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1. Introduction 
This report summarises an investigation on the hydrothermal alteration of the 
komatiite units in the Hannan Lake area, east of Mt Hunt as a part of Mehrdad 
Heydari’s PhD project entitled, “Alteration history of the Kambalda Komatiite 
Formation”.  The main objective of the project is to investigate whether komatiite 
units were fluid and metal reservoirs for gold-bearing hydrothermal systems, through 
field, petrographic, geochemical and isotopic studies of alteration mineral 
assemblages in key gold mineralised and unmineralised geologic settings of the 
Kambalda Domain. The project aims to document various komatiite alteration 
assemblages with respect to the mineralisation and structural elements at microscopic, 
macroscopic and domain scale. 
          The field areas include the Hannan Lake south of the Golden Mile gold deposit, 
New Celebration gold deposits, the Otter-Juan and Long-Victor nickel mines at the 
Kambalda Dome. The field areas were selected based on the regional distribution of 
gold and nickel deposits with respect to the ultramafic units. The Hannan Lake area 
was chosen as a result of excellent outcrops, lack of gold and nickel mineralisation 
and variable magnetic anomalies within the ultramafic units.  
 
2. Regional Geology 
The Mt. Hunt and Serpentine Bay areas are located in the Kalgoorlie-Kambalda 
anticlinal zone that forms the central part of the Norseman-Wiluna greenstone belt in 
Western Australia. This complexly folded and fractured zone hosts some of the 
world’s largest gold and nickel fields. The lithostratigraphic sequence is charaterised 
by thick mafic and ultramafic volcanic units, felsic and intermediate intrusions, and 
sedimentary units, which have undergone at least four phases of deformation and 
metamorphism up to amphibolite facies (Swager et al., 1995). The deformation events 
produced a complex folded and trusted architecture with an overall NW-SE trending 
for major structural elements. In terms of regional metallogeny, the Hannan Lake area 
is located between Golden Mile gold deposits in the north, and the New Celebration 
gold deposits to the south (Figure 1).  
 
3. Local Geology 
The Serpentine Bay area (19 km south of Kalgoorlie) is a part of the Mt Hunt north-
plunging anticline and forms the eastern shores of Hannan Lake (Figure 2). The 
anticline has a NW-SE trend and is thought to be the northern continuation of the 
Kambalda Domain. In the Serpentine Bay area, the komatiite units (formerly known 
as Hannan Lake Serpentinite) are the oldest exposed units and are overlain by the 
mafic and sedimentary units of the Kalgoorlie-Kambalda sequence.  The anticline is 
cut by the D1 Mt Hunt thrust fault and the D3 Boulder Lefroy shear zone (Swager et 
al., 1990).  These structures have a N-S to NW-SE trend, respectively. The Mt Hunt 
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thrust fault has juxtaposed komatiite units of the Serpentine Bay area in the eastern 
limb and the younger mafic and sedimentary units of the Mt Hunt in west. At the 
eastern limb of the anticline a series of NE-SW trending faults (with strike extensions 
of <2 km) crosscut the komatiite units. Generally, at the east of the Mt Hunt fault, the 
units dip towards east, whereas on the western limb they dip towards west. The 
younging directions of serpentinite units is difficult to determine, but can be deducted 
from the adjacent eastern mafic units. 
                    
4. Lithostratigraphy 
Based on the field observations, two main lithological units are defined in the Hannan 
Lake area (Figures 2 & 3): serpentinised and talc-carbonated meta-komatiites. 
Although the southern contact of talc-carbonate komatiites with serpentinite is not 
exposed, the northern contact seems to be a lithological contact (Figure 3) with 
gradual transition of serpentinite to talc-carbonated rocks. Lack of the stratigraphic 
indicators in the serpentinites makes it difficult to decide on the exact stratigraphic 
position of talc-carbonate rocks. Better understanding of the stratigraphic relationship 
between these two units depends on original komatiite volcanological structures, 
subsequent deformation events and possible susceptibility of different volcanological 
units to varying alteration conditions.      
   
