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Útdráttur 

Massaflutningur frumefna í jarðhitakerfum er mikilvægur til þess að skilja verkanirnar á 

bakvið ummyndun bergs, Myndun síðsteinda í jarðhitakerfinu í Surtsey gefur til kynna 

massaflutning frumefna og ummyndun bergs. Þessar hreyfingar á efni má reikna með 

gögnum úr borleiðöngrum í eynni árið 1979 og 2017. Sem sýna fram á skerðingu frumefna 

sem leysast upp í sjó en auðgun frumefna sem koma úr sjónum og í móbergið. Sem gefur til 

kynna myndbreytingu á þeim 38 árum milli borana. 

 

 

 

 

 

 

 

Abstract 

Elemental mass movement of geothermal systems is important to understand the 

mechanisms behind rock alteration. Secondary mineral findings in samples from boreholes 

in the geothermal system in Surtsey indicate elemental mass movement and rock alterations 

in the system. These movements are quantifiable with temporal data from two drilling 

campaigns in 1979 and 2017. Which shows depletion of elements going into seawater and 

enrichment of elements being added to the rock from the seawater. Implying a degree of tuff 

alteration in the 38 years between observations.  
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1 Introduction 

1.1 General information 

The Vestmannaeyjar (Westmen archipelago) are a group of volcanic islands south of Iceland. 

These islands were formed 10-15k years ago, originating mostly from the alkaline magma 

series. As a result, alkali basalt is the most common rock type occurring in the volcanic 

system at Vestmannaeyjar. The silicity of the latest eruption of the system on Heimaey in 

1973 dropped from 50 wt.% to 47 wt.% SiO2 during the eruption (Guðmundsson, 2001). 

1.1.1 Surtsey eruption of 1963 

On the 14th of November 1963, an eruption below the sea was observed, which likely started 

a few days earlier at a depth of about 130 m below sea level. Only a day later an island had 

already formed and would reach a height of 174 m above sea level by the end of January 

1964 (Fig. 1-1). The Surtsey eruption continued for 3.5 years and ended in June 1967. The 

island was 2.7 km2 at the end of the eruption after releasing an estimated 1.1 km3 of material. 

60%-70% of which was ash, tuff and tephra. Only 30-40% was basaltic lava (Jakobsson, 

2007).   

1.2 Previous work on Surtsey core samples 

During July and August 1979, a joint project between the USGS and the Icelandic Museum 

of Natural History, was carried out in to drill a 181 m deep hole (SE-01) into the 

hydrothermal system of the island. The borehole is located 150 m east of the vent area of the 

eastern tephra cone (Figure 1-1). The hole cuts through consolidated tuff and several basaltic 

lava flows (Jakobsson & Moore,1986). In 2017, three additional boreholes (SE-02a, SE-02b 

and SE-03) were drilled next to SE-01 by the SUSTAIN project (Surtsey Underwater 

volcanic system for Thermophiles, Alteration processes and INnovative concretes) to get a 

time lapse drilling record of the young basalt over a range of temperatures (25-141°C) from 

1979-2017 (Jackson et al., 2019). These bore holes were further used to study microbial 

interaction in the basaltic rocks and alteration processes that have not been detected during 

1979 drilling (Jackson et al., 2019).  

Further studies on the hydrothermal system were done by Ólafsson and Jakobsson (2009). 

The study concluded that the hydrothermal water composition in borehole SE-01 is basically 

that of seawater but showing slight signs of water-rock interaction. 
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Figure 1-1: A geological of Surtsey. The drill holes are located east of the Surtur vent. And 

northwest of Pálsbær (Ólafsson & Jakobsson, 2009). 

This report will mostly base its comparisons for the observation of the system’s mass 

movements on the figures published in the 1986 Jakobsson & Moore report. Along with 

figures from the 2017 SUSTAIN project and on the three samples collected from the tuff in 

the islands core. Where their compositions are analyzed and compared to the 1976 samples. 

Any change in the tuff’s composition will be recorded and quantified and some further 

assumptions about dissolution reactions and secondary mineral formation will be made. 
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1.3 Methods 

1.3.1 Core retrieval 

 

Figure 1-2: A diagram of the boreholes. A green section has been added to SE03 to show 

the range at which the samples were retrieved (Jackson et al., 2019). 

