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CHAPTER 2: ARTICLE FOR SUBMISSION 

Abstract 

The Silurian–Devonian metasedimentary rocks of the Connecticut Valley-Gaspé 

trough (CVGT) were subjected to multiple deformational and metamorphic events during 

the Acadian orogeny in the Middle–Late Devonian.  Plutons intruding the Devonian 

Waits River and Gile Mountain Formations have been considered post-tectonic, but 

microstructural studies of the intrusions and their metamorphic aureoles indicate some of 

these plutons intruded syntectonically.  This study investigates the relationship between 

Acadian deformation and intrusion of the Knox Mountain pluton (KMP) of central 

Vermont. Structural and geochronological data were collected along a c. 15 km transect 

from the western limit of the CVGT, where the unconformable Richardson Memorial 

Contact coincides with the Dog River Fault Zone, into the margin of the KMP in the east.  

Field and microstructural observations indicate the KMP intruded syntectonically.  

Evidence for Acadian deformation post-dating intrusion includes folded and boudinaged 

granitic dikes at the margin of the KMP, and microstructures such as flame perthite, 

myrmekite, deformation twins, and textures associated with grain-boundary migration 

recrystallization in the granite. In the metamorphic aureole, biotite porphyroblasts 

overgrow S3, the earliest Acadian secondary foliation, and were deformed during S4 

crenulation cleavage development. The KMP intruded at 377±5.2 Ma based on a U-Th-

total Pb monazite crystallization age, which is concordant with the published age of the 

nearby Barre granite.  The timing of S4 foliation development in the CVGT is constrained 

locally by 
40

Ar/
39

Ar geochronology at ~365 Ma, consistent with the microstructurally-

inferred relative-age relationships.  Plateau/weighted mean 
40

Ar/
39

Ar ages from across the 

transect and minimum ages from argon-loss profiles show a general trend of younging 

towards the east, suggesting these rocks have been affected by Alleghanian and Mesozoic 

deformation and exhumation. 
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CHAPTER 2: ARTICLE FOR SUBMISSION 

1. Introduction 

The relative timing and relationship between deformation and magmatic intrusion 

during orogenesis is often controversial, especially in polyphase orogens (Castonguay et 

al., 2011).  Polyphase deformation structures are pervasive in the metamorphic cores of 

orogenies affected by multiple generations of folding and fabric development.  Structural 

and metamorphic studies have been correlated with 
40

Ar/
39

Ar geochronologic data to 

understand the evolution of deformation during the Acadian orogeny (e.g. Castonguay et 

al., 2007; 2011; McWilliams et al., 2013), but limited work has been done to correlate the 

timing of deformation with respect to the intrusion of Acadian plutons (e.g. Hannula et 

al., 1999).   

Determining the nature, absolute timing, and duration of both deformation and 

intrusion are essential for understanding the dynamics of Acadian orogenic events in 

Vermont.  Solar et al. (1998; and references therein) have proposed that granite 

extraction, ascent and emplacement can be determined to be synchronous with 

metamorphism and deformation with precise determination of crystallization ages from a 

pluton and cooling ages from its metamorphic aureole.  This study aims to define the 

relationship between Acadian magmatism and deformation along a transect from the 

margin of the Knox Mountain Pluton in central Vermont, through its metamorphic 

aureole, to the western limit of the Connecticut Valley Trough (see Figures 1 and 2).  The 

relationship between these tectonically driven processes will be analyzed via: 1) field and 

microstructural analyses; 2) 
40

Ar/
39

Ar thermochronology of deformed metasediments; 



55 

 

and 3) both U-Th total Pb dating of monazite and 
40

Ar/
39

Ar thermochronology of the 

Knox Mountain pluton. 

2. Geologic Background 

2.1. Geologic Setting of the Connecticut Valley-Gaspé Trough 

2.1.1. Regional Geology 

The rocks of New England preserve a record of the Paleozoic accretionary history 

of the margin of Laurentia (Figure 1).  The Paleozoic geology of central Vermont records 

the closure of the Iapetus Ocean during collision and accretion of arcs and terranes with 

the Laurentian margin (Pinet and Tremblay, 1995).  The Middle to Late Ordovician 

Taconic orogeny is associated with east-dipping subduction of the Laurentian margin and 

eventual closure of the Neo-Iapetus ocean due to collision with the Shelburne Falls island 

arc (Karabinos et al., 1998).  The termination of Taconic orogenesis is marked by the 

development of a west-dipping subduction zone east of and beneath the Bronson Hill arc 

to the east of Laurentia within the Iapetus Ocean.  During the Silurian, post-Taconian 

convergence occurred in conjunction with extension due to slab break-off of the west-

dipping subducting Gondwanan crust. Rising asthenosphere in the Québec embayment 

resulted in continuous extension that yielded Paleozoic basins, including the Connecticut 

Valley-Gaspé trough (CVGT) and Central Maine trough (Karabinos et al., 1998; Rankin 

et al., 2007). 

During the Silurian and Early Devonian, the Taconic orogen was eroded 

significantly, and the resulting shales, limestones, and sandstones were deposited in the 

elongate series of marginal basins to the east of the mountains (namely, the CVGT), 

extending from southern New England to the Gaspé Peninsula (Tremblay and Pinet, 
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2005).  The west-directed contractional events of the ensuing Acadian orogeny folded 

most of the sediments in the trough into recumbent, isoclinal kilometer-scale nappes that 

locally verge towards the southwest.  Metamorphism due to burial, regional deformation, 

and contact heat from magmatic intrusion metamorphosed them to schists, phyllites, 

marbles and quartzites (Hannula et al., 1999; Robinson et al., 1991).    

In the Northern Appalachian Belt, up to 50% of the surface exposure consists of 

the Silurian and Devonian metasedimentary and igneous rocks described above (Figure 1; 

Tremblay and Pinet, 2005).  Contrasting interpretations of these sedimentary basins has 

yielded the proposal of several possible tectonic scenarios for how Avalonia terranes 

accreted onto the Laurentian margin (Nance et al., 2002).  Robinson et al. (1998) 

suggested these rocks formed from backarc extension in foreland basins with lithosphere 

delamination along a SE-dipping subduction zone, while other authors believe the 

delamination occurred along a NW-dipping subduction zone (e.g. van Staal and de Roo, 

1995; Moench and Aleinikoff, 2002).  Bradley (1983) suggested foreland basins were 

overlying two subduction zones plunging opposite directions.  Finally, multiple authors 

have proposed these rocks formed in transpressive or transtensional rift basins (e.g. 

Keppie and Dostal, 1994; Bourque, et al., 1995).  Rankin et al. (2007) state that 

delamination of the lithosphere in an east-dipping subduction zone caused asthenospheric 

upwelling.  This upwelling led to basement uplift, partial melting of the crust, and inter-

plate magmatism, all of which contributed to the regional extension that resulted in the 

formation of the CVGT. 

In Vermont, the Connecticut Valley-Gaspé trough is bound unconformably to the 

west by the “Richardson Memorial contact” (RMC), which locally coincides with the 
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Dog River Fault Zone (DRFZ), and to the east by faults of the Bronson Hill anticlinorium 

(Westerman, 1987; McWilliams et al., 2010).  The debate surrounding the tectonic versus 

stratigraphic origin of the RMC has historically been controversial, and the contact has 

been interpreted as a fault related to Acadian deformation (e.g. Hatch et al., 1988), a 

Silurian erosional unconformity (e.g. Hatch, 1982), or a syn-depositional fault and 

unconformity (Karabinos, 1998).  Although Westerman (1987) suggested that the RMC 

corresponds to the DRFZ in central Vermont, Walsh et al. (2010) note that in central 

Vermont, the RMC and DRFZ are not always coincident.  Because RMC most 

appropriately refers to a stratigraphic contact, the faulted boundary at the westernmost 

limit of the CVGT shall be referred to as the DRFZ herein.  The DRFZ has been 

correlated to two décollements based on regional folds, stratigraphic position, and surface 

trace: the Surface of Acadian Structural Disharmony to the south in Massachusetts, and 

the La Guadeloupe fault to the north in Québec (Hatch and Stanley, 1988; Kim and 

Klepeis, 2015).    

The metasedimentary rocks of the CVGT include, from oldest to youngest, the 

Silurian Shaw Mountain Formation, the Silurian and Devonian Northfield Formation, the 

Silurian and Devonian Waits River Formation, and the Devonian Gile Mountain 

Formation (Figure 2; Walsh et al., 2010).  The Shaw Mountain Formation was first 

described by Currier and Jahns (1941), and is a predominantly a graded quartz-pebble 

conglomerate that unconformably overlies the RMC (and all pre-Silurian rocks in the 

valley).  Work by several authors (e.g. Boucot and Thompson, 1963; Doll, 1984; 

Westerman, 1987) says that the bryozoans, brachiopod, coral and echinoderm fossil 

content of the Shaw Mountain Formation indicate a Middle Silurian age.  The Northfield 
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Formation is predominantly a dark grey phyllite with thin (<20 cm) layers of micaceous 

quartzite, matrix–supported conglomerate, and impure limestone, formally named by 

Doll et al. (1961), but also recognized by Currier and Jahns (1941) and Cady (1956) as 

the Northfield slate.  To the east, the Northfield Formation grades into the Waits River 

Formation (Walsh et al., 2010).    

The Waits River Formation was first described by Currier and Jahns (1941) as all 

rocks stratigraphically above the Northfield Slate, and stratigraphically below the Gile 

Mountain Formation.  The Waits River Formation consists of interbedded phyllites and 

impure marbles of varying thicknesses, often referred to as crystalline limestones 

“because of their poor commercial qualities compared to the marbles of western 

Vermont,” (Cady, 1956).  Regional fossil evidence from Hueber et al., (1990) and Lavoie 

and Asselin (2004), combined with regional structural studies (e.g. Fisher and Karabinos, 

1980; Hatch, 1988) suggest the Waits River and Northfield formations both lie 

stratigraphically beneath the Gile Mountain Formation.  The Gile Mountain Formation is 

dominated by interbedded phyllite and quartzite, with minor calcareous phyllite and 

impure limestone (Walsh et al., 2010).  The segment of Gile Mountain Formation 

exposed to the west of the Knox Mountain pluton was initially interpreted to be a distinct 

unit named the Westmore Formation (e.g. Murthy, 1957), but alternate interpretations 

and revisions to the structure and stratigraphy of eastern Vermont indicate that the 

Westmore and Gile Mountain formations are one in the same, and are repeated due to the 

occurance of the Brownington syncline (whose significance will be discussed below; 

Konig, 1961).  The Gile Mountain and Waits River formations are cut by numerous 

granitic dikes and plutons associated with the Devonian New Hampshire plutonic suite, 
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some of which (including the Knox Mountain pluton) have exposed areas of greater than 

400 m
2
 (Billings, 1956; Hannula et al., 1999; Westerman and Coish, 2009).  Both 

sedimentary units have experienced significant metamorphism associated with both the 

orogenic events of the Acadian, as well as the intrusion of this plutonic series.   

