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 Age and Tectonic Setting of the Camaguey Volcanic-Intrusive Arc,Cuba: Late Cretaceous Extension and Uplift
 in the Western Greater Antilles
 Chris M. Hall, Stephen E. Kesler,1 Norman Russell,2 Enrique Pinero,3
 Roberto Sanchez C.,4 Mireya Perez R.,5 Jesus Moreira,6 and Melroy Borges7
 Department of Geological Sciences, University of Michigan, Ann Arbor, Michigan 48109, U.S.A.(e-mail: [email protected])
 A B S T R A C T
 Ar/Ar ages determined on rocks and minerals from the Camaguey area in central Cuba provide age constraints onevents that accompanied the northward migration of Cuba into the Caribbean region and its subsequent collisionwith the Bahamas Bank. Whole-rock samples from the Camujiro and Piragua Formations, part of the Camagueyvolcanic sequence, yielded Ar/Ar ages of 74–72 Ma, distinctly younger than the 100–80-Ma ages indicated by fossilsin interlayered sedimentary rocks. Syenite and granodiorite in the Camaguey batholith, which cut these volcanicrocks, yield generally similar Ar/Ar ages of 75–72 Ma for hornblende, biotite, and feldspar. These ages are interpretedto reflect relatively rapid uplift and cooling of most of the volcanic-intrusive arc. Additional constraints on the timingof this uplift are provided by Ar/Ar ages of 71–75 Ma for rhyolite-rhyodacite domes of the La Sierra Formation and52 Ma for andesitic basalt of La Mulata Formation, which appear to have been emplaced onto erosion surfaces thatresulted from this uplift. An average cooling rate of about 13�C/Ma, which prevailed during formation of the arcbetween about 96 and 80 m.yr., increased to about 40�C/Ma after 80 Ma and ended with formation of a paleosurfaceat about 75 Ma or slightly afterward. The rapid uplift and denudation arc necessary to form a Late Cretaceouspaleosurface on the volcanic-intrusive probably required an extensional tectonic environment, which could have beencreated during oblique convergence of the Greater Antilles arc with Yucatan as the arc migrated northward in LateCretaceous time. Metamorphic rocks in the Escambray and Isle of Pines areas in western Cuba have ages similar tothose indicated for uplift in the Camaguey area, suggesting that extension and related Late Cretaceous paleosurfaceswere widespread in the western Greater Antilles during its northward migration into the Caribbean region.
 Online enhancement: appendix.
 Introduction
 In this study, we have used Ar/Ar geochronologyto determine the age of volcanic and intrusiveevents in the Camaguey area of central Cuba,which provides an important window to the com-plex series of events that placed the Greater An-
 Manuscript received July 17, 2003; accepted April 28, 2004.1 E-mail: [email protected] CaribGold Mines, 1410 Primera Avenida, Playa, La Habana,
 Cuba. Present address: Apto. 710, 2070 Sabanilla, San Jose, CostaRica; e-mail: [email protected].
 3 Empresa Geologo-Minera Camaguey, km. 41/2 Carre-tera Central, Alturas de Jayama, Camaguey, Cuba; e-mail:[email protected].
 4 Instituto de Geologıa y Paleontologıa, Vıa Blanca s/n,San Miguel del Padron, La Habana, Cuba CP 11000; e-mail:[email protected].
 tilles arc at the northern margin of the Caribbeanplate (fig. 1). The Greater Antilles migrated north-ward from the Pacific during Cretaceous time, pass-ing the Yucatan peninsula and ultimately collidingwith the Bahamas Bank (Pindell 1994; Meschedeand Frisch 1998; Pindell et al. 2001). Left-lateral
 5 Centro de Estudios de Tecnologıas de Avanzada, Calle 22entre 1ra. Ave. y Mar, Miramar, Playa, La Habana, Cuba; e-mail:[email protected].
 6 Instituto de Geologıa y Paleontologıa, Vıa Blanca s/n,San Miguel del Padron, La Habana, Cuba CP 11000; e-mail:[email protected].
 7 Present address: Department of Earth Sciences, FloridaInternational University, PC 344, University Park, 11200SW, Eighth Street, Miami, Florida 33199, U.S.A.; e-mail:[email protected].
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 Please, note that the paper incudes an Appendix with the isotopic data and figures
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Figure 1. a, Map of the Greater Antilles showing the location of Cuba in relation to modern subduction zones andspreading centers. b, Bedrock geologic map of Cuba showing location of allocthonous terrains, the three Mesozoic-age lithotectonic belts that make up most of the island, and the Paleogene volcanic-sedimentary arc at the east endof the island. c, Distribution of late-stage sedimentary basins in Cuba, including basins of Late Campanian–Eoceneage on the volcanic arc and basins of Paleocene–Lower Eocene age that formed on the ophiolite belt. Inset in b showslocation of figure 2. Modified from MacDonald (1990) and Iturralde-Vinent (1994).
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 Figure 2. Geologic map of the Camaguey area showing the distribution of rock units discussed in the text (simplifiedfrom Pinero et al. 2000).
 displacement along the Cayman Trough resultingfrom this collision separated Cuba from the easternpart of the arc in Eocene time (Iturralde-Vinent1994; Pindell 1994; Kerr et al. 1999), preserving arecord of this complex history in the Camagueyarea.
 In our study, we were particularly interested intesting the possibility that Cuba underwent rapiduplift and unroofing at the close of Cretaceoustime. Earlier K-Ar age measurements in the Ca-maguey area had been interpreted to represent com-mencement of volcanism at about 120 Ma, em-placement of plutons between about 120 and 70Ma, and deformation related to the collision ofCuba with other terrains between about 70 and 55Ma (Bralower and Iturralde-Vinent 1997; Iturralde-Vinent 1998). Complications for this simple historywere indicated by discovery of the Jacinto epith-ermal gold deposit in the Camaguey province (fig.2), which formed in the volcanic-intrusive complexat about 71 Ma (Simon et al. 1999). The Jacintodeposit, which formed within a few hundred metersof a paleosurface, is immediately adjacent to es-sentially coeval intrusive rocks in the complex thatwere emplaced at a depth of several kilometers(Iturralde-Vinent 1998). The close juxtaposition of
 the deposit and intrusive rocks, with no knownintervening fault, indicated either that the existingage control was incorrect or that the volcanic-intrusive arc underwent rapid unroofing near theend of Cretaceous time.
 Geologic Setting of the CubanVolcanic-Intrusive Arc
 Cuba is made up largely of three major belts thatparallel the length of the island (fig. 1). Along thenorth coast is a belt of carbonate and clastic sedi-ments of the Jurassic to Late Eocene–age Bahamasplatform (Khudoley 1967; Meyerhoff and Hatten1974; Pardo 1975; Kerr et al. 1999). Rocks of theBahamas platform belt were overthrust from thesouth by a belt of ophiolite melange interpreted torepresent the marginal sea or back-arc basin thatclosed during Cuba’s northward migration (Bra-lower and Iturralde-Vinent 1997; Iturralde-Vinent1997, 1998; Kerr et al. 1999). On its south side, theophiolite melange is overthrust by a belt containingthe main Cretaceous volcano-plutonic arc that
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 forms the axis of the island. A younger, east-westtrending Paleogene volcanic arc that makes up theSierra Maestra covers these rocks at the eastern endof the island (fig. 1). The only other major litho-tectonic units on the island, the Guaniguanico, Es-cambray, and Los Pinos metamorphic terrains (fig.1), consist of Jurassic to Cretaceous age deformedand metamorphosed rocks that were probably de-rived from the Yucatan peninsula during its north-ward migration (Kerr et al. 1999; Grafe et al. 2001).
 In the most recent attempt to place Cuba into aplate-tectonic context, Kerr et al. (1999) suggestedthat volcanism began in two widely separated Cre-taceous-age (Neocomian-Aptian) volcanic arcs. Asouthern arc consisting of island-arc tholeiite andcalc-alkaline rocks and a northern arc consisting ofboninite, formed during north- and south-directedsubduction, respectively, beneath the proto-Carib-bean plate. The primitive boninite arc had becomeinactive, partly eroded, and subjected to north-directed thrusting by Albian-Coniacian time, pos-sibly during oblique collision with the Yucatan pen-insula, whereas the tholeiite-calc-alkaline arcremained active, migrated northward to collide withthe primitive boninite arc by Santonian–Early Cam-panian time. Collision of the combined arcs withthe Bahamas platform began in Late Campanian–Maastrictian time and continued into Middle Eo-cene time when the faulting and subduction alongthe Cayman Trough cut off Cuba from the rest ofthe Greater Antilles and formed the Paleogene vol-canic arc (Kerr et al. 1999).
 Analytical Methods Used in This Study
 Hornblende Barometry. Hornblendes used forbarometric estimates were analyzed with CamecaCamebax and Cameca SX-100 electron micro-probes operating at 15 kV and 10 nA. To minimizemigration of light elements during analyses, Nawas one of the first elements analyzed. Five spotswere analyzed from rim to core in individual grains,and no significant zonation was found. Structuralformulas of the amphiboles were calculated frommicroprobe data following the method outlined inLeake et al. (1997). Cations were normalized so thattheir sum (excluding Ca, Na, and K) was 13 as re-quired for the Schmidt (1992) and Anderson andSmith (1995) barometers. For the Hollister et al.(1987) and Johnson and Rutherford (1989) barom-eters, cations were normalized to 15 (excluding Naand K). Fe3� was calculated so that the number of
 oxygens totaled 23. For the Hammarstrom and Zen(1986) barometer, all Fe was assumed as Fe2�, andoxygens were normalized to 23. Amphiboles in theanalyzed samples were calcic as defined by Leakeet al. (1997, p. 1022; pers. comm., 2002). Represen-tative analyses and structural calculations based onthe 13-cation procedure, along with pressures cal-culated using the different calibrations, are shownin table 1.
 Ar/Ar Geochronology. Intrusive rocks used forAr/Ar analysis were sufficiently coarse-grained toallow separation of biotite, hornblende, and feld-spar for analysis. Samples of the main volcanic for-mations of the Camaguey arc were too altered anddid not contain minerals suitable for Ar/Ar analysisand were analyzed as whole-rock samples. Unlikemineral separates, whole-rock samples are intimatemixtures of fine-grained minerals with contrastingK and Ca contents. Because of possible Ar isotoperecoil artifacts, we adopted the “reduced plateauage” method of Turner et al. (1978), which involveselimination of low-temperature gas fractions thatshow obvious signs of radiogenic 40Ar loss and cal-culation of an integrated age from the remainingfractions. This technique minimizes the effects ofinternal redistribution of 39Ar, 36Ar, and 37Ar due torecoil artifacts. We refer to such an age in this ar-ticle as a reduced integrated age.
 The appendix (available in the online edition ofthe Journal of Geology and from the Journal’s DataDepository in the Journal of Geology office uponrequest) includes a table with the Ar isotope mea-surements for all of the samples in this study aswell as a complete set of age spectra diagrams (figs.A1–A15). Samples used for Ar/Ar geochronologywere irradiated in three separate packages at siteL67 in the University of Michigan Phoenix-Fordnuclear reactor. The irradiations are labeled MI78,MI81, and MI82 in the appendix and were for 48,60, and 60 h, respectively. Mineral separates wererun as single crystals, and the whole-rock volcanicsamples were analyzed as small ∼1-mm chunks.Samples were wrapped in pure Al foil and irradiatedwithin sealed evacuated fused silica tubes. Samplesand standard minerals were analyzed using an Ar-ion continuous laser fusion system with a maxi-mum power of 5 W operating in multiline mode.Step heating was performed by shining the de-focused laser beam onto individual grains for a du-ration of 60 s. The released gas was purified usingan LN2 cold trap and two SAES 10 L/s ST-101 getterpumps. After a total isolation time of 3 min, thegas was let into a VG-1200S mass spectrometer op-erating at 100 mA emission current that is equippedwith a Faraday and Daly detector. Each Ar isotope
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 Table 1. Representative Analyses, Structural Formulas, and Calculated Pressure for Magnesiohornblendes from theCamaguey Batholith, Cuba
 Sample number
 C-00-5A C-00-5B C-00-9 C-00-10 C-00-17 C-00-18 C-00-20
 Chemical composition (wt%):SiO2 45.97 46.63 45.51 47.73 47.56 47.03 41.93TiO2 1.63 1.47 .87 1.10 1.25 1.26 1.98Al2O3 7.50 6.95 10.06 7.42 7.14 6.83 12.07FeO 14.89 15.21 14.73 14.51 13.77 15.50 11.62MnO .63 .69 .62 .64 .57 .44 .26MgO 12.61 12.76 13.07 14.04 14.52 13.12 14.57CaO 11.03 10.98 10.54 10.40 10.64 11.05 11.54Na2O 1.47 1.54 1.39 1.18 1.22 1.28 2.22K2O .67 .66 .21 .32 .32 .60 .82F .47 .45 .00 .00 .00 .00 .12Cl .14 .15 .05 .17 .26 .28 .017
 Total 97.00 97.49 97.06 97.51 97.26 97.40 97.15Structural formula based on 13-cation normalization procedure:
 T site:Si 6.805 6.869 6.548 6.825 6.827 6.875 6.103Al 1.195 1.131 1.452 1.175 1.173 1.125 1.897
 Sum 8.000 8.000 8.000 8.000 8.000 8.000 8.000C site:
 Al .114 .076 .254 .076 .036 .053 .175Ti .181 .163 .094 .119 .135 .138 .216Fe3� .670 .703 1.333 1.290 1.197 .858 .909Mg 2.783 2.802 2.803 2.993 3.107 2.859 3.162Fe2� 1.173 1.171 .440 .445 .456 1.037 .505Mn .079 .086 .076 .077 .070 .055 .032
 Sum 5.000 5.000 5.000 5.000 5.000 5.000 5.000B site:
 Ca 1.750 1.732 1.625 1.594 1.637 1.730 1.800Na .250 .268 .375 .327 .339 .270 .200
 Sum 2.000 2.000 2.000 1.921 1.976 2.000 2.000A site:
 Na .171 .172 .014 .000 .000 .094 .427K .129 .125 .040 .059 .060 .114 .156
 Sum .300 .297 .053 .059 .060 .209 .583Mg/Mg�Fe2� .70 .71 .86 .87 .87 .73 .86
 Pressures (kbar), according to:Hammarstrom and Zen 1986 2.76 2.25 4.92 2.56 2.32 2.12 6.71Hollister et al. 1987 2.75 2.17 5.11 2.50 2.23 2.01 7.08Johnson and Rutherford
 1989 2.17 1.74 3.94 1.98 1.78 1.61 5.42Schmidt 1992 3.22 2.74 5.11 2.95 2.75 2.60 6.85Anderson and Smith 1995 2.98 2.51 4.81 2.72 2.52 2.37 6.49Mean P 2.78 2.28 4.78 2.54 2.32 2.14 6.51� Error in P .39 .38 .49 .36 .36 .37 .65
 was measured 12 times, and isotope measurementswere extrapolated to inlet time. The Daly detectorwas used for all runs except those in which an ex-cessively strong signal required use of the Faradaydetector. In these cases, a gain value for the Dalywas measured either during or at the end of therun. Mass discrimination of the entire source-detector system was monitored daily using 2E-9 mLSTP (standard temperature and pressure) of air Ar
 and correcting the measured 40Ar to 36Ar ratio to295.5.
 Laser fusion system inlet blanks were monitoredonce every five steps, and typical blank levels were6E-13, 6E-13, 2E-13, 4E-13, and 4E-12 mL STP formasses 36–40, respectively. The rate of rise at mass40 was typically 1E-12 mL STP per min. Ar isotopemeasurements were corrected for decay of 37Ar and39Ar, plus the buildup of 36Ar from the decay of 36Cl,
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 and interfering nuclear reactions from Ca and K.Sample isotope values are blank corrected. Sampleswere interspersed with standard mineral flux mon-itor packets, and the “J” parameter measured ateach standard position was used to create a J valueas a function of position for each irradiation. Allages are quoted relative to a K-Ar age of 520.4 Mafor standard hornblende MMhb-1 (Samson and Al-exander 1987), and quoted errors for total-gas agesand plateau ages include error estimates for themeasured value of J. The error in J includes mea-surement errors for the individual standards, in-cludes errors in the J function parameters, and takesinto account scatter of the J measurements aboutthe fitted function. All errors are quoted at the 1j
 level of confidence. This level of confidence is usedbecause it is the most useful for calculation and forthe construction of Gaussian-age histograms. Forthe purposes of 95% confidence interval compari-son with other articles, it will be necessary to dou-ble our age error estimates. A summary of our 40Ar/39Ar data is given in table 2. Although Ar isotopecorrelation diagrams were examined routinely forour samples, given the age of the samples and theirtypically low 36Ar content, we do not include thesediagrams because they are incapable of resolvingdifferences of initial Ar from an assumed air com-ponent. These diagrams can be reconstructed fromthe raw data provided in the appendix.
 Geology of the Camaguey Area
 The Cretaceous-age volcanic-intrusive arc aroundthe city of Camaguey has been mapped by numer-ous groups, all of which were hampered by the pau-city of outcrops, deep weathering, and lithologicsimilarity of many rocks (MacGillavry 1937; Wes-sen 1943; Flint et al. 1948; Furrazola-Bermudez etal. 1964; Tchounev et al. 1986; Iturralde-Vinent etal. 1989; Pinero 2000). Currently accepted volcanicunits and ages (inferred largely from fossiliferouscarbonate interlayers) and intrusive facies are sum-marized in figure 3, along with our suggestedchanges as discussed subsequently. Figure 2 showsthe generalized distribution of most volcanic unitsin the area, and figure 4 shows the distribution ofintrusive facies within the Camaguey batholith, aswell as the location of all samples used in thisstudy.
 Intrusive Rocks. Distribution and Units. In-trusive rocks that comprise the Camaguey batho-lith crop out over an area of about 1350 km2 in 12
 separately named intrusive bodies (fig. 4). Cubangeologists have subdivided the batholith using acombination of contact relations, rock composi-tions, and widely separated isotopic age measure-ments (discussed subsequently). Perez and Sastro-putro (1997) recognized four compositional phases,including gabbro-plagiogranite, syenite, granodio-rite, and gabbro-monzonite, which were believedto extend in age from Aptian to Campanian. Marı(1997) divided the batholith into a granodioritephase equivalent to the granodiorite phase of Perezand Sastroputro (1997), a gabbro-syenite phaseequivalent to their syenite and gabbro-monzonitephases, and a plagiogranite phase equivalent to theoldest gabbro-plagiogranite phase of Perez and Sas-troputro (1997). A more felsic and locally porphy-ritic facies of the granodiorite, known as the Mar-aguan phase, is found in small outcrops north ofGuaimaro (fig. 4). Marı (1997) included in her gab-bro-syenite two phases of apparently different agesfrom the classification of Perez and Sastroputro(1997), providing an indication of the uncertaintyin age relations among the intrusive phases. SiO2
 versus diagrams for intrusive rocks inNa O � K O2 2
 the batholith as divided by Marı (1997) show dif-ferent trends, suggesting that all intrusive phasesare not strictly comagmatic (fig. 5).
 Hornblende Barometry. In an effort to recog-nize geologically significant divisions of the Ca-maguey batholith, we carried out reconnaissancebarometric measurements using the aluminumcontent of hornblende. This method is based on thepressure dependence of total Al content of amphi-bole in granitic rocks (Hammarstrom and Zen 1986;Hollister et al. 1987). The barometer was originallycalibrated using hornblende analyses and pressuresinferred from mineral assemblages, and experi-ments with natural rock materials improved thecalibration and extended it to higher pressures(Johnson and Rutherford 1989; Schmidt 1992;Anderson and Smith 1995). The method is semi-quantitative at best because of a lack of informationon the mineral reactions that reflect changing pres-sure, and this limits its application to rocks withcompositions similar to those used in the experi-ments. Anderson and Smith (1995) suggested thatthe method be used only on rocks with similarFe3�/( ) and Fetot/( ratios to3� 2�Fe � Fe Fe � Mg)tot
 those used in their calibration. Hollister et al.(1987) suggested that the pressure-sensitiveequilibrium is 2 quartz � 2 anorthite � biotite p
 but did not usetschermakite � K-feldsparit directly. Ague (1997) suggested that the con-trolling reaction was tremolite � phlogopite � 2anorthite � 2 albite p 2 pargasite � 6 quartz �
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 and showed that it yielded pressures ∼0.5K-feldsparkbar greater than the calibration of Johnson andRutherford (1989) and ∼1 kbar lower than that ofSchmidt (1992).
 To fulfill the requirements of the phase rule forcalc-alkaline magmatic systems, calibrations ofHammarstrom and Zen (1986) and of Hollister etal. (1987) require the presence of plagioclase,quartz, hornblende, biotite, orthoclase, magnetite,and sphene along with a melt and vapor phase. Thereaction proposed by Hollister et al. (1987) involvesquartz, plagioclase, biotite, orthoclase, and horn-blende. Hammarstrom and Zen (1986) noted thatquartz should be present to eliminate aSiO2 as a var-iable because the Al content of hornblende is neg-atively correlated with its Si content. The Ander-son and Smith (1995) barometer also requires Fetot/( ) ratios of amphiboles between 0.40 andFe � Mgtot
 0.65. Camaguey intrusive rocks meet most of theserequirements, except that samples C5A, 5B, and 18contain only biotite. Because biotite is on the low-pressure side of the reaction, results from sampleswithout biotite (C-00-9, 10, 17, 20) provide only alower limit to the possible range of pressures.
 Pressures obtained for the Camaguey samplesagree surprisingly well for all versions of the ba-rometer except that of Johnson and Rutherford(1989), which yields pressures that are about 0.5kbar lower (table 1). Average pressures range from2.3 to 6.5 kbar and fall into three groups. SamplesC-00-05B, 10, 17, and 18 yield pressures between2.1 and 2.8 kbar that are, within analytical error,essentially the same and indicate depths of about5–9 km. These samples come from the main grano-diorite facies of the batholith, either in the largeSibanicu–Las Tunas outcrop or the smaller Siboneyoutcrop directly to the northwest. Note that sam-ples C-00-10 and 17, which lack biotite, yieldminimum pressures that agree with the pressuresindicated by the other samples. The small grano-diorite pluton at La Union (C-00-09) yields a higherpressure of 4.8 kbar, indicating depths of about 13–15 km, and the mafic cumulate(?) phase of syenitefrom Jimbambay yields a pressure of 6.5 kbar,equivalent to a considerably greater depth of about18–20 km.
 In view of the uncertainty about mineral reac-tions controlling the aluminum-in-hornblende ba-rometer, it is unlikely that pressure values quotedhere are quantitatively correct. For instance, em-placement depths of 18–20 km would require highwallrock temperatures that have not been reportedaround the Jimbambay intrusion. This anomalycould indicate that the Jimbambay sample (C-00-20) is an autholith from deeper in the system or
 that it has undergone postmagmatic formation ofhornblende, which rims clinopyroxene in this sam-ple. However, the pressure differences are consis-tent with suggestions made previously that LaUnion pluton is not a simple extension of the Ca-maguey batholith but rather a separate intrusionand that the syenite phase of the batholith was em-placed early and/or at deeper levels than thegranodiorite.
 Volcanic Rocks. Main Volcanic Sequence. Vol-canic rocks in the Camaguey area have been di-vided into three sequences. The oldest is the pre-Camujiro sequence (fig. 3) consisting of deep-marine volcanic, volcaniclastic, and carbonaterocks, with Albian-Aptian fossils, intersected in adrillhole southeast of the city of Camaguey. Thispre-Camujiro sequence has been correlated withthe Matagua and Los Pasos Formations in the SantaClara area to the west of Camaguey (fig. 1) and isconsidered to be equivalent to island-arc tholeiites(primitive arc sequence) that form the basal part ofthe volcanic arc elsewhere in the Caribbean (Don-nelly and Rodgers 1980; Donnelly et al. 1990; Le-bron and Perfit 1993, 1994; Iturralde-Vinent 1996c,1996e; Kerr et al. 1999).
 The overlying Camujiro Formation (figs. 2, 3)consists of up to 4000 m of locally pillowed potassicbasalt, as well as andesite and latite flows, tuffs,and agglomerates (Iturralde-Vinent 1996b). Lime-stone lenses believed to be in the lower part of theformation contain rudists of late Albian age, andthe upper part might extend in age from Albianto Turonian (Rojas et al. 1992; Iturralde-Vinent1996b). Marı (1997) suggested that the CamujiroFormation is part of the Caribbean island-arc tho-leiite series, but Kerr et al. (1999) include it in theoverlying calc-alkaline series.
 Although definitive contact relations are notknown, the Camujiro Formation is probably over-lain by the Aguilar, Piragua, and Caobilla Forma-tions (figs. 2, 3), which consist largely of calc-alkaline volcanic and interlayered sedimentaryrocks. The Caobilla Formation consists of inter-mediate to felsic submarine and subaerial lavas,with some tuffs and limestone lenses, whereas thePiragua Formation consists mainly of tuffaceousrocks with local lavas and limestones. The twounits crop out in the same general area (figs. 2, 6),with the Caobilla Formation interpreted to haveformed along the axis of the volcanic arc and thePiragua Formation south of the axis (Iturralde-Vinent 1996a). The Aguilar Formation, which isfound south of the Camaguey area along with otherunits (fig. 2), consists of fine-grained tuffaceous andsedimentary rocks with radiolarian cherts and is
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 Table 2. Argon Age Summary
 Sample no. Location name Lithologic informationPhase
 analyzedTotal gasage (Ma)
 Error(1j)
 Plateauage (Ma)
 Error(1j)
 Interpretedage (Ma)
 Camaguey Batholith:Syenite facies:
 C-00-03A Palo SecoQuarry
 Coarse-gr Kfs-plag-qz-bio-hbl K-feldspar 79.6 .2 180
 79.8 .3C-00-06 Las Piedras Coarse-gr, near-graphic Kfs-plag-qz-hbl-bio Biotite 60.1 .3 ≥70
 65.7 .4 65.8a .6C-00-20 Jimbambay Coarse-gr hbl, px, plag diorite(?) Hornblende 71.3 .5 71.6a .4 73
 73.5 .4 73.0a .3C-98-3 Small pits 0.5
 km S ofDeseada
 Coarse-gr Kfs-plag-qz-bio-hbl Biotite 72.4 .2 73
 71.4 .171.3 .3 72.7a .3
 K-feldspar 60.8 .7 71.9a .6 ≥7263.8 .3 72.3a .3
 Granodiorite facies:C-00-09 La Union Strongly porphyritic with phenocrysts of
 hbl, plag and altered px(?)Hornblende 78.5 3.6 75.6a 2.1 75
 75.6 2.8 74.2a 1.4C-00-10 La Caridad Moderately porphyritic with phenocrysts
 of hbl, plag and altered px(?)Hornblende 71.8 2.2 72.8a .9 74
 74.8 .9 74.2a .8C-98-2 Palo Seco
 QuarryCoarse-gr plage-qz-Kfs-hbl-bio Hornblende 66.4 .5 68.4a .3 ≥70
 62.3 1.3 68.9a .963.1 .7 69.5a .5
 C-00-17 Pueblo Nuevo Coarse-gr to seriate plag-qz-Kfs-hbl-bio Hornblende 72.5 .5 73.8a .6 7372.3 1.6 72.9a 1.3
 C-00-18 MacizoMajibacoa
 Coarse-gr plag-kFs-qz-hbl-bio Hornblende 72.7 1.3 73.1a .6 73
 Biotite 71.9 .2 72.9a .2Hornblende 82.8 .4 79.9b .5Biotite 72.2 .2 73.1a .1
 C-00-05B Las MariasMaraguan facies, very coarse-gr plag-K-fs-
 qz-hbl-bio Hornblende 71.7 .5 73.3a .4 73Hornblende 63.2 2.5Hornblende 73.0 .2 73.6a .2Biotite 72.3 .2 73Biotite 71.7 .2 73.0a .2
 Volcanic rocks:Camujiro Formation:
 C-00-11 La Elisa Px-Pl-Ol phenocryst basalt (Ol altered) Whole rock 73.2 .5 73.7c .5 ca. 7575.0 .9 75.7c .9
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 C-00-22 La Union Px-Ol phenocryst basalt (Ol altered) Whole rock 67.7 .2 72.3c .2 ≥7067.7 .1 73.0c .2
 Piragua Formation:C-00-40 La Eugenia Px-ol phenocryst basalt (Ol altered) Whole rock 75.6 .2 74.1c .2 ca. 73
 72.8 .2 73.0c .2C-00-41 Santa Clara Fs phenocrysts in fine-grained groundmass Whole rock 64.8 .2 71.3c .2 ≥70
 64.8 .2 71.5c .2C-00-42 Santa Clara Volcaniclastic rock (altered volcanic rock
 fragments)Whole rock 72.8 .3 73.7c .3 ca. 73
 71.0 .2 72.1c .2La Sierra Formation:
 C-00-23A Siete Palmas Phenocrysts of fs, bio, qz Biotite 73.7 .3 75.1a .5 7572.5 .6 74.8a .5
 C-98-1 Las Margaritas Phenocrysts of fs, bio, qz Biotite 72.9 1.2 71.5a .8 7272.3 .4 72.1a .2
 Kspar 69.6 .8 73.3a .6 ≥7269.4 .5 72.5a .4
 C-98-1x Las Margaritas Phenocrysts of fs, bio, qz Biotite 69.9 .2 71.2a .2 ca. 7270.1 .2 71.6a .271.7 .5 72.0a .5
 C-98-4 Las Margaritas Phenocrysts of fs, bio, qz K-feldspar 70.5 1.1 75.6a .8 ca. 7263.2 .9 72.4a .767.2 .7 73.4a .6
 La Mulata Formation:C-00-15 Px-plag porphyritic basalt Whole rock 50.0 .5 50.8c .5 52
 52.2 .3 53.2c .350.6 .3 52.0c .3
 Ore deposits:Jacinto deposit:
 CSE-22-36 Jacinto Quartz vein Adularia 74.3 .2 ca. 7074.9 2.1 73.3a 1.5
 CSE-22-41 Jacinto Quartz vein Adularia 70.0 .8 69.8a .4 ca. 70
 Note. All ages are relative to an age at 520.4 Ma for standard hornblende MMhb-1 (Samson and Alexander 1987).a These plateau ages were calculated as error-weighted averages over at least 50% of the 39Ar release. The MSWD of the mean is !2, and scatter about the mean isincluded in the error estimate.b This plateau age was calculated as in footnote a above. The higher age may be the result of “excess” Ar or may represent a higher blocking T for that particulargrain. It is a rare case where a replicate analysis is seriously at variance with the other runs.c The mafic volcanic samples in general do not have “plateaus” in the strict sense, which would pass a x2 test. They do, however, display age spectral features thatare consistent with internal redistribution of 39Ar due to recoil, which is not surprising given both their fine-grained texture and the significant contrast in K contentwithin the groundmass minerals. Therefore, we have adopted the method of Turner et al. (1978), and we have calculated a “reduced integrated age” by summingthe gas volumes over the high-temperature portion of the age spectrum. In this way we are attempting to minimize the effects of Ar loss while averaging out anypossible recoil artifacts.
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 Figure 3. Schematic section showing currently accepted stratigraphic relations for the main intrusive, volcanic,and sedimentary rock units in the Camaguey area along with suggested modifications for the setting of La Sierra andLa Mulata Formations (modified from Iturralde-Vinent 1996b). Relative age sequence showing sequence of plagio-granite, syenite, and granodiorite is discussed in the text.
 believed to have been deposited farthest south ofthe axis (Iturralde-Vinent 1996a).
 No fossil age control is available for the CaobillaFormation (Iturralde-Vinent 1998). The Piragua For-mation contains limestone lenses with Santonianand Campanian-age rudists and is overlain uncon-formably by limestones of the Late Campanian(?)–Maastrichtian Duran and Jimaguayu Formations, in-dicating an age of Coniacian(?)-Campanian. TheAguilar Formation contains limestone and tufflenses with Santonian-age marine fossils (Iturralde-Vinent and de la Torre 1990; Rojas et al. 1992;Iturralde-Vinent 1996b).
 La Sierra and La Mulata Formations. Two ad-ditional volcanic units in the Camaguey area, LaSierra and La Mulata Formations, are commonly
 included in the uppermost part of the Cretaceousvolcanic sequence, although our work suggests thatthey do not belong there (fig. 3). La Sierra Formationconsists of massive to flow-banded rhyolite andrhyodacite that form an east-west belt about 90 kmlong, oblique to the Camaguey batholith outcropbelt (figs. 3, 6). La Sierra rhyolite and rhyodacitehave been interpreted as subaerial bodies that wereerupted in the final stages of the volcanic arc, prob-ably as a surface reflection of the main stage ofgranite intrusion (Iturralde-Vinent 1996b). How-ever, the rhyolite and rhyodacite bodies crop outwithin meters of the granodiorite in some areas andare not separated from it by any known faults, mak-ing this relation unlikely. Furthermore, the form ofthe bodies suggests that they were emplaced on a
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 Figure 4. Outcrop map of the Camaguey batholith showing locations and sample numbers of igneous and volcanicrock samples analyzed in this study (Iturralde-Vinent et al. 1995; map simplified from Marı 1997; Perez and Sastroputro1997). Numbers for samples collected in 2000 have been condensed such that C-00-20 is shown as 20, and there aretwo different La Union sample locations, one for volcanic rock and another for intrusive rock.
 Figure 5. SiO2 versus diagram for intrusiveK O � Na O2 2
 rocks of the Camaguey district showing the different al-kali contents of the plagiogranite, granodiorite, and sy-enite groups (modified from Marı 1997).
 paleosurface similar to the present surface. At thetype outcrop of Las Margaritas, for instance, near-vertical flow banding appears to outline a dome,and most areas of La Sierra Formation form similarsmall hills.
 La Mulata Formation consists of columnar an-desitic basalt exposed in a quarry between Cama-guey and Nuevitas and in a few other nearby lo-cations. La Mulata Formation is overlain bysedimentary rocks that have been correlated withthe Late Campanian–Maastrichtian sequence inthe Camaguey area, although no specific fossil orother age control has been reported (Iturralde-Vinent 1996b). The vertical orientation of columnsin the type outcrop suggests that the La MulataFormation was also emplaced onto a surface similarto the present surface, and the fresh nature of therock contrasts with most of the Cretaceous vol-canic sequence.
 Our age measurements discussed subsequentlyindicate that La Sierra and La Mulata Formationsare younger than the Camaguey volcanic-intrusivesequence. La Sierra and La Mulata rocks are not thesame age, however, and are not parts of a late bi-modal volcanic phase of this volcanism as mightbe inferred from their position in the generalizedstratigraphic section (fig. 3).
 Ar/Ar Age Measurements Made in This Study
 Intrusive Rocks. None of the material collectedfrom the plagiogranite, as defined by Perez and Sas-troputro (1997), was suitable for Ar/Ar age mea-surements. Useable material was obtained from thesyenite and granodiorite phases.
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 Figure 6. Geologic map of the central part of the Camaguey area showing the relation between La Sierra rhyolitebodies and other volcanic and intrusive rock units, along with location of samples from the area that were analyzedin this study (modified from Iturralde-Vinent et al. 1995).
 Syenite. We analyzed four samples from thesyenite phase of Perez and Sastroputro (1997),including one from Palo Seco quarry (C-00-03A),another from a small pit immediately south ofDeseada Hill (C-98-3), and a third from Las Piedras(C-00-06), which have been mapped as a single largesyenite intrusion north of Guaımaro. All of thesesamples consist of abundant coarse-grained feld-spar, plagioclase, and quartz with minor horn-blende and biotite and relatively abundant sphene.Although all minerals in these rocks lack obviouslate-stage phyllic alteration, the feldspars do notform well-defined grains and appear to have beenrecrystallized or metasomatized. The fourth sam-ple, C-00-20, is a hornblende-bearing mafic rockfrom Jimbambay, 15 km southeast of Camaguey,that has been mapped as part of the syenite but is
 clearly much more mafic. This sample consists ofabundant coarse-grained pyroxene and widespreadhornblende, some of which rims pyroxene and in-terstitial plagioclase that is altered locally to cal-cite. This sample yielded an unusually deep em-placement estimate from hornblende barometry, asnoted previously and might be an autolith fromdeeper in the intrusive system.
 Two grains of K-feldspar from C-00-03A yieldedtotal-gas ages of Ma and Ma.79.6 � 0.2 79.8 � 0.3Their age spectra do not define a plateau and showa rise from about 70 Ma at low release temperaturesto approximately 80 Ma at the end of the gas release(fig. 7A). Single-step fusion 40Ar/39Ar analyses ofhornblende and biotite from this same rock yieldedages of Ma and Ma, respec-96.1 � 0.9 96.8 � 0.4tively (P. Renne, pers. comm., February 2003).
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 These results indicate that the Palo Seco syenitecooled through the hornblende blocking tempera-ture of about 450�–500�C at about 96 Ma andreached the upper part of the feldspar blocking tem-perature range at about 80 Ma. Final coolingthrough the lower part of the feldspar blocking tem-perature range took place at about 70 Ma. Threegrains of biotite from sample C-98-3 yielded total-gas ages of Ma, Ma, and72.4 � 0.2 71.4 � 0.1
 Ma. The first two grains have typical age71.3 � 0.3spectra that are consistent with slight diffusive lossof radiogenic Ar and do not yield plateaus. The thirdgrain gives a plateau age of Ma. Two72.7 � 0.3grains of feldspar from the same sample yieldedtotal-gas ages of Ma and Ma60.8 � 0.7 63.8 � 0.3and plateau ages of Ma and71.9 � 0.6 72.3 � 0.3Ma, respectively. Two grains of biotite from C-00-6 yielded total-gas ages of Ma and60.1 � 0.3
 Ma, both of which show evidence of re-65.7 � 0.4setting in the early released gas fraction. Only thesecond sample gave a plateau segment, at 65.8 �
 Ma. Two grains of hornblende from sample C-0.600-20 yielded total-gas ages of Ma and71.3 � 0.5
 Ma and plateau ages of Ma73.5 � 0.5 71.6 � 0.4and Ma, respectively.73.3 � 0.3
 These ages indicate different cooling histories forthe Guaımaro and Jimbambay syenite bodies. TheJimbambay syenite (C-00-20) cooled through thehornblende blocking temperature of about 500�C(McDougall and Harrison 1999) at about 73 Ma, andthe Guaımaro syenite (C-98-3) cooled through thebiotite blocking temperature of 300�–350�C atabout the same time. The disturbed spectra of LasPiedras biotite (C-00-6) indicate that this unitcooled below the biotite blocking temperature by70–65 Ma and might not be part of the Guaımaropluton as currently mapped.
 Granodiorite. We analyzed four samples of thegranodiorite from the Sibanicu–Las Tunas intru-sion. Sample C-98-2 is granodiorite from dikes thatcut syenite (C-00-03A) in the Palo Seco quarry,and three other samples (C-00-10, 17, 18) are fromlarger, stock-like intrusions. Samples are equigran-ular to porphyritic with phenocrysts of hornblendeand plagioclase in a matrix containing plagio-clase, K-feldspar, hornblende, biotite, and variableamounts of quartz. Some biotite rims hornblendeand feldspars are altered locally to epidote and cal-cite. Samples of granodiorite were also analyzedfrom the Maraguan facies near Las Marias (C-00-05B) and the small La Union intrusion that cropsout south of the Camaguey batholith (C-00-09).
 Two grains of hornblende from C-98-2 yieldedtotal-gas ages of Ma and Ma66.4 � 0.5 62.3 � 1.3and plateau ages of Ma and68.4 � 0.3 68.9 � 0.9
 Ma, respectively. This range of ages is significantlyyounger than the syenite (C-00-03) that the gran-odiorite cuts at this location. All other granodioritesamples in the Sibanicu–Las Tunas intrusionyielded older ages. Two grains of hornblende fromsample C-00-17 at Pueblo Nuevo yielded total-gasages of Ma and Ma and pla-72.5 � 0.5 72.3 � 1.6teau ages of Ma and Ma, re-73.8 � 0.6 72.9 � 1.3spectively. Two grains of hornblende from sampleC-00-10, from La Caridad, about 10 km west of theprevious samples and also in the Sibanicu–Las Tu-nas intrusion, yielded total-gas ages of 71.8 � 2.2Ma and Ma and plateau ages of74.8 � 0.9 72.8 �
 Ma and Ma, respectively. Two grains0.9 74.2 � 0.8of hornblende from sample C-00-18, from Majiba-coa at the extreme eastern end of the Sibanicu–LasTunas intrusion, yielded total-gas ages of 72.7 �
 Ma and Ma, and the first grain had1.3 82.8 � 0.4a plateau age of Ma. The difference be-73.1 � 0.6tween these two hornblende ages suggests that in-dividual grains responded differently during thecooling history of the rock. Two grains of biotitefrom this sample yielded total-gas ages of 71.9 �
 Ma and Ma and plateau ages of0.2 72.2 � 0.2Ma and Ma, respectively.72.9 � 0.2 73.1 � 0.2
 Three grains of hornblende from sample C-00-05Bin the Maraguan facies yielded total-gas ages of
 Ma, Ma, and Ma,71.7 � 0.5 63.2 � 2.5 73.0 � 0.2with plateau ages of Ma, Ma,73.3 � 0.4 75.9 � 2.5and Ma, respectively (fig. 7B). Two73.6 � 0.2grains of biotite from this sample gave total-gasages of Ma and Ma (fig. 7C).72.3 � 0.2 71.7 � 0.2Two gas fractions were lost due to equipment fail-ure in the first run, but the second analysis yieldeda plateau age of Ma. Finally, two grains73.0 � 0.2of hornblende from sample C-00-09 at La Unionyielded total-gas ages of Ma and78.5 � 3.6
 Ma and plateau ages of Ma75.6 � 2.8 75.6 � 2.1and Ma, respectively.74.2 � 1.4
 These results suggest that most of the grano-diorite phase of the Sibanicu–Las Tunas intrusioncooled through the biotite and hornblende blockingtemperatures at about 72–75 Ma. The only excep-tion is the approximately 69-m.yr.-old granodioriteat Palo Seco, which cooled through this tempera-ture at a slightly later time or which underwentlater resetting.
 Volcanic Rocks. Camujiro and Piragua-Caobilla-Aguilar Formations. Two whole-rock samples ofthe Camujiro Formation were analyzed in thisstudy. Sample C-00-11 from La Elisa, which wascollected about 1 km south of the Camaguey bath-olith (fig. 6), contains pyroxene-plagioclase phe-nocrysts in a fine-grained groundmass of the sameminerals plus magnetite. The only indication of al-
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 Figure 7. Representative 40Ar/39Ar age spectra from this study (see online appendix for entire set). All error boxesare �1j. A, Feldspar from Palo Seco quarry syenite. Low-temperature part of the spectrum has apparent excess 40Arcorrelating with elevated Cl/K, probably indicating release of gas from fluid inclusions. After this, the apparent agerises from about 70 Ma to about 80 Ma, in a manner typical for plutonic feldspars, suggesting that the sample cooledthrough its blocking temperature range in the 70–80 Ma interval. B, Hornblende from granodiorite C-00-18 (MacizoMajibacoa). Replicate analyses yielded significantly different results on the same mineral separate. Run 1 gives atypical gas release spectrum for hornblende with a plateau age at 73.1 Ma, which is similar to ages from otherhornblende and biotite from granodiorite. Run 2 has lower Ca/K and Cl/K ratios and could represent a differentamphibole with somewhat higher argon blocking T or altered hornblende with excess 40Ar. C, Biotite and (D) horn-blende from granodiorite sample C-00-5B-CG (Las Marias). Essentially concordant ages indicate rapid cooling throughthe hornblende and biotite blocking temperatures at about 73 Ma. E, Whole-rock sample of Piragua Formation (C-00-40) that blocked to Ar diffusion at about 73 Ma. Reduced integrated age used to avoid bias caused by internalredistribution of isotopes due to recoil. F, G, La Sierra rhyolite (Las Margaritas) biotite and feldspar samples, indicatingprobable age of about 72 Ma. H, La Mulata C-00-15 whole-rock sample. Nearly concordant total gas, reduced integrated,and plateau ages suggest that this sample blocked to argon loss at ∼52–53 Ma.
 teration in the samples is a second mafic pheno-cryst, probably olivine, that has been altered tochlorite and other phases. Sample C-00-22 from LaUnion is about 5 km south of the Camaguey bath-olith. In thin section, this sample consists of freshpyroxene and altered olivine(?) phenocrysts in agroundmass with patches of remnant plagioclasemicrolites surrounded by clay alteration. Two ali-quots of sample C-00-11 yield total-gas ages of
 Ma and Ma with irregular73.2 � 0.5 75.0 � 0.9plateau-like segments after the first few gas frac-tions and reduced integrated ages of Ma73.7 � 0.5and Ma. Ar in this sample came pre-75.7 � 0.9dominantly from fine-grained igneous feldspar inthe groundmass. Two aliquots from sample C-00-22 yield total-gas ages of Ma and67.7 � 0.1
 Ma and include an early released gas67.7 � 0.2fraction of very low age. The final 80% of gas re-leased from the aliquots yielded irregular age spec-tra. For both runs, elimination of the first two gasfractions gives reduced integrated ages of 72.3 �
 Ma and Ma, respectively. The ex-0.2 73.0 � 0.2tensive alteration of this sample is reflected in itsCa/K ratio, which is low for basalt, indicating thatAr was derived largely from K-bearing mica.
 Three whole-rock samples from the Piragua For-mation were analyzed, including one from La Eu-genia (C-00-40) and two from Santa Clara (C-00-41,42). In thin section, C-00-40 consists mostly offresh pyroxene and plagioclase phenocrysts in agroundmass of medium-grained plagioclase and py-roxene. A second mafic phenocryst, probably oli-vine, is completely altered. Sample C-00-41 is afine-grained tuff with large crystals of K-feldsparand chloritized fragments in a very fine-grained ma-trix with clay alteration. Sample C-00-42 is a vol-caniclastic rock with a wide range of fragment
 types, including possible shell fragments. Feldsparphenocrysts and fragments, including abundant,relatively fresh K-feldspar, are widespread in therock. Most mafic minerals have been completelyaltered to chlorite and clay minerals. Patches ofcalcite alteration are widespread but do not appearto replace specific minerals, suggesting that theyresulted from redistribution of shell-derived calciterather than release of Ca from the feldspars.
 Aliquots of sample C-00-40 from the Piragua For-mation yielded total-gas ages of Ma and75.6 � 0.2
 Ma. The age spectrum for the first ali-72.8 � 0.2quot is disturbed, with high ages at low tempera-tures and a reduced integrated age of Ma74.1 � 0.2for the last ∼90% of the gas released. The age spec-trum for the second aliquot exhibits a much flatterage spectrum and a reduced integrated age of
 Ma over the last 98% of the gas release73.0 � 0.2(fig. 7D). Aliquots of sample C-00-41 yielded total-gas ages of Ma and Ma and64.3 � 0.2 64.8 � 0.2similar age spectra with very low ages at low tem-peratures. The middle part of the age spectrum isfrom a low Cl/K mineral, probably K-feldspar.Omitting the first ∼20% of the gas release with lowapparent ages, we calculate reduced integrated agesof Ma and Ma, respectively.71.3 � 0.2 71.5 � 0.2Aliquots of sample C-00-42 yielded total-gas agesof Ma and Ma and produced72.8 � 0.3 71.0 � 0.2very similar age spectra with high apparent ages atlow temperatures, dropping to fairly uniform agesof about 73 Ma over the next 60% of gas released.Highest ages in the spectra have lowest Cl/K ratiosand probably reflect outgassing of very small feld-spar grains.
 As shown in figure 2, interlayered fossil-bearingsedimentary rocks indicate an age of about 100–90Ma for the Camujiro Formation and 86–80 Ma for
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 the Piragua Formation. None of the Ar/Ar ages ob-tained in this study is within this range. If theserocks had cooled immediately upon extrusion, un-altered samples such as C-00-11 should yield an agein this range. Instead, this sample yields an age ofabout 73–75 Ma, essentially the same as ages fromaltered samples of Camujiro and Piragua volcanicrocks. The main reservoirs for potassium in theserocks are fine-grained feldspar and illite with clo-sure temperatures of 250�C or less (McDougall andHarrison 1999). This suggests that all of the agesreflect cooling related to burial and unroofing ofthe rocks rather than cooling related to their initial(volcanic) emplacement. The thermal effect of bur-ial was undoubtedly enhanced by intrusion of theCamaguey batholith, particularly the granodioritefacies, which could have heated surrounding vol-canic wallrock to temperatures exceeding the clo-sure temperature of feldspar and illite. Thus, theages reported here probably indicate uplift and cool-ing of the volcanic-intrusive arc at about 74–72 Ma,which is consistent with the uplift time indicatedabove for the intrusive rocks.
 La Sierra and La Mulata Formations. We an-alyzed biotite and K-feldspar from rhyolite domesin La Sierra Formation at Las Margaritas and SietePalmas (fig. 6). Samples C-98-1 and C-98-4 from LasMargaritas consist of phenocrysts of quartz, K-feld-spar, and locally oxidized biotite in a flow-bandedmatrix of devitrified glass. Sample C-00-23A fromSiete Palmas consists of sparse phenocrysts ofquartz, K-feldspar, and biotite in a flow-aligned ma-trix consisting largely of small grains of quartz andK-feldspar. Two grains of biotite from Las Marga-ritas (C-98-1) yielded total-gas ages of 72.9 � 1.2Ma and Ma and plateau ages of72.3 � 0.4 71.5 �
 Ma and Ma, respectively (fig. 7E).0.8 72.1 � 0.2Three grains of biotite from a second sample in thesame area (C-98-1x) yielded total-gas ages of
 Ma, Ma, and Ma,69.9 � 0.2 70.1 � 0.2 71.7 � 0.5with plateau ages of Ma, Ma,71.2 � 0.2 71.6 � 0.2and Ma, respectively. Two grains of K-71.9 � 0.5feldspar from C-98-1x yielded total-gas ages of
 Ma and Ma, with plateau ages69.6 � 0.8 69.4 � 0.5of Ma and Ma, respectively73.3 � 0.6 72.5 � 0.4(fig. 7F). Three grains of K-feldspar from a third sam-ple (C-98-4, Las Margaritas) yielded total-gas agesof Ma, Ma, and63.2 � 0.9 70.5 � 1.1 67.2 � 0.7Ma. These samples have age-spectral features com-patible with 39Ar recoil artifacts and have reducedintegrated ages of Ma, Ma,69.2 � 0.9 72.6 � 1.1and Ma, respectively. Two grains of bi-70.8 � 0.7otite from C-00-23A at Siete Palmas in the westernpart of the rhyolite outcrop belt yielded total-gasages of Ma and Ma and pla-73.7 � 0.3 72.5 � 0.6
 teau ages of Ma and Ma,75.1 � 0.3 74.8 � 0.5respectively.
 Three whole-rock fragments of a sample from LaMulata Formation (C-00-15) yielded remarkablyflat age spectra over approximately 70% of the gasrelease in all runs. Total-gas ages are Ma,50.0 � 0.5
 Ma, and Ma. Although pla-52.2 � 0.3 50.6 � 0.3teau ages that pass a x2 test could have been cal-culated for these samples, we instead report re-duced integrated ages to minimize bias due tointernal recoil redistribution effects, in keepingwith our procedure with the other whole-rock vol-canic samples. Omitting only the first fractions,which have low apparent ages, the reduced inte-grated ages are Ma, Ma, and50.8 � 0.5 53.2 � 0.3
 Ma.52.0 � 0.3Our ages for La Sierra and La Mulata Formations
 confirm that they are not part of the Cretaceousvolcanic sequence, as previously believed. They arealso not coeval and cannot be interpreted to indi-cate bimodal volcanism ending formation of theCretaceous volcanic arc. Although the three La Si-erra samples from Las Margaritas show a relativelylarge range of ages for biotite and K-feldspar, agesfor K-feldspar are not systematically lower thanthose for biotite. In view of the very different clo-sure temperatures for these two minerals (McDou-gall and Harrison 1999), the rock must have cooledrapidly, which is consistent with its emplacementas domes onto the paleosurface. The age of em-placement of these domes was probably 71–72 Ma.Biotites from the Siete Palmas rhyolite suggest thatit was emplaced at a slightly earlier time of about74–75 Ma. Given its very fresh nature and lack ofevidence for postdepositional burial, we interpretthe age of La Mulata flows to be about 52 Ma.
 Comparison with PreviousGeochronologic Results
 Our results can be compared only in a general wayto previous age measurements, most of which weremade several decades ago on poorly located samplesusing largely undocumented analytical methods.
 Intrusive Rocks. Iturralde-Vinent et al. (1996, ta-ble 13) compiled 31 K-Ar ages ranging from 157 to58 Ma on rocks and minerals from the Camagueybatholith. Almost two-thirds of these ages were de-termined from whole rocks with reported errors of�10 Ma, and the remaining ages on biotite andfeldspar have errors of �4–6 Ma. Although analyt-ical data are not available for any of these ages and
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 Figure 8. Histograms comparing previous K-Ar and Ar/Ar ages from the Camaguey volcanic-intrusive complexwith those obtained in this study (compiled from table2 of this study; Iturralde-Vinent et al. 1996, table 13; M.Perez Rodrıguez, pers. comm., 2001; P. Renne, pers.comm., 2003). All samples discussed in the text areshown in this figure, including the 96 Ma and 80 Ma agesfrom the syenite.
 their accuracy cannot be verified, they do indicatea pattern consistent with current geologicinterpretations.
 Figure 8 compares our data with previously mea-sured ages for samples that can be identified as partof the three main divisions of the Camaguey bath-olith. Whole-rock samples that can be identified asplagiogranite yield K-Ar ages that range from al-most 160 to 70 Ma. K-Ar ages on minerals from the
 syenite phase range from about 100 to 80 Ma, andmineral and whole-rock ages from the granodioritephase range from about 90 to 60 Ma. These rangesare far too large to represent emplacement ages andprobably represent alteration of these rocks, in-cluding possible addition of (excess) Ar, which wasnot recognized by the K-Ar method used for mostanalyses. The relative ages, however, are in generalagreement with the sequence of intrusive phasesproposed by Perez and Sastroputro (1997) and Marı(1997).
 We have no data to compare the whole-rock anal-yses of plagiogranite with because none of our sam-ples was suitable for analysis. As can be seen infigure 8, our ages for the syenite are younger thanthose reported by Iturralde-Vinent et al. (1996) andyounger than the two unpublished Ar/Ar ages of96.8 and 96.1 Ma for biotite and hornblende, re-spectively, noted previously for syenite in the PaloSeco quarry. Our ages for the granodiorite facies ofthe Camaguey batholith also cover a much smallerrange than those reported by Iturralde-Vinent et al.(1996). Many of the intrusive rock ages reported byIturralde-Vinent et al. (1996) were measured onwhole-rock samples, although several ages for bi-otite range from about 85 to 60 Ma. In contrast,most hornblende and biotite from our samples ofgranodiorite yielded plateau ages of about 73 to 74Ma.
 Volcanic Rocks. Iturralde-Vinent et al. (1996, ta-ble 12) report six K-Ar ages of 87–63 Ma for whole-rock samples of Camaguey-area volcanic rocks (fig.8). Excluding La Sierra and La Mulata Formations,volcanic rocks analyzed in our study yield a smallerrange of ages, from about 70 to 75 Ma (fig. 8). Thesevolcanic units contain interlayered sedimentaryrocks of Albian to Campanian age, which indicatesthat our young ages reflect cooling, as discussedsubsequently. One K-Ar age of Ma for a79 � 4whole-rock sample of La Sierra rhyolite (Iturralde-Vinent et al. 1996) is slightly older than our agesof 72–75 Ma for this unit. No other age measure-ments have been reported for La Mulata Formation.
 Geotectonic Significance of Age Measurementsto Evolution of the Greater Antilles
 Most of our Ar/Ar age measurements for volcanicand intrusive rocks in the Camaguey area fallwithin a surprisingly small range of about 75–70Ma. Available fossil evidence from interlayered sed-imentary rocks shows that most of the Cretaceous
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 Figure 9. T-t paths for the Camaguey batholith andenclosing volcanic rocks based on age measurements re-ported here. A different path is required for the Palo Secosyenite, which appears to be older than the syenite andgranodiorite that make up the bulk of the Camagueybatholith, as discussed in the text. These T-t paths passthrough fields occupied by La Sierra and La Mulata rocksat the time of their emplacement on the surface, whichwas underlain by rocks of the Camaguey batholith andCretaceous volcanic arc. T-t path for late-orogenic gran-ites and Mabujina metamorphic rocks in the Escambrayarea of central Cuba (from Grafe et al. 2001) is shownfor comparison.
 volcanic rocks in the Camaguey area are older thanthese dates. Our data and previous Ar/Ar analysesalso indicate that much of the Camaguey batholithis older than the 70–75 Ma age range. Thus, the Ar/Ar ages of 75–70 Ma that we have obtained on theseolder rocks probably reflect uplift and cooling ofthe Camaguey volcanic-intrusive arc.
 This uplift and cooling was relatively rapid. Arin the volcanic whole rocks came largely from K-bearing feldspars and micas (illite) with closuretemperatures of about 250�C. Our measurementssuggest that the volcanic rocks cooled through thistemperature at about 74–72 Ma. Similar interpre-tations apply to the intrusive rocks on which mea-surements were made on biotite and hornblendewith closure temperatures of about 450�–500�C and350�–300�C, respectively. With the exception of onehornblende grain, our results indicate that thegranodiorite cooled through both hornblende andbiotite closure temperatures at about 73 Ma. Biotitefrom one of these samples (C-00-05B) also yieldeda very flat plateau age of about 73 Ma, which isbest interpreted as a result of cooling. Biotite K-Ar
 ages reported by Iturralde-Vinent et al. (1996) arethe same or younger than ours, which is consistentwith this thermal history. Generally concordantages of about 73 Ma were also obtained for feldsparand biotite in syenite sample C-98-3, from about 1km north of the Palo Seco quarry.
 A few areas of the Camaguey batholith appear toretain evidence of a slower cooling event. For in-stance, one grain of hornblende from sample C-00-18 yielded a plateau age of 80 Ma and might reflectcooling through the hornblende closure tempera-ture at about this time, possibly reflecting an em-placement age for at least some of the granodiorite.Similar older ages are indicated for the syenite sam-ple from the Palo Seco quarry (C-00-03A), for whichfeldspar yielded an age of about 80 Ma, comparedwith 96 Ma for biotite and hornblende. This dif-ference suggests a relatively slow or episodic cool-ing history for this part of the syenite. It should benoted that the Palo Seco syenite locality indicatingthis slower cooling history is mapped as the samesyenite body that yielded sample C-98-03. Thus,either these samples are separated by an as yet un-recognized fault or the intrusive bodies retain a lo-cally complex, heterogeneous cooling history.
 Our age measurements for La Sierra and La Mu-lata volcanic rocks provide an important additionalconstraint on the cooling history of the Camagueyarea. These units were emplaced onto paleosurfacesat about 75–71 Ma and 51 Ma, respectively. Out-crops of La Sierra rocks are widespread enough toindicate that their paleosurface generally parallelsthe present surface in the Camaguey area, but ourinformation is not adequate to evaluate this pos-sibility for the surface on which La Mulata rockswere emplaced. It is unlikely that large areas ofeither paleosurface would have persisted to thepresent time. Any paleosurface related to La Sierrarocks would have been deformed and dissected bythrusting related to collision of Cuba with the Ba-hamas Bank, and both paleosurfaces would havebeen covered by Late Cenozoic sediments, espe-cially the Miocene Vazquez, Arbos, and Guines For-mations that are widespread in the Camaguey area(Iturralde-Vinent 1995).
 An alternative interpretation, that our La Sierraand La Mulata ages resulted from postdepositionalburial and uplift of rocks that formed as part of themain Cretaceous volcanic-intrusive arc, is lesslikely. The fine-grained to glassy, unaltered natureof La Sierra rhyolite and the general concordanceof biotite and feldspar ages indicate that it under-went rapid cooling during emplacement. La Mulatavolcanic rocks are also unusually fresh whencompared with the older volcanic sequence.
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 Figure 10. Relative positions of the Caribbean, NorthAmerican, and South American plates at about 70 Ma(after Pindell 1994), showing possible orientation ofstresses during northward migration of the arc into theCaribbean region. Inset shows present orientation of theJacinto vein system and the Reidel-type shear systemrequired to generate these veins. The shear systemformed as Cuba migrated past Yucatan would have beenoriented appropriately to form the Jacinto vein system.
 Furthermore, post-Maastrictian-age sedimentarysequences are not thick enough to have generatedtemperatures sufficient to reset feldspars or biotitesin these volcanic units. Thus, ages for these rocksare best interpreted to represent their age and thetime that they were emplaced on a paleosurface.
 Figure 9 shows the cooling history for the Ca-maguey volcanic-intrusive arc indicated by this in-terpretation. Cooling paths shown here representconditions in the intrusive rocks, which are con-strained in part by information from La Sierra andLa Mulata volcanic rocks that were emplaced ontoerosion surfaces underlain directly by the intrusiverocks. Ages for hornblende, biotite, and feldsparfrom the Palo Seco syenite suggest an average cool-ing rate of 13�C/Ma between about 96 and 80 Ma.Ages of 73–70 Ma for hornblendes, biotites, andfeldspars from other syenites suggest even morerapid cooling rates from magmatic temperatures tosurface temperatures within a few million years orreheating of older syenite by emplacement of thegranodiorite. Ages of 70–75 Ma for hornblende andbiotite from the granodiorites indicate that theycooled at very rapid rates of at least 40�C/Ma duringthis period. Similarly rapid cooling rates are re-
 quired to permit emplacement of La Sierra rhyoliteon a paleosurface that exposed the granodiorite andsyenite. Emplacement of La Mulata flows on thesame or a similar paleosurface at about 51 Ma re-quires either that the paleosurface remained ex-posed or, if it was buried, that at least part of itreturned to the surface at that time.
 The cumulative cooling history indicated bythese observations suggests that the upper severalkilometers of volcanic and plutonic rocks in theCamaguey volcanic-intrusive arc were removed be-tween about 75 and 70 Ma. This could have beencaused by erosion or tectonic processes. Erosionrates of 0.25–5.2 km/m.yr. have been estimated forconvergent margin settings in Borneo, NewGuinea, and China, as well as the Himalayas andAlps (Barr and Dahlen 1989; Dahlen and Barr 1989;Hall and Nichols 2002). The higher of these ratescould remove enough rock to expose a batholithemplaced at a depth of several kilometers withinthe short time interval estimated for the Camagueyarea. However, erosion rates of this magnitude arefound only in mountainous regions, and they de-crease significantly as topographic relief decreases,thus extending the time required to form low reliefsurfaces such as the one on which La Sierra rhyolitedomes were deposited (Weiland and Cloos 1996).
 Tectonic unroofing aided by erosion is the mostlikely mechanism to form the paleosurface hostingLa Sierra rhyolite. At convergent margins, obliqueconvergence commonly causes extension and rapidunroofing, accompanied by differential uplift andformation of local sedimentary basins (Suydam andGaylord 1997; Dimitriadis et al. 1998; Grocott andTaylor 2002; Hall 2002; Morley 2002; Kubo and Fu-kuyama 2003). Tectonic unroofing of this typecould have taken place in the Camaguey area asthe Greater Antilles and Caribbean plate movednorthward into the present Caribbean region. Ac-cording to most models for the tectonic evolutionof the Caribbean region, the western end of theGreater Antilles (Cuba) underwent oblique colli-sion with the Yucatan peninsula during this time(Pindell 1994; Stanek and Voigt 1994; Iturralde-Vinent 1998; Kerr et al. 1999; Stanek et al. 2000;Pindell et al. 2001).
 Oblique collision along the Yucatan-Cuban mar-gin could have produced an extensional tectonicenvironment that created the Late Cretaceous pa-leosurface. Structural and paleomagnetic observa-tions of the type required to determine the geom-etry of the tectonic processes generating abruptuplift of the Camaguey area during latest Creta-ceous time are not available at present. Recognitionof these features will be complicated because they
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 are overprinted by the effects of collision of theCuban arc with the Bahamas platform, which re-sulted in extensive north-directed thrusting andformation of the Paleocene-Eocene Sierra Maestravolcanic arc (Iturralde-Vinent 1996d, 1996e; Staneket al. 2000; Pindell et al. 2001). One observationthat can be cited in support of an extensional struc-tural setting during this latest Cretaceous period isthe Jacinto epithermal vein deposit itself. Jacintois a conjugate vein system consisting of a main veinset with a strike of about N40�W and a subsidiaryvein set with a strike of about N70�W (Simon etal. 1999). As noted by Simon et al. (1999), theseveins could not have formed during compressionof the arc in its present orientation. Instead, theveins appear to require extension parallel to thepresent elongation of the arc such as might resultfrom oblique convergence between Cuba and Yu-catan. As shown in figure 10, the orientation of thisextension is consistent with the probable directionof oblique collision between Cuba and Yucatan.
 Further support for a Late Cretaceous paleosur-face in the Camaguey area is seen in the presenceof uplifted basement blocks in western Cuba. Grafeet al. (2001) have shown that extension at aboutthis time unroofed high-grade metamorphic rocksin the Escambray Massif of south central Cuba, and
 Draper (2001) has suggested a similar uplift patternfor metamorphic rocks of the Isle of Pines (Isle ofYouth). The Escambray Massif contains metamor-phic rocks typical of deeper levels in the crust,whereas the Camaguey area consists of rocks thatprobably came from shallower levels in the crustand required less uplift, as would be expected if theeffects of the oblique collision decreased eastwardaway from the Yucatan-Cuban contact.
 A C K N O W L E D G M E N T S
 This study depended heavily on geologic mappingby Cuban and other geologists over the past 40years. Support was provided by CaribGold and Na-tional Science Foundation EAR-9909359 to C. M.Hall and S. E. Kesler. M. Iturralde-Vinent and L.Dıaz de Villavilla shared their knowledge and mapswith us during this work, and Cuban governmentagencies, including the Empresa Geologo-MineraCamaguey and the Instituto de Geologıa y Paleon-tologıa, provided unrestricted access to personneland information. We are grateful to C. Balbis forhelp with fieldwork and to G. Draper, E. J. Essene,K. Stanek, and B. van der Pluijm for discussionsand suggestions during interpretation of the results.
 R E F E R E N C E S C I T E D
 Ague, J. J. 1997. Thermodynamic calculation of emplace-ment pressures for batholithic rocks, California: im-plications for the aluminum-in-hornblende barome-ter. Geology 25:563–566.
 Anderson, J. L., and Smith, D. R. 1995. The effects oftemperature and fO2 on the Al-in-hornblende barom-eter. Am. Mineral. 80:549–559.
 Barr, T. D., and Dahlen, F. A. 1989. Brittle frictionalmountain building. II. Thermal structure and heatbudget. J. Geophys. Res. 94:3923–3947.
 Bralower, T., and Iturralde-Vinent, M. 1997. Micropale-ontological dating of the collision between the NorthAmerican plate and the Greater Antilles Arc in west-ern Cuba. Palaios 12:133–150.
 Dahlen, F. A., and Barr, T. D. 1989. Brittle frictionalmountain building. 1. Deformation and mechanicalenergy budget. J. Geophys. Res. 94:3906–3922.
 Dimitriadis, S.; Kondopoulou, D.; and Atzemoglou, A.1998. Dextral rotations and tectonomagmatic evolu-tion of the southern Rhodope and adjacent regions(Greece). Tectonophysics 299:159–173.
 Donnelly, T. W.; Beets, D.; Carr, M. J.; Jackson, T.; Klaver,G.; Lewis, J.; Maury, R.; et al. 1990. History and tec-tonic setting of Caribbean magmatism. In Dengo, G.,and Case, J. E., eds. The Caribbean region. Geology ofNorth America. Boulder, Colo., Geol. Soc. Am. H:339–374.
 Donnelly, T. W. and Rodgers, J. J. W. 1980. Igneous seriesin island arcs: the northeastern Caribbean comparedwith worldwide island-arc assemblages. Bull. Vol-canol. 3:347–382.
 Draper, G. 2001. The southern metamorphic complexesof Cuba as metamorphic core complexes exhumed bylow-angle extensional faulting? http://www.le.ac.uk/gl/rvw1/abstract/draper.html.
 Flint, D. E.; Albers, J. F.; and Guild, P. W. 1948. Geologyand chromite deposits of the Camaguey district, Ca-maguey province, Cuba. U.S. Geol. Surv. Bull. 954-B,45 p.
 Furrazola-Bermudez, G.; Judoley, G.; Mijailovskaya, M.;Miroliubov, Y.; Novojatsky, I.; Nunez-Jimenez, A.; andSolsona, J. 1964. Geologıa de Cuba. Havana, EditoraConsejo Nacional de Universidades.
 Grafe, F.; Stanek, K. P.; Baumann, A.; Maresch, W. V.;Hames, W. E.; Grevel, C.; and Millan, G. 2001. Rb-Srand 40Ar-39Ar mineral ages of granitoid intrusives inthe Mabujina unit, central Cuba: thermal exhumationhistory of the Escambray massif. J. Geol. 109:615–631.
 Grocott, J., and Taylor, G. K. 2002. Magmatic arc faultsystems, deformation partitioning and emplacementof granitic complexes in the Coastal Cordillera, northChilean Andes (25 degrees 30’S to 27 degrees 00’S). J.Geol. Soc. Lond. 159:425–442.
 Hall, R. 2002. Cenozoic geological and plate tectonic evo-

