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Open-vent volcanoes are special systems where the dynam-7 ics of sustained magmatic processes can be thoroughly 8 investigated and where new monitoring tools can be tested 9 and applied. They provide a window into the plumbing sys-10 tem and hence play a crucial role in increasing our under-11 standing of fundamental physical and chemical processes (Rose et al. 2013; Vergniolle and Métrich this issue). An 46 open-vent system exists when the same eruptive pattern lasts 47 for a long period. The duration of the Pu'u'O'o eruption of 48 Kilauea, Hawaii (> 30 years) clearly places this eruption into 49 the category of open-vent systems, even though Kilauea vol-50 cano behaves mostly as a closed-vent system (Patrick et al. 51 2020). The definition of open-vent systems becomes even 52 more complicated when the magma-free surface is not well 53 exposed. Some volcanoes may have debris-covered vents, 54 the thickness of the debris layer being variable and mostly 55 unconstrainable. For example, some explosions at Strom-56 boli (Italy) are produced from debris-covered vents (Patrick 57 et al. 2007). However, these explosions, which have different 58 explosion characteristics (Schmid et al. 2021), do not dis-59 turb the steady pattern characteristic of Stromboli, making 60 it one of the best examples of an open-vent system. Another 61 aspect to consider is degassing at the vent. Volcanoes with 62 a large gas flux at the surface may be considered as belong-63 ing to the open-vent systems category, such as Popocaté-64 petl (Mexico), even though its current activity only started 65 15 years ago (Quezada-Reyes et al. 2013; Gómez-Vazquez 66

the distinction between the two types is important, as additional processes may develop in the lava lake which can partially hinder and/or influence the processes occurring in the underlying conduit. The exposed surface of the magma varies greatly in size between small, if contained in the conduit or just attaining the level of the vent, to large at lava lakes where lava fills a larger pit at the head of the conduit. In this respect, Erebus (Antarctica), classically described as a lava lake [START_REF] Lev | A global synthesis of lava lake dynamics[END_REF], should in fact be classified as the top of a magma column due to its small diameter being similar to that of the conduit [START_REF] Bouche | The role of large bubbles detected from acoustic measurements on the dynamics of Erta'Ale lava lake (Ethiopia)[END_REF] Tazieff 1968[START_REF] Tazieff | An exceptional eruption: Mt. Nyiragongo[END_REF][START_REF] Aiuppa | Tracking formation of a lava lake from ground and space: Masaya volcano (Nicaragua), 2014-2017[END_REF].

