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The northernmost volcanism in South America (5–6°N) is defined by the presence of several monogenetic volcanic edifices in Colombia, which have been grouped within the Samaná monogenetic volcanic field. Few volcanoes have been studied so far, but they are recognized as a cluster of volcanoes of intermediate-to-acid composition, formed by both explosive and effusive eruptions. This study aims to 1) characterize four more monogenetic volcanic edifices as part of the Samaná field, 2) highlight the potentially active volcanism in an area previously defined as non-volcanogenic, and 3) give insights into the magmatic evolution of the scarcely studied evolved monogenetic volcanism linked to subduction zones worldwide. To achieve these aims, this study uses petrography, mineral chemistry, whole-rock geochemistry, geochronological analyses, and geothermobarometric calculations. The analyses indicate that the field is formed by at least seven volcanoes with similar composition and that it is long-lived and potentially active. Mineralogically, the erupted products host plagioclase (An26–74) and amphibole (magnesio-hastingsite, tschermakite, and occasionally mangesio-hornblende) as the most abundant phases, although orthopyroxene (enstatite; Wo2–3, En70–76, Fs21–28) and clinopyroxene (diopside and augite; Wo44–45, En41–42, Fs13–15, and Wo42–44, En46–47, Fs10–11) also appear. Less abundant phases such as olivine (Fo81–88), biotite (magnesiobiotite), quartz, and Fe–Ti oxides (Usp4–89 Mag96–11, and Ilm61–92 Hem39–8) were also recognized. Chemically, the volcanoes are of andesitic-to-dacitic composition with calc-alkaline affinity and show similar behavior of LILE, HFSE, and REE, which is typical for magmatism in subduction environments. Ages yield a range between 1.32 ± 0.06 Ma (K/Ar) and 16,919 ± 220 years (14C). The results also indicate that the volcanoes share a common magmatic source that fed the individual eruptions and that the magma differentiation is mainly controlled by processes of fractional crystallization, although evidence of magma recharge processes or magma mixing and assimilation as a minor process are also recognized. Geothermobarometric calculations suggest that the different mineral phases are crystallized between 1,194 and 687 °C and a pressure between 0.88 and 0.19 GPa. This indicates that the aforementioned processes occurred not only at the main magmatic reservoir (∼33–21 km depth) but also at different stagnation zones at shallower levels of the crust (∼7–5 km). Taking this into account, it is shown that the magma evolution of this monogenetic field is more complex than individual batches of magma reaching the surface uninterrupted, as is normally described for monogenetic volcanic fields of more mafic compositions in other tectonic settings.
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1 INTRODUCTION
A monogenetic volcanic field is a group of monogenetic volcanoes concentrated in a region on the Earth´s surface (Németh, 2010; Cañón-Tapia, 2016; Smith & Németh, 2017). These fields represent the most common magmatic systems on Earth, occurring in all tectonic settings, although they are less common in subduction environments (Cañón-Tapia, 2016; McGee & Smith, 2016; Smith & Németh, 2017). Monogenetic volcanoes are formed by small volumes of magma (generally <1 km3) that erupt only once, typically with basaltic compositions, as a result of a rapid magma ascent without significant pauses in the path to the surface (Valentine & Gregg, 2008). Less common are eruptions of intermediate-to-evolved magma batches that evidence evolution linked to stagnation en route and therefore processes of fractional crystallization, assimilation, and sometimes magma recharge and mixing (Rapprich et al., 2017; Murcia & Németh, 2020). Nowadays, it is recognized that the same monogenetic field can host volcanic landforms associated with both mafic and felsic products and that they might evidence different eruptive styles varying between explosive and effusive eruptions (Boivin & Thouret, 2014; Murcia et al., 2019; Sosa-Ceballos et al., 2021; Valentine et al., 2021).
The northernmost volcanism in the South American Andes (5–6°N) is related to the subduction of the Nazca plate under the South American plate (e.g. Monsalve-Bustamante, 2020). It is represented by a recently identified monogenetic volcanic field, which is characterized by having bimodal eruptive style (i.e., explosive and effusive) and evolved compositions (up to SiO2 = 69 wt.%) (Murcia et al., 2019). There, only the San Diego maar (Borrero et al., 2017), the El Escondido tuff cone (Monsalve et al., 2019; Sánchez-Torres et al., 2019), and the Pela Huevos dome (Sánchez-Torres et al., 2019) have been clearly recognized as volcanoes and therefore previously studied. This work characterizes four more monogenetic volcanic edifices (Norcasia, Piamonte, Morrón, and Guadalupe) as part of the Samaná Monogenetic Volcanic Field (SMVF), highlights the potentially active volcanism in an area previously defined as non-volcanogenic (Vargas & Mann, 2013; Syracuse et al., 2016; Mora et al., 2017; Wagner et al., 2017), and sheds light into the magmatic evolution of the scarcely studied evolved monogenetic volcanism in subduction zones around the globe (Murcia & Németh, 2020).
This article geologically characterizes the SMVF through petrography, mineral chemistry, whole-rock, and geochronological analyses and uses these results to 1) identify magmatic processes through mineral textures, 2) define the crystallization conditions of the identified mineral assemblages, and 3) evaluate the magma evolution in the volcanic field. Thus, this work intends to take a first step in the identification on this type of volcanism in the area and, therefore, open the possibility for future and more in-depth research.
2 GEOLOGICAL BACKGROUND
The San Diego—Cerro Machín Volcano-Tectonic Province (SCVTP), where the SMVF is located (Figures 1A,B), is a volcanic chain with a complex tectonic history. To the northwest, it is linked to collision of the Chocó-Panamá microplate and the low subduction angle of the oceanic Caribbean plate under the continental South American plate (Suter et al., 2008; Vargas & Mann, 2013; Idárraga-Garcia et al., 2016). To the west, the Nazca plate subducts under the South American plate (Taboada et al., 2000; Cediel et al., 2003; Cortés et al., 2005), and it seems to be divided into two segments with different subduction angles (Pennington, 1981), associated with a weakness zone generated by the Sandra Ridge prolongation (Lonsdale, 2005) to the east. This weakness crosses underneath the SMVF (Figure 1A) and is known as the Caldas Tear (Vargas & Mann, 2013). The prolongation of this tear to the surface has been defined as the limit of the volcanism given by the boundary marked between a “normal” subduction (volcanogenic) to the south and a “flat” subduction (non-volcanogenic) to the north (Vargas & Mann, 2013; Syracuse et al., 2016; Mora et al., 2017; Wagner et al., 2017). However, Londoño et al. (2020), based on the recently reported volcanism north of the Caldas Tear (Borrero et al., 2017; Monsalve et al., 2019; Murcia et al., 2019; Sánchez-Torres et al., 2019), proposed to move this volcanic limit from 5 to 6°N. Structurally, this tectonic setting has developed two main fault systems in the area: a NE–SW fault system (Figure 1C), which corresponds to strike–slip faults with right lateral movement as a result of stresses linked to convergence between the Nazca and South American plates (Cortés et al., 2005), and a NW–SE direction fault system (Figure 1C), which corresponds to normal faults, some with left lateral movement, associated with the collision of the Chocó-Panamá block (Bohórquez et al., 2005; Suter et al., 2008).