The core samples were retrieved from an inclined borehole next to the 1979 borehole. They 

were collected by the SUSTAIN project in August  2017 from a borehole close to the 1979 

hole named SE-03. The bore hole was drilled with an angle 35° from vertical in a 264° 

azimuthal direction (west) so that the core would sample the deep vent structure of Surtur 

(Jackson et al., 2019). The drill cores were retrieved to the surface within plastic liners using 

a HQ3 drill bit (15.56 cm; Jackson, et al., 2019). Approximately every 9 to 10 m, a ~10 cm 

long core piece was cut off from the upper part of the third core segment of the complete 

core run. The core pieces were kept inside the plastic liner, air-tight sealed into plastic bags 

and stored at 4°C until sample preparation to minimize further rock alteration. The samples 

used here derive from the upper part of the corebore hole (marked in green in Figure 1-2). 

The samples are labeled as D-40Z, D-46Z and D-49Z. They come from a depth of 103, 118 

and 126 m respectively which is between roughly 40-70 m below sea level. These samples 

were picked because they come from a depth of highest temperatures within the geothermal 

system of Surtsey (Fig. 1-3). Therefore great alteration can be expected in the samples. 

1.3.2 Cutting and analyzing 

From the 10cm long core pieces a >1 cm disk was cut, and from that another 2x3.5 cm cube 

was cut. From those cubes three thin sections were produced. These samples were then 
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studied and mapped in an optical microscope before being carbon coated for spectral analysis 

in a SEM (Scanning Electron Microscope). The SEM was a simple tabletop SEM from 

Hitachi’s TM4000 series. In the scanner, magnified photos of the samples were taken before 

spectrally analyzing them for their composition. In the SEM, the selected samples were 

inspected, photographed and measured with the spectrometer. In the end, 52 spots were 

chemically analyzed and included secondary minerals, vein and void fillings as well as 

groundmass and primary minerals. 

 

Figure 1-3: A depth to temperature profile for the relevant boreholes. The left graph shows 

the evolution on the geothermal system through time in the hole drilled in 1979. The right 

graph shows the temperature-depth profile in the holes from 2017. The samples picked in 

this report were at a temperature of 120°C-130°C around the time of retrieval (Jackson et 

al., 2019). 
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2 Results 

2.1 Petrology and mineralogy 

2.1.1 Sample D-40 

Sample D-40 comes from a depth of 103 m below the drilling surface. The core sample is 

brown with large grey clasts that give it an uneven texture, making it structurally different 

from D46 and D49 that have a finer grained, even structure. The structure is matrix supported 

with the grey clasts being around 1-2 cm in diameter. D-40 included minerals like analcime 

(Fig. 2-1), Mg-nontronite (Fig. 2-2) and a vein filling phase containing significant amounts 

of Al, Na and Mg, and can therefore be classified as a clay mineral. 

 

    

Figure 2-1: (Left) An analcime crystal roughly 0.5 mm across. This layered mineral was 

formed at a depth of 103 m. The core and outer rim have identical compositions, but the 

dark rim has a high concentration of Ca in it. Sample numbers 136, 137 and 138. 

Figure 2-2: (Right) A Mg-nontronite from D-40 at 103m depth. Sample number 133. 

2.1.2 Sample D-46 

D-46 from 118 m is drastically different from D-40 in terms of texture. The grey clasts in 

observed in D-40 are significantly smaller, <0.5 cm in diameter. Void fillings become much 

more prominent and the structure is bordering between matrix supported and clast supported 

(Fig. 2-4).Vesicles get filled by secondary minerals (e.g., zeolites, nontronites) and bridge 

the gap between the tiny clasts. The color of the tuff has shifted from a dull brown into a 
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stronger shade of red-brown. Minerals include plenty of tobermorite (Fig. 2-3) and some 

prominent plagioclase crystals. 

    

Figure 2-3: (Left) A tobermorite void filling in D-46Z (118 m). From samples 149 &151. 

Figure 2-4: (Right) A photograph of the D-46Z core. 