4.1. Serpentinised komatiite  
This unit is generally known as the Hannan Lake Serpentinite and is the most 
widespread lithology in the area (Figure 1). The unit is charaterised by massive, 
uniform and moderately weathered outcrops of meta-komatiite with few preserved 
igneous fabrics. Handspecimens are magnetic, dark gray in colour, hard, and break 
along chonchoidal fractures. The olivine cumulate texture and stratigraphic thickness 
make the unit comparable to the ‘olivine cumulate’, or ‘B’ zone (cf. Hill et al., 2001) 
within a typical komatiite profile. 
 
4.2. Talc-carbonated komatiite 
The talc-carbonate alteration is generally restricted to the Serpentine Bay (Figure 3). 
The unit is characterised by abundant carbonate porphyroblasts and veins. The veins 
range in thickness from a few millimeters to 20 centimeters. Based of the vein 
network intensity and mineralogy the unit can be subdivided into a talc-magnesite 
subunit with lower vein intensity, and a magnesite-plagioclase-quartz subunit with 
more abundant veins. The first set of veins consists of coarse-grained (up to 2 mm) 
porphyroblastic magnesite and fibrous talc and shows zonation from the centre 
towards the margins (Figures 4e and f). Due to the coarse grained (2-3 cm) 
intergrowths with acicular to blade-like habit (Figures 6e and 6f), the magnesite-
plagioclase-quartz veins may resemble spinifex texture ‘A’ zone of a komatiite 
profile, but they do not have the volcanic flow geometry, i.e., they have irregular 
distribution with variable thickness (Figures 4b, c and d). 
 
5. Mineral assemblages 
Different alteration mineral assemblages in the Hannan Lake area have been 
identified based on the petrographic examination of the serpentinised and talc-
carbonated komatiite samples (Table 1).  
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5.1. Chromite-pyroxene assemblage 
Chromite and clinopyroxene are considered to be the only relict igneous minerals. 
Chromite forms subhedral to euhedral, disseminated grains in both serpentinised and 
talc-carbonated komatiites (Figures 5a-e). Although metamorphism and alteration 
events have a profound effect on the chromite mineral chemistry, they are considered 
to be the only primary igneous minerals. Most of the chromite grains have 
metamorphic magnetite rims. The intensity of chromite metamorphism increases 
along grain fractures. Skeletal clinopyroxene crystals form radiating texture as 
intercumulus material with limited amount of alteration (Figure 5h).  
 
5.2. Lizardite-magnetite assemblage 
Lizardite-magnetite is the main assemblage in the serpentinised unit. The assemblage 
is charaterised by nearly complete replacement of olivine by serpentine minerals 
(lizardite). Magnetite appears to be participated as a result of the destruction of olivine 
structure during serpentinisation. The semi-circular arrangement of magnetite grains 
resembles the original meso- to adcumulate igneous texture. Presence of the hydrous 
and low temperature form of serpentine mineral (i.e., lizardite, based on petrographic 
examination and to be confirmed by other methods) may be an indicator of the low-
temperature (<350 °C) sea-floor alteration (O’Hanley 1996). This interpretation is 
possible to be confirmed by the stable isotope analysis. In Kambalda Dome, hydrogen 
and oxygen isotopes were used to demonstrate the interaction of Archaean seawater 
with komatiites (Jane et al. 2001).  
 
5.3. Talc-carbonate-chlorite assemblage 
In this assemblage magnesite porphyroblasts (up to 3 mm in size) are set in a 
groundmass of fine-grained fibrous talc and chlorite. Carbonate compositions range 
between magnesite and siderite (Figure 9) with trace amounts of calcite. In some 
samples, talc and carbonate veinlets have penetrated the serpentinite assemblage, 
indicating involvement of a later-stage metamorphic and/or alteration fluid. Field 
observations show that intensity of veins decreases towards the serpentinite unit. This 
may reflect the metasomatic character of CO2 rich fluids. The source of carbonation 
here may be a CO2 rich regional metamorphic fluid and or a small-scale structurally- 
controlled hydrothermal alteration. The relatively small scale of the outcrop (~200 m) 
and lack of continuation towards east (i.e. within Mt Hunt units) makes it unlikely to 
consider a compositional change of the regional metamorphic fluid chemistry.  
 