The surface activity at lava lakes, whose diameter is larger than the conduit, is very well quantified in terms of magma motion at the surface [START_REF] Lev | A global synthesis of lava lake dynamics[END_REF]. Long and short time series exist for the level of the lava lakes at Erta Ale using satellites-derived measurements [START_REF] Oppenheimer | Remote sensing of heat, lava and fumarole emissions from Erta 'Ale vocano, Ethiopia[END_REF][START_REF] Vergniolle | Gas-driven lava lake fluctuations at Erta'Ale volcano (Ethiopia) revealed by MODIS measurements[END_REF], Kilauea using continuously operating cameras at the crater rim [START_REF] Patrick | Lava lake level as a gauge of magma reservoir pressure and eruptive hazard[END_REF]2019), and Nyiragongo using sporadic visual observations for the period 1948-2020 [START_REF] Pouclet | Nyiragongo and Nyamuragira: a review of volcanic activity in the Kivu rift, western branch of the East African Rift System[END_REF] and INSAR data [START_REF] Wauthier | Magma sources involved in the 2002 Nyiragongo eruption, as inferred from INSAR analysis[END_REF]. The recent disappearance of lava lakes at Ambrym, Vanuatu (up to 5), which had been persistent for several decades, resulted in magma drainage (> 0.4 km 3 ) into the rift zone to feed a submarine eruption [START_REF] Shreve | From prodigious volcanic degassing to caldera subsidence and quiescence at Ambrym (Vanuatu): the influence of regional tectonics[END_REF]. This dramatic event poses the question: how do open-vent systems suddenly change, with a well-established surface behaviour suddenly stopping. The et al. 1994;[START_REF] Shinohara | Excess degassing from volcanoes and its role on eruptive and intrusive activity[END_REF]). All volatiles start to exsolve at depth but carbon dioxide exsolution begins earlier than most other volatiles as it becomes oversaturated at greater pressure. This results from the pressure dependence of its solubility in magma [START_REF] Shishkina | Compositional and pressure effects on the solubility of H2O and CO2 in mafic melts[END_REF]). As a result, recording the CO2 flux is a key constraint for degassing processes (e.g. [START_REF] Baubron | Diffuse volcanicemissions of car-bondioxidefromVulcano Island, Italy[END_REF][START_REF] Gerlach | Carbon isotope constraints on degassing of carbon dioxide from Kilauea volcano[END_REF][START_REF] Gerlach | Carbon dioxide emission rate of volcano: for primary magma and the summit reservoir[END_REF]. However, CO2 flux is rarely monitored in a continuous manner, but can be derived from CO2/SO2 ratios and remotely sensed SO2 fluxes [START_REF] Aiuppa | A CO2-gas precursor to the March 2015 Villarrica volcano eruption[END_REF]). Therefore, one has to rely to the SO2 flux to assess shallow degassing; an assessment which is complicated by its complex behaviour in the plumbing system and at the vent which results from its multi-valence states and dependence on parameters such as fO2, fS2, pressure and magma composition (Wallace and Edmonds 2011; Métrich 2021). However, the use of satellites has led to improved quantification of SO2 fluxes worldwide while also revealing new degassing sites in remote areas where passive SO2 emissions were previously unknown [START_REF] Carn | A decade of global volcanic SO2 emissions measured from space[END_REF]. Retrieved SO2 fluxes vary greatly, between a few tens to hundreds of tons per day, as at Erta Ale [START_REF] Oppenheimer | Sulfur, heat and magma budget of Erta 'Ale lava lake, Ethiopia[END_REF][START_REF] Sawyer | Magmatic degassing at Erta 'Ale volcano, Ethiopia[END_REF][START_REF] De Moor | Sulfur degassing at Erta Ale (Ethiopia) and Masaya (Nicaragua) volcanoes: Implications for the degassing processes and oxygen fugacities of basaltic systems[END_REF], to hundreds of thousands of tons per day as recorded at the Ambrym lava lakes [START_REF] Allard | Prodigious emission rates and magma degassing budget of major, trace and radioactive volatile species from Ambrym basaltic volcano, Vanuatu island Arc[END_REF]. There is a broad consensus that the amount of gas released is positively correlated with the volume of degassing magma (e.g. [START_REF] Andres | Excessive sulfur dioxide emissions from Chilean volcanoes[END_REF][START_REF] Francis | Endogenous growth of persistently active volcanoes[END_REF][START_REF] Allard | Endogeneous magma degassing and storage at Mount Etna[END_REF]Harris and Stevenson 1997a, b). The very large SO2 flux at Ambrym, for example, must be related to an equally large volume of degassed basaltic magma, whereas that the lower flux at Erta Ale must in turn be related to a smaller volume [START_REF] Oppenheimer | Remote sensing of heat, lava and fumarole emissions from Erta 'Ale vocano, Ethiopia[END_REF][START_REF] Vergniolle | Decadal evolution of a degassing magma reservoir unravelled from fire fountains produced at Etna between 1989 and 2001[END_REF].

Bulletin of Volcanology _#####################_
Open-vent systems emit more gas than magma, this being the so-called excess degassing phenomenon (e.g. [START_REF] Andres | Excessive sulfur dioxide emissions from Chilean volcanoes[END_REF][START_REF] Francis | Endogenous growth of persistently active volcanoes[END_REF][START_REF] Kazahaya | Excessive degassing of Izu-Oshima volcano: magma convection in a conduit[END_REF] ). Instead, variations in magma level are more difficult to quantify at open-vent systems without lava lakes, but small variations involving a few tens of meters are known to occur from the time delay between event onsets recorded in infrasonic and thermal data [START_REF] Ripepe | Thermal, seismic and infrasonic evidence of variable degassing rates at Stromboli volcano[END_REF].

