Reconstruction of Azorean eruptive scenarios through the correlation of proximal and distal tephras
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Table 2. Age calibration and correspondence of the chosen proximal and distal tephras.
Proximal Tephras Age Cal BC - AD* Distal Tephras

Explosive volcanic eruptions are amongst the most hazardous natural phenomena due to their
potential to affect large areas of land, ocean, and airspace. The resulting tephra fallout can threat

Table 5. Number of simulations that reach the indicated locations, performed with HYSPLIT model.

Santa Barbara R 116 013 @] w212 TAF _S1 R2 Locations
: ) i . 688 — 19, Al vr
human f;]md a_?;]mal hejllth, cr((j)_ps, r\]/egetaltlon,_ Watﬁr Ires(cj)ur(cj:_es, and_ crllzlcal |_nf|r<'_;13tructure, ?moEg 15,740 + 200 yr BP (Queiroz, 1997) i 18 - 30 ka (Barton et al., 2015) . Total of
m_a_ny Qt ers. us, L_m SUELEIRINE] Mowy Velloaie 221 Choy S_ |s_perse IS O Cr“_c'f_" |mporta_nce arine MOR-T7 (c. 280 AD) imulation Tear North Africa Ireland North Africa + Ireland Other locations simulations per SPL T
mitigation of volcanic hazard. However, on small volcanic islands determining eruption source Furnas C MOR-T8 (c. 150 AD) year* i
arameters of past volcanic eruptions is difficult due to limited area of deposition, which may lead to 154 Cal BC - 422 Cal AD '
P 'p . : b ) . POs ) y 1870 + 120 yr BP (Guest et al., 1999) MOR-T9 (c. 35 AD) 2014 101 (58%) 11 (6%) 12 (7%) 51 (29%) 175 Air Resources Laboratory
large uncertainties. Sao Miguel Island, located in the Azores archipelago (Figure 1), in the middle of 2015 85 (49%) 15 (9%) 14 (8%) 60 (34%) 174
the North Atlantic, is a small and active volcanic island with an extensive geological record of —— (Chamblf/lrg stTazl" 202 ° ’ ° °
. . . . . . - 0, 0, o) (o)
explosive eruptions from several trachytic central volcanoes. Previous studies have reported distal - Az 9> (54%) 18 (10%] 13 (7%) 49 (28%) DE
occurrences of Azorean tephra as far as North Africa or the British Isles, but to date there are no o JAER) = A D (el i el 1580 £ JA00 D [{Enainilieis et all, 200 2017 72 (41%) 18 (10%) 20 (11%) 64 (37%) 174
reconstructions of tephra dispersal patterns. Furnas 1630 AD/J ) PMG-5 2018 100 (57%) 11 (6%) 15 (9%) 48 (28%) 174 \\
In the present work, proximal trachytic tephra layers from Sete Cidades and Furnas volcanoes on 1630 AD (Guest et al.,1999) c. 1600 AD (Hall and Pilcher, 2002) 2019 85 (49%) 20 (11%) 13 (7%) 56 (32%) 174
Sao Miguel Island are correlated with cryptotephras found in Morocco and Ireland, respectively, *CALIB rev. 8; Stuiver, M., and Reimer, P.J., 1993, Radiocarbon, 35, 215-230. 2020 99 (57%) 12 (7%) 12 (7%) 51 (29%) 174