[image: Figure 1]FIGURE 1 | Location maps. (A) Location of Colombia in northern South America. (B) Digital elevation model illustrating the volcanoes that form the San Diego—Cerro Machín Volcano-Tectonic Province. (C) Geological map of Samaná monogenetic volcanic field (Adapted from Gómez-Tapias et al., 2015). SR, Sandra Ridge (yellow dotted line); CT, Caldas Tear (white dotted line); SMFV, Samaná monogenetic volcanic field; TGMVF, Tapias—Guacaica monogenetic volcanic field; VTMVF, Villamaría—Termales monogenetic volcanic field; PMVF, Pijaos monogenetic volcanic field; RV, Romeral volcano; CBV, Cerro Bravo volcano; NRV, Nevado del Ruiz volcano; SIV, Santa Isabel volcano; PCV, Paramillo del Cisne volcano; PSRV, Paramillo de Santa Rosa volcano; PQV, Paramillo del Quindio volcano; NTV, Nevado del Tolima volcano; CMV, Cerro Machín volcano. Geological units: T-Mbg3, Cajamarca Complex; T-Pf, San Diego Gneissic Intrusive; T-Pi, Sonsón Batholith; K1-Pm, Samaná Igneous Complex; K1-Pf, Samaná Alaskite; K2-Pi, Mariquita Stock; K1-Sct, sedimentary sequence; E1-Pm2; La Miel Stock; E1-Pm1, Norcasia Stock; E1-Pm, Florencia Stock; E2-Pm, El Hatillo Stock; n4n6-Sc, Honda Group; N2Q1-Vcc, Mesa Formation; Q1-H1, Río Dulce; Q1-H2, Puente Linda; Q1-H3, Cerro Florencia; Q1-H4, El Morro; Q1-H5, El Alambrado; Q1-H6, La Cabaña; and n4n6-Hi, Guadalupe deposits.
In the region, the boundaries between the crust and mantle and lithosphere and asthenosphere have been proposed at 45 and 105 km, respectively (Murcia et al., 2019). The SMVF is emplaced over the Triassic (Villagómez et al., 2011) or Upper Jurassic (Blanco-Quintero et al., 2014) metamorphic rocks of the Cajamarca Complex, the Triassic San Diego Gneissic Intrusive, the Cretaceous Samaná Igneous Complex (Barrero & Vesga, 1976), and a Cretaceous Sedimentary Sequence with no formal name (Gómez-Tapias et al., 2015) (Figure 1C). A series of Eocene plutonic bodies have also been recognized (Barrero & Vesga, 1976) (Figure 1C). In addition, igneous bodies in the area have been mapped as hornblende-phyric andesitic subvolcanic bodies, which may correspond to other undefined volcanoes (they are known as Río Dulce Puente Linda, Cerro Florencia, El Morro, El Alambrado, and La Cabaña igneous bodies) (Figure 1C). This rock type is widely overlain by ash layers, formally defined as Tefra Amarilla (yellow tephra) by Borrero et al. (2017), although the unit has not been mapped, and thus its source is unknown.
2.1 Samaná Monogenetic Volcanic Field
Seven volcanoes have been recognized so far in the SMVF, which covers an area of ∼400 km2. Three of them have known ages, and four are of unknown age. The former are 1) San Diego volcano (Figure 2A), a maar formed 20 ka ago and a lava dome to the NE of the maar, which records the last stage of the eruption (Borrero et al., 2017). The maar has an elongated crater (2.1 × 1.5 km in diameter) and hosts a ∼50-m-deep lake; its deposits are recognized as dilute pyroclastic density currents formed by phreatic and phreatomagmatic activity, distributed mainly toward the NE side of the volcano (Borrero et al., 2017). 2) El Escondido volcano (Figure 2B), a 38-ka tuff cone (Sánchez-Torres et al., 2019); it presents a semi-circular crater (∼1.7 km diameter) and flanks with slopes between 10 and 15°. El Escondido deposits are distributed toward the N and E sides of the volcano and records a spectrum of concentrated and dilute pyroclastic density currents and secondary deposits formed by both magmatic and phreatomagmatic activities (Sánchez-Torres et al., 2019). 3) Pela Huevos volcano (Figure 2C), a 154-ka lava dome, 250 m high with an elongated conical shape (Rueda-Gutiérrez, 2019); it is located on the SE limit of El Escondido volcano and was disrupted by the eruption that formed the El Escondido volcano (Sánchez-Torres et al., 2019). The volcanoes of unknown age are 4) Piamonte volcano (Figure 2D), a ∼220-m-high lava dome with a conical shape, flat at the top, 5) Morrón volcano (Figure 2E), a 350-m-high lava dome with a conical morphology, elongated toward E, 6) Guadalupe volcano (Figure 2F), a lava dome with a conical morphology and volcaniclastic deposits (block and ash pyroclastic flow deposits) around it, and 7) Norcasia volcano (Figure 2G) defined by volcaniclastic products without a clear morphology.
[image: Figure 2]FIGURE 2 | Photographs of the volcanoes of Samaná monogenetic volcanic field (A) San Diego maar. The lake is 1 km wide. (B) El Escondido tuff cone. (C) Pela Huevos dome. (D) Piamonte dome. (E) Morrón dome. (F) Guadalupe dome. Note the lava flow westward. (G) Norcasia volcano. It has an undefined volcanic form; orthophoto: Carlos Borrero.