5.4. Carbonate-plagioclase-quartz ± talc assemblage 
This assemblage is characterised by acicular and blade-like textured magnesite and 
plagioclase that is mainly found in veins. Quartz fills the gaps between the blades. 
The assemblage differs from the pervious talc-carbonate assemblage by coarser 
crystals and presence of plagioclase and quartz grains. The vein morphology and 
presence of coarse (2-3 cm), well-developed crystal forms may reflect a degree of 
hydrothermal activity.  
 
6. Mineral chemistry 
In order to investigate the primary igneous character of komatiites and their 
subsequent modifications, some of the main mineral phases have been analysed by 
energy dispersive spectrometry (EDS) analysis at the Centre for Microscopy and 
Microanalysis, The University of Western Australia. The analyses were undertaken at 
5nA and 15kV with 50s count time on a Jeol 6400 SEM with LINK EDS. The 
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analysed minerals include: chromite, magnetite, chlorite and carbonate. Chromite and 
magnetite were analysed in order to provide geochemical signatures of metamorphic 
or alteration events. Due to the association of chlorite with chromite and magnetite in 
talc-carbonated samples, they have been analysed to investigate possible sub-solidus 
exchange of elements. Details of the microprobe analyses of chromite, magnetite, 
chlorite and carbonate are presented in tables 2, 3, 4, and 5, respectively. 
 
6.1. Chromite 
The presence of chromite in both serpentinised and talc-carbonated units allows the 
identification of geochemical changes during komatiite alteration. Since all the 
komatiite units in Hannan Lake area are extensively altered, local comparison 
between altered and fresh chromite is not possible. Based on back-scattered electron 
microscopy, the most profound effect of metamorphism of chromite is the 
development of magnetite rims around preserved chromite cores. This effect is 
documented where a light-colour rim surrounds chromite margins and fills cracks. 
Near the edge of the grains, chromite is characterised by higher amount of Fe. 
Magnetite also forms clusters of smaller grains attached to the chromite (Figure 5d). 
This kind of chromite has been referred to type 2 chromite by Barnes (2000) and 
serves as an indicator of high greenschist to amphibolite metamorphic grades. 
          The minerals that chromite is in equilibrium with, have a great impact on its 
composition. For example, where in equilibrium with carbonate and chlorite, 
chromites are depleted in Fe+3 and Al, respectively (Barnes 2000). Fe2+/(Fe2++Mg) is 
reported to be increased in serpentinisation of spinel in ophiolite sites (Kimball 1990). 
Fe2+ is considered to be responsible for the extent of alteration of spinel during 
serpentinisation (Burkhard 1993). Spinels with higher content of Fe2+ are readily 
subjected to alteration. 
          Chromite composition in serpentinite and talc-carbonated assemblages show 
two different trends. Figures 7a, b and c show variations of Al2O3, Cr/(Cr+Al) and 
Fe3+/(Cr+Al+Fe3+) against the mg-number [Mg/(Mg+Fe2+)]. In spite of the relatively 
constant amount of 3 valence ions, altered chromites have lower mg-number, which 
can be explained by increased amount of Fe2+. This magnetite formation can be 
interpreted as an oxidation event. In a Al/Ti versus V/Ti diagram (Figure 7d), the 
chromites in talc-carbonated assemblage have a higher amount of V/Ti than the 
serpentinites, which may be an indicator for higher oxygen fugacity (Y3 Project 
results). 
          Generally three main mechanisms are involved in composition of chromites: 
sub-liquidus equilibrium during crystallisation, sub-solidus re-equilibration during 
metamorphism and hydrothermal alteration.  
 
