= —
V33D-0549

Qlﬁgl @

New Orleans | 11-15 December 2017

f Sulfur Layers and Magmatic Gas Scrubbing: Implication for gas

T. Scolamacchia

I Independent Researcher Muenchen, Germany (tscolamacchia@gmail.com)
m n - i‘ - -

e el e

1. Sulfur properties Halogens
‘ B8 Variations in impure S viscosity only occur above 160°C, when S8 Th? abundanf:e of halogerj gases S M
rings rupture (start of polymerization, maximum at 187°C), the varies according to tectonic HF,"HCI, HBr, HI

) .. ) settings and magma composition
presence of impurities in S (organics, halogens, H,S) cause 8 g P

reactions that shortens the polymer chains. Both H,S, (by
product between organics and S, or H,S and S) or halogens sticks
to the terminal portions of S-polymers causing the decrease in
viscosity [19].
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. CONCENTRATIONS
— g F 10-100 ppm
D | - LI 0| i 400 ; (sometimes >5%)
as been attributed to ground/surface waters . Nevertheless, gas scrubbing coulc i ’5';’/ f#ﬁ:z—f,;_‘_ 320 — - Cl 800-7500 ppm MANTLE MINERALS
reflect viscosity variations of impure S_ within hydrothermal systems. Industrial 4 i 240 2f 3/ /& / I Br 0.06-300 ppm CONCENTRATIONS
experiments indicated that impurities (organics, H,S, ammonia, HCI, HF, HBr, HI) i. {/ //"“““‘::— e #E €o |1 ,E 1 0.06-110 ppm Ap 0.4-1,4 %F
hinder S, polymerization at T > 1602C, allowing viscosity to remain low for long time | I = e \ 2 Al v 80 / ] From [13] 0.1-1% Cl
depending on the maximum T achieved and heating rates . However, a prolonged ) /\ | : e -_:E::: “““““““““ . 0 Ml e | Cpx, Ol, Opx,Grt
heating destroys the viscosity-modifying substances (e.g. H,S, formed by reactions s oy / / /-—-\}\\ | ° - = T —— TIME. IN HOURS <50 ppm F <50 ppm ClI
with organics, H,S) and dramatic S, viscosity increases occur after a certain number of | E*ﬁ—$@_ S ~—| = ﬁ;--m%_’*ﬁf:_fmr gk i ‘i":‘:’:;f““ i, ‘:“:‘;11:: Phl 0.43 %F
heating and cooling cycles. A prolonged boiling of S_ with organics was observed to T - -55-] > i il & Lyclentar oAb Tomaing 5 B Gheonves 0.08 % C|
release H,S, following H,S, disruption. Some gases (e.g. SO,) do not affect S, viscosity. B D From [13]

Fig. 1. Variations in elemental S viscosity- Experimental results obtained in the 40’s. (Scale: 1cP=0.001 Pa-s; 1Poise= 0.1 Pa-s) [5,6] A. Pure
S viscosity. 4-magnitude increase at =160° C. B. Effect of H,S. Curves: 1. untreated S. 2. after 100hrs under H,S at 140" C. 3-4. S with
dissolved H,S after cooling and heating between 180-200° C (H,S, formation) 5-6. S+ H,S after cooling (170° C) and reheating ( note
:maximum shifts at low T) C. Effect of organics. 1. S (+0.038 wt% organics) not previously heated at 180-200° C. 2. on cooling after

low preheating (125-260° C for 1 hr.30’). Note the dramatic decrease in viscosity (!) (H,S formation). 3. with rising T after cooling (170° C). 4.

In volcanic environments non-reactive species (e.g. SO, CO,) could therefore escape
under S, low viscosity regimes. Also, halogens absence in gas emissions could be
caused by their participation in reactions within S-layers causing its viscosity to remain

Halogen abundances (in wt%) of matrix glasses and silicate melt inchisions from different types of volcanic systems in varied tectonic environments.
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with rising T after cooling (160° C for 14 hrs). 5-6. with rising T after twice cooling/heating cycles as in 4. D. Effect of halogens at various (25in Austral Ishnds’) (084 in Lau Basin”)
. . . . . . . . . . Br* L000006-0.000 13 00005003 0L0001 0000002 0.00002-0028
concentrations with T in open or closed systems. Chlorine is the most effective. For 2wt% the viscosity is <0.015 Pa-s. Increasing 5 (.0000007-0.0000014 0.0000006 0.00006-0.011 0.000002-0.000008 <0.00005
(Q/F¥ 03-5 Q01-0.45 ca. 0.4 0535 ca 059 ca. 05-1 cal @ 0051 ca 56

concentrations (i.e. 3-4-5 wt%) produce lower viscosities, independent of T (compare to Fig. A). For equal concentrations values for closed

systems are lower than open systems E. Effects of halogens with time. Mixtures maintained at 190-200° C for the time indicated. _ i - — n
Measurements at 200° C Chlorine is the most effective, but high volatile (SCl,) is the greatest. lodine is more persistent than chlorine; able summarizing some of the stuc e last decade. (From [13]) == _
bromine is better than either. . - - — =