3 MATERIALS AND METHODS
3.1 Petrography and Mineral Chemistry
Nine samples were collected from the seven studied volcanoes (Table 1). Thin sections were made in Teclab laboratories (Colombia). The petrographic analysis was carried out by point counting in each section, using a Nikon Eclipse E200 petrographic microscope. The size of phenocrysts was defined as >0.5 mm, that of microphenocrysts between 0.5 and 0.05 mm, and that of microlites (groundmass) <0.05 mm (González, 2008). Mineral chemistry analyses (591) were performed using a JXA-8530F field emission electron probe microanalyzer (FE-EPMA) equipped with five wavelength-dispersive spectrometers, at the Facility for Analysis, Characterization, Testing, and Simulation (FACTS) in Nanyang Technological University (NTU), Singapore. Point analyses were acquired using a focused beam at a probe current of 20 nA and an accelerating voltage of 15 kV for all minerals. Current was reduced to 10 nA and defocused beam diameters of 3 and 10 μm for analysis of plagioclase and glass, respectively. The results were quantified using well-characterized natural and synthetic external calibration standards and a ZAF matrix correction procedure. The standards used were T1-G for Si and Al, P&H block Geo MkII for Ca (wollastonite), Ti (rutile), Mg (periclase), K (orthoclase), Fe (specularite), Mn (rhodonite), and P (apatite), and Astimex block MINM25-53 for Na (albite). The oxygen content was assumed from cation abundance, with all iron present as Fe2+. Error on repeat analysis of standard reference materials was <1% of measured values. Kα X-ray lines were monitored for 20–60 s for each element, depending on expected concentrations with the exception of Na Kα, which was monitored for only 10 s. Background measurements were performed on either side of each peak position for combined counting times equaling the corresponding peak counting times. Measured peak and background positions were found to be free of interferences within the sample and standard matrices. The analyses were carried out on plagioclase, olivine, pyroxene, amphibole, biotite, Fe–Ti oxides, and glassy groundmass. The analyses obtained in the microprobe correspond to the total sum of oxides >98 wt.% for anhydrous phases and >95 wt.% for hydrous phases. In the cases of the analyses in biotite and Fe–Ti oxides, the analyses with a total >93 wt.% were used since the majority were shown with low values by the microprobe. The cations per formula unit were calculated using the weight percentage obtained by the microprobe and molecular weight of each oxide, taking into account the amount of oxygen present in the chemical formula of each mineral. For Fe–Ti oxides, the total iron content was recalculated by the Carmichael (1967) method to obtain de FeO and Fe2O3 contents.
TABLE 1 | Mineralogical composition and textures present in the rocks of Samaná monogenetic volcanic field.
[image: Table 1]3.2 Whole-Rock Chemistry
The nine samples were analyzed for whole-rock chemistry at Actlabs laboratories (Colombia and Canada). Major elements were analyzed using the ICP-OES (Inductively Coupled Plasma Optical Emission Spectrometry) technique, while trace elements were analyzed using the ICP-MS (Inductively Coupled Plasma Mass Spectrometry) technique. The samples were run for major and selected trace elements on a combination simultaneous/sequential Thermo Jarrell-Ash ENVIRO II ICP for a Varian Vista 735 ICP. Calibration was performed using seven prepared USGS- and CANMET-certified reference materials. For the lithium metaborate/tetraborate fusion—ICP/MS portion of the analysis, the samples were fused, diluted, and analyzed by Perkin Elmer Sciex ELAN 6000, 6100, or 9000 ICP/MS. Loss-on-Ignition (LoI) was calculated from the weighed samples, and iron was reported as total Fe2O3. >100x detection limit ±5% for major oxides and >100x detection limit ±100% for minor and trace elements. The sample IIES-V-007 from the Guadalupe volcano yielded a high LoI value (∼7 wt.%), and therefore it was not used for major whole-rock and geothermobarometric analysis.
3.3 Geochronology
Three samples from Guadalupe, Piamonte, and Morrón volcanoes were collected for K/Ar geochronology. The samples were crushed and then sieved to separate the 0.5-mm fraction. From these, 20 g of groundmass was extracted by hand picking in order to date the cooling time of the magma. This avoids overestimating ages by mixing the crystals that would introduce older crystallization ages. Freshness of the groundmass was defined not only by looking at the glass using the microscope but also by using the rock samples with low LoI values as indicated by the whole-rock chemistry results. The dating analyses were carried out in ActLabs (Canada) after a further separation of 2 g of fresh groundmass, where the procedure used is described as follows: aliquots of the samples were weighed into an Al container, loaded into the sample system of the extraction unit, and degassed at 100 °C for 2 days to remove the surface gases. Argon was extracted from the sample in a double vacuum furnace at 1,700 °C. The determination of radiogenic argon content was carried out twice on a MI-1201 IG mass spectrometer by the isotope dilution method using 38Ar as a spike, which was introduced to the sample system prior to each extraction. The extracted gases were cleaned up in a two-step purification system. Then, pure Ar was introduced into a custom-built magnetic sector mass spectrometer (Reynolds type). Two globally accepted standards (P-207 muscovite and 1/65 “Asia” rhyolite matrices) were measured for 38Ar spike calibration. For age calculations, the international values of constants were used as follows: λK = 0.581 × 10−10 y−1, λβ- = 4.962 × 10−10 y−1, and 40K = 0.01167 (аt.%). Calculated errors were 2σ.
A paleosol located under volcaniclastic products from Norcasia volcano was also selected for 14C dating. The analysis was carried out at the Center Radiochronology Laboratories, Université Laval (Canada) by the AMS (Accelerator Mass Spectrometry) method. The sample was chemically cleaned, burned, and transformed into CO2, followed by oxidation and reduction to graphite. The graphite produced was pressed into a target for AMS measurement.