6.2. Magnetite 
Two generations of magnetite are present in the samples. Firstly, magnetites which 
are the result of the alteration of olivine and, secondly magnetites, which have formed 
as a result of chromite metamorphism (Table 3). In the Cr2O3 versus Fe/(Fe+Mg) 
magnetite in equilibrium with chlorite shows a limited variation with respect to the 
Fe/(Fe+MgO).  
 
6.3. Chlorite  
Figures 8a and 8b show the variation of FeO and MgO in chlorites of talc-carbonated 
samples. The reverse trend of FeO and MgO in chlorite may be related to the 
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substitution of MgO with FeO whereas reaching equilibrium with surrounding 
minerals and/or alteration.  
 
 
 
 
 
6.4. Carbonate 
The chemical composition of carbonates in one of the talc-carbonated samples is 
presented in Figure 9. Magnesite and siderite are the main forms of carbonate species 
in this sample, whereas calcite constitutes less than 1% the total carbonate. 
 
7. Stable isotope systematic of carbonate minerals 
A total number of 33 carbonate minerals in komatiite samples from the Hannan Lake 
area and Kambalda Dome (unpublished data) were analysed to characterise the carbon 
and oxygen isotope characteristics of alteration fluids (Figure 10). The results show a 
relatively narrow δ13C (PDB) range of carbonates in komatiites (-4 to -6‰) which is 
compatible with either the involvement of mantle-drived and structurally controlled 
carbonation (Groves et al. 1988), and/or reaction of the alteration fluids with 
ultramafic rocks.  
 
8. Preliminary alteration model 
This study has established the following lines of evidence that must be incorporated 
into an alteration model for the Kambalda Komatiite Formation in the Hannan Lake 
area: 

• Widespread distribution of serpentinised komatiites and relatively limited 
occurrence of talc-carbonate alteration in the Hannan Lake area. 

• Association of advanced carbonation and lack of serpentinisation in more 
structurally complex areas. For example, extensive structural deformation and 
faulting in the Otter-Juan nickel mine has removed all original igneous 
textures and or sea-floor serpentinisation. In the Hannan Lake area, talc-
carbonated assemblages are observed preferentially in the vicinity of 
structural elements such as fault zones. 

• In the Hannan Lake area, the distribution of the talc-carbonate alteration can 
not be correlated with the typical komatiite flow architecture. The N-S to 
NW-SE trend of the Mt. Hunt anticlinal zone requires that flow top spinifex 
textured units should be found on the eastern side of the serpentinised 
cumulate unit; however, as shown in Figures 2 and 3, talc-carbonate units are 
located in the centre of the komatiite outcrop unit. 

• Concentration of carbonate alteration and ingress of CO2 rich fluids can alter 
the original cumulate texture of serpentinite to a pattern of carbonate rich 
veins that look like the olivine spinifex texture. 

• In the Hannan Lake area, the general trend of the structurally controlled talc-
carbonate alteration crosscut the Boulder-Lefroy fault zone. Assuming that 
the Boulder-Lefroy fault zone is a D3 structure, there is a possibility that the 
talc-carbonate alteration of the komatiites in the Hannan Lake area was syn- 
or post-D3 event. 

• Serpentinisation is a highly reduced process, whereas talc-carbonate alteration 
is highly oxidized (Barnes 2000). In the Hannan Lake area, a distinct shift in 
oxidation condition, as deducted from the changes in the alteration 
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assemblages, may have important economic effect in term of possible mixing 
between fluids with different oxidation states. 

• As discussed in the mineral chemistry section, some of the variability of the 
chromite in komatiites may be a result of different alteration histories rather 
than be related to the primary igneous composition. It appears that even 
between chromites within a same metamorphic grade, subsequent 
hydrothermal alteration can leave a profound effect. 

