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39. THAUMASITE IN LAU BASIN BASALTIC ANDESITE, HOLE 841B!

Dietmar Schops® and Peter M. Herzig?

ABSTRACT

Hole 841B was drilled in the forearc region of the Lau Basin at a water depth of 4810 m. The hole penetrated a roughly
500-m-thick series of Miocene voleanic sediments with a number of basaltic to andesitic units (sills?) varying in thickness between
7 cmand 17 m. The volcanics are slightly to moderately altered and contain analcite, chabazite, natrolite-thompsonite, heulandite
(7). prehnite, and quartz as secondary phases. In addition, thaumasite [Ca;Si(OH);, - 12H,0](SO,)(CO4) was identified in the
altered sequence. Sulfur isotope data of two thaumasite separates (+23.5%¢ and +21.1%0 8*S) indicate a seawater origin of
the sulfate sulfur. Tt is suggested that thaumasite is a product of low-temperature (<60°C), seawater-derived CaCl,-rich fluids
that were almost identical in composition to those presently circulating in the sub-seafloor.

INTRODUCTION

Thaumasite is a hydrated Ca-Si carbonate sulfate hydroxide with
the formula [Ca;Si(OH), - 12H,0](SO,)(CO;). It has a hexagonal struc-
ture and, together with ettringite (Ca,Al,[(OH),/SO,]; - 26H,0) and
jouravskite (CagH,[SO/CO/(MnO,)* |v, - 28H,0). forms a unique
mineral family.

Thaumasite was first described by Nordenskiold (1878). Later
studies identified thaumasite as a product of geothermal water inter-
acting with basalt and tuffs (e.g., Hentschel, 1979; Heritsch, 1988).
Thaumasite also occurs in the groundmass of contact metamorphic
rocks, replacing calcite and/or gypsum (e.g., Larsen and Dunham,
1933), and it is a common mineral in sulfide and manganese mines
where it occurs in form of hydrothermal veins (e.g.. Vogt, 1938;
Grubesi et al., 1986).

The first description of thaumasite in an oceanic environment is
from Noack (1983), who identified thaumasite as a cement in several
basaltic breccias of the Echo Il borehole at the Mururoa Atoll in
association with zeolites such as phillipsite, chabazite, gmelinite, and
analcite. Recently, thaumasite was identified in Miocene tuffs from
the Mariana Basin and described in detail by Karpoff et al. (1992).

This paper describes the occurrence and the chemical and isotopic
composition of thaumasite in basaltic andesite and tffs from Ocean
Drilling Program (ODP) Hole 841B in the forearc region of the Lau
Basin. The formation of thaumasite is discussed with respect to host
rock alteration and the composition of present-day pore fluids recov-
ered from the thaumasite-bearing sequence.

GEOLOGIC SETTING

Hole 841B is located west of the trench-slope break, approxi-
mately 55 km west of the axis of the Tonga Trench and 60 km east of
the crest of the Tonga Ridge at 23°20.7°S, 175°17.9'W ina water depth
of 4810 m (Fig. 1). Drilling at this location was planned to compare
the forearc sites drilled in the Bonin and Mariana arc systems during
Legs 126 and 129.

Two major igneous sequences were recovered from Hole 841B.
The first is a series of basaltic andesite and andesite units (7 cm to 17
mthick), probably sills, occurring between 324.76 and 497.68 m below
seafloor (mbsf) within a thick pile of upper and middle Miocene
volcaniclastic sediments (56-549 mbsf). The second sequence, extend-
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ing from 605.05 m to the bottom of the hole at 834.20 mbsf, comprises
a series of low-K rhyolites, rhyolitic tuffs, flow breccias, welded tuffs,
and lapilli tuffs. Both igneous sequences are separated by early Oligo-
cene and upper Eocene shallow-water calcareous volcanic siltstones
(549-605 mbsf) showing strong evidence for a >5000-m subsidence
since Eocene times (Shipboard Scientific Party, 1992).

ANALYTICAL TECHNIQUES

The X-ray diffraction (XRD) analyses were made on powdered
samples using a Siemens Model D500 diffractometer with a scanning
speed of 19/min. The samples were run between 2° and 72° 20 at 45
kV/35 mA using Cu-Ko radiation. Major and trace elements were
determined by X-ray fluorescence (XRF) analysis using a Philips
Model PW 1400 spectrometer on a fused glass disc and a pressed
powder pellet. Both CO, and SO; were determined by means of an
infrared spectrometer after inductive volatilization. Instrumental neu-
tron activation analysis (INAA) was used to detect rare earth and other
trace elements. Fragments of the vein sample were observed under a
JEOL Model JISM6400 scanning electron microscope (SEM) for tex-
tural characterization.