A key question has been how do such systems remain active and open for such long periods? One way to maintain hot magma at the surface is by quasi-permanent degassing [START_REF] Giberti | Steady-state operation of Stromboli Volcano, Italy: Constraints on the feeding system[END_REF]. The degassing has tended to be associated with magma convection in the conduit and a persistent gas flux [START_REF] Kazahaya | Excessive degassing of Izu-Oshima volcano: magma convection in a conduit[END_REF][START_REF] Stevenson | Modelling the dynamics and thermodynamics of volcanic degassing[END_REF][START_REF] Witham | Stability of lava lakes[END_REF]Witham et al. 2006;[START_REF] Palma | Constraints on the rates of degassing and convection in basaltic open-vent volcanoes[END_REF]. Surface gas emissions are mainly composed of H2O, CO2 and SO2 in variable proportions (Symonds 1 3 son and Blake (1998) reconciled this apparent paradox by invoking the existence of conduit convection. In this model, the co-existence of gas-rich magma and partially outgassed magma in the conduit [START_REF] Gurioli | Dynamics of strombolian explosions: inferences from inferences from field and laboratory studies of erupted bombs from Stromboli volcano[END_REF]) corresponds to a bi-directional flow in the conduit [START_REF] Kazahaya | Excessive degassing of Izu-Oshima volcano: magma convection in a conduit[END_REF].

One model involves a central rising core of gas-rich magma superimposed on the downward annular flow of degassed magma [START_REF] Burton | The role of gas percolation in quiescent degassing of persistently active basaltic volcanoes[END_REF]. This model assumes that the volume flux in the central flow is maximal. However, a few experimental studies [START_REF] Huppert | Bi-directional flows in constrained systems[END_REF][START_REF] Beckett | An experimental study of low-Reynolds-number exchange flow of two Newtonian fluids in a vertical pipe[END_REF][START_REF] Campion | New lava lake at Nyamuragira volcano reveal by combined ASTER and OMI SO2 measurements[END_REF] have shown that the net ascending flux of the less dense, less viscous, magma cannot be determined so simply. In addition, the effect of the angle of the conduit (inclined or vertical) likely plays a role on the convective pattern [START_REF] Palma | Constraints on the rates of degassing and convection in basaltic open-vent volcanoes[END_REF], although this is largely unknown at present. Therefore, further constraints are needed from 
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geological, geochemical and geophysical studies, which is one of the aims of this special issue.

At the other end of the spectrum of open-vent volcanoes are relatively viscous, siliceous cases that form lava domes, but which can also maintain persistent activity for years to decades. For example, Popocatepètl in Central Mexico is known for its passive degassing, puffing activity, and high SO2 fluxes despite the presence of a lava dome [START_REF] Gómez-Vazquez | The ongoing dome emplacement and destruction cyclic process at Popocatépetl volcano, central Mexico[END_REF][START_REF] Campion | Breathing and Coughing: The Extraordinarily High Degassing of Popocatépetl Volcano Investigated With an SO2 Camera[END_REF]. Santaguito is another siliceous system that has maintained quasi-steady eruptive activity for almost a century, accompanied by weak but continuous degassing, 30-80 tons per day [START_REF] Rose | Pattern and mechanism of volcanic activity at the Santiaguito volcanic dome, Guatemala[END_REF][START_REF] Rose | Volcanic activity at Santiaguito Volcano 1976-1984[END_REF][START_REF] Bluth | Observations of eruptive activity at Santiaguito volcano, Guatemala[END_REF][START_REF] Holland | Degassing processes during lava dome growth: Insights from Santiaguito lava dome, Guatemala[END_REF][START_REF] Lamb | Disruption of Long-Term Effusive-Explosive Activity at Santiaguito Guatemala[END_REF]). Santaguito's eruptive behaviour is however completely different from that of Popocatepètl with, for example, differing magma temperatures, degassing rates, extrusion rates and time-scales of "open-vent" behaviour. These more siliceous systems will also be discussed in this special issue to provide a framework for the definition of the full range of open-vent systems in all geodynamic and petrological settings.

Overall, the key questions that this special issue aims to address are:

