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Abstract: Basal layers from Sturtian postglacial cap carbonate deposits of the Otavi Group, Namibia were 

studied using various spectroscopic methods in order to define their paleoenvironmental sedimentary con-

ditions, as well as their presumptive micro-fossil record. Deposition of our sample set occurred in shallow 

water environments during the aftermath of the Sturtian „Snowball Earth” glaciation. Onion-like growth 

structures related to ironoxidizing bacteria and cyanobacteria were observed randomly in the interior of 

ooids and also within micritic matrix material. The Raman spectroscopic detection of various hydrocarbon 

phases contained in our samples strongly point to bacterial activity involved with sediments allocated to 

the immediate aftermath of Sturtian „Snowball Earth” glaciations. Backscattered electron imaging and 

cathodoluminescence microscopy of fine-grained detrital matrix material illustrate a variety of minerals, 

such as zircon, mica, feldspar, and apatite, all of which indicate detrital input derived from crystalline 

basement areas. Smectite around the ooids was most probably generated by diagenesis of iron-oxidizing 

bacterial films.  
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Introduction 

Overview 

 

 Observational evidence suggests that 

Planet Earth went through several episodes 

of global or near-global glaciations during 

the Late Precambrian Period (Hoffman and 

Schrag, 2002). The so-called “Snowball 

Earth” hypothesis states that the Sturtian (~ 

750 Ma) and Marinoan (~635 Ma) glaci-

ations were of global extent and may have 

lasted for several million years (Hoffman et 

al., 1998). A variation of this hypothesis, 

called the “Slushball Earth”, assumes inter-

mediate conditions without substantial equa-

torial sea ice (Harland and Rudwick, 1964). 

While the “Snowball Earth glaciations” 

would have ended abruptly in a greenhouse 

environment, the “Slushball Earth glaci-

ations” ought to be characterized by a 

slower, gradual deglaciation process 

(Fairchild and Kennedy, 2007). Concerning 

the initiation of a global glaciation process a 

variety of causes have been discussed, in-

cluding decreased solar luminosity, conti-

nental breakup tectonics and the passage of 

the Solar System through an interstellar 

cloud (Hoffmann and Schrag, 2002). At this 

stage, not only the probable cause of the gla-

ciations is unclear, but also the cause and 

mechanism of deglaciation processes is de-

bated. According to the so-called “Zipper-

rift model” (Eyles and Januszczak, 2004) 

diachronous rifting of the former superconti-
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nent “Rodinia” might have led to a global 

glaciation, suggesting that some part of the 

specific diamictites have been formed from 

turbidity currents. However, our study con-

firms the existence of distinct ancient areas 

characterized by specific environmental con-

ditions attended by the Sturtian deglaciation 

process. Our discovery of fossilized micro-

bial textures is the focus of this study, which 

attempts to provide evidence of organic ma-

terial incorporated within these putative mi-

crobial remains. 

 

Geological background 

 

 Our research area is located in the 

Neoproterozoic Otavi Group of NW-

Namibia. The Otavi Platform formed along 

the southern fringe of the Congo Craton and 

abuts on the continental slope facies further 

South and West (Fig. 1). Thus, the predomi-

nantly calcareous sedimentary successions of 

the unified Otavi Group were generated in a 

foreland position relative to the areas of the 

later Kaoko Belt in the West and to the 

Damara Belt in the South (Hoffman, 2005). 

The Otavi Group is subdivided into three 

subgroups, which are separated from each 

other by two glaciogenic diamictite units, the 

lower Chuos Formation and the upper Ghaub 

Formation (Hoffman, 2005; Hoffmann and 

Schrag, 2002). The cap carbonates succeed-

ing these subunits might have been gener-

ated due to CO2 oversaturation of the sea-

water (Le Hir et al., 2008; Kennedy et al., 

2008) added by the input of methane out-

gassing from clathrates (Kennedy et al., 

2008). 

Figure 1: Geological map of the research area showing sampling site (Copper Mine; 9°25'18.43"S; 15° 

9'50.90"E)(Modified after Hoffman, 2005).  
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Samples and methods 

 One representative oolitic carbonate 

sandstone sample (C8=basal layer of the 

Rasthof Fm.), collected from a distinct Otavi 

platform facies area was studied at the Cop-

per Mine locality (19°25'18.43"S; 15° 

9'50.90"E) in NW-Namibia. Macroscopic 

features show reddish brown- pale red color, 

grainstone texture with spherical carbonate 

components, and small quartz pebbles (Fig. 