The Acadian orogeny has been divided into two separate metamorphic realms, the 

eastern and western belts, based on distinct styles of metamorphism (Armstrong et al., 

1992).  The western Acadian belt was subjected to Barrovian-type metamorphism and is 

characterized by high-temperature and high-pressure conditions, and in central Vermont, 

the metamorphic grade generally increases towards the east (Armstrong et al.,1992; 

Tremblay et al., 2000; Walsh et al., 2010).  McWilliams et al. (2013) suggests the rocks 

of the CVGT were deformed at greenschist-facies conditions in southeastern Vermont.  

Greenschist-facies conditions in the range of 230–480 °C, ≤0.4 GPa have been cited in 

northern Vermont east of the Green-Mountain anticlinorium (Laird and Albee, 1981; 

Castonguay et al., 2007).  In terms of index mineralogical zones in central Vermont, the 

DRFZ is located in the biotite-grade zone, and the biotite–garnet isograd occurs roughly 

two kilometers east of Montpelier and maintains the same strike as the metasedimentary 

units in the region (see Figure 2).  The garnet–staurolite isograd commences roughly five 

kilometers west of the Knox Mountain pluton near Plainfield, Vermont, and locally 

envelopes the Knox Mountain and the Barre plutons, suggesting magmatic intrusion post-

dates the peak of regional metamorphism (Richter, 1987). 

2.1.2. Magmatism in the CVGT 

Significant intrusive magmatism occurred in conjunction with the transpressive 

orogenic events of the Acadian, yielding 14 distinct plutons within the CVGT as part of 



60 

 

the New Hampshire plutonic series (Arth and Ayuso, 1997; Westerman and Coish, 

2009).  Many of the plutonic bodies often referred to as “granite” technically have the 

composition of adamellite, and are most appropriately classified as granodiorites (Konig, 

1961).  Solar et al. (1998) have suggested that there is a general feedback relationship 

between contractional deformation and crustal anatexis that helps focus granite extraction 

and ascent through the crust during orogenies that explains how magma emplacement 

occurs in conjunction with compression.  Westerman and Coish (2009) note that plutons 

in the CVGT with high aspect ratios (length divided by width) typically have a high 

alignment with regional foliations in the host country rock.  Konig (1961) found flow 

structures in mica-rich sections of the Knox Mountain pluton near its eastern margin that 

are subparallel to the pluton margin itself.  The map-view structures and corresponding 

shapes of metamorphic aureoles have been cited to suggest that of many Acadian 

intrusive bodies intruded after peak Acadian deformation and metamorphism (Richter et 

al., 1997).   

Hannula et al. (1999) demonstrated that it is possible to correlate microstructures 

found in an intrusive body with microstructures in a pluton’s metamorphic aureole.  Their 

microstructural analysis of the Acadian Victory pluton in northeast Vermont correlated 

microstructures from the intrusion with the Monroe Fault and the pluton’s metamorphic 

aureole to demonstrate syntectonic intrusion, with an intrusion depth of 14–20 

kilometers.  Numerous lines of evidence have been cited to indicate that the Knox 

Mountain pluton was injected forcefully, perhaps with the aid of mechanical stoping.  

Evidence includes unaltered and (mostly) unrotated xenoliths of country rock within the 

pluton, drag folds and fractures in the country rock migrating away from the Knox 
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Mountain pluton, and country rock that conforms to the shape of the pluton (i.e. the strike 

of the country rock changes and remains parallel with the pluton margin near West 

Dover, Vermont; Hall, 1959; Konig, 1961). 

2.1.3. Structural Geology 

Five generations of folding from ductile deformation with associated structures 

are recognized in the field area (See Table 1).  The five generations are designated from 

oldest to youngest D1–D5, where D1 and D2 fabrics are interpreted to be a product of the 

Taconian orogeny, and D3, D4, and D5 are interpreted to be a product of the Acadian 

orogeny.  Locally, Taconian deformation yielded tight to isoclinal folds with penetrative, 

coplanar fabrics in the pre-Silurian rocks stratigraphically below the RMC.  S1 is a relict 

layer-parallel foliation in the Cambrian/Ordovician Moretown and Cramhill 

Formations.  S2 sometimes appears as the dominant schistosity in the Moretown 

Formation as a pinstripe texture, though it is often a relict texture where overprinted by 

S3.  D3–D5 are the three youngest events in the CVGT, and associated fabrics from these 

three deforming events are present on both sides of the DRFZ.  Locally, the third 

generation foliation (S3) strikes northeast, dips steeply to the northwest, and is the most 

penetrative and dominant deformational fabric in the CVGT, especially in close 

proximity to and on both sides of the DRFZ (Walsh et al., 2010; Westerman, 1987).   

D3 is the first event associated with the Acadian orogeny, and it resulted in the 

folding of the Silurian–Devonian Northfield, Waits River, and Gile Mountain Formations 

into a major regional syncline, where F3 folds plunge 10°–25° to the north, strike to the 

north-north-east, and dip 40°–75° to the west.  The field area of interest falls on the 

western limb of this major synclinal structure.  The axial region of the fold consists of 
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Gile Mountain Formation, and the Waits River Formation is found on both limbs (Konig, 

1961; Figure 2; Figure 3).  Richardson (1906) first recognized the Brownington syncline 

in the St. Johnsbury quadrangle.  It was officially named by Doll (1951), and then traced 

southward into the Lynodnville quadrangle by Denis (1956), and eventually the Plainfield 

quadrange by Konig (1961), where its axial trace runs parallel to the contact between the 

Waits River and Gile Mountain formations, and subparallel to the pluton margin (Figure 

2).  In the western end of the Plainfield quadrangle, Konig (1961) also recognized 

bedding-cleavage relationships and drag-fold relationships, and proposed the existence of 

the Woodbury syncline in the western limits of the CVGT, with the Nichols anticline 

between the two synclinal structures (Figure 2). 

D4 resulted in minor folds that are left-stepping in the west and right-stepping in 

the east, with strikes to the northwest and dips 30°–35° to the northeast (Walsh et al., 

2010).  In addition to the development of these minor folds, this deformational event 

essentially resulted in the tightened the pre-existing F3 folds.  S4 foliations often display 

box-fold geometries with crenulation lineations in the eastern segment of the Connecticut 

Valley Sequence in Vermont (Walsh et al., 2010).  Crenulation fabrics are generally 

visible in the local metapelitic rocks, but are often absent in the massive impure 

limestone beds (i.e. the thicker calcareous units of the Waits River Formation). S5 is 

weakly developed and only locally pervasive in this section of the CVGT, although 

further south, in the Strafford and Barre East quadrangles, D5 is responsible for the dome 

structures, such as the Strafford Dome, from which F3 folds plunge gently away (Murthy, 

1957).  The tightness of F4 minor folds also tend to decrease away from F5 domes 



63 

 

(Murthy, 1957).  Bean (1953) suggested there may be a low-density granitic intrusion 

beneath the domal structures, citing residual negative gravity anomalies as evidence.   

Work by Hannula et al. (1990) on the Victory Pluton in the northeastern Vermont 

segment of the CVGT determined that pluton was emplaced 14–20 kilometers deep after 

the development of the dominant foliation (S3), but probably in some conjunction with S4 

or S5 development, citing brittle and ductile structures within the pluton as evidence.  

Anderson and Coish (1999) used hornblende geobarometry to determine that three of the 

plutons in northeastern Vermont and the CVGT intruded at depths ranging from 8–14 

km. 

 

2.2. Constraints on the Timing of Tectonic Events  

This section summarizes previous geochronologic investigations within the 

Connecticut Valley-Gaspé trough, and summarizes a suite of articles that span the 

regional extent of the trough.  Much of the known timing of Acadian deformation has 

been observed as an overprint on age on Neoproterozoic to Middle Ordovician Taconian 

structures (west of the CVGT).  Therefore, cooling ages attributed to both Taconic and 

Acadian orogenic events will be presented herein.  Because of the extent of work that has 

been done throughout the region affected by Acadian deformation, this analysis 

introduces the formation of the Grenvillian basement rocks of Vermont, provides tectonic 

models for the Taconic and Acadian orogenies, and includes a final note on the timing of 

intrusion of some members of the New Hampshire Plutonic series within the CVGT. 
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2.2.1. Formation of Grenvillian Basement 

Doolan (2007) suggests the rocks exposed at the surface of the Earth today in 

Vermont were deposited upon or transported onto an ancient “basement” of rocks, which 

themselves were accreted onto the Laurentian margin during the Grenville orogeny.  

Today, rocks of Grenvillian age are exposed in the Adirondack Mountains of New York, 

and McLelland et al. (1988) reported several U-Pb zircon studies from the magmatic 

Adirondack highlands with ages ranging from 1321 ± 60 Ma–1009 ± 10 Ma, with errors 

at 2σ.  Exposures of allochthonous Grenvillian basement in southern Vermont yield 

similar ages, and the trondhjemitic gneisses of the Mount Holly Complex yield ages of 

volcanism and plutonism that range from 1.35–1.31 Ga (Ratcliffe et al., 1991) 

2.2.2. Tectonic Model for the Taconic Orogeny 

The Taconic orogenic cycle was a complex orogeny that lasted from Late 

Cambrian and Late Ordovician time (~500–450 Ma; Stanley and Ratcliffe, 1985; van 

Staal and Barr, 2012).  The orogeny was due to the closure of the Neo-Iapetus Ocean, a 

basin that originally opened due to rifting of the Rodinian continent and Laurentian 

continental margin during the Latest Proterozoic to Early Cambrian. Cawood et al. 