2.1.3 Sample D-49 

The lowermost sample from the set, D-49, comes from 126 m. The structure is very similar 

to D-46, containing fewer but larger bright vesicles filled by secondary minerals (e.g., 

chabazite, analcime and tobermorite). The darker clasts are very dispersed in comparison to 

the other two samples. The core is at that depth completely matrix supported which has a 

strong shade of red. Mineral composition is also similar to D-46, with some tobermorite 

crystals (Fig. 2-5), primary plagioclase and vein fillings that have varying compositions 

between chabazite and analcime in a mixed solid solution. 

 

Figure 2-5: A tobermorite void filling from sample D-49, from a depth of 126 m. The dark 

rim around the inclusion is indicative of the groundmass’ dissolution. 
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3 Discussion 

3.1 Elemental mass movement at Surtsey 

The observed secondary minerals from the three studied samples included tobermorite, 

analcime, chabazite, thomsonite, Mg-nontronite and a variety of other clay phases. They are 

of similar composition as previously described by Jakobsson & Moore (1986). These 

observations of secondary minerals suggest that elements must be removed from the rock 

becaus no K-bearing phase was observed for example. And other elements may have been 

added to the rock. 

Primary minerals like plagioclase were prominent in all of the samples. But the secondary 

clays and minerals can be difficult to recognize in an optical microscope, and even in the 

SEM viewfinder. The visual observations were backed up with spectrometric observations 

to confirm their chemical composition. Tobermorite was perhaps the most recognizable of 

the secondary minerals, often filling in large vesicles with needle-based structures, along 

with being very common to find. Among the more common minerals was analcime, a good 

example can be seen in Figure 2-1 that was some of the more interesting samples to analyze, 

due to its layered rim structure of varying compositions. To get an idea of the mechanisms 

behind the secondary mineral formations a mole of basaltic glass composition from 

Jakobsson & Moore 1986 is constructed as a chemical formula (Eq. 3-1) and then dissolved 

into various secondary minerals (Eqs. 3-2 to 3-7). 

3.1.1 Dissolution reactions 

Table 3-1:  Bulk rock composition comparison of the cores retrieved in 1979 (Jakobsson & 

Moore, 1986) to samples taken at comparable depths to D-40, D46 and D-49 in 2017 

(Jackson et al., 2019). The concentrations are given in wt%. 

Oxide 

Jakobsson & 

Moore, (1986) 

Jackson et al., 

(2019) at 101.3m 

Jackson et al., 

(2019) at 120.5m 

Jackson et al., 

(2019) at 127.9m 

TiO2 2.6 2.28 2.28 2.28 

SiO2 47.1 41.66 45.65 45.76 

Al2O3 16.6 16.49 16.33 16.37 

MnO 0.3 0.2 0.2 0.2 

MgO 5.3 7.13 7.01 6.84 

CaO 9.9 8.91 9.52 8.79 

Na2O 3.90 5.06 4.33 4.72 

K2O 0.71 0.44 0.71 0.54 

 

The formation of secondary minerals does not have uniform effect on the glass composition 

(Table 3-1). Certain elements are available in limited concentration and certain minerals can 

only form in certain amounts. To find the limiting element of a reaction it is often simplest 
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to look for the participating element that has the lowest concentration in the basaltic glass 

(Table 3-2). 

Table 3-2: Limiting elements. A table showing how many moles of a certain mineral could 

be made using up all of the available elements from the basaltic glass. The limiting element 

concentrations (mol) are highlighted with a box around them. 

Element 

Analcime Calcium Mg-

Nontronite 

Tobermorite Chabazite Thomsonite 

Si 0.09172 - 0.04998 0.03057 0.04586 0.03669 

Al 0.03810 - 0.11545 - 0.01905 0.00762 

Fe - - 0.01971 - - - 

Mn - - - - - - 

Mg - - 0.18650 - - - 

Ca - 0.04131 - 0.00826 - 0.02066 

Na 0.02945 - - - - 0.02945 

K - - - - - - 

O 0.10423 0.20846 0.05212 0.02843 0.03474 0.02405 

 

Once the limiting element has been found the dissolution of BAS (basaltic glass) can be 

calculated and set up as an equation (Eq. 3-1). 