 
A preliminary model has been developed to incorporate the above observations 
(Figure 11). The main characteristics of the model include: 

• Alteration fluids may have a magmatic, metamorphic, hydrothermal or 
seawater origin. In the Hannan Lake area, hydrothermal and seafloor 
alteration appears to be the most likely sources. 

• Structural elements, and to a lesser degree, stratigraphy are the main 
factors in distribution of the alteration facies. Seafloor alteration is 
believed to be developed at the higher stratigraphic levels, whereas talc-
carbonate alteration mainly follows structural discontinuities, such as fault 
zones. 

• There is an exchange of elements between alteration fluids and ultramafic 
units and also within the units. Water and CO2 are added to the wall rock, 
whereas Mg may be absorbed from the wall rock by the fluid in the lower 
stratigraphic levels. Chromium oxide, MgO and FeO appear to be 
redistributed within the units. 

 
9. Preliminary Conclusions 
Investigating spatial and timing relationships between different alteration assemblages 
in komatiite units of Hannan Lake area provides important clues for the alteration 
history of the area. The key conclusions are: 

• Alteration mineral assemblages in serpentinised komatiites suggest a possible 
seafloor alteration. The presence of low-temperature serpentinite (i.e., 
lizardite) is in contrast with the medium- to high-grade metamorphic 
assemblages observed in the southern part of Kambalda Domain.   

• Partial replacement of serpentinite assemblages with talc-carbonate minerals is 
an indication of the existence of two alteration events; an early, more uniform 
serpentinisation, and a later structurally controlled carbonation under 
oxidizing conditions. 

• Distribution of talc-carbonate alteration in Serpentine Bay corresponds with 
low-level anomalies in aeromagnetic maps of the area and also with the 
continuation of structural discontinuities (Adelaide Fault?). 

• The two different komatiite alterations have had a relatively distinctive 
signature on chemistry of the minerals (in particular chromite).  

• Given the areal extent and textural point of view, talc-carbonate alteration in 
the Hannan Lake area is difficult to be explained by a pervasive regional 
metamorphism.  
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Figure 2: Geological map of the Hannan Lake area
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 Figure 4: Komatiite alteration facies of the Serpentine Bay area: a) Fibrous talc 
veinlets within the talc-carbonate-chlorite assemblage; b-d) Coarse grained 
texture, variable thickness and irregular distribution of veins of magnesite-
plagioclase-quartz±talc assemblage; e-f) Concentration of magnesite 
porphyroblasts and zonation of alteration veins in talc-carbonate-chlorite 
assemblage.        
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Figure 5: Back-scattered electron photomicrographs of chromite and magnetite 
grains illustrating the replacement of chromite by magnetite during 
metamorphism in the Hannan Lake area. a-b) Subhedral to euhedral chromite 
grains from a talc-carbonate alteration assemblage; c–e) Euhedral chromite 
grains with distinctive magnetite replacement (lighter colour) from serpentinised 
assemblage. Magnetite replacement is more intensive along grain margins and 
along the cracks; f) Magnetite grain from a magnetite-calcite-chlorite 
assemblage; g) Magnetite grains characterising alteration of a cumulus texture; 
h) Skeletal pyroxene as intercumulus material in serpentinite. 
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Figure 6: Various mineral alteration assemblages in komatiite units near the 
Hannan Lake area. a-b); Lizardite-magnetite±pyroxene with remnants of  
original cumulate texture X5, XPL and PPL, respectively. Rounded olivine 
grains are completely replaced by lizardite; c-d) Talc-carbonate-chlorite 
±magnetite assemblage, X5, XPL and PPL respectively; e-f) Carbonate-
plagioclase-quartz assemblage, X5, XPL and PPL, respectively. Elongate crystals 
of magnesite and plagioclase show an intergrown texture.  
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Figure 7: Chemical variations of chromites in serpentinised (diamonds) and talc- 
Carbonated (squares) komatiites from the Hannan Lake area 
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   Figure 9: EDS microprobe analysis of carbonate in talc-carbonate alteration  
   assemblage 
            

0

2

4

6

8

10

12

14

-24 -22 -20 -18 -16 -14 -12 -10 -8 -6 -4

δ 13C (PDB)

δ 
18

O
 (S

M
O

W
)

c 

Figure 10: Oxygen and carbon isotope composition of carbo
komatiites from the Hannan Lake area and Kambalda Dome (u
with respect to: a) regional structurally controlled carbonatio
1988); b) sea-floor alteration (Groves et al. 1988), and c) gold 
in the St Ives gold camp (results of the Y3 project). 