baseq on volca}nlc glass comppsmorjs (Figure 2) apd age constraints (Table 2). To reconstruct 2021 91 (52%) 10 (6%) 21 (12%) 52 (30%) 174
possible volcanic ash clouds trajectories from Sete Cidades and Furnas volcanoes to Morocco and ®  Furnas C (Wastegard et al., 2019) = Fumas J (Jeffery et al., 2016) * % is calculated relative each year
c c 5 c - o (0 o
Ireland, we used the HYbrid Single-Particle Lagrangian Integrated Trajectory (HYSPLIT) model - Barbara (K | 201 ® Furnas C (Jeffery et al., 2016) = Furnas | (Wastegard et al., 2019) y
. . . " . Santa Barbara (Kueppers et al., 2019) A MOR-T7 (Chambers et al., 2004) ® Furnas | (Jeffery et al., 2016) ® Furnas 1630 AD (Johansson et al., 2017)
(Draxler and Hess, 1997) from NOAA (National Oceanic and Atmospheric Administration) and, A e Taforalt (Barton et al., 2015) C v MOR.T8 (Chambers et oL 200 2) E A MOR-T2 (Chambers et al., 2004) G A PMG-5 (Hall and Pilcher, 2002)
performed simulations of hundreds of eruptive scenarios based on Santa Barbara, Furnas C, 40 - 1.0 - ¢ MOR-T9 (Chambers et al., 2004) 1.6 - 1.0 -
Furnas I, and Furnas 1630 AD eruptions, and daily atmospheric conditions between 2014 and 2021. - 0.9 ] 0 ] A 0.9 ° . -
3.5 TR ] . ‘%i 49 A - - SANTA BARBARA FURNAS C FURNAS | FURNAS 1630 AD
— 1 m m . ~a ] v J ~1.24 =07 ] “‘ A®
S 3.0 1 o = 5 g B\ O S R 0.7 o ° A NOAA HYSPLIT MODEL B NOAA HYSPLIT MODEL C NOAA HYSPLIT MODEL
s '*I N = 06 . = 101 = 0.6 PARTICLE CROSS-SECTIONS PARTICLE CROSS-SECTIONS RTICLE CROSS-SECTION D PARTICLE CROSS-SECTIONS
s 'g ] " S . = A PARTICLE POSITIONS AT 00 00 05 Jan 16 PARTICLE CROSS-SECTIONS PARTICLE POSITIONS AT 00 00 21 Feb 19
Sao Miguel Island N = 2.5 - < 0.5 0.8 n Aﬁ‘ = 0.5 1 _ il _ PARTICLE POSITIONS AT 00 00 21 Feb 19@ _ — PARTICLE POSITIONS AT 00 00 21 Feb 19
O Q 0.4 One] #‘4*‘ Q 0.4 - > K S :
© 2.0 A T 3 o i S a . V A% S PN
e - O 0.3 S ¢) 0.3 il (RS ST
: T i 0.4 ] h TR o” i 2
Baltic | 0.2 . 0.2 1 s L CaaiEer o
gleo;th Seaq 1.5 ] 0.1_: 0.2_- O.l—: 43 "% - Sy /
10 I ! I T T T T T T 1 00 ' I ' I ' I ' I ' I ! I ! 1 OO T T T T T T T T T T T T T 1 OO T T T T T T T T T T T T T ] D: i
y 61 62 63 64 65 60 61 62 63 64 65 66 67 60 61 62 63 64 65 66 67 60 61 62 63 64 65 66 67 LU E———%
ongan = _—
o i 0 i 0 i 0 i 0 Z A AL,
An Loch Mo:Portmagee SiO,(wt.%) SiO,(wt.%) SiO, (wt.%) SiO,(wt.%) § j»” ?j»ﬁ\ oo
B D F H ) ¥ w i Y
Ireland 1000 - 1.0 1.0 1 1.0 5 . /f\ \H \ f
0 7.5 15km 1 0.9 ] 0.9 7 0.9 ] LAY’ER (m): <4000 _ a1 N LAYER (m): <4000 <8000 <1600( <2oboo
s . 800 - . 83 5 . 83 > A = 8? p ’f:, ZUOOUWW‘, """""""""" E 200 £ 15000_@:%%(_":)'___-??0-0 ----- N —— ;E: 15000
— ] S 0.7 5 S 0.7 4 o 0.7 1 g er g g =er o A g eliitstets Q 10000
o E 600 - o E 0.6 - A < 06 < 067 ° A ] I O g < Tl et s £