1. What are the specific conditions leading to the existence or disappearance of open-vent volcanoes? 2. Why are some systems short-lived while others are longlived? 3. Why do some systems produce lava lakes while others do not? 4. How can open-vent systems develop in various tectonic settings and for different magmatic properties (composition, viscosity, temperature, dissolved volatiles …)? 5. What are their characteristics, similarities and differences, and their dynamic conditions? 6. Do they result from specific conditions in their magma feeding system (ascent rate, geometry, depth of reservoir)? 7. Which are the respective roles of the underlying crust and of the compressibility of the magma reservoir? This volume brings together a series of papers that cover many of these aspects. Most of the papers are focused on the studies of lava lakes, such as those active at Masaya, Villarrica, Nyiragongo, either through a geological or geophysical approach or by combining elements of both approaches. A few of the studies are aimed at a better understanding of the paroxysmal eruptive phase, which punctuates the persistent "normal" activity at these open-vent systems, such as at Ambrym and Stromboli. A strong emphasis is also placed on persistent degassing elements through measurements, involving ground and satellites measurements of SO2 flux, vesicularity profiles in the lava lakes, modelling in the conduit, and role of the gas flux in transitioning between different eruptive regimes and its link to magma reservoirs. Long time series of seismic and satellite sensor-derived data are also included here for the constraints that they can provide on the long-term temporal evolution of open-vent systems. 

  12 below the surface. However, open-vent volcanoes remain 13 puzzling in various aspects and forecasting their behaviour 14 is still challenging. Some of these volcanoes have a clear bi-15 modal eruptive pattern with well-established surface activ-16 ity, interrupted at times by paroxysms, as has been noted for 17 Stromboli (Italy; Bertagnini et al. 2011; Rose et al. 2013; 18 Métrich et al. 2021) and Villarica (Chile, Johnson and Palma 19 2015; Aiuppa et al. 2017). Such paroxysmal eruptions and 20 hazardous fissure-type eruptions that can drain persistent 21 lava lakes resident in summit craters, as at Ambrym for 22 example (Németh and Cronin 2011; Shreve et al. 2019), 23 represent one of the major hazards at open-vent volcanoes. 24 This can pose a high-risk problem to nearby population and 25 tourists. This special issue thus brings together a series of 26 papers that aim at a better understanding of such volcanic 27 systems and their associated hazards. 28 Open-vent volcanoes can be active in various geody-29 namic contexts. As reviewed by Rose et al. (2013), their 30 erupted lavas span a wide range of chemical compositions 31 from basalts to nephelinite or trachy-andesite and phonolite. 32 Besides bulk chemistry and volatile content, magma vis-33 cosity is strongly influenced by temperature (Giordano and 34 Dingwell 2003; Lelosq et al. 2015). Low-viscosity systems 35 are characterised by permanent plumes and gas emissions, persistent explosive activity and/or frequent emissions of lava flows, whereas high-viscosity magma may be able to retain gas for longer and promote lava dome growth. These 38 systems may remain continuously active over time periods 39 spanning decades to millennia, whereas changes in activ-40 ity style and intensity can occur over short (hours-days), medium (weeks-months) and long (years-decades) time 42 scales.43The definition of open-vent systems, although seemingly 44 simple to understand at first glance, is not straightforward Pages :

  the long-lasting eruption ofPu 'u 'O 'o at 1994, Shinohara 2007). The pioneering work of Stevenet al. 2020) provides another impressive example of a well-documented drainage process[START_REF] Neal | The 2018 rift eruption and summit collapse of Kīlauea Volcano[END_REF]

8 .

 8 What can continuous monitoring of open-vent volcanoes teach us? 9. What are the specific environmental and societal impacts of open-vent volcano activity?

  _####_ Page 4 of 5 Bulletin of Volcanology _#####################_

	291	357
	292	358 466
	293	359 467
	294	360 468
	295	361 469
	296	362 470
	297	363 471
	298	364 472
	299	365 473
	300	366 474
	301	367 475
	302	368 476
	303	369 477
	304	370 478
	305	371 479
	306	372 480
	307	373 481
	308	374 482
	309	375 483
	310	376 484
	311	377 485
	312	378 486
	313	379 487
	314	380 488
	315	381 489
	316	382 490
	317	383 491
	318	384 492
	319	385 493
	320	386 494
	321	387 495
	322	388 496
	323	389 497
	324	390 498
	325	391 499
	326	392 500
	327	393 501
	328	394 502
	329	395 503
	330	396
	331	397
	332	398
	333	399
	334	400
	335	401
	336	402
	337	403
	338	404
	339	405
	340	406
	341	407
	342	408
	343	409
	344	410
	345	411
	346	412
	347	413
	348	414
	349	415
	350	416
	351	417
	352	418
	353	419
	354	420
	355	421
	356	422
	1 3	

PREFACE

Author Query Form

Please ensure you fill out your response to the queries raised below and return this form along with your corrections