𝑇𝑖0.00762𝐹𝑒0.03941𝑀𝑛0.0099𝐴𝑙0.0381𝐾0.00353𝑁𝑎0.02945𝑀𝑔0.03077𝐶𝑎0.04131𝑆𝑖0.18344𝑂0.62538 

Eq. 3-1: The chemical formula for the composition of one mole of basaltic glass. 

 

𝑩𝑨𝑺 + 0.3994𝐻+ + 0.0788𝐻2𝑂 ⟶ 0.0076𝑇𝑖4+ + 0.0394𝐹𝑒2+ + 0.00099𝑀𝑛2++↲ 
0.0086𝐴𝑙3+ + 0.00353𝐾+ + 0.0307𝑀𝑔2+ + 0.0413𝐶𝑎2+ ↲ 

+𝟎. 𝟎𝟐𝟗𝟓𝑵𝒂𝑨𝒍𝑺𝒊𝟐𝑶𝟔 ∙ 𝑯𝟐𝑶 + 0.125𝐻4𝑆𝑖𝑂4 

Eq. 3-2: One mole of basaltic glass dissolved and recrystallized as analcime. 

The formation of analcime completely uses up Na and releases Fe, Mn, K, Mg and Ca. Some 

Al is also released, but the reaction uses up most of it. 

 

𝑩𝑨𝑺 + 0.0413𝐻2𝐶𝑂3 + 0.3247𝐻2𝑂 + 0.0413𝑂2 ⟶ 0.0076𝑇𝑖4+ + 0.0394𝐹𝑒2+ ↲   
+0.0099𝑀𝑛2+ + 0.0381𝐴𝑙3++0.00353𝐾+ + 0.02945𝑁𝑎+ + 0.0307𝑀𝑔2+ ↲ 

𝟎. 𝟎𝟒𝟏𝟑 𝑪𝒂𝑪𝑶𝟑 + 0.183𝐻4𝑆𝑖𝑂4 

Eq.3-3: One mole of basaltic glass dissolved and recrystallized as calcite. 

Calcite is rather simple, it takes up carbonic acid and uses up the entire Ca stock and taking 

a bit of Si and O, but otherwise releases most of the other elements. 
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𝑩𝑨𝑺 + 0.373𝐻+ + 0.055𝐻2𝑂 ⟶ 0.0076𝑇𝑖4+ + 0.00099𝑀𝑛2+ + 0.0316𝐴𝑙3+ ↲ 
+0.00353𝐾+ + 0.04131𝐶𝑎2+ + 0.0275𝑀𝑔2+ ↲ 

+𝟎. 𝟎𝟏𝟗𝟕𝑴𝒈𝟎,𝟏𝟔𝟓𝑭𝒆𝟐
𝟑+[𝑨𝒍𝟎,𝟑𝟑𝑺𝒊𝟑,𝟔𝟕]𝑶𝟏𝟎(𝑶𝑯)𝟐 + 0.111𝐻4𝑆𝑖𝑂4  

Eq. 3-4: One mole of basaltic glass dissolved and recrystallized as Mg-nontronite. 

Mg-Nontronite completely uses up Fe, but also takes up some O, Si, Mg and Al.  Releasing 

most of the rest of the elements.  

 

𝑩𝑨𝑺 + 0.295𝐻2𝑂 + 0.11𝑂𝐻− ⟶ 0.0076𝑇𝑖4+ + 0.0394𝐹𝑒2+ + 0.00099𝑀𝑛2+ ↲ 
 +0.0381𝐴𝑙3++0.00353𝐾+ + 0.02945𝑁𝑎+ + 0.0307𝑀𝑔2+ ↲ 

 +𝟎. 𝟎𝟎𝟖𝟐𝟔𝑪𝒂𝟓𝑺𝒊𝟔𝑶𝟏𝟔(𝑶𝑯)𝟐 + 0.134𝐻4𝑆𝑖𝑂4 

Eq. 3-5: One mole of basaltic glass dissolved and recrystallized as tobermorite. 

