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CHAPTER 2: SAMPLES AND METHODS 

 

 

 

2.1 MATERIALS AND REGIONAL GEOLOGICAL SETTINGS 

2.1.1 MATERIALS 

In this dissertation, we have been evaluating samples collected in co-operation with 

the Institute of Geological & 

Nuclear Sciences New Zealand 

(GNS). The New Zealand coals 

collected from freshly exposed 

coal facies and mines as well as 

drillcores on both the North 

and South islands were 

available for this study 

(FIGURE 2-1). The sample series 

consists of two sets of material 

that covers a maturity range 

from rank 0 to rank 12 

(SUGGATE, 2000) or vitrinite 

reflectance values from 0.25% 

to 0.80%. They cover a near-

continuous range of peat, 

lignite and sub-bituminous 

ranks, thus from early 

diagenetic to catagenesis 

coalification levels. The first 

series consists of 23 samples 

(TABLE 2-1) have been stored for 
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Figure 2-1: The locations of investigated basins. The 
red points mark the coalfields where samples 
were selected 
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several years at room temperature in New Zealand and was made available to GFZ Potsdam 

in 2002. The second set (TABLE 2-2), 15 samples in all, was gathered from freshly exposed coal 

facies and mines during the field trip in 2004. These samples have been being stored under 

liquid nitrogen to exclude the possibility of oxidation during storage. 

These coals are originated from six different basins: Northland, Waikato, Taranaki, 

West Coast, Eastern Southland and Central Otago basins (FIGURE 2-1), they range in age from 

Cretaceous to Tertiary. Their positions in the New Zealand Coal Band are shown in FIGURE 2-2 

(SUGGATE, 2000; MATURITY DATA PROVIDED BY SYKES, GNS- NEW ZEALAND). There are five samples 

originated from Northland basin, they are in peat to lignite rank stage. Coals from Eastern 

Southland, including eight samples, are mostly in lignite rank range, two of those samples are 

more mature which are in subbitumious to bituminous rank ranges. All of eleven samples 

originated from Waikato Basin are in bituminous rank range. Samples from West Coast (ten 

samples) and Taranaki (two samples) basins are high volatile bituminous. Two samples from 

Central Otago basin are immature, and in the lignite rank range. 

According to the position of these samples on that diagram in FIGURE 2-2, the first series 

presents a very homogenous maturation sequence, presenting the result of processes taking 

place during the diagenesis and catagenetic rather than the facies variations. It, therefore, 

provides a very good material not only to study the structural evolution of low mature coals 

and its corresponding products during coalification, but also to be able to calculate the 

generation of low molecular weight compounds, potentially representing feedstock for deep 

biosphere ecosystems. 

The coalfields, formations, geological ages, maturity parameters (both Suggate rank 

(Rank(Sr)) and vitrinite reflectance (R0%)), coal analysis including moisture contents, volatile 

matters, elemental ultimates (%; dry basic and/or dry ash free; dmmsf), calorific values 

(MJ/kg), elemental compositions (O/C; H/C- mineral matter free) of both series have been 

provided by RICHARD SYKES (GNS- New Zealand). 
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Figure 2-2: The investigated coals are plotted on axis of volatile matter and calorific value, and shown in relation to the 
New Zealand coal band and Rank (Sr) scale of Suggate (2000). First series is presented as filled symbols, except 
samples from the Northland Basin. 
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Samples Basins Symbol Coalfield Formation Age Rank(Sr)* R0 (%)* 

G001985 Sweetwater  Pleistocene 0 0.25 

G001988 Sweetwater  Pleistocene 0 0.27 

G001979 Sweetwater  Pleistocene 0.1 0.25 

G001987 Sweetwater  Pleistocene 0.4 0.26 

G001986 
N

or
th

la
nd

 

 
 

Sweetwater   Pleistocene 0.6 0.27 

G001976 Kapuka Gore Lignite Measures Oligocene-Miocene 1.6 0.29 

G001978 Waimumu Gore Lignite Measures Oligocene-Miocene 3 0.28 

G001975 

Eastern 
Southland 

 
 

Mataura Gore Lignite Measures Oligocene-Miocene 3.4 0.29 

G001983 Maramarua Waikato Coal Measures Eocene-Oligocene 4.7 0.41 

G001977 Maramarua Waikato Coal Measures Eocene-Oligocene 5.4 0.39 

G001982 Rotowaro Waikato Coal Measures Eocene-Oligocene 5.6 0.4 

G001984 Huntly Waikato Coal Measures Eocene-Oligocene 6.1 0.45 

G001981 Rotowaro Waikato Coal Measures Eocene-Oligocene 6.6 0.45 

G001992 Rotowaro Waikato Coal Measures Eocene-Oligocene 6.9 0.49 

G001980 

W
ai

ka
to

 

 
 

Rotowaro Waikato Coal Measures Eocene-Oligocene 7 0.44 

G001995 Reefton Brunner Coal Measures Eocene 7.4 0.52 

G001997 Reefton Brunner Coal Measures Eocene 7.8 0.52 

G001996 Reefton Brunner Coal Measures Eocene 8.3 0.52 

G001993 Garvey Creek Brunner Coal Measures Eocene 10.1 0.76 

G001990 Greymouth Paparoa Coal Measures Late Cretaceous 10.8 0.71 

G001989 

W
es

t C
oa

st
 

 
 