2A). Four ooid components were measured 

by micro-Raman spectroscopy in order to 

identify organic material incorporated within 

observed microbial structures. Pictured in 

Fig. 2B is a thin section of our Sturtian ooli-

tic grainstone sample that shows the meas-

ured points. The first two investigated com-

ponents were single cored ooids (ooid No. 1 

and 2), while the rest have multiple cores 

(ooid No. 3 and 4). 

Figure 2: Sturtian oolitic grainstone sample. (A) photo of polished section (area of Raman measuring area – 

picture B is marked by black rectangle), (B) Raman measuring points signed on thin section ("ooids No. 1, 

2, 3, 4"; optical microscopic photo, plain polarized light). 
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 Scanning electron microscopy (SEM) 

studies were done on a polished thick section 

of the oolitic sandstone at the Department for 

Petrology and Geochemistry, Eötvös Univer-

sity, Budapest, Hungary. Chemical and min-

eral composition and distribution were deter-

mined by an Amray 1830 SEM with an 

EDAX PV9800 energy dispersive spec-

trometer detector, using 20 kW accelerating 

voltage, a beam current of 1nA with a defo-

cused spot size of 10–50 nm and a collection 

time of 100 s. 

 The mineral assemblages and textures 

were also characterized by a NIKON 

ECLIPSE LV100POL optical microscope at 

University of Vienna and by a NIKON 

ECLIPSE 600 at the Institute for Geology 

and Geochemistry, RCAG, Hungarian Acad-

emy of Sciences, Budapest. 

Raman spectra were recorded with a Ren-

ishaw Rm-2000 Raman spectrometer at-

tached to a Leica DM/LM microscope (785 

nm, 8mW laser line) at the Research Institute 

for Solid State Physics and Optics, Budapest. 

 Optical cathododoluminescence mi-

croscopy on a carbon coated polished thin 

section was performed with a Lumic HC5-

LM system at the Department of Litho-

spheric Research, University of Vienna, us-

ing a beam energy of 14 keV and a beam 

current of ~0.20 mA. Image acquisitions 

were done with a KAPPA DX 40 C camera 

system. 
 

Results 
 

Petrography 
 

 The studied basal cap carbonate sam-

ple (C8) is an oolitic "wackestone" to 

"packstone" with respect to Dunham`s clas-

sification on dominant texture (Dunham, 

1962) which formed at winnowed inner plat-

form facies (Fig. 2). Some ooid grains are 

wrapped with micritic rims generating onco-

lite sedimentary structures. These oncoids 

can include one or more cores of different 

mineralogical composition. In cases of single 

cored oncoids the composition is micritic, 

similarly to the matrix of the oncoid. If the 

oncoids are multicored their composition 

consists of detrital minerals, like quartz and 

mica. Recrystallized quartz lenses also occur 

among the oncoid´s cores. The micritic ma-

trix contains mica, quartz, and carbonate. A 

few clasts are bordered/framed with fibrous 

mica. Quartz grains coated by sericite indi-

cate very low grade metamorphic reactions. 

Based on microtexture, the dark micritic 

rims surrounding  cores of dolomitic oncoids 

are assumed to be of bacterial origin (Fig. 2). 
 

Microbial structures 
 

 Signs of Fe-oxidizing bacterial activity 

(FeOB) were observed in sample C8 located 

at the filamentous rims of the ooids and their 

onion-shape like internal structures (Fig. 3). 

Some supposable coccoidal iron oxidizing 

bacteria (FeOB) colonies are located perpen-

dicularly to the growth rims of the ooids, be-

ing indicative of septum structures. These 

phenomena indicate that the putative FeOB 

colonies expanded upon ooid surfaces, and 

were repeatedly buried by following genera-

tions of carbonate films created by metabo-

lism of calcimicrobae and cyanobacteria (Fig 

4). Growth sequences of the observed FeOB 

colonies start randomly onto micritic carbon-

ate nuclei then advancing towards their inner 

part. Compared to these carbonate nuclei 

quartz grains often offer a better preservation 

of this aspect (Fig. 4). Our samples exhibit 

mainly coccoidal colonies of FeOB. In gen-

eral, the observed FeO colonies apparently 

developed in symbiosis of cyanobacteria and 

calcimicrobae with diatom-like microorgan-

isms characterized by similar shape and 

SiO2-bearing frustules incorporated in 

quartz. 
 