Page 21
						

Journal of Geology C A M A G U E Y V O L C A N I C - I N T R U S I V E A R C 541
 lution of SE Asia and the SW Pacific: computer-basedreconstructions, model and animations. J. Asian EarthSci. 20:353–431.
 Hall, R., and Nichols, G. J. 2002. Cenozoic sedimentationand tectonics in Borneo; climatic influences on oro-genesis. Geol. Soc. Am. Spec. Publ. 191:5–22.
 Hammarstrom, J. M., and Zen, E. A. 1986. Aluminum inhornblende: an empirical igneous geobarometer. Am.Mineral. 71:1297–1313.
 Hollister, L. S.; Grissom, G. C.; Peters, E. K.; Stowell, H.H.; and Sisson, V. B. 1987. Confirmation of the em-pirical correlation of Al in hornblende with pressureof solidification of calc-alkaline plutons. Am. Mineral.72:231–239.
 Iturralde-Vinent, M.; Wolf, D.; and Thieke, H. U. 1989.Edades radiometricos del territorio camagueyano. Ha-vana, Resumenes del Primer Congreso Cubano deGeologıa, p. 117.
 Iturralde-Vinent, M. A. 1994. Cuban geology: a new platetectonic synthesis. J. Petrol. Geol. 17:39–70.
 ———. 1995. Cuencas sedimentarias del Paleoceno-Eoceno de Cuba. Bol. Soc. Venez. Geol. 20:75–80.
 ———. 1996a. Cuba: El arco de islas volcanicas del Cre-tacico. In Iturralde-Vinent, M. A., ed. Cuban ophio-lites and volcanic arcs. Miami, Int. Geol. CorrelationProg. 364:179–189.
 ———. 1996b. Estratigrafıa del arco volcanico Cretacicode Cuba. In Iturralde-Vinent, M. A., ed. Cuban ophio-lites and volcanic arcs. Miami, Int. Geol. CorrelationProg. 364:190–226.
 ———. 1996c. Evidencias de un arco primitivo (CretacicoInferior) en Cuba. In Iturralde-Vinent, M. A., ed. Cu-ban ophiolites and volcanic arcs. Miami, Int. Geol.Correlation Prog. 364:227–230.
 ———. 1996d. Geologia de las ofiolitas de Cuba. InIturralde-Vinent, M. A., ed. Cuban ophiolites and vol-canic arcs. Miami, Int. Geol. Correlation Prog. 364:83–120.
 ———. 1996e. Introduction to Cuban geology and geo-physics. In Iturralde-Vinent, M. A., ed. Cuban ophio-lites and volcanic arcs. Miami, Int. Geol. CorrelationProg. 364:3–35.
 ———. 1997. Introduccion a la geologia de Cuba. In Fur-razola Bermudez, G., and Nunez Cambra, K., eds. Es-tudios sobre Geologia de Cuba. Havan, Centro Na-cional de Informacion Geologica, p. 35–68.
 ———. 1998. Synopsis of the geological constitution ofCuba. Acta Geol. Hisp. (IGCP 433) 33:9–56.
 Iturralde-Vinent, M. A., and de la Torre, A. 1990. Posicionestratigrafica de lost rudistas de Camaguey, Cuba.Trans. 12th Caribbean Geological Conference. Miami,Miami Geological Society, p. 59–67.
 Iturralde-Vinent, M. A.; Millan, G.; Korpas, L.; Nagy, E.;and Pajon, J. 1996. Geological interpretation of theCuban K-Ar database. In Iturralde-Vinent, M. A., ed.Cuban ophiolites and volcanic arcs. Miami, Int. Geol.Correlation Prog. 364:48–69.
 Iturralde-Vinent, M. A.; Pinero, P. E.; Berger, H.; Marı,T.; Garcıa, G.; Hartwich, R.; Kolb, U.; et al. 1995.Mapa geologico unificado del poligano Camaguey.
 Ministerio de la Industria Basica, Union Geologo-Minero, Empresa Geologo-Minera Camaguey, scale1 : 100,000.
 Johnson, M. C., and Rutherford, M. J. 1989, Experimentalcalibration of the aluminum-in-hornblendegeobarom-eter with application to Long Valley Caldera (Califor-nia) volcanic rocks. Geology 17:837–841.
 Kerr, A. C.; Iturralde-Vinent, M. A.; Saunders, A. D.;Babbs, T. L.; and Tarney, J. 1999. A new plate tectonicmodel of the Caribbean: implications from a geo-chemical reconnaissance of Cuban Mesozoic volcanicrocks. Geol. Soc. Am. Bull. 111:1581–1599.
 Khudoley, C. 1967. Principal features of Cuban geology.Am. Assoc. Petrol. Geol. Bull. 51:668–677.
 Kubo, A., and Fukuyama, E. 2003. Stress field along theRyukyu arc and the Okinawa Trough inferred frommoment tensors of shallow earthquakes. Earth Planet.Sci. Lett. 210:305–316.
 Leake, B. E.; Woolley, A. R.; Arps, C. E. S.; Birch, W. D.;Gilbert, M. C.; Grice, J. D.; Hawthorne, F. C.; et al.1997. Nomenclature of amphiboles. Report of the Sub-committee on Amphiboles of the International Min-eralogical Association, Commission on New Mineralsand Mineral Names. Am. Mineral. 82:1019–1037.
 Lebron, M. C., and Perfit, M. R. 1993. Stratigraphic andpetrochemical data support subduction polarity re-versal of the Cretaceous Caribbean island arc. J. Geol.101:389–396.
 ———. 1994. Petrochemistry and tectonic significanceof Cretaceous island arc rocks, Cordillera Central, Do-minican Republic. Tectonophysics 229:69–100.
 MacDonald, W. D. 1990. Survey of Caribbean paleomag-netism. In Dengo, G., and Case, J. E., eds. The Carib-bean region. The Geology of North America. Boulder,Colo., Geol. Soc. Am. H:393–404.
 MacGillavry, H. J. 1937. Geology of the province of Ca-maguey, Cuba, with revisional studies in rudist pa-leontology. Geogr. Geol. Meded. Physiograph. Geol.Reeks 2:1–168.
 Marı, M. T. 1997. Particularidades de los granitoides deCiego-Camaguey-Las Tunas y consideraciones sobresu posicion dentro del arco de isles. In Furrazola B.,G. F., and Nunez C., K. E., eds. Estudios sobre geologıade Cuba. Havana, Instituto Nacional de Geologıa yPaleontologıa, p. 399–416.
 McDougall, I., and Harrison, T. M. 1999. Geochronologyand thermochronology by the 40Ar/39Ar method (2ded.). New York, Oxford University Press, 269 p.
 Meschede, M., and Frisch, W. 1998, A plate-tectonicmodel for the Mesozoic and early Cenozoic history ofthe Caribbean Plate. Tectonophysics 296:269–291.
 Meyerhoff, A. A., and Hatten, C. W. 1974. Bahamas sa-lient of North America: tectonic framework, stratig-raphy and petroleum potential. Am. Assoc. Petrol.Geol. Bull. 58:1201–1239.
 Morley, C. K. 2002. A tectonic model for the Tertiaryevolution of strike-slip faults and rift basins in SEAsia. Tectonophysics 347:189–215.
 Pardo, G. 1975. Geology of Cuba. In Nairn, A. E. M., and

Page 22
						

542 C . M . H A L L E T A L .
 Stehi, F. G., eds. The ocean basins and margins. NewYork, Plenum, p. 553–613.
 Perez, R. M., and Sastroputro, K. S. 1997. Granitoides delarco volcanico Cretacico de la region central de Cuba(Antigua provincia de Camaguey). In Furrazola B., G.F. and Nunez C., K. E., eds. Estudios sobre geologıade Cuba. Havana, Instituto Nacional de Geologıa yPaleontologıa, Centro Nacional de Informacion Geo-logica, p. 387–398.
 Pindell, J. L. 1994. Evolution of the Gulf of Mexico andthe Caribbean. In Donovan, S. K., and Jackson, T. A.,eds. Caribbean geology: an introduction. Kingston,University of the West Indies Publisher’s Association,p. 13–39.
 Pindell, J. L.; Draper, G.; Kennan, L.; Stanek, K. P.; andMaresch, W. V. 2001. Evolution of the northern por-tion of the Caribbean plate: Pacific origin to Bahamiancollision. Geol. Soc. Am. Abstr. Prog. 37:A-153.
 Pinero, P. E., compiler. 2000. Mapa geologico (region Ca-maguey). Camaguey, Cuba, Caribgold Mines–EmpresaGeologo–Minera Camaguey, scale 1 : 250,000.
 Rojas, R.; Skelton, P. W.; and Iturralde-Vinent, M. 1992.Cuban rudist faunas revisited, Pinar del Rio, Cuba.Caribbean Geological Conference Volume. Havana,Instituto Nacional de Geologıa y Paleontologıa, p. 20.
 Samson, S. D., and Alexander, E. C. 1987. Calibration ofthe interlaboratory 40Ar-39Ar dating standard, MMhb-1. Chem. Geol. 66:27–34.
 Schmidt, M. W. 1992. Amphibole composition in tonaliteas a function of pressure; an experimental calibration
 of the Al-in-hornblende barometer. Contrib. Mineral.Petrol. 110:304–310.
 Simon, G.; Kesler, S. E.; Russell, N.; Hall, C. M.; Bell,D.; and Pinero, E. 1999. Epithermal gold mineraliza-tion in an old volcanic arc: the Jacinto deposit, Ca-maguey district, Cuba. Econ. Geol. 94:487–506.
 Stanek, K. P.; Coibella, J.; Maresch, W. V.; Millan, G.;Grafe, F.; and Grevel, C. 2000. Geological develop-ment of Cuba. Z. Angew. Geol. SH1:259–265.
 Stanek, K. P., and Voigt, S. 1994. Model of Meso-Cenozoicevolution of the northwestern Caribbean. Zentralbl.Geol. Palaontol. 1–2:499–511.
 Suydam, J. D., and Gaylord, D. R. 1997. Toroda Creekhalf graben, Northeast Washington; late-stage sedi-mentary infilling of a synextensional basin. Geol. Soc.Am. 109:1333–1348.
 Tchounev, D.; Tzankov, T.; and Ianev, S. N. 1986. Amodel of the Cretaceous volcanic island arc in centralCuba. Contributions of Bulgarian Geology. Sofia, Bul-garian Geological Society, p. 117–125.
 Turner, G.; Enright, M. C.; and Cadogan, P. H. 1978. Theearly history of chondrite parent bodies inferred from40Ar-39Ar ages. Proc. Lunar Planet. Sci. Conf. 9:989–1025.
 Weiland, R. J., and Cloos, M. 1996. Pliocene-Pleistoceneasymmetric unroofing of the Irian fold belt, Irian Jaya,Indonesia: apatite fission track thermochronology.Geol. Soc. Am. Bull. 108:1438–1449.
 Wessen, A. V. 1943. Geology and paleontology of centralCamaguey, Cuba. Geogr. Geol. Meded. Physiograph.Geol. Reeks 2:1–91.