Buller Brunner Coal Measures Eocene 11.6 0.69 

G001994  Rakopi Late Cretaceous 9.5 0.61 

G001991 
Taranaki 

 
 

  Mangahewa Eocene 11.8 0.8 

Table 2-1: The coalfields, formations, geological ages and maturity of the first series New Zealand coals 
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Samples 

Basins Coalfield Formation Age Rank(Sr) * R0 (%)* 

G002570 Maramarua Waikato Coal Measures Late Eocene-Middle Oligocene 5.3 0.33 

G002573 Maramarua Waikato Coal Measures Late Eocene-Middle Oligocene 5.7 0.35 
G002580 Huntly Waikato Coal Measures Late Eocene-Middle Oligocene 5.6 0.42 
G002582 

Waikato 

Huntly Waikato Coal Measures Late Eocene-Middle Oligocene 6.4 0.46 
G002585 Garvey Creek Brunner Coal Measures Late Eocene 10.6 0.81 
G002587 Garvey Creek Brunner Coal Measures Late Eocene 10.5 0.68 
G002590 Reefton Brunner Coal Measures Late Eocene 7.4 0.50 
G002592 

West Coast 

Greymouth Paparoa Coal Measures Late Cretaceous 10.3 0.61 
G002595 Roxburgh Manuherikia Group Tertiary 2.2 0.23 
G002596 

Central Otago 
Roxburgh Manuherikia Group Tertiary 2.5 0.23 

G002600 Waimumu Gore Lignite Measures Oligocene-Miocene 2.3 0.30 
G002604 Ohai Morley Coal Measures Late Cretaceous 8.0 0.45 
G002606 Ohai Morley Coal Measures Late Cretaceous 7.5 0.43 
G002610 Kapuka Gore Lignite Measures Oligocene-Miocene 1.6 0.24 
G002611 

Eastern Southland 

Kapuka Gore Lignite Measures Oligocene-Miocene 1.7 0.25 
 
 

Note: (*) Data provided by Sykes (GNS- New Zealand)  

Table 2-2: The coalfields, formations, geological ages and maturity of the second series New Zealand coals 
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2.1.2  GEOLOGY OF SOME INVESTIGATED BASINS 

Northland Basin 

According to ISAAC AND OTHERS (1994), the major tectonic events in the basin 

development of Northland Basin are considered in three stages. They are (1) rifting and 

subsidence at a passive margin (mid Cretaceous to Oligocene), (2) convergence, obduction 

and subduction at an oblique margin (latest Oligocene to early Miocene), and (3) tectonic 

quiescence in a back arc, intra-plate setting (middle Miocene to Holocene). As the result of 

these tectonic activities, the geological setting of Northland Basin (FIGURE 2-3) includes 

basement consisting of Waipapa Group sediments, predominantly metamorphosed sandstone 

and mudstone with minor of chert and spilitic vocanics. The oldest unmetamorphosed 

sediments present in the offshore part of the Northland Basin probably belong to the Triassic 

to Early Cretaceous Murihiku Terrane. Above Murihiku Terrance is a unit that may comprise 

mid- to Late Creataceous coal measures, equivalent to the Taniwha Formation and Rakopi 

Formation (Pakawau Group) filling grabens in Taranaki Basin. Early Tertiary autochthonous 

sediments, in part with coal measures at the base and overlain by marine Ruatangata 

Sandstone and Whangarei Limestone were deposited on an eroded basement surface. They are 

preserved mainly on the western margin of the basement block. In onshore Northland, in situ 

paralic and shelf facies (Te Kuiti Group) of Eocene to Oligocene age overlies basement. Te 

Kuiti Group comprises of Kamo Coal Measures, glauconites sandstone and bioclastic 

limestone. Offshore, limestone is regional significance, and there are direct ties to Oligocene 

Tikorangi Limestone in Taranaki Basin. The thick sedimentary and volcanic sequence of the 

Northland Allochthon has been emplaced over this sequence. The allochthon is overlain by 

marine sediments of the Miocene Waitemata Group and by Pliocene to Recent volcanics 

(BARRY ET AL., 1994; KING ET AL., 1999). The potential source rocks in Northland Basin can be the 

coal measures in late Cretaceous as well as the overlying Cretaceous and Paleogene marine 

mudstones of the Kapuni/Moa Group. Five samples of interest are peat collected from 

drillcore in Sweetwater coalfield covering age of Pleistocene. 
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Taranaki Basin 

According to PILAAR AND WAKEFIELD, 1984; PALMER AND ANDREWS, 1993; KILLOPS ET AL., 1994; 

MUIR ET AL., 2000, the geology of Taranaki Basin is complex. Its tectonic history can be divided 

into two main phases: (1) a Cretaceous to Oligocene passive margin phase and (2) a Late 

Oligocene to present day convergent margin phase. Rifting and extention in the passive 

margin phase created a series of the echelon half-grabens. The extension led to the 

development of north-northeast trending sub-basins (up to 100 km long by 30 km wide), in 

Figure 2-3: Chronostratigraphic diagram of Northland Basin (after King et al., 1999) 
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which up to ~ 3000m of Late Cretaceous sediments accumulated. There are the terrestrial 

sediments of the Pakawau Group including the coals of the Rakopi Formation. Toward the 

end of the Cretaceous, a rapid, southeast trending marine transgression resulted in deposition 

of the mudstones and sandstones of the North Cape Formation (SEE FIGURE 2-4).  