RESULTS

Thaumasite was identified at 325.14 mbsf (Core 135-841B-18R-
2) filling a 0.5-cm fissure in basaltic andesite (Fig. 2). In addition,
thaumasite occurs at 530.30 mbsf (Core 135-841B-39R-CC) as a
component of Miocene volcaniclastic sediments.

The XRD pattern of thaumasite (Fig. 3) from both occurrences
correspond to the ASTM-JCPDS powder file and to the d-spacing
values of thaumasite published by Knill (1960).

Veins and fractures cross-cutting the basaltic andesite are filled
with quartz, analcite, chabazite, and minor carbonate. Locally, sul-
fides such as pyrite. chalcopyrite, pyrrhotite, and marcasite were iden-
tified. A small vein filled with quartz, chabazite, albite (7) and sub-
ordinate pyrite, marcasite, and chalcopyrite occurs about 7 cm above
the thaumasite fissure at 325.14 mbsf (Fig. 2). The XRD analysis of
a bulk sample of basaltic andesite at 325.28 mbsf yielded analcite as
a minor constituent,

Alteration of the Miocene sediments resulted in the formation of
fibrous aggregates of natrolite-thompsonite and bladed prehnite in
pore spaces. Locally. analcite was found to replace plagioclase, and
in some cases, pumice shards are replaced by heulandite (7).

Scanning electron microscopy of the fissure thaumasite indicates
well-crystallized material with compact prismatic habit (Fig. 4).
Chemical analyses and formula calculations exhibit a composition
very close to the theoretical formula (Table 1). Only minor amounts
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Figure |. Location map of Sites 834-841 in the Lau Basin and Tonga Trench system. Bathymetry in kilometers. Locations of the Central
and Eastern Lau spreading centers, the Valu Fa Ridge, and the Mangatolu Triple Junction are shown as CLSC, ELSC, VF. and MTI,
respectively. Islands include Z = Zephyr Shoal, NF = Niuafo'ou, V = Vava'u, T = Tongatapu, E = "Eua, A = ‘Ata, and U = Upolu.

of Al, Fe, Mg, and Na were detected. With the exception of Br (18
ppm). all trace elements measured are below or close to the detection
limits of XRF and INAA.

Sulfur isotope ratios of two thaumasite separates are +23.5%e and

+21.1%c &™S. which is close to the sulfur isotope composition of

seawater sulfate (+21.0%e¢; Rees et al., 1978).
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Interstitial waters recovered from the thaumasite-bearing sequence
are characterized by high concentrations of Ca’* (3,700 ppm) and CI
(23,000 ppm) and thus represent CaCl,-rich brines. Sulfate and Na™ in
these fluids decrease from seawater level to 1000 ppm SO3~ and 8,000
ppm Na* and concentrations of Mg™ and K* drop toward zero. The
Si** concentration decreases from about 17 to <4 ppm.
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Figure 2. Photograph of Core 135-841B-18R (323.5-333.2 mbsf) with thau-
masite (arrows) filling a fracture in basaltic andesite at 325.14 mbsf (Section
135-841B-18R-2, 14-15 ¢m). The thin vertical vein in Section 135-841B-18R-
2. 7-10 cm (triangles) contains quartz, analcite, chabazite, and sulfides.
Analcite and quariz (asterisks) were detected by XRD in Sample 135-841B-
18R-2, 28-32 c¢m.

THAUMASITE IN LAU BASIN ANDESITE

Table 1. Determined and theoretical (in brackets) chemical
composition of thaumasite [Ca3Si (OH)s - 12H20] (SO4)
(CO3), Hole 841B (325.14 mbsf).

Major elements (wt%) Trace elements (ppm)
Si0, 9.80  (9.65) S¢ 02 Sb <02
TiO, <001 o 2 Cs <l
ALO, 0.30 Co 1 Ba <50
Fe,0, 005 Br 18 Hf <05
MnO <(.01 u 0.5 Ta <1
MgD 0.03 Ni <20 W oo<3
CaO 2741 (27.02) Zn <20 Th <1
Na,0 0,12 As <2 La <05
K,0 0.05 Se <3 Ce <3
P,05 <0.05 Rb <10 Nd <5
S0, 13.12  (12.86) Sr <10 Sm  <.1
Co, 7.69  (7.07) Mo <5 Eu <02
H,0 4200 (43.40) Ag <5 Th <05