Page 23
						

Notes for appendix: All errors are 1σ. These samples were not weighed, and therefore the “sample mass” has been set to unity. Isotope volumes are in units of ccSTP x 1013. J and ages are calculated assuming an age of 520.4 Ma for standard hornblende MMhb-1. Ages are in Ma. All volumes are blank corrected, which can cause some values to be “negative”. These are left as negative values to avoid bias caused by assigning them a zero value. The 37Ar and 39Ar volumes are decay corrected. Correction for interfering reactions from Ca and K have been applied. F39 refers to the fraction of 39Ar released.
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N11A mass= 1 J= 9.59E-03 +/- 2.22E-05 tot.gas.age= 79.576 +/- 0.25MI81 N11a C-00-3A Kspar F39 LasPowmWVol36 Err36 Vol37 Err37 Vol38 Err38 Vol39 Err39 Vol40 Err40 Age(Ma) AgeErr 0.001933 100 2.54117 0.08751 7.43206 0.31817 30.23552 0.22796 18.90598 0.26602 1559.656 0.41286 620.266 18.34 0.014771 200 4.00434 0.08739 33.90478 0.48873 50.79195 0.26716 125.5472 0.32072 2894.832 2.81581 221.711 3.211 0.05807 300 1.12357 0.10575 127.0718 0.81876 13.65038 0.19311 423.425 0.54323 2388.221 1.28126 82.135 1.226 0.117155 400 0.86927 0.08614 193.2504 1.20496 9.59833 0.13403 577.808 0.89554 2841.845 2.60966 75.802 0.744 0.168436 500 0.49258 0.08784 145.2254 0.74903 5.98168 0.10333 501.4877 0.53103 2381.633 1.75125 75.555 0.864 0.211568 600 0.46795 0.08982 139.3608 0.95162 3.78921 0.16163 421.8024 0.57193 1941.848 1.89715 72.515 1.053 0.254974 700 0.55715 0.07505 218.1943 1.04308 4.32075 0.15706 424.4713 0.88376 1978.11 2.0107 72.456 0.885 0.296049 800 0.32911 0.05779 228.981 1.15699 2.83062 0.13826 401.6882 0.57457 1791.353 2.08473 71.544 0.719 0.358658 1000 0.33231 0.07423 187.1147 0.79598 3.78519 0.17245 612.2628 0.42514 2691.087 2.58626 71.835 0.602 0.543681 1400 1.43488 0.08565 442.3134 0.42713 23.91995 0.33214 1809.383 1.6205 8384.979 2.72694 74.575 0.243 0.7354 1800 1.66963 0.09657 487.9477 1.71453 29.68906 0.3044 1874.864 2.38632 9042.596 5.86051 77.231 0.275 0.823383 2400 1.6633 0.12387 710.5807 1.36842 25.84334 0.22914 860.4044 1.12646 4577.449 3.06935 80.361 0.714 0.823742 3000 0.02263 0.08486 0.53347 0.24051 -0.05416 0.06951 3.51246 0.11822 18.71142 0.60848 58.293 119.67 1 4000 2.90119 0.09938 997.7804 1.4609 44.95823 0.18628 1723.671 1.97686 8924.122 4.52511 79.221 0.299N11B mass= 1 J= 9.59E-03 +/- 2.22E-05 tot.gas.age= 79.762 +/- 0.258MI81 N11b C-00-3A Kspar F39 LasPowmWVol36 Err36 Vol37 Err37 Vol38 Err38 Vol39 Err39 Vol40 Err40 Age(Ma) AgeErr 0.001337 100 1.49442 0.10374 6.77302 0.32097 16.4963 0.17034 11.07923 0.19378 771.5779 0.98947 453.344 37.915 0.011125 200 3.11964 0.09785 34.91706 0.32841 46.53843 0.27154 81.1169 0.4998 2239.712 1.3643 261.272 5.55 0.046942 300 1.20124 0.08695 138.231 0.99846 15.27622 0.24155 296.8293 0.6192 1830.989 1.61428 84.061 1.443 0.091204 400 0.89143 0.06083 199.8845 0.79727 8.72269 0.16925 366.8076 0.64072 1903.846 0.93965 75.776 0.825 0.136361 500 0.7848 0.06921 147.3869 0.96311 8.56276 0.10236 374.2374 0.61146 1928.542 2.03683 76.794 0.919 0.170897 600 0.3512 0.06871 112.3235 0.30786 3.09694 0.10222 286.2066 0.50558 1335.935 1.11262 73.002 1.188 0.202951 700 0.3176 0.06974 141.9678 1.05192 3.26735 0.09617 265.6392 0.53237 1246.255 1.17799 73.552 1.299 0.232219 800 0.40959 0.05083 184.4767 0.80074 3.31652 0.15931 242.5555 0.49104 1158.632 0.89303 72.547 1.041 0.274578 1000 0.36942 0.06109 215.4267 0.83545 3.36637 0.20825 351.0445 0.66485 1589.139 1.79833 71.519 0.87 0.399812 1400 0.84949 0.05294 359.3885 1.36499 15.28516 0.29061 1037.857 0.96976 4739.454 3.05511 73.327 0.264 0.612619 1800 1.85815 0.08159 558.9255 1.94566 33.72209 0.28447 1763.599 1.85585 8501.217 3.40876 76.387 0.242 0.728176 2400 1.81264 0.1275 736.1546 2.12758 30.84642 0.22853 957.654 1.03322 5038.4 2.64099 79.583 0.659 0.871784 3000 2.94088 0.08928 1147.857 1.03149 69.01821 0.38208 1190.127 1.31789 6578.383 2.7558 81.162 0.379 1 4000 1.69475 0.09094 525.7604 1.86934 29.74145 0.23967 1062.567 1.1453 5540.62 3.50852 80.265 0.431N6A mass= 1 J= 9.66E-03 +/- 1.95E-05 tot.gas.age= 60.076 +/- 0.298MI81 N6a C-00-6 Hbde F39 LasPowmWVol36 Err36 Vol37 Err37 Vol38 Err38 Vol39 Err39 Vol40 Err40 Age(Ma) AgeErr 0.052444 200 37.51945 0.34163 61.34474 0.63338 41.76081 0.33783 507.9645 1.25067 11420.35 5.16696 11.395 3.445 0.076304 400 8.16281 0.13367 7.0464 0.3752 16.65384 0.18877 231.1004 0.34405 2976.096 2.7308 42.017 2.916 0.11818 600 9.94538 0.09228 16.88301 0.39434 27.62784 0.253 405.6085 0.70876 4094.952 2.64301 48.978 1.148 0.161096 800 5.97875 0.096 21.49672 0.42167 27.18722 0.14227 415.6674 1.03942 3185.209 0.54682 58.485 1.16 0.207949 1000 7.79411 0.12619 29.55401 0.62553 29.62551 0.22694 453.8138 0.6639 3864.48 2.02704 58.955 1.39 0.269837 1200 9.44012 0.09592 32.38462 0.44411 40.74693 0.24284 599.4384 0.86574 4975.317 2.28613 62.423 0.803 0.356091 1400 11.59426 0.1439 43.86011 0.55857 59.22017 0.31482 835.4357 0.96078 6426.895 2.01353 61.507 0.861 0.461272 1600 12.31048 0.10183 92.77916 0.84791 73.51238 0.30844 1018.763 0.92125 7343.342 2.96491 62.272 0.503 0.571087 1800 11.30203 0.10722 163.5174 0.75472 77.34706 0.38849 1063.654 1.51037 7265.624 4.72141 63.174 0.514 0.669918 2000 9.21677 0.08896 259.247 1.02224 68.97288 0.34953 957.2505 0.84694 6250.76 3.20461 63.069 0.469 0.758548 2200 6.68174 0.105 387.1054 1.47291 61.89147 0.27938 858.4581 1.3814 5209.391 2.89027 64.475 0.619 0.853113 2400 4.90079 0.10575 639.9763 1.65951 65.74703 0.27647 915.9392 1.23474 5030.912 1.93355 66.88 0.581 0.929673 2600 2.96234 0.09466 1005.057 2.77666 54.07332 0.23305 741.5474 0.97411 3836.86 2.29802 68.258 0.641 0.976145 3000 1.71749 0.10406 1462.785 2.21707 35.33334 0.13941 450.1119 0.92677 2328.111 1.94693 69.115 1.156 1 4000 1.15041 0.09664 1709.883 2.44057 21.23199 0.27322 231.0602 0.41151 1329.444 1.90393 73.095 2.076N6B mass= 1 J= 9.66E-03 +/- 1.95E-05 tot.gas.age= 65.735 +/- 0.371MI81 N6b C-00-6 Hbde F39 LasPowmWVol36 Err36 Vol37 Err37 Vol38 Err38 Vol39 Err39 Vol40 Err40 Age(Ma) AgeErr 0.077983 200 8.63291 0.08835 12.06605 0.31671 26.08213 0.18659 360.1565 0.39843 3539.269 1.80534 47.175 1.234 0.192805 400 4.79494 0.12335 21.62664 0.44061 34.39205 0.2607 530.29 0.82415 3411.464 2.53434 64.356 1.162 0.440335 600 9.19079 0.12951 30.21589 0.49423 79.48594 0.32974 1143.191 1.19602 7086.335 2.10226 65.394 0.567 0.682432 800 6.61871 0.13281 92.05366 0.77852 79.83532 0.45574 1118.097 1.26643 6318.684 3.3646 66.721 0.596 0.831337 1000 1.3892 0.09891 315.8315 0.86948 48.28791 0.24133 687.7032 1.13298 3211.691 2.12507 69.592 0.723 0.915655 1200 0.32118 0.07476 82.42225 0.61154 26.71903 0.15196 389.4133 0.61633 1725.439 2.23029 71.5 0.961 0.946856 1400 0.06936 0.05463 25.73965 0.39266 9.52915 0.11201 144.0984 0.41657 632.9309 1.54278 72.554 1.894 0.964405 1600 0.06296 0.04378 10.65881 0.3209 5.25172 0.08733 81.04714 0.28546 350.5793 0.6919 69.975 2.689 0.981656 1800 0.00039 0.06145 10.9635 0.40226 5.308 0.10315 79.67184 0.38158 346.6509 0.91275 74.217 3.831 0.990582 2000 0.04515 0.06856 12.13749 0.37417 2.66143 0.07285 41.22657 0.26728 182.5367 0.79743 70.109 8.252 0.997888 2200 0.03314 0.0651 2.51738 0.29387 2.35306 0.11815 33.74147 0.16935 152.0313 0.57304 71.976 9.554 0.999192 2400 0.03622 0.04556 2.58 0.27518 0.36662 0.0844 6.02275 0.17503 51.35225 0.4663 113.895 36.72 0.99947 2600 0.06155 0.04945 0.78126 0.33182 0.13589 0.08053 1.282 0.10227 13.06859 0.44282 -70.922 206.698 0.999837 3000 0.18804 0.05806 0.2391 0.31205 0.19521 0.07449 1.69329 0.09625 21.99941 0.40002 -383.282 219.681 1 4000 0.34694 0.06735 0.38523 0.29687 0.19101 0.07718 0.75471 0.07508 100.2908 0.47851 -52.237 473.012N8A mass= 1 J= 9.46E-03 +/- 2.97E-05 tot.gas.age= 71.282 +/- 0.458MI81 N8a C-00-20 Hbde F39 LasPowmWVol36 Err36 Vol37 Err37 Vol38 Err38 Vol39 Err39 Vol40 Err40 Age(Ma) AgeErr 0.005524 200 1.39333 0.09363 18.71903 0.47935 1.57211 0.08528 26.94266 0.23134 487.9125 0.93511 47.649 17.093 0.030732 400 0.17624 0.08153 29.61816 0.3361 0.58479 0.12266 122.9485 0.24951 570.7489 1.16375 70.634 3.225 0.076206 600 0.275 0.07526 81.95008 0.34415 3.99024 0.10547 221.7865 0.64112 985.1042 1.75967 68.279 1.665 0.139775 800 0.13387 0.10282 1016.479 2.7888 49.85803 0.19505 310.0445 0.90613 1347.996 1.29417 70.66 1.624 0.223195 900 0.19747 0.07725 3645.166 4.59324 186.74871 0.45629 406.8664 0.72427 1776.488 1.53201 70.704 0.932 0.307823 1000 0.05272 0.10665 3183.692 3.75121 147.31005 0.50875 412.7534 0.73885 1789.963 1.88054 71.952 1.262 0.415079 1100 0.18611 0.09319 2947.36 1.99564 80.81959 0.37432 523.1214 0.69144 2295.391 1.03034 71.687 0.87 0.58753 1200 0.08473 0.12344 4417.462 5.48539 67.89273 0.37194 841.0945 1.54977 3660.195 2.6363 72.33 0.725 0.737077 1400 0.24044 0.10095 3965.354 2.92517 61.72138 0.35586 729.383 0.99362 3210.174 2.01953 72.032 0.68 0.78605 1600 0.02721 0.10983 1012.528 2.5204 35.70288 0.14183 238.8548 0.42084 1041.185 0.81676 72.387 2.233 0.813727 1800 0.12945 0.09412 666.8897 1.67507 26.1287 0.20711 134.9893 0.37799 594.9983 1.32776 69.086 3.395 0.852403 2000 0.0155 0.10121 748.5973 1.67742 33.3462 0.1949 188.638 0.56059 831.4365 0.97391 73.336 2.61 0.880069 2200 0.26148 0.11831 693.1674 1.8119 43.4433 0.30584 134.9337 0.44317 599.2284 1.36029 64.873 4.276 0.891884 2400 0.12755 0.09939 379.9306 1.50443 37.32022 0.30152 57.62332 0.31438 263.38 0.87382 65.669 8.403 0.897806 2600 0.00891 0.08111 123.475 0.78294 9.46963 0.15481 28.88508 0.28587 129.7244 0.92509 73.609 13.632 0.904525 3000 -0.02611 0.11105 145.2004 0.72757 7.86065 0.14533 32.77059 0.22669 147.6169 0.8458 79.175 16.378 1 4000 0.31279 0.0653 389.6356 1.17683 18.81726 0.22382 465.6594 0.63303 2099.256 3.00125 72.128 0.695N8B mass= 1 J= 9.46E-03 +/- 2.97E-05 tot.gas.age= 73.526 +/- 0.394MI81 N8b C-00-20 Hbde F39 LasPowmWVol36 Err36 Vol37 Err37 Vol38 Err38 Vol39 Err39 Vol40 Err40 Age(Ma) AgeErr 0.001357 200 1.80967 0.07579 20.39977 0.31987 2.51334 0.14228 7.05624 0.09198 567.1202 0.81566 76.661 51.983 0.003188 400 0.20612 0.05537 13.98903 0.41133 0.73241 0.08857 9.52016 0.13712 114.5891 0.55467 93.799 27.906 0.005645 600 0.30926 0.09145 46.29976 0.622 1.4971 0.12961 12.7747 0.1117 130.2046 0.80913 51.155 35.132 0.015229 800 0.25276 0.06936 353.4862 1.19793 7.90081 0.14884 49.82663 0.37555 263.3698 0.64954 63.529 6.801 0.374124 1000 0.44488 0.09246 11503.04 8.03939 163.16697 0.51336 1866.01 0.77732 8321.912 3.03325 73.434 0.243 0.803622 1200 -0.10041 0.07952 13690.54 6.48795 181.01717 0.73314 2233.098 1.27814 9692.567 4.72596 72.851 0.181 0.932796 1400 0.00253 0.05474 4094.125 3.32476 57.23633 0.37184 671.6168 0.98264 2917.079 2.255 72.663 0.413 0.947163 1600 0.07261 0.07352 550.0842 1.47139 13.3595 0.20638 74.69599 0.29525 333.6077 1.13747 69.983 4.792 0.964142 1800 -0.00633 0.06473 694.3456 1.6903 20.59054 0.14922 88.27911 0.35749 387.6618 0.67409 73.815 3.566 0.972104 2000 -0.01329 0.077 358.8598 1.61679 12.29881 0.08994 41.40056 0.39088 182.2798 0.80221 75.21 9.034
 Volumes in ccSTPx1e13, errors 1 sigma
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0.983794 2200 -0.19252 0.10973 466.108 1.99265 11.85855 0.14403 60.77788 0.24748 267.3096 0.7795 88.859 8.682 0.99143 2400 -0.05205 0.12228 274.822 1.03295 5.62199 0.1188 39.70465 0.2664 174.1722 0.81467 79.732 14.882 0.998124 2600 -0.18689 0.10625 211.3668 0.56549 2.91248 0.12579 34.80039 0.28193 152.7969 0.61728 99.288 14.605 0.999457 3000 -0.05607 0.10918 41.8472 0.5675 0.71014 0.09943 6.93381 0.20084 31.75769 0.504 115.247 74.614 1 4000 -0.12219 0.11529 16.85644 0.34216 0.31023 0.08797 2.82179 0.16102 13.56725 0.38829 278.027 177.343O0A mass= 1 J= 7.16E-03 +/- 8.01E-06 tot.gas.age= 72.398 +/- 0.247O0a C-98-3 Biotite F39 LasPowmWVol36 Err36 Vol37 Err37 Vol38 Err38 Vol39 Err39 Vol40 Err40 Age(Ma) AgeErr 0.002711 50 1.73701 0.1666 6.35281 0.55577 8.14951 0.20073 28.29584 0.35287 577.3343 0.92704 29.023 22.137 0.01021 100 1.29127 0.14445 13.25271 0.45002 11.08541 0.25444 78.27213 0.58536 496.921 1.21288 18.95 6.98 0.023135 150 1.13175 0.14788 16.24455 0.54151 15.48331 0.18773 134.9052 0.57251 458.9128 1.14065 11.888 4.161 0.030984 200 0.48074 0.15883 6.55997 0.39933 9.37114 0.22816 81.9226 0.42864 387.0368 1.30384 38.245 7.256 0.041416 250 0.7202 0.15212 6.95299 0.3872 12.09709 0.1697 108.8881 0.61793 634.2176 1.34933 49.343 5.202 0.056945 300 0.64946 0.18366 8.73994 0.4042 17.71368 0.21194 162.0811 0.32027 910.6598 1.63001 56.429 4.198 0.077096 350 0.42984 0.18883 11.21879 0.43037 23.74234 0.20106 210.3311 0.81256 1188.579 1.59797 64.087 3.32 0.102633 400 0.42808 0.18263 12.29474 0.45823 30.9202 0.29699 266.5446 0.70454 1576.637 1.9126 68.988 2.527 0.134413 450 0.61562 0.22786 13.09183 0.4132 38.90665 0.21583 331.702 0.99265 1975.984 1.69901 68.592 2.535 0.172874 500 0.26651 0.18965 14.82351 0.37422 47.32932 0.45909 401.4448 1.0775 2430.217 4.77969 74.169 1.749 0.240397 600 0.45643 0.12554 24.26384 0.49553 83.70905 0.4209 704.7777 1.5479 4299.407 3.05975 74.808 0.675 0.320503 700 0.34446 0.13651 26.40305 0.5016 99.05552 0.50834 836.1135 0.83681 5137.084 3.35824 76.212 0.605 0.401891 800 0.26646 0.15153 30.46136 0.4969 98.83348 0.47373 849.4867 1.46079 5195.181 2.28228 76.22 0.667 0.538798 1000 0.282 0.17112 65.05673 0.66522 167.82417 0.58913 1428.976 1.55527 8734.651 6.31446 76.607 0.449 0.870947 1600 0.77583 0.13424 224.7149 0.86942 395.00674 0.86381 3466.837 2.96174 20681.2 8.36216 74.687 0.158 1 3000 0.22802 0.13263 160.4938 0.65435 148.20834 0.49434 1346.997 1.79507 7950.849 4.27236 74.108 0.376O0B mass= 1 J= 7.16E-03 +/- 8.01E-06 tot.gas.age= 71.42 +/- 0.149O0b C-98-3 Biotite F39 LasPowmWVol36 Err36 Vol37 Err37 Vol38 Err38 Vol39 Err39 Vol40 Err40 Age(Ma) AgeErr 0.00669 100 4.57527 0.15929 63.85609 0.54886 48.83181 0.38211 112.208 0.31225 1519.077 1.82667 19.146 5.37 0.033463 200 3.30696 0.15607 141.1832 1.08654 43.75047 0.3395 449.0341 0.97665 1434.054 1.98964 13.103 1.32 0.066634 300 2.86484 0.13659 41.15159 0.8075 50.92873 0.21926 556.352 1.29449 2801.709 1.55041 44.863 0.921 0.121342 400 2.62214 0.1089 58.2139 0.39125 84.61763 0.29612 917.5756 0.81963 5022.503 4.24445 58.867 0.446 0.188242 500 2.11941 0.14131 66.76006 0.40811 105.10985 0.55451 1122.055 1.25275 6925.06 3.85882 71.141 0.471 0.266411 600 1.70448 0.16299 71.58149 0.48738 122.96824 0.29672 1311.065 1.31968 8330.836 2.11616 75.565 0.462 0.342566 700 1.28803 0.1402 77.55395 0.44507 119.59284 0.60179 1277.283 1.91718 8140.236 5.94199 76.866 0.421 0.418256 800 1.18783 0.21273 92.74357 0.57463 118.89123 0.52149 1269.485 1.3658 8091.031 4.73627 77.137 0.62 0.491409 900 1.25585 0.1394 102.5002 0.48154 114.82701 0.48789 1226.922 2.3181 7865.308 1.79118 77.275 0.44 0.561215 1000 0.84905 0.12501 115.7813 0.73445 108.95172 0.58317 1170.809 1.97177 7462.762 5.89155 77.914 0.416 0.659342 1200 1.16828 0.17907 233.4418 1.19977 148.673 0.66031 1645.785 2.13489 10214.48 3.22294 75.895 0.411 0.826638 1600 0.93628 0.14034 462.9345 1.46485 252.0252 0.92202 2805.917 2.61478 16875.78 5.01345 74.891 0.197 0.963892 2400 0.7662 0.14174 252.7815 1.45149 186.48217 0.7319 2302.044 2.57933 13735.13 4.7371 74.301 0.241 1 3000 0.9288 0.14878 147.9641 1.01247 15.43828 0.13913 605.6133 0.75231 3668.86 3.4952 71.032 0.909O0C mass= 1 J= 7.16E-03 +/- 8.01E-06 tot.gas.age= 71.321 +/- 0.252O0c C-98-3 Biotite F39 LasPowmWVol36 Err36 Vol37 Err37 Vol38 Err38 Vol39 Err39 Vol40 Err40 Age(Ma) AgeErr 0.008599 100 1.28825 0.17612 11.65678 0.47372 10.33294 0.27411 77.45153 0.62404 417.9626 1.42023 6.212 8.659 0.02746 200 0.64792 0.17741 5.77601 0.274 18.64265 0.18973 169.8716 0.79811 789.7951 1.38629 44.964 3.898 0.030868 300 0.25089 0.1857 0.90306 0.20766 3.457 0.1697 30.68742 0.43128 141.2095 1.01506 28.033 22.765 0.031837 400 0.05182 0.18468 0.98086 0.19282 1.24304 0.11637 8.73624 0.29454 43.27004 1.01709 40.9 78.959 0.035162 500 0.0222 0.16371 0.68086 0.27092 3.80729 0.12106 29.93948 0.26965 167.9539 1.06175 68.368 20.124 0.04389 600 0.05568 0.15878 1.31606 0.28365 9.17642 0.19169 78.61474 0.39595 453.3076 1.32941 70.436 7.43 0.076194 700 0.29437 0.15752 3.95176 0.35316 33.33417 0.28267 290.9454 0.93939 1614.741 1.85588 66.629 2.006 0.115196 800 0.363 0.11421 4.46693 0.29504 41.45159 0.36309 351.2779 0.66098 2033.913 1.37138 69.538 1.203 0.485047 900 0.91021 0.14696 54.02612 0.44631 402.90691 0.67685 3331.099 1.15709 19643.12 5.64405 73.656 0.165 0.597741 1000 0.47431 0.14815 25.03347 0.55732 121.95786 0.39638 1014.984 0.92614 5972.767 2.08292 72.791 0.54 0.722013 1200 0.59022 0.12452 80.91872 0.62383 134.59708 0.57896 1119.273 1.85892 6574.183 2.72242 72.435 0.426 0.944162 1600 0.34109 0.16266 216.7908 1.33944 243.77285 0.60521 2000.799 1.77893 11617.84 6.07264 72.912 0.307 0.998727 2400 0.32136 0.12953 59.75062 0.81243 58.61904 0.30664 491.4437 1.08996 2856.337 2.92404 71.206 0.983 1 3000 0.149 0.12473 1.52659 0.28464 1.57997 0.14284 11.46926 0.26013 66.32337 0.77077 24.951 40.98178-N9A mass= 1 J= 7.17E-03 +/- 8.83E-06 tot.gas.age= 60.762 +/- 0.665N9a C98-3 K feldspar F39 LasPowmWVol36 Err36 Vol37 Err37 Vol38 Err38 Vol39 Err39 Vol40 Err40 Age(Ma) AgeErr 0.296161 100 22.47555 0.33764 77.57634 0.72846 34.94752 0.27912 1103.634 1.83073 9477.576 4.38763 32.942 1.151 0.325169 200 2.61751 0.18952 42.31042 0.54005 4.52517 0.12169 108.097 0.67226 1620.254 1.70561 98.598 6.377 0.360362 300 1.59143 0.16243 46.66617 0.558 1.01481 0.20371 131.1459 0.59413 1167.777 1.79154 67.527 4.574 0.388405 400 0.68791 0.16571 30.07409 0.2785 0.71245 0.11122 104.4988 0.59009 727.8445 2.07854 63.8 5.867 0.427619 600 0.61642 0.15592 32.01859 0.50192 1.40123 0.14562 146.1322 0.65983 1036.392 1.44536 74.083 3.931 0.468572 800 0.74041 0.14355 24.7608 0.39649 0.89453 0.16683 152.608 0.54418 1091.792 2.16116 72.529 3.468 0.536343 1000 2.81825 0.16605 47.49946 0.45193 1.65422 0.20402 252.5479 0.61766 2297.721 3.52859 73.524 2.426 0.550523 1200 0.32458 0.14296 5.60426 0.2631 0.38167 0.17939 52.84152 0.49884 388.6894 1.94193 70.292 9.979 0.560872 1400 0.24888 0.1218 5.3146 0.33048 0.21022 0.15161 38.5631 0.38181 301.7878 2.78819 74.99 11.64 0.574011 1600 0.28595 0.1244 7.51429 0.34017 0.3261 0.16505 48.96452 0.47793 343.9407 3.54262 67.278 9.422 0.63503 2000 2.11551 0.18588 35.77485 0.52227 1.14069 0.1078 227.3818 1.09884 1861.391 2.4157 69.001 3.029 0.95898 2800 7.72546 0.20238 270.6644 1.10483 5.66387 0.28738 1207.191 1.17612 9142.23 5.05697 72.051 0.622 1 4000 1.24576 0.1946 33.10991 0.62215 0.62028 0.15991 152.8589 0.51634 1195.458 1.61275 68.696 4.69278-N9B mass= 1 J= 7.17E-03 +/- 8.83E-06 tot.gas.age= 63.772 +/- 0.333N9b C98-3 K feldspar F39 LasPowmWVol36 Err36 Vol37 Err37 Vol38 Err38 Vol39 Err39 Vol40 Err40 Age(Ma) AgeErr 0.213492 100 10.89831 0.32908 22.37156 0.49444 34.41451 0.42543 1532.029 1.02502 7108.469 3.61784 32.537 0.807 0.238818 200 -0.57022 0.12967 9.83475 0.44477 3.55793 0.20506 181.7379 0.59265 1143.629 1.88544 91.066 2.613 0.271399 300 0.15285 0.20547 7.71087 0.2301 0.45956 0.15812 233.8068 1.0458 1402.217 0.87867 73.568 3.242 0.299686 400 0.35796 0.13766 5.23659 0.46269 0.26926 0.14069 202.9853 0.61839 1212.154 1.49082 69.17 2.505 0.35964 500 0.45894 0.1336 4.61795 0.29225 0.63988 0.2064 430.2353 0.9941 2558.863 2.09857 71.433 1.154 0.389705 600 0.11536 0.13585 4.16209 0.29561 0.49449 0.14256 215.7451 0.83628 1320.579 1.61815 75.54 2.328 0.422669 700 0.70791 0.17088 4.43456 0.41278 0.66626 0.15709 236.5523 0.66936 1490.531 2.31819 68.75 2.668 0.477181 800 0.62756 0.13458 7.00398 0.34874 0.62526 0.1544 391.1761 1.08874 2449.29 2.74037 73.358 1.282 0.629671 1000 2.41431 0.14268 11.44497 0.38064 2.62525 0.203 1094.275 1.19431 6953.422 2.69239 72.304 0.486 0.788539 1400 2.08173 0.12757 13.69106 0.47079 3.21903 0.21995 1140.048 1.42724 7114.914 4.50558 72.29 0.423 0.826288 1800 0.86709 0.13168 2.22311 0.44266 0.72847 0.1821 270.8859 0.82104 1683.454 2.04558 66.906 1.804 0.849576 2400 0.70752 0.13311 1.60276 0.36617 0.40507 0.17636 167.1161 0.67599 1040.514 1.47483 63.243 2.953 0.873034 3000 0.48475 0.13515 1.9226 0.34644 0.50696 0.14376 168.3362 0.56142 1038.773 1.54852 67.543 2.967 1 4000 1.29589 0.17714 3.56201 0.39325 2.04091 0.19374 911.1132 0.96229 5576.688 2.08932 72.279 0.719N9A mass= 1 J= 9.68E-03 +/- 1.84E-05 tot.gas.age= 78.529 +/- 3.614MI81 N9a C-00-9 Hbde F39 LasPowmWVol36 Err36 Vol37 Err37 Vol38 Err38 Vol39 Err39 Vol40 Err40 Age(Ma) AgeErr 0.043048 200 1.47594 0.09514 42.43258 0.30287 5.45545 0.10772 20.59958 0.24476 543.9625 1.07581 89.199 22.733 0.165332 400 0.40356 0.08155 67.42706 0.68299 2.3664 0.09871 58.5171 0.34227 337.6137 0.60968 64.041 6.956 0.276396 600 0.36722 0.07819 172.3905 0.94465 4.33555 0.06891 53.14768 0.2755 292.8505 0.64808 59.598 7.358 0.385105 800 0.2855 0.09761 684.8196 2.45561 10.24891 0.15185 52.02048 0.398 317.5913 0.69114 76.672 9.305 0.757741 1000 0.08879 0.09469 3490.521 2.80439 51.63532 0.27614 178.3183 0.49741 841.2048 0.73108 78.127 2.635 0.917645 1200 -0.00146 0.11153 1656.165 1.99959 22.30301 0.21143 76.51918 0.38213 369.8558 0.85807 82.619 7.201 0.930623 1400 0.05824 0.08947 104.469 0.46329 2.30503 0.12482 6.21028 0.15483 34.36988 0.62548 47.64 72.462 0.943002 1600 0.01883 0.10703 106.8888 0.44618 1.92507 0.12231 5.92399 0.14214 34.88738 0.46168 84.464 89.036 0.974924 1800 0.06897 0.07292 302.4581 1.30024 5.61386 0.1664 15.27559 0.17462 90.76389 0.59406 78.751 23.615 0.984392 2000 0.07059 0.09062 93.49997 0.67109 1.37275 0.12143 4.53086 0.11071 33.56093 0.50159 48.325 100.546