By the end of the Paleocene, gradually declining regional subsidence controlled the 

basin growth, it continued through to the Oligocene, by which time most of the Taranaki 

Basin was beneath the sea. During the Paleocene and Eocen, the fluvial sandstones deposited 

over broad region in the southern and central part of Taranaki basin. They built up the 

Farewell, Kaimiro and Mangahewa formations (Kapuni/Moa Group). Meanwhile, in the 

northern part, the Paleocene and Eocene sedimentation is marked by the deposition of fine-

grained and organically lean shelf sediments of the Turi Formation (Kapuni/Moa Group). 

The convergent margin phase began in the Oligocene with the propagation of the 

modern segment of the Australia-Pacific Plate boundary through New Zealand. In the 

Taranaki Basin, the onset of subduction was characterised by Late Oligocene basin-wide 

subsidence and Early Miocene over-thrusting of the Taranaki Fault. By the Oligocene, in 

proximal eastern and southern central areas, calcareous siltstones and mudstones of the 

Otaraoa Formation (Ngatoro Group) were deposited, while in the west of the basin, bioclastic 

limestones, calcareous mudstones and micriticoozes of the laterally equivalent distal 

Tikorangi Formation (Ngatoro Group) continued to accumulate. In the early Miocene, uplift 

of the hinterland and overthrusting along the eastern margin led to increased sediment supply 

and a regressive sedimentation pattern. The Manganui formation represents mudstones 

deposited off the shelf edge, whereas the Moki formation comprises slope-fan sandstones. 

The Mohakatino formation in the northern part of the basin consists mainly of stratified 

volcaniclastic deposits of the middle to late Miocene, derived from andesitic volcanoes 

associated with subduction of the Pacific plate. Along the northeast margin of the basin, 

turbiditic sandstones of the Mount Messenger Formation were deposited, overlain by finer 

slope sediments of the Urenui Formation. At this time, compression in the south of the basin 

initiated the inversion of existing structures. Renewed uplift of the eastern hinterland 

increased the sediment supply during Pliocene-Pleistocene, with the accumulation of shelf 

conglomerates, sandstone and mudstone of the Matemateaonga Formation in the east and the 

Giant Foresets Formation farther west, the latter representing most of the sediment on the 

Western Stable platform.  
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Two investigated samples belong to the coals from the Mangahewa formation 

(Eocene) and the Rakopi (Late Cretaceous; see FIGURE 2-4) that considered as the main source 

rocks in the Taranaki Basin. The shales of the Pakawau Group (Rakopi Formation) and the 

Kapuni Group are also the main source rocks in this area. The coaly-shales of the mid-

Cretaceous Taniwha Formation, which occur in the northern-most part of the Basin, may have 

some oil potential. 

Figure 2-4: Chronostratigraphic diagram of Taranaki Basin (Crown Minerals, 2000) 
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Waikato Basin 

As has been reported by EDBROOKE ET AL. (1994), rocks of Waikato region have been 

subject to two major deformation phases, which result in three sedimentary rock groups and 

cause them to have very different structural features. The first phase, associated with the early 

Cretaceous Rangitata Orogeny produced strong deformation of Mesozoic strata and uplift of 

the New Zealand continental block, forming the basement for the Cenezoic sedimentary 

sequence. It is followed by the extensional faulting associated with late Cretaceous and early 

Paleogene rifting. The second phase, Neogene phase of deformation (Kaikoura Orogeny) 

produced block faulting and tilting, which affected basement and Paleogene to early Neogene 

cover (Te Kuiti, Waitemata, Mahoenui, and Mohakatino groups). Late Neogene, Tauranga 

Group sediments are near-horizontal, having experienced only very gentle warping and tilting 

during the late phase of Kaikoura activity, after its major effects in Waikato region had 

passed. 

  The sedimentary rock region is divided into four broad lithostratigraphic groups: 

Mesozoic basement; late Paleogene Te Kuiti Group; early Neogene Waitemata, Mahoenui 

and Mohakatino groups and late Neogene Tauranga groups.  

(1) Mesozoic basement rocks: the basement rocks of lower Cretaceous and older ages 

belong to two distinct terranes: Murihiku Terrane (in the west) and Waipapa Terrane 

(in the east). The Murihiku sediments (Triassic and Jurassic age) include 

conglomerate, lithic sandstone, tuff and siltstone which are often richly fossiiliferous 

and of predominantly volcanogenic origin. Waipapa Terrane (Jurassic age) composed 

of mainly volcanic derived, terrigenous clastics.  

(2) Late Paleogene Te Kuiti Group: Te Kuiti Group sediments represent a predominantly 

transgressive sequence, which was deposited throughout the South Auckland area 

between late Eocene (Kaiatan) and earliest Miocene (Waitakian). Carbonate content 

increases upward, with limestone formations common near the top in the southern 

subregion. The Waikato Coal Measures were deposited on an erosion surface of low 

relief cut into indurated Mesozoic sediments of the Newcastle Group (Murihiku 

Terrane), Manaia Hill and Waiheke Groups. The coal measures accumulated in a 

broad, generally north-trending valley flanked by low basement hills. They are of 

middle to late Eocene age in the Rotowaro and Huntly coalfields, and become 
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younger to the north and south, with the Mangapehi Coalfield being late Oligocene 

(BARRY ET AL., 1994). Te Kuiti Group sedimentation ended in the earliest Miocene when 

the tectonic regime changed and increased activity led to uplift, slight westward 

tilting and erosion over much of the region prior to renewed , rapid subsidence and 

deposition of Waitemata and Mahoenui groups above an unconformity. All of eleven 

samples of current study belong to the Te Kuiti Group. They are from the 

Maramarua, Rotawaro, Huntly coalfields in the Waikato Coal Measures formation.  

