynamic of the lateral secretion model of deposition. The chemistry and 

transport of the manganese and i ron revolves around their thermodynamic 

properties. Through an understanding of the pH of the waters involved and the 

Eh of the different portions of the lateral secretion model, i t  was possible to 

plot a proposed sequence of the manganese and iron dissolution and 

precipitation throughout the lateral secretion process. The initial  presence of 

the rain water within the soi l  profi le becoming acidic and losing oxygen causes 

the soi l  profi le to become reductive and manganese and iron are dissolved into 

the fluid. These reduced fluids then move through the regolith and fractured 

bedrock unti l  an aquitard is encountered which forces the fluids to exit as a 

surface seep or spring where the iron and manganese precipitate out as oxides 

in the high Eh environment.  

Iron requires a lower Eh to precipitate out that manganese resulting in iron 

precipitating out within the cracks and voids present within the regol ith near to 

the seepage point. As the fluids move closer to the seepage point the Eh wi l l  

continue to rise, resulting in more iron precipitating out, and some manganese 

beginning to precipitate out. By the time the fluids reach the seepage point, 

most of the iron within the fluids wi l l  have precipitated out, and the Eh wi l l  

have risen to very high levels, forcing  the manganese to precipitate out on the 

surface of the rock in very high concentrations. This progression of joint and 

vein fi l led iron to massive manganese deposits was corroborated by the field 

observations, petrographic analysis and microprobe analysis .  

REE plots show that the different classif ied rocks, manganese rich through to 

si l ica rich, and the different sites had large variabi l i ty which was attributed to 

differences in the source rock chemistry, age and dynamic of the deposits. 

Based on the REE plots of the sites on Table Mountain, Kasteelpoort Path and 

Skeleton Gorge it was establ ished that the presence iron results in an enriched 

REE pattern. 

In summary, the deposits found in the Cape Peninsula can be classified as 

hydrogenous fresh water deposits formed through lateral secretion where the 

primary mineral formed is cryptomelane. Based on Harrison’s (1998) 

classification system this means that they are a Type 1 deposit.  

The results of this study assist in understanding the formation of manganese 

deposits particularly the low temperature remobi l isation of manganese by 

surface and groundwater processes. What it does not answer is whether or not 

such deposits are economical. Based on Harrison’s (1998) classification system 

some Type 1 deposits are economical, and historical ly the Cape Peninsula had 

economic manganese mines. Table 28 shows the Cape Peninsula  manganese 

deposits (where MnO > 20%) in comparison to other deposits from around the 

globe. From this table it is possible to see that the Cape Peninsula deposit, 

whi le having excel lent manganese grades, has relatively high concentrations of 
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phosphorus and si l ica, which are deleterious elements making the deposits in 

the Cape Peninsula mostly of academic interest.  

 

Table 28: Worldwide manganese deposits compared with the Cape Peninsula 
deposits, adapted from Schaefer et al. (2001).  
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APPENDIX A 

Number of microprobe maps and l ine scans generated for primary samples.  

Sample 

Number 

Number of maps 

constructed (80µm by 

80µm)  

Number of 

l ine scans 

done 

Sample Locality  

A5 5 1 Skeleton Gorge 

B1 2 0 

Rooi Els  

B2 2 3 

B4 7 0 

B5 1 0 

B6 4 0 

B7 6 0 

C1 3 3 

Kasteelpoort  Path 

C2 2 0 

C3 2 0 

C4 1 0 

C5 7 5 

C6 4 3 

D1 2 0 

Contour Path 

D2 2 0 

D3 2 0 

D4 2 0 

E3 2 3 

Hout Bay 

E4 4 2 
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Number of microprobe maps and l ine scans generated for secondary samples.  