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0.989802 2200 0.00754 0.07888 54.22968 0.47812 0.70469 0.12219 2.58869 0.15971 15.2521 0.47536 85.815 150.11 0.991267 2400 -0.07158 0.08201 16.36823 0.31836 0.11364 0.09359 0.70114 0.10592 2.32886 0.53644 506.753 460.943 0.991795 2600 -0.14232 0.08993 11.75237 0.31788 0.11391 0.11215 0.25264 0.11278 2.51133 0.64548 1797.381 847.805 0.998513 3000 -0.04786 0.07622 42.07428 0.50787 0.37427 0.11366 3.21492 0.12738 17.65691 0.72245 165.019 111.927 1 4000 -0.06293 0.09664 18.76792 0.25993 0.25612 0.09786 0.71137 0.13065 8.48138 0.60798 566.077 520.301N9B mass= 1 J= 9.68E-03 +/- 1.84E-05 tot.gas.age= 75.607 +/- 2.754MI81 N9b C-00-9 Hbde F39 LasPowmWVol36 Err36 Vol37 Err37 Vol38 Err38 Vol39 Err39 Vol40 Err40 Age(Ma) AgeErr 0.033374 200 2.08917 0.14314 35.00359 0.56506 2.74794 0.10276 21.34363 0.26653 695.4602 1.26211 62.828 33.46 0.082599 400 0.3061 0.10195 34.50229 0.54182 1.04385 0.0774 31.48017 0.32264 241.4244 0.73792 81.895 16.003 0.148202 600 0.2302 0.09814 206.2946 0.74084 4.51825 0.1291 41.9551 0.26192 300.7927 0.80272 94.411 11.479 0.302109 800 1.57991 0.13576 1709.792 2.02544 36.8023 0.21149 98.42686 0.23469 921.7962 1.1802 78.993 6.821 0.819361 1000 0.19489 0.0969 7191.91 3.82139 154.47914 0.29708 330.7949 0.59905 1486.852 1.39359 73.947 1.459 0.880634 1200 0.04873 0.06799 725.0048 1.18855 20.12167 0.21443 39.18578 0.27465 178.3496 0.70827 71.652 8.628 0.930158 1400 0.07649 0.06874 308.2935 1.15405 11.04344 0.14539 31.67204 0.18541 147.8299 0.57581 67.785 10.802 0.971738 1600 0.16662 0.08001 181.0502 1.06459 4.66742 0.08548 26.5912 0.17568 128.8098 0.58476 51.536 15.105 0.980401 1800 0.02344 0.08229 64.77343 0.66074 1.83836 0.08753 5.54039 0.18265 25.2233 0.44379 56.793 74.333 0.984903 2000 0.06186 0.05593 47.7223 0.58506 1.74669 0.08007 2.87866 0.13838 15.64686 0.48926 -16.042 101.239 0.991524 2200 -0.09092 0.05512 97.42031 0.83093 2.76536 0.08178 4.23467 0.1227 21.36748 0.44877 188.765 60.766 0.997208 2400 -0.04415 0.06834 63.5555 0.48157 1.6292 0.11618 3.63513 0.1367 28.2756 0.65305 188.399 87.737 0.999469 2600 -0.17484 0.09289 38.09692 0.58614 0.72835 0.12557 1.44569 0.13666 7.8463 0.53288 605.26 242.157 0.999789 3000 0.06208 0.08237 3.13224 0.41855 0.01674 0.09133 0.20455 0.09011 0.91263 0.5749 -2883.49 12477.84 1 4000 0.12825 0.09408 2.92968 0.38684 0.07208 0.07244 0.13519 0.12884 2.32633 0.43172 -160435 3659.982N5A mass= 1 J= 9.68E-03 +/- 2.03E-05 tot.gas.age= 71.83 +/- 2.151MI81 N5a C-00-10 Hbde F39 LasPowmWVol36 Err36 Vol37 Err37 Vol38 Err38 Vol39 Err39 Vol40 Err40 Age(Ma) AgeErr 0.008268 200 2.77943 0.12093 90.93449 0.71414 2.68895 0.11676 7.63651 0.19351 808.4805 1.04576 -29.621 83.145 0.015916 400 0.53026 0.08826 380.2106 1.28304 0.50741 0.08038 7.06444 0.15063 157.0064 0.36367 0.779 64.481 0.023295 600 0.09086 0.14974 20.99909 0.24945 1.6488 0.09901 6.81552 0.11279 59.50716 0.58473 81.828 108.409 0.049015 800 0.17131 0.08386 245.6177 0.94761 23.05833 0.18674 23.75618 0.16116 127.9704 0.42061 56.004 17.673 0.58699 1000 0.56756 0.10405 6169.079 5.38352 549.4402 0.66921 496.9039 0.33127 2279.322 1.77896 72.755 1.041 0.917373 1200 0.05053 0.1098 3920.813 2.83134 345.14326 0.74315 305.1603 0.56229 1315.368 1.89391 72.956 1.792 0.93911 1400 -0.09702 0.0936 297.5105 1.11165 34.71746 0.19731 20.07752 0.2589 89.51017 0.75718 100.012 22.813 0.947923 1600 0.02554 0.11465 123.0919 0.55125 20.08733 0.12157 8.13987 0.11708 39.1347 0.718 66.553 70.106 0.955276 1800 -0.10802 0.09196 168.9704 0.61653 36.40404 0.07457 6.79192 0.10874 30.47989 0.68412 153.767 64.255 0.965762 2000 -0.04017 0.14714 283.4859 1.39225 67.44548 0.3389 9.68522 0.14029 44.53408 0.68647 98.98 74.268 0.979854 2200 0.03121 0.08076 547.5299 1.59719 149.37348 0.57228 13.01552 0.19244 64.06518 0.67406 72.152 30.807 0.982734 2400 0.03397 0.11386 140.9236 0.70026 41.24666 0.20707 2.66035 0.19465 13.95291 0.57029 25.522 217.888 0.984792 2600 0.06302 0.07517 31.84884 0.44195 5.30241 0.13868 1.90122 0.17486 11.53695 0.52799 -66.319 211.902 0.988397 3000 0.09036 0.06397 56.05205 0.67421 8.95723 0.10389 3.32957 0.16675 20.53875 0.44115 -32.625 101.037 1 4000 0.0471 0.0576 122.9667 0.43832 18.12091 0.15026 10.71731 0.19991 64.4842 0.662 80.602 26.594N5B mass= 1 J= 9.68E-03 +/- 2.03E-05 tot.gas.age= 74.823 +/- 0.858MI81 N5b C-00-10 Hbde F39 LasPowmWVol36 Err36 Vol37 Err37 Vol38 Err38 Vol39 Err39 Vol40 Err40 Age(Ma) AgeErr 0.003652 200 2.80476 0.05946 21.5851 0.38133 2.21312 0.13908 6.83808 0.14673 884.8592 1.65694 137.811 41.873 0.012821 400 2.00579 0.04857 38.75709 0.38907 1.42182 0.08633 17.17051 0.19784 658.975 1.11796 66.193 14.14 0.024046 600 0.76779 0.07295 18.36526 0.47381 0.62868 0.10523 21.0202 0.1652 345.2969 0.49185 95.829 17.01 0.035687 800 1.34446 0.07765 22.34925 0.4668 1.178 0.08479 21.80096 0.20796 504.5259 1.15968 83.954 17.591 0.048088 1000 0.47953 0.07124 62.20068 0.67372 5.02599 0.11439 23.22124 0.2661 236.1391 1.03431 69.688 15.277 0.08591 1200 0.1708 0.08372 665.0375 1.52319 58.62028 0.33157 70.82788 0.24399 407.086 1.09865 85.887 5.832 0.189598 1400 0.51913 0.09441 2102.298 2.32314 192.91707 0.61095 194.1709 0.36946 923.3935 0.77041 67.984 2.422 0.332616 1600 0.06387 0.08673 2901.605 4.02551 278.0885 0.45533 267.8236 0.41665 1203.047 1.51342 75.638 1.61 0.485827 1800 0.29136 0.10723 3062.255 3.42684 298.25048 0.68964 286.9106 0.5756 1335.542 1.03782 74.521 1.858 0.640121 2000 0.22395 0.08666 3075.603 3.7507 301.36393 0.69219 288.9394 0.52466 1296.229 0.97844 72.883 1.494 0.751684 2200 0.12256 0.06924 2228.583 3.01433 223.36259 0.50503 208.9174 0.38462 934.8642 2.05703 73.626 1.656 0.821103 2400 0.3084 0.07872 1405.087 2.69414 136.8059 0.27588 129.9973 0.26866 619.3585 0.77219 69.629 3.013 0.852526 2600 0.11355 0.06355 611.2585 1.62018 70.60098 0.56053 58.8448 0.33937 309.5106 0.82581 80.125 5.358 0.884655 3000 -0.00027 0.0942 672.9374 1.78036 86.73486 0.28955 60.16722 0.44509 283.6516 0.66164 80.561 7.755 1 4000 0.32755 0.11201 2317.474 3.28112 236.86787 0.49745 216.0003 0.50926 1066.338 1.2867 76.763 2.574J4A mass= 1 J= 7.17E-03 +/- 8.96E-06 tot.gas.age= 66.442 +/- 0.513J4a C-98-2 Hornblende F39 LasPowmWVol36 Err36 Vol37 Err37 Vol38 Err38 Vol39 Err39 Vol40 Err40 Age(Ma) AgeErr 0.003791 100 5.35024 0.14269 30.25621 0.51166 104.65277 0.49774 16.76974 0.3074 1520.755 2.17656 -47.085 33.447 0.011038 200 5.8496 0.11096 52.36318 0.47247 250.74525 0.52639 32.05659 0.31781 1721.284 3.52965 -2.938 13.332 0.017696 300 4.56077 0.16143 40.78949 0.61277 201.13604 0.42304 29.44989 0.3865 1367.416 1.93931 8.638 20.874 0.024408 400 3.81657 0.09952 23.93858 0.2731 26.84648 0.24471 29.68725 0.38126 1199.372 2.98941 30.927 12.67 0.032671 500 3.89996 0.10269 23.90049 0.49768 4.15437 0.09922 36.55178 0.38793 1249.587 1.87805 34.063 10.567 0.042922 600 2.20931 0.12712 29.08697 0.53986 2.25586 0.13887 45.33987 0.36588 797.3315 1.04422 40.764 10.489 0.055251 700 1.25646 0.13071 35.95095 0.56123 2.69846 0.1767 54.53475 0.51061 594.7003 1.68081 52.24 8.923 0.06856 800 0.90759 0.12796 43.82955 0.50054 2.51747 0.16396 58.87078 0.34229 543.9511 1.24764 59.607 8.052 0.081762 900 0.6462 0.12526 46.25815 0.52848 2.41304 0.15256 58.39694 0.47841 490.0914 1.64226 65.086 7.935 0.095556 1000 0.68011 0.12609 58.26105 0.63991 2.49614 0.17066 61.01361 0.56147 482.2814 1.28032 58.686 7.671 0.116745 1200 0.79696 0.15117 249.3551 1.34563 8.37903 0.15573 93.72964 0.36315 728.2558 1.74904 66.766 5.952 0.145211 1400 2.02549 0.17338 600.2573 2.19925 44.30796 0.35649 125.911 0.61092 1219.919 1.96672 62.746 5.097 0.237999 1600 3.85304 0.16596 4355.124 4.30548 387.62852 0.75099 410.4295 0.81455 3318.437 3.30781 67.439 1.498 0.453891 1800 2.13794 0.15784 11984.98 7.39134 1033.94284 1.41107 954.9574 1.07464 5816.175 5.03589 68.906 0.617 0.635469 2000 1.8187 0.1598 9876.924 6.81845 868.36732 1.28197 803.1776 1.08122 4874.037 3.6818 68.537 0.74 0.789145 2400 1.86574 0.08603 7823.994 6.19897 743.47116 1.41108 679.7531 1.42458 4210.477 3.45188 68.334 0.491 0.942067 2800 4.12043 0.1328 7340.433 5.89076 1067.42573 0.94957 676.4195 0.99931 4986.088 3.00266 70.677 0.731 0.994696 3200 2.2422 0.12252 977.6989 2.45757 154.52222 0.51021 232.7957 1.01706 1983.7 2.25389 71.968 1.962 1 4000 -0.14268 0.18551 230.6755 0.9359 30.91124 0.3102 23.46218 0.24689 188.3711 1.52451 122.845 28.278J4B mass= 1 J= 7.17E-03 +/- 8.96E-06 tot.gas.age= 62.316 +/- 1.268J4b C-98-2 Hornblende F39 LasPowmWVol36 Err36 Vol37 Err37 Vol38 Err38 Vol39 Err39 Vol40 Err40 Age(Ma) AgeErr 0.052976 200 12.64221 0.15522 197.7384 0.83193 710.96174 1.28862 97.42563 0.8012 3797.73 2.99609 8.209 6.077 0.076716 400 3.53977 0.14348 71.30462 0.53166 15.68231 0.15198 43.65741 0.32704 1248.875 1.93945 59.141 12.18 0.110327 600 3.76384 0.09369 145.9893 0.96521 12.78689 0.16963 61.81206 0.36268 1213.799 2.17206 21.138 5.746 0.14776 800 3.81663 0.1174 815.9667 1.24401 23.22268 0.23567 68.8417 0.46874 1321.614 1.38871 36.059 6.4 0.25945 1000 5.34055 0.11017 2971.196 3.90299 180.99097 0.57558 205.4017 0.85577 2480.585 2.71269 55.967 2.008 0.661608 1200 2.9309 0.19308 10720.04 9.08789 716.31352 1.22574 739.5862 1.22657 4860.63 3.91344 68.559 0.97 0.808638 1400 1.56324 0.19602 3876.341 5.7343 307.1186 0.50103 270.3941 0.34194 1944.958 1.53781 69.6 2.669 0.891173 1600 1.9768 0.20252 2521.271 1.93031 216.42501 0.31308 151.7846 0.63943 1437.128 2.16234 71.28 4.915 0.921531 1800 0.65035 0.154 1031.863 2.61656 105.7048 0.61864 55.83057 0.39561 535.6534 1.52648 77.889 10.12 0.952522 2000 1.54638 0.17894 1109.615 2.73704 94.36543 0.30111 56.99283 0.36329 780.0912 2.01848 71.902 11.552 0.98147 2200 1.62332 0.17843 659.0359 1.28141 51.52365 0.34677 53.23643 0.4933 799.8299 1.67209 76.171 12.31 0.993791 2400 1.17318 0.19448 357.0968 1.80054 32.47991 0.25316 22.6598 0.29076 476.8693 1.37043 72.846 31.536 0.997963 2600 0.43808 0.17525 173.8219 1.00187 33.09875 0.28362 7.67228 0.28827 129.5233 0.80286 0.119 87.33 0.999013 3000 0.15009 0.15879 30.33503 0.635 5.69131 0.17677 1.93153 0.10852 122.4092 1.24507 459.143 244.83 1 4000 0.87566 0.13396 18.39212 0.35443 7.16583 0.19301 1.81469 0.18168 283.0618 1.31453 165.46 258.128J4C mass= 1 J= 7.17E-03 +/- 8.96E-06 tot.gas.age= 63.128 +/- 0.669J4c C-98-2 Hornblende F39 LasPowmWVol36 Err36 Vol37 Err37 Vol38 Err38 Vol39 Err39 Vol40 Err40 Age(Ma) AgeErr 0.009957 200 29.43356 0.26608 54.78341 0.59644 292.40876 0.7839 38.19953 0.21976 8705.245 5.23441 2.582 26.651 0.024622 400 12.94201 0.13486 73.35268 0.74506 175.00267 0.56731 56.26082 0.41098 3818.563 2.68245 -1.335 9.192
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0.045124 600 6.20187 0.08986 47.10376 0.5084 11.75224 0.17363 78.65604 0.44358 1817.486 2.06671 -2.496 4.387 0.072992 800 5.77703 0.14518 73.2099 0.51531 8.56302 0.20629 106.9138 0.55169 1862.169 2.26945 18.667 5.146 0.103714 1000 3.89479 0.11548 167.2614 0.38755 7.71914 0.14921 117.86 0.7094 1316.469 1.63751 18.083 3.715 0.134697 1200 3.06546 0.16555 687.881 1.77964 23.44646 0.27894 118.8651 0.84222 1516.625 1.93763 65.285 5.16 0.200253 1400 1.87411 0.14842 2734.504 4.01929 181.16285 0.71819 251.5009 0.55712 1954.812 2.59953 70.669 2.179 0.403177 1600 2.48512 0.14199 10188.05 8.56581 759.06645 0.88728 778.5044 0.4692 5019.297 3.58515 69.841 0.675 0.570122 1800 2.53506 0.17615 8497.134 5.7113 620.00153 1.06029 640.4758 1.21353 4232.255 3.52347 69.023 1.023 0.643431 2000 1.96273 0.23983 3364.084 3.56234 250.69927 0.73503 281.2454 0.53597 2080.684 1.59976 67.747 3.143 0.690343 2200 1.60114 0.22025 1792.037 1.69886 141.7755 0.72014 179.9735 0.55721 1471.219 1.40326 70.36 4.506 0.75809 2400 3.57534 0.16461 3079.107 3.64626 244.23484 0.55544 259.9067 0.781 2431.761 1.97493 67.191 2.343 0.799072 2600 1.15873 0.18855 1985.458 3.35046 164.54785 0.47723 157.2259 0.41973 1178.519 1.40809 67.523 4.421 0.903968 3000 2.48153 0.20882 5607.685 5.57369 463.29091 1.08682 402.4263 0.68024 2952.173 1.94681 69.962 1.913 1 4000 4.56183 0.16964 3692.385 3.81004 358.48857 0.7093 368.421 0.77537 3382.417 2.97416 70.064 1.702N7A mass= 1 J= 9.60E-03 +/- 2.22E-05 tot.gas.age= 72.501 +/- 0.525MI81 N7a C-00-17 Hbde F39 LasPowmWVol36 Err36 Vol37 Err37 Vol38 Err38 Vol39 Err39 Vol40 Err40 Age(Ma) AgeErr 0.007623 200 7.60573 0.13605 89.78707 0.54267 5.69455 0.11583 29.75408 0.19924 2296.875 1.1402 28.502 23.033 0.032883 400 1.35505 0.08572 50.05675 0.58726 3.35373 0.12951 98.59364 0.40634 803.1107 1.64847 69.352 4.298 0.066978 600 0.95343 0.07395 72.55441 0.80332 3.3327 0.11624 133.0764 0.23804 814.163 0.86592 67.96 2.742 0.105956 800 0.59301 0.08451 499.0884 1.9805 23.8434 0.19678 152.1361 0.84741 740.2604 1.17858 63.171 2.769 0.137855 900 0.5686 0.07198 1077.733 1.88198 55.06353 0.37035 124.5048 0.43176 653.6639 0.76679 66.288 2.862 0.18811 1000 0.60921 0.05865 2650.574 2.75099 151.56502 0.58904 196.1543 0.77944 1066.866 1.54797 76.613 1.502 0.277797 1100 0.77582 0.0808 5216.258 5.46035 324.44016 0.57548 350.0587 0.86686 1735.948 1.55807 73.008 1.15 0.43237 1200 0.20071 0.11702 9459.614 7.52094 604.16564 0.83941 603.3201 0.80105 2766.193 0.91633 76.04 0.957 0.725382 1400 0.40586 0.16146 18757.4 13.3654 1136.77689 1.01924 1143.666 1.05341 5086.378 2.73991 73.647 0.698 0.810668 1600 0.22511 0.10813 4596.094 5.16939 317.28622 0.4786 332.8822 0.34461 1505.17 1.12291 73.302 1.598 0.845367 1800 0.28476 0.0722 1511.854 1.63834 126.89004 0.52807 135.437 0.353 629.6459 1.13248 68.407 2.635 0.907692 2000 0.42173 0.0879 2065.182 3.65886 167.5327 0.54685 243.2626 0.60349 1165.193 1.91487 72.567 1.789 0.93089 2200 0.09552 0.08174 1177.738 1.76376 108.49327 0.3578 90.54358 0.39921 420.5199 1.02948 73.482 4.449 0.944247 2400 0.08961 0.07974 763.5669 1.68789 69.56242 0.07726 52.1364 0.24993 240.9137 0.94998 69.827 7.54 0.948433 2600 -0.0234 0.07649 248.4797 0.88831 18.53211 0.20793 16.33777 0.1829 83.69837 0.48436 93.539 22.766 0.993801 3000 0.59919 0.09853 2447.664 3.36958 232.6796 0.59303 177.0761 0.83025 946.6343 2.93503 73.704 2.768 1 4000 0.08907 0.0938 373.233 1.23426 30.52788 0.15799 24.19615 0.15475 113.0821 0.5354 61.028 19.178N7B mass= 1 J= 9.60E-03 +/- 2.22E-05 tot.gas.age= 72.269 +/- 1.573MI81 N7b C-00-17 Hbde F39 LasPowmWVol36 Err36 Vol37 Err37 Vol38 Err38 Vol39 Err39 Vol40 Err40 Age(Ma) AgeErr 0.024295 200 4.79197 0.08611 44.63595 0.46659 3.76069 0.159 23.60651 0.28546 1486.9 0.83545 51.235 18.157 0.06458 400 0.98105 0.07467 21.67671 0.33527 3.58789 0.08507 39.14328 0.14848 442.7825 0.63803 66.373 9.412 0.115705 600 0.53902 0.05747 172.4955 0.64725 9.83287 0.20033 49.67646 0.29129 343.6505 0.74993 63.129 5.731 0.255161 800 1.56828 0.0975 1995.437 2.75916 119.53111 0.45711 135.504 0.46357 996.1853 1.5156 66.806 3.559 0.751429 1000 0.32449 0.11457 8143.205 6.60624 518.53922 0.79511 482.2035 0.92095 2201.079 1.26056 74.033 1.176 0.827375 1200 -0.01232 0.08173 1372.955 2.11205 98.16569 0.34042 73.79384 0.48181 344.4224 0.49037 79.854 5.445 0.872419 1400 0.10625 0.06767 564.9187 1.48267 60.37265 0.26502 43.76783 0.17961 201.8112 0.89987 66.171 7.637 0.890466 1600 0.01498 0.05607 299.5485 0.82002 34.66879 0.18746 17.53514 0.14495 87.49555 0.61405 80.194 15.669 0.912699 1800 0.13838 0.09085 244.5722 1.14546 23.31068 0.17743 21.6037 0.2205 102.2491 0.69525 48.506 20.953 0.917502 2000 0.2475 0.0589 175.7814 0.85913 28.16457 0.1491 4.66611 0.17249 32.3902 0.56505 -157.875 70.773 0.952649 2200 0.01387 0.08094 211.4665 0.83285 18.84813 0.07934 34.15115 0.26485 167.063 0.74965 80.767 11.615 0.959488 2400 -0.03694 0.07678 200.2945 0.95101 32.78394 0.21825 6.64495 0.12655 35.52773 0.78143 117.102 55.465 0.962953 2600 -0.07822 0.08416 97.58589 0.66115 15.81318 0.15086 3.36694 0.10755 19.56388 0.55237 207.064 114.198 0.971036 3000 -0.07849 0.06332 216.5131 0.77862 28.88291 0.30299 7.85471 0.17174 43.74153 0.70753 141.789 38.265 1 4000 -0.01467 0.08119 284.2487 0.60887 31.4297 0.17226 28.14277 0.17386 147.3827 0.69646 90.986 14.048N10A mass= 1 J= 9.66E-03 +/- 1.92E-05 tot.gas.age= 72.68 +/- 1.282MI81 N10a C-00-18 Hbde F39 LasPowmWVol36 Err36 Vol37 Err37 Vol38 Err38 Vol39 Err39 Vol40 Err40 Age(Ma) AgeErr 0.017969 200 11.72299 0.13669 36.01165 0.57584 4.96063 0.08604 26.27614 0.22152 3520.521 2.1949 37.004 26.283 0.040501 400 2.5255 0.06728 44.71554 0.58621 4.31161 0.0944 32.94868 0.26365 886.2874 0.91086 72.562 10.126 0.073619 600 3.17211 0.08328 152.7863 0.81154 14.80141 0.14478 48.429 0.27383 1140.609 0.60268 71.688 8.522 0.162005 800 0.87218 0.13137 1029.476 1.4385 177.53972 0.48206 129.2486 0.41177 818.4121 1.46666 74.05 5.032 0.642517 1000 1.12828 0.09106 5417.014 4.86076 1008.56911 0.875 702.6626 1.02801 3315.57 2.12968 72.478 0.652 0.871778 1200 0.40058 0.08544 2419.333 2.04072 476.79575 0.77779 335.2527 0.73277 1603.099 2.10869 75.566 1.273 0.897347 1400 0.57552 0.08112 508.1497 1.4462 122.76081 0.4042 37.39118 0.2274 360.5047 1.21012 86.636 10.674 0.915042 1600 0.62721 0.08042 321.9772 1.25816 73.33324 0.23176 25.87562 0.26606 299.4309 0.99533 75.24 15.382 0.92364 1800 0.18303 0.09198 174.8781 0.79241 32.76552 0.21564 12.57348 0.11671 122.7881 0.70198 92.786 35.802 0.93302 2000 0.04083 0.08676 162.2222 0.95645 28.18672 0.15155 13.716 0.10428 79.72777 0.39152 83.975 31.099 0.939702 2200 0.07028 0.09624 104.7873 0.66478 18.22981 0.18585 9.77167 0.22862 52.67915 0.57978 56.028 49.191 0.942609 2400 0.05135 0.10661 45.81398 0.52016 5.80528 0.20396 4.24976 0.13159 47.70115 0.39616 128.671 120.351 0.956595 2600 0.46605 0.07733 175.8965 0.5604 16.61293 0.14036 20.4521 0.19818 186.2008 0.83707 40.843 19.05 0.982242 3000 0.55028 0.09705 380.9238 0.97371 55.40439 0.10902 37.50402 0.15366 285.5136 0.62928 56.22 12.92 1 4000 0.98557 0.1149 356.6928 0.70616 41.48255 0.23403 25.96857 0.11506 411.1342 0.92162 78.71 21.82N10B mass= 1 J= 9.66E-03 +/- 1.92E-05 tot.gas.age= 71.889 +/- 0.233MI81 N10b C-00-18 Hbde F39 LasPowmWVol36 Err36 Vol37 Err37 Vol38 Err38 Vol39 Err39 Vol40 Err40 Age(Ma) AgeErr 0.008772 200 3.99147 0.08529 21.822 0.35591 17.27849 0.20242 92.49447 0.14586 1267.993 0.69423 16.599 4.706 0.072662 400 2.54534 0.15663 28.79739 0.3094 145.95809 0.30209 673.6959 1.41023 3345.603 1.33741 65.863 1.163 0.22649 600 0.94506 0.0677 21.43223 0.28889 363.54624 0.52419 1622.044 2.02433 7329.955 3.30148 74.197 0.228 0.466884 800 0.37214 0.08258 47.49393 0.57468 553.44896 0.85247 2534.846 2.0991 10976.1 3.51165 73.192 0.173 0.656127 1000 0.29584 0.06146 91.02968 0.65897 437.54323 0.78491 1995.476 1.93843 8604.315 3.61586 72.88 0.17 0.838172 1200 0.21197 0.10885 58.65436 0.67681 419.19111 1.0118 1919.583 1.06076 8224.499 2.63244 72.609 0.284 0.933867 1400 0.24273 0.12352 22.91445 0.44381 216.74298 0.46829 1009.059 1.28993 4330.035 1.54269 72.077 0.613 0.971565 1600 0.08796 0.13038 10.98278 0.40067 85.3174 0.24827 397.5066 0.78897 1710.673 1.84469 72.379 1.631 0.981364 1800 0.11881 0.08117 0.83319 0.17808 22.5119 0.23391 103.3208 0.46722 451.6078 0.70262 68.91 3.907 0.991127 2000 0.0823 0.07875 0.97927 0.19128 21.64005 0.18422 102.9474 0.41059 446.732 0.87551 70.119 3.801 0.99755 2200 0.13291 0.10292 2.09675 0.19787 14.72554 0.19717 67.7314 0.20113 295.1402 1.12465 64.654 7.557 0.999102 2400 0.05938 0.0997 0.98183 0.21366 3.60486 0.1386 16.36239 0.13412 71.86402 0.56667 56.937 30.41 0.99942 2600 0.01301 0.0922 1.10528 0.26744 0.83699 0.08222 3.35825 0.11185 15.11651 0.52595 57.555 136.963 0.999915 3000 0.01456 0.11007 1.25254 0.20236 1.40451 0.08775 5.21246 0.16807 23.43519 0.61451 62.85 105.046 1 4000 0.08754 0.09604 8.48065 0.21972 2.19283 0.08259 0.90012 0.11017 6.76521 0.43934 -413.847 693.486N10C mass= 1 J= 9.66E-03 +/- 1.92E-05 tot.gas.age= 82.784 +/- 0.392MI81 N10c C-00-18 Hbde F39 LasPowmWVol36 Err36 Vol37 Err37 Vol38 Err38 Vol39 Err39 Vol40 Err40 Age(Ma) AgeErr 0.016691 200 35.3254 0.14588 65.23267 0.33986 25.00254 0.16535 106.132 0.43306 10489.94 1.68211 8.401 7.05 0.029494 400 18.24345 0.11252 44.65125 0.57371 22.25461 0.19482 81.41305 0.2101 5574.858 2.13482 38.942 6.98 0.050161 600 9.23355 0.08683 57.58825 0.37121 34.58037 0.23179 131.4131 0.39853 3220.722 3.67705 64.113 3.323 0.088047 800 14.66147 0.15196 176.6037 1.33569 69.32823 0.20763 240.9074 0.61041 5478.301 2.74668 81.033 3.118 0.153395 1000 6.36158 0.10913 1123.316 2.76023 234.90144 0.35393 415.5333 0.72686 3878.44 1.72775 81.922 1.302 0.339517 1200 6.90566 0.15245 5815.442 4.92254 1131.93258 1.58352 1183.497 1.30129 7534.839 2.71812 79.133 0.642 0.584273 1400 3.71728 0.18616 8556.861 11.36835 1631.32394 1.29052 1556.337 1.45294 8410.369 3.15279 80.063 0.595 0.750247 1600 1.7359 0.12099 5247.282 4.74425 998.57031 0.87728 1055.386 0.67322 5968.619 3.1687 87.9 0.567 0.810538 1800 0.8109 0.09419 1890.234 2.66387 356.71167 0.6393 383.3742 0.50905 2540.027 2.17812 101.641 1.207 0.83811 2000 0.33118 0.09363 694.3587 1.41299 142.74737 0.50473 175.3198 0.55677 1196.165 1.18987 105.986 2.616 0.86243 2200 0.25511 0.10308 519.5001 1.56553 114.64822 0.22582 154.6428 0.53307 940.1435 1.37743 94.901 3.276 0.899848 2400 0.47028 0.07311 785.2444 1.55655 177.13364 0.63608 237.9317 0.36565 1321.432 1.44917 84.585 1.519 0.942065 2600 0.38608 0.09717 980.0247 0.83029 211.00083 0.67997 268.4469 0.24448 1564.258 2.10527 91.759 1.778
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0.986889 3000 1.01504 0.09341 1502.268 1.61272 274.7617 0.52218 285.0217 0.81652 1693.049 1.25181 83.22 1.63 1 4000 0.10422 0.10067 692.4983 2.13406 130.87021 0.46058 83.37195 0.37504 521.1157 0.81486 99.674 5.902N10D mass= 1 J= 9.66E-03 +/- 1.92E-05 tot.gas.age= 72.223 +/- 0.206MI81 N10d C-00-18 Hbde F39 LasPowmWVol36 Err36 Vol37 Err37 Vol38 Err38 Vol39 Err39 Vol40 Err40 Age(Ma) AgeErr 0.008324 200 4.32205 0.09896 43.11539 0.35562 19.58814 0.19766 98.01578 0.20937 1479.846 2.17444 35.677 5.111 0.086875 400 1.81737 0.14155 67.79576 0.27236 211.91183 0.47825 924.9726 1.13849 4218.819 2.14816 68.06 0.764 0.249998 600 1.03508 0.07312 207.4703 0.85359 460.49226 0.58967 1920.836 1.99445 8569.037 3.4028 73.445 0.205 0.423066 800 0.57767 0.10594 291.6341 0.9083 476.91614 1.10032 2037.945 1.66273 8946.854 4.6669 73.521 0.267 0.579209 1000 0.5588 0.09785 193.8026 0.90575 429.09797 0.76013 1838.642 1.23239 7978.388 3.07877 72.569 0.269 0.73383 1200 0.33962 0.05644 184.2683 0.93844 423.72714 0.65743 1820.724 1.0291 7880.118 3.95112 72.961 0.163 0.845273 1400 0.13482 0.06654 184.3629 0.95561 335.34216 0.52943 1312.286 1.1764 5652.907 3.86614 73.035 0.264 0.913871 1600 0.13807 0.05687 389.0886 1.33479 308.74686 0.54308 807.7596 0.85696 3486.793 1.18363 72.847 0.357 0.943069 1800 0.02078 0.07371 55.13168 0.42475 88.17313 0.36427 343.8227 0.58167 1480.953 1.45267 73.238 1.069 0.988034 2000 0.0316 0.05691 11.5522 0.41653 116.4866 0.3652 529.4806 0.94082 2260.515 1.18027 72.605 0.548 0.997167 2200 0.14188 0.09669 14.03977 0.40481 24.0578 0.22871 107.5456 0.38487 476.8567 0.70686 69.128 4.463 0.998058 2400 0.11034 0.10015 11.32398 0.42033 1.75277 0.07577 10.4865 0.21615 59.10342 0.6335 43.504 48.024 0.999074 2600 0.04681 0.09889 30.72528 0.27803 8.41707 0.10199 11.96998 0.16289 55.58733 0.56709 59.784 41.17 0.999676 3000 0.1465 0.09392 22.30088 0.40537 6.8875 0.09001 7.08372 0.18164 39.70209 0.56825 -8.847 68.622 1 4000 0.129 0.10946 18.02702 0.38507 3.93332 0.10862 3.81747 0.14366 32.96148 0.50637 -23.699 149.62O38A mass= 1 J= 9.09E-03 +/- 1.88E-05 tot.gas.age= 71.728 +/- 0.497MI82 O38a C-00-5B-CG Hbde F39 LasPowmWVol36 Err36 Vol37 Err37 Vol38 Err38 Vol39 Err39 Vol40 Err40 Age(Ma) AgeErr 0.01608 200 20.66565 0.12384 105.9161 1.1129 23.43154 0.16216 63.47755 0.29396 6256.661 3.70848 38.317 9.301 0.043495 400 3.51003 0.08983 63.95107 0.36 6.41505 0.13765 108.2212 0.39627 1415.512 1.45321 56.411 3.908 0.066707 500 1.70569 0.13575 63.46714 0.73809 4.45837 0.14858 91.62828 0.44394 854.7267 1.59968 61.675 6.947 0.091078 600 1.03074 0.09703 148.2611 1.34861 8.23172 0.14215 96.20641 0.35876 698.0913 1.19183 65.835 4.721 0.126492 700 1.00868 0.06741 730.993 2.40029 39.487 0.20481 139.7957 0.40928 923.1172 0.78539 71.845 2.256 0.198205 800 0.93824 0.09583 2150.531 2.41577 183.43383 0.4478 283.0916 0.72658 1543.065 1.00827 71.849 1.587 0.330181 900 0.54791 0.08666 4050.605 6.53847 419.82176 0.91973 520.9798 0.98201 2530.135 1.84333 73.019 0.788 0.58101 1000 0.50778 0.12246 7487.063 5.86712 860.33924 0.70591 990.151 0.66645 4663.972 2.10506 73.225 0.578 0.795095 1200 0.3244 0.13162 6410.142 4.37869 740.17367 1.32154 845.1071 1.02149 3993.397 2.8917 74.06 0.731 0.836526 1400 0.40819 0.07077 2008.651 4.01706 182.8908 0.62188 163.5498 0.57485 845.1789 1.38672 71.2 2.035 0.870092 1600 0.31688 0.07229 1630.838 3.30855 156.01161 0.54912 132.5028 0.46894 702.9597 1.51807 73.851 2.557 0.902114 1800 0.28131 0.05376 1144.422 2.37593 115.7823 0.46039 126.4085 0.21821 661.5658 1.29833 73.495 1.989 0.94439 2000 0.50927 0.08918 1531.233 4.71824 123.99838 0.37655 166.8876 0.64665 930.4578 1.75903 75.031 2.505 0.970294 2200 1.31246 0.07739 1136.821 2.70722 91.13664 0.32185 102.2539 0.38706 870.8961 0.63259 75.826 3.528 0.998888 2400 4.52372 0.09165 485.7649 1.90692 36.97866 0.27276 112.8752 0.33165 1830.025 1.82274 70.251 3.797 0.999397 2600 0.09424 0.07974 22.48642 0.43215 2.65906 0.15724 2.01159 0.11634 16.5709 0.60956 -94.33 202.474 0.999987 3000 0.09271 0.08564 31.0994 0.53129 3.61024 0.11208 2.32727 0.09949 16.57438 0.6441 -77.88 186.213 1 4000 -0.07015 0.08185 1.6441 0.296 0.15409 0.07903 0.05293 0.09254 10.46944 0.45348 3336.548 2907.903O38B mass= 1 J= 9.09E-03 +/- 1.88E-05 tot.gas.age= 63.174 +/- 2.5MI82 O38b C-00-5B-CG Hbde F39 LasPowmWVol36 Err36 Vol37 Err37 Vol38 Err38 Vol39 Err39 Vol40 Err40 Age(Ma) AgeErr 0.064255 200 5.20119 0.08996 74.87937 0.6364 14.09383 0.09741 43.56311 0.33534 1557.529 1.64406 7.727 9.98 0.129241 400 0.9135 0.076 59.67098 0.76153 7.05154 0.13097 44.05815 0.37826 430.5078 0.68679 58.775 8.107 0.171474 500 0.36915 0.07747 46.06204 0.64236 4.50811 0.14058 28.63258 0.25544 218.3948 0.81434 61.522 12.686 0.212664 600 0.14087 0.09373 76.94802 0.8458 6.01137 0.08662 27.92587 0.21794 181.2817 0.79294 80.171 15.571 0.266419 700 