Chemical composition and mineralogy - 

backscattered electron imaging 

 The bulk mineral composition of C8 

oolitic packstone is 84 wt.% carbonate, 15 

wt.% mica, 5 wt.% quartz and K-feldspar, 

and 1 wt.% hematite, as determined by opti-

cal microscopy.  

Gyollai, Polgari, Veres, Nagy, Popp, Mader and Koeberl 



121 

Figure 3: FeOB colonies on the surface of ooids and inside along of growth of ooids (in symbiosis with cyano-

bacteria and calcimicrobae (shown by arrows). (A) FeOB colonies perpendicularly growth inside ooids, (B) 

FeOB colonies on surface of ooid. 
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Figure 4: FeOB colonies on the surface of quartz pebbles (A) and in symbiosis with oscillatorian cyanobacteria 

(Cy) (B) (shown by arrows). 
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 The analyzed ooids No. 1 and 2 have a 

single dolomite-core, the multi-cored ooid 

No. 3 consists of dolomite and microcline, 

and ooid No. 4 has a core of dolomite and 

quartz. According to SEM-EDS data and 

back-scattered electron (BSE) images, an 

analyzed 3 mm sized quartz of the oolitic 

packstone is surrounded by a rim of fine-

grained kaolinite-barite-apatite mineral as-

semblage. This quartz grain is crossed by a 

diagenetic barite vein. The micritic ooids are 

usually surrounded by a smectite rim, which 

may contain galenite grains (Fig. 5). 

Figure 5: Backscattered electron image of an ooid in C8 Sturtian oolitic packstone-wackestone (A); (B) rim of 

quartz pebble; (C) smectite rim around ooid (Legend: brt=barite, smect= smectite, gal=galenite, kfs=K-feld-

spar, dol=dolomite, q=quartz, ap=apatite, ms=muscovite (B, C pictures are focused area of picture A, which are 

marked by black rectangle).  

Textural characteristics by cathodolu-

minescence studies 

The investigated ooid components show 

zoned luminescence (bright red zones in dull 

red material; Fig. 6). Several detrital mineral 

components can be observed inside the on-

coid structure (blue luminescent quartz and 

feldspar). In general, the carbonate material 

between oolites has a brighter red lumines-

cent color than the oolites themselves. Bright 

red luminescent clasts and small grained 

oolite components with bright red rim occur 

between larger oolite components (Fig. 7). 

Raman spectroscopy 

The points in our Sturtian oolitic grainstone  

(“ooid No. 1, 2, 3, 4”) thin section that have 

been measured by Raman spectroscopy are 

shown in Fig. 2B, and the corresponding Ra-

man vibration data are listed in Table 1. 
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Figure 6: Multicore-oncoid where the core is surrounded by fine-grained material (bacterial film). Inside and 

between the cores, light-luminescent cements are observed (l-arrow), which are filled with small grained oolite 

components. The dull luminescent part (d-arrow) is built up from/by clayey and carbonaceous material. (A) 

cathodoluminescent light, (B) plain polarized light. 
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Figure 7: Ooids with growth rims, with brighter luminescent color. The middle luminescent grains are 

quartz (q) and feldspars (kfp) detrital grains (A) cathodoluminescent light, (B) plain polarized light. 

Evidence of microbial activity involved with Neoproterozoic postglacial sediments from the Otavi Group,  

Namibia: a study of Sturtian oolitic carbonate sandstone with spectroscopic methods  



126 

Ooid No. 1:  

 

The spectra are dominated by the narrow 

bands of dolomite at 178, 300, 723, and 1097 

cm-1 (Lewis and Edwards, 2001). Another 

remarkable feature of the spectra is the broad 

band in the 1000-2000 cm-1 region, which 

can be attributed to sp2 C=C bonds (up to 

1650 cm-1) and different carbonyl and cumu-

lated double bonds of the amorphous carbon 

phase with some oxygen content. Other ob-

servable peaks at 1300 and 1450 cm-1 corre-

spond to deformation vibrations of CH2 and 

CH3 groups, while the peak at 1402 belongs 

to asymmetric vibration of CH2 and CH3 

groups. The peak of the carbonyl group can 

be detected at 1716 cm-1 (Fig. 8A; Table 

1A). 

