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Santa Maria — Santiaguito Volcanic Dome Complex (VDC)

Santiaguito VDC is one of three
currently erupting volcanic
center in Guatemala.

Santiaguito VDC is the
youngest part of Santa Maria
volcano.

Santiaguito VDC is located on
the western part of the
volcanic front.

Santiaguito VDC is located at
the southern margin of the
Xela Caldera.
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Santa Maria — Santiaguito Volcanic Dome Complex (VDC)
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Santa Maria is a basaltic andesite strato-volcano. Santa Maria volcano experienced a flank collapse during a large
explosive event in 1902 (Rose 1987).

New magma started extruding in 1922 forming the Santiaguito VDC through alternating effusive and mildly
explosive events (Rose 1972). Santiaguito VDC consists of four domes. El Caliente is the currently active dome.
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Change in eruption dynamics 2015-2016

o (b) : Lava flow IYear . .
S Zﬁit‘nb dense 1o In 2015-2016 activity at Santiaguito VDC is marked by a drastic change in
% e eruption dynamics (Lamb et al. 2019, Wallace et al. 2020) .
E 63.0} e 18 Activity changed from frequent small eruptions to infrequent larger
IS i ,'4 5 T 3 | eruptions (shown in images).
S Xe25r + 2 7 T ) i i
= 3 Y oo 17 £ | The shift is marked by an initial decrease in silica content and increase in
§ Feol - = g Mg number. The silica content decreased by about 1.5 wt.% from 62.7 to
= " g = | 61.3 wt.% before gradually increasing again.
61.5 < A" 8 1°
8’ * This change in eruption dynamics and chemistry rises the question:
81.0k y " “What processes are responsible for this change in eruption dynamics?”
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Geochemical Evolution of Santa Maria and Santiaguito VDC

75 .
The prehistoric Santa Marifa stratocone comprises al i S, 3 vibpvir | IX
basaltic andesite lavas that erupted between 103 ka to 1 period §
25 ka (8 km3; Rose 1987, Escobar-Wolf et al. 2010, > 70' : o g’
Singer et al. 2011). 0\_ i | 5 g
2 oe5{ ! 3 | g
. - . 3 ' > <¥o .i:. .
After a 25 kyr long repose period, a Plinian eruption = ! - ® © g -
A . o~ 1 .QI 2
and flank collapse occurred ejecting ca. 9 km3 of Q 60 | 1 = ®
dacitic magma (Rose 1987, Escobar-Wolf et al. 2010, wn ] e <
Singer et al. 2014). ¢ 5
-> “1902 Pumice Eruption” S ! 8, 22
Since the Santiaguito onset in 1922, magma 50 " = . : . . . ’ ’ ’ ' .
compositions have gradually decreased from dacite 2 25ka 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2019
(~65 wt.% Si0,) to andesite (~62 wt.%. Si0,) (Rose Date
1972, Scott et al. 2012, 2013, Wallace et al. 2020) @ 1902 Santa Maria
@ Prehistoric SM
Nine eruption cycles of Santiaguito VDC are identified @ ElBrujo
based on lava domes and effusion rates (Rose 1972, @ El Caliente
Harris et al. 2003, Scott et al. 2012, 2013). @ La Mitad
O El Monje

from de Leon et al. (2019)

EGU2020-11154 : Shifting eruption dynamics at Santiaguito Volcanic Dome Complex



https://www.sciencedirect.com/science/article/abs/pii/S0024493719301768
https://www.sciencedirect.com/science/article/abs/pii/0377027387900564
https://pubs.geoscienceworld.org/gsa/gsabulletin/article-abstract/122/5-6/757/125516
https://academic.oup.com/petrology/article/52/12/2335/1483657
https://www.sciencedirect.com/science/article/abs/pii/0377027387900564
https://pubs.geoscienceworld.org/gsa/gsabulletin/article-abstract/122/5-6/757/125516
https://sp.lyellcollection.org/content/385/1/209
https://pubs.geoscienceworld.org/gsa/gsabulletin/article-abstract/83/5/1413/7555/
https://www.sciencedirect.com/science/article/abs/pii/S0377027312001527
https://www.sciencedirect.com/science/article/pii/S0377027312003411
https://www.sciencedirect.com/science/article/pii/S0012821X20300820
https://pubs.geoscienceworld.org/gsa/gsabulletin/article-abstract/83/5/1413/7555/
https://link.springer.com/article/10.1007/s00445-002-0243-0
https://www.sciencedirect.com/science/article/abs/pii/S0377027312001527
https://www.sciencedirect.com/science/article/pii/S0377027312003411

Magma differentiation of Santa Maria and Santiaguito VDC
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from Singer et al. (2014) from Wallace et al. 2020

Magma differentiation is dominated by amphibole fractionation in the lower crust (Singer et al. 2014). Amphibole
thermobarometry suggests crystallisation pressures between 10 and 24 km (Scott et al. 2012, Wallace et al. 2020).
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Evidence of shallow magma storage

Crystallisation experiments by Andrews (2014)
indicate a shallow storage zone of dacite magma at
about 150 MPa and 850°C (red shaded area).