Tobermorite consumes a lot of Ca, Si and O. But otherwise releasing most of the other 

elements. It also requires a higher pH than the other reactions. 

 

𝑩𝑨𝑺 + 0.261𝐻2𝑂 + 0.136𝐻+ ⟶ 0.0076𝑇𝑖4+ + 0.0394𝐹𝑒2+ + 0.00099𝑀𝑛2+ ↲ 

+0.00353𝐾+ + 0.02945𝑁𝑎+ + 0.0307𝑀𝑔2+ + 0.0413𝐶𝑎2+ ↲ 

+𝟎. 𝟎𝟏𝟗𝟎𝟓𝑨𝒍𝟐𝑺𝒊𝟒𝑶𝟏𝟐 ∙ 𝟔𝑯𝟐𝐎 + 0.107𝐻4𝑆𝑖𝑂4 

Eq. 3-6: One mole of basaltic glass dissolved and recrystallized as chabazite. 

Chabazite is an Al bearing zeolite. Which consumes all the Al, some Si and O but releases 

most of the other elements. 

 

𝑩𝑨𝑺 + 0.154𝐻2𝑂 + 0.273𝐻+ ⟶ 0.0076𝑇𝑖4+ + 0.0394𝐹𝑒2+ + 0.00099𝑀𝑛2+ ↲ 

+0.00353𝐾+ + 0.0218𝑁𝑎+ + 0.0307𝑀𝑔2+ + 0.0261𝐶𝑎2+ ↲ 

+𝟎. 𝟎𝟎𝟕𝟔𝟐𝑪𝒂𝟐𝑵𝒂𝑨𝒍𝟓𝑺𝒊𝟓𝑶𝟐𝟎 ∙ 𝟔𝑯𝟐𝐎 + 0.145𝐻4𝑆𝑖𝑂4 

Eq. 3-7: One mole of basaltic glass dissolved and recrystallized as thomsonite. 

Thomsonite is a pretty complex zeolite, bearing Ca, Na and Al. Completely consuming Al, 

and releasing most of the rest of the elements.  

For the most part. This small scale model predicts the release of K, Mn and some Si into the 

seawater. Elements like Mg, Na, Fe and Ca are consumed by secondary mineral formation. 

Ti remains almost immobile and is neither released into the seawater or taken up by the 

secondary minerals observed. Chapter 3.1.2 will look into how this modeling applies to the 

mass scale movements at a larger scale. 
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3.1.2 Mass balance  

To quantify the elemental mass movement between seawater and host rock at Surtsey, bulk 

rock chemical data from fresh unaltered basalt (Jakobsson & Moore, 1986) was compared 

with bulk rock data from altered basalt (Jackson et al., 2019). For the comparison the average 

value of 29 microprobe analyses of sideromelane from 8 different levels of drill core (table 

1, row 5) reported by Jakobsson and Moore (1986) was used. The altered basalt composition 

was taken from Table S3 reported by Jackson et al., (2019). These values are listed in Table 

3-1. The bulk rock concentrations of oxides of altered and unaltered basalt were normalized 

to TiO2. Titanium has low solubility, and is thus very immobile (Ague, 2011).  Meaning it 

will likely not have dissolved into the seawater. This will give us a relatively good depiction 

of elements being released or added to the bulk rock in the Surtsey hydrothermal system. 

The calculation uses a mass balance formula  previously published by Ague, (2011), 

τ = (
𝐶𝑇𝑖

0

𝐶𝑇𝑖
′ ) (

𝐶𝑒
′

𝐶𝑒
0) − 1 

Eq. 3-8: Mass balance formula for studying mas balance, relative to an immobile element. 

(Ague 2011). 