 

Ooid No. 2:  

 

The dolomite peaks appear at 173 cm-1 298 

cm-1, 725 cm-1 and 1099 cm-1, respectively. 

A broad band related to an amorphous car-

bon phase can be seen in the 1000-2000 cm-1 

region. Narrow peaks at 1302 and 1402 cm-1 

correspond to vibrations of CH2 and CH3 

groups. The stretching vibration of the car-

bonyl group appears at 1717 cm-1 (Fig. 8B, 

Table 1B). 

Figure 8: Raman spectra of ooid No. 1-4 (for measuring site see Fig. 2B, vibrations are listed in Table 1). 

(A) ooid No. 1, (B) ooid No. 2., (C) ooid No. 3, (D) ooid No. 4. Spectra in ooid No.1-3 were measured in 

core and rim region).  

Gyollai, Polgari, Veres, Nagy, Popp, Mader and Koeberl 



127 

Ooid No. 3:  

 

The peaks of dolomite appear at 173 cm-1, 

298 cm-1 and 1099 cm-1, respectively. The 

peak at 724 cm-1 is of low intensity because 

of the polarization effect. The K-feldspar 

(microcline) shows minor peaks at 330 cm-1, 

364 cm-1, and strong vibration of Si-O-Si/Si-

O-Al bridges at 475 cm-1, whereas the most 

characteristic Raman vibration is centered at 

513 cm-1concerning O symmetric motion in 

Si-O-Si bridges. The broad amorphous car-

bon band again appears in the 1000-2000 

cm-1 region. Some narrow CH2 and CH3 vi-

brations can be detected at 1302 and 1441 

cm-1, together with the peak of C=O stretch-

ing vibration at 1710 cm-1 (Fig. 8C, Table 

1C). 

Ooid No. 4:  

 

The peaks of dolomite appear at 299 cm-1 

and 1099 cm-1. The peak at 178 cm-1 over-

laps with the band at 199 cm-1, while the one 

at 724 cm-1 is affected by the polarization 

effect. The peaks of quartz appear at 199 cm-

1, 351 cm-1, 390 cm-1 and 462 cm-1. The vi-

brations of CH3 and CH2 groups are centered 

at 1296 cm-1, 1335 cm-1 and 1441cm-1. The 

C=O stretching vibration is at 1710 cm-1, and 

a new peak can also be detected that can be 

attributed to some structural units with cu-

mulated double or triple bonds. Amorphous 

carbon in the sample causes the broad band 

in the 1000-2000 cm-1 region (Fig. 8D, Table 

1D). 

Table 1A: Mineral and hydrocarbon phases with Raman vibrations in four ooids (1A: spectra of ooid No. 1) 
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Standard of dolomite RUFF  Hydrocorbon  Ooid 2    Ooid 2 

Database       core    rim 

178 Eg T(Ca, Mg, 

CO3)  

 173 (Dol) 173 (Dol) 

300 Eg (T(Ca, Mg, 

CO3)  

 298 (Dol) 298 (Dol) 

723 Eg ν4 symmetric 

CO3 deformation  

 725 (Dol) 725 (Dol) 

723 Eg ν4 symmetric 

CO3 deformation  

 1099 (Dol) 71099 (Dol) 

1097 Ag ν1 symmet-

ric CO3 stretching  

1300 CH3 and CH2 

asym. vibr.  

1302 1302 

 1430-1450 sp2 C=C 

CH2 and CH3 group  

1434 1434 

1440 Eg ν3 asymmet-

ric  

1532 COOH, 1500-

1550 sp2 C  

1540 1540 

 1710 C=O stretch  1717 1717 

 2450 graphite (minor 

peak)  

2452 2452 

CO3 stretching  sp2 C    

Table 1B: Mineral and hydrocarbon phases with Raman vibrations in four ooids (1B: spectra of ooid No. 2) 

Discussion 

 The Raman spectroscopy is a powerful 

method to identify organic material as bio-

marker of microbial structures. Precambrian 

microfossils were studied using this method 

by a number of research groups 

(Kudryavtsev et al., 2001; Kempe et al., 

2005; Marshall et al., 2005). The aromatic 

ring deformation and symmetric breathing is 

attributed in the 1200-1400 cm-1 range 

(Mapelli et al., 1999). The peaks of organic 

material in Precambrian microfossils (e.g., 

acritarchs) occur around 1600 cm-1, and 

there is a group of bands at 1300-1350 cm-1, 

with broad peaks belonging to kerogen - aro-

matic (sp2) bonded C atoms joined together 

with peripheral sp2 and sp3-bonded hydro-

carbons (Kempe et al., 2005). A variety of 

peaks of apparent C=C aromatic stretching 

bands at 1600 cm-1, CH3 terminal groups 
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(1345 cm-1), C-H aliphatic stretching (3000-