(3)  Miocene stratigraphy: It includes the Waitemata Group (in North Waikato Coal 

Subregion) and Mahoenui Group (in south). The Waitemata Group is subdivided into 

Kawau and the overlying Meremere subgroups: Kawau subgroup is a heterogeneous 

assemblage of basal Waitemata Group sediments including Pakakura Limestone and 

Tipakuri Sandstone. Meremere subgroups is a massive, calcareous, alauconitic fine to 

medium sandstone. The Mahoenui Group is dominated by massive calcareous 

mudstone which lacks the volcanic content of Waitemata Group sediments to the 

north. In the south of Waikato region, the Mohakatino Group is restricted to this area 

and unconformably overlies Mahoenui Groups. 

(4) Tauranga Group includes all post-Miocene, mainly pumiceous, terrestrial, estuarine 

and marine sediments deposited in the Bay of Plenty, Hauraki Lowland, Hamilton 

Lowland, Lower Waikato and Manukau Harbour areas. This Group consists of a 

variety of mainly terrestrial sediments dominated by pumiceous and rhyolitic sands, 

clays and gravels with interbedded peat. Tauranga group is very widespread within 

Waikato Coal Region. It unconformably overlies Te Kuiti, Waitemata, Mahoenui and 

Mohakatino groups and extends marginally on to Mesozoic basement.  

Eastern Southland Basin 

As described in ISAAC AND LINDQVIST, 1994, at the southwest margin of the Hokonui Hills 

near Hedgehope the oldest Tertiary beds are Late Eocene- Early Oligocene Mako Coal 

Measures, overlain by a sequence of mainly marine comprising the Early Oligocene-Early 

Miocene Winton Hill Formation, Chatton Formation and Forest Hill Formation limestone 

(FIGURE 2-5). The Winton Hill formation comprises of around 300 m of calcareous mudstone, 

overlain by ~ 200 m of sandstone dominated beds. The Forest Hill Formation moderately to 

highly indurated, bryozoan/ brachiopod calcirudites predominates, with terrigenous detritus 
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becoming more common towards the top. The eastern limits of the basal coal measures, the 

Winton Hill Formation, and Forest Hill Formation are uncertain.  

Over most of Northern and Eastern Southland, the Permian-Jurassic basement is 

unconformably overlain by the nonmarine Late Oligocene (?)- Middle Miocene Gore Lignite 

Measures. In Eastern Southland, the Gore Lignite Measures typically comprise a lower sand-

dominated unit with only minor lignite, a lignite-bearing interval commonly including 

multiple, laterally persistent seams, and an upper unit of conglomerate, sandstone, and 

mudstone, with little or non lignite. At Mataura, the lower unit is absent, and the lignite-

bearing interval is a typically thick. The Chatton Formation sandstone, shelly sandstone and 

sandy limestone are widespread though discontinuous throughout Eastern Southland, but the 

estuarine to nonmarine Pomahaka Formation is known only from the Northeast, near 

Pomahaka and Waikoikoi. 

Eight investigated samples originated from the Morley Coal Measures (Late 

Cretaceous) and the Gore Lignite Measure (Oligocene-Miocene, see FIGURE 2-5) formations. 

They are from Waimumu, Kapuka and Ohai coalfields.  

 

 

 

Figure 2-5: Chematic cross section drawn WSW-ENE through Eastern Southland, 
illustrating the relationship between the marine and nonmarine facies (Isaac and 
Lindqvist, 1990) 
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West Coast Basin 

Prior to the Cretaceous, the area now occupied by the West Coast region was part of 

the western margin of Gondwana. With the break-up of Gondwana at the end of the Early 

Cretaceous, localised northwest trending rift basins formed and filled with terrestrial clastic 

sediments. A hiatus in sedimentation during the early Late Cretaceous was followed by 

renewed subsidence in separate north trending fault-bounded basins. Subsidence continued in 

South Westland and the Paparoa area through the Paleogene. A new plate boundary started to 

form in the Middle Eocene, the South Westland area rifted away from the Cambell Plateau. 

As the result of contineous subsidence during this period, the initially depositions of terrestrial 

sand and coal were gradually replaced by the accumulations of marine sandstone, mudstone 

and limestone. By the end of Eocene, the entire Western Platform submerged and through the 

Oligocene, most of the remaining land area was progressively inundated. 