(2001) has suggested that rifting may have occurred over multiple episodes between 570–

543 Ma.  

In western Vermont, only two Taconic tectonic events are recognized, and there 

remains some difficulty correlating these two events with three events recognized in 

Canada (Castonguay et al., 2011).  Stanley and Ratcliffe (1985) used stratigraphic and 

structural correlations to determine a relative chronological sequence of events that depict 
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the evolution of the Taconic orogeny.  They conclude that the metasedimentary rocks of 

the Champlain Valley Sequence and Taconic Allochthons were deposited in the 

westernmost Neo-Iapetus Ocean on either Grenvillian basement or the aforementioned 

rift-transitional-rift rocks during the Cambrian and Early Ordovician (~541 Ma–470 Ma).  

Coarse-grained clastic rocks like the Cheshire and Monkton formations were the product 

of weathering the Himalaya-scale Grenvillian Mountains, and were deposited in a near-

shore environment on the Laurentian margin.  These and other sedimentary units were 

accreted on the Laurentian margin as the Neo-Iapetus closed during the Taconic orogeny 

in the Middle to Late Ordovician.  Stanley and Ratcliffe (1985) suggest that nearly 1,000 

km of shortening was accommodated by secondary cleavage development and low-angle 

thrust faulting.  In northern Vermont, a trend in younging is observed from west to east 

towards the hinterland of the orogeny, where significant folding, refolding, and fault 

activation occurred.  It is also worth noting that the Taconic rocks of New England have 

been significantly more affected by Acadian deformation in the form of minor folds 

compared to the rocks of the Canadian Appalachians (Stanley and Ratcliffe, 1985; van 

Staal and Barr, 2012). 

2.2.3. Tectonic Model for the Acadian Orogeny 

Tremblay and Pinet (2005) suggested east-dipping slab break-off ca. 435 Ma was 

responsible for asthenospheric upwelling that lead to the opening of the CVGT.  

Westward-migrating extension followed upwelling ca. 420–415 Ma, and Rankin et al. 

(2007) demonstrated that magmatism ca. 428–416 Ma was coeval with the extension that 

formed the CVGT based on 
207

Pb/
206

Pb dating of mafic dikes in northern Vermont.  The 

Acadian orogeny is thought to be a product of closing both the Iapetus ocean between 
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Laurentia and Avalonia, and a narrow Acadian Seaway that separated Avalonia from the 

Ganderia terrane further east via northwest-dipping subduction zones (present-day 

coordinates; van Staal and Barr, 2012).  The suturing of Avalonia and Ganderia occurred 

during the Silurian in association with the closure of the Acadian Seaway from 442–421 

Ma, and was followed by subsequent collision between  Laurentia and Avalonia from 

421–390 Ma (van Staal and Barr, 2012, and references therein). 

Dextral-oblique collision between the Meguma terrane and composite Laurentia 

occurred from ca. 395–340 Ma (van Staal, 2007; van Staal et al., 2009).  This oblique, 

protracted collision was mainly accommodated by the Cobequid-Chedabucto fault system 

on land in Nova Scotia, and included a component of northwest-directed thrusting (Pe-

Piper and Piper, 2002; van Staal and Barr, 2012).  Orogen-normal structures from 

Acadian crustal shortening include upright and steeply inclined folds, and high-angle 

reverse faults, and dextral shear zones are the main orogen-parallel structures (e.g. van 

Staal and de Roo, 1995). 

2.2.4. Acadian Overprinting of Taconic Rocks 

Laird et al. (1984) were interested in determining the timing of Acadian 

deformation in rocks east of the Green Mountain anticlinorium (Green Mountain/Rowe-

Hawley Slices). The 
40

Ar/
39

Ar data they generated from biotite, muscovite, actinolite, 

hornblende, and glaucophane indicate high-to-medium-pressure metamorphism during 

the Taconic orogeny from ca. 471–439 Ma is overprinted by a medium pressure 

retrograde Acadian metamorphism from ca. 386–355 Ma.  They found that Cambrian and 

Ordovician metamorphism occurred at ca. 460 ± 10 Ma in northeastern Vermont, with a 
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Devonian overprint around ca. 360 ± 5 Ma just east of the Green Mountain anticlinorium 

(1σ errors).  Whitehead et al. (1996) performed 
40

Ar/
39

Ar dating on muscovite and 

orthoclase from southeastern Québec and observed a clear Taconic age around 460 Ma, 

with one sample displaying the Acadian overprint at 377 Ma (2σ errors).  
40

Ar/
39

Ar age 

spectra from within the footwall of La Guadeloupe fault, a fault that correlates to the 

DRFZ, are in agreement with these Acadian overprint ages (Tremblay et al. 2000; Walsh 

et al., 2010).  They report a peak in deformation and metamorphism around 380 Ma, a D2 

recrystallization around 375 Ma, and a D3 thermal event ca 365 Ma (2σ errors), based on 

40
Ar/

39
Ar dating of biotite and muscovite in southern Québec. 

Chan et al. (2000) were working in the Taconic Allochthon of southwestern 

Vermont, and report that Acadian S1 and S2 overprinting and foliation development 

occurred respectively at 370.7 ± 1.0 Ma and 345.5 ± 1.7 Ma (2σ errors) based on 

40
Ar/

39
Ar dating of cleavage domains.  Also working in southwestern Vermont, Spear and 

Harrison (1989) used 
40

Ar/
39

Ar dating to constrain the timing of the Acadian 

metamorphic overprint in the Green Mountain anticlinorium and CVGT.  They concluded 

that the Acadian overprint is not remarkably pervasive in some sections of southern 

Vermont, and it is sometimes easiest to observe within the axis of domes exposing 

Grenvillian basement in the CVGT.  Sutter et al. (1985) were interested in constraining 

the Acadian overprint and Taconic peak in the Green Mountain anticlinorium as well, and 

by doing K/Ar dating on whole rock samples they found that peak metamorphic 

conditions were reached around 465 ± 5 Ma with the retrograde Acadian event occurring 

at 376 ± 5 Ma in southwestern Vermont (1σ errors).   
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2.2.5. Deposition and Deformation of Devonian Rocks in the CVGT 

McWilliams et al. (2010) determined via U-Pb detrital zircon studies that the 

deposition of the Waits River formation lasted from ~423 Ma–415 ± 2 Ma, and the age of 

deposition of the Gile Formation is at 411 ± 1 Ma (1σ errors).  Thompson et al. (1997) 

dated a dike crosscutting amphibolites from the Standing Pond Volcanics member of the 

Waits River Formation to ca. 423 ± 4 Ma (1σ error), providing a minimum age constraint 

on the eruption age. Spear and Harrison (1989) performed 
40

Ar/
39

Ar dating on 

metamorphic hornblendes from the Standing Pond Volcanics, yielding ages ranging from 

397 ± 10 Ma–350 ± 7 Ma (1σ errors).  

In southeastern Vermont on the eastern margin of the CVGT, McWilliams et al. 

(2013) dated the timing of deformation along the Westminster West Fault zone via 

40
Ar/

39
Ar step heating.  They found that the Waits River formation records cooling ages 

that correspond to a peak of Acadian deformation at 365 Ma, and have evidence this 

region was subjected to deformation during the Alleghanian orogeny (c. 300 Ma).  

Though this late Paleozoic deformation has not been reported in Vermont before, 

Moecher et al. (1997) have reported evidence of static reheating without deformation 

with a similar age (300–295 Ma) further south in the CVGT within the Waterbury dome.  

Dietsch (2015) was able to constrain the timing of crystallization of a felsic orthogneiss 

of the Waterbury gneiss in the Waterbury dome via SHRIMP U-Pb ages of zoned 

zircons, yielding two populations with ages of 437 ± 4 Ma and 387 ± 5 Ma (2σ errors).  

Moecher et al. (1997) attempted to constrain the cooling ages of the Waterbury dome and 

CVGT in southern Connecticut via 
40

Ar/
39

Ar total fusion and 
40

Ar/
39

Ar step heating of 
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hornblende and muscovite.  They note that ages get notably younger progressively further 

south, with their southernmost samples yielding cooling ages 50–100 Myr younger than 

their samples from the Waterbury dome.  Their calculated ages range from 374 ± 3 Ma in 

close proximity to the dome, to 254 ± 1 Ma tens of kilometers south of the dome (2σ 

errors).  This is strong evidence this section of the CVGT was affected by an Alleghanian 

thermal event. 

2.2.6. Timing of Magmatism in the CVGT 

Simonetti and Doig (1990) dated several granitic plutons along the La 

Guadeloupe fault in southern Québec with 
87

Rb/
86

Sr whole-rock and U/Pb zircon dating, 

yielding a range of ages from 384 ± 3 Ma–374 ± 1 Ma (2σ errors).  Naylor (1971) used 

Rb/Sr dating techniques to constrain the cooling ages of a number of New Hampshire 

Plutonic series granitic plutons in the CVGT in northeast and east-central Vermont.  

Observed ages generated from individual mica grains ranged from 380–316 Ma, but they 

feared a few of their samples were subjected to some kind of isotopic disturbance.  Arth 

and Ayuso (1997) also performed Rb-Sr dating on multiple plutons from northeast 

Vermont, yielding the ages of 390 ± 14 Ma, 376 ± 9 Ma, and 370 ± 17 Ma for the 

Nulhegan, Willoughby, and Derby plutons, respectively.  Aleinikoff et al. (2011) dated a 

few Vermont/New Hampshire granite bodies, but they opted to date zircon and monazite 

grains via the U-Pb method.  They claim these bodies intruded at a temperature lower 

than zircon’s closure temperature, so their calculated age dates represent an age of 

crystallization.  They found a granite body in Gasetts, NH crystallized at 392 ± 6 Ma, the 

Barre granite crystallized at 368 ± 4 Ma, and the Guilford Dome crystallized as late as 
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366 ± 1 Ma (2σ errors).  As noted earlier, work by Hannula et al. (1990) in the north 

eastern Vermont segment of the CVGT has helped constrain the timing of intrusion 

relative to regional fabric development for the Victory Pluton, stating it was emplaced 

after the development of the dominant foliation (S4), but probably in some conjunction 

with S5 development. 