Cu <20 Yb <02
Total 100.52 Nb 10 Lu <0.05

Zr <20

Y <10 [ppb]

Ga <10 Au

Co <20 Ir <20

Formula calculation on the basis of

25 O-atoms (Si,Ca,Na,K,8)=35
Si 1.019 0.995
Al 0.036 0.035
Fe 0.004 0.004
Mg 0.004 0.004
Ca 3.053 2.981
Na 0.024 0.023
S 1.024 1.000
c 1.091 1.066
OH 6.112 5.968
H,0 11.520 11.250
DISCUSSION

The occurrence of thaumasite together with zeolites (analcite,
natrolite-thompsonite, heulandite [?]), prehnite, and sulfide-bearing
quartz-chabazite veins characterizes alteration in the upper part of the
volcanic sequence of Hole 841B. This assemblage is similar to that
described by Noack (1983) and Karpoff et al. (1992). Experimental
data by Abe and Aoki (1976) indicate that analcite is formed at
temperatures of 150°-160°C, whereas chabazite is thought to form
below 80°C (Karpoff et al., 1992),

According to Giampaolo (1986). the upper thermal stability limit
of thaumasite does not exceed 60 £ 5°C. At higher temperatures,
thaumasite readily decomposes to calcite and gypsum. Giampaolo
(1986) stated that thaumasite can be considered as an index mineral
for low-enthalpy geothermic conditions.

Pore fluids recovered from the thaumasite-bearing interval are
among the most intensively modified pore waters of seawater origin.
The presence of CaCl,-rich fluids seems to support the formation of
thaumasite, as indicated by samples of thaumasite from the Mariana
Basin (Site 802, Leg 129), where almost identical Ca** and CI-
concentrations (5.200 ppm Ca** and 22,200 ppm CI7) were found in
the pore fluids (Larson, Lancelot, et al., 1992), Similar CaCl,-rich
brines (12,000 ppm Ca®* and 25,200 ppm CI") were collected during
Leg 126 in the Bonin Arc (Taylor, Fujioka, et al., 1992), but no indica-
tions for the occurrence of thaumasite are reported.

The changes in the concentrations of Ca**, Mg?*, K*, and Na* at
Site 841 are much more pronounced than usually observed in pore-
water—depth profiles. The composition of these pore waters might be
explained by the intensive interaction of seawater with volcanic
material. It is assumed that diffusive exchange of the fluids with
bottom seawater was limited by a high rate of volcaniclastic sedimen-
tation and allowed to maintain a steep gradient in concentration. The
elevated CI” concentrations are probably caused by the hydration of
primary minerals under these conditions,

Thaumasite from 325.14 and 530.30 mbsf has &S values of
+23.5%ec and +21.1%c. These values are almost identical to seawater
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and suggest only insignificant sulfur isotope fractionation during the
formation of thaumasite. Reported §*'S ratios for Site 802 thauma-
site samples from the Mariana Basin (+20.4%c and +19.5%c:. Alt and
Burdett, 1992) are similar to those of interstitial water (+20%e to
+28%0 8™S: Alt and Burdett, 1992), indicating seawater as the source
of sulfur. The influence of seawater during the formation of thau-
masite is also indicated by an elevated Br content (i.e., 18 ppm). In
addition to seawater, part of the Ca and Si in thaumasite might have
been supplied by the alteration of plagioclase to analcime.

CONCLUSIONS

Thaumasite in altered volcanics of the Lau Basin forearc is con-
sidered to be a product of low-temperature hydrothermal fluids that
are identical in composition to those presently circulating in the sub-
seafloor. These fluids are of seawater origin and have achieved high
concentrations of Ca™" because of their limited exchange with bot-
tom seawater. Fluid temperatures from <80° to >150°C are docu-
mented by the presence of analeite, chabazite, and Fe- and Cu-
sulfides. The upper thermal stability limit of thaumasite (60° £ 5°C:
Giampaolo, 1986), however, indicates a late-stage formation at low-
temperature conditions.
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Figure 3. The XRD pattern of thaumasite [Ca;Si(OH)g, - 12H,0)(SO4)(COy) from Sample 135-841B-18R-2, 14-15 cm (325.14 mbsf) with data of published and

observed d-spacings and relative intensity.
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Figure 4. A, Scanning electron photomicrograph of fracture-filling thaumasite from Hole 841B (Sample
135-841B-18R-2, 14-15 cm). B. Close-up of the same sample showing typical prismatic habit of
thaumasite.
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