Sample 

Number 

Number of maps 

constructed (150µm by 

150µm)  

Number of 

l ine scans  

done 

Sample Locality  

1 2 0 

S
k
e
le

to
n
 G

o
r
g
e
 

3 3 0 

5 2 0 

7 2 0 

8 7 0 

10 8 7 

11 3 0 

14 2 2 

16 5 3 

19 2 0 

20 9 2 

23 5 0 

25 2 0 

27 3 0 

29 2 3 

30 4 0 

31 2 0 

A2 3 0 

A3 3 2 

A5 6 0 
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APPENDIX B 

Petrographic analyses of initial  samples.  
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Quartz Large grains, almost no fracturing present Quartz - 88% 

M ica Appears to be rep lacing quartz M ica - 10% 

Manganese Occurs with in grain boundaries rep lacing m ica Manganese - Trace 

B1 Iron Occurs with in grain boundaries rep lacing m ica Iron - Trace 

Quartz Not very fractured, but quartz grains smaller than usual and isolated from eachother Quartz - 30% 
Iron Dominates the rock, but not the quartz grains, aga inst the norm Iron - 45% 

Manganese On ly occurs as rings around quartz grains, aga inst norm Manganese - 25% 

B2 Green M ineral Detrital in origin Green M ineral - Trace 

Iron Generally trams concentric layered circles, otherwise forms isolated points in manganese Iron - 65% 

B3 
V> 

Manganese Boundary between iron and manganese sharp, with no manganese in the iron, but some iron in the manganese Manganese - 3S% 
iii Quartz Bimodality occurs aga in, one part h igh ly fractured smaller grains, the other not fractured larger grains Quartz - SO% ·c; 

Occurs in the fractures of the quartz or st ains the quartz 0 Iron Iron -Trace 
0:: 

B4 Manganese Covers a lot of the rock, filling in the gaps from the fracturing, ve ined manganese present as well Manganese - SO% 

BS Quartz Chert type subst ance Quartz - 100% 

Quartz Bimodality occurs aga in, one part h igh ly fractured smaller grains, the other not fractured larger grains Quartz - 70% 
Iron Occurs in the fractures of the quartz or st ains the quartz or is massive and causing embayments into quartz Iron -10% 

B6 Manganese Covers a lot of the rock, filling in the gaps from the fracturing, m inor ve ined manganese present as well Manganese - 20% 

Quartz Bimodality occurs, one part h igh ly fractured smaller grains, the other not fractured larger grains with M ica Quartz - 65% 

M ica Covers on ly one section of the rock, same section as the iron, no rep lacement of m ica by the manganese M ica - S% 

Iron On ly occurs in one section of the rock, rep lacing the M ica, th is is the non fractured section of quartz Iron -Trace 
Covers a lot of the rock, filling in the gaps from the fracturing, does not ext end into the M ica section, ve ined manganese 

B7 Manganese present as well Manganese - 30% 
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Quartz Appear to be unalteriron, almost no fracturing present, and very little rep lacement also Quartz - 40% 

Carbonate Appears to be numerous large detrital p ieces of carbonates Carbonate - 5% 
Iron Occurs as st ain ing of the grain boundaries of the quartz Iron - Trace 

C1 Manganese Fills in the contacts between the quartz, not forcing fractures or grains apart Manganese - 55% 

Quartz Bimodality, smaller more fractured grains with manganese isotrop ic m inerals, larger more cohesive grains without Quartz - 75% 
Iron Generally appears to be on ly affecting the cementation material of the quartz, not very dominant Iron -5% 

Dominant in the more fractured side of the th in section, filling in the spaces and gaps of the quartz, m inor ve ined 

C2 Manganese manganese present as well Manganese - 20% 

Quartz Quartz is h igh ly fractured and broken up, has very little cohesion Quartz - SO% 
Iron Occurs in grain boundaries and generally on ly as a fine st ain ing Iron -Trace 

C3 .!: Manganese The fracturing has been exp loited and manganese dominates these areas, m inor ve ined manganese present as well Manganese - SO% 
n; 

Quartz Quartz is h igh ly fractured and broken up, has very little cohesion Quartz - SO% "-
t:: Iron Occurs in grain boundaries and generally on ly as a fine st ain ing Iron -Trace 0 
0 

C4 a_ Manganese The fracturing has been exp loited and manganese dominates these areas, m inor ve ined manganese present as well Manganese - SO% Qj 

"' Iron Concentric layering present aga in, coup led with occa isiona l holes in the centre of the rings Iron -35% 1;; 

"' cs "' Manganese Contact between manganese and iron sharp, no crossing by either Manganese - 65% 

Quartz Quartz is not fractured, has no embayments, there is a large ve in just cutting st raight through the m iddle Quartz - 60% 