In the Late Oligocene and Early Miocene, the Australia-Pacific plate boundary 

propagated as the Alpine Fault through the proto-New Zealand landmass immediately east of 

the West Coast Basins. Dextral motion on the Alpine Fault moved the West Coast region 

northward relative to eastern New Zealand. Most movement on the Alpine Fault was initially 

strike-slip, but as the Pacific Plate pole of rotation moved southward in the Neogene there was 

an increasing amount of compression and accompanying uplift. With the exception of the 

Western Platform, which has remained comparatively stable since the Paleocene, the Miocene 

to early Quaternary history of the West Coast region is characterised by an increase in the 

intensity of tectonic deformation and uplift. Inversion of the north trending grabens occurred, 

and the rapidly uplifted fault blocks provided an increased sediment supply to the adjacent 

basins.  

The stratigraphy of West Coast basin consists of basement rock and basin-fill 

sediments. The basement rocks are predominantly Paleozoic and early Mesozoic granite and 

metasediments. The overlying Cretaceous and Cenozoic sediments appearing in the northern 

part of the Westland Basin are contiguous and similar to those in Western Platform and the 

Western Stable Platform of the Taranaki basin.  
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The oldest basin-fill sediments are coarse terrestrial clastics (Porarari Group) that were 

deposited during the Early Cretaceous in isolated areas forming the Paparoa Coal Measures 

(in Westland Basin), a sequence consisting of sandstones, conglomerates and coals alternating 

with lacustrine mudstones and occasional tuffs and volcanics. This Early Cretaceous 

deposition also occurs in the southeastern part of the Moutere Basin, and may have facies 

equivalent to the Pakawau Group of the Taranaki Basin. The interpretation of seismic 

reflection data of Western Platform suggests Cretaceous strata extend offshore from South 

Westland and may extend onto the southern parts of the Western Platform. Late Cretaceous 

strata also appear to occupy fault-bounded sub-basins on the Western Platform. In Westland 

Basin, through Paleocene and Early Eocene sedimentation was slow, with deposition of 

increasingly more quartz-rich sediments and coals (Brunner Coal Measures). The Paleogene 

sediments on the Western Platform comprise a transgressive sequence from terrestrial sands 

with interbedded coals to inner shelf marl and limestone.  

During the Late Eocene, the dark brown carbonaceous marine mudstone, 

accumulations form the thick Kaiata Formation in Westland Basin. This formation is overlain 

by widespread deposition of calcareous muds and bioclastic limestones forming the Cobden 

Limestone. The Cobden Limestone is widespread also in Western Platform as well as the 

Murchison and Moutere basins. With renewed uplift in response to a change from extensional 

to compressional tectonics, the sedimentation is characterised by the alteration from Early 

Miocene bathyal siltstones, shallow-water sandstones (Mangles Formation- Murchison 

Basin), up to conglomerates and non-marine sequences by Late Pliocene time.  

Source rocks on the West Coast Basin include both terrestrial coal measures (Paparoa 

and Brunner coals measures- in Westland Basin and Western Platform; the Maruia 

Formation- in Murchison Basin; Late Eocene Motupipi and Marsden coal measures in 

Moutere basin) and carbonaceous mudstones- a potential marine type II source rock (Kaiata 

Formation-in the Westland basin, see FIGURE 2-6). Most of investigated samples from the West 

Coast Basin are from Garvey Creek, Reefton and Buller coalfields that belong to the Brunner 

Coal Measures formation- Eocene. There are two samples (G001990, G002592; Greymouth 

coalfield) originated from the Paparoa Coal Measure formation covering age of Late 

Cretaceous.  
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Figure 2-6: Chronostratigraphic diagram for the West Coast region 
(after King et al., 1999; see Figure 2-3 for the keys) 
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Central Otago Basin 

About 200 to 70 million years ago, during the Jurassic and Cretaceous Periods, the 

major phase of mountain-building, known as the Rangitata Orogeny, has affected the New 

Zealand region. In Central Otago region, it formed the Otago Schist (MORTIMER, 1993), a 

metamorphic rock that forms the basement rock underlying the entire Wakatipu Basin area 

(BARRELL ET AL., 1994). Between the end of the Rangitata Orogeny and the middle of the Tertiary 

Period, the Otago area gradually worn flat by erosion forming low-relief landscape. The 

Earth´crust locally subsided in the middle Tertiary Period allowing the sea to extend from the 

west into the current Wakatipu area (REVIEW IN BARRELL ET AL., 1994). The Late Cretaceous 

formed in this region occur mainly in the Kaitangata Coalfields. Small Late Cretaceous coal 

deposits also present in North Otago and near Dunedin (BARRY ET AL., 1994).  

In later stages of the Tertiary Period, broad subsidence occurs in the Central Otago 

region. It results in the formation of layer of quartz gravel, silt, cay and peat (now turned to 

lignite-Miocene lignites) across much of the Central Otago peneplain. These deposits are 

known as the Manuherikia Group (BARRELL ET AL., 1994). The Central Otago lignite deposits at 

Roxburgh, St Bathans, Minor Central Otago, Kaitangata, Ngapara-Herbert, Waihao, Shag 

Point, Green Island and Pomahaka Coalfields. These coals are characterised by relatively thin 

multiple seams as well as coal beds which reach 30-90 m in thickness. The lignites typically 

have in-ground moisture contents of 40-50%, with 3-15% ash and 0.2-0.5% sulphur (DOUGLAS 

1986, BARRY ET AL., 1994). There are two samples from Roxburgh coalfield, Manuherikia Group 

formation, which covers age of Tertiary.  