Transitions between periods of dome
extrusion and presence of crater lakes

4 have been observed at several
A great variety of organic compounds hydrocarbons, volcanoes. Crater lakes are transient in

and non-aromatic S-bearing species (i.e. CS,) have time. Aquifers can act as lakes Elemental
been detected in fumarolic emissions since 1971 at S deposition can occur in several volcanic
different volcanoes [14,15,16,17,18, 19]. A thermal o settings. When a threshold of 180-200°C

decomposition of organic matter in sedimentary is overcome, S viscosity remains low

Organics

=l =g

2. Examples

Soufriere Hills, Montserrat

Between 1995-2013, SO, emissions at SHV were decoupled from lava RUGPEhU/ New Zealand
extrusion in a time scale of months to years, leading to the paradox that
more SO, was emitted during periods of no lava extrusion [7]. These

periodical emissions have been attributed to A) change in the system 2500 = % 90 Fluarinated compounds e under 1) H,S gas fluxes, 2) organics or 3)
'| ' o Chi i rom ane . . . . )
permeability; B) advection of the gas phase to shallower levels. Long-period D \\ 4| £ 180 Dichlzoflucrome hans it basements is commonly invoked to explain their halogens inputs, all of which are
= ‘EE EE | : uoromethane " . )
(2 years) and short-period (4-5 months) cycles were also linked to a) the —e C0ys0| ¢} 3 | g * Dichlomdiffunromethans cha occurrence in hydrothermal systems, but other ' “scrubbed” by elemental S. A prolonged
. . « e . . .‘r: EE 60 Chlorodifluvoroethane «Ea . . . .
entrainment of moist air into the plume, or B) gas scrubbing in the 20007 \. i s %mﬂ@u”rfﬁmm Eaf-gptﬂ reactions are also possible [18] . Halogenation heating destroys the viscosity —modifying
. . . 3! g g trachloredifimome : . . . . i )
hydrothermal system. Both processes involving a reaction between SO, and \x L oo \ % i Tifuoropropene CILE, reactions following thermolytic cracking of CH, lead substances causing a system sealing
. . . . . . . . . : ! QN Flaocrobenzens EnHEF |
HZOfalled in explaining the per{od/cal SO, release [7]. Similarly localized 1 | § 0 Teufacrseeee cirs, to organohalogens compounds (CH3CI, CH,Br,CH,|,
induced pressure changes within a deeper second magma chamber [8] (was S / 20 e ‘ CH,Cl,, CCl.Br, CCl, ) [19] In contrast, SO, does not react with
considered not in agreement with observation of magma fluxes [7] . o S | \/ L j 110 P — 2= 3T 4 ' elemental S. The “periodic” emissions
x W= | | lodoethane C,H,] .
L | . lodoethens C.H,! observed at the surface may likely reflect
u_ o e Metplbromide CH B its release during periods of low S
% - I’ - 26 April | 3 Apr Ejected %’“mmﬂhuﬂ ﬁf__’l VISCOSIty
0 i 1968 | 1971 = romomethane I .
IL‘ 5.2 || [ ] S i il Giim - ——
Phase2 . Pausd2 | Phase3 . ' Pause3 : |Ph@se¢| Pause4b Phase Pause 5 ™ ?D | I. ﬁ{mﬁmﬁﬁf Eﬁ:{l '
N | 3 e : e cia” DETECTED IN VOLCANIC GASES
- e .t
3o . i W AN e S Groundwater Lava dome
2 . | ; ; Erametrichloroethene C,C1,Br layer (Or lake)
€ 1500 - - ;_ | — 40- Bromopropene (3) CyHshir
2 -2 : : %) -80 Bromochloropropene (3) C,H, C1Br
=< . : : : 5 = 36 Eromodichloropropene C,H,C1Br
i 1000 S s 3 30 K e oy
: é l L 8 | :‘i 257 -4(1E Bramobutane ey
500 : :' | =k : : E | Bromobutadiene C,H Er
ﬂ ’ ; h E | : W ' 2 2071 1l Chlorobromobutene C,H, (18
0 : l : : | l : | ﬂ : ENM | 15"';911'3_'%“.':' I tkftkdd"m ! [ \ Ji;i t;l.vlni\p-' II' .E'L;ﬂ.'“ ' "1"\:L il}lTH N E:i‘m &ﬂ:g
01/01/2003  01/01/2004  01/01/2005  01/01/2006  01/07/2007  01/01/2008 01/10/2009  01/10/2010  01/01/2011 10— S VR Dl A Bromofaran (2) C,H OBr
Dt 2003 2004 2005 2[30;69 2007 2008 2009

350,43H,0 ->3HSO, +S%+2H* _
450,+4H,0 ->3H,50, +H,5+3H*

SO,+ 2H,S ->3S% 2H,0

(rapid at 200-300°C)
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magmatic gases
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