2700 cm-1), and C=O vibration (1710 cm-1) 

occur in the hydrocarbon phase (Marshall et 

al., 2005). In our samples the peak around 

1710 cm-1, related to the carbonyl group, is 

observed in all the measured ooids, which is 

similar to the published data of Marshall et 

al. (2005), while the other reported Raman 

shifts join the region occupied by the broad 

band of hydrogenated amorphous carbon 

phases, the large width of which is  caused 

by the highly disordered character of the 

sample. This is a remarkable difference com-

pared to the published data mentioned above. 

In spite of this, some characteristic CH vi-

brations were observed in form of narrow 

peaks in the 1300-1450 cm-1 region of our 

spectra (Fig. 8). 

 In general, the Raman spectrum of 

amorphous carbons consists of a broad band 

in the 1000-1800 cm-1 region (Dresselhaus 

and Dresselhaus, 1982; Ferrari and Robert-

son, 2000; Veres et al., 2006). For visible 

and near-infrared excitations it is dominated 

by the characteristic peaks of sp2 carbon at-

oms, since due to resonant processes the Ra-

man scattering on these structural units is a 

few orders of magnitude higher than that on 

building blocks consisting of sp3 C atoms. 

The broad band is resulting from superposi-

tion of scattering contributions from differ-

ent structural units and can be divided into 

several regions. For near infrared excitation 

used in this study, peaks between 1100-1200 

cm-1 and 1400-1500 cm-1 correspond to vi-

brations of sp2 carbon chains (observed 

mainly in hydrogenated samples), between 

1200-1350 cm-1 – to breathing vibrations of 

sp2 carbon rings (this is the so called D 

band) and above 1570 cm-1 – to stretching 

vibrations of sp2 carbon atoms in rings (the 

so called G band) (Veres et al., 2006). Fea-

tures of the broad band observed in our spec-

tra suggest that the amorphous carbon phase 

in the sample is dominated by sp2 (hydro) 

carbon chains, with relatively minor 

(graphitic) sp2 C ring content (Table 1). This 

is supported by the narrow peaks assigned to 

different vibrations of CH2 and CH3 groups. 

Components of the broad band in the >1650 

cm-1 region, together with the carbonyl peak 

indicate the presence of oxygen in the amor-

phous carbon structure. 

 Comparing the broad amorphous car-

bon bands, ooid No. 2 and 3 have quite a 

similar structure, with somewhat higher 

graphitic content compared to ooid No. 1 

(indicated by the higher intensities in the D 

and G band regions) (Fig 8A-C, Table 1 A-

C). In ooid No. 1 and 2 the narrow hydrocar-

bon peaks are less intense (Fig 8A-B). These 

peaks have the highest intensity in the spec-

trum of ooid No. 4, where the C=O shows 

also the most pronounced vibration (Fig. 8D, 

Table 1D). 

 The observed features of amorphous 

carbon phases are similar to those found in 

cryptocrystalline silica varieties with traces 

of Miocene hydrothermal biomineralization 

(Müller et al., 2009) and indicate the or-

ganic, probably microbial origin of the amor-

phous carbon phases identified in the sam-

ple. Apart from organic matter, mineral com-

ponents (dolomite, hematite, quartz, feld-

spar) were also identified by Raman spec-

troscopy. 

 The first peak of dolomite (178 cm-1) 

shifted to 5 cm-1 wave number, and this was 

overlapped by the quartz band in the spec-

trum of ooid No. 4 (Table 1D). In ooids No. 