 



 

 
 

44

2.2 METHODS 

After samples were freeze-dried (two days) consolidated samples were crushed into 

small pieces with a hammer. Subsequently, the pieces were ground to fine powder (e.g. to 

pass 200 mesh) in a disc mill (Fritsch pulverisette), within 15 seconds. During the processing-

time, the contact of samples with oxygen was kept as short as possible in order to avoid any 

oxidation. Samples were analyzed in laboratories of GeoForschungsZentrum- Potsdam (GFZ- 

Potsdam) and Forschungszentrum Jülich, Germany. Numerous organic-geochemical 

techniques were used to analyse the free lipids and macromolecular organic matter 

(FIGURE 2-7). Total organic carbon determination (TOC), bulk δ13Corg isotope analysis, the 

Rock-Eval pyrolysis (RE), pyrolysis- gas chromatography (Py-GC) and infrared spectrometry 

(IR) were performed on the original samples and the residue after solvent extraction. The 

crude lipid extract or bitumen was separated into fractions that were then analysed by gas 

chromatography (GC) and gas chromatography-mass spectrometry (GC-MS).  

A detailed description of methods follows 

Original Sample
(freeze-dried, ground)

TOC%, Bulk δ13Corg , 
Rock-Eval Pyrolysis,
IR-Spectroscopy, Py-GC,
Bulk kinetic analysis

Kerogen
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Lipid extract

Maltenes

Py-GC

Aliphatic Fraction NSO-componentsAromatic Fraction
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MPLC
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Py-GC
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(n-Hexane)

Asphaltenes
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Figure 2-7: The flow diagram summarizes the analysis procedures applied for 
investigated New Zealand coals. Two analysis categories are presented in 
different colour, e.g. bulk analysis in light blue; lipid analysis in light yellow 
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2.2.1 TOC AND BULK ISOTOPE ANALYSIS 

Total organic carbon (TOC) was determined using the LECOTM-CNS-2000 elemental 

analyzer. Firstly, however, all the inorganic carbon had to be removed from the sample. HCl 

(1N) was added to the sample (20 mg) in small increments until effervescence stopped. The 

sample was then placed in an inert boat (ceramic). To ensure complete combustion of the 

sample, a pure oxygen stream as well as various catalysts or accelerators (CuO) was used. The 

accelerators were mixed into the sample and the sample was pushed into the oven. 

Combustion temperatures exceeded 1000°C. After several minutes of combustion in the pure 

oxygen stream, a carrier gas, helium, is turned on, the combustion chamber was swept clean, 

and the evolved gases were carried through the traps and passed through an infrared detector, 

which relies on the absorption of infrared energy by CO2 at a very precise wavelength. As 

CO2 entered the infrared detector cell, the measured energy level decreased and the detector 

system converted the cumulative energy decrease to C content (%). 

Aliquots of the sample (e.g. 1.5- 2 mg) were analysed for bulk δ13Corg isotopes values 

using a DELTA plus XL Finnigan mass spectrometer in combination with a Carlo-Erba CN 

2500 elemental analyzer. The sample was placed into small tin cup and combusted at 1000°C 

in the elemental analyser using oxygen to produce carbon dioxide (CO2) which was purified 

and transferred to the isotope mass spectrometer. The carbon isotope ratio (13C/ 12C) was 

measured and compared to an international standard V-PDB (VIENNA- PEEDEE BELEMNITE; 

EQUATION 2-1). The isotopic composition of organic matter in a sample is normally expressed 

by δ values (with units of per mil, or ‰). For PDB 13C/ 12C = 88.99 and its δ13C value is 0‰, 

so negative values for a samples indicate depletion in the heavier isotope (13C) compared with 

PDB (KILLOPS AND KILLOPS, 1993). 
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2.2.2 ROCK- EVAL ANALYSIS 

The analyses were performed using a Rock-Eval Instrument 6. The applied procedure 

is based on the method established by ESPITALIÉ ET AL. (1977). An external standard (Jet Rock) 

was used for calibration. Around 10mg coal was heated at 300°C for three minutes in a flow 

of helium, the released thermally distilled products were quantified by flame ionisation 

detector (FID) as the S1 peak, corresponding to the free hydrocarbon- like material present in 

the rock. In the following step, temperature was raised from 300°C to 600°C with the heating 

rate of 25°C/ min. The thermally labile products generated directly from macromolecular 

organic matter (kerogen, asphaltenes) were quantified as the S2 peak. The temperature at 

which S2 maximizes is referred to as Tmax and reflects the maturity of the samples for a given 

organic matter type. The third peak (S3) corresponds to the yield of CO2 released during 

kerogen pyrolysis. The relation of S2 and S3 to total organic carbon concentration (mg/g TOC) 

termed as “Hydrogen Index” (S2/TOC; HI) and “Oxygen Index” (S3/ TOC; OI; ESPITALIE´ET AL., 

1977), was used to assess kerogen type and source quality.  

2.2.3 PYROLYSIS- GAS CHROMATOGRAPHY (PY-GC) 

For pyrolysis- gas chromatography, up to 4mg of each sample were analyzed by open-

system pyrolysis using a Quantum MSSV-2 Thermal Analyzer (C.F. HORSFIELD, 1989) 

interfaced with an Agilent GC-6890A. The sample was placed into the central part of a glass 

tube (26mm long: inner sleeve diameter 3mm). The remaining volume was filled with quartz 

wool that had been cleaned by heating at 630°C in air for 30min.  