250

Magma of the 1902 Pumice eruption comprise:

- Plagioclase, orthopyroxene, amphibole and
oxides (BSE image).

- Plagioclase rims have Anorthite contents of about
40-45 mol% (grey shaded area).
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Questions regarding activity at Santiaguito VDC:

1) Is there evidence for shallow storage prior to
eruption of Santiaguito magmas? 100

2) What processes control the recent shift in eruption
dynamics? 750
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Mineral assemblage of 2015-2016 Santiaguito magma

Magmas dominantly contain:
- Zoned plagioclase

- Orthopyroxene

=> Focus of this study

\ Minor and trace amounts of:

UNIGE COMP  15.8kY X708 188pm : s ; . - Fe-Ti oxides

- Decomposed amphibole

- Clinopyroxene inclusions

- Olivine overgrown by
orthopyroxene

- Silica polymorph

- Apatite

- Zircon

plag Ny o
UNIGE COMP 15.BkY
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Orthopyroxene composition

groundmass phenocryst
o O [ | Santiaguito VDC (this study)
. © S o e  Santiaguito VDC (Scott et al. 2012)
s o 1500 ® A Santa Maria 1902 Pumice eruption
o o e . (Singer et al. 2014)
° ™
E o | Eb OED e L] rim -
3 - o % & D(QD ° Phenocrysts show relatively constant En content
N o B o e o of 68-70 mol%.
g e <R
[ 2015-2019 o Co
A Rim and microlite composition are enriched in
g — ‘} TiO, content compared to core composition.
1902 L core
A .
o | ". ° Core composition are comparable to phenocrysts
© I I I I I I of the 1902 Pumice eruption (Singer et al. 2014).
0.50 0.55 0.60 0.65 0.70 0.75 o .
-> Increase in TiO, indicative of magma heating?

Enstatite (mol fraction)
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Plagioclase composition

Plagioclase composition are collected from core-
to-rim transects of phenocrysts (black) and spot
analyses of microlite crystals (grey).

Microlite crystal have Anorthite (An) contents
around 40-45 mol%. They are enriched in Fe
content compared to phenocrysts.

Phenocrysts generally range between 35 and 90
mol% An. Phenocrysts composition are bimodal
with distinct peaks around 50 and 85 mol% An.

At An50, phenocrysts show a rimward increase
in Fe content from about 3500 to 6000 pm Fe
(see next slide)
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Textural and chemical variations in plagioclase

1) Normal zoning 2) Reverse zoning 3) Patchy zoning
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Textural and chemical variations in plagioclase

Three distinct zoning patterns are observed in Santiaguito samples:
1) Normal step-zoned crystals with high-An cores (Ang,)
2) Reversely step-zoned crystals with low-An cores (Ansc_4,)
3) Patchy zoned crystals with high-An cores (Angg o)

All crystals share a common rim of An, and rimward increase in Fe content at constant An contents.

-> Rimward increase in Fe indicative of new magma and/or magma heating?
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0.90 A 0.90 { CORE > RIM 0.90 A Anorthite (mol fraction)
0.80 - Anorthite (mol fraction) 0.80 0.80 -
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0.60 - 0.60 A 0.60 -
050 J 0.50 J Anorthite (mol fraction 050 |
i 4 0,
9] ot 55 )
0.20 - 0.20 A 0.20
0191 core srm| 210 Fe0 (wt.2) 0.10 1 coRre >RIM
0.00 . T T 0.00 : : : : : 0.00 T T T
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Plagioclase-hosted melt inclusions and pockets

UNIGE COMP  15.8kY =88 18@um UNIGE COMP  15.8kY =88 108um

Melt inclusions and pockets were analysed in:
- Reversely zoned crystals (left)

- in patchy-zoned crystal cores (middle)

- in plagioclase rims (right)
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Bulk, glass and melt inclusion chemistry

N Distinct increase in
prehistoric 2015-2019 TiO, and K,0 contents .
o .
e 4 & in 2015-2019 glass and 2015‘5019 e
” melt inclusions o

—_ 9 _] & ° g D
X @ % R . Q ToQXET
— a— - vt . o <>
2 9. 2014-2018 2 o 10329005 s S s
.C_) 8 '--% ‘ 'AA\ <>
I— ﬁ' —] X Al — : . 5 . ° S .