 16
a

-2 0 2

b 

nate minerals in 
npublished data) 
n (Groves et al. 

related alteration 



LEGEND

Lunnon Basalt

Kambalda Komatiite Formation

Devon Consols Basalt

Fault and shear zone

* * *
Sea floor alteration

Regional metamorphism

Hydrothermal alteration

* * * * * 
  * * * * * *    *

* * * * *
* * * ** *

* * *

/  /  /  / /  /  /  /  /  /  /  /  /

/  /  /  /  /   /   /   /   /   /   /   / 

/   /   /  /   /   /   /    /  /    /

   /   /   /   /   /   /  /

/   /   /

  /   /   /

/   /   /   /

/  /

/   /   /   /   /   /    /   /

/   /    /    /    /     /   /   /

/    /    /    /    /    /

/   /    /     /    /

/

/

/

/  /

* *
* * *

/  /  /
/  /  /

$   $

$

$

/   /    /     /      / /   /   /

/   /   /

/   /

/  /

/   /   /

/  /

/  /   /

/
 /

/
/
 /
  /
   /

2

3
$

4

1 : Hannan Lake area
2 : Otter-Juan
3 : Long-Victor
4 : New Celebration ??

Figure 11:  A  preliminary model for the distribution of komatiite
                alteration pattern in the Kalgoorlie-Kambalda  area

++++
++++
++++

++++++

+++

+++

1

$  Gold mineralisation

Mg

Not to scale

CO2CO2
/   /   /   /   /   /

/  /   /   /

17



                                  Table1 : Mineral assemblages in the komatiite units near the Hannan Lake area

Possible origin Assemblage mineralogy Assemblage texture

Primary 
(igneous) Chromite-pyroxene

Radiating skeletal pyroxene and 
subhedral dissaminated chromite 

grains

Sea-floor 
alteartion Lizardite-magnetite Replacement of olivine cumulate

texture with lizardite 

Metamorphic or
hydrothermal Talc-carbonate-chlorite Porphyroblastic with talc and chlorite

as groundmass

Hydrothermal Magnesite-plagioclase-quartz±talc Intergrown magnesite and
plagioclase with bladelike form



        Table 2: Electron microprobe analysis for the chromites from serpentinised (SERP) and talc-carbonated (TC) komatiites 
Alteration SERP  SERP  SERP SERP  SERP  SERP  SERP  SERP  SERP SERP  SERP  SERP
Sample sb10 sb10 sb10 sb10 sb10 sb10 sb10 sb10 sb10 sb10 sb10 sb10

TiO2 0.21 0.15 0.34 0.24 0.23 0.14 0.26 0.11 0.21 0.34 0.23 0.26
Al2O3 9.31 10.28 9.74 10.97 10.07 10.02 10.30 9.80 11.39 11.51 11.23 10.17
Cr2O3 50.17 59.41 46.53 46.72 59.11 59.71 56.80 59.30 57.04 58.13 57.22 57.87
Fe2O3 11.37 2.99 10.69 8.72 3.60 3.70 4.62 3.40 3.92 3.43 3.46 3.75
V2O3 BDL 0.18 0.22 0.14 BDL 0.20 0.29 BDL 0.20 BDL 0.36 BDL
FeO 18.33 13.17 25.76 26.77 14.14 12.47 15.38 12.95 13.26 12.21 12.78 14.59
MnO 0.72 BDL 1.52 1.49 BDL 0.44 0.38 BDL BDL BDL BDL BDL
MgO 9.08 13.39 3.07 2.88 12.87 13.53 11.80 13.31 13.45 14.33 13.50 12.24
ZnO 0.60 BDL 1.83 0.94 BDL BDL BDL BDL BDL BDL BDL BDL
NiO BDL BDL BDL BDL BDL 0.28 BDL BDL BDL BDL 0.28 0.29
CoO BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL
Total 99.79 99.57 99.70 98.86 100.02 100.49 99.83 98.87 99.46 99.95 99.06 99.17