3. Methods 

Field work was conducted along a 15 km-long transect from the RMC in 

Montpelier, Vermont, towards the Knox Mountain pluton east of Marshfield, Vermont, to 

document schistosities, mineral lineations, large and small scale folds, and the bedding 

orientations of the sedimentary units of the CVGT (Figure 2). Field work from this study 

yielded structural data from 27 field sites across the transect and a number of oriented 

hand samples, 10 of which have been prepared in oriented thin sections (two orthogonal 

sections each), and three of which have been prepared in non-oriented thin sections (all 

available in Appendix A).  A wealth of other structural data for the region is available 

thanks to 7.5-minute and 15-minute quadrangle-study efforts from the United States 

Geological Survey (e.g. Murthy, 1957; Konig, 1961; Walsh et al., 2009).  Petrographic 

analysis of thin sections was used to determine target minerals for geochronologic 

investigations. The location of the transect allowed for adaptation and modification of the 

published cross section (C-C’) of Ratcliffe et al. (2011; Figure 3a). 
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APPENDICES 

Appendix A — Photomicrographs 

Photomicrographs follow a standard presentation style with one image from each 

orthogonal section, and utilize the mineral abbreviations of Siivola and Schmid, (2007). 
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Parts (B) and (C) of this figure show the four monazite grains targeted for geochronology 
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14SL02AY: Pink lines highlight shear boudins and dextral sense of shear.  
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APPENDIX B: 
40

Ar/
39

Ar Analytical Results 

 

Table 02/01. 
40

Ar/
39

Ar analytical results for sample 13SL02A, biotite (n=1 xtl; J= 2.11146E-03 ± 0.50%) 
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39
Ar 
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Error 
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39
Ar 
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Ar/

39
Ar 

Error 
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39
Ar 
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Err 

Cumulative 

% 
39

Ar 

Released 

%
40

Ar* 
39

Ar/
40

Ar 
39

Ar/
40

Ar 

Error 

Age 

(Ma) 

1σ % 

Error 

(Ma) 

3.8 1 0.01495 0.00736 0.01177 0.00043 3279.5 23.2 10.89 96.16 0.01093 0.00008 307.53 0.76 

3.875 1 0.02515 0.00661 0.00416 0.00036 3649.9 25.5 23.02 98.84 0.00937 0.00007 363.05 0.72 

3.95 1 0.01759 0.00769 0.00361 0.00050 2841.5 20.0 32.46 98.98 0.00944 0.00007 361.12 0.72 

4.1 1 0.01210 0.00545 0.00456 0.00032 4148.7 25.3 46.24 98.74 0.00926 0.00006 366.39 0.64 

4.25 1 0.01573 0.00599 0.00300 0.00033 4032.4 26.9 59.64 99.17 0.00924 0.00006 368.77 0.69 

4.4 1 0.02698 0.00666 0.00350 0.00040 3283.1 22.3 70.54 99.03 0.00923 0.00007 368.72 0.71 

4.6 1 0.01393 0.00791 0.00382 0.00046 3053.9 24.8 80.69 98.93 0.00935 0.00008 364.14 0.83 

4.85 1 -0.00201 -0.01283 0.00469 0.00070 1997.9 20.0 87.32 98.68 0.00944 0.00010 359.86 1.03 

5.2 1 0.00369 0.01573 0.00655 0.00083 1583.1 18.7 92.58 98.19 0.00928 0.00011 364.03 1.22 

5.6 1 -0.02094 -0.04289 0.00763 0.00206 615.9 9.3 94.63 97.93 0.00908 0.00014 370.46 1.57 

fuse 1 0.07514 0.02394 0.04487 0.00188 1616.6 17.8 100 88.73 0.00842 0.00009 362.87 1.26 
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Table 02/02. 
40

Ar/
39

Ar analytical results for sample 13SL02A, muscovite (n=10 xtls; J = 2.11154E-03 ± 0.47%) 
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Ar 

Error 

Age 

(Ma) 

1σ % 

Error 

(Ma) 

3.8 1 -3.50857 -0.60029 0.05081 0.01891 46.4 1.1 0.19 83.33 0.01099 0.00038 266.42 4.13 

4 1 -0.55089 -0.10200 0.00673 0.00297 281.0 7.4 1.34 98.18 0.00903 0.00024 372.82 2.75 

4.2 1 -0.03315 -0.01087 0.00636 0.00035 2539.5 22.4 11.72 98.25 0.00921 0.00008 366.85 0.91 

4.3 1 0.03095 0.01672 0.00418 0.00039 2287.9 20.3 21.06 98.84 0.00931 0.00008 364.92 0.91 

4.4 1 0.00706 0.00831 0.00357 0.00026 3415.7 23.4 35.02 99.00 0.00935 0.00007 364.19 0.71 

4.425 1 0.00563 0.00886 0.00207 0.00029 3019.1 24.8 47.36 99.41 0.00947 0.00008 361.54 0.84 

4.45 1 0.02585 0.01834 0.00286 0.00062 1365.0 14.7 52.94 99.20 0.00933 0.00010 365.63 1.11 

4.5 1 -0.00171 -0.02346 0.00236 0.00085 1103.3 14.5 57.45 99.35 0.00918 0.00012 371.45 1.34 

4.6 1 0.02967 0.01466 0.00341 0.00052 1826.7 17.0 64.91 99.05 0.00935 0.00009 364.33 0.96 

4.7 1 0.03911 0.01614 0.00124 0.00049 1622.0 15.8 71.54 99.65 0.00949 0.00010 361.51 1.01 

4.85 1 0.05178 0.02274 0.00125 0.00077 1151.2 14.5 76.24 99.65 0.00939 0.00012 364.92 1.30 

5.2 1 0.05318 0.01993 0.00375 0.00066 1273.9 16.5 81.45 98.97 0.00922 0.00012 368.80 1.33 

6 1 0.05235 0.02241 0.00518 0.00070 1244.3 15.5 86.53 98.57 0.00926 0.00012 366.14 1.29 

fuse 1 0.03475 0.00820 0.00130 0.00041 3295.9 19.7 100 99.64 0.00927 0.00006 369.25 0.63 
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Table 02/03. 
40

Ar/
39

Ar analytical results for sample 13SL05A, biotite (n=1 xtl; J = 2.11161E-03 ± 0.50%) 
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Ar/
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Ar/
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Ar 

Error 

Age 

(Ma) 

1σ % 

Error 

(Ma) 

3.8 1 1.35656 0.10112 0.02011 0.00589 471.3 8.0 1.71 91.29 0.01450 0.00025 225.83 1.92 

3.9 1 0.25119 0.02581 -0.00079 -0.00157 1293.9 15.2 6.40 100.30 0.01263 0.00015 279.94 1.20 

4.05 1 0.07002 0.01470 0.00094 0.00089 2282.4 21.1 14.67 99.69 0.01097 0.00010 316.91 0.95 

4.2 1 0.04360 0.01410 0.00085 0.00088 2325.2 24.4 23.09 99.73 0.01078 0.00012 322.14 1.08 

4.35 1 0.04117 0.00594 0.00173 0.00043 3054.6 26.4 34.16 99.45 0.01065 0.00009 324.92 0.88 

4.5 1 0.03560 0.00711 0.00195 0.00049 2643.4 25.5 43.74 99.37 0.01091 0.00011 317.48 0.99 

4.65 1 0.02297 0.00553 0.00783 0.00066 3770.9 31.6 57.41 96.74 0.01397 0.00012 246.24 0.89 

4.8 1 0.02869 0.00364 0.00135 0.00029 4821.2 38.9 74.88 99.57 0.01076 0.00009 322.21 0.83 

4.95 1 0.06862 0.00553 0.00219 0.00032 6819.8 49.0 99.60 99.30 0.01066 0.00008 324.03 0.74 

5.1 1 1.72905 0.23061 -0.00262 -0.01412 90.8 2.0 99.93 100.73 0.00928 0.00025 373.22 2.67 

5.5 1 21.35866 1.49240 0.36600 0.11424 19.0 0.9 99.96 57.72 0.00387 0.00022 506.01 9.78 

fuse 1 270.13481 216.78637 1.34800 1.55251 1.2 1.0 100 93.46 0.00016 0.00013 4963.36 85.27 
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Table 02/04. 
40

Ar/
39

Ar analytical results for sample 13SL05A, muscovite (n=15 xtls; J = 2.15654E-03 ± 0.43%) 

 

 

  

Laser 

Wattage 

Dwell 

time 
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Ar/
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Ar 
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error 
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Err 
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Ar* 
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Ar/
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Ar 
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Ar/
40

Ar 

Error 

Age 

(Ma) 

1σ % 

error 

(Ma) 

3.8 1 0.47229 0.70315 0.04988 0.01689 52.0 1.1 0.51 87.39 0.00847 0.00025 356.06 3.38 

3.9 1 0.44421 0.35332 0.01404 0.00885 94.3 2.2 1.43 96.23 0.00900 0.00024 367.90 2.74 

4.1 1 0.05072 0.10300 0.01659 0.00276 344.1 5.9 4.79 95.69 0.00869 0.00015 377.33 1.82 

4.3 1 0.01040 0.01455 0.00643 0.00041 2361.8 20.7 27.87 98.17 0.00954 0.00008 355.01 0.91 

4.375 1 0.04985 0.03632 0.00250 0.00088 1007.5 14.0 37.71 99.25 0.01012 0.00014 339.87 1.42 

4.45 1 -0.01907 -0.04526 0.00095 0.00118 787.2 10.6 45.41 99.71 0.01021 0.00014 338.48 1.36 

4.55 1 0.02450 0.05232 0.00281 0.00141 576.6 11.4 51.04 99.15 0.01019 0.00020 337.21 2.02 

4.7 1 0.05143 0.07438 0.00693 0.00210 421.6 7.5 55.16 97.93 0.00999 0.00018 339.66 1.85 

4.9 1 0.08008 0.06236 0.00519 0.00167 503.2 7.8 60.08 98.46 0.00994 0.00016 342.85 1.62 

5.1 1 0.06433 0.03848 0.00471 0.00101 847.3 10.3 68.36 98.61 0.00990 0.00012 344.79 1.25 

5.25 1 0.07333 0.03013 0.00227 0.00081 1082.6 11.3 78.93 99.34 0.00977 0.00010 351.02 1.07 

5.35 1 0.00389 0.05590 0.00264 0.00147 625.2 9.2 85.04 99.20 0.01018 0.00015 337.65 1.51 

5.5 1 0.07942 0.08024 -0.00739 -0.00320 405.8 6.9 89.01 102.18 0.00988 0.00017 356.52 1.69 

5.8 1 0.00158 0.08618 0.00307 0.00221 405.8 7.0 92.97 99.11 0.00970 0.00017 352.79 1.77 

6.3 1 -0.12344 -0.13161 0.00635 0.00345 256.6 6.5 95.48 98.15 0.00973 0.00025 348.53 2.62 

fuse 1 -0.05852 -0.06561 0.03309 0.00213 462.6 8.6 100 90.94 0.00917 0.00017 343.39 2.07 
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Table 02/05. 
40