Where 𝜏 is the fractional mass change. 𝐶𝑇𝑖
0  is the Ti concentration of the fresh basaltic glass, 

𝐶𝑇𝑖
′  is the Ti concentration of the altered samples, with 𝐶𝑒

0 and 𝐶𝑒
′  corresponding to the 

concentration on the mobile element being measured in either the fresh sample and the 

altered one, respectively. The results were put onto graphs to visualize the elemental mobility 

for each sample (Figures 3-1, 3-2 & 3-3). We see enrichment in the elements like Mg, Na 

and Al. And a depletion in Mn and K. The depletion of K is consistent with the lack of 

observed K-bearing phases. The Mn values are slightly difficult to rely on since its 

concentration is barely detected in both fresh and altered rock. The elemental mobility is 

similar at all depths, with only two notable exceptions in D-46 (fig. 3-2). In this sample, 

almost 10% Ca has been added to the rock which is comparatively more than detected in the 

other two samples. Also K, which is depleted at the other depths (fig 3-1 & 3-3) is 

significantly enriched in sample D46. 

 

Figure 3-1: Fractional mobility of elements in sample D-40, 103 m. Normalized to TiO2. 

This depletion and enrichment dynamic at play is due to elements being dissolved in 

seawater making its way through cracks and vesicles in the rock and dissolving the mobile 
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elements from the basaltic glass. The elements are then recrystallized into secondary 

minerals and clays. 

 

Figure 3-2: Fractional elemental mobility in sample D46, 118 m. Normalized to TiO2. 

 

Figure 3-3: Fractional elemental mobility in sample D-49, 126 m. Normalized to TiO2. 
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rock, while taking away Mn and sometimes K. The added Al is going into zeolites like 

analcime, chabazite and thomsonite. Mg is mostly going into Mg-nontronite. And Na is 

going into thomsonite and analcime. No major Mn or K phases could be found, which fits 

with the mass balance calculations. With the exception of sample D-46 where we see an 
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4 Final words  

The three samples from depths of 103-126 m in the Surtsey hydrothermal system revealed 

the formation of secondary minerals. Analcime, chabazite, tobermorite, Mg-nontronite 

calcite and various clay phases. Indicating elemental mass movement within the system. This 

mass movement was modeled with dissolution reactions of sideromaline into the secondary 

minerals observed. The mass movement was then quantified using temporal bulk rock data 

to produce fractional elemental mobility charts, showing Al, Mg, Na and some Ca being 

added to the rock, while removing Mn and K, except at 118 m where it is added. 

4.1 Outlook 

Due to the carbon coating on the thin sections, the carbon content of calcite in the samples 

could not be properly observed. All C values have therefore been left out. In addition, no 

sulfur was detected in any of the samples despite the fact S-bearing minerals occurring in 

the hydrothermal system at Surtsey (Jakobsson and Moore, 1986). This is either because of 

the concentration of S being too low to be detected in significant amounts, or S has been 

dissolved and put into minerals (e.g., anhydrite) that did not occur at the studied depth in the 

borehole. Samples containing calcite and anhydrite in vein and fracture fillings also need to 

be selected for studying the movement of CO2 and S in the system. Finally, the enrichment 

of K at 118 m depth needs to be studied further, to find out the reason for it to be enriched 

exactly at that depth between the other two samples, that are depleted of K. 
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Appendix A 

Sample composition tables. 

The tables below contain the normalized values of the spectral analyses for samples D-40, 

D46 and D-49. Carbon has been left out of the elements listed since the carbon coating of 

the thin sections interfered with the measurements. However, some amount of C is likely 

included in the minerals, e.g., in calcite. which is a very important mineral in these core 

samples. 

D-40 

Table A-1: The compositions of samples taken from core D-40. Values are given in mol%. 

Sample O Na Mg Al Si Cl K Ca Ti Fe Mineral 

132 56.716 0.473   2.689 19.837   0.615 19.669     - 

177 60.963     2.393 18.406 1.397   16.841     - 

178 58.270 1.587 3.263 5.917 17.934     6.367 0.524 6.139 - 

179 56.892     2.924 19.744   0.533 19.907     Clay 

180 55.548   7.756 6.258 16.731     2.435 0.830 10.441 Zeolite 

181 57.806 4.097 3.205 7.932 18.188     3.129 0.908 4.736 Gr. Mass 

139 54.441 1.696 3.102 8.916 18.878     6.424 0.956 5.587 Gr. Mass 

136 57.776 9.024   10.538 22.661          Analcime 

137 57.645     2.621 19.508 0.613 1.925 17.689     Analcime rim 

138 58.199 8.382   10.434 21.748     1.238     Analcime 

133 57.369   6.906 4.951 16.887     1.595   12.292 Mg-nontronite 

134 62.944 3.517 2.917 7.028 15.907     2.656 0.608 4.423 Gr. Mass 

135 59.458   7.224 4.281 16.778     2.894   9.365 Mg-nontronite 
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D-46 

Table A-2: The compositions of samples taken from core D-46. Values are given in mol%. 