0.23655 0.08014 214.3667 1.43794 14.33359 0.18675 36.44422 0.29399 248.7439 1.0636 78.702 10.226 0.355394 800 0.31184 0.0767 401.6892 2.31437 37.32541 0.19235 60.32179 0.3285 355.0613 0.93421 70.069 5.942 0.504104 900 0.06549 0.09725 750.9807 2.13775 83.28945 0.3725 100.8208 0.3909 535.3167 1.15575 82 4.479 0.640252 1000 0.22458 0.07428 704.4033 1.64479 72.05022 0.35686 92.30372 0.36147 489.9035 1.02289 73.693 3.757 0.752324 1200 0.04642 0.07764 759.5577 1.57396 36.59977 0.31881 75.98175 0.33469 422.6887 1.15745 86.144 4.74 0.88214 1400 0.35126 0.10024 1448.629 3.3645 94.73935 0.1991 88.01106 0.52092 502.6311 1.29645 72.797 5.321 0.972369 1600 0.42638 0.0814 1939.659 4.24094 168.98713 0.45908 61.17246 0.55201 413.2932 1.04832 75.392 6.225 0.984484 1800 0.56484 0.07584 1947.109 3.5904 188.6229 0.57923 8.21333 0.16358 161.4307 0.87286 -10.971 45.04 0.989711 2000 0.21932 0.08766 1305.169 2.48293 149.01406 0.40924 3.54392 0.17888 72.00968 0.80031 33.003 117.726 0.991683 2200 0.42773 0.08332 76.53728 0.63045 6.28306 0.13641 1.3365 0.10978 67.618 0.67673 -919.741 512.746 0.992476 2400 0.33466 0.07308 23.81174 0.38252 1.26383 0.09967 0.53772 0.10697 38.02409 0.74336 -4740.39 26442.45 0.992758 2600 0.25559 0.08357 4.8235 0.40462 0.42108 0.1207 0.19134 0.08892 26.94482 0.52782 -98052.4 2193.32 0.993504 3000 0.52023 0.09039 11.46348 0.48318 1.10041 0.08578 0.50611 0.08975 122.3852 0.84535 -1483.08 2021.855 1 4000 0.69276 0.10486 159.2429 0.95652 11.31549 0.17853 4.40385 0.09514 155.0921 0.99174 -194.853 128.644O38C mass= 1 J= 9.09E-03 +/- 1.88E-05 tot.gas.age= 72.98 +/- 0.241MI82 O38c C-00-5B-CG Hbde F39 LasPowmWVol36 Err36 Vol37 Err37 Vol38 Err38 Vol39 Err39 Vol40 Err40 Age(Ma) AgeErr 0.01357 200 10.16094 0.13787 292.289 1.51019 16.40888 0.26924 126.3067 0.47245 3253.145 1.6278 32.233 5.199 0.029494 400 1.4292 0.07841 73.69683 0.71883 7.67199 0.14969 148.2183 0.92421 1061.071 1.57606 69.296 2.508 0.041111 500 0.5073 0.08401 64.21256 0.43035 5.98427 0.11445 108.1281 0.55125 652.7654 1.22918 74.669 3.635 0.053293 600 0.58184 0.05757 96.74955 0.41857 10.37835 0.2197 113.3895 0.41757 656.8692 0.75251 68.779 2.383 0.066534 700 0.36156 0.07411 218.1283 1.04675 22.31806 0.24592 123.2399 0.65112 666.9854 0.75642 73.01 2.825 0.085175 800 1.87035 0.09321 629.9987 1.52337 68.37892 0.36522 173.5053 0.68469 1366.602 2.47089 75.305 2.523 0.154502 900 1.69692 0.10628 4257.908 5.95795 477.23311 0.2589 645.2848 1.0905 3472.853 1.66403 73.949 0.777 0.312419 1000 0.54365 0.10267 10436.14 7.20754 1126.80774 0.78475 1469.864 1.68742 6904.224 4.49219 73.683 0.339 0.626136 1200 0.19481 0.15888 21315.77 13.73093 2290.65944 1.73704 2920.016 2.74246 13430.42 6.27021 73.554 0.264 0.815377 1400 -0.0719 0.0814 12700.18 7.14118 1316.45434 1.90309 1761.42 1.26426 8074.699 3.82013 73.814 0.224 0.881962 1600 0.55701 0.05948 5184.524 6.08195 604.04139 0.47652 619.7619 1.49731 2979.671 3.58179 72.963 0.488 0.94872 1800 0.57629 0.08083 4338.068 4.41338 527.48487 1.02438 621.3707 0.97518 3026.593 2.48673 73.823 0.619 0.990268 2000 0.34536 0.10616 3967.273 6.05606 503.43876 0.78406 386.7193 0.26957 1864.979 2.64625 73.223 1.283 0.997846 2200 0.08488 0.08865 315.8215 2.08786 39.66698 0.22374 70.53865 0.28344 335.2044 0.67754 70.668 5.863 0.998223 2400 -0.05468 0.06722 59.11522 0.49348 6.94607 0.18921 3.50348 0.14984 14.05756 0.56941 136.118 86.403 1 4000 0.00052 0.04756 270.2246 1.29737 36.58941 0.26507 16.54171 0.16664 77.95738 0.54396 75.502 13.387O37A mass= 1 J= 9.09E-03 +/- 1.87E-05 tot.gas.age= 72.271 +/- 0.162MI82 O37a C-00-5B-CG Biotite F39 LasPowmWVol36 Err36 Vol37 Err37 Vol38 Err38 Vol39 Err39 Vol40 Err40 Age(Ma) AgeErr 0.003309 100 7.07958 0.16225 49.60157 0.56076 25.73001 0.22643 121.0408 0.41254 2170.713 1.92069 10.629 6.462 0.011941 200 4.74837 0.14719 41.55656 0.66441 41.30759 0.22123 315.7225 0.73947 1752.979 2.33407 18.078 2.24 0.029263 300 3.5678 0.13809 23.85617 0.65594 78.85172 0.30038 633.5562 1.39125 3280.223 2.32557 56.708 1.032 0.092541 600 2.71109 0.11188 45.97516 0.72046 301.39598 0.7599 2314.461 1.85791 11180.86 5.46348 72.076 0.235 0.168751 700 2.02285 0.12999 60.46555 0.74539 366.71872 0.77254 2787.495 2.20312 13293.72 37.29192 73.177 0.308 0.254889 800 2.08387 0.15322 87.29186 1.48297 418.19438 0.80473 3150.605 2.46026 15044.4 37.13345 73.571 0.298 0.349104 900 2.34229 0.13638 119.8278 0.69104 460.06281 0.76472 3446.006 3.19801 16446.87 37.20253 73.449 0.259 0.440255 1000 2.06321 0.12775 156.622 0.89333 447.50571 0.80278 3333.972 1.99609 15911.14 36.84698 73.727 0.253 0.613558 1200 2.72744 0.11435 429.7582 1.59579 847.70223 0.65805 6338.747 3.6183 29864.87 37.35719 73.645 0.132 0.805237 1400 1.08138 0.13101 583.4444 1.60582 958.70217 1.17406 7010.894 4.01163 32256.04 9.92027 73.187 0.099 0.922995 1600 0.66993 0.0732 367.7207 1.50588 592.80617 1.07534 4307.147 1.06146 19756.47 5.45843 72.962 0.083 0.993231 2000 0.68658 0.0845 198.5112 0.6025 354.45873 0.58351 2568.967 2.07717 11807.82 6.79564 72.59 0.169 0.999341 2800 0.42225 0.07291 66.96991 0.57024 30.67091 0.28536 223.4775 0.63626 1109.412 1.34856 70.835 1.536 1 4000 0.18447 0.12739 51.25797 0.66329 3.14157 0.13312 24.11533 0.28315 181.7615 0.99828 84.511 24.452O37B mass= 1 J= 9.09E-03 +/- 1.87E-05 tot.gas.age= 71.685 +/- 0.155MI82 O37b C-00-5B-CG Biotite F39 LasPowmWVol36 Err36 Vol37 Err37 Vol38 Err38 Vol39 Err39 Vol40 Err40 Age(Ma) AgeErr 0.002291 100 7.42906 0.08936 45.07772 0.95525 21.72843 0.19369 102.519 0.29539 2257.24 0.82579 9.882 4.203 0.010258 200 5.55623 0.1636 54.95389 0.76025 45.20092 0.2219 356.5167 0.35208 1946.024 1.72779 13.935 2.208 0.01916 300 3.79154 0.07156 26.86174 0.72959 44.17704 0.41967 398.3473 0.42378 2196.487 1.95124 43.759 0.854
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0.03955 400 4.49724 0.10777 27.92339 0.4584 108.94357 0.51761 912.4531 1.27171 4742.299 2.33149 60.319 0.561 0.072351 500 4.60574 0.08184 32.09644 0.66952 187.97681 0.48019 1467.842 0.79069 7565.088 2.80985 68.006 0.264 0.120308 600 4.02465 0.16034 41.48896 0.71953 284.40469 0.70135 2146.058 0.7105 10683.53 3.46888 71.12 0.35 0.184421 700 3.58449 0.1881 55.86395 0.85658 388.26018 0.87082 2869.027 1.3212 13980.85 5.39087 72.377 0.308 0.261622 800 3.18503 0.19073 77.49958 0.95005 469.40106 0.85039 3454.724 1.71875 16652.13 5.60064 73.068 0.261 0.388503 1000 4.61797 0.1775 262.1645 1.44187 777.62988 0.70706 5677.911 1.7844 27175.71 8.85381 73.039 0.149 0.519888 1200 3.66429 0.19556 350.6364 1.3444 805.25907 0.99147 5879.445 3.45303 27877.87 7.56283 73.221 0.162 0.693805 1400 4.14115 0.1675 612.5196 1.33186 1036.33118 0.94103 7782.74 3.61277 36700.57 7.0236 73.237 0.107 0.919359 1800 3.77041 0.08276 607.1508 1.56384 1273.77024 1.24912 10093.48 2.72652 46979.93 10.30293 73.011 0.046 0.981463 2200 0.98903 0.07708 92.82154 0.63056 317.50055 0.48178 2779.111 1.69859 12927.33 4.12706 73.048 0.138 0.994645 2800 0.46284 0.10389 9.81073 0.54098 40.55559 0.31885 589.894 0.5073 2841.502 1.8849 73.657 0.823 0.999214 3400 0.43894 0.05785 0.92005 0.40337 11.49001 0.1819 204.4479 0.69392 1048.113 1.18017 72.193 1.342 1 4000 0.27706 0.07304 -0.55668 0.35834 2.39672 0.14457 35.19308 0.30214 267.3003 1.20114 84.388 9.638O30A mass= 1 J= 9.10E-03 +/- 1.51E-05 tot.gas.age= 73.24 +/- 0.525MI82 O30a C-00-11 Whole Rock F39 LasPowmWVol36 Err36 Vol37 Err37 Vol38 Err38 Vol39 Err39 Vol40 Err40 Age(Ma) AgeErr 0.008523 100 5.28711 0.10806 341.7228 1.96827 8.08865 0.1182 36.20763 0.2293 1661.511 2.01018 44.397 14.151 0.02636 200 9.24707 0.15807 643.2583 2.65337 11.73411 0.23538 75.76871 0.258 3015.629 1.31919 60.303 9.791 0.052326 300 3.20187 0.13355 1213.919 2.90581 6.34648 0.12415 110.3071 0.49939 1518.071 2.11551 83.142 5.627 0.089838 400 4.34896 0.13538 2197.075 2.18481 6.33108 0.09799 159.3501 0.56581 2078.321 1.04347 79.894 3.953 0.14487 500 3.65307 0.09166 2681.246 3.01099 6.99556 0.20077 233.7778 0.60378 2242.689 2.38446 79.862 1.837 0.211769 600 1.58203 0.08848 1573.714 2.43287 25.34292 0.1406 284.1895 0.43061 1808.818 1.16278 75.841 1.454 0.281922 700 1.56978 0.07771 1837.458 3.98101 123.11379 0.32509 298.0124 0.75602 1855.865 1.50249 75.071 1.23 0.374468 800 2.5585 0.12855 4070.461 4.55 317.95779 0.38192 393.1392 0.78916 2616.377 2.46618 76.032 1.531 0.453126 900 1.50925 0.11615 3246.072 6.99056 250.3816 0.60963 334.141 0.87973 1964.735 2.03819 73.091 1.633 0.51394 1000 1.10382 0.13255 1783.333 4.56771 126.69528 0.3299 258.3382 0.6701 1468.553 1.67345 71.148 2.401 0.592059 1200 1.76004 0.09107 2039.326 3.09678 128.6509 0.62496 331.8507 0.68884 1932.106 1.5185 68.511 1.291 0.637155 1400 1.39511 0.09736 2043.812 1.71754 139.35273 0.46137 191.5706 0.41366 1232.077 1.94994 68.898 2.382 0.660831 1600 1.11112 0.09184 1307.396 3.3405 95.78792 0.34913 100.5763 0.32721 734.3499 0.66992 65.062 4.278 0.771951 2000 6.40631 0.11006 6071.657 5.37022 384.41792 0.45993 472.0424 0.58887 4078.018 1.6352 74.406 1.09 0.965871 2400 11.26707 0.14158 6967.339 5.81396 307.51134 0.48074 823.774 1.31392 7126.143 2.41974 74.095 0.81 0.985193 3000 1.11117 0.09326 603.7154 1.75257 17.48512 0.18135 82.08289 0.27323 655.2114 0.93469 64.194 5.325 1 4000 0.86031 0.07153 379.6156 0.86977 7.17769 0.07507 62.90021 0.4864 490.7749 1.44545 60.686 5.365O30B mass= 1 J= 9.10E-03 +/- 1.51E-05 tot.gas.age= 74.975 +/- 0.912MI82 O30b C-00-11 Whole Rock F39 LasPowmWVol36 Err36 Vol37 Err37 Vol38 Err38 Vol39 Err39 Vol40 Err40 Age(Ma) AgeErr 0.020235 100 2.42118 0.08801 368.8904 0.94024 6.85781 0.11115 33.8632 0.2281 819.8164 1.34704 49.879 12.281 0.056973 200 1.38086 0.06152 528.4575 2.69517 6.82635 0.12977 61.47919 0.23711 674.838 0.86324 69.847 4.682 0.106282 300 0.47163 0.07186 491.4855 1.31614 3.98804 0.10395 82.51604 0.32209 570.3226 1.20696 83.736 4.051 0.1718 400 0.75807 0.10159 542.5757 2.21399 4.70788 0.08984 109.6418 0.39961 736.7547 1.01868 75.159 4.321 0.254721 500 0.47546 0.08893 558.3018 1.88324 11.75711 0.10804 138.7657 0.40567 782.982 1.37938 74.426 2.994 0.3345 600 0.2951 0.07233 875.2088 2.96594 55.08595 0.30136 133.5068 0.44478 726.8585 1.46043 76.963 2.536 0.424473 700 0.51554 0.08354 2536.464 4.83696 179.23467 0.6911 150.5658 0.26184 835.7201 1.16935 72.989 2.59 0.492815 800 0.30708 0.10656 1722.975 6.29212 139.96178 0.54325 114.3675 0.51851 592.9496 1.09978 70.661 4.36 0.538017 900 0.1948 0.07791 859.1153 1.12682 61.39649 0.24002 75.64364 0.36583 387.8271 1.16705 70.265 4.822 0.576173 1000 0.21518 0.07047 706.2331 2.73057 45.74645 0.35944 63.85259 0.30165 328.0297 0.66766 66.717 5.17 0.629103 1200 0.06946 0.07669 1450.675 4.12122 87.1354 0.37192 88.57663 0.59148 471.5498 1.27182 81.686 4.055 0.707959 1400 0.47052 0.07317 2663.316 4.17001 184.04904 0.55343 131.9617 0.43256 715.0772 0.54607 70.252 2.598 0.814293 1600 0.67901 0.10084 3115.12 6.02611 170.30425 0.45098 177.9465 0.36497 1074.439 1.55395 78.837 2.639 0.880775 2000 0.56325 0.05592 1745.436 3.93496 85.08962 0.43828 111.2557 0.27413 715.4908 1.11906 79.224 2.346 0.935297 2400 0.82236 0.07447 1323.556 4.16884 49.8404 0.3793 91.24035 0.43706 667.9613 0.56149 74.86 3.815 0.998558 3000 0.80483 0.06186 1124.365 2.97142 37.62235 0.31886 105.8639 0.39112 757.6965 1.24983 78.842 2.734 1 4000 -0.05172 0.03852 24.91752 0.51014 0.88763 0.1035 2.41346 0.17293 19.09069 0.32586 219.789 70.136O31A mass= 1 J= 9.10E-03 +/- 1.54E-05 tot.gas.age= 67.659 +/- 0.155MI82 O31a C-00-22 Whole Rock F39 LasPowmWVol36 Err36 Vol37 Err37 Vol38 Err38 Vol39 Err39 Vol40 Err40 Age(Ma) AgeErr 0.023872 100 13.5841 0.17252 246.0957 1.64017 15.56673 0.18923 698.2007 1.1154 5824.397 3.87204 42.07 1.176 0.116486 200 12.7863 0.23394 1068.514 2.19908 10.89325 0.23139 2708.812 1.73366 8628.617 0.91543 29.158 0.413 0.202599 300 8.3352 0.09884 926.7719 3.22939 5.09715 0.33629 2518.656 1.3673 13372.63 3.61542 69.743 0.188 0.29086 400 6.52769 0.11427 675.8603 3.02006 2.66185 0.24154 2581.464 2.36753 14761.19 3.03611 79.813 0.218 0.381585 500 4.48979 0.1097 574.223 2.38837 1.09398 0.24798 2653.554 0.67466 14941.28 6.93833 82.321 0.197 0.443209 600 5.12876 0.15918 869.27 2.26348 2.26734 0.12755 1802.398 2.21568 10696.65 4.40416 81.743 0.423 0.507359 700 4.42276 0.13121 1421.128 1.7489 2.47404 0.21316 1876.274 1.83065 10663.46 4.24117 80.062 0.335 0.564258 800 2.40048 0.16963 1133.677 2.46968 2.71534 0.16028 1664.184 1.27122 8800.416 6.10471 78.1 0.481 0.618218 900 2.63033 0.12278 1023.292 2.74621 3.54789 0.23937 1578.24 1.36877 8092.19 5.67321 74.527 0.372 0.658882 1000 3.12713 0.1406 1051.5 2.01093 4.18594 0.19826 1189.355 0.60924 6015.168 3.52172 68.938 0.555 0.709857 1200 7.03611 0.10929 2676.844 4.3352 9.72531 0.20649 1490.922 1.36705 7847.381 3.81324 62.421 0.351 0.761706 1400 8.10514 0.17565 4014.073 3.34063 17.41055 0.15747 1516.49 1.52716 8343.694 2.8611 63.273 0.547 0.856955 1600 13.14909 0.2471 11427.58 7.25849 47.38707 0.28813 2785.854 2.23546 15082.96 4.94751 64.806 0.419 0.906687 2000 10.58786 0.17734 4641.753 5.4645 26.87398 0.27123 1454.573 1.52787 9028.018 3.20802 65.381 0.575 0.948951 2400 8.52605 0.1306 1851.948 2.06736 18.02505 0.2006 1236.173 0.71411 7366.314 1.39597 63.245 0.496 0.982577 3000 14.37617 0.16892 2089.031 3.63301 25.95701 0.18696 983.4805 0.85827 8350.984 3.75256 67.217 0.807 1 4000 15.72056 0.15147 4768.863 4.11496 24.3311 0.21447 509.6004 1.33506 6663.92 3.49132 63.88 1.406O31B mass= 1 J= 9.10E-03 +/- 1.54E-05 tot.gas.age= 67.749 +/- 0.133MI82 O31b C-00-22 Whole Rock F39 LasPowmWVol36 Err36 Vol37 Err37 Vol38 Err38 Vol39 Err39 Vol40 Err40 Age(Ma) AgeErr 0.026927 100 11.53603 0.10511 275.4662 1.87987 12.58212 0.14155 852.3586 1.2672 5504.414 2.1278 39.915 0.589 0.130122 200 8.83878 0.15052 1261.076 1.38284 9.90785 0.22323 3266.515 2.80261 8597.669 4.04085 29.835 0.222 0.229332 300 4.64531 0.13232 979.3359 3.22407 3.74369 0.18263 3140.389 2.96364 15414.42 7.72172 71.95 0.211 0.320747 400 3.87802 0.1338 671.0408 1.31759 1.47564 0.25887 2893.645 2.29483 15814.08 1.99162 81.354 0.224 0.402399 500 3.25825 0.12688 640.3723 2.12684 0.9606 0.17499 2584.593 2.53619 14502.09 3.09198 84.01 0.242 0.467834 600 2.8709 0.10515 945.8932 2.20907 1.41962 0.16324 2071.258 2.42128 11578.94 4.86619 83.105 0.256 0.536778 700 2.86183 0.06814 1245.937 2.72535 2.50002 0.25399 2182.355 1.29415 11833.21 4.4027 80.815 0.156 0.599909 800 1.8278 0.12292 1330.148 2.76151 3.69434 0.28646 1998.346 1.95611 10073.19 3.44585 76.662 0.297 0.652362 900 1.96502 0.03946 1309.082 3.27633 5.13863 0.1581 1660.359 0.80274 7887.012 3.64512 70.831 0.121 0.697173 1000 2.1984 0.11181 1316.919 2.43086 6.52927 0.17023 1418.426 1.89208 6473.458 2.72421 66.175 0.38 0.755395 1200 3.5034 0.09288 2962.374 4.45259 15.14995 0.27026 1842.96 1.31585 8267.258 3.17546 63.297 0.242 0.803662 1400 3.23632 0.09401 5545.692 7.26309 24.43878 0.22908 1527.837 1.43863 7036.167 4.37776 64.172 0.298 0.84947 1600 3.55133 0.09235 3712.529 4.75228 17.12437 0.10704 1449.989 0.99047 6860.875 4.44282 64.625 0.305 0.915085 2000 5.53546 0.12307 4557.16 6.73791 36.704 0.38269 2076.984 2.69888 10020.47 2.93393 65.085 0.29 0.961341 2400 5.59878 0.1258 4952.025 5.8747 25.11718 0.28237 1464.171 1.37661 7535.929 3.99125 64.767 0.409 0.978081 3000 2.08879 0.09321 5983.764 5.58395 19.14888 0.22235 529.8933 1.11119 2798.832 1.707 66.352 0.836 1 4000 3.58736 0.12947 8345.465 8.00402 34.9543 0.30738 693.829 1.47475 3892.314 2.9857 65.798 0.886O32A mass= 1 J= 9.10E-03 +/- 1.59E-05 tot.gas.age= 75.575 +/- 0.171MI82 O32a C-00-40 Whole Rock F39 LasPowmWVol36 Err36 Vol37 Err37 Vol38 Err38 Vol39 Err39 Vol40 Err40 Age(Ma) AgeErr 0.009735 100 5.42261 0.13923 131.962 0.88035 19.13461 0.17802 196.4515 0.5497 2399.779 1.97229 65.449 3.325 0.046819 200 10.25427 0.12046 616.2196 1.67621 24.5091 0.2686 748.3615 0.78624 7117.224 3.52229 87.521 0.753 0.122008 300 8.61644 0.14838 1377.361 3.42078 14.87421 0.30309 1517.309 1.76377 10840.83 4.85631 87.604 0.466 0.193999 400 2.49581 0.10452 1391.602 4.16339 7.09132 0.19116 1452.774 1.86699 8104.331 2.45843 81.402 0.35 0.258474 500 1.51739 0.10724 1241.907 1.93066 6.01297 0.18481 1301.11 1.23333 6594.633 3.15342 75.947 0.392 0.317773 600 1.03219 0.09483 1143.764 3.41129 8.17902 0.15323 1196.657 1.25263 5815.328 2.0726 74.071 0.378 0.369238 700 1.05249 0.09487 1187.841 2.98616 22.09292 0.34096 1038.579 0.91823 4981.141 3.78695 72.366 0.434
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0.416506 800 0.98851 0.10817 1338.973 3.52086 41.55646 0.37775 953.866 0.92615 4607.504 3.14022 72.8 0.536 0.463015 900 1.08286 0.09823 1146.866 3.47697 37.95816 0.35851 938.5539 1.22192 4544.711 3.26423 72.44 0.5 0.512718 1000 1.28366 0.12797 911.3032 2.12433 28.009 0.23995 1003.004 1.28617 4891.045 3.09872 72.391 0.604 0.599798 1200 2.93134 0.09104 1452.13 2.39095 44.77611 0.22573 1757.281 1.36346 8771.459 3.06317 72.397 0.249 0.676603 1400 3.546 0.08574 1601.65 3.09223 43.14459 0.32977 1549.914 2.62831 8011.606 3.4532 72.309 0.287 0.719106 1600 2.41766 0.09003 1346.453 3.58351 30.2973 0.23676 857.7179 1.17538 4582.399 2.48065 72.571 0.501 0.760279 2000 2.14771 0.11381 1739.302 2.66922 40.40134 0.34458 830.8812 1.2787 4446.384 2.62463 73.8 0.65 0.853608 2400 6.71125 0.11995 3073.529 4.56969 71.10869 0.70025 1883.384 1.36104 10591.69 1.96333 73.535 0.302 0.911994 3000 5.65614 0.17249 3506.588 5.80102 44.75577 0.28346 1178.226 1.46131 7215.786 1.82472 75.661 0.688 1 4000 9.29757 0.12073 4953.669 5.16535 67.27656 0.40718 1775.961 1.5751 10972.21 6.68212 74.487 0.329O32B mass= 1 J= 9.10E-03 +/- 1.59E-05 tot.gas.age= 72.839 +/- 0.157MI82 O32b C-00-40 Whole Rock F39 LasPowmWVol36 Err36 Vol37 Err37 Vol38 Err38 Vol39 Err39 Vol40 Err40 Age(Ma) AgeErr 0.001924 100 1.25153 0.1196 32.43245 0.92229 4.011 0.08675 49.41371 0.26927 425.1601 0.63512 18.295 11.628 0.006495 200 5.12583 0.13994 79.9257 1.06887 10.83888 0.18618 117.3724 0.26293 1936.309 1.23188 58.042 5.606 0.016915 300 5.79898 0.12109 154.9085 1.14331 11.09621 0.21233 267.5591 1.0422 3004.345 2.66211 77.525 2.13 0.043533 400 5.12162 0.14862 384.9034 1.34953 9.86642 0.20737 683.5298 0.94924 4601.401 2.87319 72.698 1.02 0.091974 500 4.99025 0.13731 575.8174 1.54546 9.82314 0.16817 1243.903 1.4349 7249.626 4.97309 74.668 0.525 0.155062 600 4.00457 0.15447 591.8754 1.32208 7.2649 0.2604 1620.032 1.38199 8899.162 3.29313 76.559 0.449 0.22159 700 2.89692 0.12536 570.2948 2.10084 5.13286 0.15044 1708.359 1.39303 8788.052 3.4887 74.674 0.348 0.281959 800 1.57339 0.10433 531.5854 2.18774 4.67936 0.12198 1550.197 1.62686 7611.134 4.50798 74.151 0.326 0.334728 900 1.18193 0.13401 552.7271 2.17191 5.58656 0.17736 1355.046 1.49302 6566.356 2.93547 73.809 0.469 0.379397 1000 1.0199 0.11165 592.5354 2.75572 8.06482 0.19813 1147.039 0.60717 5467.484 1.84971 72.48 0.456 0.436448 1200 1.29858 0.10284 1422.989 4.07891 50.13471 0.51414 1465.019 2.05452 6916.979 3.69075 71.78 0.344 0.499757 1400 1.74528 0.10305 2547.199 3.87433 141.39647 0.61871 1625.698 1.53319 7714.177 4.09694 71.282 0.306 0.603881 1600 3.26637 0.13874 3336.977 4.21049 215.9036 0.92217 2673.767 2.01993 12858.45 5.38444 71.601 0.25 0.746878 2000 4.92373 0.1626 5160.497 6.28364 195.18766 0.67751 3672.002 1.90586 17886.56 6.82536 72.022 0.212 0.869775 2400 4.19751 0.11123 6136.523 5.14828 181.94717 0.41654 3155.856 2.38475 15438.98 3.77431 72.406 0.174 0.93651 3000 2.86593 0.09908 3880.786 7.26093 92.13444 0.39767 1713.682 2.04904 8598.004 3.37175 72.783 0.284 1 4000 2.8866 0.11089 2478.704 6.78502 62.43874 0.32386 1630.337 1.23526 8276.576 3.03011 73.261 0.323O33A mass= 1 J= 9.10E-03 +/- 1.62E-05 tot.gas.age= 64.318 +/- 0.16MI82 O33a C-00-41 WR Volcanic F39 LasPowmWVol36 Err36 Vol37 Err37 Vol38 Err38 Vol39 Err39 Vol40 Err40 Age(Ma) AgeErr 0.052306 100 7.57244 0.1176 247.9202 0.92332 13.08315 0.26843 905.6913 0.72644 2342.142 2.84588 1.894 0.632 0.107022 200 10.75662 0.1197 354.903 2.36046 18.0631 0.27132 947.4383 1.15679 4487.899 3.28226 22.552 0.609 0.193071 300 2.73641 0.13898 728.4351 1.72753 4.49096 0.18713 1489.97 1.60186 6593.441 4.59436 62.657 0.445 0.311461 400 1.07945 0.07771 896.2353 2.22042 0.68353 0.22284 2049.952 1.40678 9720.394 4.64969 73.783 0.187 0.359558 500 0.45687 0.1993 418.2887 1.42343 0.52358 0.18316 832.8307 1.29713 3960.189 3.47655 73.891 1.122 0.411876 600 0.63441 0.05637 368.3268 1.83742 0.72034 0.1603 905.904 1.35936 4337.409 2.39613 73.701 0.312 0.47061 700 0.19397 0.05669 297.7072 1.51898 0.86274 0.19665 1016.988 0.95374 4628.292 1.41671 72.339 0.269 0.546736 800 0.1498 0.10162 426.8194 1.554 1.17214 0.11254 1318.148 1.26896 5963.401 2.77441 72.274 0.367 0.621962 900 0.37991 0.07172 399.0486 1.45388 1.59465 0.19696 1302.568 0.95423 5930.28 3.33831 71.897 0.265 0.703756 1000 0.73614 0.08318 486.5454 1.65104 2.4844 0.22841 1416.296 1.42587 6451.296 1.62661 70.869 0.283 0.789331 1200 1.2445 0.12477 640.1663 2.49344 4.56681 0.15871 1481.758 1.7336 6812.609 4.87264 70.048 0.405 0.832659 1400 0.9074 0.08015 420.4352 2.09404 8.69563 0.17006 750.2434 1.41132 3514.045 2.801 69.685 0.519 0.876869 1600 1.96003 0.07524 510.6491 1.33149 24.23694 0.27982 765.5212 0.52134 3798.674 3.13917 67.774 0.466 0.920202 2000 2.18594 0.0731 469.2729 0.55206 23.72161 0.2969 750.3095 1.07195 3865.007 2.13264 69.113 0.467 0.944851 2400 1.70479 0.0582 264.0082 1.08755 13.77357 0.24003 426.8207 0.79463 2279.424 1.50964 67.056 0.652 0.977988 3000 1.94438 0.08368 384.5323 1.76726 22.08664 0.28333 573.7691 0.64622 3014.68 1.60158 68.52 0.687 1 4000 1.93338 0.08056 214.6059 1.26943 8.71948 0.16316 381.1506 0.82931 2150.385 1.21982 66.782 1O33B mass= 1 J= 9.10E-03 +/- 1.62E-05 tot.gas.age= 64.775 +/- 0.152MI82 O33b C-00-41 Whole Rock F39 LasPowmWVol36 Err36 Vol37 Err37 Vol38 Err38 Vol39 Err39 Vol40 Err40 Age(Ma) AgeErr 0.078022 100 24.46075 0.15059 451.007 1.85922 28.62955 0.1959 1573.206 1.64065 7877.271 1.98366 6.763 0.463 0.151951 200 6.04011 0.13903 803.0696 1.56081 9.60272 0.312 1490.705 1.81669 6184.03 3.46232 47.822 0.446 0.267814 300 1.20228 0.12104 630.8522 1.45781 0.73151 0.16909 2336.221 1.93121 11297.99 2.65728 75.324 0.249 0.3585 400 0.45945 0.11344 469.5797 1.92102 0.63797 0.17975 1828.577 1.81551 8423.749 2.80968 72.936 0.299 0.424431 500 0.22141 0.11073 274.1163 1.63274 0.51273 0.1625 1329.406 1.27793 6072.567 3.06202 72.719 0.396 0.499826 600 0.20739 0.12697 425.8994 1.47053 1.10711 0.1262 1520.245 1.493 6890.227 4.87756 72.298 0.399 0.590013 700 0.59045 0.13655 579.5146 2.30217 1.79634 0.21323 1818.513 1.41352 8236.096 4.66247 71.368 0.357 0.690316 800 0.96426 0.06989 629.5531 2.06626 2.91833 0.2311 2022.488 2.45045 9195.735 6.53731 70.938 0.189 0.779998 900 1.40397 0.09591 660.3013 1.61583 4.18477 0.19922 1808.336 2.24018 8315.717 2.75864 70.358 0.263 0.827407 1000 0.79962 0.07534 404.2085 0.9309 4.74401 0.14103 955.944 1.12354 4449.817 4.06717 70.968 0.383 0.853326 1200 0.88109 0.08828 352.951 1.44989 11.99132 0.19398 522.6146 0.58099 2464.398 2.05627 67.959 0.795 0.888912 1400 1.72346 0.08903 553.6796 1.40891 24.20016 0.1879 717.5487 1.09963 3578.427 1.68948 68.907 0.59 0.919103 1600 1.66305 0.06358 485.8225 1.36543 27.62272 0.33182 608.7698 0.88865 3105.986 1.2783 69.184 0.499 0.94576 2000 2.03194 0.10048 401.7631 2.45625 25.97394 0.26019 537.5063 1.12951 2851.635 3.09113 67.499 0.89 0.970649 2400 1.96065 0.0776 365.5007 2.11109 27.4043 0.26672 501.8498 1.04122 2696.092 1.47423 67.967 0.737 0.981619 3000 0.56776 0.0607 131.6838 0.78147 6.85382 0.14693 221.1953 0.50021 1151.544 1.72675 71.596 1.296 1 4000 2.03748 0.09187 276.2778 1.71758 20.76902 0.19973 370.6322 0.84367 2141.922 3.07382 66.968 1.176O34A mass= 1 J= 9.10E-03 +/- 1.71E-05 tot.gas.age= 72.763 +/- 0.267MI82 O34a C-00-42 Whole Rock F39 LasPowmWVol36 Err36 Vol37 Err37 Vol38 Err38 Vol39 Err39 Vol40 Err40 Age(Ma) AgeErr 0.017379 100 12.50422 0.14441 235.2559 1.32889 9.1025 0.15666 209.6351 0.82193 4041.987 2.11476 26.974 3.298 0.053216 200 16.22229 0.18262 394.8333 1.46986 6.74171 0.1523 432.2855 0.89546 6652.839 4.96786 69.267 1.986 0.118305 300 15.17861 0.14695 720.186 2.1627 5.38537 0.19683 785.1341 1.49642 8113.16 2.92409 74.316 0.884 0.201866 400 16.84713 0.11335 1180.865 2.68327 4.07684 0.17037 1007.95 1.15827 10827.77 4.47946 92.854 0.533 0.284198 500 6.27202 0.16729 2405.412 3.69673 1.9757 0.14966 993.1371 1.76737 6776.76 4.35561 79.613 0.797 0.349165 600 0.99224 0.1394 2844.361 4.43197 1.60828 0.20436 783.6569 1.20118 3897.094 2.45155 73.971 0.837 0.40396 700 0.34441 0.1669 2896.552 4.8461 1.34352 0.11054 660.9721 0.88086 3134.86 1.60948 73.813 1.181 0.450833 800 0.19105 0.12906 875.813 1.40017 1.35268 0.13351 565.3993 0.81441 2594.71 1.89316 72.244 1.07 0.491284 900 0.27937 0.15077 372.5185 1.16985 1.39606 0.12149 487.9393 0.82991 2254.893 2.19137 71.657 1.448 0.531742 1000 0.17812 0.14951 536.511 1.34104 1.23707 0.13734 488.035 0.89125 2270.896 1.79153 73.127 1.435 0.605901 1200 0.93253 0.11852 1016.153 2.15141 2.47245 0.15485 894.5427 1.20735 4179.228 3.59363 70.264 0.629 0.702279 1400 1.09768 0.1126 700.6039 2.03626 4.81739 0.27376 1162.549 1.36711 5476.796 1.33167 71.34 0.46 0.782749 1600 1.81868 0.09754 924.9995 3.26976 9.48824 0.19215 970.6773 0.89367 4800.394 4.29505 70.705 0.478 0.853526 2000 3.80642 0.18616 1340.312 1.80847 26.91131 0.23251 853.7465 1.05864 4802.185 3.62037 69.372 1.024 0.916166 2400 4.86543 0.13342 996.1228 3.12768 27.95931 0.27109 755.5898 1.29153 4652.747 3.01032 68.544 0.835 0.958429 3000 4.09482 0.1415 560.2427 2.2241 13.30227 0.13618 509.8079 0.95744 3345.591 3.08527 67.5 1.307 1 4000 4.88228 0.13072 518.2213 1.5098 16.10108 0.22048 501.4451 1.11343 3472.037 2.50623 65.253 1.231O34B mass= 1 J= 9.10E-03 +/- 1.71E-05 tot.gas.age= 71.014 +/- 0.181MI82 O34b C-00-42 Whole Rock F39 LasPowmWVol36 Err36 Vol37 Err37 Vol38 Err38 Vol39 Err39 Vol40 Err40 Age(Ma) AgeErr 0.029808 100 25.36093 0.14711 323.4104 1.42326 11.25483 0.16156 581.3739 1.01327 9310.123 2.8668 50.571 1.2 0.13962 200 25.09952 0.22526 1071.729 1.89269 11.00089 0.34006 2141.726 2.3109 16437.84 5.02155 67.864 0.498 0.270795 300 13.11989 0.20927 1957.774 3.90553 3.78491 0.23146 2558.398 2.48671 17144.47 6.72001 83.199 0.389 0.355618 400 1.60224 0.07693 1780.7 3.43064 2.26998 0.28255 1654.363 1.12057 7910.959 2.78014 72.345 0.224 0.403718 500 0.83095 0.10804 1842.036 4.82694 3.66347 0.19485 938.1291 1.38495 4397.082 2.28914 71.235 0.548 0.441395 600 0.42142 0.04903 696.4532 2.87819 2.36743 0.16336 734.8559 1.39734 3381.838 2.05325 71.349 0.342 0.473673 700 0.42423 0.11829 509.5314 2.22059 1.98156 0.14325 629.5237 1.07467 2918.903 1.89169 71.428 0.886 0.516114 800 0.65058 0.09069 825.0892 1.70503 3.84839 0.11636 827.7613 1.26314 3839.508 3.50343 70.932 0.526 0.59187 900 0.58154 0.09403 765.7803 2.13462 7.10067 0.25248 1477.527 1.17679 6765.431 3.31836 71.823 0.304 0.657798 1000 0.49931 0.08093 423.7277 1.38198 8.2696 0.18899 1285.83 1.4383 5852.645 3.58397 71.417 0.307