Ar/
39

Ar analytical results for sample 13SL05B, biotite (n=1 xtl; J = 2.11178E-0 ± 0.49%) 

 

 

  

Laser 

Wattage 

Dwell 

Time 

(min) 

37
Ar/

39
Ar 

37
Ar/

39
Ar 

Error 

36
Ar/

39
Ar 

36
Ar/

39
Ar 

Error 

39
Ar 

(cps) 

39
Ar 

(cps) 

Err 

Cumulative 

% 
39

Ar 

Released 

%
40

Ar* 
39

Ar/
40

Ar 
39

Ar/
40

Ar 

Error 

Age 

(Ma) 

1σ % 

Error 

(Ma) 

3.8 1 0.67031 0.02965 0.01340 0.00188 1031.8 12.4 2.05 95.13 0.01217 0.00015 276.05 1.29 

3.9 1 0.16550 0.00822 0.00313 0.00059 3413.2 25.2 8.84 99.10 0.00969 0.00007 352.96 0.76 

3.95 1 0.07317 0.00918 0.00008 0.00069 2771.6 21.7 14.34 99.98 0.00969 0.00008 355.69 0.80 

4 1 0.07691 0.00866 0.00022 0.00056 3402.3 24.3 21.11 99.94 0.00969 0.00007 355.76 0.73 

4.05 1 0.10156 0.01076 0.00016 0.00071 2660.3 18.8 26.39 99.95 0.00976 0.00007 353.56 0.73 

4.1 1 0.06761 0.00791 0.00210 0.00040 3206.8 22.2 32.77 99.40 0.00964 0.00007 355.54 0.72 

4.15 1 0.07400 0.01094 0.00215 0.00055 2242.7 19.3 37.23 99.38 0.00964 0.00008 355.40 0.88 

4.25 1 0.05969 0.00759 0.00177 0.00036 3570.5 26.3 44.32 99.49 0.00977 0.00007 351.67 0.76 

4.35 1 0.05984 0.00927 0.00138 0.00027 4521.2 27.6 53.31 99.60 0.00978 0.00006 351.52 0.63 

4.45 1 0.02428 0.00319 0.00115 0.00013 8779.3 39.1 70.76 99.66 0.00982 0.00005 350.55 0.47 

4.5 1 0.02076 0.00282 0.00103 0.00011 9846.3 46.5 90.33 99.70 0.00981 0.00005 350.94 0.49 

4.77 1 0.07688 0.00899 0.00165 0.00035 3098.8 21.2 96.49 99.53 0.00946 0.00007 362.05 0.71 

4.85 1 0.20740 0.02127 0.00476 0.00146 1275.9 12.6 99.03 98.65 0.00947 0.00010 359.16 1.03 

5.1 1 2.44429 0.12876 0.00656 0.00284 396.7 6.8 99.81 98.27 0.00881 0.00016 383.10 1.81 

5.6 1 7.45449 0.58111 0.00999 0.02096 50.8 0.9 99.91 98.19 0.00608 0.00016 533.71 2.64 

fuse 1 5.81290 0.65717 0.26752 0.04369 43.1 0.9 100 65.70 0.00429 0.00011 508.63 3.80 
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Table 02/06. 
40

Ar/
39

Ar analytical results for sample 13SL05B, muscovite (n=25 xtls; J = 2.11259E-03 ± 0.48%) 

 

 

  

Laser 

Wattage 

Dwell 

Time 

(min) 

37
Ar/

39
Ar 

37
Ar/

39
Ar 

Error 

36
Ar/

39
Ar 

36
Ar/

39
Ar 

Error 

39
Ar 

(cps) 

39
Ar 

(cps) 

Err 

Cumulative 

% 
39

Ar 

Released 

%
40

Ar* 
39

Ar/
40

Ar 
39

Ar/
40

Ar 

Error 

Age 

(Ma) 

1σ % 

Error 

(Ma) 

3.8 1 0.95243 0.58580 0.19505 0.03103 50.43 1.59 0.09 40.02 0.01030 0.00037 142.91 8.85 

4 1 0.35943 0.17462 0.05744 0.00893 174.50 3.09 0.42 84.57 0.00900 0.00017 327.24 2.18 

4.2 1 1.76250 0.06632 0.02551 0.00263 584.62 10.40 1.52 93.28 0.00882 0.00016 364.87 1.92 

4.35 1 1.27160 0.04743 0.01384 0.00112 1383.10 16.15 4.13 96.33 0.00888 0.00011 373.03 1.23 

4.4 1 0.06450 0.01182 0.00837 0.00065 2428.18 24.53 8.70 97.59 0.00964 0.00010 349.85 1.06 

4.425 1 0.03169 0.01216 0.00393 0.00077 2133.45 21.70 12.72 98.84 0.00992 0.00010 344.91 1.06 

4.45 1 0.01124 0.01084 0.00277 0.00064 2483.99 24.79 17.40 99.17 0.01006 0.00010 341.56 1.04 

4.475 1 0.03360 0.01775 0.00455 0.00111 1461.80 16.47 20.16 98.67 0.00980 0.00011 348.03 1.18 

4.525 1 0.04375 0.01231 0.00558 0.00076 2191.56 21.96 24.28 98.38 0.00971 0.00010 350.12 1.05 

4.575 1 0.06298 0.01579 0.00487 0.00091 1774.24 18.58 27.63 98.56 0.00987 0.00011 345.55 1.10 

4.65 1 0.00153 0.01208 0.00177 0.00038 2528.84 25.74 32.39 99.48 0.00990 0.00010 347.34 1.06 

4.8 1 0.01100 0.00645 0.00185 0.00019 4876.78 34.79 41.58 99.45 0.00996 0.00007 345.51 0.73 

4.95 1 0.01208 0.00784 0.00176 0.00024 3900.97 29.04 48.92 99.48 0.00994 0.00007 346.13 0.76 

5.2 1 0.00663 0.00701 0.00399 0.00022 4623.22 34.32 57.63 98.83 0.00983 0.00007 347.67 0.76 

5.5 1 0.01955 0.00645 0.00205 0.00022 4476.88 33.86 66.07 99.39 0.01002 0.00008 343.45 0.77 

5.8 1 -0.00265 -0.00693 0.00116 0.00023 4558.98 33.51 74.65 99.66 0.00994 0.00007 346.79 0.75 

6.2 1 -0.00002 -0.00641 0.00180 0.00024 4487.85 33.07 83.11 99.47 0.00992 0.00007 346.84 0.75 

fuse 1 0.02410 0.00332 0.00272 0.00013 8967.31 67.34 100 99.20 0.00990 0.00007 346.57 0.76 
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Table 02/07. 
40

Ar/
39

Ar analytical results for sample 13SL12A, biotite (n=1 xtl; J = 2.11399E-03 ± 0.42%) 

 

 

  

Laser 

Wattage 

Dwell 

Time 

(min) 

37
Ar/

39
Ar 

37
Ar/

39
Ar 

Error 

36
Ar/

39
Ar 

36
Ar/

39
Ar 

Error 

39
Ar 

(cps) 

39
Ar 

(cps) 

Err 

Cumulative 

% 
39

Ar 

Released 

%
40

Ar* 
39

Ar/
40

Ar 
39

Ar/
40

Ar 

Error 

Age 

(Ma) 

1σ % 

Error 

(Ma) 

3.8 1 2.27675 0.94384 0.68378 0.06035 42.6 1.5 2.89 33.54 0.00326 0.00012 357.34 11.09 

3.9 1 0.08617 0.28899 1.00445 0.04474 90.6 2.1 9.04 36.87 0.00211 0.00005 569.40 6.40 

4 1 -0.05828 -0.25072 0.00764 0.01694 108.0 2.4 16.37 98.34 0.00726 0.00018 454.39 2.48 

4.2 1 0.06176 0.06624 -0.00150 -0.00440 408.9 7.3 44.12 100.42 0.00927 0.00017 372.06 1.84 

4.4 1 0.08789 0.10046 0.01847 0.00989 269.8 6.3 62.43 94.94 0.00918 0.00022 356.86 2.54 

4.7 1 0.12639 0.20023 0.02001 0.00741 147.9 2.6 72.47 94.72 0.00884 0.00017 368.69 2.08 

5.1 1 0.14949 0.24445 0.01744 0.00974 114.7 2.2 80.25 95.35 0.00893 0.00020 367.51 2.30 

5.8 1 0.09700 0.30286 0.01404 0.01149 97.8 2.1 86.89 96.27 0.00890 0.00021 371.89 2.50 

fuse 1 0.17235 0.14132 0.03543 0.00607 193.2 5.8 100 91.40 0.00813 0.00025 385.11 3.37 
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Table 02/08. 
40

Ar/
39

Ar analytical results for sample 13SL19A, biotite (n=~25 xtls; J = 2.11586E-03 ± 0.35%) 

 

 

  

Laser 

Wattage 

Dwell 

Time 

(min) 

37
Ar/

39
Ar 

37
Ar/

39
Ar 

Error 

36
Ar/

39
Ar 

36
Ar/

39
Ar 

Error 

39
Ar 

(cps) 

39
Ar 

(cps) 

Err 

Cumulative 

% 
39

Ar 

Released 

%
40

Ar* 
39

Ar/
40

Ar 
39

Ar/
40

Ar 

Error 

Age 

(Ma) 

1σ % 

Error 

(Ma) 

3.8 1 -0.19562 -0.05119 0.01694 0.00171 616.1 13.6 2.81 93.62 0.01261 0.00028 263.22 2.39 

3.9 1 -0.08559 -0.01300 0.00411 0.00046 2365.3 34.3 13.62 98.76 0.01014 0.00015 338.26 1.48 

3.95 1 -0.20397 -0.02214 0.00120 0.00080 1323.1 21.4 19.66 99.64 0.01004 0.00016 343.89 1.63 

4.05 1 -0.14137 -0.01460 0.00228 0.00052 2007.6 30.3 28.84 99.31 0.01019 0.00016 338.19 1.54 

4.2 1 -0.13326 -0.01183 0.00177 0.00042 2492.9 35.7 40.22 99.48 0.00984 0.00014 349.68 1.46 

4.4 1 -0.00850 -0.00808 0.00165 0.00028 3671.9 51.5 57.00 99.51 0.00990 0.00014 348.09 1.42 