3 and No. 4 the 723 cm-1 peak did not appear 

in the spectra, which is due to a polarization 

effect (Fig 8C-D, Table 1C-D.). Due to 

diagenesis and weathering the material was 

dolomitized and hematitized. A dolomitiza-

tion process means infiltration of Mg-rich 

pore water, which changes original microbial 

carbonate (aragonite, calcite) to dolomite 

during the diagenesis. Hematite was proba-

bly formed by transformation of primary fer-

rihydrite originated via Fe-oxidizing bacte-

rial activity (Konhauser, 1998). Alterna-

tively, the hematite could be derived by con-

tinental weathering (iron-rich matrix) 

(Hoffman et al., 1998). The smectites around 

the ooids are derived most probably by 

diagenesis and/or weathering of microbial 

structures, whereas galenite formed in a 

biomineralization process (Erlich, 2010). 
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Dolomite Microcline Hydrocarbon Ooid 3 

core 

Ooid 3 

rim 

178 Eg T(Ca, Mg, CO3)     173 (Dol) 173 (Dol) 

300 Eg (T(Ca, Mg, CO3)     298 (Dol) 298 (Dol) 

  330   330 (mcl) 330 (mcl) 

  364   370 (mcl) 370 (mcl) 

   475 s Si-O-

Si/Si-O-Al 

  475 (mcl) 475 (mcl) 

  513 vs 

(A.g.) 

  514 (mcl) 514 (mcl) 

723 Eg ν4 symmetric CO3 

deformation 

        

1097 Ag ν1 symmetric 

CO3 stretching 

    1099 (Dol) 1099 

(Dol) 

    1300 asymmetric vi-

brations of CH3 and 

CH2 group 

1302 1302 

1440 Eg ν3 asymmetric 

CO3 stretching 

  1450 

CH2 bend 

1441 1441 

    1532-1550 COOH 1545 1545 

    1710 C-O stretch 1710 1710 

    2450 graphite (minor 

peak) 

2452 2452 

    2900-3300 CH 

stretching vibration 

  3148 

Table 1C: Mineral and hydrocarbon phases with Raman vibrations in four ooids (1C: spectra of ooid No. 3) 

Conclusions 
 

A representative sample (C8) was analyzed 

for its organic geochemistry and mineral 

composition as well as for its textural char-

acteristics. The presence of amorphous car-

bon was demonstrated in all of the measured 

points of the sample. Traces of hydrocarbons 

and C=O groups were detected, featuring 

highest concentrations in the dolomite-quartz 

matrix. Ooid 1 and 2 hold light hydrocarbon 

(with low C number) of the methyl group, 

whereas ooid 4 contains a more complex hy-

drocarbon, similar to butane. 

 We consider the hydrocarbons detected 

in our samples (C8) to originate from bacte-

rial (probably cyanobacteria) communities 

which existed in shallow water environments 
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of the ancient Otavi platform. Smectite sur-

rounding the ooid grains is most probably 

derived from diagenesis and/or weathering 

of microbial films. Numerous peaks attrib-

uted to the methyl group might indicate a 

contribution from methane outgassing and 

thus indicate the role of rapid global warm-

ing after Neoproterozoic “Snowball Earth” 

glaciations. 

 

 

 
* Except No. 4, all of ooid specimens were measured at rim and in core. Mineral standards were taken from RUFF 

database. Hydrocarbon vibrations were interpreted following Kudryavtsev et al. (2001); Kempe et al. (2005); Mar-

shall et al. (2005); Veres et al. (2006). Raman shifts are added in cm-1. For measuring site see Fig. 2B, for spectra 

see Fig. 8A-D. 
** Eg: marks minor vibrations in Raman spectrum. 
*** Ag: defines major vibration, which is most characteristic vibration for adjacent phase in Raman spectrum. 

Standard quartz 

(Raman) shift) in 

cm-1) 

Standard of dolomite 

RUFF Datebase 

Hydrocarbon Ooid 4 

  178 Eg T(Ca, Mg, CO3)     

203     199 (Q) 

  300 Eg (T(Ca, Mg, CO3)   298 

(Dol) 

353     351 (Q) 

393.5     390 (Q) 

461 vs     462 (Q) 

  723 Eg ν4 symmetric 

CO3 deformation 

    

  1097 Ag ν1 symmetric 

CO3 stretching 

  1099 

(Dol) 

    1000-1275 C-O stretching 1257 

    1300 asymmetric vibration of 

CH2-CH3 group 

1296 

    1335 amorphous carbon 1335 

    1450 CH2 bend 1441 

    1532-1550 COOH 1552 

    C=O stretch 1710 

    2000 sp2 C 1986 

    3300 C-H stretching of butane 3293 

Table 1D: Mineral and hydrocarbon phases with Raman vibrations in four ooids (1D: spectra of ooid No. 4) 
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