4 RESULTS
4.1 Petrography
The studied rocks (Table 1) are characterized by their porphyritic texture (30–45 vol.% crystals). The groundmass is glassy (holohyaline) in El Escondido and Morrón volcanoes; glassy with microlites (hypocrystalline) in Pela Huevos, Piamonte, and Norcasia volcanoes; and microcrystalline and cryptocrystalline in Guadalupe and San Diego volcanoes (Table 1). Plagioclase is the most abundant mineral phase in five volcanoes (San Diego, El Escondido, Piamonte, Pela Huevos, and Norcasia; Table 1), with at least three populations 1) “clean” crystals, 2) coarse sieve texture crystals (Figure 3A), and 3) fine or dusty sieve texture crystals (Figure 3B); all populations of plagioclase present twins, normal, reverse, and oscillatory zonation. Of the studied volcanoes, San Diego does not display sieve textures of any kind, and Guadalupe only presents fine sieve textures. Amphibole is the most abundant mineral phase in the other two volcanoes (Morrón and Guadalupe), and it is not present in the San Diego volcano (Table 1). Amphibole in El Escondido and Piamonte volcanoes is green and strongly pleochroic (Figure 3C), whereas in the other volcanoes, it is dark brown and highly oxidized on the whole crystal and/or on the rims (Figure 3D). The two types of amphibole do not coexist together. Amphiboles with disequilibrium textures such as oxidation rims (Figures 3C–E) and resorption (Figure 3D) are observed in Pela Huevos, Morrón, Guadalupe, Norcasia, and Piamonte volcanoes; the latter only exhibit oxidation rims. Biotite was observed only in El Escondido, Morrón, San Diego, and Guadalupe volcanoes. In San Diego (Figure 3F), the biotite is reddish brown and highly oxidized on the whole crystals, while in Guadalupe, some of the biotite crystals show oxidation rims (Figure 3E). Quartz (Figure 3F) is only present in El Escondido and San Diego volcanoes (Table 1). Pyroxene (clinopyroxene and orthopyroxene) appear in Pela Huevos and Norcasia volcanoes (Figure 3G; Table 1), while olivine is present in Pela Huevos and Guadalupe volcanoes (Table 1), commonly surrounded by brown amphibole crystals (Figure 3H). Accessory minerals such as Fe–Ti oxides (<1 vol.%) appear in all rock samples. Glomerocrysts (Figure 3G) of different mineral associations are also observed (Figure 3G; Table 1).
[image: Figure 3]FIGURE 3 | Photomicrographs of petrographic characteristics. (A) Coarse sieve texture in plagioclase. (B) Fine sieve texture in plagioclase surrounded by a clean rim. (C) Green amphibole with an oxidation rim. (D) Brown amphibole crystals with oxidation rims and resorption texture. (E) Biotite and amphibole crystals with oxidation rims. (F) Quartz crystals and biotite with oxidation rims. (G) Clinopyroxene and orthopyroxene glomerocryst. (H) Olivine surrounded by brown type amphibole.
4.2 Mineral Chemistry
Plagioclase composition in the studied rocks varies from oligoclase to bytownite. San Diego volcano hosts crystals with a low and narrow An range (An26–32), compared (Figure 4A) with the other volcanoes —El Escondido (An27–57), Pela Huevos (An33–73), Guadalupe (An30–58), Norcasia (An36–68), and Piamonte (An42–74). Some crystals in El Escondido, Pela Huevos, Norcasia, Piamonte, and Guadalupe volcanoes show oscillatory compositional zonation (Figure 5A), and some others in El Escondido and Pela Huevos volcanoes show reverse zonation (Figure 5B). Amphiboles are calcic —tschermakite and magnesio-hastingsite— with only magnesio-hornblende crystals in Pela Huevos and Guadalupe volcanoes (Figure 4B), without significant differences between both types of amphibole crystals. Normal (i.e., decreasing Mg# toward the rim; Figure 5C) and reverse (i.e., increasing Mg# toward the rim; Figure 5D) compositional zonation are common in both amphibole crystals. Biotite is magnesiobiotite in both San Diego and Guadalupe (Figure 4C). Unfortunately, we did not get accurate measurements of biotite in El Escondido and Morrón volcanoes. Pyroxene from Norcasia volcano corresponds mainly to enstatite (Wo2–3, En70–76, Fs21–28), diopside, and augite (Wo44–45, En41–42, Fs13–15, and Wo42–44, En46–47, Fs10–11, respectively) (Figure 4D). Olivine corresponds to Fo82–88 in Pela Huevos volcano and Fo81–83 in Guadalupe volcano (Figure 4E). Fe–Ti oxides (Figure 4F) are magnetite (Morrón: Usp6–89 Mag94–11 and Guadalupe: Usp4–85 Mag96–15) and ilmenite (Morrón: Ilm78–92 Hem22–8, and Guadalupe: Ilm61–91 Hem39–9). Table 2 shows representative analyses of all mineral phases; all mineral chemistry data can be found in Supplementary Material S1.
[image: Figure 4]FIGURE 4 | Mineral classification diagrams. (A) Plagioclase (Rahman & MacKenzie, 1969). (B) Amphibole (Leake et al., 1997). (C) Biotite (Foster, 1960). (D) Pyroxene (Morimoto, 1989). (E) Olivine. (F) Fe–Ti oxides (after Parat et al., 2005).
[image: Figure 5]FIGURE 5 | Compositional zonation in plagioclase and amphibole crystals. (A) Oscillatory zonation in plagioclase crystal from the Guadalupe volcano (R: rim and C: Core); the white dots represent the measurement points. (B) Reverse zonation in the plagioclase crystal from the El Escondido volcano (R: rim, C: Core); the white dots represent the measurement points. (C) Normal zonation in the tschermakitic amphibole crystal from El Escondido volcano. (D) Reverse zonation in the magnesiohastingsitic amphibole crystal from the Pela Huevos volcano.
TABLE 2 | Representative mineral chemistry analyses from rocks of the Samaná monogenetic volcanic field. Abbreviations: SDV, San Diego volcano; EEV, El Escondido volcano; PV, Piamonte volcano; PHV, Pela Huevos volcano; GV, Guadalupe volcano; NV, Norcasia volcano; MV, Morrón volcano; Pl, plagioclase; Amp, Amphibole; Opx, Orthopyroxene; Cpx, clinopyroxene; Ol, olivine; Bt, biotite; Ilm, ilmenite; Mt, magnetite; and Usp, ulvospinel.
[image: Table 2]4.3 Whole-Rock Chemistry
Whole-rock chemistry analysis shows that the rocks from the SMVF range between andesite and dacite (Figure 6A), with those from San Diego (SiO2 ∼69 wt.%) and El Escondido (SiO2 ∼66 wt.%) being the most evolved of the group and those from Norcasia, Morrón, and Guadalupe the least evolved (SiO2 ∼60 wt.%). All samples are of a calc-alkaline affinity, with medium potassium content (Figure 6B). The studied rocks show similar behavior of the incompatible trace elements, with a slight enrichment in LILE with respect to HFSE (Figure 6C). Positive anomalies of Ba, U, K, Pb, Sr, and Nd and negative anomalies of Th, Nb, Ti, and P are observed, with the exception of the San Diego volcano, which lacks a Ti anomaly (Figure 6C). Rare earth elements (REE), normalized to chondrite, show a strong LREE enrichment with respect to HREE. Of all the volcanoes, the samples from Morrón and San Diego are the most and least enriched, respectively (Figure 6D). Incompatible element ratio diagrams (Nb/Th vs. Nb/Zr and Zr/Y vs. Nb/Th) show similar ratios for all the samples, with only San Diego as an outlier (Figure 6E). Binary diagrams of major and trace elements vs. SiO2 show similar compositions between San Diego and El Escondido volcanoes, between Piamonte and Pela Huevos volcanoes, and between Morrón, Guadalupe, and Norcasia volcanoes (Figure 7). A negative correlation between TiO2, Al2O3, MgO, CaO, Sr, V, and Sc with respect to SiO2 can be recognized and a positive correlation with K2O (Figure 7). Whole-rock chemistry data from all samples are reported in Table 3.