Fe3/Fe3+Cr+Al 0.15 0.04 0.14 0.12 0.04 0.05 0.06 0.04 0.05 0.04 0.04 0.05
Cr/Cr+Al 0.78 0.80 0.76 0.74 0.80 0.80 0.79 0.80 0.77 0.77 0.77 0.79

Ti/Ti+Al+Cr 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Table 2: continued 
 SERP  SERP  SERP SERP  SERP  SERP  SERP  SERP SERP SERP  SERP  SERP  SERP
sb10 sb10 sb10 sb10 sb10 sb10 sb9 sb9 sb9 sb9 sb9 sb9 sb9
0.26 0.41 BDL BDL BDL 0.35 BDL 0.24 0.21 0.28 0.38 0.26 0.24
9.81 10.66 10.02 10.15 10.25 10.37 10.71 10.75 11.09 11.26 11.05 10.88 10.73
59.18 56.87 58.56 60.11 58.68 59.92 56.50 57.80 57.97 58.05 54.72 57.23 52.14
3.81 3.50 4.35 3.84 2.32 2.19 3.19 3.61 3.27 3.14 4.63 3.73 5.16
0.17 BDL BDL BDL 0.48 BDL 0.28 0.24 0.16 0.15 BDL BDL 0.21
12.96 15.24 13.68 12.74 14.19 15.28 17.99 14.69 13.46 15.06 18.05 15.76 25.49
0.37 BDL BDL BDL BDL BDL BDL 0.35 BDL 0.33 BDL BDL 0.98
13.20 12.05 12.92 13.78 12.37 12.33 10.01 12.36 13.29 12.33 10.12 11.67 4.57
BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 0.49
0.30 BDL BDL BDL BDL BDL BDL BDL BDL BDL 0.35 0.32 BDL
BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL

100.06 98.73 99.53 100.62 98.29 100.44 98.68 100.04 99.46 100.59 99.29 99.85 100.01
0.05 0.04 0.05 0.05 0.03 0.03 0.04 0.04 0.04 0.04 0.06 0.05 0.07
0.80 0.78 0.80 0.80 0.79 0.80 0.78 0.78 0.78 0.78 0.77 0.78 0.77
0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00
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Table 2: continued
 TC  TC  TC  TC  TC  TC  TC  TC  TC  TC  TC
sb13 sb13 sb13 sb13 sb13 sb13 sb13 sb13 sb13 sb13 sb13

0.16 0.13 0.33 0.22 0.34 0.37 0.36 0.34 0.37 0.29 0.17
11.18 10.88 10.80 10.99 10.76 10.33 10.68 10.60 11.33 11.81 11.12
58.25 58.57 58.99 58.80 58.49 55.35 52.77 52.15 53.60 56.14 53.21

2.99 3.05 3.01 2.75 2.96 3.09 3.28 3.46 2.92 4.01 4.16
0.27 0.35 BDL 0.21 0.21 BDL BDL BDL 0.28 0.34 0.46
13.4 12.52 12.44 12.49 13.73 22.95 26.48 27.02 24.01 14.38 23.07

BDL BDL BDL BDL BDL 0.42 0.36 0.41 BDL BDL 0.44
13.35 13.81 14.03 13.91 13.05 6.55 2.76 2.45 5.51 12.89 5.77
BDL BDL BDL BDL BDL 0.51 3.21 2.82 1.82 0.00 1.80
BDL BDL BDL BDL 0.30 BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL
99.59 99.31 99.60 99.37 99.84 99.57 99.90 99.25 99.83 99.86 100.20