tantic iscay g ERYE 3 ped R Z 054 i . 3™ i~ g =p - R o 5
Ocean \Cﬁ/ 400 - [ ON 0.4 - v & - N 82 _ m& N4 A ©® * NUMBER OF PARTICLES PLOTTED: 4053 * NUMBER OF PARTICLES PLOTTED: 4712 T UMBEROF PARTIlCLES  OTTED: 4124 T NUMBER OF PARTICLES PLOTTED: 4325
- = 0.3 AVEye Q 51 A '803'
D A = VY.°o7] 9 ]
A0 g'i L 0.2 7 e 3 NOAA HYSPLIT MODEL b NOAA HYSPLIT MODEL C NOAA HYSPLIT MODEL NOAA HYSPLIT MODEL
® Sl 0.1+ 0.1+ PARTICLE CROSS-SECTIONS PARTICLE CROSS-SECTIONS PARTICLE CROSS-SECTIONS d PARTICLE CROSS-SECTIONS
Mediter 0 T T T T T T T T T T T 0.0 T | T | T | l | l | l | l 1 0.0 T T T T T T T T T T T T T | 0.0 T T T T T T T T T T - I - | PARTICLE POSITIONS AT 00 00 05 Jun 16 PARTICLE POSITIONS AT 00 00 13 May 19 = gpARTl(:LE POSITIONS AT 00 00 13 May 19 — PARTICLE POSITIONS AT 00 00 13 I\/‘Ia{y19
. editerranean ':\“/{,g N < :5 ;1;;;; &=
Azores Archipelago Portugal i 100 200 300 400 500 600 60 61 62 §3 64 65 66 67 60 61 62 -63 64 65 66 67 60 61 62 -63 64 65 66 67 O \ﬁ / N 25 % % 3
Taroralt Zr (ppm) SiO,(wt.%) SiO, (wt.%) SiO, (wt.%) G EP C G N ji\gfjﬁ ¥
.‘_'.-‘ ’ \\\ J:'ﬂ: R "‘l’):: g‘"-";‘{ < -
2 . . . . . , . . . . . . ,"!; ol » s - 3 201
North Africa Figure 2. Geochemistry diagrams of major, minor and trace elements for tephra layers from Santa Barbara eruption/ Taforalt site (A and B). Major and minor elements for tephra layers from Furnas eruptions/ Ireland sites (C - H). ” F, K j 4 ? p g el
i % i % -40 20
Sargasso = ' v
Sea 4. HYSPLIT MODEL INPUTS Table 3. HYSPLIT Input PSD for Sete Cidades Eruption % R
0 750 1500 km . n " (RN
PSD-65 Mass Emission Rate ;
e Meteorology data Santa Barbara Eruption Diameter (um) ) Emission Time (h)* Simulation Days -
Fraction (%) (ng/h) i 2
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Eruptive Source Parameters Particle G 6 39 o Figure 3. HYSPLIT simulations of ash particles dispersion with an output after 48 hours of run time. Eruptions of (A) Santa Barbara in “winter” with 4 hours of emission (a) “summer”; (B) Furnas C “winter” with 22
Eruptions from Sdo Miguel Island e ErewR 2 1.211x 10 hours emission (b) “summer”; (C) Furnas | “winter” with a 4 hours emission (c) “summer” and (D) Furnas 1630 AD “winter” with 7h emission (d) “summer”.

* Estimated from column height based on Mastin et al. (2019)

v Volcanic ash cloud microphysical
properties are introduced by
default within the HYSPLIT

« 1 Magmatic Eruption from Sete Cidades volcano (Smithsonian volcano number 382080): * represents the source volcano.

Table 4. HYSPLIT Input PSD for Furnas Eruptions

* Santa Barbara model, specific for Volcanic Ash -
: PSD-20 Mass Emission Rate
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