[image: Figure 6]FIGURE 6 | Whole-rock geochemistry diagrams. (A) TAS (Total Alkali Silica) diagram (Le Bast et al., 1986). (B) Magma type classification diagram (Peccerillo & Taylor, 1976). (C) Multielement diagram normalized to primitive mantle (Sun & McDonough, 1989). (D) REE multielement diagram normalized to chondrite (Nakamura, 1974). (E) Incompatible element ratio diagram. SCVTP, San Diego—Cerro Machín Volcano-Tectonic Province (Cavell, 2020; and references therein); PMVF, Pijaos monogenetic volcanic field (Velandia et al., 2021); and VTMVF, Villamaría–Termales monogenetic volcanic field (Salazar-Muñoz et al., 2021).
[image: Figure 7]FIGURE 7 | SiO2 vs. major and trace elements diagrams. Note the affinity shared by the volcanoes based on the silica content.
TABLE 3 | Whole-rock chemical data of investigated rocks of the Samaná monogenetic volcanic field.
[image: Table 3]4.4 Geochronology
The K/Ar analysis yields eruptive ages of 0.05 ± 0.04 Ma for the Guadalupe volcano, 0.46 ± 0.04 Ma for the Piamonte volcano, and 1.32 ± 0.06 Ma for the Morrón volcano, while the 14C analysis yielded an age of 16,919 ± 220 years Cal BP for the Norcasia volcano. These ages together with the ages already known for San Diego (20,056 ± 96 years Cal BP, 14C; Borrero et al., 2017), El Escondido (38,553 ± 596 years Cal BP, 14C; Sánchez-Torres et al., 2019), and Pela Huevos (153,700 ± 38,500 years, 40Ar-39Ar on amphibole; Rueda-Gutierrez, 2019) volcanoes (Table 4) indicate that the Samaná field is a long-lived (∼1.3 Ma—17 ka) monogenetic volcanic field. In addition, ages indicate that the area is volcanogenic and therefore, the limit previously considered non-volcanogenic due to flat subduction angles begins at ∼6°N and not at 5° (c.f. Londoño et al., 2020).
TABLE 4 | Ages of volcanic products in the Samaná monogenetic volcanic field.
[image: Table 4]5 DISCUSSION
5.1 Mineral Textures
The wide textural variation identified in the volcanoes forming the SMVF allows us to infer physicochemical processes that the distinct magma batches were subject to, from the source to surface. The existence of both monomineralic and polymineralic glomeroporphyritic texture is indicative of convective movements in the magma (Hogan, 1993; Jeffery et al., 2013), suggesting stagnation zones linked to crystallization, as the magma ascended. This occurred in all magma batches as both glomeroporphyritic texture types were observed in all analyzed rocks (Table 1). Changes in the intrinsic parameters of magma (i.e., pressure, temperature and/or water content in the melt) produced disequilibrium between the crystals and the liquid, and therefore features such as zonation, resorption, and oxidation rims were found (c.f. Best, 2003). Reverse zonation in plagioclase crystals from El Escondido and Pela Huevos volcanoes may be associated with crystals that grew in slowly cooled melts or in melts with high concentrations of volatile components (Loomis, 1982). The oscillatory zonation, which is very common in El Escondido, Pela Huevos, Guadalupe, and Norcasia, is associated with kinetic effects and/or convective movements of the magma within the magmatic reservoir (Pearce & Kolisnik, 1990; Berlo et al., 2007; Shcherbakov et al., 2010; Viccaro et al., 2010). Resorption textures (Guadalupe, Pela Huevos, and Morrón volcanoes) and oxidation rims in amphibole (Piamonte, Pela Huevos, Morrón, Guadalupe, and Norcasia volcanoes) and biotite crystals (Guadalupe and Morrón volcanoes) probably occurred due to the loss of water in the melt caused by decompression during magma ascent (Gill, 1981; Rutherford & Hill, 1993; Ridolfi et al., 2008) and/or the dehydrogenation of the melt (Feeley & Sharp, 1996). Coarse sieve texture in plagioclase crystals from El Escondido, Piamonte, Pela Huevos, Morrón, and Norcasia volcanoes is associated with disequilibrium due to decompression and fast ascent rates that produced dissolution in the crystals (Nelson & Montana, 1992; Monfaredi et al., 2009; Viccaro et al., 2010; Viccaro et al., 2012), while fine sieve texture in all volcanoes (but San Diego) is formed by partial melting of the crystal due to the reaction linked to the influx of magma (i.e., magma recharge or mixing); therefore, the clean rims that surround the dusty zone are interpreted as being formed by overgrowth at a post-mixing stage (Tsuchiyama, 1985; Viccaro et al., 2010; Viccaro et al., 2012).
Taking the aforementioned characteristics, we propose that, at the SMVF, the magma that fed the volcanoes was affected by sudden changes in pressure, temperature, melt water content, and convective movements. However, the San Diego volcano is the most stable system in relation to the other volcanoes due to little evidence of disequilibrium of its mineral phases. In summary, the textural analysis of SMVF volcanoes suggests that the magmas had periods of stagnation before eruption. During these periods, convective movement of the magma, followed by decrease of pressure, gave rise to different degrees of resorption and disequilibrium processes in the different mineral phases. Later, the ascent of magma with degassing produced destabilization and oxidation of the previously formed crystals; this process was continuous to shallow levels.
5.2 Geothermobarometry
Two types of geothermobarometers were applied to obtain crystallization conditions of the main mineral phases identified in the volcanic products from the SMVF 1) based on mineral–liquid chemical equilibrium, which involved olivine, clinopyroxene, orthopyroxene, and plagioclase mineral phases; 2) based on mineral composition, which involved amphibole and Fe–Ti oxides. For the mineral–liquid method, the composition of the liquid was assumed to be the composition of the whole rock for the olivine and pyroxene phases, while for the plagioclase, the composition of the liquid was assumed to be the glass composition based on the partition coefficient (KD).