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0.766106 1200 1.6112 0.11981 1073.586 3.42373 38.24815 0.25706 2112.415 1.29998 9772.353 4.43174 70.847 0.27 0.841426 1400 1.88918 0.09804 1075.034 0.83692 35.10544 0.27524 1469.025 0.97467 6867.17 4.25741 69.171 0.318 0.913909 1600 3.56282 0.10933 1292.389 4.36099 100.43525 0.31954 1413.678 1.73728 6978.353 2.5423 67.542 0.372 0.952023 2000 3.67967 0.15299 936.1417 2.29995 70.77492 0.39277 743.3711 1.0815 4163.78 2.61367 66.702 0.969 0.972815 2400 1.93873 0.09647 425.9356 1.17678 27.97157 0.25949 405.5183 0.8541 2236.685 1.28447 66.138 1.122 0.981883 3000 0.93561 0.10039 180.4316 1.23568 18.24897 0.2808 176.8508 0.55368 940.7787 1.10501 60.644 2.672 1 4000 2.51117 0.10486 366.1376 2.06917 30.7428 0.29834 353.3586 0.43868 2153.931 2.02685 64.439 1.395N16A mass= 1 J= 9.42E-03 +/- 3.55E-05 tot.gas.age= 73.687 +/- 0.311MI81 N16a C-00-23A Biotite F39 LasPowmWVol36 Err36 Vol37 Err37 Vol38 Err38 Vol39 Err39 Vol40 Err40 Age(Ma) AgeErr 0.022269 100 7.17088 0.11667 5.43238 0.30735 8.46467 0.07449 236.7987 0.53873 2753.175 2.27978 44.947 2.421 0.07058 200 1.27308 0.06982 5.06423 0.36919 12.78008 0.11835 513.7238 0.95321 2282.985 1.70773 61.998 0.671 0.149725 300 0.53317 0.06278 7.08 0.25829 25.58364 0.18029 841.598 0.59364 3725.174 3.10621 70.637 0.369 0.204065 400 0.38258 0.07317 5.43777 0.39835 48.21593 0.32152 577.8369 0.73228 2673.399 2.45621 73.769 0.621 0.265013 500 0.14924 0.08608 3.80167 0.3069 80.60435 0.30539 648.0979 0.38931 3064.415 2.05236 77.506 0.643 0.33724 600 0.14933 0.06139 3.45178 0.36409 99.90329 0.49818 768.0369 1.25441 3607.277 1.6187 77.165 0.406 0.414546 700 0.39052 0.09502 3.20562 0.35791 108.3687 0.37749 822.0471 0.96166 3894.861 2.97116 76.486 0.566 0.479415 800 0.58834 0.08165 2.50033 0.25712 91.04641 0.458 689.7929 1.2978 3306.089 2.63303 75.561 0.59 0.520891 900 0.53503 0.09573 1.4408 0.36071 59.06357 0.22379 441.0436 0.55766 2179.037 1.75443 76.234 1.051 0.570019 1000 0.60689 0.0832 2.13204 0.3121 75.35564 0.30623 522.4053 0.96685 2534.772 1.75479 75.039 0.781 0.730662 1200 0.4874 0.08823 4.867 0.35138 224.10391 0.44105 1708.22 2.18979 7877.039 4.75043 75.334 0.27 0.889928 1600 0.23113 0.07958 2.93771 0.25642 201.5029 0.37628 1693.574 1.21624 7697.784 3.22257 74.976 0.235 0.98618 2400 0.14718 0.08866 1.48182 0.27178 116.42761 0.39616 1023.513 0.71252 4607.2 3.07341 74.224 0.423 0.996483 3000 0.12663 0.09258 0.09926 0.38005 11.61256 0.15349 109.5609 0.39269 498.4576 0.89973 70.13 4.091 1 4000 0.15113 0.08181 1.39813 0.26213 4.13413 0.10767 37.39795 0.23838 180.5607 0.71768 60.72 10.633N16B mass= 1 J= 9.42E-03 +/- 3.55E-05 tot.gas.age= 72.535 +/- 0.56MI81 N16b C-00-23A Biotite F39 LasPowmWVol36 Err36 Vol37 Err37 Vol38 Err38 Vol39 Err39 Vol40 Err40 Age(Ma) AgeErr 0.029028 100 2.08093 0.11182 1.99243 0.17656 2.67988 0.1603 89.29208 0.37072 783.9229 1.34642 31.881 6.185 0.109062 200 0.11217 0.09547 3.3467 0.28824 4.22738 0.12307 246.1858 0.70612 954.5008 1.58128 62.504 1.892 0.206011 300 0.05092 0.07403 3.56525 0.18573 20.07445 0.22082 298.2157 0.76733 1330.013 1.44148 73.418 1.214 0.298334 400 0.1018 0.06521 2.49846 0.22569 34.61071 0.31469 283.9891 0.68317 1308.268 1.59622 74.909 1.124 0.398894 500 0.02925 0.06761 1.98263 0.19907 43.56198 0.22173 309.3245 0.81068 1414.755 1.24283 75.641 1.073 0.502429 600 0.01386 0.0469 1.73651 0.35113 46.50619 0.26836 318.4765 0.53666 1464.678 1.51612 76.299 0.724 0.585062 700 0.11301 0.06391 1.05454 0.29755 36.61242 0.2239 254.1797 0.23396 1164.939 1.4313 74.108 1.217 0.655263 800 0.17701 0.07901 0.73566 0.37911 29.10815 0.27198 215.9397 0.49352 989.1962 1.30479 72.263 1.776 0.719861 900 0.07549 0.06009 0.61065 0.27919 25.88678 0.24967 198.7054 0.68078 899.1865 1.27094 73.476 1.483 0.791685 1000 0.11212 0.05813 0.57614 0.33449 30.07796 0.27859 220.935 0.68928 1001.401 2.09531 72.98 1.298 0.872485 1200 0.04226 0.07586 0.03549 0.29313 35.91992 0.19586 248.5423 0.4438 1125.557 1.75856 74.543 1.481 0.967584 1600 0.02969 0.09785 0.3986 0.17759 42.27609 0.21941 292.5259 0.49791 1315.555 1.00664 74.361 1.618 0.994534 2400 -0.10707 0.09891 -0.35024 0.26971 11.3738 0.12107 82.89933 0.37623 374.3761 0.83736 81.367 5.741 0.998943 3000 0.00039 0.0917 -0.05219 0.2355 1.13894 0.10841 13.56175 0.24021 67.08303 0.56063 82.02 32.485 1 4000 -0.05967 0.0905 -0.72172 0.22345 0.3199 0.09678 3.25145 0.09314 22.74988 0.68587 199.591 125.295J2A mass= 1 J= 7.18E-03 +/- 1.06E-05 tot.gas.age= 72.838 +/- 1.161J2a C-98-1 Biotite F39 LasPowmWVol36 Err36 Vol37 Err37 Vol38 Err38 Vol39 Err39 Vol40 Err40 Age(Ma) AgeErr 0.00364 50 0.11508 0.11493 0.30097 0.2383 0.68576 0.09805 6.08594 0.32684 48.23637 1.48437 30.023 71.137 0.006521 100 0.11012 0.11583 0.07442 0.25812 0.39159 0.12049 4.81691 0.26602 40.0271 1.2202 20.009 91.045 0.010745 150 -0.25396 0.0699 -0.18688 0.20516 0.70955 0.16295 7.06292 0.23782 59.95587 1.54804 231.894 34.186 0.018142 200 -0.22329 0.12045 -0.01075 0.21128 1.20698 0.09424 12.36996 0.2695 84.68508 1.31782 151.172 34.427 0.031702 250 0.07254 0.07889 0.41468 0.29738 1.98801 0.11876 22.67345 0.27759 150.6697 1.17875 72.321 12.835 0.05216 300 -0.01092 0.13967 0.26225 0.33321 3.37105 0.10342 34.20705 0.21064 217.4197 0.75512 81.632 14.94 0.080004 350 -0.06874 0.09666 0.14779 0.33478 4.37445 0.19332 46.55711 0.3253 286.4145 1.02564 83.338 7.61 0.117542 400 -0.08179 0.0957 0.04958 0.34451 5.58544 0.12362 62.76707 0.57779 370.8484 1.13541 79.689 5.631 0.163336 450 0.03085 0.07426 0.81591 0.3209 6.77724 0.1722 76.57096 0.66322 451.5578 0.62785 73.296 3.618 0.214884 500 -0.09422 0.15436 0.41443 0.32689 7.5193 0.24545 86.19379 0.51696 508.3671 0.73718 78.792 6.575 0.310439 600 0.21355 0.167 0.30818 0.3413 13.83839 0.24712 159.7756 0.52651 930.0283 2.17131 68.912 3.859 0.431518 700 0.31037 0.16953 0.27566 0.25916 17.49982 0.18771 202.4558 0.84027 1193.263 1.8936 69.099 3.098 0.603844 800 0.37545 0.17535 0.34984 0.39182 26.05307 0.29106 288.144 0.82212 1687.786 1.85183 69.491 2.25 0.916976 1000 0.26088 0.14625 0.51201 0.29534 44.14361 0.43613 523.5843 1.19856 3034.965 2.87174 71.693 1.042 0.963342 1600 0.24316 0.13457 0.26714 0.30084 5.97531 0.13321 77.52879 0.30468 445.2708 1.08834 61.302 6.425 1 3000 0.19955 0.16835 0.70398 0.28889 5.47308 0.1814 61.29477 0.30937 444.6229 1.02298 79.67 10.063J2B mass= 1 J= 7.18E-03 +/- 1.06E-05 tot.gas.age= 72.249 +/- 0.361J2b C-98-1 Biotite F39 LasPowmWVol36 Err36 Vol37 Err37 Vol38 Err38 Vol39 Err39 Vol40 Err40 Age(Ma) AgeErr 0.004762 100 1.15138 0.21388 0.76496 0.31593 3.58185 0.15668 32.90238 0.31815 438.6362 1.76868 38.309 24.358 0.01378 200 2.20848 0.21854 0.31626 0.37983 5.7825 0.17748 62.31593 0.31741 917.21 2.10521 54.151 13.03 0.028583 300 0.53053 0.22097 0.95032 0.28779 10.96566 0.13805 102.2823 0.47928 669.7783 1.655 63.792 7.986 0.059111 400 0.25095 0.20039 0.57203 0.36355 23.52573 0.28375 210.9461 0.66271 1234.959 1.83256 69.871 3.504 0.100516 500 0.11681 0.22673 0.20729 0.36593 33.12642 0.28868 286.0985 0.81779 1684.187 3.19299 73.146 2.922 0.149141 600 0.08862 0.13349 0.34305 0.30928 40.20453 0.3261 335.9922 0.76597 1967.993 2.58243 73.311 1.472 0.19769 700 -0.00176 0.13415 0.05143 0.42746 41.61956 0.26595 335.464 0.91252 1976.934 2.47805 74.744 1.484 0.251031 800 0.17954 0.14178 0.09774 0.35596 45.57132 0.27199 368.5779 0.98676 2207.393 3.03229 74.127 1.429 0.313216 900 0.12905 0.16899 0.63872 0.44277 54.88217 0.32283 429.6868 0.60773 2542.907 3.10393 73.932 1.451 0.379099 1000 -0.18031 0.14513 0.35586 0.38118 58.70361 0.44318 455.2387 0.72535 2699.904 2.9331 76.645 1.178 0.536245 1200 0.56701 0.12463 0.33554 0.33099 137.11296 0.5546 1085.851 1.71555 6346.948 3.05793 72.21 0.438 0.898095 1600 1.17367 0.15155 1.00815 0.36326 312.39368 0.83305 2500.314 2.32867 14558.42 10.44994 72.124 0.238 0.993447 2400 0.36574 0.12773 -0.36003 0.30724 83.08274 0.60532 658.8674 0.93205 3838.081 3.79347 71.842 0.723 1 3000 0.20233 0.13895 0.35117 0.31202 5.23179 0.14073 45.27775 0.39402 264.8846 1.24179 57.71 11.387J3A mass= 1 J= 7.18E-03 +/- 1.02E-05 tot.gas.age= 69.586 +/- 0.76J3a C-98-1 K feldspar F39 LasPowmWVol36 Err36 Vol37 Err37 Vol38 Err38 Vol39 Err39 Vol40 Err40 Age(Ma) AgeErr 0.216128 100 2.14349 0.16849 16.06093 0.41528 28.46572 0.19476 522.1436 0.55946 3105.395 2.3839 60.266 1.197 0.350423 200 -0.13031 0.12243 25.06631 0.52344 4.41892 0.25689 324.4428 1.3598 1846.855 2.23077 73.696 1.421 0.523226 300 0.04924 0.12606 32.4216 0.49405 3.3174 0.15315 417.4734 0.50315 2410.699 3.28909 72.808 1.117 0.686424 400 -0.14361 0.13792 26.7589 0.37759 3.03669 0.27039 394.2698 0.62405 2298.786 2.69457 75.274 1.292 0.854049 600 0.16037 0.15271 24.60572 0.33892 5.58409 0.13847 404.966 1.29483 2361.041 3.38869 72.479 1.408 0.93496 800 0.32662 0.15216 11.52604 0.29413 6.25824 0.16453 195.4728 1.07561 1186.628 1.17208 70.782 2.89 0.976835 1000 0.45062 0.12309 6.00643 0.3166 5.45545 0.14973 101.1658 0.76212 685.0175 1.62126 69.266 4.513 0.989324 1200 0.26305 0.11897 2.02989 0.34657 1.35412 0.19701 30.17021 0.29272 220.4196 1.42215 60.205 14.612 0.996318 1400 0.15277 0.14009 1.83305 0.38642 0.77285 0.17666 16.89871 0.34534 132.681 1.14351 65.838 30.615 0.999115 1600 -0.03973 0.13667 0.70953 0.32976 0.50607 0.20916 6.75734 0.24027 42.4146 0.93438 100.865 73.263 0.999867 2000 0.02305 0.09006 0.04889 0.2493 0.30627 0.15092 1.81549 0.24977 21.84412 1.25624 104.128 179.845 1.000133 2800 0.24958 0.11807 0.27482 0.20418 0.15496 0.15414 0.64356 0.20652 8.02885 1.40304 -2295.56 3069.984 1 4000 0.18699 0.16659 0.14625 0.25948 0.23519 0.16003 -0.32189 0.36178 12.05226 1.0191 1216.803 1416.746J3B mass= 1 J= 7.18E-03 +/- 1.02E-05 tot.gas.age= 69.353 +/- 0.536J3b C-98-1 K feldspar F39 LasPowmWVol36 Err36 Vol37 Err37 Vol38 Err38 Vol39 Err39 Vol40 Err40 Age(Ma) AgeErr 0.117126 100 10.56298 0.22478 15.34171 0.41636 27.72782 0.31584 495.1215 0.67533 4752.459 3.37136 42.148 1.7 0.184534 200 1.44679 0.14415 20.93268 0.47166 9.6201 0.17889 284.9507 0.90755 2100.754 1.92024 74.453 1.873 0.297128 300 0.27484 0.12299 36.1378 0.52336 4.5645 0.18221 475.9601 0.90744 2783.931 2.93994 72.047 0.962 0.441469 400 0.46548 0.12705 44.58172 0.69619 5.01347 0.22334 610.1637 1.03221 3547.748 2.97091 70.934 0.777 0.577567 500 0.24686 0.16419 38.18306 0.1667 5.58971 0.20412 575.3221 1.20196 3350.702 3.56383 72.281 1.062 0.689035 600 0.11098 0.12162 30.12217 0.66163 5.84495 0.18277 471.2031 0.89524 2782.062 8.72486 73.988 0.985
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0.772436 700 0.46045 0.1475 21.91345 0.53666 5.35396 0.19221 352.5538 0.91088 2185.448 8.85052 73.719 1.579 0.832723 800 0.30091 0.21574 15.54391 0.33831 6.0229 0.20599 254.8488 0.71453 1554.224 8.77025 72.933 3.146 0.902774 1000 0.44681 0.14077 17.94708 0.33408 12.8918 0.22381 296.123 0.78534 1848.076 8.91989 73.497 1.796 0.971028 1400 0.92053 0.14615 17.82406 0.23886 16.70408 0.16656 288.5273 0.90816 1941.055 8.91116 73.368 1.913 0.995479 1800 0.72813 0.15166 7.3675 0.36041 5.12257 0.18867 103.3595 0.48375 755.3986 1.27675 66.42 5.421 0.999344 2400 -0.12169 0.16573 2.09407 0.29829 3.10751 0.14393 16.33764 0.35304 131.512 0.68568 128.038 36.247 0.999699 3000 0.09818 0.12721 0.60824 0.28009 1.41584 0.13418 1.49925 0.41013 43.87257 0.65017 123.958 304.835 1 4000 -0.01629 0.1963 0.58897 0.37328 1.15985 0.1608 1.27418 0.34049 17.64562 0.95145 214.859 526.004O1A mass= 1 J= 7.17E-03 +/- 8.01E-06 tot.gas.age= 69.858 +/- 0.24O1a C-98-1-x Biotite F39 LasPowmWVol36 Err36 Vol37 Err37 Vol38 Err38 Vol39 Err39 Vol40 Err40 Age(Ma) AgeErr 0.008259 100 2.26818 0.14702 2.04751 0.26232 13.15139 0.31505 73.74973 0.39494 849.2961 1.24555 31.114 7.49 0.027112 200 3.31055 0.11751 1.15649 0.20538 29.96283 0.20315 168.3348 0.53221 1459.506 3.55955 36.582 2.629 0.071627 300 2.23925 0.13514 2.65393 0.39627 70.71215 0.22453 397.4826 0.58098 2646.152 3.36598 63.411 1.262 0.150513 400 1.31213 0.12329 2.38931 0.24729 124.85965 0.34598 704.3919 1.08443 4243.799 3.66088 69.413 0.655 0.253767 500 0.97794 0.13483 2.29827 0.30332 161.33506 0.33168 921.9713 1.93846 5426.166 7.6119 70.627 0.566 0.355125 600 0.57576 0.13574 1.56234 0.40044 157.89886 0.26147 905.0422 2.0159 5296.867 4.95188 71.779 0.577 0.447593 700 0.50984 0.137 1.23558 0.38665 143.39882 0.42706 825.6653 1.26858 4819.618 5.29589 71.657 0.624 0.525439 800 0.63386 0.12551 0.8035 0.3721 121.87846 0.40487 695.0961 1.24071 4091.227 3.45086 71.18 0.678 0.593794 900 0.47705 0.15087 1.13403 0.38719 106.72305 0.59922 610.359 1.83958 3584.788 3.35271 71.501 0.934 0.675563 1000 0.86976 0.12448 0.61369 0.38069 125.74864 0.48154 730.1305 1.20422 4289.117 4.05437 70.012 0.64 0.812105 1200 1.1218 0.1676 1.17771 0.24219 208.86017 0.66906 1219.204 1.28053 7161.11 6.02886 70.997 0.514 0.938391 1600 0.66138 0.18781 0.68283 0.25895 192.73212 0.43375 1127.635 1.54358 6565.368 6.47561 71.584 0.623 0.999737 2400 0.24539 0.15933 0.37874 0.31413 92.55615 0.39728 547.7633 0.99634 3179.508 4.40156 71.873 1.08 1 3000 -0.23448 0.16044 0.3742 0.2679 0.41552 0.09966 2.35133 0.21709 10.68126 1.2894 393.454 212.172O1B mass= 1 J= 7.17E-03 +/- 8.01E-06 tot.gas.age= 70.118 +/- 0.202O1b C-98-1-x Biotite F39 LasPowmWVol36 Err36 Vol37 Err37 Vol38 Err38 Vol39 Err39 Vol40 Err40 Age(Ma) AgeErr 0.008014 100 3.19435 0.10318 2.31052 0.368 22.2901 0.16889 82.38455 0.40301 1123.617 2.2675 27.976 4.725 0.026459 200 4.41411 0.11814 1.8765 0.36915 34.96296 0.30098 189.6137 0.73098 1947.277 2.84139 43.306 2.337 0.06396 300 2.88798 0.12391 1.53116 0.30749 65.22399 0.52668 385.5153 0.68591 2795.961 2.54203 63.989 1.193 0.122999 400 1.62938 0.12941 2.47708 0.29912 97.34376 0.42155 606.9149 1.02135 3778.888 5.12481 68.9 0.799 0.197726 500 0.97733 0.08715 2.48675 0.37628 121.71953 0.44722 768.1962 1.79094 4581.501 1.37136 70.827 0.448 0.281834 600 0.9722 0.17191 2.65911 0.35444 135.77207 0.46039 864.6253 0.59973 5159.797 4.54908 71.416 0.735 0.360841 700 1.2013 0.18802 2.7106 0.35682 127.26426 0.46839 812.1928 0.6803 4867.8 4.20463 70.433 0.855 0.437061 800 0.77783 0.16643 2.1209 0.35143 123.45372 0.50881 783.5423 1.64686 4655.518 3.41566 71.576 0.796 0.514685 900 0.7432 0.15637 2.72824 0.35797 125.6401 0.46033 797.9814 0.93471 4727.737 3.53996 71.59 0.726 0.596458 1000 1.01916 0.15424 2.97266 0.34009 130.58114 0.50179 840.6196 1.05282 5003.412 3.86578 70.899 0.682 0.761964 1200 1.0598 0.1185 3.70379 0.39851 265.30465 0.43055 1701.403 1.58655 9871.394 4.30042 71.198 0.266 0.920245 1600 0.51735 0.13493 2.91727 0.34054 251.14643 0.37553 1627.134 1.76753 9377.537 4.94363 71.837 0.316 0.999673 2400 0.18948 0.07666 1.11437 0.31135 124.17685 0.61743 816.5208 0.69809 4725.862 3.75648 72.457 0.354 1 3000 -0.04041 0.15229 -0.37028 0.37125 0.54785 0.18671 3.35741 0.26234 17.41732 1.01146 109.639 163.303O1C mass= 1 J= 7.17E-03 +/- 8.01E-06 tot.gas.age= 71.668 +/- 0.496O1c C-98-1-x Biotite F39 LasPowmWVol36 Err36 Vol37 Err37 Vol38 Err38 Vol39 Err39 Vol40 Err40 Age(Ma) AgeErr 0.009029 100 0.73794 0.11951 0.44396 0.27259 7.23499 0.19828 32.44588 0.36265 370.028 0.555 59.552 13.631 0.042846 200 0.83353 0.10744 1.02979 0.37293 24.72972 0.32031 121.531 0.52546 833.2236 1.31632 61.373 3.277 0.133493 300 0.31328 0.12505 0.61193 0.36914 63.42412 0.39252 325.7581 1.26511 1940.188 2.5728 71.867 1.439 0.256917 400 0.17177 0.13109 1.42544 0.26413 84.9978 0.3905 443.5481 0.98634 2577.927 2.6675 72.189 1.099 0.38141 500 0.07673 0.06393 0.76367 0.33158 85.03429 0.44575 447.3921 0.93264 2598.799 1.20604 72.94 0.546 0.482685 600 0.2378 0.15197 0.82476 0.30046 70.99093 0.26543 363.9537 1.11396 2115.905 2.3302 71.232 1.55 0.567882 700 0.39475 0.14359 -0.03585 0.30959 59.79812 0.42428 306.1734 0.83745 1786.16 2.21222 69.146 1.736 0.640249 800 0.24187 0.15763 -0.65255 0.3063 50.07235 0.48433 260.0657 0.52637 1503.299 1.27024 69.803 2.233 0.745775 900 0.30963 0.13798 0.49927 0.24873 71.4784 0.45337 379.229 0.84019 2180.97 3.60984 69.855 1.351 0.860449 1000 0.17814 0.15581 0.17698 0.29023 79.10648 0.41535 412.1073 0.89528 2347.889 2.45709 70.597 1.399 0.943958 1200 -0.26137 0.10339 -0.0698 0.2904 58.77074 0.51083 300.1051 0.73366 1731.65 1.69243 76.281 1.277 0.983315 1600 -0.22988 0.12719 -0.0074 0.28573 27.31183 0.24304 141.4372 0.70577 821.2624 2.12935 79.492 3.315 0.999186 2400 -0.13262 0.11801 -0.38383 0.26146 11.07358 0.17318 57.03766 0.43195 335.6038 1.14108 83.003 7.577 1 3000 -0.05129 0.1032 -0.28985 0.22641 0.37607 0.14918 2.92442 0.23493 15.396 0.98823 130.238 125.88O2A mass= 1 J= 7.16E-03 +/- 8.89E-06 tot.gas.age= 63.165 +/- 0.861O2a C-4 K feldspar F39 LasPowmWVol36 Err36 Vol37 Err37 Vol38 Err38 Vol39 Err39 Vol40 Err40 Age(Ma) AgeErr 0.154408 100 6.05455 0.20723 6.69148 0.3844 4.41737 0.16639 327.8517 0.63364 2548.431 2.14736 29.666 2.375 0.342294 200 1.28316 0.11261 15.61309 0.41888 2.2515 0.18637 398.9362 0.80852 2677.43 3.57183 72.91 1.051 0.502991 300 0.23084 0.09496 12.4943 0.29474 0.56864 0.18925 341.2081 0.75847 2026.317 2.2012 72.635 1.036 0.613469 400 0.11164 0.09121 9.06139 0.34073 0.31512 0.1721 234.5752 0.71363 1373.47 1.32127 72.334 1.444 0.727509 600 -0.07006 0.13907 8.61199 0.26315 0.68825 0.16998 242.1404 1.02406 1400.534 1.44242 74.256 2.127 0.824455 800 0.43006 0.16718 8.3464 0.35414 1.26228 0.20947 205.8446 0.82472 1257.305 1.27697 69.554 2.996 0.911742 1000 0.71953 0.14358 6.35419 0.45931 1.86826 0.14658 185.3357 0.47808 1188.92 2.29419 66.782 2.858 0.953633 1200 0.48588 0.15535 3.39183 0.34898 1.14052 0.11081 88.94573 0.24245 569.4877 1.35484 60.807 6.45 0.983008 1400 0.90283 0.15158 5.51995 0.39597 1.22403 0.1359 62.37152 0.65702 526.9727 1.73795 53.088 9.03 0.985944 1600 0.29313 0.1367 1.16251 0.40008 -0.22034 0.15004 6.2342 0.247 45.81053 1.0618 -86.591 87.899 0.994211 2000 0.21291 0.12984 2.17728 0.34775 0.56848 0.12113 17.55366 0.31391 122.2949 1.3002 43.168 27.589 0.996991 2800 0.34134 0.09139 0.13935 0.29042 0.31721 0.13741 5.90255 0.26473 43.0506 0.93934 -131.16 63.873 1 4000 0.04996 0.10079 0.18557 0.31332 0.02949 0.10781 6.38908 0.32338 52.39154 1.14284 74.506 57.93O2B mass= 1 J= 7.16E-03 +/- 8.89E-06 tot.gas.age= 70.452 +/- 1.115O2b C-4 K feldspar F39 LasPowmWVol36 Err36 Vol37 Err37 Vol38 Err38 Vol39 Err39 Vol40 Err40 Age(Ma) AgeErr 0.08057 100 25.76767 0.22009 13.16061 0.43324 11.6966 0.17725 161.9202 0.49425 8194.505 4.49292 45.691 5.072 0.193734 200 10.11725 0.24821 7.12582 0.22114 2.88539 0.21662 227.4233 0.44288 4303.163 3.33954 73.092 4.006 0.337061 300 0.2994 0.10636 7.69993 0.47419 0.48608 0.19618 288.0418 0.51604 1820.207 3.97959 76.023 1.368 0.473378 400 0.11461 0.12072 8.8201 0.42043 0.52658 0.16441 273.9558 0.78745 1680.688 2.00144 76.012 1.629 0.569384 500 0.12134 0.12203 6.22646 0.40386 0.2988 0.16414 192.9416 0.73967 1204.421 2.20573 76.573 2.336 0.639715 600 0.29231 0.13619 3.65825 0.29417 0.52632 0.16795 141.3421 0.61817 934.2661 1.23875 75.858 3.543 0.701546 700 0.3972 0.14087 3.61097 0.32451 0.49388 0.16947 124.2603 0.69197 918.0418 1.6642 81.356 4.163 0.75649 800 0.98524 0.13824 3.50623 0.40261 0.83391 0.15595 110.4205 0.43623 899.2634 3.06478 69.762 4.618 0.839903 1000 1.53835 0.15953 5.43789 0.35065 1.54084 0.13768 167.6332 0.36153 1422.237 2.28185 73.053 3.495 0.909951 1400 1.08235 0.17139 5.30706 0.4023 1.51062 0.16069 140.7763 0.62821 1099.374 1.82432 70.136 4.483 0.977377 1800 2.73882 0.15141 11.74403 0.43899 2.49764 0.17401 135.5045 0.46761 1440.175 1.15562 59.148 4.133 0.994501 2400 1.10843 0.16523 3.2119 0.33602 0.92902 0.16203 34.41247 0.38866 458.7526 1.31537 48.584 17.852 0.996685 3000 0.22611 0.17126 0.54618 0.28879 0.21262 0.14283 4.39044 0.337 62.19887 0.76092 -13.629 150.02 1 4000 0.37925 0.15878 0.82438 0.41721 -0.02549 0.14545 6.66186 0.28368 89.5569 0.9371 -44.178 93.254O2C mass= 1 J= 7.16E-03 +/- 8.89E-06 tot.gas.age= 67.221 +/- 0.652O2c C-4 K feldspar F39 LasPowmWVol36 Err36 Vol37 Err37 Vol38 Err38 Vol39 Err39 Vol40 Err40 Age(Ma) AgeErr 0.169802 100 7.22381 0.22776 23.32696 0.36555 25.58191 0.29231 486.5407 0.63344 4021.863 2.95075 49.413 1.741 0.28954 200 0.76782 0.09785 31.25643 0.33114 4.53897 0.20841 343.0919 0.66254 2297.058 2.41643 76.292 1.057 0.45342 300 0.23792 0.10585 40.46567 0.35493 2.93696 0.12022 469.5723 0.69798 2825.368 3.07332 74.227 0.837 0.59317 400 0.22978 0.10032 30.71539 0.52092 3.59734 0.16204 400.4337 1.40332 2406.754 2.964 73.9 0.957 0.697104 500 0.34413 0.10172 20.7137 0.43865 5.80454 0.1661 297.8062 0.24979 1806.428 2.29526 72.456 1.257 0.774073 600 0.39301 0.11354 14.19027 0.41095 4.84289 0.17453 220.5434 1.29169 1365.339 1.7754 71.71 1.935 0.827981 700 0.49806 0.11699 11.18334 0.42546 2.65047 0.16793 154.465 0.61984 997.876 1.75612 69.762 2.798 0.861379 800 0.51226 0.20866 5.96307 0.43352 2.3252 0.13083 95.69559 0.41306 634.41 1.87424 64.041 8.04 0.885008 1000 0.58831 0.1193 5.15898 0.22726 2.33081 0.14708 67.70595 0.46499 485.241 0.95215 58.443 6.525