The sample was heated in a flow of helium, products released up to 300°C were 

vented. Afterward, the sample was pyrolyzed at the rate of 50°C/min from 300°C to 600°C (3 

min, isothermal). Pyrolysis products were collected in a cryogenic trap (liquid nitrogen 

cooling, glass beads substrate) from which they were later liberated by ballistic heating (held 

at 320°C for 10 minutes). A dimethylpolysiloxane capillary column (HP-Ultra 1; 50m length, 

inner diameter = 0.32mm, film thickness = 0.52µm) connected to a flame ionization detector 

(FID) was used with helium as carrier gas. The temperature of the gas chromatograph was 

programmed from 30°C to 320°C at a rate of 5°C/ min, followed by an isothermal phase of 

35min.  
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2.2.4 INFRARED SPECTROSCOPY (IR) 

Sixteen immature New Zealand coal samples, covering the maturity range from 0.27 

to 0.81% vitrinite reflectance, were analysed using infrared spectroscopy at 

Forschungszentrum Jülich.  All samples were measured before and after solvent extraction. 

The varying amounts (1- 2 mg) of finely ground coal samples were dried in vacuum for 24 

hour and mixed with 200 mg of KBr. The mixture was milled for 3 minutes and pressed into a 

pellet in an evacuated 13 mm die under a pressure of 8 tons/cm2. All pellets were pressed 

twice (SCHENK ET AL., 1986). Infrared spectra were recorded on a Perkin-Elmer 783 dispersive 

spectrophotometer coupled to a Spectrafile IR plus-2.00 data station. Baselines were flattened 

and band areas were calculated using Spectrafile software.               

The main zones of interest are: 

3000- 2700 cm-1: C-H stretching vibrations of aliphatic CH2 and CH3 groups 

1520- 1390 cm-1: asymmetric bending vibrations of aliphatic CH2 and CH3 groups 

1390- 1340 cm-1: symmetric bending vibration of aliphatic CH3 groups 

900- 700 cm-1:  out- of- plane vibrations of aromatic CH groups 

2.2.5 SOURCE ROCK ANALYSER- BULK KINETIC ANALYSIS 

Seven immature samples, Rank(Sr) ranging from 0 to 7, have been analysed. Bulk 

pyrolysis was performed on selected samples at heating rates of 0.7, 2.0, 7.0 and 15 (K/min) 

using a modified Source Rock Analyse (SRA©). The slow heating rates were used in order to 

avoid any influence of fast heating rates and associated heat transfer problems on product 

evolution curves, the kinetic parameters and consequently on geological predictions (Schenk 

& Dieckmann, 2004). In addition, heating rates vary enough to ensure a correct iteration of 

the mathematic model and the calculation of the correct frequency factor. 

Four aliquots per sample (slowest heating rates ~100mg, fastest heating rates ~25mg) 

of ground material were weighed into small vessels and subsequently measured at the heating 

rates mentioned above. Released products were transported to the flame ionisation detector 

(FID) by a constant gas flow of 50 ml/min helium. Analytical data processing was done using 

the Kinetics 2000 and KMOD softwares (BURNHAM ET AL., 1987; BRAUN AND BURNHAM, 1990).  
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2.2.6 SOXHLET EXTRACTION AND ASPHALTENE PRECIPITATION 

 Aliquots of about 15-25 g were 

Sohxlet (FIGURE 2-8) extracted using 200- 

250 ml of azeotropic solvent mixture 

comprising methanol (23 wt%), acetone (30 

wt%) and chloroform (47 wt%) within 72 

hours. The samples were placed in a pre-

cleaned (Soxhlet, 24 hours) thick cellulose 

thimble. Solvent evaporated from the heated 

flask passes through the outer wide-bore 

tube and condenses onto the sample, 

bringing a portion of dispersed bitumen into 

solution. When the solution reaches the top 

of the siphon tube, it siphons back into the 

flask and bitumen remaining in solution 

there. The extraction is repeated over 72 

hours with fresh solvent evaporated from 

the flask.  

Upon completion of Soxhlet 

extraction, bitumen was concentrated by evaporating the solvent using a Turbo-VAP system. 

Asphaltenes were precipitated using two methods, one for the first series samples and one for 

the second. For the first series, the extract dissolved in a minimum amount of 

dichloromethane was mixed with a 60-fold excess of n-hexane. The precipitated asphaltenes 

were collected using centrifugation; the maltenes contained in the supernatant liquid were 

concentrated in a Turbo-VAP and transferred into a pre-weighed 10 ml vial. 