Olivine crystals were not found in equilibrium (KD Fe-Mg: 0.27 ± 0.03), which in turn suggests that these crystals correspond to antecrysts or xenocrysts (c.f. Jerram and Martin, 2008; Zellmer, 2021). For clinopyroxene (KD Fe-Mg: 0.28 ± 0.08) and orthopyroxene (KD Fe-Mg: 0.29 ± 0.06) in equilibrium, the geothermobarometers applied were equations 32d and 32c (clinopyroxene) and 28a and 29b (orthopyroxene) of Putirka (2008). Three out of four clinopyroxene crystal analyses and one out of two orthopyroxene crystal analyses met the equilibrium test. For plagioclase, equations 24a, 25a, and 25b of Putirka (2008) were applied to 212 out of 232 crystal analyses, which were the ones that met the equilibrium test, based on a proxy of ∼70 wt.% of SiO2 liquid and a KD (An-Ab) of 0.10 ± 0.05 for T <1,050°C. This liquid composition coincides with the glass composition of the Norcasia volcano and therefore was used as the proxy for all volcanoes. In addition, the plagioclase geothermobarometer requires input parameters such as pressure and H2O; the former was estimated from the clinopyroxene crystallization (0.7 GPa) (c.f. Putirka, 2008) and the latter defined as 3.2 wt.% from the glass composition results. All the plagioclase analyses were applied exclusively to “clean” crystals, with the exception of the Guadalupe volcano, where valid microprobe data (i.e., the total sum of major oxides >98 wt.%) were obtained for crystals with sieve texture only. The results after applying these mineral–liquid chemical geothermobarometers indicate that clinopyroxene crystallized at 1,194–1,165°C and 0.9–0.7 GPa, orthopyroxene crystallized at 1,148°C and 0.6 GPa, and plagioclase crystallized at 943–891°C, 0.8–0.1 GPa, and 4.9–2.9 wt.% H2O (Table 5; Supplementary Material S2). The range of the calculated temperatures is narrow and similar between volcanoes, whereas the pressure shows relatively wider ranges but still relative similar among the volcanoes (Figure 8). Perhaps the only exception is the pressure range for the plagioclase phase of the San Diego volcano, which is noticeably higher (>0.5 GPa) than the other volcanoes. All data obtained including KD, T (°C), P (GPa), H2O (wt.%), and log fO2 are included in Supplementary Material S2 and summarized in Table 5.
TABLE 5 | Estimated temperature, pressure, and depth crystallization values of the mineral phases that were identified at the Samaná monogenetic volcanic field.
[image: Table 5][image: Figure 8]FIGURE 8 | Temperature and pressure ranges of different mineral phases in each volcano as indicated by geothermobarometric results.
A geothermobarometer based solely on the composition of amphibole was evaluated following Ridolfi et al. (2010) for fO2 and Ridolfi & Renzulli (2012) for T, P, and H2O melt. Thus, 51 analyses were assessed yielding crystallization conditions of 987–810°C and 0.8–0.2 GPa (Figures 8, 9A). H2O and fO2 were also obtained, which yielded values of 12.2–4.3 wt.% H2O (Figure 9B) and −8.6 to −11.5 log fO2, respectively,(Figure 9C). Data for each volcano are discriminated in Table 5. The composition of Fe–Ti oxides also allowed us to determine temperature and fO2, following the geothermobarometer of Andersen & Lindsley (1985) through the ILMAT Excel worksheet (Lepage, 2003) based on the equilibrium between the coexistence of ilmenite and magnetite phases proposed by Bacon & Hirschman (1988). Using the pair of phases that met the equilibrium test, the results indicated crystallization conditions of 871–687°C and −11.9 to −15.8 log fO2 (Figure 9C) (Table 5; Supplementary Material S2).
[image: Figure 9]FIGURE 9 | Crystallization conditions based on amphibole geothermobarometry after Ridolfi et al. (2010) and Ridolfi & Renzulli (2012). (A) T vs. P diagram, isopleths show the anhydrous SiO2 (wt.%) content of the melt and P–T stability limits of phases in the boxes, and the black dashed lines represent the maximum thermal stability, and the red line divides consistent experimental product with different crystallinity (35–50 wt.% at lower T and 12–35 wt.% at higher T) (Ridolfi et al., 2010). (B) H2O vs. T melt diagram; the black line represents the maximum thermal stability and black dash line represents the lower limit of amphiboles (Ridolfi et al., 2010). (C) T vs. log fO2 diagram, the curves represent the nickel–nickel oxide (NNO) buffer and NNO+2 (Ridolfi et al., 2010); Fe–Ti oxides (Andersen & Lindsley, 1985) are included in this diagram to observe their crystallization conditions with respect to amphibole. Error bars represent the expected uncertainty in T (± 23.5°C), P (± 11.5%), H2O melt (15%), and log fO2 (± 0.4 log units). Abbreviations: (Tsc), tshcermakite; (Mgsht), magnesio-hastingsite; and (Mghb), magnesio-hornblende.
The depths at which the different mineral phases crystallized (Table 5) were estimated by using the results of the pressure calculations, following White (2013): density × gravity = pressure/depth, and assuming a density of 2.7 g/cm3 (c.f. Lucassen et al., 2001). Based on this, we estimate that diopside and augite pyroxene crystallized between 33 and 28 km and enstatite pyroxene at 21 km. Plagioclase crystallization occurred between 31 and 5 km. For amphiboles, magnesio-hastingsite crystallized between 31 and 9 km, tschermakite crystallized between 31 and 7 km, and magnesio-hornblende crystallized at 9 km. The Supplementary Material S2 shows discriminated data for each geothermobarometer.
5.3 Magmatic Evolution
The compositional characteristics of the SMVF (i.e., calc-alkaline affinity, behavior of trace and REE elements) are typical of magmas subduction-related. The enrichment of K, U, and Ba and the negative anomalies of Nb, Ta, and Ti (Figure 6C) are typical of volcanic arc rocks and represent processes of fractionation of Fe–Ti oxides and crustal contamination and influence of subduction fluids in the partial fusion of the mantle wedge (Pearce, 1983; Rollinson, 1993; Best, 2003; White, 2013). Incompatible element ratio diagrams (Figure 6E) indicate that the volcanoes of the SMVF are likely fed by the same magmatic source, with the exception of the San Diego volcano, whose source chemical characteristics are slightly different.