Sample O Na Mg Al Si Cl K Ca Ti Fe Mineral 

162 59.986     2.147 18.506 1.727   17.634     Zeolite 

163 55.809 8.748 2.070 1.091 28.360   0.519 3.403     Clay 

164 59.481 0.984 3.914 6.517 15.515     4.039 1.227 8.324 - 

166 56.780 3.429 2.953 6.798 19.440     5.668 0.733 4.199 Gr. Mass 

149 54.501     2.320 22.619   2.166 18.393     Tobermorite 

151 57.414 0.806   3.029 20.802   1.849 14.899   1.202 Tob. core 

153 60.227 4.786 3.769 7.596 17.716     2.072 0.475 3.360 Gr. Mass 

154 48.632 1.220 2.309 8.972 20.975     7.756 2.279 7.857 Pyroxene 

155 50.926 9.508 2.582 0.794 32.102   0.523 3.565     Clay 

159 56.604     2.518 19.716 0.786 0.809 19.567     - 

161 60.668     2.107 18.184 2.414   16.626     - 

140 54.284 2.805   14.427 21.426     7.058     Plagioclase 

141 57.792 9.225 2.226 0.585 26.944   0.394 2.834     Plagioclase 

143 53.607 7.858 1.915 0.560 31.133   0.613 4.313     Plagioclase 

145 62.838 1.739 5.149 6.708 14.484     2.009 0.568 6.505 - 

146 59.796 7.171 0.661 9.060 19.701     2.859   0.752 - 

147 52.977   6.225 6.719 16.689     4.039 1.671 11.680 - 

148 56.127 3.507 3.236 7.602 19.458     5.032 0.757 4.281 Gr. Mass 

167 58.334 8.736   10.636 21.788     0.507     - 

169 43.180 10.225 2.915  39.286     4.393     - 

171 57.145     2.784 19.878 0.489 0.428 19.275     - 

172 55.141 2.034 6.551 6.890 18.050     2.770 0.747 7.816 - 
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D-49 

Table A-3: The compositions of samples taken from core D-49. All values are given in mol%. 

Sample O Na Mg Al Si Cl K Ca Ti Fe Mineral 

191 59.732   7.073 5.805 14.384     3.611 1.351 8.043 Pyroxene 

192 58.276 4.665   8.193 21.605     7.261     Thomsonite 

193 53.290     0.775 21.180     24.746     Tobermorite 

194 56.891 2.108 3.556 7.809 17.865     3.050 1.490 7.231 Pyroxene 

195 52.547 7.554 2.364  32.958   0.610 3.967     Mg. Clay 

196 58.143 2.473 3.404 7.005 18.373   0.580 5.378 0.747 3.899 Gr. Mass 

198 55.609 2.637   14.380 20.468     6.906     Plagioclase 

200 58.297      19.500 0.459   21.744     Tobermorite 

201 58.003 3.209 2.834 8.228 18.176     2.733 1.172 5.646 Pyroxene 

202 57.081 4.851 2.494 9.564 21.505     1.882   2.623 Clay 

203 58.446 2.631 3.450 6.522 18.080   0.352 5.823 0.716 3.981 Gr. Mass 

182 56.790      20.467     22.743     Tobermorite 

183 55.702 8.945 2.190 0.566 28.706   0.499 3.393     Zeol. Solution 

187 63.866   5.673 5.219 13.537     3.668 1.496 6.542 Pyroxene 

188 58.142   6.209 6.257 15.580     3.797 1.637 8.379 Pyroxene 

189 58.338     2.711 19.258 1.162 0.485 18.046     - 

190 57.266 3.655 3.827 7.924 18.800     3.466 0.756 4.306 Gr. Mass 

 