4.55 1 -0.03225 -0.01030 0.00228 0.00034 3149.2 45.5 71.38 99.31 0.01007 0.00015 342.01 1.47 

4.7 1 -0.05743 -0.01589 0.00160 0.00057 1764.9 27.2 79.45 99.52 0.01002 0.00016 344.38 1.56 

5 1 -0.07853 -0.01309 0.00220 0.00044 2216.3 32.6 89.57 99.35 0.00996 0.00015 345.68 1.49 

5.5 1 -0.00257 -0.01884 0.00332 0.00065 1462.1 26.7 96.25 98.98 0.01032 0.00019 333.59 1.86 

fuse 1 -0.02744 -0.03457 0.06902 0.00315 820.9 15.3 100 82.92 0.00829 0.00016 346.61 2.26 
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Table 02/09. 
40

Ar/
39

Ar analytical results for sample 13SL20B, biotite (n=1 xtl; J = 2.12457E-03 ± 0.20%) 

 

 

  

Laser 

Wattage 

Dwell 

time 

(min) 

37
Ar/

39
Ar 

37
Ar/

39
Ar 

error 

36
Ar/

39
Ar 

36
Ar/

39
Ar 

error 

39
Ar 

(cps) 

39
Ar 

(cps) 

Err 

Cumulative 

% 
39

Ar 

released 

%
40

Ar* 
39

Ar/
40

Ar 
39

Ar/
40

Ar 

Error 

Age 

(Ma) 

1σ % 

error 

(Ma) 

3.8 1 0.04293 0.03153 0.01235 0.00406 726.5 9.5 0.78 95.37 0.01255 0.00017 270.16 1.44 

3.9 1 0.02252 0.00429 0.00084 0.00025 8929.2 41.7 10.37 99.76 0.00975 0.00005 355.16 0.49 

3.95 1 0.00877 0.00230 -0.00098 -0.00025 8971.6 42.5 20.01 100.28 0.00971 0.00005 358.02 0.49 

3.975 1 0.01566 0.00281 -0.00124 -0.00027 8148.4 41.0 28.77 100.36 0.00967 0.00005 359.56 0.52 

4 1 -0.04177 -0.00870 0.00029 0.00047 4628.5 31.3 33.74 99.92 0.00962 0.00007 360.00 0.69 

4.025 1 -0.03013 -0.01008 0.00088 0.00055 3993.0 26.9 38.03 99.75 0.00949 0.00007 363.68 0.69 

4.05 1 -0.02461 -0.00803 0.00018 0.00043 5165.5 26.1 43.58 99.95 0.00957 0.00005 361.76 0.52 

4.075 1 -0.11507 -0.03541 -0.00309 -0.00190 1161.3 16.4 44.83 100.90 0.00970 0.00014 360.37 1.43 

4.125 1 0.00517 0.01432 0.00236 0.00067 1753.9 15.0 46.71 99.35 0.00925 0.00008 371.02 0.89 

4.2 1 0.00024 0.01133 0.00231 0.00053 2344.9 17.5 49.23 99.35 0.00948 0.00007 362.89 0.78 

4.3 1 0.00732 0.00622 0.00184 0.00031 3930.4 24.1 53.46 99.48 0.00947 0.00006 363.56 0.64 

4.45 1 0.00695 0.00231 0.00111 0.00011 11494.5 49.7 65.81 99.68 0.00977 0.00004 354.26 0.45 

4.55 1 0.00930 0.00267 0.00104 0.00014 9409.8 44.9 75.92 99.70 0.00961 0.00005 359.63 0.50 

4.65 1 0.02383 0.00628 0.00122 0.00019 6847.7 35.5 83.27 99.65 0.00956 0.00005 361.08 0.54 

4.75 1 -0.01780 -0.00830 0.00196 0.00024 4786.2 27.1 88.41 99.45 0.00945 0.00006 364.30 0.59 

4.9 1 -0.00616 -0.01011 0.00185 0.00031 3885.2 22.3 92.59 99.48 0.00947 0.00006 363.52 0.60 

5.1 1 -0.00181 -0.01202 0.00235 0.00036 3232.5 24.1 96.06 99.33 0.00956 0.00007 359.90 0.77 

5.5 1 0.02676 0.01193 0.00319 0.00056 1901.6 17.0 98.11 99.10 0.00948 0.00009 362.15 0.94 

6.2 1 0.02736 0.01286 0.00417 0.00061 1763.7 16.9 100 98.81 0.00960 0.00009 356.91 1.00 
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Table 02/10. 
40

Ar/
39

Ar analytical results for sample 13SL20B, muscovite (n=1 xtl; J = 2.12652E-03 ± 0.22%) 

 

 

  

Laser 

Wattage 

Dwell 

Time 

(min) 

37
Ar/

39
Ar 

37
Ar/

39
Ar 

Error 

36
Ar/

39
Ar 

36
Ar/

39
Ar 

Error 

39
Ar 

(cps) 

39
Ar 

(cps) 

Err 

Cumulative 

% 
39

Ar 

Released 

%
40

Ar* 
39

Ar/
40

Ar 
39

Ar/
40

Ar 

Error 

Age 

(Ma) 

1σ % 

Error 

(Ma) 

3.8 1 -3.31731 -1.50066 0.05763 0.04888 20.1 0.8 0.14 85.15 0.00863 0.00039 342.19 5.33 

4.2 1 -2.71896 -1.80744 0.01648 0.06017 17.8 0.8 0.27 95.52 0.00910 0.00045 362.25 5.19 

4.4 1 -0.37408 -0.25960 0.00197 0.00857 112.3 2.5 1.05 99.47 0.00908 0.00022 377.76 2.41 

4.6 1 -0.27060 -0.09378 0.01099 0.00314 311.4 6.7 3.23 96.92 0.00938 0.00020 358.52 2.25 

4.7 1 0.00549 0.00963 0.00233 0.00029 3318.1 25.7 26.44 99.31 0.00988 0.00008 349.78 0.80 

4.71 1 -0.00249 -0.00830 0.00130 0.00024 3853.8 28.5 53.39 99.62 0.00987 0.00007 351.00 0.76 

4.72 1 -0.11711 -0.08573 0.00238 0.00264 357.2 6.4 55.89 99.32 0.00956 0.00017 360.19 1.84 

4.75 1 -0.08034 -0.13166 0.00750 0.00353 240.5 7.9 57.57 97.66 0.01044 0.00035 327.53 3.41 

4.85 1 -0.13310 -0.14562 0.01301 0.00407 210.5 6.1 59.04 96.28 0.00957 0.00028 350.02 3.05 

5 1 -0.00238 -0.10091 0.00655 0.00309 284.2 8.1 61.03 98.04 0.01003 0.00029 340.88 2.95 

5.5 1 -0.04788 -0.02867 0.00203 0.00090 1034.8 11.8 68.27 99.39 0.01000 0.00012 346.19 1.16 

6 1 0.00899 0.01805 0.00109 0.00057 1651.1 16.4 79.82 99.68 0.00979 0.00010 353.80 1.02 

6.5 1 0.05133 0.01877 0.00135 0.00065 1534.2 16.3 90.55 99.60 0.00999 0.00011 347.18 1.08 

7 1 0.14708 0.03991 0.00414 0.00135 722.5 10.5 95.60 98.79 0.00976 0.00014 351.86 1.48 

7.75 1 0.52554 0.19654 0.01162 0.00663 136.8 3.5 96.56 96.73 0.00943 0.00025 356.43 2.74 

fuse 1 0.03888 0.05850 0.00445 0.00188 492.4 10.0 100 98.67 0.00997 0.00020 344.72 2.08 
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Table 02/11. 
40

Ar/
39

Ar analytical results for sample 13SL20C, biotite (n=1 xtl; J = 2.13200E-03 ± 0.20%) 

 

 

  

Laser 

Wattage 

Dwell 

Time 

(min) 

37
Ar/

39
Ar 

37
Ar/

39
Ar 

Error 

36
Ar/

39
Ar 

36
Ar/

39
Ar 

Error 

39
Ar 

(cps) 

39
Ar 

(cps) 

Err 

Cumulative 

% 
39

Ar 

Released 

%
40

Ar* 
39

Ar/
40

Ar 
39

Ar/
40

Ar 

Error 

Age 

(Ma) 

1σ % 

Error 

(Ma) 

3.8 1 0.02408 0.01001 0.02988 0.00158 172.0 20.9 1.15 90.33 0.01084 0.00013 295.16 1.36 

3.9 1 0.00564 0.00121 0.00104 0.00010 1477.9 138.1 10.99 99.67 0.01048 0.00010 333.19 0.95 

3.93 1 0.00445 0.00154 0.00117 0.00012 1115.5 105.0 18.43 99.64 0.01033 0.00010 337.59 0.95 

4 1 0.00412 0.00837 -0.00001 -0.00039 2198.2 26.1 33.08 100.00 0.01389 0.00017 257.66 1.20 

4.115 1 0.00557 0.01202 0.00052 0.00053 1636.9 20.3 43.98 99.84 0.01013 0.00013 344.32 1.26 

4.3 1 -0.00073 -0.01146 -0.00023 -0.00049 1774.9 21.2 55.81 100.07 0.01021 0.00012 342.57 1.21 

4.5 1 0.00616 0.00751 -0.00028 -0.00035 2454.3 28.5 72.16 100.08 0.01014 0.00012 344.63 1.17 

4.75 1 0.03150 0.00787 0.00103 0.00031 2627.5 30.3 89.67 99.69 0.01009 0.00012 345.01 1.17 

5 1 0.06446 0.02597 -0.00004 -0.00119 744.8 12.9 94.63 100.01 0.01013 0.00018 344.83 1.75 

5.5 1 -0.09260 -0.03561 0.00259 0.00162 508.5 8.9 98.02 99.20 0.01029 0.00018 337.22 1.81 

fuse 1 0.24704 0.06336 -0.01281 -0.00482 296.7 6.8 100 103.84 0.01003 0.00023 360.02 2.24 
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Table 02/12. 
40

Ar/
39

Ar analytical results for sample 13SL20C, potassium feldspar (n=1 xtl; J = 2.15654E-03 ± 0.43%) 

 

 

  

Laser 

Wattage 

Dwell 

time 

(min) 

37
Ar/

39
Ar 

37
Ar/

39
Ar 

error 

36
Ar/

39
Ar 

36
Ar/

39
Ar 

error 

39
Ar 

(cps) 

39
Ar 

(cps) 