5.3.1 Fractional Crystallization
Fractional crystallization is a dominant process of magma evolution in arc magmas, which is commonly evidenced by trends observed for major and trace elements (Figure 7), including the ratio of highly incompatible ones (Figures 10A,B) with respect to SiO2 (Rollinson, 1993; Davidson et al., 1988). Our results indicate that fractional crystallization is, indeed, a major process in the evolution history of the magmas that formed the SMVF volcanoes; El Escondido volcano shows the highest degree of magma fractionation, and Norcasia, Morrón, and Guadalupe volcanoes exhibit the least fractionated magmas. The Piamonte and Pela Huevos volcanoes represent intermediate degrees of fractional crystallization. Plagioclase fractionation is evidenced by the negative correlation of CaO, Al2O3, and Sr, vs. SiO2 (Figure 7) and the CaO/Al2O3 ratio (Figure 10C). The behavior of Sr is related to the increasing compatibility of this element in sodium plagioclase (rather than in calcium plagioclase; c.f. Davidson et al., 1988; Blundy & Wood, 1991). The lack of significant Eu negative anomalies (Figure 10F) supports this fractionation (i.e., Na plagioclase) as Eu plays a role at low oxygen fugacities linked to significant depths (Rollinson, 1993). Amphibole fractionation is evidenced by the enrichment of LREE on HREE (Figure 6D) (c.f. Pearce & Norry, 1979; Davidson et al., 1988; Rollinson, 1993) and the negative correlation of Sc, V, and Sm/Nd vs. SiO2 (Figures 6, 10D) and positive correlation of Yb/Dy vs. SiO2 (Figure 10E). For the pyroxene phase, fractionation is evidenced more clearly in the Norcasia and Pela Huevos volcanoes by the negative correlation of the SiO2 vs. the CaO/Al2O3 ratio (Figure 10C) and Sc (Figure 7), with Sc mainly related to clinopyroxene (c.f. Green, 1980; Wilkinson and Taylor, 1981; Romick et al., 1992; Williams et al., 2009). Fractionation of Fe–Ti oxides is evidenced by the negative anomalies of Nb, Ta, and Ti (Figure 6C), which is in turn consistent with the moderate and highly oxidized environments evidenced for the magmas (Figure 9C). As a whole, the linear trends observed in the Harker diagrams that illustrate the composition of the volcanoes of the SMVF (Figure 7) and the patterns observed in approximately constant ratio of similar elements such as Nb/Th and Nb/La with respect to SiO2 (Figures 10A,B) also illustrate fractionation as important in the evolution of the magmas that formed the SMVF volcanoes. This is consistent with recent studies in the region (Cavell, 2020), in which the compositional variations of the Northern Volcanic Province of the Andes (or the San Diego—Cerro Machin Volcano-Tectonic Province) are explained by different degrees of fractional crystallization and the type of fractionating mineral phases.
[image: Figure 10]FIGURE 10 | Petrogenetic evolution based on SiO2 and incompatible trace elements. (A,B) Diagrams of SiO2 vs. incompatible element ratio of the volcanoes of Samaná monogenetic volcanic field and Cajamarca Complex (Blanco-Quintero et al., 2014). (C) Diagram of SiO2 vs. CaO/Al2O3 to determine fractionation of Ca-rich minerals (plagioclase and clinopyroxene). The arrow indicates the increase in the degree of fractionation to these phases in different volcanoes. (D,E) Diagrams of SiO2 vs. compatible element ratio. The arrow indicates the increase in the degree of fractionation. (F) Diagram of SiO2 vs. Eu/Eu* to determine Eu anomalies. Eu/Eu* = (EuN/ √(SmN x GdN)), and the values are normalized to the chondrite value of Nakamura (1974). Abbreviations: (FC), fractional crystallization.
5.3.2 Crustal Assimilation
Assimilation is a process that can modify the composition of magmas during their rise and/or stagnation in the crust (Best, 2003; Groove & Till, 2015). Its occurrence can be examined by the presence of xenocrysts and/or xenoliths and by comparison with the composition of the basement and variations in the ratio of incompatible elements (Rollinson, 1993). It could be argued that the olivine crystals that did not meet the equilibrium test are xenocrysts and therefore record the process of crustal assimilation. However, the basement rocks in the area do not host this mineral phase and, therefore, an antecryst origin for the olivine seems more plausible (c.f. Jerram & Martin, 2008; Zellmer, 2021). Furthermore, by comparing the variation of incompatible element ratios with respect to SiO2 (Figures 10A,B) for products of the SMVF and the basement rocks of the Cajamarca Complex (the major possible source of crustal contamination), it can be assessed that any contribution of the Cajamarca Complex is negligible. The exception appears in the San Diego volcano, in which the outlier composition could perhaps indicate some degree of assimilation or a different degree of partial melting (Figures 10A,B).
5.3.3 Magma Mixing
Magma mixing can occur en route to the surface and/or within a magmatic reservoir, and it is usually explained by processes of magma recharge (Sen, 2014; Groove & Till, 2015). Textural characteristics in the studied rocks, such as the coexistence of crystals in equilibrium and disequilibrium, are interpreted as results of the interaction between two or more melts (c.f. Best, 2003; Varol et al., 2008; Varol et al., 2014). Therefore, the presence of zoned and non-zoned amphiboles within the same sample (as occurs in El Escondido, Piamonte, Pela Huevos, Guadalupe, Norcasia, and Morrón volcanoes) evidence disequilibrium linked to different magma compositions. Equally, disequilibrium textures such as sieve (in El Escondido, Piamonte, Pela Huevos, Guadalupe, Norcasia, and Morrón volcanoes), crystal resorption (in Pela Huevos, Guadalupe, Norcasia, and Morrón volcanoes), and oxidation rims (in Piamonte, Pela Huevos, Guadalupe, Norcasia, and Morrón volcano) vs. in-equilibrium crystals in the same rock could also evidence this process. The possible antecryst origin of the olivine crystals in Guadalupe and Norcasia volcanoes is also consistent with processes of magma recharge that triggered magma mixing. Moreover, the reverse-zoned amphibole crystals in most of the volcanoes of the SMVF (El Escondido, Pela Huevos, Guadalupe, Norcasia and Morrón) indicate compositional variations that reveal an increase in the temperature from the core to rim (from 917 to 958°C on average), which is consistent with processes of magma recharge (c.f. Sutcliffe, 1989; Andrews et al., 2008; Kiss et al., 2014). This is also supported by the similar pressures obtained for both compositional zones (0.36 and 0.49 GPa on average), which in turn indicate mixing at shallow depths (14–19 km). In summary, it is proposed that magma recharge is another process that affected the magmas that formed the SMVF volcanoes, likely at crustal levels.