0.04 0.04 0.04 0.03 0.04 0.04 0.04 0.05 0.04 0.05 0.05
0.78 0.78 0.79 0.78 0.79 0.78 0.77 0.77 0.76 0.76 0.76
0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.00 0.00
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Table 3: Analysis for magnetite from talc-carbonated units
Section sb12 sb12 sb12 sb12 sb12 sb12 sb12 sb12 sb12 sb12 sb12

TiO2 BDL BDL BDL BDL 0.13 BDL BDL BDL BDL BDL BDL
Al2O3 0.13 BDL BDL BDL 0.22 BDL BDL 0.19 BDL 0.10 BDL
Cr2O3 BDL 0.17 0.17 0.21 BDL 0.19 0.21 0.12 0.23 0.26 0.16
Fe2O3 64.74 69.87 69.07 69.63 69.65 70.09 70.47 69.91 69.64 70.04 69.02
V2O3 BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL
FeO 25.44 30.92 30.64 31.14 30.51 31.29 31.81 31.25 31.21 31.71 31.13
MnO BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL
MgO 2.12 0.14 0.29 0.16 0.68 BDL BDL 0.22 0.13 BDL BDL
ZnO BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL
NiO BDL 0.36 BDL BDL BDL 0.35 BDL BDL BDL BDL BDL
CoO BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL

Fe/Fe+Mg 0.87 0.99 0.98 0.99 0.96 1.00 1.00 0.99 0.99 1.00 1.00
Cr/Cr+Al 0.00 1.00 1.00 1.00 0.00 1.00 1.00 0.30 1.00 0.64 1.00

Fe3/Fe3+Cr+Al 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.99 1.00 0.99 1.00
Total 92.43 101.47 100.18 101.14 101.19 101.92 102.49 101.69 101.21 102.11 100.31
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Table 4: Analysis for chlorite from talc-carbonated units
sb13 sb13 sb13 sb13 sb13 sb13 sb13 sb13 sb13

SiO2 27.96 28.26 28.47 27.91 28.05 28.64 28.46 28.22 28.1
TiO2 0.11 0.11 0.10 BDL BDL 0.18 BDL BDL 0.10

Al2O3 17.95 18.09 17.72 17.66 17.74 17.5 17.27 17.29 17.26
Cr2O3 0.88 0.77 1.03 0.85 0.68 0.81 0.90 1.36 1.71
Fe2O3 BDL BDL BDL BDL BDL BDL BDL BDL BDL
FeO 16.16 16.11 15.98 16.5 17.45 15.62 15.86 16.07 16.22
MnO BDL BDL BDL BDL BDL BDL BDL BDL BDL
MgO 21.3 21.55 21.79 21.6 21.06 22.25 21.7 21.71 21.29
CaO BDL BDL BDL BDL BDL BDL 0.09 BDL BDL
Na2O BDL BDL BDL BDL BDL BDL BDL BDL BDL
K2O BDL BDL BDL BDL BDL BDL BDL BDL BDL

F BDL BDL BDL BDL BDL BDL BDL BDL BDL
Cl BDL BDL BDL BDL BDL BDL BDL BDL BDL

Total 84.36 84.89 85.09 84.52 84.98 85.00 84.28 84.65 84.68

   Table 5: Analysis for carbonates from talc-carbonated unit
1091 1093 1094 1097

FeCO3 36.12 36.37 36.42 35.71
MnCO3 0.65 0.71 0.45 0.71
MgCO3 62.61 63.57 62.25 63.48
CaCO3 0.25 0.20 0.45 0.34
CoCO3 BDL BDL BDL BDL
NiCO3 BDL BDL BDL BDL
ZnCO3 BDL BDL BDL BDL
SiO2 BDL BDL BDL BDL

Al2O3 BDL BDL BDL BDL
Total 99.62 100.85 99.57 100.25
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