For the second, a new procedure was developed and applied, precipitating asphaltenes 

from bitumen without drying. Right after extraction, bitumen was transferred into 10ml pre-

cleaned vial, agitated ultrasonically for 5 minutes, at 30°C. The volume of bitumen solution 

was divided into two parts (25%; 75% in volume, corresponding to part A and B). The part A 

was dried and weighed to obtain extraction yields. The part B was used to precipitate 

asphaltenes. With part B, each 1ml of bitumen was put into one pre-cleaned centrifuge glass 

tube, i.e. if part B contained 2ml extract in solution, then two tubes were needed. A sixty-fold 
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Figure 2-8: The Sohxlet extraction apparatus 
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amount of n-hexane (i.e. 60 ml) was added into the tube (C). The (C) was put into the 

ultrasonic water bath for 10-15 minutes, at 30-35°C then placed into the centrifuge machine 

(19°C, 2500 revolutions per minute, within 10 minutes). The supernatant liquid containing 

maltenes was taken into a Turbo-VAP glass, using a pipette (50 ml). The asphaltenes 

remained in the tube, but they might still contain some resins/ maltenes. To remove them, the 

whole procedure was repeated at least one more time. Finally, the asphaltenes were 

transferred into pre-weighed 10 ml vial, and dried, weighted in order to estimate the amount 

of maltenes. From the whole maltene solution, only c.a. 70 mg maltene was then separated 

into saturated, aromatic and non-hydrocarbon (nitrogen-, sulphur-, oxygen-containing 

compounds- NSO compounds) fractions using Medium Pressure Liquid Chromatography 

(MPLC; RADKE ET AL, 1980A). These fractions were all dried and weighed after GC and GC-MS 

analysis, then refilled with n-hexane. The total weight of these fractions would be equal to the 

amount of maltenes which was used for MPLC separation (A). The sum of asphaltenes, the 

rest maltenes and (A) would be the amount of 75% extract (B). Sum of B and weight of 25% 

extract part would be the total extraction yield.  

2.2.7 MEDIUM PRESSURE LIQUID CHROMATOGRAPHY (MPLC) 

The maltenes were separated into saturate, aromatic and NSO fractions using Medium 

Pressure Liquid Chromatography (MPLC; RADKE ET AL, 1980A). The separation is based on the 

difference in polarity and absorptivity of components between the stationary and mobile 

phases. A known amount of maltenes (70 mg) was used for separation. A low boiling alkane 

(n-hexane) was used as mobile phase and silica gel was used as stationary phase. In order to 

determine the concentration of individual compounds in the respective fractions, the internal 

standards 5α-androstane (70 µl; 5 mg/ml) for the aliphatic fraction and 1-ethylpyrene (70 µl; 2 

mg/ml) for the aromatic fraction were added into each sample. 

The mixture of maltenes and internal standard dissolved in 300- 500 µl n-hexane was 

injected by a microliter syringe. The MPLC apparatus consists of an injection system with 16 

sample loops. The 16 pre-columns were pre-packed with Silica gel type 100. The main 

column was packed with narrow- to medium- pore silica gel type (LiChrosorb Si 60/ 40, 63 

µm). Once samples are loaded to the sample loops, all further processing of a whole sample 

series is fully automatic. After separation of hydrocarbons has been accomplished for a given 

sample series, the NSO fraction was recovered by washing the pre-column with 
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dichloromethane: methanol (95:5 (v/v)). The solvents were evaporated from collected 

fractions using Turbo-VAP. The residues were then transferred into pre-cleaned 2ml vials.  

2.2.8 GAS CHROMATOGRAPHY- FID (GC-FID)  

Gas chromatographic analysis of saturates and aromatics was performed using an 

Agilent 6890 Series GC instrument equipped with a PTV injection system and a fused silica 

capillary column (SGE BPX5; 50m length, 0.22mm inner diameter, film thickness 0.25µm). 

Helium was used as carrier gas. The temperature of the GC oven was programmed from 50°C 

(1 min holding time) to 310°C (20 min holding time) at a rate of 3°C/min.  

With the help of the ChemStation software, the intensities of the detected substances 

as peaks against the time are shown. The identification of the components is carried out on the 

basis of retention time, and integration of peak areas provides a direct measure of relative 

yields and the comparison to an internal standard enables to calculate their absolute 

concentrations. 

2.2.9 GAS CHROMATOGRAPHY-MASS SPECTROMETRY (GC-MS) 

GC peaks are characterized by their retention times and abundances, but do not 

provide any indication of the identity of the compound(s) forming the given peak, since 

retention time is not a unique attribute for specific compounds. A number of components can 

possess the same retention time especially in samples and fractions that are highly complex 

mixtures. Therefore, it is necessary to link a gas chromatographic system to a more specific 

detection system that responds and records not only the elution position and amount of a 

component, but also provides evidence of its identity. A gas chromatogram system is linked to 

the Finnigan MAT 95 XL mass spectrometer which is operated in the electron impact mode 

(70 eV). Full scan mass spectra were recorded from m/z 50 to 650 at a scan rate of 1s per 

decade and an interscan delay of 0.2 s, resulting in a scan cycle time of 1.3 s.  
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The identification and quantification of the organic compounds are carried out by 

integrating the peak areas from the sums of the characteristic mass traces using XCALIBUR 

software. The computation of the concentrations is made using the known quantity, 

concentration, and response of the internal standard (5α-androstane or 1-ethylpyrene). For the 

identification of the following compound types SCAN filters were used: m/z = 85 (n-alkanes); 

m/z = 123 (sesquiterpenoids, diterpenoids and sesterterpenoids); m/z = 191 (tricyclic and 

pentacyclic terpanes); m/z = 217 (regular and rearranged steranes); m/z = 128, 142, 156, 170, 

184 for naphthalene and alkylated napthalenes; m/z = 184, 198, 212 for dibenzothiophene and 

alkylated dibenzothiophenes; m/z = 178, 192, 206, 220 for phenanthrene and alkylated 

phenanthrenes. 

 