5.4 Samaná Monogenetic Volcanic Field Magma Evolution Model
At least seven monogenetic volcanic edifices are part of the northernmost volcanism in the Andean chain. This volcanism is not only long-lived but also potentially active. Recognizing this volcanism is important because the area has been commonly considered non-volcanogenic linked to a flat subduction. This volcanism also sheds light onto magmatic evolution associated with evolved monogenetic volcanism, which is common, although poorly known in the literature, in other subduction zones. In addition, this study gives insights into how the magma evolution of monogenetic fields can be more complex than that given by individual batches of magma reaching the surface uninterrupted, as is normally described for monogenetic volcanic fields of more mafic compositions.
As discussed earlier, the magmatic evolution of the SMVF reveals that fractional crystallization is the major differentiation process that magmas underwent during their ascent to the surface; this fractionation took place during multiple stagnation zones as evidenced by the geothermobarometric calculations. In addition to the process of fractional crystallization, (e.g., disequilibrium textures linked to increases of temperature), magma recharge was also evidenced not only at the source but also at different stagnation levels. The interplay of these two major processes is responsible for the range of compositions displayed by the volcanoes of the SMVF. Taking this into account, we propose the following model of magma evolution: The magma that feeds the SMVF originates by the fusion of the mantle wedge, caused by the subduction of the Nazca plate under the South American plate. The magma then rises until it stagnates at crustal levels around 20–35 km depth, according to the magmatic accumulation zone proposed by Londono (2016), using geophysical methods such as regional 3D tomography of seismic velocity. This zone is also assumed to be the main magmatic supply for the SMVF volcanoes (Murcia et al., 2019). Our geothermobarometric calculations indicate that the main mineral phases in these volcanoes form at depths that coincide with this magmatic accumulation zone (Figure 11). Diopside and augite crystallize between 33 and 28 km, and enstatite crystallizes at 21 km, if the values are extrapolated from those obtained from Norcasia crystals. These crystals form monomineralic glomeroporphyritic texture in both Norcasia and Pela Huevos volcanoes. Plagioclase crystallization occurs between 31 and 5 km, indicating that it starts to form within the accumulation zone up to shallow levels of the crust. These crystals exhibit disequilibrium textures such as zonation and sieve crystals, which suggest convective movement and physicochemical variations within the magma during ascent. Likewise, the crystallization of amphibole starts at the magma accumulation zone (31 km) and continues up to 7 km, with magnesio-hastingsite crystallizing between 31 and 9 km, tschermakite between 31 and 7 km, and magnesio-hornblende at 9 km. The last phases to crystallize are biotite at <800°C (c.f. Castro & Dingwell, 2009), identified in the San Diego, El Escondido, Morrón, and Guadalupe volcanoes, quartz observed in El Escondido and San Diego volcanoes, and microphenocrysts of Fe–Ti oxides in all volcanoes (Figure 11). In addition to the described sequence of crystallization, evidence of magma recharge in the accumulation zone is also observed. For example, the incorporation of olivine antecrysts in the magmas of Pela Huevos and Guadalupe volcanoes and reverse zonation were observed in amphiboles of El Escondido, Pela Huevos, Guadalupe Norcasia, and Morrón volcanoes (Figure 11). Similarly, oxidation rims were observed in amphibole crystals in rocks from Piamonte, Pela Huevos, Guadalupe, and Norcasia volcanoes (Figure 11). After eruption, the rapid cooling produced crystallization of microlites and solidification of the melt. As evidenced in the volcanic edifices, the magma effusively reached the surface to form the Pela Huevos, Piamonte, Morrón, and Guadalupe volcanoes and explosively to form El Escondido and San Diego volcanoes, the latter associated with the presence of water on the surface (Figure 11).
[image: Figure 11]FIGURE 11 | Samaná monogenetic volcanic field magma evolution model. The depth at which the different mineral phases were formed is obtained by the equation h = [P/(ρ × g)] (White, 2013). Extrapolated depth of the Cajamarca Complex at 6,5 °N (Ureña & Mejía, 2019). In the lower left part, the San Diego—Cerro Machín Volcano-Tectonic Province model is observed (from Murcia et al., 2019), where the blue box represents the zone which this model has proposed.
6 CONCLUSION

• The Samaná monogenetic volcanic field comprises at least seven andesitic to dacitic with calc-alkaline affinity volcanoes, typical of subduction environments. Ages from 1.3 Ma to 17 ka suggest that the Samaná monogenetic volcanic field is long-lived and potentially active.
• Plagioclase and amphibole are the most abundant minerals. They are present in all rocks studied, with the exception of those from San Diego volcano, which does not present amphibole. Biotite appears in the sample from the San Diego volcano and in a lesser proportion in the samples from El Escondido, Morrón, and Guadalupe volcanoes. Quartz is only present in the samples from the San Diego and El Escondido volcanoes. Pyroxene (clinopyroxene and orthopyroxene) is present in the samples from the Pela Huevos and Norcasia volcanoes. Olivine is present in low proportions in the samples from the Pela Huevos and Guadalupe volcanoes. Finally, Fe–Ti oxides are present in all samples as accessory minerals.
• Based on thermobarometric analysis, magma reached the surface at temperatures lower than <700 °C. Plagioclase crystallized at 943–891 °C and 0.8–0.1 GPa; amphibole at 987–810 °C and 0.8–0.2 GPa; diopside and augite at 1,194–1,165° C and 0.9–0.7 GPa; and enstatite crystallized at 1,148 °C and 0.6 and Fe–Ti oxides crystallized at 871–687 °C.
• The evolved character of the Samaná products indicates differentiation of magma residing at the crust, and further evolution occurred mainly due to fractionation. The presence of disequilibrium textures and mineral compositions of mafic affinity indicate processes of magma mixing triggered by magma recharge at the accumulation zone.
• The depths at which the minerals were formed coincide with the magmatic accumulation zone that feeds the SCVTP. Thus, we propose that different magma batches rise from this zone to generate each of the monogenetic volcanoes that form the SMVF.
• This study highlights that the SMVF magma evolution is complex and not as simple as in the case of rapid ascents without crustal stagnations, as usually postulated for monogenetic volcanic fields.
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