oS # oy
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o prehistoric

o ©
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50 55 60 65 70 75 80 85 50 55 60 65 70 75 80 85
SiO02 (wt.%) Si02 (wt.%)
BULK-ROCK GROUNDMASS GLASS MELT INCLUSION
@ ® Santiaguito VDC (Rose 1972, Avard & Whittington 2012,  +  Santiaguito VDC (this study) O Santiaguito VDC (this study)
Scott et al. 2012, Singer et al. 2014, Wallace et al. 2020)  «  Santiaguito VDC (Scott et al. 2012) O  Santiaguito VDC (Scott et al. 2012)
@ A Santa Maria 1902 Pumice eruption (Scoria/Pumice) 3 Santa Maria 1902 Pumice eruption (Andrews 2014) <> A Santa Maria 1902 Pumice eruption
(Andrews 2014, Singer et al. 2014) X Santa Maria 1902 Pumice eruption (this study) (Scoria/Pumice) (Andrews 2014,

& Santa Maria late cone (Singer et al. 2011) Singer et al. 2014)
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Rhyolite-MELTS barometry of trapped melt

1000 1000
Amphibole is not stable in Santiaguito
S 950 _ 950 . . .
& plagioclase plagioclase samples allowing the use of the rhyolite-
g 900 | 900 | MELTS barometer.
S 850 | 850 _ o _
s First, thermodynamics simulations are
k3 800 | 800 ! 1*"*—*-.- performed for each analysis.
750 | 250 L orthopyroxene Simulations are run from liquidus to
200 . . . . 200 . . . . near solidus under isobaric conditions at
+1. ing temperature interval
0 50 100 150 200 0 50 100 150 200 dO“F:VI > using te _pe a ul € ; ervals
S 200 — 200 of 2°C and pressure intervals of 10 MPa.
£ 100 | 100 | _ Liquidus curves for quartz-plagioclase
L 160 _ L 126 i ' and orthopyroxene-plagioclase are
0 ' A A 0 ' RO shown in PT-space.
0 50 100 150 200 0 50 100 150 200
Pressure (MPa) Pressure (MPa) Equilibration pressures of melt
inclusions and pockets are estimated
Calculations for this sample reveal equilibration using the method of Gualda & Ghiorso
pressures of 126 - 160 MPa 2014 and Harmon et al. 2018.
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Rhyolite-MELTS barometry
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Equilibration pressures are
calculated for all melt
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two rhyolite-MELTS barometers
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_ 3 Some inclusions re-equilibrated
g 100 — % 0470 VP 100 50140 P at surface pressures, while
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> deeper in the conduit or in a
m .
g 150 150 shallow reservoir.
200 200 | | Orthopyroxene-1Feldspar Results could indicate a shallow
| storage zone between ca. 70
El and 170 MPa.
250 - o5 I I
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Evidence for reactivation of shallow storage zone

New recharge of hotter magma into shallow reservoir likely led
to shift in eruption dynamics in 2015-2016. This is supported
by:

-> Reversely zoned plagioclase crystals

-> Homogeneous Ang, rims in plagioclase and rimward
increase in Fe content

-> 1902 Pumice type orthopyroxene cores in orthopyroxene
phenocrysts and rimward increase in Ti content

-> Amphibole decomposition

-> Olivine crystals with orthopyroxene overgrowth show
disequilibrium textures

-> Plagioclase-hosted melt inclusions and pockets indicate melt
entrapment around 70-170 MPa (ca. 2.5 to 6 km depth) using
the rhyolite-MELTS barometer

Also see findings by de Leon et al. 2019 and Wallace et al. 2020

Protal = Ph2o (MPa)

250 -

200 |-

100 -

1902 Pumice

Magma
recharge and
heating

reservoir

750

850 900
TCC)  from Andrews (2014)

EGU2020-11154 : Shifting eruption dynamics at Santiaguito Volcanic Dome Complex


https://www.sciencedirect.com/science/article/abs/pii/S0024493719301768
https://www.sciencedirect.com/science/article/pii/S0012821X20300820

References

Andrews BJ (2014): Magmatic storage conditions, decompression rate, and incipient caldera collapse of the 1902 eruption of Santa Maria Volcano, Guatemala. Journal of Volcanology and Geothermal
Research, 282. doi: 10.1016/j.jvolgeores.2014.06.009

Avard G & Whittington AG (2012): Rheology of arc dacite lavas: Experimental determination at low strain rates. Bulletin of Volcanology, 74:1039-1056. doi: 10.1007/s00445-012-0584-2

Escobar-Wolf RP, Diehl JF, Singer BS & Rose WI (2010): 40Ar/39Ar and paleomagnetic constraints on the evolution of Volcén de Santa Maria, Guatemala. GSA Bulletin, 122:757-771. doi: 10.1130/B26569.1