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0.949677 1400 0.93019 0.13933 13.53704 0.41645 3.09929 0.14816 185.2994 0.43489 1282.699 1.53234 68.911 2.769 0.989311 1800 0.38948 0.14093 9.56239 0.49456 1.45178 0.14008 113.5642 0.55343 686.9505 1.77849 63.89 4.586 0.997818 2400 0.43191 0.1124 4.0563 0.44171 0.15251 0.15112 24.37736 0.33285 142.634 0.83548 7.931 17.525 0.999127 3000 0.25446 0.10204 0.61077 0.41917 -0.17218 0.12862 3.7509 0.1836 27.22654 0.78425 -173.211 114.666 1 4000 0.06533 0.1076 0.38719 0.41673 -0.12477 0.14268 2.50049 0.18714 17.24888 0.803 -10.646 165.248n13a mass= 1 J= 9.68E-03 +/- 1.77E-05 tot.gas.age= 74.258 +/- 0.245MI81 N13a CSE-22 36m Adularia F39 LasPowmWVol36 Err36 Vol37 Err37 Vol38 Err38 Vol39 Err39 Vol40 Err40 Age(Ma) AgeErr 0.007066 100 24.5529 0.18958 2.87456 0.35611 13.79568 0.13804 60.80564 0.27699 7494.949 2.66018 67.544 15.523 0.052344 200 12.15525 0.16159 20.21593 0.39732 18.33075 0.1829 389.67 0.71372 5363.118 3.22585 77.706 2.06 0.204894 300 2.15208 0.06945 54.6356 0.65011 5.42873 0.23896 1312.848 2.02121 6854.135 2.66031 80.897 0.291 0.335154 400 0.33047 0.04915 16.99111 0.46639 2.09986 0.15461 1121.022 0.8999 5179.925 2.88603 77.507 0.229 0.428801 500 0.05576 0.03661 8.9238 0.36279 1.00661 0.05526 805.9226 1.21732 3589.089 2.19589 75.821 0.256 0.50633 600 0.09338 0.05535 16.21911 0.45021 0.71589 0.10853 667.219 0.44431 2929.328 1.90385 74.415 0.417 0.577561 700 0.07109 0.06727 35.44328 0.45993 0.56142 0.1205 613.0215 0.94361 2631.873 2.57735 72.906 0.56 0.638489 800 0.14335 0.07934 33.94737 0.54189 0.71354 0.07133 524.3437 1.18931 2242.798 1.41945 71.858 0.769 0.717769 1000 0.21644 0.07656 157.6888 0.53297 0.92137 0.08263 682.2893 0.60512 2913.736 2.09374 71.526 0.563 0.829734 1400 0.60553 0.06947 37.98817 0.49149 1.39996 0.15309 963.571 0.51487 4183.876 2.5881 71.183 0.363 0.91129 1800 0.90108 0.07103 58.6633 0.56773 1.49464 0.1218 701.8747 0.80922 3150.905 2.56691 70.402 0.513 0.971619 2400 1.19519 0.09894 79.76613 0.94715 1.83381 0.11209 519.195 0.84693 2450.715 1.71303 69.227 0.955 0.988325 3000 1.12303 0.08224 25.06747 0.39026 1.16532 0.08631 143.7726 0.56405 891.6307 1.16314 66.763 2.861 1 4000 0.92744 0.08514 16.56631 0.30115 0.99128 0.10391 100.4722 0.48667 627.7374 0.70421 60.467 4.242n13b mass= 1 J= 9.68E-03 +/- 1.77E-05 tot.gas.age= 74.919 +/- 2.105MI81 N13b CSE-22 36m Adularia F39 LasPowmWVol36 Err36 Vol37 Err37 Vol38 Err38 Vol39 Err39 Vol40 Err40 Age(Ma) AgeErr 0.000983 100 2.17405 0.08669 0.28039 0.23311 0.71212 0.09552 0.91938 0.1081 656.6059 0.96359 251.005 424.714 0.002229 200 1.88623 0.06351 0.07277 0.28163 0.51921 0.07049 1.16519 0.12944 501.4212 0.86104 -1126.44 554.526 0.003794 300 1.33134 0.09959 0.43024 0.16624 0.52635 0.07354 1.46372 0.13507 392.4586 0.85074 -11.393 353.593 0.005487 400 1.58027 0.13096 0.48207 0.15087 0.65241 0.07236 1.58352 0.10259 518.4511 0.97914 493.741 326.012 0.010319 500 9.89268 0.0824 0.71509 0.30488 2.71677 0.08801 4.52041 0.16157 2936.639 1.73206 50.876 91.724 0.019665 600 16.69823 0.11143 1.49065 0.18191 4.49947 0.1096 8.74127 0.15632 4932.123 1.42741 -4.409 66.025 0.044997 700 11.79093 0.21932 4.71463 0.40676 3.41867 0.10155 23.69439 0.16748 3616.47 1.80054 94.957 45.353 0.09391 800 0.71752 0.0652 8.37522 0.28799 0.4943 0.09687 45.75123 0.18248 429.2161 0.79786 81.078 7.046 0.204341 1000 0.11495 0.04849 5.8917 0.38301 0.18021 0.08027 103.2925 0.48806 553.598 0.70448 85.805 2.348 0.425828 1400 0.12183 0.05911 6.32934 0.25335 0.15049 0.10926 207.1695 0.49279 963.9257 1.23178 76.594 1.427 0.633133 1800 0.26419 0.09653 3.67779 0.24911 0.2065 0.08514 193.9038 0.55115 880.2941 0.75458 70.862 2.48 0.831957 2400 0.10824 0.0882 1.74089 0.17574 0.19048 0.09877 185.972 0.33318 858.4022 1.11481 76.003 2.353 0.93603 3000 0.25916 0.1022 1.44661 0.25099 0.1089 0.10691 97.34517 0.27694 481.3422 1.16796 71.21 5.217 1 4000 0.30615 0.11576 1.74457 0.21739 0.28532 0.08959 59.83458 0.32917 336.1573 0.61506 70.339 9.614n15a mass= 1 J= 9.56E-03 +/- 2.30E-05 tot.gas.age= 69.981 +/- 0.772MI81 N15a CSE-22 41m Adularia F39 LasPowmWVol36 Err36 Vol37 Err37 Vol38 Err38 Vol39 Err39 Vol40 Err40 Age(Ma) AgeErr 0.001797 100 14.44848 0.08826 1.35281 0.34434 4.66955 0.06384 4.25824 0.10448 4176.342 1.60485 -423.521 134.374 0.002746 200 4.42182 0.12983 1.81151 0.27267 1.8642 0.10409 2.24939 0.10158 1321.616 1.4058 111.288 276.843 0.00412 300 6.01158 0.14429 2.10039 0.27551 2.46962 0.08203 3.25713 0.11955 1776.672 1.97192 1.33 225.89 0.006112 400 6.55684 0.14546 4.71597 0.36216 2.86249 0.09291 4.72055 0.16195 1989.312 1.21934 179.894 142.348 0.010176 500 6.16149 0.08493 11.75738 0.51165 2.72543 0.07862 9.63037 0.14505 1787.125 1.8901 -61.201 46.649 0.02772 600 4.89844 0.11308 49.94909 0.56072 4.63375 0.08288 41.57727 0.25131 1562.31 1.87791 47.021 13.531 0.060763 700 1.00184 0.08298 200.7512 0.94899 1.54808 0.11781 78.3088 0.23112 634.1828 0.5588 72.989 5.193 0.103671 800 0.31049 0.08388 187.2837 1.20183 0.49302 0.08556 101.6888 0.38019 562.4113 1.21572 78.125 4.042 0.181788 1000 0.18843 0.06779 176.5873 0.44496 0.37213 0.05948 185.1287 0.44071 920.0098 0.89358 78.791 1.798 0.329726 1400 0.4421 0.10189 164.7141 0.51056 0.37414 0.12478 350.601 0.65202 1654.341 2.11145 73.452 1.432 0.505393 1800 0.39309 0.05892 75.42398 0.63262 0.35562 0.13024 416.3129 0.35092 1853.4 1.83172 70.584 0.7 0.708996 2400 0.62299 0.05751 11.3193 0.3784 0.61692 0.10654 482.521 0.64819 2164.037 1.58875 69.429 0.594 0.865817 3000 0.63148 0.06633 5.77153 0.37167 0.61847 0.10168 371.6494 0.65013 1721.266 1.09544 69.861 0.885 1 4000 0.86037 0.07384 10.78563 0.40493 0.89226 0.09222 318.0014 0.5887 1553.855 2.00446 69.155 1.151
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0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
 Fraction of 39Ar Released
 0
 20
 40
 60
 80
 100
 120
 Age
 inM
 a
 Total gas age = 79.6 0.2 Ma
 0.000
 0.020
 0.040
 0.060
 0.080
 Cl/K
 0.00
 1.00
 2.00
 3.00
 4.00
 5.00
 Ca/
 K
 MI81 N11a C-00-3A Kspar
 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
 Fraction of 39Ar Released
 0
 20
 40
 60
 80
 100
 120
 Age
 inM
 a
 Total gas age = 79.8 0.3 Ma
 0.000
 0.020
 0.040
 0.060
 0.080
 Cl/K
 0.00
 1.00
 2.00
 3.00
 4.00
 5.00
 Ca/
 K
 MI81 N11b C-00-3A Kspar
 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
 Fraction of 39Ar Released
 0
 20
 40
 60
 80
 100
 120
 Age
 inM
 a
 Total gas age = 60.1 0.3 Ma
 0.00
 0.02
 0.04
 0.06
 0.08
 Cl/K
 0
 2
 4
 6
 8
 10
 Ca/
 K
 MI81 N6a C-00-6 Biotite
 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
 Fraction of 39Ar Released
 0
 20
 40
 60
 80
 100
 120
 Age
 inM
 a
 Total gas age = 65.7 0.4 Ma
 0.00
 0.02
 0.04
 0.06
 0.08
 Cl/K
 0
 2
 4
 6
 8
 10
 Ca/
 K
 MI81 N6b C-00-6 Biotite
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0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
 Fraction of 39Ar Released
 0
 20
 40
 60
 80
 100
 Age
 inM
 a
 Total gas age = 71.3 0.5 Ma
 Plateau age = 71.6 0.4 Ma
 0.00
 0.05
 0.10
 0.15
 Cl/K
 0
 10
 20
 30
 40
 50
 Ca/
 K
 MI81 N8a C-00-20 Hbde
 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
 Fraction of 39Ar Released
 0
 20
 40
 60
 80
 100
 120
 Age
 inM
 a
 Total gas age = 73.5 0.4 Ma
 Plateau age = 73.0 0.3
 0.00
 0.04
 0.08
 0.12
 0.16
 Cl/K
 0
 10
 20
 30
 40
 50
 Ca/
 K
 MI81 N8b C-00-20 Hbde
 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
 Fraction of 39Ar Released
 0
 20
 40
 60
 80
 100
 Age
 inM
 a
 Total gas age = 60.8 .7 Ma
 Plateau = 71.9 .6
 0.000
 0.002
 0.004
 0.006
 0.008
 Cl/K
 0.00
 0.20
 0.40
 0.60
 0.80
 1.00
 Ca/
 K
 MI78-N9a C-98-3 K feldspar
 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
 Fraction of 39Ar Released
 0
 20
 40
 60
 80
 100
 Age
 inM
 a
 Total gas age = 63.8 .3 Ma
 Plateau age = 72.3 0.3 Ma
 0.000
 0.002
 0.004
 0.006
 0.008
 Cl/K
 0.00
 0.20
 0.40
 0.60
 0.80
 1.00
 Ca/
 K
 MI78-N9b C-98-3 K feldspar
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0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
 Fraction of 39Ar Released
 0
 10
 20
 30
 40
 50
 60
 70
 80
 90
 Age
 inM
 a
 Total gas age = 72.4 .2 Ma
 0.00
 0.02
 0.04
 0.06
 0.08
 Cl/K
 0.00
 0.20
 0.40
 0.60
 0.80
 1.00
 Ca/
 K
 MI78-O0a C-98-3 Biotite
 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
 Fraction of 39Ar Released
 0
 10
 20
 30
 40
 50
 60
 70
 80
 90
 Age
 inM
 a
 Total gas age = 71.4 .1 Ma
 0.00
 0.02
 0.04
 0.06
 0.08
 Cl/K
 0.00
 0.20
 0.40
 0.60
 0.80
 1.00
 Ca/
 K
 MI78-O0b C-98-3 Biotite
 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
 Fraction of 39Ar Released
 0
 10
 20
 30
 40
 50
 60
 70
 80
 90
 Age
 inM
 a
 Total gas age = 71.3 .3 Ma
 Plateau age = 72.7 0.3 Ma
 0.000
 0.020
 0.040
 0.060
 0.080
 Cl/K
 0.00
 0.20
 0.40
 0.60
 0.80
 1.00
 Ca/
 K
 MI78-O0c C-98-3 Biotite
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0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
 Fraction of 39Ar Released
 0
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 60
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 100
 120
 Age
 inM
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 Total gas age = 78.5 3.6 Ma
 Plateau age = 75.6 2.1 Ma
 0.00
 0.05
 0.10
 0.15
 Cl/K
 0
 20
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 60
 80
 100
 Ca/
 K
 MI81 N9a C-00-9 Hbde
 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
 Fraction of 39Ar Released
 0
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 80
 100
 120
 Age
 inM
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 Total gas age = 75.6 2.8 Ma
 Plateau age = 74.2 1.4
 0.00
 0.05
 0.10
 0.15
 Cl/K
 0
 20
 40
 60
 80
 100
 Ca/
 K
 MI81 N9b C-00-9 Hbde
 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
 Fraction of 39Ar Released
 0
 20
 40
 60
 80
 100
 120
 Age
 inM
 a
 Total gas age = 71.8 2.2 Ma
 Plateau Age = 72.8 0.9 Ma
 0.0
 1.0
 2.0
 3.0
 4.0
 Cl/K
 0
 50
 100
 150
 Ca/
 K
 MI81 N5a C-00-10 Hbde
 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
 Fraction of 39Ar Released
 0
 20
 40
 60
 80
 100
 120
 140
 Age
 inM
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 Total gas age = 74.8 0.9 Ma
 Plateau age = 73.9 0.9 Ma
 0.00
 0.20
 0.40
 0.60
 0.80
 Cl/K
 0
 10
 20
 30
 40
 50
 Ca/
 K
 MI81 N5b C-00-10 Hbde
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0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
 Fraction of 39Ar Released
 0
 10
 20
 30
 40
 50
 60
 70
 80
 90
 Age
 inM
 a
 Total gas age = 66.4 .5 Ma
 Plateau = 68.4 .3
 0.0
 0.5
 1.0
 1.5
 Cl/K
 0
 10
 20
 30
 40
 50
 Ca/
 K
 MI78-J4a C-98-2 Hornblende
 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
 Fraction of 39Ar Released
 0
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 Age
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 Total gas age = 62.3 1.3 Ma
 Plateau = 68.9 .9
 0.0
 0.5
 1.0
 1.5
 Cl/K
 0
 10
 20
 30
 40
 50
 Ca/
 K
 MI78-J4b C-98-2 Hornblende
 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
 Fraction of 39Ar Released
 0
 10
 20
 30
 40
 50
 60
 70
 80
 90
 Age
 inM
 a
 Total gas age = 63.1 .7 Ma
 Plateau = 69.5 .5
 0.0
 0.5
 1.0
 1.5
 Cl/K
 0
 10
 20
 30
 40
 50
 Ca/
 K
 MI78-J4c C-98-2 Hornblende
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0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
 Fraction of 39Ar Released
 0
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 40
 60
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 100
 120
 Age
 inM
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 Total gas age = 72.5 0.5 Ma
 Plateau age = 73.8 0.5 Ma
 0.0
 0.2
 0.4
 0.6
 0.8
 Cl/K
 0
 10
 20
 30
 40
 50
 Ca/
 K
 MI81 N7a C-00-17 Hbde
 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
 Fraction of 39Ar Released
 0
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 60
 80
 100
 120
 Age
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 Total gas age = 72.3 1.6 Ma
 Plateau age = 72.9 1.3 Ma
 0.0
 0.2
 0.4
 0.6
 0.8
 Cl/K
 0
 10
 20
 30
 40
 50
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 K
 MI81 N7b C-00-17 Hbde
 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
 Fraction of 39Ar Released
 0
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 100
 120
 Age
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 Total gas age = 72.7 1.3 Ma
 Plateau age = 73.1 0.6 Ma
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 0.2
 0.4
 0.6
 0.8
 Cl/K
 0
 10
 20
 30
 40
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 K
 MI81 N10a C-00-18 Hbde
 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
 Fraction of 39Ar Released
 0
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 100
 120
 Age
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 Total gas age = 82.8 0.4 Ma
 0.0
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 0.6
 0.8
 Cl/K
 0
 10
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 Ca/
 K
 MI81 N10c C-00-18 Hbde
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0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
 Fraction of 39Ar Released
 0
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 Age
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 Total gas age = 71.9 0.2 Ma
 Plateau age = 72.9 0.2 Ma
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 0.05
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 0.15
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 0.0
 0.2
 0.4
 0.6
 0.8
 1.0
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 MI81 N10b C-00-18 Biotite
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 Fraction of 39Ar Released
 0
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 Plateau age = 73.1 0.2 Ma
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 400 mW and 500mW samples lost dueto valve fault.
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 0.40
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 1.00
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 K
 MI82 O37b C-00-5B-CG Biotite
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0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
 Fraction of 39Ar Released
 0
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 Plateau age = 73.3 0.4
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 0
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 Total gas age = 63.17 2.50 Ma
 Plateau age = 75.9 2.3 Ma
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 4.0
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 0
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 MI82 O38b C-00-5B-CG Hbde
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 Fraction of 39Ar Released
 0
 10
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 Total gas age = 73.0 0.2 Ma
 Plateau age = 73.6 0.2 Ma
 0.0
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 0.3
 0.4
 Cl/K
 0
 5
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 Ca/
 K
 MI82 O38c C-00-5B-CG Hbde
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0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
 Fraction of 39Ar Released
 0
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 30
 40
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 Age
 inM
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 Total gas age = 73.2 0.5 Ma
 Reduced integrated age = 73.7 0.5 Ma
 0.00
 0.10
 0.20
 0.30
 0.40
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 0
 10
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 MI82 O30a C-00-11 Whole Rock
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 Total gas age = 75.0 0.9 Ma
 Reduced integrated age = 75.7 0.9 Ma
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 MI82 O30b C-00-11 Whole Rock
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 Fraction of 39Ar Released
 0
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 60
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 Age
 inM
 a
 Total gas age = 67.7 0.2 Ma
 Reduced integrated age = 72.3 0.2 Ma
 0.000
 0.002
 0.004
 0.006
 0.008
 Cl/K
 0
 5
 10
 15
 20
 Ca/
 K
 MI82 O31a C-00-22 Whole Rock
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 Fraction of 39Ar Released
 0
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 50
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 Total gas age = 67.8 0.1 Ma
 Reduced integrated age = 73.0 0.2 Ma
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 Cl/K
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 10
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 20
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 K
 MI82 O31b C-00-22 Whole Rock
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0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
 Fraction of 39Ar Released
 0
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 Age
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 Total gas age = 75.6 0.2 Ma
 Reduced integrated age = 74.1 0.2 Ma
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 0.02
 0.03
 0.04
 Cl/K
 0
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 10
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 K
 MI82 O32a C-00-40 Whole Rock
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 Fraction of 39Ar Released
 0
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 90
 Age
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 Total gas age = 72.8 0.2 Ma
 Reduced integrated age = 73.0 0.2 Ma
 0.00
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 0.02
 0.03
 0.04
 Cl/K
 0
 2
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 6
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 K
 MI82 O32b C-00-40 Whole Rock
 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
 Fraction of 39Ar Released
 0
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 40
 50
 60
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 90
 Age
 inM
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 Total gas age = 64.3 0.2 Ma
 Reduced integrated age = 71.3 0.2 Ma
 0.000
 0.002
 0.004
 0.006
 0.008
 Cl/K
 0.0
 0.5
 1.0
 1.5
 2.0
 Ca/
 K
 MI82 O33a C-00-41 Whole Rock
 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
 Fraction of 39Ar Released
 0
 10
 20
 30
 40
 50
 60
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 90
 Age
 inM
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 Total gas age = 64.8 0.2 Ma
 Reduced integrated age = 71.5 0.2 Ma
 0.000
 0.005
 0.010
 0.015
 Cl/K
 0.0
 0.5
 1.0
 1.5
 2.0
 Ca/
 K
 MI82 O33b C-00-41 Whole Rock
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0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
 Fraction of 39Ar Released
 0
 10
 20
 30
 40
 50
 60
 70
 80
 90
 Age
 inM
 a
 Total gas age = 72.8 0.3 Ma
 Reduced integrated age = 73.7 0.3 Ma
 0.000
 0.002
 0.004
 0.006
 0.008
 Cl/K
 0
 2
 4
 6
 8
 10
 Ca/
 K
 MI82 O34a C-00-42 Whole Rock
 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
 Fraction of 39Ar Released
 0
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 40
 50
 60
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 90
 Age
 inM
 a
 Total gas age = 71.0 0.2 Ma
 Reduced integrated age = 72.1 0.2 Ma
 0.000
 0.005
 0.010
 0.015
 0.020
 0.025
 Cl/K
 0
 2
 4
 6
 8
 10
 Ca/
 K
 MI82 O34b C-00-42 Whole Rock
 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
 Fraction of 39Ar Released
 0
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 40
 60
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 100
 120
 Age
 inM
 a
 Total gas age = 73.7 0.3 Ma
 Plateau age = 75.1 0.3 Ma
 0.00
 0.02
 0.04
 0.06
 0.08
 Cl/K
 0.00
 0.02
 0.04
 0.06
 0.08
 0.10
 Ca/
 K
 MI81 N16a C-00-23A Biotite
 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
 Fraction of 39Ar Released
 0
 20
 40
 60
 80
 100
 120
 Age
 inM
 a
 Total gas age = 72.5 0.6 Ma
 Plateau age = 74.8 0.5 Ma
 0.00
 0.02
 0.04
 0.06
 0.08
 Cl/K
 0.00
 0.02
 0.04
 0.06
 0.08
 0.10
 Ca/
 K
 MI81 N16b C-00-23A Biotite
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0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
 Fraction of 39Ar Released
 0
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 20
 30
 40
 50
 60
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 90
 Age
 inM
 a
 Total gas age = 72.9 1.2 Ma
 Plateau age = 71.5 0.8 Ma
 0.00
 0.02
 0.04
 0.06
 0.08
 Cl/K
 0.00
 0.02
 0.04
 0.06
 0.08
 0.10
 Ca/
 K
 MI78-J2a C-98-1 Biotite
 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
 Fraction of 39Ar Released
 0
 10
 20
 30
 40
 50
 60
 70
 80
 90
 Age
 inM
 a
 Total gas age = 72.3 .4 Ma
 Plateau age = 72.1 0.2 Ma
 0.00
 0.02
 0.04
 0.06
 0.08
 Cl/K
 0.00
 0.02
 0.04
 0.06
 0.08
 0.10
 Ca/
 K
 MI78-J2b C-98-1 Biotite
 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
 Fraction of 39Ar Released
 0
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 40
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 60
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 Age
 inM
 a
 Total gas age = 69.6 .7 Ma
 Plateau age = 73.3 0.6 Ma
 0.000
 0.005
 0.010
 0.015
 Cl/K
 0.00
 0.10
 0.20
 0.30
 0.40
 0.50
 Ca/
 K
 MI78-J3a C-98-1 K feldspar
 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
 Fraction of 39Ar Released
 0
 10
 20
 30
 40
 50
 60
 70
 80
 90
 Age
 inM
 a
 Total gas age = 69.4 .5 Ma
 Plateau age = 72.5 0.4 Ma
 0.000
 0.005
 0.010
 0.015
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 0.10
 0.20
 0.30
 0.40
 0.50
 Ca/
 K
 MI78-J3b C-98-1 K feldspar
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0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
 Fraction of 39Ar Released
 0
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 90
 Age
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 a
 Total gas age = 69.9 .2 Ma
 Plateau = 71.2 .2
 0.000
 0.020
 0.040
 0.060
 0.080
 Cl/K
 0.00
 0.02
 0.04
 0.06
 0.08
 0.10
 Ca/
 K
 MI78-O1a C-98-1-x Biotite
 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
 Fraction of 39Ar Released
 0
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 40
 50
 60
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 80
 90
 Age
 inM
 a
 Total gas age = 70.1 .2 Ma
 Plateau age = 71.6 0.2 Ma
 0.00
 0.02
 0.04
 0.06
 0.08
 Cl/K
 0.00
 0.02
 0.04
 0.06
 0.08
 0.10
 Ca/
 K
 MI78-O1b C-98-1-x Biotite
 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
 Fraction of 39Ar Released
 0
 10
 20
 30
 40
 50
 60
 70
 80
 90
 Age
 inM
 a
 Total gas age = 71.7 .5 Ma
 Plateau age = 71.9 0.5 Ma
 0.00
 0.02
 0.04
 0.06
 0.08
 Cl/K
 0.00
 0.02
 0.04
 0.06
 0.08
 0.10
 Ca/
 K
 MI78-O1c C-98-1-x Biotite
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0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
 Fraction of 39Ar Released
 0
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 90
 Age
 inM
 a
 Total gas age = 63.2 .9 Ma
 Reduced integrated age = 69.2 .9
 0.000
 0.002
 0.004
 0.006
 0.008
 Cl/K
 0.00
 0.10
 0.20
 0.30
 0.40
 0.50
 Ca/
 K
 MI78-O2a C-98-4 K feldspar
 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
 Fraction of 39Ar Released
 0
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 20
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 40
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 60
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 80
 90
 Age
 inM
 a
 Total gas age = 70.5 1.1 Ma
 Reduced integrated age = 72.6 1.1
 0.000
 0.002
 0.004
 0.006
 0.008
 Cl/K
 0.00
 0.10
 0.20
 0.30
 0.40
 0.50
 Ca/
 K
 MI78-O2b C-98-4 K feldspar
 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
 Fraction of 39Ar Released
 0
 10
 20
 30
 40
 50
 60
 70
 80
 90
 Age
 inM
 a
 Total gas age = 67.2 .7 Ma
 Reduced integrated age = 70.8 0.7 Ma
 0.000
 0.004
 0.008
 0.012
 0.016
 Cl/K
 0.00
 0.10
 0.20
 0.30
 0.40
 0.50
 Ca/
 K
 MI78-O2c C-98-4 K feldspar