M ica Occurs in the cementation material of the quartz M ica - Trace 

Aplite Cryst alline m ineral occuring in the ve in, perfectly euhedral Ap lite - 10% 

Iron Stain ing of the grain boundaries of the quartz Iron -10% 

C6 Manganese Doesn't cross outside the boundaries of the ve in, inside these boundaries it encompasses the Aplite Manganese - 20% 

Quartz Quartz is not fractured, has no embayments, there is a large ve in just cutting st raight through the m iddle Quartz - 60% 

M ica Occurs in the cementation material of the quartz M ica - Trace 

Aplite Cryst alline m ineral occuring in the ve in, perfectly euhedral Ap lite - 10% 

Iron Stain ing of the grain boundaries of the quartz Iron -10% 

C7 Manganese Doesn't cross outside the boundaries of the ve in, inside these boundaries it encompasses the Aplite Manganese - 20% 
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Petrographic analyses of secondary samples.  
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16 Sample Manganese ve ins in Medium to small grained sub rounded quartz, with some clay m inerals and some rounded isotrop ic m inerals. There is one Quartz - 70% 

site 3/ 4 sandst one long fracture running the length of the th in section. Along the margins of th is fracture the quartz is severly fracture paralle l 
Clay m inerals - 10% 

to the fracture. The degree of fracturing decreases as on moves away from the fracture. With in the fracture there· is on ly 

manganese. Manganese - 20% 

19 Sample Granu lar Manganese· Small to very small angu lar quartz fragments held together by a matrix of manganese material. It appears as i f the Quartz - SO% 

SiteS manganese material is rep lacing the quartz, creating embayments in the quartz cryst als. Trace amounts of iron are present Manganese - SO% 

along the cracks and margins of some of the quartz grains. Iron -Trace 

20 Sample Sandst one with Medium to small quartz fragments. There are two sections to th is th in section, the fine grained portion, and the coarser Quartz - SO% 

siteS manganese ve ins grained side. The coarser grained portion has the iron as a matrix, and is quartz clast dominant. The finer grained portion is Manganese - 30% 

matrix dominant and the matrix is manganese. There appears a sharp contact between the two zones. lron - 20% 

23 Sample Granu lar Manganese· Small to very small angu lar quartz fragments held together by a matrix of manganese material. It appears as i f the Quartz - SO% 

siteS manganese material is rep lacing the quartz, creating embayments in the quartz cryst als. Trace amounts of iron are present Manganese - SO% 

along the cracks and margins of some of the quartz grains Iron -Trace 

25 Sample Sandst one Medium sub rounded quartz grains with some clay and m ica present. Trace isotrop ic m inerals present as well. Quartz - 85% 

site 6 M ica- S% 

Weathered material - S% 

Isotrop ic M ineral - trace% 

27 Sample Breccia with Iron and Medium to small grained sub rounded quartz grains. Runn ing through the rock are fractures that have in some inst ances Quartz - 70% 

Site 8 Manganese st ain ing sp lit the quartz grains in two. Occasiona lly there is breccia with in the fractures, however the fractures are main ly filled lron - 25% 

with a iron .and some manganese. Manganese - S% 

29 Sample Breccia with Iron and Medium to small grained sub rounded quartz grains. Runn ing through the rock are fractures that have in some inst ances Quartz - 70% 

Site 8 Manganese st ain ing sp lit the quartz grains in two. Occasiona lly there is breccia with in the fractures, however the fractures are main ly filled lron - 25% 

with a iron and manganese. The· majority of the isotrop ic m inerals are iron. Manganese - S% 

30 Sample Siltst one Very fine grained siltst one, layering evident. Some carbonaceous layers also evident. Clay m inerals abundant, and m ica's Quartz - SO% 

site 3/ 4 a lso present. Clay - 3S% 

M ica- S% 

Carbonaceous material - 10% 

31 Sample Sandst one Small to medium grained sub angu lar quartz cryst als. Some clay m inerals present, almost no isotrop ic m inerals noticed Quartz - 9S% 

site 3/ 4 though. Weathered material - 4% 

Isotrop ic M ineral - 1% 
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APPENDIX C 

Additional XRD analyses.  

Sample A4. 

 

 

Sample E6. 

 