Gualda GAR & Ghiorso MS (2014): Phase-equilibrium geobarometers for silicic rocks based on rhyolite-MELTS. Part 1: Principles, procedures, and evaluation of the method. Contributions to Mineralogy
and Petrology, 168:1033. doi: 10.1007/s00410-014-1033-3

Harmon LJ, Cowlyn J, Gualda GAR & Ghiorso MS (2018): Phase-equilibrium geobarometers for silicic rocks based on rhyolite-MELTS. Part 4: Plagioclase, orthopyroxene, clinopyroxene, glass
geobarometer, and application to Mt. Ruapehu, New Zealand. Contributions to Mineralogy and Petrology, 173:1-20. doi: 10.1007/s00410-017-1428-z

Harris AJ, Rose WI & Flynn LP (2003): Temporal trends in lava dome extrusion at Santiaguito 1922—2000. Bulletin of Volcanology, 65:77—-89. doi: 10.1007/s00445-002-0243-0

de Ledn AC, Schmitt AK, Storm S, Weber B, Schindlbeck-Belo JC, Trumbull RB & Juarez F (2019): Millennial to decadal magma evolution in an arc volcano from zircon and tephra of the 2016 Santiaguito
eruption (Guatemala). Lithos, 340-341:209-222. doi: 10.1016/].lith0s.2019.04.027

Rose WI (1972): Santiaguito Volcanic Dome, Guatemala. GSA Bulletin, 83:1413-1434. doi: 10.1130/0016-7606(1972)83[1413:SVDG]2.0.CO;2

Rose WI (1987): Santa Maria, Guatemala: Bimodal soda-rich calc-alkaline stratovolcano. Journal of Volcanology and Geothermal Research, 33:109-129. doi: 10.1016/0377-0273(87)90056-4

Scott JAJJ, Mather TA, Pyle DM, Rose WI & Chigna G (2012): The magmatic plumbing system beneath Santiaguito Volcano, Guatemala. Journal of Volcanology and Geothermal Research, 237-238:54-68.
doi: 10.1016/j.jvolgeores.2012.05.014

Scott JAJ, Pyle DM, Mather TA & Rose WI (2013): Geochemistry and evolution of the Santiaguito volcanic dome complex, Guatemala. Journal of Volcanology and Geothermal Research, 252:92-107. doi:
10.1016/j.jvolgeores.2012.11.011

Singer BS, Jicha BR, Fournelle JH, Beard BL, Johnson CM, Smith KE, Greene SE, Kita NT, Valley JW, Spicuzza MJ & Rogers NW (2014): Lying in wait: deep and shallow evolution of dacite beneath Volcan de
Santa Marfa, Guatemala. Geological Society, London, Special Publications, 385:209-234. doi: 10.1144/SP385.2

Singer BS, Smith KE, Jicha BR, Beard BL, Johnson CM & Rogers NW (2011): Tracking Open-system Differentiation during Growth of Santa Maria Volcano, Guatemala. Journal of Petrology, 52:2335-2363.
doi: 10.1093/petrology/egr047

Wallace PA, Lamb OD, De Angelis S, Kendrick JE, Hornby AJ, Diaz-Moreno A, Gonzalez PJ, von Aulock FW, Lamur A, Utley JEP, Rietbrock A, Chigna G & Lavallée Y (2020): Integrated constraints on explosive
eruption intensification at Santiaguito dome complex, Guatemala. Earth and Planetary Science Letters, 536:116139. doi: 10.1016/j.epsl.2020.116139

EGU2020-11154 : Shifting eruption dynamics at Santiaguito Volcanic Dome Complex



https://www.sciencedirect.com/science/article/abs/pii/S0377027314001863
https://link.springer.com/article/10.1007/s00445-012-0584-2
https://doi.org/10.1130/B26569.1
https://link.springer.com/article/10.1007/s00410-014-1033-3
https://link.springer.com/article/10.1007/s00410-017-1428-z
https://link.springer.com/article/10.1007/s00445-002-0243-0
https://www.sciencedirect.com/science/article/abs/pii/S0024493719301768
https://pubs.geoscienceworld.org/gsa/gsabulletin/article-abstract/83/5/1413/7555/
https://www.sciencedirect.com/science/article/abs/pii/0377027387900564
https://www.sciencedirect.com/science/article/abs/pii/S0377027312001527
https://www.sciencedirect.com/science/article/pii/S0377027312003411
https://sp.lyellcollection.org/content/385/1/209
https://academic.oup.com/petrology/article/52/12/2335/1483657
https://www.sciencedirect.com/science/article/pii/S0012821X20300820