Err 

Cumulative 

% 
39

Ar 

released 

%
40

Ar* 
39

Ar/
40

Ar 
39

Ar/
40

Ar 

Error 

Age 

(Ma) 

1σ % 

error 

(Ma) 

4 1 16.02876 36.67515 1.02737 0.46986 2.1 0.4 0.00 88.45 0.00038 0.00008 3258.99 23.48 

4.4 1 -0.15864 -1.70124 0.17724 0.01901 48.7 1.4 0.07 90.75 0.00175 0.00005 1349.34 3.11 

4.8 1 0.03336 0.01656 0.00290 0.00022 4563.0 32.3 6.64 98.54 0.01689 0.00012 212.45 0.74 

5.2 1 0.07439 0.00765 0.00076 0.00009 10217.0 62.8 21.34 99.61 0.01694 0.00011 214.15 0.64 

5.4 1 0.03718 0.01425 0.00020 0.00015 5648.3 37.6 29.47 99.90 0.01647 0.00011 220.49 0.69 

5.6 1 0.06276 0.02311 0.00056 0.00024 3370.3 27.7 34.32 99.73 0.01605 0.00013 225.49 0.84 

5.9 1 0.02311 0.02809 0.00038 0.00029 2865.9 23.8 38.45 99.82 0.01537 0.00013 235.04 0.85 

6.2 1 0.04617 0.03561 0.00155 0.00040 2046.9 19.0 41.39 99.34 0.01436 0.00014 249.32 0.95 

6.6 1 0.03363 0.04523 0.00055 0.00052 1612.1 17.1 43.71 99.77 0.01369 0.00015 261.81 1.07 

7 1 0.01377 0.06799 0.00205 0.00081 1072.9 12.3 45.26 99.20 0.01308 0.00015 271.65 1.17 

7.5 1 0.01767 0.06599 0.00059 0.00080 1181.8 14.3 46.96 99.77 0.01294 0.00016 275.81 1.23 

8.5 1 0.03541 0.08704 -0.00029 -0.00102 896.3 12.9 48.25 100.11 0.01262 0.00018 283.35 1.45 

10 1 0.05710 0.05442 0.00148 0.00063 1387.0 16.6 50.25 99.45 0.01236 0.00015 286.95 1.21 

11 1 0.09099 0.01411 0.00118 0.00017 5462.8 39.1 58.11 99.56 0.01245 0.00009 285.40 0.74 

11.5 1 0.02829 0.00652 0.00095 0.00007 12681.8 73.6 76.36 99.65 0.01229 0.00007 289.03 0.60 

11.6 1 0.07001 0.02608 0.00167 0.00026 3172.4 27.1 80.92 99.38 0.01250 0.00011 283.77 0.87 

12 1 0.09773 0.03097 0.00203 0.00035 2578.8 22.1 84.64 99.24 0.01255 0.00011 282.45 0.88 

12.5 1 0.12689 0.09374 0.00144 0.00102 852.5 11.8 85.86 99.45 0.01276 0.00018 278.76 1.42 

fuse 1 0.02155 0.00785 0.00462 0.00012 9822.9 60.7 100 98.30 0.01234 0.00008 284.41 0.65 
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Table 02/13. 
40

Ar/
39

Ar analytical results for sample 13SL20C, muscovite (n=1 xtl; J = 2.13758E-03 ± 0.22%) 

 

 

  

Laser 

Wattage 

Dwell 

Time 

(min) 

37
Ar/

39
Ar 

37
Ar/

39
Ar 

Error 

36
Ar/

39
Ar 

36
Ar/ 

39
Ar 

Error 

39
Ar 

(cps) 

39
Ar 

(cps) 

Err 

Cumulative 

% 
39

Ar 

Released 

%
40

Ar* 
39

Ar/
40

Ar 
39

Ar/
40

Ar 

Error 

Age 

(Ma) 

1σ % 

Error 

(Ma) 

3.8 

1 

-58.03197 

-

142.93479 7.18131 

13.8728

5 -0.3 -0.4 -0.01 275.67 -0.00082 -0.00141 

Calc 

error -62.55 

4 1 -0.25671 -8.27971 0.44926 0.30559 3.4 0.5 0.10 10.07 0.00670 0.00159 57.2568 235.14 

4.2 1 1.02488 1.17403 0.04417 0.04178 24.7 0.8 0.91 87.15 0.00975 0.00044 316.2425 5.18 

4.4 1 0.36801 0.29602 0.00417 0.01007 97.9 2.4 4.13 98.86 0.00917 0.00025 374.5614 2.76 

4.55 1 0.00850 0.03193 0.00592 0.00123 821.1 12.4 31.15 98.18 0.01031 0.00016 334.3626 1.58 

4.6 1 0.15782 0.15252 0.03652 0.00859 187.9 5.8 37.33 88.85 0.01023 0.00033 307.5281 3.59 

4.7 1 0.06564 0.17273 0.02507 0.00973 165.9 5.0 42.79 92.36 0.01021 0.00032 319.1008 3.38 

4.9 1 0.03919 0.05289 0.00966 0.00292 557.9 10.2 61.15 96.97 0.01051 0.00020 325.0155 1.93 

5.2 1 -0.09710 -0.10989 0.00664 0.00350 268.2 6.6 69.97 97.87 0.01073 0.00027 321.3345 2.56 

5.8 1 -0.09073 -0.09855 0.01024 0.00312 299.2 9.1 79.81 96.71 0.01076 0.00033 317.1610 3.17 

fuse 1 0.00142 0.04657 0.06429 0.00218 613.6 9.0 100 83.93 0.00837 0.00013 350.6267 1.78 
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Table 02/14. 
40

Ar/
39

Ar analytical results for sample 13SL20D, biotite (n=1 xtl; J = 2.15139E-03 ± 0.32%) 

 

 

  

Laser 

Wattage 

Dwell 

time 

(min) 

37
Ar/

39
Ar 

37
Ar/

39
Ar 

error 

36
Ar/

39
Ar 

36
Ar/

39
Ar 

error 

39
Ar 

(cps) 

39
Ar 

(cps) 

Err 

Cumulative 

% 
39

Ar 

released 

%
40

Ar* 
39

Ar/
40

Ar 
39

Ar/
40

Ar 

Error 

Age 

(Ma) 

1σ % 

error 

(Ma) 

3.8 1 -0.00816 -0.00653 0.01547 0.00090 3019.2 24.8 4.62 95.58 0.00957 0.00008 351.38 0.88 

3.875 1 -0.00330 -0.00257 0.00215 0.00018 7665.1 55.4 16.35 99.38 0.00971 0.00007 359.04 0.74 

3.9 1 -0.00123 -0.00363 0.00192 0.00025 5255.3 37.9 24.40 99.44 0.00969 0.00007 360.01 0.74 

3.925 1 0.00530 0.00523 0.00154 0.00038 3533.7 29.1 29.81 99.55 0.00973 0.00008 358.98 0.84 

3.975 1 -0.00179 -0.00487 0.00160 0.00034 3924.3 32.2 35.81 99.54 0.00964 0.00008 361.94 0.84 

4.05 1 0.00237 0.00573 0.00196 0.00037 3785.1 30.9 41.61 99.43 0.00969 0.00008 360.08 0.84 

4.15 1 -0.00117 -0.00489 0.00184 0.00035 4316.6 35.3 48.21 99.47 0.00968 0.00008 360.46 0.83 

4.25 1 0.00298 0.00434 0.00147 0.00029 5140.0 38.5 56.08 99.58 0.00958 0.00007 364.23 0.76 

4.35 1 0.00191 0.00519 0.00192 0.00034 4180.8 33.4 62.48 99.45 0.00963 0.00008 362.15 0.81 

4.5 1 0.00931 0.00289 0.00155 0.00048 6412.1 44.8 72.30 99.55 0.00963 0.00007 362.38 0.71 

4.65 1 0.01046 0.00247 0.00060 0.00032 7489.1 54.0 83.76 99.83 0.00957 0.00007 365.35 0.73 

4.75 1 0.02254 0.00442 0.00089 0.00043 4539.7 34.4 90.71 99.74 0.00962 0.00007 363.51 0.77 

4.85 1 0.03097 0.00755 0.00101 0.00074 2655.8 24.0 94.77 99.71 0.00960 0.00009 363.86 0.93 

5 1 0.06893 0.01401 0.00164 0.00121 1574.0 17.7 97.18 99.53 0.00963 0.00011 362.30 1.16 

5.5 1 0.48981 0.03240 -0.00024 -0.00175 1107.9 12.9 98.88 100.07 0.00959 0.00011 365.83 1.19 

fuse 1 0.19134 0.02843 -0.00277 -0.00267 733.0 11.9 100 100.79 0.00958 0.00016 368.33 1.64 
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Table 02/15. 
40

Ar/
39

Ar analytical results for sample 13SL20D, potassium feldspar (n=1 xtl; J = 2.15654E-03 ± 0.43%) 

 

Laser 

Wattage 

Dwell 

Time 

(min) 

37
Ar/

39
Ar 

37
Ar/

39
Ar 

Error 

36
Ar/

39
Ar 

36
Ar/

39
Ar 

Error 

39
Ar 

(cps) 

39
Ar 

(cps) 

Err 

Cumulative 

% 
39

Ar 

Released 

%
40

Ar* 
39

Ar/
40

Ar 
39

Ar/
40

Ar 

Error 

Age 

(Ma) 

1σ % 

Error 

(Ma) 

4 

1 -

10.16934 -8.94278 0.34842 0.18623 4.4 0.5 0.01 97.28 0.00026 0.00003 3964.69 10.87 

4.2 

1 -

17.38765 -6.93407 -0.08329 -0.16618 5.6 0.5 0.02 104.23 0.00170 0.00016 1511.02 9.05 

4.4 

1 -

22.56458 -7.42178 -0.03732 -0.17088 5.2 0.5 0.04 104.33 0.00389 0.00041 812.50 10.12 

4.5 1 -7.00550 -2.46584 0.07958 0.06075 14.7 0.5 0.07 87.34 0.00533 0.00023 544.41 4.98 

4.6 1 -0.51378 -0.20994 0.00182 0.00493 176.3 2.9 0.48 99.14 0.01586 0.00030 228.74 1.90 

4.8 1 3.33421 0.15227 0.04255 0.00357 244.8 6.0 1.04 78.88 0.01662 0.00042 177.92 3.18 

4.85 1 2.68164 0.11914 0.03539 0.00288 301.5 6.4 1.74 85.80 0.01344 0.00029 234.79 2.52 