Page 48
						

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
 Fraction of 39Ar Released
 0
 20
 40
 60
 80
 100
 120
 140
 160
 180
 Age
 inM
 a Total gas age = 74.3 0.2 Ma
 0.000
 0.020
 0.040
 0.060
 0.080
 Cl/K
 0.00
 0.20
 0.40
 0.60
 0.80
 1.00
 Ca/
 K
 MI81 N13a CSE-22 36m Adularia
 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
 Fraction of 39Ar Released
 0
 20
 40
 60
 80
 100
 120
 140
 160
 180
 Age
 inM
 a Total gas age = 74.9 2.1 Ma
 Plateau age = 73.3 1.5 Ma
 0.000
 0.020
 0.040
 0.060
 0.080
 Cl/K
 0.00
 0.20
 0.40
 0.60
 0.80
 1.00
 Ca/
 K
 MI81 N13b CSE-22 36m Adularia
 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
 Fraction of 39Ar Released
 0
 20
 40
 60
 80
 100
 120
 140
 160
 180
 Age
 inM
 a Total gas age = 70.0 0.8 Ma
 Plateau age = 69.8 0.4 Ma
 0.000
 0.020
 0.040
 0.060
 0.080
 Cl/K
 0.00
 2.00
 4.00
 6.00
 8.00
 10.00
 Ca/
 K
 MI81 N15a CSE-22 41m Adularia



					
LOAD MORE                                    

            


            
                
                

                

                
                
                                

                                    
                        
                            
                                                            
                                                        

                        
                        
                            VILLA ANTILLES

                            Documents
                        

                    

                                    
                        
                            
                                                            
                                                        

                        
                        
                            MISSION ANTILLES (GUADELOUPE -MARTINIQUE)

                            Documents
                        

                    

                                    
                        
                            
                                                            
                                                        

                        
                        
                            Peripeteia pagida stis antilles

                            Documents
                        

                    

                                    
                        
                            
                                                            
                                                        

                        
                        
                            Catalogue PRIX PALETTE Antilles

                            Documents
                        

                    

                                    
                        
                            
                                                            
                                                        

                        
                        
                            Mystère Aux Antilles

                            Documents
                        

                    

                                    
                        
                            
                                                            
                                                        

                        
                        
                            L’hippocup aux antilles

                            Health & Medicine
                        

                    

                                    
                        
                            
                                                            
                                                        

                        
                        
                            The origin of a terrane: U&Pb zircon geochronology and tectonic …agcasco/igcp546/Geochron/pdf/mexico/1994... · 2009-11-02 · tectonic model by establishing the time of deformation

                            Documents
                        

                    

                                    
                        
                            
                                                            
                                                        

                        
                        
                            Netherlands Antilles

                            Documents
                        

                    

                                    
                        
                            
                                                            
                                                        

                        
                        
                            Vigilance      Météo ANTILLES

                            Documents
                        

                    

                                    
                        
                            
                                                            
                                                        

                        
                        
                            Identifying Tectonic Plates The Earth’s tectonic plates 

                            Documents
                        

                    

                                    
                        
                            
                                                            

                                                        

                        
                        
                            « Le festival des Antilles »

                            Documents
                        

                    

                                    
                        
                            
                                                            

                                                        

                        
                        
                            Règles antilles 1992 - Couverture

                            Documents
                        

                    

                                    
                        
                            
                                                            

                                                        

                        
                        
                            Région Antilles-Guyane - MGP

                            Documents
                        

                    

                                    
                        
                            
                                                            

                                                        

                        
                        
                            UNIVERSITE DES ANTILLES - Université des Antilles

                            Documents
                        

                    

                                    
                        
                            
                                                            

                                                        

                        
                        
                            Bibliographie sur les Antilles

                            Documents
                        

                    

                                    
                        
                            
                                                            

                                                        

                        
                        
                            Catalogue NOËL 2015 ANTILLES

                            Documents
                        

                    

                                    
                        
                            
                                                            

                                                        

                        
                        
                            Caribbean (West Indies) Greater Antilles: 4 large islands: Cuba Jamaica Hispaniola Puerto Rico Lesser Antilles: in arc between S. America and Greater Antilles

                            Documents
                        

                    

                                    
                        
                            
                                                            

                                                        

                        
                        
                            France Antilles - GBH France Antilles... · France Antilles Author: la_bonnialyamra Created Date: 7/27/2017 9:33:57 AM 

                            Documents
                        

                    

                                    
                        
                            
                                                            

                                                        

                        
                        
                            Tectonic Summit 2016: CoreOS Tectonic on AWS

                            Technology
                        

                    

                                    
                        
                            
                                                            

                                                        

                        
                        
                            Catalogue Carnaval 2016 ANTILLES

                            Documents
                        

                    

                                    
                        
                            
                                                            

                                                        

                        
                        
                            Flash info antilles 03

                            Documents
                        

                    

                                    
                        
                            
                                                            

                                                        

                        
                        
                            Madden The Bahamas The Greater Antilles The Lesser Antilles The Netherlands Antilles The Caribbean

                            Documents
                        

                    

                                    
                        
                            
                                                            

                                                        

                        
                        
                            The antilles incident

                            Education
                        

                    

                                    
                        
                            
                                                            

                                                        

                        
                        
                            CROSS Antilles- Année 2018

                            Documents
                        

                    

                                    
                        
                            
                                                            

                                                        

                        
                        
                            BUT Rentree Antilles

                            Documents
                        

                    

                                    
                        
                            
                                                            

                                                        

                        
                        
                            Les Antilles. Où se trouve les Antilles? La mer des caraïbes

                            Documents
                        

                    

                                    
                        
                            
                                                            

                                                        

                        
                        
                            UNIVERSITE DES ANTILLES

                            Documents
                        

                    

                                    
                        
                            
                                                            

                                                        

                        
                        
                            REGIONAL BRIEFING ANTILLES REGULATORY...US Army Corps of Engineers BUILDING STRONG® REGIONAL BRIEFING ANTILLES REGULATORY Sindulfo Castillo, PE Chief, Antilles Regulatory Section

                            Documents
                        

                    

                                    
                        
                            
                                                            

                                                        

                        
                        
                            Bonaire,  Netherland Antilles

                            Documents
                        

                    

                                    
                        
                            
                                                            

                                                        

                        
                        
                            Insecticides Antilles

                            Documents
                        

                    

                                            

        

    


















    
        
            	About us
	Contact us
	Term
	DMCA
	Privacy Policy


            	English
	Français
	Español
	Deutsch



            
                

				STARTUP - SHARE TO SUCCESS

									
							


					

				            

        

    














	