4.9 1 1.39102 0.05908 0.01742 0.00154 581.5 9.8 3.09 94.01 0.01151 0.00020 294.41 1.82 

5 1 0.00748 0.05304 0.00268 0.00147 642.9 10.5 4.57 98.98 0.01275 0.00021 280.38 1.68 

5.2 1 0.01717 0.02630 0.00176 0.00076 1251.8 13.6 7.47 99.40 0.01145 0.00013 310.79 1.11 

5.4 1 0.02433 0.02748 0.00158 0.00072 1286.2 16.4 10.44 99.44 0.01198 0.00015 298.25 1.30 

5.6 1 0.04707 0.02401 0.00187 0.00065 1421.7 16.6 13.73 99.34 0.01189 0.00014 300.13 1.19 

5.8 1 -0.00395 -0.02456 0.00087 0.00068 1342.1 16.5 16.84 99.68 0.01245 0.00015 288.51 1.25 

6 1 0.03199 0.02915 -0.00237 -0.00133 1169.4 12.5 19.54 100.84 0.01184 0.00013 305.50 1.07 

6.3 1 0.07253 0.02631 0.00084 0.00066 1340.7 14.7 22.64 99.71 0.01161 0.00013 307.79 1.12 

6.6 1 0.04909 0.02162 0.00082 0.00056 1578.4 18.8 26.29 99.72 0.01168 0.00014 306.15 1.21 

6.9 1 0.01102 0.03626 0.00233 0.00090 1005.6 14.9 28.62 99.19 0.01169 0.00018 304.36 1.52 

7.4 1 0.09904 0.03418 0.00197 0.00087 1033.5 12.2 31.01 99.33 0.01138 0.00014 312.30 1.21 

8.2 1 0.02837 0.02333 0.00130 0.00062 1464.2 13.2 34.40 99.56 0.01123 0.00010 316.77 0.92 

9 1 0.02286 0.00742 0.00092 0.00020 4603.4 31.0 45.04 99.70 0.01085 0.00008 327.37 0.70 

9.5 1 0.03303 0.01361 0.00133 0.00033 2774.8 21.9 51.46 99.59 0.01045 0.00008 338.38 0.81 

10 1 0.00196 0.00190 0.00063 0.00005 18675.1 99.5 94.66 99.79 0.01109 0.00006 321.12 0.54 

10.25 1 0.09326 0.04850 0.00109 0.00122 707.3 10.0 96.29 99.66 0.01046 0.00015 338.47 1.44 

10.75 1 0.00213 0.08722 0.00302 0.00244 379.5 7.5 97.17 99.02 0.01087 0.00022 324.70 2.02 

fuse 1 0.02337 0.02804 0.00469 0.00074 1223.6 14.4 100 98.52 0.01058 0.00013 331.55 1.21 
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Table 02/16. 
40

Ar/
39

Ar analytical results for sample 13SL20D, muscovite (n=~20 xtls; J = 2.15654E-03 ± 0.43%) 

 

  

Laser 

Wattage 

Dwell 

Time 

(min) 

37
Ar/

39
Ar 

37
Ar/

39
Ar 

Error 

36
Ar/

39
Ar 

36
Ar/

39
Ar 

Error 

39
Ar 

(cps) 

39
Ar 

(cps) 

Err 

Cumulative 

% 
39

Ar 

Released 

%
40

Ar* 
39

Ar/
40

Ar 
39

Ar/
40

Ar 

Error 

Age 

(Ma) 

1σ % 

Error 

(Ma) 

3.8 1 -0.00328 -0.00731 0.57406 0.28377 3.2 -0.00328 0.01 -582.71 0.03983 0.04782 -684.23 -20.56 

4 1 0.00043 0.00076 0.20682 0.03169 28.5 0.00043 0.08 38.56 0.00995 0.00035 144.10 9.15 

4.2 1 0.00003 0.00013 0.03323 0.00504 166.8 0.00003 0.49 91.22 0.00885 0.00019 361.29 2.32 

4.4 1 0.00000 0.00002 0.01280 0.00088 1098.1 0.00000 3.17 96.33 0.00961 0.00014 352.25 1.51 

4.425 1 0.00004 0.00002 0.00815 0.00091 992.4 0.00004 5.60 97.67 0.00956 0.00012 358.74 1.32 

4.45 1 -0.00001 -0.00002 0.01338 0.00072 1420.3 -0.00001 9.08 96.26 0.00935 0.00009 360.96 0.99 

4.47 1 -0.00002 -0.00002 0.00673 0.00095 1000.1 -0.00002 11.52 98.05 0.00971 0.00011 354.71 1.12 

4.5 1 0.00002 0.00002 0.00755 0.00078 1278.8 0.00002 14.65 97.85 0.00955 0.00010 359.61 1.06 

4.525 1 -0.00005 -0.00002 0.01039 0.00089 1122.5 -0.00005 17.40 97.09 0.00937 0.00011 363.32 1.20 

4.55 1 0.00008 0.00002 0.00585 0.00098 924.6 0.00008 19.66 98.33 0.00958 0.00011 360.14 1.20 

4.575 1 0.00007 0.00001 0.00450 0.00059 1606.3 0.00007 23.59 98.71 0.00961 0.00009 360.32 0.99 

4.6 1 0.00004 0.00001 0.00325 0.00056 1526.6 0.00004 27.33 99.05 0.00980 0.00010 355.23 1.03 

4.625 1 0.00000 -0.00002 0.00191 0.00081 1159.9 0.00000 30.17 99.45 0.00965 0.00011 361.26 1.14 

4.65 1 0.00002 0.00001 0.00430 0.00035 3027.8 0.00002 37.58 98.75 0.00971 0.00008 357.11 0.83 

4.675 1 0.00001 0.00001 0.00298 0.00040 2514.7 0.00001 43.73 99.15 0.00959 0.00009 362.51 0.95 

4.7 1 0.00005 0.00002 0.00459 0.00091 1108.3 0.00005 46.44 98.66 0.00979 0.00012 354.11 1.28 

4.75 1 -0.00003 -0.00002 0.00247 0.00076 1218.8 -0.00003 49.43 99.28 0.00977 0.00011 356.81 1.17 

4.825 1 0.00000 -0.00001 0.00316 0.00040 2355.6 0.00000 55.19 99.08 0.00975 0.00008 356.92 0.81 

4.9 1 0.00001 0.00001 0.00352 0.00043 2254.0 0.00001 60.71 98.97 0.00982 0.00009 354.09 0.88 

4.975 1 0.00001 0.00001 0.00374 0.00052 2001.1 0.00001 65.61 98.92 0.00970 0.00009 357.98 0.92 

5.05 1 0.00000 0.00002 0.00285 0.00067 1450.3 0.00000 69.15 99.18 0.00968 0.00011 359.56 1.20 

5.2 1 0.00000 0.00001 0.00242 0.00042 2411.5 0.00000 75.06 99.30 0.00962 0.00008 362.02 0.79 

5.4 1 0.00001 0.00001 0.00097 0.00049 1906.0 0.00001 79.72 99.71 0.00981 0.00009 356.80 0.95 

5.7 1 -0.00002 -0.00002 0.00437 0.00067 1347.4 -0.00002 83.02 98.72 0.00982 0.00010 353.46 1.08 

6.5 1 0.00001 0.00002 0.00245 0.00057 1611.1 0.00001 86.96 99.28 0.00990 0.00010 352.49 0.99 

fuse 1 0.00002 0.00000 0.00210 0.00017 5328.4 0.00002 100 99.39 0.00975 0.00006 357.83 0.66 



 

 

 

1
7
0

 

Table 02/21. 
40

Ar/
39

Ar analytical results for sample 14SL03B, biotite (n=1 xtl; J = 2.17166E-03 ± 0.70%) 

 

 

Laser 

Wattage 

Dwell 

Time 

(min) 

37
Ar/

39
Ar 

37
Ar/

39
Ar 

Error 

36
Ar/

39
Ar 

36
Ar/

39
Ar 

Error 

39
Ar 

(cps) 

39
Ar 

(cps) 

Err 

Cumulative 

% 
39

Ar 

Released 

%
40

Ar* 
39

Ar/
40

Ar 
39

Ar/
40

Ar 

Error 

Age 

(Ma) 

1σ % 

Error 

(Ma) 

3.8 1 -0.69119 -0.29015 0.00856 0.00564 136.4 4.6 0.79 97.33 0.01046 0.00036 331.88 3.56 

3.9 1 -0.15116 -0.05704 0.00082 0.00108 711.6 9.5 4.91 99.75 0.01019 0.00014 347.94 1.37 

4 1 -0.04600 -0.02719 0.00184 0.00062 1434.0 14.7 13.20 99.43 0.01039 0.00011 340.86 1.05 

4.1 1 -0.06157 -0.03050 0.00239 0.00067 1263.1 13.6 20.51 99.26 0.01037 0.00011 340.96 1.11 

4.2 1 0.00865 0.05076 0.00262 0.00079 1026.6 14.4 26.44 99.17 0.01065 0.00015 332.29 1.44 

4.35 1 0.01769 0.01522 0.00091 0.00054 1652.0 15.8 36.00 99.71 0.01057 0.00010 336.35 0.99 

4.5 1 0.01142 0.00733 0.00093 0.00028 3211.5 22.2 54.58 99.71 0.01048 0.00007 339.09 0.71 

4.55 1 0.04102 0.01001 0.00144 0.00038 2432.8 17.6 68.65 99.55 0.01045 0.00008 339.55 0.75 

4.6 1 0.05345 0.01232 -0.00050 -0.00068 2043.7 17.2 80.47 100.16 0.01052 0.00009 339.31 0.86 

4.65 1 0.02518 0.02433 0.00092 0.00084 1069.9 13.4 86.66 99.71 0.01042 0.00013 340.81 1.30 

4.75 1 0.00610 0.02050 0.00224 0.00077 1149.4 13.5 93.31 99.30 0.01047 0.00012 338.09 1.20 

5 1 -0.04753 -0.03229 0.00294 0.00116 756.6 10.3 97.68 99.11 0.01011 0.00014 348.27 1.42 

5.5 1 0.04629 0.06332 0.00319 0.00239 372.5 7.9 99.84 99.06 0.00987 0.00021 355.85 2.18 

fuse 1 -1.10222 -0.86849 0.36077 0.03425 28.2 0.8 100 48.80 0.00475 0.00019 363.02 8.16 


